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a b s t r a c t

Analytical high-speed counter-current chromatography (HSCCC), a unique liquid-to-liquid separation
technology, has an inherent capability to provide perfect fractionation for tracking active ingredients
of medicinal herbs, in a quick, efficient, and high-recovery manner. A high throughput screening (HTS)
method which utilizes a novel biosensor that selectively detects apoptosis based on the fluorescence
resonance energy transfer (FRET) technique, was newly established and proved to be very sensitive in
detecting apoptosis induced by various known anticancer drugs. The first combination of both advanced
techniques formed an efficient platform for drug discovery and succeeded in quickly identifying the most
potent apoptotic constituent of a Chinese herb namely Isodon eriocalyx. The system of n-hexane/ethyl
acetate/methanol/water was used as the separation solvent. The solvent ratio was first set at 3:5:3:5
aspase-3 biosensor

sodon eriocalyx
poptosis inducer
riocalyxin B

to check the water-soluble part of the crude extract, and then 1:1:1:1 was used to isolate the target
compounds. The active fraction was tracked and purified continuously using HSCCC which was guided by
the apoptosis detection at gradually decreased drug concentrations. As a result, the most potent apoptosis
inducer in this herb was discovered by analytical HSCCC equipped with a 16 ml mini-coil column, using
less than 50 ml diphase solvent, from about 50 mg active fraction. It was identified as eriocalyxin B, a

atura
well-known antitumor n

. Introduction

Chemotherapy is always one of the most important weapons

o fight with cancers. Most chemotherapy drugs, e.g. taxol, exert
heir anticancer effects by arresting cells and then promoting them
nto apoptotic cell death [1]. As these drugs cannot discriminate

ell between cancer cells and noncancer cells, many normal cells
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ersity of Hong Kong, Shatin, N. T., Hong Kong SAR, China. Tel.: +852 2696 1211;
ax: +852 2603 5248.
∗∗ Corresponding author at: School of Chemical and Biomolecular Engineering,
anyang Technological University, N1.3-B3-09, Singapore. Tel.: +65 6790 4257.

E-mail addresses: simonhan@cuhk.edu.hk (Q.-B. Han), kluo@ntu.edu.sg
K.Q. Luo).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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l product, by NMR analysis of the HSCCC purified fraction.
© 2010 Elsevier B.V. All rights reserved.

are also killed simultaneously. This nonspecific cytotoxicity dam-
ages the patient’s immune system and generates many side effects
such as vomiting, hair loss, peripheral neurotoxicity [2]. Therefore,
developing new anticancer drugs with a higher potency and speci-
ficity against cancer cells has become more important. To find more
anticancer agents from natural resources is all the time consid-
ered as an important strategy. High Throughput Screening (HTS)
is the first choice. It requires two things: an efficient cell-based
method that can rapidly screen compounds by detecting apoptotic
cell death, and a large pool of drug candidates.

We have recently developed a cell-based, high throughput

screen method for detecting caspase-3 activation during the pro-
cess of apoptosis in living cells [3]. The new method, compared to
the commonly used in vitro caspase activity assay that utilizes cell
extracts from a large population of cells, is time-, labor- and cost-
consuming. It has shown its power in testing a number of known

dx.doi.org/10.1016/j.talanta.2010.07.036
http://www.sciencedirect.com/science/journal/00399140
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nticancer drugs, including camptothecin, ET, hydroxyurea, pacli-
axel and vincristine, and in searching potential anticancer agents
rom various natural products [4,5].

However, it is not easy to identify the active ingredients from
atural materials because each of them has thousands of chemi-
al components. Bioassay-guided fractionation therefore becomes
ncreasingly popular in searching lead compounds. Conventionally,
variety of separation materials such as silica gel and C18 are used

o do the fractionation of the crude extract. Unfortunately, all the
iquid–solid separation methods often have several disadvantages
nd limitations: (i) irreversible sample adsorption; (ii) risk of sam-
le denaturation; (iii) peak tailing; and (iv) high consumption of
olvents and columns/packing materials [6–10]. Furthermore, the
harmaceutical industries are looking for rapid analytical method,
ith predictable scaled-up to pilot and process scale with high

hroughput and high purity [11].
High-speed counter-current chromatography (HSCCC), an

dvanced separation technique based on solvent partition, is right
n such a good position to meet all of these requirements. First of
ll, HSCCC has satisfactory sample recovery without the use of any
olid separation materials. More importantly, the liquid station-
ry phase, due to the diphase composition, is tolerant to various
rude extracts having different dissolubilities. That makes the sam-
le pretreatment quite easy. Furthermore, the HSCCC separation
an be predictable and scaled-up where complicated modeling and
lgorithms to explain solute behavior are unnecessary [11,12]. It
lso shows significant advantages in terms of sample stability and
onsumption of solvents and columns/packing materials.

Since the first paper in Nature by Ito et al. [13], there have been
round 1000 scientific papers published regarding this technique
11]. Mostly used in these reports were semipreparative columns
hich volume was in a range of 200–300 ml. The large scale HSCCC
as also quickly developed in recent years which column volume
as counted in liters, being able to provide up-to-kilogram sample
reparation [11,14]. At the same time, mini CCC at analytical scale,
ith the column volume less than 20 ml, is newly designed and
eveloped. It has an inherent ability to perform quick and efficient
ractionation for high throughput drug screening (HTS). Herein we
eport its first success in finding the most potent apoptotic compo-
ent of an anticancer medicinal herb namely Isodon eriocalyx, with
he aid of the novel caspase-3 biosensor based HTS model [3–5]. I.
riocalyx is one of the most representative herbs of the Isodon genus
hat is well known as the natural resource of anticancer ent-kauren
iterpenoids. It is also argued that its active constituents should be
ater-soluble since this herb is traditionally used in the form of
ecoction.

. Experimental

.1. Apparatus

The analytical HSCCC instrument used in this study was TBE-
0A high-speed counter-current chromatograph (Shanghai, Tauto
iotech, China) with three polytetrafluoroethylene preparative
oils (diameter of tube, 0.8 mm, total volume, 16 ml). The ˇ value
aried from 0.6 at the internal terminal to 0.78 at the external ter-
inal (ˇ = r/R where r is the distance from the coil to the holder

haft). The HSCCC system was equipped with an analytical Agilent
100 HPLC Series.

The preparative HSCCC instrument was TBE-300A high-speed

ounter-current chromatograph (Shanghai, Tauto Biotech, China)
ith three polytetrafluoroethylene preparative coils (diameter of

ube, 2.6 mm, total volume, 260 ml). The revolution radius or the
istance between the holder axis and central axis of the centrifuge
R) was 5 cm, and the ˇ value varied from 0.5 at the internal terminal
2 (2010) 1521–1527

to 0.8 at the external terminal. The HSCCC system was equipped
with a preparative Agilent 1100 HPLC Series.

HPLC analysis was carried out on an analytical Agilent 1100
Series and Zorbax Eclipse C18 column (4.6 mm × 250 mm, 5 �m)
at room temperature. The Agilent 1100 HPLC system included a
G1311A solvent delivery unit, G1315B UV–vis photodiode array
detector, Rheodyne 7725i injection valve with a 20 �l loop, G1332A
degasser and Agilent HPLC workstation.

UPLC–MS analyses were acquired from Waters Acquity UPLC
system (Waters Co., Milford, USA) coupled with Waters Q-Tof Pre-
mier (Micromass MS Technologies, Manchester, UK) equipped with
an electrospray ionization source in positive mode. The system was
operated under MassLynx 4.1 software. HPLC/MS analyses were
performed using a Waters ACQUITY UPLCTM system (Waters Corp.,
MA, USA), equipped with a Waters Q-TOF Premier (Micromass MS
Technologies, Manchester, UK) operating in positive ion mode and
a Waters ACQUITY BEH C18 column (100 mm × 2.1 mm, 1.7 �m,
Waters Corp., Ireland). MS parameters are as follows: the nebuliza-
tion gas was set to 600 l/h at temperature of 350 ◦C, the cone gas
set to 50 l/h, and the source temperature set to 100 ◦C. The capillary
voltage and cone voltage were set to 2800 and 35 V, respectively.
The molecular masses of the precursor ions and of the product ions
were accurately determined with reference compound Leucine-
enkephalin ([M+H]+, m/z 556.2615) in the LockSpray mode. The
concentration of Leucine-enkephalin was 50 pg/�l and the infusion
flow rate was 5 �l/min.

UPLC were performed on a Waters Acquity BEH C18 T3
(2.1 mm × 100 mm, 1.7 �m, Wexford, Ireland). The mobile phase
consisted of (A) 0.1% formic acid in water and (B) acetonitrile con-
taining 0.1% formic acid with gradient elution: 0–6 min, 5–15.9%
B; 6–10 min, 15.9–40% B; 10–15 min, 40–60.5% B; 15–20 min,
60–100% B. The temperature of autosampler was maintained at
10 ◦C and the injection volume was 2.0 �l.

1H (400 MHz) and 13C (100 MHz) NMR spectra were recorded on
a Brucker DRX-400 spectrometer using TMS as internal standard.

2.2. Reagents and sample preparation

Methanol, n-hexane, and ethyl acetate of HPLC grade were
purchased from TEDIA company, Inc., USA. Water was prepared
using MILLI-Q SP reagent water system (Nihon Millipore Kogyo K.
K., Japan). The leaves of I. eriocalyx (Dunn.) Hara were collected
from Weishan Prefecture of Yunnan Province, China, in October
2002, and was authenticated by Prof. H.W. Li (Kunming Institute of
Botany). Dried powder of the leaves (20 g) was extracted with 50%
aqueous methanol by sonication (3 × 30 ml × 30 min). The extracts
were combined and concentrated in vacuo to give a crude extract
(1.1 g). The dried extract was further dissolved in 10 ml lower phase
and the sample solution was filtered through a 0.2 �m syringe
membrane filter before HSCCC separation.

2.3. Selection and preparation of two-phase solvent system

Seven major unknown peaks having gradually increasing reten-
tion time in the HPLC analysis were firstly selected and treated
as targets in order to take all the components into consid-
eration. The commonly used solvent system of n-hexane/ethyl
acetate/methanol/water was selected in order to suit varied con-
stituents. The solvent system was optimized in solvent ratio by
analyzing the K values of these supposed targets. Approximately
2 mg of the crude extract was weighed in a 10 ml test tube to which

4.0 ml of each phase of the equilibrated two-phase solvent system
was added. The tube was shaken vigorously for 2 min to equilibrate
the sample thoroughly with the two phases. Then, the upper and
lower phases were analyzed by HPLC at room temperature. The
partition coefficients (K) were expressed as the peak area of target
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Table 1
The separation coefficients (K) of supposed targets 1–7 in varied diphase solvent systems.

Diphase solvent system 1 2 3 4 5 6 7

n-Hexane/EtOAc/MeOH/H2O
1:1:1:1 0.75 0.49 1.03 0.8 0.61 1.13 2.37
4:5:4:5 1.59 1.63 1.67 0.91 1.67 3.14 3.65
3:5:3:5 3.42 3.42 2.94 3.75 3.31 5.81 4.39
2:5:2:5 8.54 9.15 12.9 ND 18.2 ND ND
1:5:1:5 16.4 14.7 ND ND ND ND ND
6:4:5:5 0.54 0.38 0.75 0.24 0.35 0.65 1.16
7:3:5:5 0.33 0.21 0.3 0.18 0.17 0.41 0.51
8:2:5:5 0.19 0.12 0.26 0.11 0.1 0.26 0.47
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cated time points. The data acquisition duration was up to 72 h.
The YFP/CFP emission ratio was then calculated. If YFP/CFP emis-
sion ratio was reduced below 3, the testing sample was considered
as a good apoptotic inducer at that concentration. All samples were
9:1:5:5 0.11 0.07
10:0:5:5 0.05 0.04

D means the value is too large to determine.

omponents in the upper phase divided by that in the lower phase.
o obtain more accurate results, every K value was measured in
riplicate. The results were shown in Table 1.

The selected two-phase solvent system was prepared by adding
he solvents to a separation funnel according to the volume ratios
nd fully equilibrated by shaking repeatedly at room temperature.
he upper and lower phases were separated shortly before use and
egassed by sonication for 30 min.

.4. HSCCC separation procedure

The whole procedure of preparative HSCCC separation was car-
ied out as follows: The coil column was entirely filled with the
pper phase of the solvent system at 20 ml/min. Then the apparatus
as rotated at 800 rpm, while the lower phase was pumped into

he column at 1.5 ml/min. After the mobile phase front emerged
nd hydrodynamic equilibrium was established in the column,
0 ml of sample solution containing 487.76 mg of crude extract was

njected through the injector. The separation temperature was con-
rolled at 25 ◦C. The effluent from the outlet of the column was
ontinuously monitored at 254 nm by Agilent 1100 HPLC UV–vis
etector and was collected by a Spectra/Chrom (USA) CF-1 col-

ector (10 min/tube). According to the chromatogram, the effluent
etween 70 and 80 min was labeled as the first fraction. When the
eparation time reached 300 min, the rotation was stopped. All the
olvent remained in the coil was pushed out by high pressure gas
nd labeled as the last fraction, namely fraction No. 24. Each peak
raction was evaporated under reduced pressure.

The subsequent fractionation on the analytical HSCCC had a
imilar procedure, with only a few modifications. The coil column
as entirely filled with the upper phase of the solvent system

t 3 ml/min. Then the apparatus was rotated at 1600 rpm, while
he lower phase was pumped into the column at 0.3 ml/min. After
ydrodynamic equilibrium was established in the column, 1 ml of
olution containing 57.11 mg of fraction No. 24 was injected. The
ffluent from the outlet of the column was collected at 5 min/tube.
ccording to the chromatogram, the effluent between 10 and
5 min was labeled as the first subfraction. When the separation
ime reached 90 min, the rotation was stopped. All the solvent left
n the coil was pushed out by high pressure gas and labeled as the
ast fraction, namely subfraction 24.12.

.5. Bioassay of HSCCC fractions for their apoptotic effects

The bioassay method was described in our previous paper with
ome modifications [3]. All the testing samples were dissolved in

MSO to make stock solutions. The concentration of each stock was
t least 1000 times higher than the working concentration. HeLa-
3 cells, which can detect apoptotic cell death involving caspase
ctivation, were cultured in minimum essential medium (MEM)
ontaining 10% fetal bovine serum, 100 U/ml penicillin, 100 mg/ml
0.06 0.05 0.14 0.21
0.04 0.04 0.03 0.09

streptomycin, in a 5% CO2 humidity incubator at 37 ◦C. The sample
well for apoptotic activity testing was prepared by seeding a well on
a 96-well plate with 7500 HeLa-C3 cells suspended in 100 �l culture
medium. The background well was prepared by only adding 100 �l
culture medium. After incubation for 12∼16 h, the plate was read
by a Perkin-Elmer Victor plate reader. The excitation wavelength
was set at 440 ± 10 nm. The emission wavelength was at 486 ± 8 nm
for CFP (cyan fluorescent protein) and at 535 ± 8 nm for YFP (yellow
fluorescent protein). And the data for time point “0 h” was obtained.
Then immediately, the old medium was removed and 100 �l freshly
prepared culture medium containing the testing sample at a cer-
tain working concentration was added to both the sample well and
the corresponding background well. Culture medium containing
0.1% DMSO was the negative control while 500 nM taxol was the
positive control. After that, the plate was read repeatedly at indi-
Fig. 1. HPLC chromatograms of the crude extract and active fractions. A, the crude
extract; B, fraction 24; C, subfraction 24.3; D, subfraction 24.4; E, subfraction 24.5;
F, the positive ESIMS spectrum of subfraction 24.5. HPLC analysis was carried out on
an analytical Agilent 1100 series and Zorbax Eclipse C18 column (4.6 mm × 250 mm,
5 �m) at room temperature. Mobile phase: 0–35 min, 0.1% aqueous formic acid/CAN
(60:40); 35–40 min, gradually to 100% CAN. UV detection at 254 nm.
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Fig. 2. HSCCC fractionation of the crude extract. A, the HSCCC chr

ested in triplicate. The whole experiment was repeated for three
imes.

.6. Identification of bioactive CCC peak fractions

The most bioactive HSCCC peak fraction was analyzed by LCMS.
ts major constituent was purified using analytical HSCCC and iden-
ified by analysis of its 1H (400 MHz) and 13C (100 MHz) NMR
pectra.

. Results and discussion

Bioassay-guided fractionation does not target on any specific
ompound prior to the blind screening. The herbal extract will
e separated into fractions according to their different polarities.
here is a debate about the active components of the anticancer
erb I. eriocalyx. Someone believes that the active components
hould be water-soluble because this herb is traditionally used in
he form of decoction. But modern pharmacological studies indi-
ated that the ent-kauren diterpenoids were cytotoxic agents [15].
hese diterpenoids are the characteristic constituents of Isodon
lants and are insoluble in water.

To figure out if any water-soluble chemicals have anticancer
ctivity is one of the tasks of this study. First of all, seven tar-

et peaks were supposed (Fig. 1A) in different polarity regions to
valuate the diphase solvent system. Their individual K values pro-
uced by varied solvent systems were determined and shown in
able 1. The ideal K value is always expected to be around 0.5–1.5
7]. If K is much larger, the separation time will be much pro-
ogram (254 nm) of the crude extract; B, the resulted 24 fractions.

longed. By contrast, small K value will lead to a fast and poor
separation. In this study, the solvent system of n-hexane/ethyl
acetate/methanol/water (1:1:1:1) produced K values in a range of
0.49–2.37, and was selected to separate these seven chromato-
graphic bands. Before that, however, the water-soluble chemicals in
the crude extract should be checked, to see if they have anticancer
effect. As such, a solvent ratio that can produce larger K values was
needed. Finally, the ratio 3:5:3:5 that generated K above 3 was
selected to separate the water-soluble fractions first. As a result,
23 fractions in the high polarity range were obtained after the first
separation (Fig. 2). It was interesting that none of them showed
apoptotic effect at the concentration level of 10 �g/ml, but the last
fraction (Fig. 2), the part remained in the coil column when the sep-
aration was stopped, was highly active (Fig. 3A). The debate could
be ended because the water-soluble part of the crude extract of I.
eriocalyx did not contain any chemicals showing apoptosis induc-
ing effect. Furthermore, HSCCC proved to be an ideal fractionation
method, without missing any active chemicals. As shown in Fig. 2,
the sample recovery of the first separation was up to 95%.

Combined with the HSCCC, a HeLa-C3 cell-based apoptotic
detection system was used here for a fast screening. This system
contained a stable HeLa cell line (HeLa-C3) that expressed a fluo-
rescence resonance energy transfer (FRET)-based biosensor protein
CFP-DEVD-YFP [3]. It consisted of three parts: a donor cyan flu-

orescent protein (CFP), a peptide linker containing the caspase-3
cleavage site (DEVD), and an acceptor yellow fluorescent protein
(YFP). The detection was based on the FRET effects. Before caspase
was activated, energy could be transferred directly from the donor
(CFP) to the acceptor (YFP), so that when the donor was excited,
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Fig. 3. Apoptosis inducing effects of screened fractions. Those having the YFP/CFP emission ratio below 3 are regarded as active fraction. A, the active fractions at a dose of
10 �g/ml; B, the active fractions at a dose of 5 �g/ml; C, cell morphology of Hela-C3 treated with subfractions 24.4 and 24.5 at 5 �g/ml. Taxol (500 nM) was used here as the
positive control.
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C-7). The commonly occurred �,�-unsaturated ketone bearing ter-
minal double bonds was also indicated by the signals at ı 208.4,
152.5, and 118.8 (C-15, 16, and 17). The additional �,�-unsaturated
ketone which presented signals at ı 196.9, 127.1, and 161.2
Fig. 4. Further fractionation of the

uorescence emission from the acceptor could be detected. When
aspase-3 was activated during apoptosis, it cleaved the biosensor
CFP–DEVD–YFP) and caused the separation of donor and acceptor
roteins. Thus, the FRET effect was effectively eliminated, resulting

n a reduced emission from YFP and an increased emission from CFP.
he fluorescence emission ratio between YFP and CFP reflected the
ctivation of caspase-3 in living cells during apoptosis [3]. Any stim-
lus that could reduce the fluorescence emission ratio of YFP/CFP
o a value lower than 3.0, was considered as a good apoptotic
nducer.

Giving the YFP/CFP below 3 at 10 �g/ml in less than 40 h after
rug treatment (Fig. 3A), the 24th fraction was indicated as the
ctive fraction. HPLC examination indicated that this fraction con-
ains all the seven target peaks (Fig. 1B). The HPLC chromatogram
s similar to that of the crude extract but does not have any water-
oluble component peaks. Therefore the solvent system in a ratio
f 1:1:1:1 was selected to separate the group of seven target peaks.
his time the analytical HSCCC was used to make a fast fractiona-
ion. Around half of fraction 24 (57.11 mg) was dissolved in 1 ml
iphase solvent and was then injected into the 16 ml coil col-
mn. The flow rate was kept at 0.3 ml/min. The total runtime is

ess than 100 min. After 10 min, the effluents were collected every
min and ten subfractions were obtained. The part between 60
nd 90 min was combined and labeled as subfraction 24.11. All the
olvent remained in the coil was pushed out by high pressure gas
nd labeled as the last subfraction, namely subfraction 24.12. That
eans the active fraction was quickly separated into 12 subfrac-

ions using only a small amount of solvent less than 50 ml (Fig. 4).
he sample recovery is still significantly high at 90%.

All these 12 subfractions were screened for their apoptosis
nducing effects. At the dose of 10 �g/ml, subfractions 24.3–24.5,
4.7 and 24.8 were active, having a YFP/CFP emission ratio below
(Fig. 3A). At a lower dose of 5 �g/ml, however, only subfractions
4.4 and 24.5 were still active (Fig. 3B and C). Both fractions were
ven stronger than the positive control (taxol, 500 nM). They pro-
uced YFP/CFP ratios lower than 3 at less than 30 h after compound
reatment, at the same time that of taxol (500 nM) was still around

.

HPLC analysis showed that subfractions 24.3–24.5 had a com-
on component which possessed the majority of subfractions 24.4

nd 24.5 (Fig. 1C–E). Subsequent LCMS analysis presented the exact
olecular ion peak [M+H]+ at m/z 345.1600, which was consistent
e fraction using analytical HSCCC.

with the molecular formulae C20H24O5 (Fig. 1F). It was proposed to
be an ent-kauren diterpenoid based on literature research and our
previous studies on Isodon herbs [15]. Unfortunately, MS/MS anal-
ysis on this compound failed to give more structure information
due to the instable molecular ion in high collision energy dissoci-
ation. Furthermore, isomeric diterpenoids were commonly found
in Isodon herbs, which were hard to differentiate using MS tech-
nology. Thus, NMR analysis is needed to determine the chemical
structure. Before that, subfractions 24.4 and 24.5 were combined
and purified using analytical HSCCC (Fig. 5). 10 mg white powder
was obtained. It showed 20 carbon signals in the 13C and distor-
tionless enhancement by polarization transfer (DEPT) NMR spectra.
A skeleton of 7,20-epoxy-ent-kaurane was assigned to this com-
pound, based on the characteristic signals of three methines (ı
57.2, 48.3, 34.4 due to C-5, 9, and 13), three quaternary carbons
(ı 59.7, 46.5, 35.9 assignable to C-8, 10, and 4), two methyls (ı 30.0
and 24.7 attributable to C-18 and 19), an oxygenated methylene (ı
65.4, assigned as C-20), and a hemiketal quaternary carbon (ı 95.6,
Fig. 5. Purification of the subfractions 24.4 and 24.5 using analytical HSCCC. Instru-
ment: analytical HSCCC TBE-20; coil column volume: 16 ml; flow rate: 0.3 ml/min;
sample loaded: 18.12 mg in 200 �l diphase solvent; diphase solvent system: HEMW
(5.25:5:5.25:5); stationary phase: upper phase; mobile phase: lower phase.
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assignable to C-1, 2, and 3) suggested this compound should be 6,7-
ihydroxy-7,20-epoxy-ent-kaur-2(3),16(17)-dien-1,15-dione, also
alled eriocalyxin B. This is confirmed by comparing the 1H and 13C
MR data with those reported (Supporting information, Fig. 6) [16].
nd its antitumor activity has been confirmed by several reports
nd patent applications that it can induce apoptosis of cancer cells
hrough NF-�B signaling pathway [17,18].

HSCCC has such a unique separation mode that it is dis-
inguished from all the other separation methods. First of all,
heoretically there is no sample loss. Working like a continued
olvent partition, it inherits all the strength of this mostly used
ractionation method. In this study, the sample recoveries of both
reparative and analytical HSCCC reached a high level of up to 95%.
he active fraction will not be missed, even if it may not be eluted
ut but remained in the column. This ensures all the chemicals of
he injected sample be screened in fractions as finally obtained,
hich is the biggest difference between HSCCC and other sepa-

ation methods. Secondly, the diphase solvent system is flexible
nd tolerant by adjusting the solvent ratios. This makes it pos-
ible to simultaneously take a check on both water-soluble and
lcohol-soluble components of various natural products. And the
retreatment of the crude extract is simplified as much as possi-
le. The crude extract can be directly loaded for separation after
issolved in diphase solvent and filtrated. In addition, HSCCC also
fficiently decreases the risk of sample denature that sometimes
appens on solid separation materials. Another advantage is the

ow consumption of solvent since water is the majority of mobile
hase in most cases.

Based on the above mentioned, HSCCC is a preferable tool to
rovide fractionation for drug discovery in natural resources. With
he guidance of exact K value measurement, the diphase solvent
ystem can be designed for specific targets [19]. It can unprecedent-
dly focus the screening target onto any specific single molecules,
f we know the right solvent system. In this study, n-hexane/ethyl
cetate/methanol/water (3:5:3:5) was used first to separate the
ater-soluble part into 23 fractions, and then replaced by that

f 1:1:1:1 to perform a quick separation of the active fraction
nd finally to isolate the most active constituent. Furthermore,
SCCC can also make contribution to the identification of active

ompounds by preparing sufficient samples for NMR analysis. The
opularly recommended MS technology always needs some chem-

cal references to summarize the MS fragmentation pattern of the
arget compound beforehand. And it is helpless in the case of
somers. What MS presents is only a deduction that needs to be

[

[

[

 (2010) 1521–1527 1527

confirmed by NMR data. In this study, the application of analytical
HSCCC not only provided fast fractionation, but also helped break
the limitation of sample identification using MS technology, which
greatly enlarged the advantages of this liquid–liquid separation
technique as an important part of HTS. Combined with varied bioas-
says, it could be used to form a variety of HTS platforms, especially
for drug discovery in herbal medicines.
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