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Abstract

High-speed counter-current chromatography (HSCCC) was applied to the separation and purification of five compounds from the Chi-
nese medicinal herbPolygonum cuspidatum Sieb. et Zucc. The crude extracts fromP. cuspidatum Sieb. et Zucc were treated with light
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petroleum–ethyl acetate–methanol–water (2:5:4:6, v/v). Sample 1 was obtained from the lower phase and sample 2 from the uppe
sample 1 was separated with light petroleum–ethyl acetate–water (1:5:5, v/v) and yielded 19.3 mg of piceid, 17.6 mg of anthraglyco
200 mg of sample 1. The sample 2 was separated with light petroleum–ethyl acetate–methanol–water (3:5:4:6, v/v) and light petro
acetate–methanol–water (3:5:7:3, v/v) in a gradient elution and yielded 18.5 mg of resveratrol, 35.3 mg of emodin and 8.2 mg o
from 220 mg of sample 2. The purity of each compound is over 95% as determined by HPLC. The chemical structures of these c
were identified by1H NMR and13C NMR.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Polygonum cuspidatum Sieb. et Zucc, a well-known tra-
ditional Chinese medicine and officially listed in the Chinese
Pharmacopoeia[1], has been traditionally used for treat-
ment of various inflammatory diseases, hepatitis, tumors,
and diarrhea in East Asian countries such as China, Korea,
Taiwan, and Japan[2]. Extracts ofP. cuspidatum has also
been mentioned to inhibit several kinds of virus[3]. More-
over, it possessed the antiviral activity against HBV[4].
The major components ofP. cuspidatum, including piceid,
resveratrol, anthraglycoside B, emodin and physcion, each
have specific pharmaceutical activity. Resveratrol and piceid
have effects of inhibiting the copper-catalyzed oxidation of
low-density lipoprotein[5], inhibiting platelet clotting and
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arachidonate metabolism, reducing liver injury from pe
idized oil [6], and having cancer-chemopreventive activ
[7]. Anthraglycoside B has been used for the treatme
acute hepatitis and symptoms of the reduction of le
cytes [8]. Some findings indicated that emodin is phy
strogen with an affinity to human estrogen receptor[9].
Piceid, resveratrol and anthroglycosides B with high pu
are needed for the quality control of products fromP. cus-
pidatum or other related products. So it is important
develop the method for isolation and purification of all th
compounds. The chemical structures of them are show
Fig. 1.

High-speed counter-current chromatography (HSCC
a kind of support-free all-liquid partition chromatograp
which was first invented by Ito[10]. Successful applicatio
of HSCCC for the separation and purification of resv
trol, piceid and anthraglycoside B from the Chinese heP.
cuspidatum has been reported previously[11,12]. The sepa
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Fig. 1. Chemical structures of target compounds fromP. cuspidatum.

ration was used with a two-phase solvent system composed
of chloroform–methanol–water (4:3:2, v/v) and piceid was
separated by a two-step HSCCC separation. Chloroform is a
kind of deleterious organic solvent, which polluted the envi-
ronment seriously and is not suitable for the separation of the
Chinese traditional medicine in industry. In this paper, the
two-phase solvent system composed of light petroleum–ethyl
acetate–water (1:5:5, v/v) was applied to the separation and
purification of piceid (I) and anthraglycoside B (II); a gradi-
ent elution with a pair of two-phase solvent system composed
of light petroleum–ethyl acetate–methanol–water at volume
ratios of 3:5:4:6 and 3:5:7:3 was used for the separation and
purification of resveratrol (III), emodin (IV) and physcion
(V). The solvents used in this experiment were propitious
to the protection of the environment. The purity of piceid,
anthraglycoside B, resveratrol, emodin and physcion was
97.5%, 97.1%, 98.7%, 99.3% and 98.5%, respectively, as
determined by HPLC.

2. Experimental

2.1. Apparatus

The HSCCC instrument employed in the present study
is TBE-300A high-speed counter-current chromatography
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speed controller in the range between 0 and 1000 rpm. An
HX 1050 constant-temperature circulating implement (Bei-
jing Boyikang Lab Instrument Company, Beijing, China) was
used to control the separation temperature. AÄKTA prime
system (Amersham Pharmacia Biotechnique Group, Swe-
den) was used to pump the two-phase solvent system and per-
form the UV absorbance measurement. It contains a switch
valve and a mixer, which were used for gradient formation.
The data were collected with Sepu 3000 chromatography
workstation (Hangzhou Puhui Science Apparatus Company,
Hangzhou, China).

The HPLC equipment used was Agilent 1100 HPLC sys-
tem including G1311A QuatPump, G1315B UV–vis photo-
diode array detector, Rheodyne 7725i injection valve with a
20�l loop, G1332 degasser and Agilent HPLC workstation
(Agilent Technologies, Germany).

The nuclear magnetic resonance (NMR) spectrometer
used here was a Mercury Plus 400 NMR system (Varian Inc.,
USA).

A FZ102 plant disintegrator (Taisite Instrument Company,
Tianjin, China) was used for disintegration of the sample.

2.2. Reagents and materials

All solvents used for preparation of crude sample and
HSCCC separation were of analytical grade (Jinan Reagent
F ight
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Shanghai Tauto Biotech Co. Ltd., Shanghai, China)
hree multilayer coil separation column connected in s
I.D. of the tubing = 1.6 mm, total volume = 260 ml) and
0 ml sample loop. The revolution radius or the dista
etween the holder axis and central axis of the centrifugR)
as 5 cm, and theβ values of the multilayer coil varied fro
.5 at internal terminal to 0.8 at the external terminal (β = r/R,
herer is the distance from the coil to the holder shaft).

evolution speed of the apparatus can be regulated w
actory, Jinan, China). The boiling point range of the l
etroleum used for all experiments was 60–90◦C). Methano
sed for HPLC was of chromatographic grade (Yuch
hemical Factory, Yucheng, China), and water used wa

illed water.
P. cuspidatum was purchased from a local drug store

as identified as the dried root ofP. cuspidatum Sieb. e
ucc by Professor Yongqing Zhang (Shandong Universi
raditional Chinese Medicine, Jinan, China).



X. Chu et al. / J. Chromatogr. A 1097 (2005) 33–39 35

2.3. Preparation of crude sample

The dried roots ofP. cuspidatum Sieb. et Zucc were ground
to powder (about 40 mesh) by using the FZ102 plant disinte-
grator. One hundred grams of the powder was extracted with
500 ml of 95% methanol for 24 h at room temperature. The
extraction procedure was repeated three times. The extracts
were combined and evaporated to dryness under reduced
pressure, which yielded 11.3 g of crude extracts. The crude
extracts were dissolved in the mixture of 500 ml of the lower
phase and 500 ml of the upper phase of light petroleum–ethyl
acetate–methanol–water (2:5:4:6, v/v). The two phases were
separated after the phase separation reached. The remained
lower phase solution was then extracted with 500 ml of the
upper phase for twice. 4.6 g extracts (sample 1) was obtained
after evaporated the lower phase extracted solution to dry-
ness and 6.7 g extracts (sample 2) was obtained after com-
bined and evaporated the upper phase extracted solutions to
dryness.

Sample 1 was used for HSCCC separation of piceid,
anthraglycoside B and sample 2 for resveratrol, emodin and
physcion.

2.4. Selection of the two-phase solvent systems

The composition of the two-phase solvent system was
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residuals were dissolved in methanol for subsequent HPLC
analysis.

2.5.1. Separation of piceid and anthraglycoside B by
HSCCC

A solvent system consisting of light petroleum–ethyl
acetate–water (1:5:5, v/v) was used for piceid (I) and
anthraglycoside B (II) HSCCC separation. 19.3 mg of piceid
and 17.6 mg of anthraglycoside B were obtained from 200 mg
of the sample 1 with the purity of 97.5% and 97.1%, respec-
tively, as determined by HPLC.

2.5.2. Separation of resveratrol, emodin and physcion
by HSCCC

The gradient elution with a pair of two-phase solvent sys-
tem composed of light petroleum–ethyl acetate–methanol–
water at volume ratios of 3:5:4:6 and 3:5:7:3 was used for
resveratrol (III), emodin (IV) and physcion (V) HSCCC sep-
aration. The gradient elution was as follows: in the first
120 min, only the lower phase of light petroleum–ethyl
acetate–methanol–water (3:5:4:6, v/v) was pumped. Then
the volume ratio of the lower phase of light petroleum–ethyl
acetate–methanol–water (3:5:4:6, v/v) and (3:5:7:3, v/v) was
continuously changed from 100:0 to 0:100 in 100 min.

were
with
,
used
anol:
5%.

rray

ed

ation
ater,
hen
dient
0%;
rude
ana-

The
elected according to the partition coefficient (K) of tar-
et compounds of crude example. The partition coeffic
ere determined by HPLC as follows: suitable amoun
rude example was dissolved in 2 ml of aqueous pha
he pre-equilibrated two-phase solvent system. The sol
as determined by HPLC and the peak area was reco
sA1. Then equal volume of the organic phase was a

o the solution and mixed thoroughly. After the equilib
ion was established, the aqueous phase was determin
PLC again and the peak area was recorded asA2. The parti-

ion coefficient (K) was obtained by the following equatio
= (A1 − A2)/A2.

.5. HSCCC separation

In each separation process, the upper phase (stati
hase) and the lower phase (mobile phase) were pu

nto the multiplayer-coiled column simultaneously by us
¨ KTA prime system, according to the volume ratio of 50:

hen the column was totally filled with the two phases, o
he lower phase was pumped at a flow rate of 1.5 ml mi−1,
nd at the same time, the HSCCC apparatus was run at
lution speed of 700 rpm. After hydrodynamic equilibri
as reached (about half an hour later), the sample sol
as injected into the separation column. The separation
erature was controlled at 20◦C. The effluent from the outl
f the column was continuously monitored at 254 nm.
hromatogram was recorded 80 min after sample injec
ach peak fraction was manually collected according to
hromatogram and evaporated under reduced pressur
y
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2.6. HPLC analysis and identification of HSCCC peak
fractions

The crude sample and each HSCCC peak fraction
analyzed by HPLC. The analysis was accomplished
a SPHERIGEL ODS C18 column (250 mm× 4.6 mm I.D.
5�m) at room temperature. Methanol–water system was
as the mobile phase in gradient mode as follows: meth
0–15 min, 30–50%; 15–35 min, 50–90%; 35–45 min, 9
The flow-rate of the mobile phase was 1.0 ml min−1. The
effluents were monitored at 254 nm by a photodiode a
detector.

Identification of the HSCCC peak fractions was perform
by 1H NMR and13C NMR. 1H NMR and13C NMR spectra
were recorded on a Mercury Plus 400 NMR.

3. Results and discussion

3.1. Optimization of HPLC conditions

Several elution systems were tested in HPLC separ
of crude sample, such as gradient elution of methanol–w
acetonitrile–water, methanol–acetonitrile–water, etc. W
methanol–water was used as the mobile phase in gra
mode (methanol: 0–15 min, 30–50%; 15–35 min, 50–9
35–45 min, 95%), good results could be obtained. The c
samples and peak fractions separated by HSCCC were
lyzed by HPLC under the optimum analytical conditions.
chromatograms were shown inFig. 2.
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Fig. 2. HPLC chromatograms of crude extract (A), sample 1 (B), sample 2 (C) fromP. cuspidatum, and HSCCC peak fractions (I–V), Column: SPHERIGEL
ODS C18 column (250 mm× 4.6 mm I.D., 10�m); mobile phase: methanol–water (methanol: 0–15 min, 30–50%; 15–35 min, 50–90%; 35–45 min, 95%); flow
rate: 1.0 ml min−1; detection wavelength: 254 nm.
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Fig. 2. (Continued ).

3.2. Selection of two-phase solvent system and other
conditions of HSCCC

Successful separation by HSCCC depends upon the selec-
tion of a suitable two-phase solvent system, which provides
an ideal range of the partition coefficient (K) for the targeted
compounds. Several two-phase solvent systems were tested
and theK-values were measured and summarized inTable 1.

It can be seen fromTable 1that theK-values of all the
target compounds were too big when ethyl acetate–water
and ethyl acetate–methanol–water were used as the two-
phase solvent system. TheK-values could be reduced to
some degree by increase the volume ratio of methanol. But
the phase separation became unsatisfactory when the volume
ratio of methanol was high. So ethyl acetate–methanol–water
system was unsuitable for separation of target compounds
from P. cuspidatum.

The addition of light petroleum to ethyl acetate–
methanol–water system could improve the phase separa-
tion. When light petroleum-ethyl acetate–methanol–water
(1:5:1:5, v/v) was used for HSCCC separation, theK-

values of piceid and anthraglycoside B were suitable for
HSCCC separation, but theK-values of resveratrol, emodin
and physcion were too big. When light petroleum–ethyl
acetate–methanol–water (1:5:4:5, v/v) was used for HSCCC
separation, theK-values of piceid and anthraglycoside
B were very small while theK-values of emodin and
physcion were very big. When light petroleum–ethyl
acetate–methanol–water (1:5:7:3, v/v) was used as the two-
phase solvent system, theK-values of emodin and physcion
were suitable, but that of piceid, resveratrol and anthragly-
coside B were very small. So HSCCC separation could
not be performed with the single two-phase solvent system
mentioned above. The gradient elution mode was tested
for the HSCCC separation with light petroleum–ethyl
acetate–methanol–water (1:5:1:5, v/v) and light
petroleum–ethyl acetate–methanol–water (1:5:7:3, v/v). The
stationary phase of HSCCC lost seriously in gradient elution
mode. A pair of two-phase solvent system composed of light
petroleum–ethyl acetate–methanol–water at volume ratios
of 2:5:1:9 and 2:5:7:3 was also tested for HSCCC separation
in gradient elution. The stationary phase of HSCCC still lost

Table 1
K-values of the target compounds in several two-phase solvent systems

Solvent system (v/v) K

ion

E
E
E
L
L
L
L
L
L
L
L
L

“ troleum
Piceid Resveratrol

–W (5:5) 2.43 24.52
–M–W (5:1:5) 2.25 21.34
–M–W (5:2:5) 2.12 17.88
–E–W (1:5:5) 0.41 41.2
–E–M–W (1:5:1:5) 0.36 31.4
–E–M–W (1:5:4:5) 0.06 1.83
–E–M–W (1:5:7:3) 0.01 0.05
–E–M–W (2:5:1:9) 0.09 38.3
–E–M–W (2:5:4:6) 0.01 1.73
–E–M–W (2:5:7:3) 0.01 0.05
–E–M–W (3:5:4:6) 0.03 1.28
–E–M–W (3:5:7:3) 0.01 0.04

–” means theK-value is very big. E: ethyl acetate; W: water; L: light pe
Anthraglycoside B Emodin Physc

6.81 150.3 –
5.22 138.5 –
4.35 121.9 –
1.55 – –
1.46 – –
0.42 21.8 30.3
0.01 1.20 4.08
0.62 – –
0.09 42.8 53.9
0.01 1.08 3.83
0.04 34.6 40.9
0.01 0.99 1.56

; M: methanol.
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seriously. Light petroleum–ethyl acetate–methanol–water
with the volume ratio of 3:5:4:6 and 3:5:7:3 were also used
as the two-phase solvent system. But theK-values of piceid
and anthraglycoside B were very small in these systems.
So the separation of the five target compounds by gradient
elution in a one-step separation cannot be achieved.

According to theK-values of the target compounds in
light petroleum–ethyl acetate–methanol–water (2:5:4:6, v/v),
piceid and anthraglycoside B mainly distributed in the lower
phase, while resveratrol, emodin and physcion mainly in the
upper phase. So the crude extracts were treated with light
petroleum–ethyl acetate–methanol–water (2:5:4:6, v/v) sys-
tem first and divided into two parts: sample 1 and sample 2.
Sample 1 was used for separation of piceid and anthraglyco-
side B, and sample 2 for resveratrol, emodin and physcion.

Many two-phase solvent systems could be used for
the separation of piceid and anthraglycoside B from sam-
ple 1, according to theK-values given inTable 1. When
light petroleum–ethyl acetate–methanol–water (1:5:1:5, v/v)
was used as the two-phase solvent system, the purity of
piceid was lower than 90%. When light petroleum–ethyl
acetate–water (1:5:5, v/v) was used as the two-phase sol-
vent system, good separation results could be obtained. So
light petroleum–ethyl acetate–water (1:5:5, v/v) was chosen
for separation and purification of piceid and anthraglycoside
B from sample 1.
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Fig. 3. HSCCC chromatograms of sample 1 (A) and sample 2 (B)
from P. cuspidatum. Conditions of A: Two-phase solvent system: light
petroleum–ethyl acetate–water (1:5:5, v/v); mobile phase: the lower phase;
flow rate: 1.5 ml min−1; revolution speed: 700 rpm; detection wavelength:
254 nm; sample size: 200 mg of the sample 1 dissolved in 2 ml of
the upper phase and 2 ml of the lower phase; separation temperature:
20◦C. Conditions of B: Two-phase solvent system: light petroleum–ethyl
acetate–methanol–water (3:5:4:6, 3:5:7:3, v/v) in gradient elution; station-
ary phase: upper organic phase of 3:5:4:6; mobile phase: lower aqueous
phase of 3:5:4:6 in 0–100 min, lower aqueous phase from 3:5:4:6 to 3:5:7:3
in 100–200 min; flow rate: 1.5 ml min−1; revolution speed: 700 rpm; detec-
tion wavelength: 254 nm; sample size: 220 mg of sample 2 dissolved in 2 ml
of the upper phase and 2 ml of the lower phase; separation temperature:
20◦C.

trol (III), 35.3 mg of emodin (IV) and 8.2 mg of physcion
(V) were obtained from 220 mg of sample 2. The purity of
piceid, anthraglycoside B, resveratrol, emodin and physcion
was 97.5%, 97.1%, 98.7%, 99.3% and 98.5%, respectively,
as determined by HPLC. The chromatograms of HPLC and
UV spectra of these compounds were shown inFig. 2.

3.3. The structural identification

The chemical structure of each peak fraction of HSCCC
was identified according to its1H NMR and13C NMR data.
TheK-value of resveratrol, emodin and physcion show
ight petroleum–ethyl acetate–methanol–water (3:5:4:6,
as 1.28, 34.6 and 40.9, respectively, and 0.04, 0.99 and

n light petroleum–ethyl acetate –methanol–water (3:5
/v). There is no possibility for separation and purificatio
hese compounds by using a single two-phase solven
em. So the gradient elution mode was tested. The u
hase of light petroleum–ethyl acetate–methanol–w
3:5:4:6, v/v) was used as the stationary phase. Whe
obile phase was the lower phase of light petroleum–
cetate–methanol–water (3:5:4:6, v/v) and the lower pha

ight petroleum–ethyl acetate–methanol–water (3:5:7:3,
n gradient elution mode (0–100 min, only the lower ph
f 3:5:4:6 system; 100–200 min, the volume ratio of 3:5
ystem was continuously changed from 0% to 100%), g
eparation results could be obtained.

Other conditions such as the flow rate of the mobile ph
he revolution speed of the separation column were also i
igated. When the flow rate of 2.0 ml min−1, revolution spee
f 900 rpm were employed in HSCCC separation, the sta
ry phase lost seriously. Reducing the flow rate of the m
hase and the revolution speed of the separation column

mprove the maintenance of the stationary phase. At la
ow rate of 1.5 ml min−1, revolution speed of 700 rpm w
mployed in HSCCC separation.

Samples 1 and 2 were separated and purified unde
ptimum HSCCC conditions. The typical HSCCC ch
atograms were shown inFig. 3. 19.3 mg of piceid (I)
7.6 mg of anthraglycoside B (II) were obtained from 200
f sample 1 in a one-step separation. 18.5 mg of res
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Peak I:1H NMR (400 MHz, DMSO)δ: 9.46 (2H, s, –OH),
7.38 (2H, d, H-2′, 6′), 7.02 (1H, d,J = 16.4 Hz, H-b), 6.84 (1H,
d, J = 16.4 Hz, H-a), 6.74 (1H, d, H-3′, 5′), 6.70 (1H, s, H-2),
6.54 (1H, s, H-6), 6.31 (1H, s, H-4), 4.62–5.27 (sugar –OH),
3.16–3.70 (sugar C–H).13C NMR (100 MHz, DMSO)δ:
139.4 (C-1), 107.2 (C-2), 158.9 (C-3), 104.8 (C-4), 158.3 (C-
5), 109.3 (C-6), 125.2 (C-a), 128.0 (C-b), 128.6 (C-1′), 127.9
(C-2′), 115.5 (C-3′), 157.3 (C-4′), 115.5 (C-5′), 127.9 (C-6′),
sugar C1-6: 102.8, 73.3, 77.1, 69.8, 76.7, 60.8. Compared
with the data given in references[7,8], peak I corresponded
to piceid.

Peak II: 1H NMR (400 MHz, DMSO)δ: 13.23 (1H, s,
–OH), 7.43 (1H, s, H-4), 7.23 (1H, s, H-5), 7.13 (1H, s, H-2),
6.94 (1H, s, H-7), 4.61–5.09 (sugar –OH), 3.21–3.71 (sugar
C–H), 2.35 (3H, s, –CH3). 13C NMR (100 MHz, DMSO)δ:
164.2 (C-1), 119.6 (C-2), 148.9 (C-3), 124.2 (C-4), 109.3 (C-
5), 161.2 (C-6), 109.3 (C-7), 161.7 (C-8), 186.2 (C-9), 182.3
(C-10), 132.2 (C-4a), 113.2 (C-8a), 114.4 (C-9a), 136.5 (C-
10a), 21.4 (CH3), sugar C1-6: 101.0, 73.3, 76.3, 69.4, 77.3,
60.6. Compared with the data given in reference[13], peak
II corresponded to anthraglycoside B.

Peak III: 1H NMR (400 MHz, DMSO)δ: 9.52 (1H, s,
–OH), 9.17 (2H, s, –OH), 7.39 (1H, d, H-2′, 6′), 6.90 (1H, d,
J = 16.4 Hz, H-b), 6.78 (1H, d,J = 16.4 Hz, H-a), 6.73 (2H, d,
H-3′, 5′), 6.37 (2H, d, H-2, 6), 6.11 (1H, s, H-4).13C NMR
( ),
1 7.8
(
1 in
r

1 -5),
7
N .2
( -7),
1 08.7
(
w d
t

1 -5),
7
2

164.7 (C-1), 120.7 (C-2), 148.0 (C-3), 124.0 (C-4), 107.8 (C-
5), 161.9 (C-6), 106.1 (C-7), 166.1 (C-8), 190.2 (C-9), 181.6
(C-10), 132.7 (C-4a), 110.2 (C-8a), 113.1 (C-9a), 134.7 (C-
10a), 55.7 (OCH3), 21.7 (–CH3). Compared with the data
given in references[14,15], peak V corresponded to physcion.
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