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& Coupled with evaporative light scattering detection, high-speed countercurrent chromatography
was successfully applied for the first time for separation and purification of four triterpene sapo-
nins including esculentosides A, B, C, and D from the roots of Radix phytolaccae. The separ-
ation was performed with an optimized two-phase solvent system composed of chloroform-methanol-
water (4:4:2,v=v), using the lower phase as the mobile phase at a flow rate of 1.5mL=min. From
150mg of crude extract, 46.3mg of esculentoside A, 21.8mg of esculentoside B, 7.3mg of esculen-
toside C, and 13.6mg of esculentoside D were obtained at purities of 96.7%, 99.2%, 96.5%, and
97.8%, respectively, as determined by HPLC analysis. The structures of the four triterpene sapo-
nins were identified by ESI-MS,1H NMR and 13C NMR.

Keywords high-speed countercurrent chromatography, Radix phytolaccae, triterpene
saponins

INTRODUCTION

Radix phytollacae (Chinese name shanglu) is a famous Chinese herbal
medicine derived from the root of Phytolacca acinosa Roxb. or P. americana
L., which is widely distributed on the earth. It has long been used for
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treatment of edema, abdominal fullness, dysuria, abnormal defecation,
and external application for the treatment of carbuncles and sores as a
traditional Chinese medicine (TCM).[1] The major biological activity of
the compounds in R. phytolaccae is attributed to its triterpene saponins,
which have been reported to have a variety of activities such as induction
of immune interferon (INF-c), anti-inflammatory agents, and tumor
necrosis factor (TNF); enhancement of leukocyte phagocytosis and
promotion of DNA transformation; antifertility; and molluscicidal
effects, etc.[2] In the past, the separation and purification of saponins
from R. phytolaccae were performed using conventional column methods.
However, these methods are tedious and require several chromatographic
steps on a silica gel or other columns resulting in low yields of target
compounds.[3–8]

HSCCC has been widely used for separation of bioactive compounds
from a variety of Chinese herbal medicines in recent years,[9–11] and several
papers have reported the HSCCC separation coupled with an evaporative
light scattering detector (ELSD).[12–14] However, there are few reports that
are applied to the separation of saponins from R. phytolaccae, probably due
to the fact that triterpene saponins have low UV absorption. In this paper,
we established a method for the purification of four saponins such as
esculentosides A – D (Figure 1) from a crude extract of R. phytolaccae by
HSCCC coupled with an evaporative light scattering detector.

EXPERIMENTAL

Apparatus

The HSCCC instrument employed in the present study was a
TBE-300A HSCCC apparatus (Tauto Biotechnique, Shanghai, China) with
three multilayer coil separation columns connected in series (tubing
I.D.¼ 1.5mm, total volume¼ 260mL) equipped with a 20mL sample
loop. The b values of the multilayer coil range from 0.5 at the internal
termainl to 0.8 at the external terminal. The revolution speed of the
apparatus can be regulated with a speed controller in the range between
0 and 1000 rpm. The solvent was pumped into the column with a Model
TBE5002 constant flow pump (Tauto Biotechnique, Shanghai, China).
Continuous monitoring of the effluent was achieved with an Alltech
800 evaporative light scattering detector. The data were collected with
a Model N2000 chromatography workstation (Zhejiang University,
Hangzhou, China). The analytical HPLC equipment was a Hitachi system
consisting of an Alltech 2000ES evaporative light scattering detector
(Alltech, USA).
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Reagents and Plant Materials

All solvents used for the preparation of the crude sample and HSCCC
separation were of analytical grade and purchased from Tianjin Chemical
Factory (Tianjin, China). Methanol used for HPLC was of HPLC grade,
which was also purchased from Tianjin Chemical Factory. Distilled water
was used.

Roots of R. Phytolaccae were purchased from Shannxi Hongda drug
manufactory (Shannxi, China) and identified by Professor Yazhou Wang,
College of Life Sciences, Northwest University, Xi’an, China.

Preparation of Crude Sample

The roots (400 g) of R. Phytolaccae were percolated with 70% ethanol
(3.5 L), and the extract was dried under reduced pressure yielding 100 g
of crude extract. This extract was dissolved in water (800mL) and extracted
with ethyl acetate (800mL, 6 times). The ethyl acetate phase was pooled
and evaporated to yield 15.7 g of the crude saponin-rich extract that was
subjected to HSCCC separation.

Measurement of Partition Coefficient (K)

The two-phase solvent systems were selected according to the partition
coefficient (K) of the target components that is the most important step in
HSCCC.[15] First, a mixture of chloroform-methanol-water and chloroform-
methanol-n-butanol-water at different volume ratios were equilibrated in a
separatory funnel by repeated vigorous shaking at room temperature.
Then, 1.5mL of each phase of the equilibrated two-phase solvent system
was delivered into a 10mL test tube to which approximately 1.5mg of
the sample was added. Then the tube was capped and shaken vigorously
to equilibrate the contents. After the two phases are separated, an aliquot
sampled from each phase was analyzed by the HPLC coupled with ELSD to
determine the partition coefficient (K) values. The K value was calculated
by dividing the peak area of the upper phase with that of the lower phase
from each pair of corresponding peaks in the chromatogram.

Preparation of Two-Phase Solvent System and Sample
Solution

The two-phase solvent system composed of chloroform-methanol-water
(4:4:2,v=v=v) was used for HSCCC separation. The solvent mixture was thor-
oughly equilibrated in a separatory funnel at room temperature. Then, the
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two phases were separated and degassed by sonication at least 15min
before use.

The sample solution was prepared by dissolving 120mg of the crude
extract in 4mL of equal volumes of each phase (total 8mL) of the solvent
system used for HSCCC separation.

HSCCC Separation Procedure

The preparative HSCCC was performed with a Model TBE300A HSCCC
instrument as follows: the multilayer coiled column was first entirely filled
with the upper phase as stationary phase. The lower phase was then
pumped into the head end of the column at a flow rate of 1.5mL=min,
while the apparatus was run at a revolution speed of 800 rpm. After hydro-
dynamic equilibrium was reached (about 60min later), the sample solution
(120mg) was injected into the separation column through the injection
valve. The effluent from the tail end of the separation column was continu-
ously monitored with an Alltech 800 ELSD. The tube temperature of ELSD
was adjusted at 40�C and the gas flow rate set at 2.8 L=min. Peak fractions
were collected into test tubes at 3min intervals (4.5mL=tube). Each
purified compound was stored at 0�C before ESI-MS and NMR analyses.

HPLC Analysis and Identification of HSCCC Peak Fractions

The HPLC analysis of every HSCCC peak fraction was performed with
a Kromasil C18 (250mm� 4.6mm, I.D.) column at room temperature as
follows: The mobile phase was methanol-0.4% glacial acetic acid (70:30,
v=v) and the flow rate was set at 1.0mL=min throughout. Tube temperature
of ELSD was kept at 76.5�C, and the gas flow rate was set at 2.1 L=min.

The identification of HSCCC peak fractions was carried out by electron
spray ionization mass spectrometry (ESI-MS) and NMR. ESI-MS analyses
were carried out using a Thermo Scientific LTQ XL ion trap mass
spectrometer (ThermoFnnigan, San Jose, CA, USA) equipped with an
electrospray ionization (ESI) source. NMR spectra were obtained with a
Bruker Avance 400 NMR.

RESULTS AND DISCUSSION

Optimization of Suitable Two-Phase Solvent System
and Other Conditions of HSCCC

In order to achieve an ideal separation result, the selection of a
two-phase solvent system is the most significant step, which may require
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many days of trial and error experiments.[15] First, the target compounds
should be stable and soluble in the system, the volume ratios of the system
should also be acceptable to avoid the waste, then the solvent system should
provide a suitable partition coefficient (K) for the target compounds. The
suitable K value for HSCCC is between 0.5 and 1, if the K value is smaller,
the compounds would be eluted near the solvent front without sufficient
peak resolution, while a larger K value requires a long separation time
and yields dilute peak fractions.[15] Table 1 lists the K values of two target
compounds in 7 different two-phase solvent systems. Among them, ethyl
acetate-n-butanol-water gives too large K values for both compounds while
chloroform-methanol-n-butanol-water at a volume ratio of 5:6:1:4 gives too
small K values. When the volume ratio of chloroform-methanol-n-butanol-
water was adjusted at 5:6:1:4, the K values of compounds 1 and 4 became
similar. Finally, it can be seen from the table that compounds 1 and 4 have
an ideal K value when the chloroform-methanol-water (4:4:2, v=v=v) was
used. Since the polarities of compounds 2 and 3 were between those of
compounds 1 and 4, we chose this two-phase solvent system for HSCCC
separation.

TABLE 1 The K (Partition Coefficient) Values of Compounds 1 and 4 in 7 Different Two-Phase Solvent
Systems

Solvent System Ratio K1 of Compound 1 K2 of Compound 4

Ethyl acetate-n-butanol-water 5:3:5 923.11 212.37
5:2:5 – 523.67

Chloroform-methanol-n-butanol-water 5:6:1:4 0.46 0.26
5:6:0.5:4 0.53 0.55

Chloroform-methanol-water 4:3:2 1.39 2.07
4:5:3 4.32 1.88
4:4:2 0.62 0.88

FIGURE 1 Chemical structures of four triterpene saponins: (1) esculentoside A; (2) esculentoside B;
(3) esculentoside C; (4) esculentoside D.
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We have also investigated the effects of the revolution speed and the
flow rate of the mobile phase on HSCCC separation. The results indicated
that high flow rates of the mobile phase reduced both peak resolution and
retention of the stationary phase though the separation time was shor-
tened. According to the results obtained from a series of preliminary runs,
the revolution speed was set at 800 rpm and the flow rate at 1.5mL=min,
which yielded an ideal retention level of the stationary phase at 61% with
good peak resolution between the target compounds (see Figures 2 and 3).

Confirmation of Chemical Structures

The structure identification of peak fractions was performed by IR,
ESI-MS, 1H NMR, and 13C NMR.

Compound 1: white powder, with a positive reaction when treated with
the Liebermann-Buchard and Molish reagents. ESI-MS(m=z): 687[MþNa]þ,
1H NMR(400MHz,DMSO,ppm): 0.69(3H,s,CH3), 0.80(3H,s,CH3),
1.08(3H,s,CH3), 1.09(3H,s,CH3), 1.19(3H,s,CH3), 3.61(3H,s,OCH3), 4.25
(IH,d,J¼ 7.0Hz,H in the end group), 5.15(IH,m,C12-H).13CNMR(400MHz,
DMSO,ppm): 43.7(C-1), 69.7(C-2), 80.3(C-3), 43.3(C-4), 47.4(C-5),
16.9(C-6), 32.0(C-7), 41.4(C-8), 47.4(C-9), 35.9(C-10), 23.0(C-11),
122.1(C-12), 143.7(C-13), 41.7(C-14), 27.2(C-15), 22.8(C-16), 46.2(C-17),
42.2(C-18), 42.2(C-19), 45.0(C-20), 29.8(C-21), 33.3(C-22), 63.2(C-23),
14.2(C-24), 16.6(C-25), 16.9(C-26), 25.6(C-27), 178.4(C-28), 27.9(C-29),
176.4(C-30), 51.7(C-31), 105.3(C-1 of Xyl), 73.7(C-2 of Xyl), 76.7(C-3 of

FIGURE 2 HSCCC chromatogram of the crude extract of R. phytolaccae. Peak 1, compound 1; peak 2,
compound 2; peak 3, compound 3; peak 4, compound 4. Experimental conditions: two-phase solvent
system: chloroform-methanol-water (4:4:2, v=v=v); stationary phase: upper phase; mobile phase: lower
phase; flow-rate:1.5mL=min; revolution speed: 800 rpm; ELSD conditions: drift tube temperature,
40�C; gas flow, 2.8 L=min; impactor, off; sample size, 120mg of crude extract dissolved in 8mL of a mix-
ture of upper and lower phases (1:1, v=v) of the solvent system used for HSCCC.
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Xyl), 69.7(C-4 of Xyl), 65.7(C-5 of Xyl). According to the references,[3]

the compound 1 was identified as 3-O-b-D-xylopyranosy phytolaccagenin (escu-
lentoside B).

Compound 2: white powder. ESI-MS(m=z):717[MþNa]þ, 1HMR
(400MHz,DMSO,ppm): 0.70(3H,CH3), 0.82 (3H,s,CH3), 1.05 (3H,s,CH3),
1.09 (3H,s,CH3), 1.20 (3H,s,CH3), 3.63 (3H,s,OCH3), 4.27 (IH,d,J¼
8.0Hz,H of the end group), 5.19 (IH,m,C12-H).13C NMR (400MHz,
DMSO,ppm): 43.5(C-1), 69.2(C-2), 80.7 (C-3), 43.3 (C-4), 47.4(C-5), 16.9
(C-6), 32.0(C-7), 41.4(C-8), 48.7(C-9), 35.9(C-10), 23.0(C-11), 122.1 (C-12),
143.6(C-13), 41.6(C-14), 27.2(C-15), 23.0(C-16), 46.2(C-17), 42.1(C-18),
42.1(C-19), 45.0(C-20), 29.7(C-21), 33.3(C-22), 63.5(C-23), 14.3(C-24),
16.5(C-25), 16.9(C-26), 25.6(C-27), 178.3(C-28), 27.8(C-29), 176.4(C-30),

FIGURE 3 (a) HPLC analysis of pooled ethyl acetate crude extract from the roots of R. phytolaccae; (b),
(c), (d), and (e): The HPLC analyses of compounds 4 to 1. Experimental conditions.: column: Kromasil
C18 (5 mm, 250mm� 4.6mm I.D.); mobile phase: 0.4% glacial acetic acid and methanol (30:70, v=v);
flow rate: 1.0mL=min.
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51.7(C-31), 104.2(C-1 of Glc), 73.8(C-2 of Glc), 76.6(C-3 of Glc), 70.0(C-4
of Glc), 76.9(C-5 of Glc), 61.1(C-6 of Glc). Compound 2 was identified as
3-O-b-D-glucopyranosyl phytolaccagenin(esculentoside D).

Compound 3: white powder, positively reacts in the Liebermann-
Buchard and Molish reagents. ESI-MS(m=z):833[MþNa]þ, 13C NMR
(400MHz,C5D5,ppm) 44.1(C-1), 70.9 (C-2), 82.9(C-3), 42.8(C-4), 47.7(C-5),
17.9(C-6), 32.8(C-7), 40.0(C-8), 48.4(C-9), 36.9(C-10), 23.9(C-11),
123.4(C-12), 144.2(C-13), 42.2(C-14), 28.2(C-15), 23.9(C-16), 46.1(C-17),
43.2(C-18), 42.9(C-19), 45.0(C-20), 30.5(C-21), 34.3(C-22), 64.2(C-23),
14.8(C-24), 17.6(C-25), 17.2(C-26), 26.2(C-27), 179.4(C-28), 28.2(C-29),
177.4(C-30), 51.7(C-31), 106.4(C-1 of Xyl), 75.3(C-2 of Xyl), 76.5(C-3
of Xyl), 78.0(C-4 of Xyl), 64.7(C-5 of Xyl), 103.7(C-1 of Glc), 74.3(C-2 of
Glc), 78.1(C-3 of Glc), 71.7(C-4 of Glc), 78.8(C-5 of Glc), 62.6(C-6 of
Glc). According to the references,[16] compound 3 was identified as
3-O-[b-D-glucopyranosyl-(1!4)-b-D-xylopyranosyl] sylphytolaccagenin
(esculentoside C).

Compound 4: white powder, with a positive reaction when were dealt
with the Liebermann-Buchard and Molish reagents. ESI-MS(m=z):849
[MþNa]þ, 1H NMR(400MHz,DMSO,ppm): 0.70(3H,s,CH3), 0.82
(3H,s,CH3), 1.09(3H,s,CH3), 1.10(3H,s,CH3), 1.20(3H,s,CH3), 3.63
(3H,s,OCH3), 4.26(IH,d,J¼ 8.0Hz, H of end group), 4.30(IH,d,J¼ 7.6Hz,
H of end group) 5.17(1H,m,C12-H). 13C NMR (400MHz,DMSO,ppm):
43.7(C-1), 69.9(C-2), 80.3(C-3), 43.4(C-4), 47.5(C-5), 17.0(C-6), 32.1(C-7),
41.5(C-8), 48.7(C-9), 36.0(C-10), 23.1(C-11), 122.2(C-12), 143.7(C-13),
41.7(C-14), 27.3(C-15), 2.8(C-16), 46.2(C-17), 42.2(C-18), 41.8(C-19),
45.0(C-20), 29.8(C-21), 33.4(C-22), 63.3(C-23), 14.3(C-24), 16.6(C-25),
17.0(C-26), 25.6(C-27), 178.4(C-28), 27.9(C-29), 176.5(C-30), 51.7(C-31),
105.1(C-1 of Xyl), 73.5(C-2 of Xyl), 74.8(C-3 of Xyl), 77.1(C-4 of Xyl),
63.3(C-5 of Xyl), 101.7(C-1 of Glc), 72.8(C-2 of Glc), 76.4(C-3 of Glc),
70.2(C-4 of Glc), 76.5(C-5 of Glc), 61.2(C-6 of Glc). Compound 4 was
identified as 3-O-[b-D-glucopyranosyl-(1!4)-b-D-xylopyranosyl] phyto-
laccagenin(esculentoside A).

CONCLUSIONS

Four triterpene saponins, 46.3mg of esculentoside A, 21.8mg of
esculentoside B, 7.3mg of esculentoside C, and 13.6mg of esculentoside
D were successfully isolated and separated from 120mg of the roots of
R. phytolaccae by high-speed countercurrent chromatography with a
two-phase solvent system composed of chloroform-methanol-water (4:4:2,
v=v=v) Our study demonstrated that HSCCC coupled with an ELSD is a
powerful method in separation and isolation of bioactive compounds with
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low ultraviolet absorbance from natural products. The method is simple
and gives a high sample recovery rate.
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