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ABSTRACT
High efficiency and less solvent consumption are the
essential requirements of high-speed counter current
chromatography (HSCCC), especially for the preparation and purification of natural products. In this
manuscript, an efficient HSCCC strategy with preparative high performance liquid chromatography
(preparative-HPLC) was successfully developed to
rapidly separate and purify six lupane-type triterpenoids (including acankoreoside C (1), acangraciliside
S (2), acankoreoside B (3), acankoreoside D (4),
acantrifoside A (5) and acankoreoside A (6)) from
leaves of the A canthopanax gracilistylus. The effective separation was achieved using ethyl acetate–nbutanol–methanol–water (3:0.3:0.8:4, v/v/v/v) as the
two-phase solvent system, in which the mobile phase
was eluted at an optimized flow rate of 2.0 mL/min
and a revolution speed of 900 rpm. HSCCC prepara-

tion was performed on 400 mg of crude sample yielding 5.3 mg of compound 3, 6.4 mg of compound 4,
10.6 mg of compound 5, 35.8 mg of compound 6 with
purities of 95.6%, 96.3%, 96.1%, 97.2%, respectively,
17.2 mg of a mixture of compounds 1 and 2, which
was further separated by preparative-HPLC yielding
5.9 mg of compound 1, and 4.5 mg of compound 2
with purities of 96.8% and 94.6%, respectively, as
determined by HPLC at 210 nm. Their chemical structures were identified by nuclear magnetic resonance
(NMR) technology. All compounds were evaluated
for their anti-inflammatory activity with lipopolysaccharide (LPS)-induced RAW264.7 cell. The compounds 3 and 4 showed weakly inhibitory effect of
nitric oxide (NO) production with low cytotoxicity.
Keywords A canthopanax gracilistylus, High-speed
counter current chromatography (HSCCC), Preparative-HPLC, Nitric oxide (NO), Cytotoxicity
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INTRODUCTION
Acanthopanax gracilistylus W.W. Smith (AGS) is an
important original plant of Chinese traditional herbs,
which is widely distributed in China, such as Hunan,
Hubei, Anhui provinces. The leaves of AGS can be
used as vegetables to eat for treating skin diseases[1].
Its dried roots and stem barks are listed officially in
the Chinese Pharmacopoeia (2015 edition) as Acanthopanax Cortex (named as Wujiapi)[2], which has
been used as medicine for the treatment of paralysis,
arthritis, rheumatism, lameness, and liver disease[3].
Previous phytochemical investigations of this plant
revealed that various natural products from AGS are
lignans, triterpenoids, diterpenoids, monoterpenoids,
steroids, cerebrosides, and volatile components, which
showed diverse biological activities, such as antitumor , anti-inflammatory, and liver protective effects
[4]
.
In most of the published reports, the preparation
process regarding the isolation of AGS always use
silica gel, Sephadex LH-20 or reverse-phase C18 column [5] chromatography repeatedly to obtain pure

compounds. But these traditional separation methods
are time-consuming and tedious, which makes some
sample easily loss. Recently, several literature studies
reported the preparative separation of natural products
by HSCCC [6–8]. HSCCC being a support-free liquidliquid partition method, eliminates irreversible adsorption of sample on to the solid support. In many cases,
we can acquire compounds with high purity through
one-step separation [9], while in other studies enrichment of sample were achieved[10]. The advantages of
HSCCC over the conventional separation technique
are time-saving, simple process and high recovery [11–
15]
.
In the manuscript, six lupane-type triterpenoid
saponins were successfully purified from leaves of the
AGS by HSCCC and preparative-HPLC technology,
the structure of the six lupane-type triterpenoid saponins, acankoreoside C (1), acangraciliside S (2), acankoreoside B (3), acankoreoside D (4), acantrifoside A
(5) and acankoreoside A (6), are shown in the Figure
1. And their anti-inflammatory activities were investigated with LPS-induced RAW264.7 cell.

Figure 1: The chemical str uctur es of acankor eoside C (1), acankor eoside S (2), acankor eoside B (3),
acankoreoside D (4), acantrifoside A (5) and acankoreoside A (6)
MATERIALS AND METHODS
Instrumentation
HSCCC instrument was performed in the present
study using a model TBE-300A HSCCC (Shanghai
Tauto Biotech Co., Ltd., Shanghai, China). The apparatus was equipped with three multilayer preparative

coils connected in series (the diameter of PTFE tube =
1.6 mm, total volume = 300 mL, including the 280 mL
separation volume and a 20 mL sample loop). The
revolution speed of this instrument was adjustable,
ranging from 0 and 1,000 rpm. The two-phase solvent
system was pumped into the column by an AKTA
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prime system (Amersham, USA), and the continuous
effluent was monitored with a UV absorbance detector
and a DC0506 low constant temperature bath
(Shanghai LNB Instrument Co., Ltd). The data were
collected with a N2000 chromatography workstation
(Zhejiang University Star Information Technology
Co., Ltd.; Hangzhou, Zhejiang, China). PreparativeHPLC was performed on an LC-20A liquid chromatograph (Shimadzu Technologies, Kyoto, Japan). Water
used was purified by VE-2041-A Ultra-pure water
system (Shenzhen Hongsen Environmental Protection
Technology Co., Ltd, Shenzhen, China).

Selection of the two-phase solvent system
The two-phase solvent system was selected according
to the partition coefficients (K) of the target components. The K values were determined as follows: a
suitable amount of crude sample was added into preequilibrated two-phase solvent system that volume of
each phase was more than 5 mL and then mixed thoroughly[16]. The same volume of the upper and the lower phase was evaporated to dryness. The residues were
diluted in 2.5 mL of methanol and then analyzed by
HPLC. The partition coefficient (K) were calculated
by the ratio of the peak area obtained from the upper
phase to that obtained from lower phase.

Reagents and materials
Methanol and acetonitrile used for HPLC analysis and
preparative-HPLC were of chromatographic grade and
purchased from Merck, Darmstadt, Germany. All the
other organic solvents used for HSCCC were of analytical grade and purchased from Tianjin Hengxing
Chemical Preparation Co., Ltd (Tianjin, China). Water
used was purified by Ultra-pure water system.
The leaves of AGS were collected in Yuanling,
Hunan province of China, in July 2015, and were botanically identified by Professor Xiang-Qian Liu, the
corresponding author of this manuscript. A voucher
specimen has been deposited in the Herbarium of Hunan University of Chinese Medicine, Hunan, China
(No. 20150718).
Preparation of the crude sample
The dried leaves of AGS (600 g) were ground into
powder and extracted three times by hot methanol (3 ×
3 L) through heating reflux at 65 °C. The combined
methanol extract was evaporated under reduced pressure to obtain a residue (120 g), which was dissolved
in water and partitioned with petroleum ether (PE, 6090 °C), ethyl acetate, and n-butanol, successively giving PE layer (3.18 g), ethyl acetate layer (28.23 g), and
n-butanol layer (25.04 g) after removal of the solvent
in vacuo. The n-butanol layer was stored in a refrigerator (4 °C) for the subsequent HSCCC and prepara-HPLC separation.

Preparation of two-phase solvent system and sample solutions
For HSCCC separation, a two-phase solvent system
composed of ethyl acetate–n-butanol–methanol–water
(3:0.3:0.8:4, v/v/v/v) was used. The two-phase solvent
system was thoroughly equilibrated in a separation
funnel at room temperature. The upper phase and the
lower phase were separately degassed by sonication
for 25 min prior to HSCCC separation. The HSCCC
sample was prepared by dissolving 400 mg of the
dried crude sample in 20 mL of the lower phase.
HSCCC and preparative-HPLC separation procedure
HSCCC separation was performed as follows: the
multilayer column was first completely filled with the
upper (stationary) phase[17]. Then, the apparatus was
rotated at 900 rpm in the forward direction. The lower
phase was pumped into the head of the column at the
flow rate of 2.0 mL/min when the revolution velocity
was smooth. After reaching hydrodynamic equilibrium, as indicated by the emergence of the mobile phase
front, 20 mL of the sample solution was injected into
the column through the injection valve. The effluent
from the tail end of the column was continuously monitored by a UV detector at 210 nm, and the chromatogram was recorded. Each peak fraction was collected
according to the chromatogram and analyzed by
HPLC. All fractions of the same peak were combined
and evaporated to dryness under reduced pressure.
The preparative-HPLC separation was performed as

———————————————————————————————————————————————————————WWW.SIFTDESK.ORG
342
Vol-3 Issue-3

SIFT DESK

follows: CST C18 column (300 mm×30 mm, 10 μm);
the solvent system consisted of acetonitrile–water
(23:77, v/v); the eluent was pumped at 20 mL/min
(monitored at 210 nm) and all injection volume was 2
mL. The peak fractions were collected according to
the elution profile.
HPLC analysis and identification of separated
compounds
In this manuscript, the HPLC was used for analyzing
the composition of the dried crude samples and determining the purities of the separated compounds.
HPLC analyses of the crude sample and each peak
fraction obtained from HSCCC were performed with a
Promosil C18 column (5 μm, 4.6×250 mm) at a column
temperature of 30 °C. The binary mobile phase consisted of acetonitrile and water in a gradient as follows: 0–15 min, 22–30% acetonitrile; 15–21 min, 30%
acetonitrile; 21–35 min, 30–40% acetonitrile; 35–45
min, 40–22% acetonitrile; 45–50 min, 22% acetonitrile. All solvents were filtered through 0.45 μm filter
prior to use. The flow rate was set to 1.0 mL/min, and
the detector wavelength was 210 nm. Identification of
separated compounds was carried out by NMR.
MTT assay for cell viability
The viability of RAW 264.7 cells was determined by
analyzing the reduction of 3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide (MTT) to forma-

zan. Cells were cultured in the 96 well plates at a density 1×104 per well for 4 h. After incubated at 37 °C in
a humidified atmosphere containing 5% CO2 for 24 h,
Cell viability was determined by adding 10 μL of
MTT (5 mg/mL) to the medium and incubated for 4 h.
Finally, the supernatant was removed and the formazan crystals were dissolved in 100 μL of dimethyl sulfoxide (DMSO) and reacted for 10 min. Absorbance
was measured at 570 nm.
Nitric oxide (NO) assay
RAW 264.7 cells (5×104 cells per well in 96 well
plates) were treated with 10 μL test samples for 1 h,
and incubated at 37 °C in a humidified atmosphere
containing 5% CO2 before exposure to 0.5 μg/mL of
LPS. After 24 h incubation, NO productions indirectly
determined by measuring the stable NO catabolite nitrite in medium by Griess reaction. In brief, an aliquot
of each supernatant (100 μL) was mixed with the same
volume of Griess reagent for 10 min at RT. The absorbance was measured at 540 nm using an enzymelinked immunosorbent assay (ELISA) plate reader.

RESULTS AND DISCUSSION
HPLC analysis of the crude sampl
As shown in Figure 2, the HPLC chromatogram of the
crude sample from the leaves of AGS showed compounds 1–6.

Figure 2: HPLC chr omatogr am of the cr ude sample fr om the leaves of AGS. HPLC Conditions: Pr omosil
C18 column (5 μm, 4.6×250 mm); mobile phase, acetonitrile and water in gradient mode (acetonitrile: 0–15 min,
22–30%; 15–21 min, 30%; 21–35 min, 30–40%; 35–45 min, 40–22%; 45–50 min, 22%); flow rate, 1.0 mL/min;
column temperature, 30 °C; detection wavelength, 210 nm.
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Selection of HSCCC solvent system
Successful separation by HSCCC requires the careful
selection of a suitable two-phase solvent system. The
two-phase solvent system was selected according to
the partition coefficients (K-values) of the target compound. K-values were obtained and analyzed by the
liquid–liquid extraction experiments and HPLC analysis. K-values of the target compounds should be in the
range of 0.5–2.0 and the separation factor between two
compounds ought to be >1.5[18–21].
According to the polarity of the target compounds, ethyl acetate–n-butanol–methanol–water at
different volume ratios of 3:0.8:1:4, 3:0.5:1:4,
3:0.3:1:4, 3:0.3:0.8:4 and 3:0.3:0.5:4, respectively,
were tested. As shown in Table 1. when ratios of

3:0.8:1:4 and 3:0.5:1:4 were used as the two-phase
solvent systems, their K-values were too large, with
which target compounds would be eluted in an excessively broad peak with long elution time. When ratio
of 3:0.3:0.5:4 was used, the K-values were too small
and the target compounds could not be separated. The
composition of 3:0.3:1:4 and 3:0.3:0.8:4 both provided
the suitable K-values and the separation factor. However, the ratio of 3:0.3:1:4 provided K 6=1.59 for the
compound 6, compared to the ratio of 3:0.3:0.8:4 provided K 6=1.08. Therefore, the ratio of 3:0.3:0.8:4 had
a shorter time and relatively good peak. Therefore,
ethyl acetate–n-butanol–methanol–water at a volume
ratio of 3:0.3:0.8:4(v/v/v/v) was selected for the
HSCCC separation process.

Table 1. The par tition coefficient (K ) values of the compounds 3–6 at different ratio of volume in ethyl acetate–n-butanol–methanol–water solvent system

3:0.8:1:4

the partition coefficient (K)
compound
compound
3
4
1.03
1.58

compound
5
2.65

compound
6
3.09

3:0.5:1:4
3:0.3:1:4
3:0.3:0.8:4
3:0.3:0.5:4

0.61
0.44
0.26
0.06

1.81
1.41
0.91
0.57

1.89
1.59
1.08
0.72

ethyl acetate– n-butanol–
methanol–water (V/V/V/V)

HSCCC separation
400 mg of the crude sample extract was dissolved in
20 mL of lower phase and separated according to the
procedure described above. The HSCCC fractions
were analyzed by HPLC and their absorbance were
measured at 210 nm to draw elution curves. Based on
HPLC analysis and the elution curve of the preparative HSCCC (Figure 3), collected fractions were combined into different pooled fractions. Compounds 3–6
were obtained and their HPLC chromatograms were
shown in Figure 5 (C–F). As determined by HPLC,
their purities were 95.6, 96.3, 96.1, 97.2%, respectively. The retention of the stationary phase was 46.7%.

1.08
0.61
0.54
0.25

ed by preparative-HPLC (Figure 4), yielding 5.9 mg
of compound 1, and 4.5 mg of compound 2. Based on
the HPLC analysis, the purities were 96.8 and 94.6%,
respectively. As shown in Figure 5 (A–B).

Preparative-HPLC separation
After HSCCC separation, Fr.1 and Fr.2–5 were concentrated, yielding a mixture (containing compounds
1 and 2) and compounds 3–6, respectively. Then, the
mixture (containing compounds 1 and 2) was separat-

Figure 3: Pr epar ative HSCCC separ ation of the
crude sample from AGS. Stationary phase: upper organic phase; mobile phase: lower aqueous phase; flow

———————————————————————————————————————————————————————WWW.SIFTDESK.ORG
344
Vol-3 Issue-3

SIFT DESK

rate: 2.0 mL/min; revolution speed: 900 rpm; column temperature: 25 °C; crude sample: 400 mg dissolved in 20
mL mixture solution of lower phase of the solvent system; solvent system: ethyl acetate–n-butanol–methanol–
water (3:0.3:0.8:4, v/v/v/v); retention of the stationary phase: 46.7%; detector:210 nm. Fr.1 = compound
1+compound 2; Fr.2 = compound 3; Fr.3 = compound 4; Fr.4 = compound 5; Fr.5 = compound 6.

Figure 4: pr epar ative-HPLC chromatogram of Fr.1 in HSCCC. preparative-HPLC condition: CST C18 column
(300 mm×30 mm , 10 μm); mobile phase: acetonitrile : water (23:77, v/v); flow rate:20 mL/min; (monitored at
210 nm) .Fr.1–1 = compound 1, Fr.1–2 = compound 2.

Figure 5: HPLC chr omatogr ams. A = compound 1; B = compound 2; C = compound 3; D = compound 4;
E = compound 5; F = compound 6. HPLC conditions: Promosil C18 column (5 μm, 4.6×250 mm); mobile
phase, acetonitrile and water in gradient mode (acetonitrile: 0–15 min, 22–30%; 15–21 min, 30%; 21–35 min, 30
–40%; 35–45 min, 40–22%; 45–50 min, 22%); flow rate, 1.0 mL/min; column temperature, 30 °C; detection
wavelength, 210 nm.
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Structural identification
The chemical structure of six compounds separated by
HSCCC and preparative-HPLC were identified according to their NMR data.
Acankoreoside C (1):white powder; 13C-NMR
(125MHz, CD3OD-d4): 36.62 (C-1), 22.12 (C-2),
82.33 (C-3), 38.35 (C-4), 50.91 (C-5), 19.09 (C-6),
36.21 (C-7), 43.46 (C-8), 56.19 (C-9), 40.24 (C-10),
70.69 (C-11), 38.38 (C-12), 37.59 (C-13), 43.89 (C14), 30.69 (C-15), 32.86 (C-16), 57.89 (C-17), 50.22
(C-18), 48.17 (C-19), 151.32 (C-20), 31.60 (C-21),
37.47 (C-22), 29.65 (C-23), 23.14 (C-24), 17.18 (C25), 17.84 (C-26), 15.06 (C-27), 175.1 (C-28), 110.75
(C-29), 20.19 (C-30), 95.30 (C-1glc), 73.73 (C-2glc),
78.38 (C-3glc), 71.03 (C-4glc), 77.72 (C-5glc), 69.54
(C-6glc), 104.4 (C-1glc'), 75.21 (C-2glc'), 76.68 (C3glc'), 78.23 (C-4glc'), 76.84 (C-5glc'), 61.80 (C6glc'), 102.93 (C-1rha), 72.15 (C-2rha), 72.40 (C3rha), 74.01 (C-4rha), 70.69 (C-5rha), 17.84 (C-6rha),
101.59 (C-1glc''), 75.27 (C-2glc''), 79.67 (C-3glc''),
72.05 (C-4glc''), 78.06 (C-5glc''), 63.02 (C-6glc''). The
13
C-NMR data for compound 1 agree with the literature data[22] corresponding to acankoreoside C.
Acangraciliside S (2): white powder; 13C-NMR
(125MHz, CD3OD-d4): 76.33 (C-1), 36.79 (C-2),
74.14 (C-3), 52.24 (C-4), 46.11 (C-5), 22.17 (C-6),
35.09 (C-7), 42.96 (C-8), 53.06 (C-9), 44.47 (C-10),
24.82 (C-11), 26.94 (C-12), 39.13 (C-13), 43.82 (C14), 30.86 (C-15), 32.95 (C-16), 57.93 (C-17), 50.6 (C
-18), 48.36 (C-19), 151.77 (C-20), 31.55 (C-21), 37.68
(C-22), 182.6 (C-23), 18.08 (C-24), 13.17 (C-25),
17.14 (C-26), 15.1 (C-27), 176.4 (C-28), 110.41 (C29), 19.49 (C-30), 95.26 (C-1glc), 74 (C-2glc), 79.51
(C-3glc), 70.95 (C-4glc), 78.06 (C-5glc), 69.55 (C6glc), 104.56 (C-1glc'), 75.32 (C-2glc'), 76.71 (C3glc'), 79.51 (C-4glc'), 76.89 (C-5glc'), 61.90 (C6glc'), 102.92 (C-1rha), 72.44 (C-2rha), 72.16 (C3rha), 73.75 (C-4rha), 70.64 (C-5rha), 17.84 (C-6rha).
The 13C-NMR data for compound 2 agree with the literature data[23] corresponding to acangraciliside S.
Acankoreoside B (3):white powder; 13C-NMR
data (125 MHz, pyrindine-d5): 36.30 (C-1), 27.51 (C2), 76.32 (C-3), 41.52 (C-4), 44.22 (C-5), 18.66 (C-6),
35.77 (C-7), 43.15 (C-8), 56.60 (C-9), 40.01(C-10),
70.18 (C-11), 38.66 (C-12), 37.78 (C-13), 43.29 (C-

14), 30.38 (C-15), 32.64 (C-16), 57.29 (C-17), 49.83
(C-18), 47.54 (C-19), 150.79 (C-20), 31.25 (C-21),
37.10 (C-22), 72.28 (C-23), 18.74 (C-24), 17.48 (C25), 18.11 (C-26), 15.15 (C-27), 175.35 (C-28),
110.57 (C-29), 19.85 (C-30), 95.66 (C-1glc), 74.35 (C2glc), 79.06 (C-3glc), 71.21 (C-4glc), 78.38 (C-5glc),
69.79 (C-6glc), 105.48 (C-1glc'), 75.67 (C-2glc'),
76.81 (C-3glc'), 78.57 (C-4glc'), 77.53 (C-5glc'), 61.66
(C-6glc'), 103.08 (C-1rha), 72.94 (C-2rha), 73.13 (C3rha), 74.40 (C-4rha), 70.68 (C-5rha), 18.89 (C-6rha).
The 13C-NMR data for compound 3 agree with the
literature data[24] corresponding to acankoreoside B.
Acankoreoside D (4): white powder; 13C-NMR
data (125MHz, pyrindine-d5): 35.56 (C-1), 27.51 (C2), 73.44 (C-3), 53.35 (C-4), 44.60 (C-5), 21.73 (C-6),
35.77 (C-7), 43.10 (C-8), 56.30 (C-9), 39.39 (C-10),
70.06 (C-11), 38.66 (C-12), 37.78 (C-13), 43.73 (C14), 30.38 (C-15), 32.64 (C-16), 57.27 (C-17), 49.83
(C-18), 47.54 (C-19), 150.78 (C-20), 31.25 (C-21),
37.10 (C-22), 210.50 (C-23), 18.74 (C-24), 17.19 (C25), 18.16 (C-26), 15.33 (C-27), 175.35 (C-28),
110.57 (C-29), 19.85 (C-30), 95.66 (C-1glc), 74.35 (C2glc), 78.57 (C-3glc), 71.21 (C-4glc), 77.53 (C-5glc),
69.79 (C-6glc), 105.48 (C-1glc'), 75.67 (C-2glc'),
76.81 (C-3glc'), 79.06 (C-4glc'), 78.38 (C-5glc'), 61.66
(C-6glc'), 103.08 (C-1rha), 72.94 (C-2rha), 73.13 (C3rha), 74.40 (C-4rha), 70.68 (C-5rha), 18.89 (C-6rha).
The 13C-NMR data for compound 4 agree with the
literature data[24] corresponding to acankoreoside D.
Acantrifoside A (5): white powder; 13C-NMR
data (125 MHz, pyrindine-d5): 36.54 (C-1), 27.24 (C2), 75.64 (C-3), 38.96 (C-4), 49.94 (C-5), 18.94 (C-6),
36.24 (C-7), 43.02 (C-8), 56.54 (C-9), 40.24 (C-10),
70.25 (C-11), 38.64 (C-12), 37.81 (C-13), 43.32 (C14), 30.44 (C-15), 32.65 (C-16), 57.37 (C-17), 49.86
(C-18), 47.45 (C-19), 150.86 (C-20), 31.27 (C-21),
37.21 (C-22), 30.28 (C-23), 23.34 (C-24), 17.26 (C25), 18.08 (C-26), 15.14 (C-27), 175.46 (C-28),
110.53 (C-29), 19.82 (C-30), 95.68 (C-1glc), 74.37 (C2glc), 78.66 (C-3glc), 71.25 (C-4glc), 77.47 (C-5glc),
69.77 (C-6glc), 105.49 (C-1glc'), 75.68 (C-2glc'),
76.86 (C-3glc'), 79.04 (C-4glc'), 78.45 (C-5glc'), 61.75
(C-6glc'), 103.14 (C-1rha), 72.81 (C-2rha), 73.06 (C3rha), 74.45 (C-4rha), 70.68 (C-5rha), 18.87 (C-6rha).
The 13C-NMR data for compound 5 agree with the literature data[22] corresponding to acantrifoside A.

———————————————————————————————————————————————————————WWW.SIFTDESK.ORG
346
Vol-3 Issue-3

SIFT DESK

Acankoreoside A (6): white powder; 13C-NMR
(125MHz, pyrindine-d5): 33.64 (C-1), 26.46 (C-2),
73.14 (C-3), 51.95 (C-4), 45.74 (C-5), 21.96 (C-6),
34.85 (C-7), 42.06 (C-8), 51.28 (C-9), 37.67 (C-10),
21.24 (C-11), 26.36 (C-12), 38.84 (C-13), 43.02 (C14), 31.28 (C-15), 32.78 (C-16), 57.37 (C-17), 50.09
(C-18), 47.78 (C-19), 150.94 (C-20), 31.43 (C-21),
37.03 (C-22), 179.7 (C-23), 18.61 (C-24), 17.36 (C25), 16.95 (C-26), 15.29 (C-27), 175.3 (C-28), 110.77
(C-29), 19.84 (C-30), 95.65 (C-1glc), 74.46 (C-2glc),
78.62 (C-3glc), 71.34 (C-4glc), 78.49 (C-5glc), 69.85
(C-6glc), 105.48 (C-1glc'), 75.77 (C-2glc'), 76.85 (C3glc'), 79.07 (C-4glc'), 78.48 (C-5glc'), 61.77 (C6glc'), 102.94 (C-1rha), 72.85 (C-2rha), 73.06 (C3rha), 74.48 (C-4rha), 70.67 (C-5rha), 18.82 (C-6rha).
The 13C-NMR data for compound 6 agree with the lit-

erature data[24] corresponding to acankoreoside A.
Results of cytotoxicity and inhibition NO
The cytotoxicity and inhibition of production of NO of
compounds 1–6 from AGS were investigated on LPSinduced RAW264.7 cell. As shown in Table 2, the
production of NO was down-regulated weakly when
the concentration of compounds 3 and 4 was 20 μg/
mL with the inhibition as 4.18% and 14.32%, respectively. Compounds 1, 2, 5, 6 had no inhibition of production of NO. Compound 1 showed moderate cytotoxicity when the concentration of compound 1 was 20
μg/mL with the cell viability as 55.61% and compounds 2, 3, 4, 5, 6 had no influence on cell viability.

Table 2. Inhibitor y effects of compounds 1-6 against LPS-induced NO production and cell viability in
RAW 264.7cell
compounds

inhibition

cell viability

acankoreoside C(1)

-

55.61%

acankoreoside S(2)

-

101.32%

acankoreoside B(3)

4.18% in 20 μg/ml

106.86%

acankoreoside D(4)

14.32% in 20 μg/ml

96.64%

acantrifoside A(5)

-

103.67%

acankoreoside A(6)

-

92.6%

CONCLUSION
In summary, we have known that the combination of
application of HSCCC and preparative-HPLC is a
very powerful technique for natural products. In present work, an efficient separation of six lupane-type
triterpenoid saponins from the leaves of AGS was
achieved by HSCCC and preparative-HPLC for the
first time. Compared to reported in the literature on
separation of lupane-type triterpenoid saponins from
the leaves of AGS, the method of HSCCC and preparative-HPLC was fewer time-consuming, one-step separation, higher recovery and higher purity. Six lupane
-type triterpenoid saponins: acankoreoside C (1),
acangraciliside S (2), acankoreoside B (3), acankoreoside D (4), acantrifoside A (5) and acankoreoside A
(6) were yielded in HSCCC and preparative-HPLC

with purities of 95.6%, 96.3%, 96.1%, 97.2%, 96.8%,
and 94.6%, respectively. All these triterpenoid saponins were tested cell viability and anti-inflammatory
activity with LPS-induced RAW264.7 cell. Among
those compounds, compounds 3 and 4 showed weakly
inhibitory effect of NO production with lower cytotoxicity, and compound 1 only showed moderate cytotoxicity activity against RAW264.7 cell. In the literature AGS has diverse biological activities, and is rich
in lupane-type triterpenoid saponins, thus it is necessary to be investigated other bioactivity of these compounds in the future. Therefore, this manuscript provided an efficient, convenient and economical method
for the separation and purification of effective compounds from natural products.
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