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Eight new spirostane glycosides, taccaosides E-L (2–7, 11, and 14), along with 7 known spirostane glyco-
sides were isolated from the extract of the whole plants of Tacca plantaginea (Hance) Drenth. Their struc-
tures were established on the basis of physical data, spectroscopic analysis (MS, 1D and 2D NMR), and
chemical methods. The cytotoxicities of the isolates were evaluated in vitro against two human cancer
cell lines (HEK293 and HepG2). The results showed that compound 1 had the strongest cytotoxic activity
with IC50 values of 1.7 lM and 1.2 lM against the two cancer cell lines, respectively. Furthermore, the
spirostane glycosides with 17a-hydroxyl group at their aglycones (10, 12, and 15) were tested for the
induced platelet aggregation activity.

� 2015 Published by Elsevier Inc.
1. Introduction

Tacca plantaginea (Hance) Drenth. (Family Taccaceae) is mainly
found in the southern part of China, and its rhizome has long been
used in China as folk medicine for analgesic, antipyretic, anti-
inflammatory and incised wounds [1]. From the mid-20th century,
the research on chemical constituents of the family Taccaceae
revealed that steroids and steroidal saponins are the major compo-
nents of this family, which showed antitumor activity,
anti-metabolic diseases, and anti-inflammatory activity [2–8].
What’s more, the finding of a unique class of microtubule stabiliz-
ers—taccalonolides, a class of natural steroids, because of their con-
siderable antitumor efficacy in vivo but different mechanisms of
taxol, causes the interest of many scholars [9]. In order to get more
active compounds, we further investigated the chemical con-
stituents of T. plantaginea. The results led to the isolation of eight
new spirostane glycosides, named taccaosides E-L (2–7, 11, 14),
along with 7 known spirostane glycosides: taccaoside (1) [10],
(24S, 25R)-spirost-5-en-3b,24-diol-3-O-a-L-rhamnopyranosyl-
(1? 2)-[a-L-rhamnopyranosyl-(1? 3)]-b-D-glucopyranoside (8)
[11], (25S)-spirost-5-en-3b-ol-3-O-a-L-rhamnopyranosyl-(1? 2)-
[b-D-glucopyranosyl-(1 ? 4)-a-L-rhamnopyranosyl-(1 ? 3)]-b-D-
glucopyranoside (9) [11], spiroconazole A (10) [12], diosbulbiside B
(12) [13], diosbulbiside A (13) [13], and diosbulbiside E (15) [14].
The isolates were tested for their cytotoxic activities in vitro
against two human cell lines (HEK 293 and HepG2) and for the
induced platelet aggregation activity. In this paper, we describe
our results of the isolation, structural elucidation, and bioactivities
of these spirostane glycosides.
2. Experimental

2.1. General methods

Optical rotations were measured on a JASCO P-1020 digital
polarimeter. UV spectra were measured using a Shimadzu UV-
2401 PC spectraphotometer. IR spectra were recorded on a Bruker
Tensor-27 infrared spectrophotometer with KBr pellets. NMR spec-
tra were performed on Bruker AM-400 and Avance III 600 instru-
ments with TMS as the internal standard. Chemical shifts (d)
were expressed in ppm with reference to the solvent signals. ESI-
MS spectra were recorded on a Bruker HTC/Esquire spectrometer.
HR-ESI-MS spectra were recorded on an API Qstar Pulsar instru-
ment. Column Chromatography (CC) was performed on silica gel
(200–300 mesh, Qingdao Marine Chemical Ltd., Qingdao, China),
Rp-18 (40–63 lm, Merk). Fractions were monitored by TLC
(GF254, Qingdao Marine Chemical Ltd., Qingdao, China), and by
heating silica gel plates sprayed with 10% H2SO4 in ethanol. GC
analysis was performed on a HP5890 gas chromatograph equipped
with a HP-5 capillary column (30 m � 0.32 mm � 0.25 lm) and an
H2 flame ionization detector. Semi-preparative HPLC was run on
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Agilent 1100 liquid chromatograph with diode array detector
(DAD), Zorbax-SB-C18 column (5 lm; 25 cm � 9.4 mm i.d.).

2.2. Plant material

The whole plants of T. plantaginea were collected in Guilin,
Guangxi Zhuang Autonomous Region, P.R. China, in October
2012, and identified by Professor Ming Cao, Guangxi Institute of
Botany, Chinese Academy of Sciences. The voucher specimen
(HY0017) was deposited at the State Key Laboratory of Phytochem-
istry and Plant Resources in West China.

2.3. Extraction and isolation

The powdered air-dried plants T. plantaginea (2 kg) were
extracted three times (1 week per time) with ethyl acetate (15 L)
under room temperature. After evaporation, the crude extract
(100 g) was passed through a MCI gel column chromatography
eluted with H2O, aqueous 90% MeOH and acetone to move out pig-
ments. Then, the evaporated 90% MeOH eluate was subjected to a
silica gel column chromatography (CHCl3–MeOH, 10:1? 1:1, v/v)
to obtain seven fractions 1–7 on the basis of TLC plate analysis.
Fraction 3 (4 g) was separated by Rp-18 column chromatography
(MeOH–H2O, 40:60? 90:10, v/v), and silica gel column chro-
matography (CHCl3–MeOH, 100:1, v/v), and further crystallized
to give 1 (1.5 g). Fraction 5 (18 g) was separated by Rp-18 column
chromatography (MeOH–H2O, 20:80? 90:10, v/v) to obtain 4 sub-
fractions (Fr.5-1 to Fr.5-4). Fr.5-1 was separated by Sephadex LH-
20 column chromatography (MeOH–H2O, 90:10, v/v) to afford
the crystallized compound 6 (4.3 mg), silica gel column chro-
matography (CHCl3–MeOH, 20:1, v/v) and purified by semi-prep.
HPLC (MeCN–H2O, 20:80–80:20, v/v) to afford 3 (2.0 mg, tR = 22.5
min). Fr.5-2, Fr.5-3 and Fr.5-4 were all isolated by Sephadex LH-
20 column chromatography (MeOH–H2O, 1:1, v/v), silica gel col-
umn chromatography (CHCl3–MeOH, 20:1, v/v), and purified by
semi-prep. HPLC (MeCN–H2O, 20:80–80:20, v/v) to afford 3
(5.4 mg, tR = 19.2 min), 5 (3.4 mg, tR = 14.9 min); 4 (1.5 mg,
tR = 16.5 min), 8 (2.5 mg, tR = 11.9 min) and 7 (3.2 mg, tR = 13.5 -
min), 9 (2.0 mg, tR = 17.8 min). Fraction 6 (25 g) was separated by
Rp-18 column chromatography (MeOH–H2O, 20:80? 90:10, v/v)
to obtain 6 subfractions (Fr.6-1 to Fr.6-4). Fr.6-2 was separated
by Sephadex
LH-20 column chromatography (MeOH–H2O, 90:10, v/v), silica gel
column chromatography (CHCl3–MeOH, 10:1, v/v) to obtain com-
pound 10 (18.0 mg), and purified by semi-prep. HPLC (MeCN–
H2O, 10:90–90:10, v/v) to afford 11 (5.2 mg, tR = 18.7 min) and 12
(15.0 mg, tR = 16.1 min). Fr.6-3 was isolated by the way of Fr.6-2;
consequently, compounds 14 (4.7 mg) and 15 (5.3 mg, tR = 15.9 -
min) were acquired. Fr.6-4 was subjected to a silica gel column
chromatography (CHCl3–MeOH, 10:1, v/v) and further purified by
semi-prep. HPLC (MeCN–H2O, 10:90–90:10, v/v) to afford 13
(2.3 mg, tR = 12.8 min).

2.3.1. Taccaoside E (2)
White powder; [a]21D �85.4 (c 0.08, MeOH); IR (KBr) mmax 3440,

2936, 1744, 1632, 1377, 1242, 1046, 981, 918, 899, 866, and
837 cm�1 (918 cm�1 < 899 cm�1); 1H and 13C NMR data, see Table 1;
positive ESIMS: m/z 933 (100) [M+Na]+; HRESIMS: m/z 933.4806 [M
+Na]+ (calcd for C47H74O17Na, 933.4824).

2.3.2. Taccaoside F (3)
White powder; [a]22D �125.9 (c 0.05, MeOH); IR (KBr) mmax 3445,

2930, 1729, 1635, 1453, 1381, 1045, 982, 918, 900, 875, and
838 cm�1 (918 cm�1 < 900 cm�1); 1H and 13C NMR data, see Table 1;
positive ESIMS: m/z 933 (100) [M+Na]+; HRESIMS: m/z 933.4815 [M
+Na]+ (calcd for C47H74O17Na, 933.4824).
Please cite this article in press as: Z.-H. Liu et al., Bioactive spirostane glyco
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2.3.3. Taccaoside G (4)
White powder; [a]25D �53.0 (c 0.1, MeOH); IR (KBr) mmax 3447,

2927, 1632, 1452, 1384, 1045, 982, 935, 920, 899, 875, and
836 cm�1 (920 cm�1 < 899 cm�1); 1H and 13C NMR data, see Table 1;
positive ESIMS: m/z 907 (100) [M+Na]+; HRESIMS: m/z 907.4656 [M
+Na]+ (calcd for C45H72O17Na, 907.4667).

2.3.4. Taccaoside H (5)
White powder; [a]21D �214.0 (c 0.01, MeOH); IR (KBr) mmax 3446,

2931, 1635, 1453, 1383, 1045, 946, 915, 876, 836, and 809 cm�1

(915 cm�1 < 876 cm�1); 1H and 13C NMR data, see Table 1; positive
ESIMS: m/z 907 (100) [M+Na]+; HRESIMS: m/z 907.4669 [M+Na]+

(calcd for C45H72O17Na, 907.4667).

2.3.5. Taccaoside I (6)
White powder; [a]21D �77.2 (c 0.06, MeOH); IR (KBr) mmax 3445,

2932, 1636, 1452, 1383, 1045, 980, 936, 914, 892, 878, and
837 cm�1; 1H and 13C NMR data, see Table 2; positive ESIMS: m/z
907 (100) [M+Na]+; HRESIMS: m/z 907.4652 [M+Na]+ (calcd for
C45H72O17Na, 907.4667).

2.3.6. Taccaoside J (7)
White powder; [a]25D �90.7 (c 0.1, MeOH); IR (KBr) mmax 3449,

2928, 1638, 1384, 1044, 914, 875, 836, and 809 cm�1; 1H and 13C
NMR data, see Table 2; positive ESIMS: m/z 923 (100) [M+Na]+; HRE-
SIMS: m/z 923.4608 [M+Na]+ (calcd for C45H72O18Na, 923.4616).

2.3.7. Taccaoside K (11)
White powder; [a]24D �87.7 (c 0.06, MeOH); IR (KBr) mmax 3442,

2931, 1633, 1456, 1383, 1046, 992, 944, 916, 878, and 836 cm�1;
1H and 13C NMR data, see Table 2; positive ESIMS: m/z 923 (100)
[M+Na]+; HRESIMS: m/z 923.4610 [M+Na]+ (calcd for C45H72O18 Na,
923.4616).

2.3.8. Taccaoside L (14)
White powder; [a]24D �82.9 (c 0.05, MeOH); IR (KBr) mmax 3447,

2927, 1636, 1429, 1383, 1043, 999, 917, 875, and 835 cm�1; 1H
and 13C NMR data, see Table 2; positive ESIMS: m/z 907 (100) [M
+Na]+; HRESIMS: m/z 907.4657 [M+Na]+ (calcd for C45H72O17 Na,
907.4667).

2.4. Acid hydrolysis of spirostane saponins 2–7, 11, 14 and GC analysis

Saponins 2–7, 11, and 14 (1 mg each) was hydrolyzed by 2 M
CF3COOH (1, 4 dioxane/H2O 1:1, 2 mL) and kept at 90 �C for 2 h,
respectively. After cooling, reaction mixture was extract with
CHCl3 (3 � 5 mL). The aqueous layer was evaporated to dryness.
The dried residue was mixed with L-cysteine methyl ester
hydrochloride (2 mg) and dissolved in pyridine (2 mL), with the
solutions kept at 60 �C for 1 h, following which trimethylchlorosi-
lane (0.5 mL) was added, with the whole then kept for 30 min. The
supernatants were analyzed by GC–MS, respectively, under the fol-
lowing conditions: carrier gas was N2 (1 mL/min); injector: 250 �C;
injection volume: 3 mL; and the split ratio: 1/50. Column temper-
ature program: 180–280 �C with the rate of 3 �C/min. Under these
conditions, the retention times for the standards were: D-glucose
and L-rhamnose, and absolute configurations of the sugars for the
eight new saponins were identified as D-glucose (22.26 min) and

L-rhamnose (18.59 min).

2.5. Cytotoxic assays

Cytotoxicity evaluations were performed for two human cell
lines (HepG2 and HEK293). Both of the cells were cultured in
DMEM or RPMI-1640 medium (Hyclone, USA), supplemented with
sides from Tacca plantaginea, Steroids (2015), http://dx.doi.org/10.1016/j.
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Table 1
The 1H and 13C NMR data of 2–5 (d in ppm, J in Hz, C5D5N, 600 MHz).

Position 2 3 4 5

dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC dH (J in Hz) dC

1a 1.75 m 37.9 t 1.71 m 37.9 t 1.72 m 37.7 t 1.71 m 37.9 t
1b 1.01 m 0.92 m 0.96 m 0.94 m
2a 2.12 m 30.5 t 2.07 m 30.4 t 2.13 m 30.6 t 2.09 m 30.5 t
2b 1.88 m 1.85 m 1.88 m 1.85 m
3 3.91 m 78.8 d 3.91 m 78.5 d 3.98 m 78.0 d 3.92 m 78.2 d
4a 2.75 m 39.1 t 2.76 m 39.0 t 2.84 m 38.7 t 2.74 m 39.1 t
4b 2.69 m 2.71 m 2.75 m 2.70 m
5 141.2 s 141.1 s 141.8 s 141.1 s
6 5.31 br s 122.3 d 5.33 br s 122.4 d 5.70 br s 129.3 d 5.27 br s 122.3 d
7a 1.48 m 32.6 t 1.48 m 32.7 t 4.05 m 73.0 d 1.51 m 32.6 t
7b 1.54 m 1.55 m 1.51 m
8 1.50 m 32.1 d 1.45 m 32.1 d 1.83 m 41.2 d 1.50 m 32.0 d
9 0.92 m 50.7 d 0.88 m 50.7 d 1.09 m 49.0 d 0.91 m 50.7 d
10 37.5 s 37.6 s 37.6 s 37.6 s
11a 1.45 m 21.5 t 1.44 m 21.6 t 1.48 m 21.7 t 1.41 m 21.5 t
11b 1.40 m 1.41 m 1.43 m 1.41 m
12a 1.69 m 40.3 t 1.70 m 40.3 t 1.71 m 40.3 t 1.73 m 40.6 t
12b 1.09 m 1.10 m 1.15 m 1.11 m
13 40.9 s 40.9 s 41.4 s 41.5 s
14 1.07 m 57.0 d 1.07 m 57.1 d 1.37 m 56.8 d 1.06 m 57.1 d
15a 2.06 m 32.7 t 2.06 m 32.8 t 2.90 m 35.7 t 2.05 m 32.8 t
15b 1.87 m 1.88 m 2.05 m 1.84 m
16 4.57 m 81.5 d 4.56 m 81.6 d 4.66 m 82.1 d 4.67 m 82.1 d
17 1.82 m 63.3 d 1.81 m 63.3 d 1.84 m 63.0 d 1.88 m 62.9 d
18 0.84 s 16.8 q 0.84 s 16.8 q 0.89 s 16.9 q 1.02 s 17.0 q
19 1.04 s 19.8 q 1.04 s 19.9 q 1.03 s 19.3 q 0.99 s 19.8 q
20 1.96 m 42.4 d 1.96 m 42.4 d 1.99 m 42.5 d 1.95 m 36.2 d
21 1.16 d (6.9) 15.6 q 1.15 d (7.2) 15.5 q 1.17 d (6.6) 15.6 q 1.21 d (6.6) 15.2 q
22 109.7 s 109.8 s 109.7 s 112.2 s
23a 1.70 m 32.2 t 1.71 m 32.3 t 1.71 m 32.3 t 3.90 m 67.9 d
23b 1.67 m 1.67 m 1.57 m
24a 1.70 m 29.7 d 1.71 m 29.7 t 1.71 m 29.7 t 2.12 m 39.3 t
24b 1.58 m 1.59 m 1.48 m 1.82 m
25 1.59 m 31.0 d 1.58 m 31.1 d 1.58 m 31.1 d 1.50 m 32.2 d
26a 3.61 m 67.3 t 3.60 m 67.3 t 3.60 m 67.3 t 3.57 m 66.4 t
26b 3.52 m 3.52 m 3.52 m 3.51 m
27 0.71 d (5.0) 17.8 q 0.70 d (5.4) 17.8 q 0.69 d (5.0) 17.8 q 0.72 d (5.4) 17.4 q
Glc-10 4.89 d (7.8) 100.5 d 4.95 d (7.8) 100.2 d 4.93 d (7.8) 100.4 d 4.93 d (7.8) 100.3 d
20 4.08 m 78.8 d 4.10 m 78.8 d 4.10 m 78.9 d 4.11 m 78.9 d
30 4.11 m 86.8 d 4.07 m 76.5 d 4.20 m 87.7 d 4.22 m 87.7 d
40 3.90 m 71.1 d 4.34 m 82.6 d 4.85 m 71.1 d 4.87 m 71.1 d
50 3.91 m 75.1 d 3.91 m 76.4 d 3.83 m 78.6 d 3.92 m 78.6 d
60a 4.86 m 64.6 t 4.13 m 62.6 t 4.48 m 62.7 t 4.48 m 62.7 t
60b 4.72 m 4.07 m 4.38 m 4.38 m
60-OAc 171.3 s 170.9 s

1.99 s 21.2 q 2.20 s 21.8 q
Rha-100 5.89 br s 103.2 d 5.84 br s 103.2 d 5.90 br s 103.2 d 5.91 br s 103.2 d
200 4.80 m 72.9 d 4.86 m 71.7 d 4.80 m 73.0 d 4.80 m 73.0 d
300 4.71 m 73.0 d 4.73 m 73.1 d 4.90 m 73.3 d 4.90 m 73.3 d
400 4.42 m 74.2 d 4.36 m 74.2 d 4.36 m 74.3 d 4.37 m 74.3 d
500 4.82 m 70.3 d 4.86 m 70.6 d 4.91 m 70.3 d 4.90 m 70.3 d
600 1.77 d (6.1) 19.1 q 1.77 d (6.0) 19.2 q 1.77 d (5.4) 19.2 q 1.78 d (6.0) 19.2 q
Rha-1000 5.80 br s 104.3 d 5.71 br s 104.2 d 5.80 br s 104.4 d 5.81 br s 104.4 d
2000 4.72 m 73.0 d 4.79 m 72.9 d 4.79 m 73.1 d 4.81 m 73.0 d
3000 4.40 m 73.2 d 4.55 m 73.3 d 4.53 m 73.2 d 4.53 m 73.2 d
4000 4.36 m 73.9 d 4.37 m 74.1 d 4.36 m 74.1 d 4.36 m 74.1 d
5000 4.87 m 70.4 d 4.86 m 71.2 d 4.91 m 70.3 d 4.90 m 70.4 d
6000 1.66 d (6.2) 18.9 d 1.68 d (5.4) 19.0 q 1.67 d (5.4) 18.9 q 1.68 d (6.0) 18.9 q
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10% fetal bovine serum (Hyclone) in a humidified atmosphere
environment with 5% CO2 at 37 �C. Each cytotoxicity assay was
conducted according to the MTT [2-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] method in 96-well microplates
[15]. Briefly, 100 lL adherent cells (HepG2) were seeded into
96-well microculture plates and allowed to adhere for 12 h
before drug addition, while 100 lL suspended cells (HEK293) were
seeded just before drug addition, both with an initial density of
1 � 105 cells/mL in 100 lL medium. Each cancer cell line was then
exposed to the sample dissolved in DMSO at five concentrations of
0.064, 0.32, 1.6, 8 and 40 lM, with (�)-OddC (Troxacitabine, USA)
as a positive control. After incubation for 48 h under growth
Please cite this article in press as: Z.-H. Liu et al., Bioactive spirostane glyco
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conditions, MTT (Sigma, Saint Louis, MO, USA) was added, and
the incubation of cells was continued for 4 h. Finally, the cells were
lysed using 10% SDS (200 lL). The IC50 value of each sample was
calculated exactly using Reed and Muench’s method [16]. The
experiments were conducted for three independent replicates,
and IC50 > 20 lM was considered to be inactive.

2.6. Platelet aggregation assays

Turbidometric measurements of platelet aggregation of the
samples were performed in a Chronolog Model 700 Aggregometer
(Chronolog Corporation, Havertown, PA, USA) according to Born’s
sides from Tacca plantaginea, Steroids (2015), http://dx.doi.org/10.1016/j.
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Table 2
The 1H and 13C NMR data of 6–7, 11, 14 (d in ppm, J in Hz, C5D5N, 600 MHz).

Position 6 7 11 14

dH (J in Hz) dC dH (J in Hz) dC dH, (J in Hz) dC dH (J in Hz) dC

1a 1.73 m 37.9 t 1.71 m 37.9 t 1.72 m 38.0 t 1.72 m 37.9 t
1b 0.97 m 0.93 m 0.91 m 0.95 m
2a 2.10 m 30.5 t 2.08 m 30.5 t 2.05 m 30.5 t 2.10 m 30.5 t
2b 1.87 m 1.85 m 1.86 m 1.88 m
3 3.93 m 78.2 d 3.92 m 78.2 d 3.89 m 78.2 d 3.92 m 78.2 d
4a 2.76 m 39.1 t 2.74 m 39.1 t 2.77 m 38.8 t 2.76 m 39.1 t
4b 2.72 m 2.69 m 2.58 m 2.71 m
5 141.2 s 141.1 s 141.1 s 141.2 s
6 5.30 br s 122.3 d 5.28 br s 122.3 d 5.21 br s 122.3 d 5.30 br s 122.3 d
7a 1.89 m 32.7 t 1.85 m 32.6 t 1.89 m 32.9 t 1.87 m 32.7 t
7b 1.56 m 1.50 m 1.58 m 1.50 m
8 1.54 m 32.1 d 1.50 m 32.0 d 1.59 m 32.1 d 1.51 m 32.0 d
9 0.92 m 50.7 d 0.87 m 50.7 d 0.93 m 50.6 d 0.86 m 50.6 d
10 37.6 s 37.6 s 37.6 s 37.6 s
11a 1.72 m 21.5 t 1.41 m 21.5 t 1.56 m 21.4 t 1.44 m 21.5 t
11b 1.43 m 1.12 m 1.48 m 1.41 m
12a 1.72 m 40.3 t 1.72 m 40.6 t 1.72 m 39.1 t 1.69 m 40.3 t
12b 1.09 m 1.12 m 0.90 m 1.07 m
13 41.0 s 41.5 s 46.3 s 41.0 s
14 0.91 m 57.1 d 1.09 m 57.1 d 0.96 m 53.6 d 1.00 m 56.9 d
15a 1.73 m 32.8 t 1.84 m 32.8 t 1.89 m 32.9 t 1.90 m 32.6 t
15b 1.52 m 1.51 m 1.58 m 1.85 m
16 4.61 m 81.8 d 4.69 m 82.1 d 4.63 t (6.6) 91.2 d 4.61 m 81.5 d
17 1.86 m 63.4 d 1.90 m 62.9 d 90.5 s 1.75 m 63.0 d
18 0.86 s 16.8 q 1.03 s 17.0 q 1.18 s 17.9 q 0.81 s 16.6 q
19 1.05 s 19.9 q 0.98 s 19.8 q 1.02 s 19.9 q 1.04 s 19.9 q
20 2.03 m 42.5 d 2.07 m 41.0 d 2.12 m 39.1 d 2.19 m 38.9 d
21 1.20 d (7.2) 15.7 q 1.24 d (7.2) 15.3 q 1.34 d (7.2) 9.9 q 1.11 d (7.2) 15.7 q
22 110.1 s 112.7 s 112.8 s 120.7 s
23a 2.49 m 28.3 t 4.00 m 68.1 d 3.93 m 68.4 d 1.70 m 34.1 t
23b 1.62 m 1.70 m
24a 2.11 m 34.3 t 2.34 m 34.0 t 2.12 m 32.3 t 2.10 m 33.2 t
24b 1.89 m 2.08 m 1.87 m 2.10 m
25 66.4 s 1.73 m 36.3 d 2.28 m 32.7 d 86.1 s
26a 3.96 m 70.3 t 4.13 m 63.7 t 3.52 m 66.3 t 3.87 m 70.7 t
26b 3.73 m 3.93 m 3.52 m 3.87 m
27a 1.25 s 27.5 q 3.77 m 64.4 t 0.72 d (6.0) 17.4 q 1.37 s 24.6 q
27b 3.73 m
Glc-10 4.94 d (7.2) 100.3 d 4.93 d (7.8) 100.3 d 4.89 d (7.8) 100.3 d 4.93 d (7.8) 100.3 d
20 4.11 m 78.9 d 4.11 m 78.9 d 4.09 m 78.8 d 4.10 m 78.9 d
30 4.22 m 87.7 d 4.22 m 87.7 d 4.20 m 87.7 d 4.21 m 87.7 d
40 4.86 m 71.7 d 4.89 m 71.1 d 4.85 m 71.1 d 4.85 m 71.1 d
50 3.83 m 78.6 d 3.82 m 78.6 d 3.82 m 78.6 d 3.83 m 78.6 d
60a 4.48 m 62.7 t 4.47 m 62.7 t 4.46 m 62.7 t 4.48 m 62.7 t
60b 4.39 m 4.38 m 4.37 m 4.38 m
Rha-100 5.92br s 103.2 d 5.90 br s 103.2 d 5.89 br s 103.2 d 5.91 br s 103.2 d
200 4.81 m 73.0 d 4.80 m 73.0 d 4.79 m 73.0 d 4.80 m 73.0 d
300 4.90 m 73.3 d 4.90 m 73.3 d 4.89 m 73.3 d 4.90 m 73.3 d
400 4.37 m 74.3 d 4.36 m 74.3 d 4.37 m 74.3 d 4.37 m 74.3 d
500 4.92 m 70.3 d 4.11 m 70.3 d 4.90 m 70.3 d 4.91 m 70.3 d
600 1.79 d (6.0) 19.2 q 1.78 d (6.0) 19.2 q 1.77 d (6.0) 19.2 q 1.78 d (6.0) 19.2 q
Rha-1000 5.79 br s 104.4 d 5.81 br s 104.4 d 5.80 br s 104.4 d 5.80 br s 104.4 d
2000 4.81 m 73.0 d 4.80 m 73.0 d 4.79 m 73.0 d 4.81 m 73.0 d
3000 4.55 m 73.2 d 4.53 m 73.2 d 4.52 m 73.2 d 4.53 m 73.2 d
4000 4.37 m 74.1 d 4.36 m 74.1 d 4.37 m 74.1 d 4.37 m 74.1 d
5000 4.85 m 70.4 d 4.24 m 70.4 d 4.89 m 70.4 d 4.84 m 70.4 d
6000 1.68 d (6.0) 18.9 q 1.68 d (6.0) 19.0 q 1.68 d (6.0) 18.9 q 1.68 d (6.0) 19.0 q
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method [17,18]. The blood from the rabbits by cardiac puncture,
were anticoagulated with 3.8% sodium citrate (9:1, v/v). Platelet-
rich plasma (PRP) was prepared shortly after blood collection by
spinning the sample at 180 g for 10 min at 22 �C. The PRP was care-
fully removed and the remaining blood centrifuged at 2400g for
10 min to obtain platelet-poor plasma (PPP). The centrifuge tem-
perature was maintained at 22 �C. Platelet counts were adjusted
by the addition of PPP to the PRP to achieve a count of
500 � 109 L�1. Platelet aggregation studies were completed within
3 h of preparation of PRP. Immediately after preparation of PRP,
250 lL was incubated in each of the test tubes at 37 �C for 5 min
and then 2.5 lL of inducers (or compounds) was added. The change
Please cite this article in press as: Z.-H. Liu et al., Bioactive spirostane glyco
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of optical density as a result of platelet aggregation was recorded.
The extent of aggregation was estimated by the percentage of max-
imum increase in light transmission, with the buffer representing
100% transmittance. AA (Arachidonic acid) was used as the positive
control.
3. Results and discussion

Taccaoside E (2) was isolated as a white, amorphous powder. Its
molecular formula C47H74O17 was determined by its HRESI-MS at
m/z 933.4806 [M+Na]+ (calcd. for 933.4824) and 13C NMR data
sides from Tacca plantaginea, Steroids (2015), http://dx.doi.org/10.1016/j.
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Table 3
Cytotoxicity of compounds 1–3, 6–10, and 12–15 against two human tumor cell lines.

Compounds IC50 (lM)

HEK293 HepG2

1 1.7 ± 0.2 1.2 ± 0.1
2 8.0 ± 1.2 7.7 ± 1.0
3 6.1 ± 0.7 5.3 ± 0.8
6 >20 >20
7 >20 >20
8 >20 >20
9 3.4 ± 0.4 1.5 ± 0.4
10 5.3 ± 0.9 4.8 ± 0.7
12 7.4 ± 0.8 9.5 ± 1.1
13 >20 >20
14 7.4 ± 0.7 3.9 ± 0.4
15 >20 >20
(�)-OddC 0.30 ± 0.03 0.17 ± 0.02
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(Table 1), which indicates 11 degrees of unsaturation. The absorp-
tions in the IR spectrum at 3440 and 1744 cm�1 suggested the
presence of hydroxyl and ketone groups, respectively. The 1H
NMR spectrum of 2 (Table 1) showed four methyl proton signals
of a typical steroidal skeleton at dH 0.84 (s, Me-18), 1.04 (s, Me-
19), 1.16 (d, J = 6.9 Hz, Me-21), and 0.71 (d, J = 5.0 Hz, Me-27), a
hydroxymethyl group at dH 3.61 and 3.52 (1H each, m), and an ole-
finic proton at dH 5.31 (br s, H-6), one methyl of acetyl group at dH
1.99, as well as three anomeric protons at dH 4.89 (d, J = 7.8 Hz, H-
10), 5.89 (br s, H-100) and 5.80 (br s, H-1000). The above 1H NMR data,
together with olefinic carbons signals at dC 141.2 (s, C-5) and 122.3
(d, C-6) and an acetalic carbon signal at dC 109.7 (s, C-22) in the 13C
NMR spectrum, suggested 2 to be a D5,6-spirostanol skeleton in the
aglycone and the presence of three sugar units. The intensity of the
absorptions (899 > 918 cm�1) in its IR spectrum implied the R-con-
figuration of C-25 [19]. The sugar units were consisted in D-glucose
and L-rhamnose on the basis of the results of the acidic hydrolysate
and GC analysis and comparison with authentic standards. Com-
parison of the 1H and 13C NMR spectra of 2with those of taccaoside
(collettiside IV, 1) [10] led to finding the appearance of one acetyl
group (dC 171.3 s, 21.2 q). The acetyl group was attached at OH-60

in the glucose on the ground of the HMBC correlations of H-60 (dH
4.86 and 4.72) with the carbonyl group (dC 171.3). The sequence of
the trisaccharide in compound 2 was accorded with 1 based on the
HMBC correlations of H-10 (dH 4.89) with C-3 (dC 78.8), H-100 (dH
5.89) with C-20 (dC 78.8), and H-1000 (dH 5.80) with C-30 (dC 86.8).
The coupling constant (3J1,2 > 7.0 Hz) of the anomeric proton sug-
gested that the glucopyranosyl was b-orientation. The a-configura-
tion of 20- and 30-rhamnopyranosyls was determined by the two
sets of chemical shift: C-300 (dC 73.0), C-500 (dC 70.2) and C-3000 (dC
73.2), C-5000 (70.4) based on the literature [20]. The above data
allowed the structural assignment of 2 as (25R)-spirost-5-
en-3b-ol-3-O-a-L-rhamnopyranosyl-(1? 2)-[a-L-rhamnopyranosyl-
(1? 3)]-6-O-acetyl-b-D-glucopyranoside.

Taccaoside F (3) was obtained as an white amorphous powder
and its molecular formula was deduced to be C47H74O17 on the
basis of the positive-ion HRESI-MS atm/z 933.4815 [M+Na]+ (calcd.
for 933.4824) and 13C NMR data (Table 1). When compared to com-
pound 2, they had the same molecular weight and the NMR data of
the aglycone. However, the 13C NMR data of 3 displayed the disap-
pearance of an oxymethine (dC 86.8) and the presence an oxyme-
thine (dC 82.6) in the sugar moiety. This hinted that the order of
sugars in compound 3 was different from compound 2. The linkage
of the sugar residues was deduced from the HMBC correlations
from H-10 (dH 4.95)/C-3 (dC 78.5), H-100 (dH 5.84)/C-20 (dC 78.8), H-
1000 (dC 5.71)/C-40 (dC 82.6). In addition, the cross peaks in the HMBC
experiment between H-60 of glucose (dH 4.13 and 4.07) and an
acetyl group (dC 170.9) showed that the acetyl group was attached
to the glucose at the C-60 position. Thus, the structure of 3 was
elucidated as (25R)-spirost-5-en-3b-ol-3-O-a-L-rhamnopyranosyl-
(1? 2)-[a-L-rhamnopyranosyl-(1? 4)]-6-O-acetyl-b-D-glucopyra-
noside.

Taccaoside G (4), white amorphous powder, had a molecular
formula of C45H72O17 based on the positive-ion HRESI-MS at m/z
907.4656 [M+Na]+ (calcd. for 907.4667) and 13C NMR data
(Table 1). The 13C NMR spectroscopic data of 4 displayed the pres-
ence of an oxymethine (dC 73.0) and the disappearance of a methy-
lene (dC 32.3) along with the shift downfield for C-6 (dC 121.9?
129.3 ppm) and C-8 (31.7? 41.2) when compared to those of tac-
caoside (1) [10]. This suggested that 4 was a 7-hydroxylated pro-
duct of taccaoside (1). It was confirmed by the cross peaks
between the signals at H-7 (dH 4.05) and H-6 (dH 5.70) in 1H–1H
COSY spectrum and the HMBC correlations of H-7 (dH 4.05) with
C-5, C-6, C-8, C-9, and C-14. The b-configuration of OH-7 was
assigned by the chemical shift of C-7 (dC 73.0), otherwise it
was only about 64.0 [21], which was affirmed by the ROESY
Please cite this article in press as: Z.-H. Liu et al., Bioactive spirostane glyco
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correlations of H-7 with H-9/H-14. Therefore, the structure of 4
was formulated as (25R)-spirost-5-en-3b,7b-diol-3-O-a-L-rhamno-
pyranosyl-(1? 2)-O-[a-L-rhamnopyranosyl-(1? 3)]-b-D-glucopy-
ranoside.

The molecular formula of taccaoside H (5) was C45H72O17, as
deduced by its HRESI-MS at m/z 907.4669 [M+Na]+ (calcd. for
907.4667) and 13C NMR data (Table 1). Comparison of the NMR
spectra indicated that 5 differed form taccaoside (1) by the appear-
ance of an oxymethyne (dC 67.9) and the disappearance of a methy-
lene in the F-ring. The hydroxyl group was assigned at C-23 by
the correlations of Me-27 (dH 0.72) with H-25 (dH 1.50), H-25 with
H2-24 (dH 2.12 and 1.82), and H2-24 with the proton of the oxyme-
thine (dH 3.90) in 1H–1H COSY spectrum and confirmed by
the HMBC correlations of the proton (dH 3.90) with C-20 and
C-22. The a-orientation of OH-23 was deduced from the ROESY
correlations of H-23 with H-25. So, the structure of 5was eluciated
as (23S,25R)-spirost-5-en-3b,23-diol-3-O-a-L-rhamnopyranosyl-
(1? 2)-[a-L-rhamnopyranosyl-(1? 3)]-b-D-glucopyranoside.

Taccaoside I (6) was obtained as a white, amorphous powder. Its
molecular formula was deduced to be C45H72O17 from the HRESI-
MS at m/z 907.4652 [M+Na]+ (calcd. for 907.4667) and 13C NMR
data (Table 2). Comparison of the 13C NMR spectrum of 6 with that
of 5 showed the presence of a quaternary carbon (dC 66.4) and the
disappearance of the oxymethine together with the downfield shift
of Me-27 and the singlet of Me-27 in the 1H NMR spectrum instead
of the doublet in the latter. The above feature suggested 6 having
hydroxy group at C-25. The speculation was confirmed by the
HMBC correlations of Me-27 with the quaternary carbon (dC
66.4). The S-configuration of C-25 was proved by the ROESY corre-
lation between Hax-24 and Me-27, which was further proved by
the chemical shift of C-23. The large cg-effect displayed at C-23
(�6.1 ppm, 34.4? 28.3) was more consistent with an axial OH
group at C-25 than with an axial methyl group. The latter showed
a smaller cg-effect, such as, �1.5 ppm [22]. Accordingly, the
structure of 6 was assigned as (25S)-spirost-5-en-3b,25-diol-3-O-
a-L-rhamnopyranosyl-(1 ? 2)-O-[a-L-rhamnopyranosyl-(1 ? 3)]-
b-D-glucopyranoside.

Taccaoside J (7) had the molecular formula C45H72O18 as deter-
mined by the HRESI-MS at m/z 923.4608 [M+Na]+ (calcd. for
923.4616) and 13C NMR data (Table 2). The NMR data of 7 were
similar to those of 5. The only difference was the presence of a
hydroxymethyl resonance at dH 3.77 and 3.73 (1H each, m) in
the 1H NMR spectrum and at dC 64.4 in the 13C NMR spectrum
instead of Me-27 in the latter. Further, the NMR spectroscopic data
attributed to the aglycone of 7 were good with those of chonglou-
oside SL-2 [23]. Hence, the aglycone of 7 were identified as
(23S,25R)-spirost-5-en-3b,23,27-triol. The saccharide moiety of 7
was consistent with the compounds 1, and 4–6 by the NMR data
sides from Tacca plantaginea, Steroids (2015), http://dx.doi.org/10.1016/j.
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Fig. 1. Chemical structures of compounds 1–15.
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and HMBC correlations. Thus, the structure of 7 was characterized
as (23S,25R)-spirost-5-en-3b,23,27-triol-3-O-a-L-rhamnopyra-
nosyl-(1? 2)-O-[a-L-rhamnopyranosyl-(1? 3)]-b-D-glucopyranoside.

The molecular formula of taccaoside K (11) was determined as
C45H72O18 by the HRESI-MS peak at m/z 923.4610 [M+Na]+ (calcd.
for 923.4616) and 13C NMR data (Table 2). The NMR data (Table 2)
revealed that 11 was similar to spiroconazole (10) [12], the signifi-
cant difference was the presence of the oxymethine (dH 3.93; dC
68.4) in the F-ring. The 1H–1H COSY correlations of Me-27 (dH 0.72)/
H-25 (dH 2.71), H-25/H2-24 (dH 2.28 and 1.87), and H2-24/H-23
(dH 3.93) and the HMBC correlations of H-23 (dH 3.93) with C-20
(dC 39.1) and C-22 (dC 112.8) demonstrated that the oxymethine
was located at C-23. The ROESY correlations of H-23/Hb-24 and
H-23/H-25 suggested OH-23 having a a-oriented. Based on all
the information above, the structure of 11 was established as
(23S,25R)-spirost-5-en-3b,17a,23-triol-3-O-a-L-rhamnopyranosyl-
(1? 2)-O-[a-L-rhamnopyranosyl-(1? 3)]-b-D-glucopyranoside.

Taccaoside L (14) showed a molecular formula of C45H72O17 by
the HRESI-MS at m/z 907.4657 [M+Na]+ (calcd for 907.4667) and
13C NMR data (Table 2). The 1H and 13C NMR spectra of the agly-
cone of 14 was different from those of the above compounds 1–
13 and was in good agreement with nuatigenin [24], which
showed the typical signals at dH 0.81 (s, Me-18), 1.04 (s, Me-19,
s), 1.37 (s, M-27), 1.11 (d, J = 7.2 Hz, Me-21), and 5.30 (br s, H-6)
in the 1H NMR spectrum and dC 78.2 (d, C-3), 141.2 (s, C-5),
122.3 (d, C-6), 120.7 (s, C-22), 86.1 (s, C-25), 70.7 (t, C-26), and
24.6 (q, Me-27) in the 13C NMR spectrum. The sequence of the
trisaccharide attached to C-3, which was the same as the com-
pounds 1, 4–8, and 10–12, was demonstrated by the NMR data
of the sugar moiety and the HMBC correlations. Consequently,
the structure of 14 was elucidated as nuatigenin 3-O-a-L-
rhamnopyranosyl-(1? 2)-O-[a-L-rhamnopyranosyl-(1? 3)]-b-D-
glucopyranoside.

The saponins (1–15) except compounds 3, 4, and 11, which
were obtained in a limited amount, were evaluated for their cyto-
toxicities against HEK293 and HepG2 human cancer cell lines. The
results are summarized in Table 3. Compounds 1–3, 9–12, and 14
showed inhibitory effects against HEK293 and HepG2cell lines
with IC50 ranges from 1.7 to 8.0 lM and 1.2 to 9.5 lM, respectively.
Among these saponins, taccaoside (1) exhibited the best activity
against these two human cancer cell lines with IC50 values 1.2
and 1.5 lM, respectively. Owe to the spirostane saponins contain-
Please cite this article in press as: Z.-H. Liu et al., Bioactive spirostane glyco
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ing 17a-hydroxyl group are reported to show the hemostatic activ-
ity [25], compounds 10, 12, and 15 were tested for their induced
platelet aggregation activity. The results suggested that only com-
pound 10 showed 58% maximal platelet aggregation rate at the
concentration of 300 lg/mL, while the positive control (Arachi-
donic acid) showed 64% maximal platelet aggregation rate at the
concentration of 0.25 mM.

The present phytochemical investigation of the whole plants of
T. plantaginea led to the isolation of 15 spirostane glycosides
(Fig. 1), including eight new compounds named taccaosides E-L.
The aglycone of compound 4 contains a hydroxyl group at C-7,
while the aglycones of compounds 5–7 are the diosgenin derivates
having one or two hydroxyl groups in F-ring. The spirotane agly-
cones of pennogenin, nuatigenin and their oxidative derivates, as
found in compounds 10–15, were reported in the family Taccaceae
for the first time. The saccharide chain in compounds 1, 2, 4–8, 10–
12, 14, and 15 were found to include two terminal a-L-rhamnopy-
ranosyl units and a 2,3-branched b-D-glucopyranosyl unit. Though
the same sugar units were identified in compound 4, the two ter-
minal a-L-rhamnopyranosyl units were connected at C-2 and C-4
of the inner glucopyranosyl unit, respectively. Although the agly-
cones and the saccharide chain of 2 and 3 were reported, their
sugar moieties have an acetyl group at C-6 of the inner glucopyra-
nosyl unit.
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