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Abstract

High-speed counter-current chromatography (HSCCC) was successfully applied to the preparative separation and purification of de-
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xyschisandrin and�-schisandrin from the crude petroleum ether extracts ofSchisandra chinensis (Turcz.) Baill. The optimum solvent syste
omposed ofn-hexane–methanol–water (35:30:3, v/v) led to the successful preparation of deoxyschisandrin and�-schisandrin. The analys
f HPLC for each peak fraction of preparative HSCCC showed that the purity of deoxyschisandrin (8 mg) was over 98% and�-schisandrin
12 mg) was over 96% from 100 mg of the crude petroleum ether extracts in one-step separation.
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. Introduction

Schisandra chinensis (Turcz.) Baillhas been used as a
raditional Chinese medicine in China and Japan. The fruits
f Schisandra chinensis (Turcz.) Baillare used as a tonic,
sedative, an antitussive and an anti-aging drug[1]. The
ajor active compounds found in the fruit ofschisandra
hinensis (Turcz.) Baillare lignans, which have a diben-
ocyclooctadiene skeleton, such as deoxyschisandrin and
-schisandrin (Fig. 1). The effects of deoxyschisandrin on
lanine transaminase, aspartate aminotransferase, albumin
nd total protein in serum show that deoxyschisandrin can
fford protection against CCl4 induced hepatic damage[2].
odern medicine research suggests that these lignans have
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a protective effect on the liver and an immuno-modula
effect[3].

The separation and purification of deoxyschisan
and �-schisandrin using the conventional methods suc
column chromatography requires several steps resulti
low recoveries of products. High-speed counter-current c
matography (HSCCC), being a support-free liquid–liq
partition chromatography, eliminates irreversible ads
tion of sample onto the solid support. The method
been successfully applied to the separation and pur
tion of various natural products, such as alkaloids[4,5],
isoflavones[6,7]. However, no report has been publish
on the use of high high-speed counter-current chroma
raphy for separation and purification of deoxyschisan
and �-schisandrin from Schisandra chinensis (Turc
Baill.

The present paper describes HSCCC separation
purification of deoxyschisandrin and�-schisandrin from
Schisandra chinensis (Turcz.) Baill. The optimized HSCC
condition thus obtained led to the successful preparatio
deoxyschisandrin and�-schisandrin.
021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Structural formulas of the deoxyschisandrin and�-schisandrin.

2. Experimental

2.1. Apparatus

The preparative HSCCC instrument (Model TBE-300,
Shanghai Tauto Biological Company, China) was equipped
with three preparative coils connected in series (diameter of
polytetrafluoroethylene (PTFE) tube, 2.6 mm; total volume,
119 ml) and a 10 ml sample loop. The revolution speed of
the instrument could be regulated with a speed controller
in the range between 0 and 1000 rpm, an optimum speed
of 950 rpm was used in the experiment. The solvent was
pumped into the column with a model NS-1007 constant-
flow pump and continuous monitoring of the effluent
was achieved with a model 8823A-AU monitor (Beijing
Institute of New Technology Application, China); a portable
recorder (Yokogawa Model 3057, Sichuan Instrument
Factory, Chongqing, China) was used to draw the chroma-
togram.

The HPLC system used was waters 510 series with a
UV–vis photodiode-array detector, an injection valve (model
7726) with a 20�l loop, and two 510 pumps (Waters, USA).
Microwave extractor (Model VIP 272, National Engineering
Research Center for Chinese Traditional Medicine, Shang-
hai, China); ZX-4A vacuum pump and ZK 82J electrother-
m ment
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2.3. Solvent system for HSCCC

The present study utilized of two-phase solvent systems
composed ofn-hexane–methanol–water (35:30:3, v/v). Each
solvent mixture was thoroughly equilibrated in a separatory
funnel at room temperature and the two phases were separated
shortly before use.

2.4. Sample preparation

The dried and powdered fruits ofSchisandra chinensis
(Turcz.) Baillwere weighted and put into microwave extrac-
tor and extracted with the 810 W of microwave power, 90%
of ethanol concentration, 1:12 of the proportion of raw ma-
terial to solvent, and 5 min of radiation time. The extraction
solution was vacuum filtrated and concentrated to dryness
by rotatory evaporator. The ethanol extracts were dissolved
in water in the separatory funnel. The petroleum ether for
five times was added, shook and stratified, the five times
petroleum ether extraction solutions were concentrated to
dryness. The residues were stored in a refrigerator for the
subsequent HSCCC separation. The sample solutions were
prepared by dissolving proper residues in the mobile phase
and stationary phase of solvent system for preparative sepa-
ration.
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al vacuum desiccator (Shanghai Experimental Instru
ompany, Shanghai, China).

.2. Plant material and chemicals

The fruits ofSchisandra chinensis (Turcz.) Baillwere pur-
hased from Shanghai Kangqiao Medicinal Materials
ory, and judged by Shanghai Chinese Traditional Medi
esearch Institute and fitted for Chinese Pharmacopoe
Ethanol,n-hexane and petroleum ether were of analy

rade, methanol and water were of HPLC grade (Chi
edication Group Shanghai Chemical Reagent Comp
hanghai, China). Deoxyschisandrin and�-schisandrin
tandard samples were purchased from National Ins
or the Control of Pharamaceutical and Biological Produ
inistry of Health, Beijing, China.
.5. HSCCC separation

The multiplayer coiled column was first entirely fill
ith the upper organic phase of solvent system as
tationary phase. Then, the apparatus was rotate
50 rpm and the lower phase of solvent system was pu

hrough the column at a flow-rate of 1.0 ml/min. After
obile phase emerged in the effluent and hydrodyn
quilibrium was established in the column, the sam
olution was injected through the injection valve. T
ffluent was continuously monitored with UV detecto
54 nm and peak fractions were each collected acco

o the chromatogram. The retention of the station
hase was calculated to the volume of the statio
hase to the total column capacity after the separation
ompleted.

.6. HPLC analysis and EI-MS identification

The crude petroleum ether extracts and each pu
eak fraction from the preparative HSCCC separa
ere analyzed by HPLC (Shim-Pack VP-ODS colu
.5�m, 150× 4.6 mm). Mobile phase was performed w
ethanol–water (75:25). The flow rate was 1.0 ml/m
etection wave was 254 nm. Temperature was 35◦C. The
urified fractions of deoxyschisandrin and�-schisandrin
btained from the preparative HSCCC separation
nalyzed by electron impact mass spectroscopy (EI
GC-TOFMS, Micromass, UK).
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Fig. 2. Chromatogram of crude water-soluble extracts (A) and petroleum
ether extracts (B) fromSchisandra chinensis (Turcz.) Baillby HPLC anal-
ysis. Peak 1 = deoxyschisandrin and peak 2 =�-schisandrin. Experimen-
tal condition, shim-pack VP-ODS column (3.5�m, 150× 4.6 mm); mo-
bile phase, methanol–water (75:25); flow-rate, 1.0 ml/min; detection wave,
254 nm; temperature, 35◦C.

3. Results and discussion

The crude ethanol extracts ofSchisandra chinen-
sis (Turcz.) Baill containing deoxyschisandrin and
�-schisandrin were first separated into the petroleum
ether and the water-soluble extracts by two-phase solvent
extraction. As shown inFig. 2, HPLC analysis of these
extracts indicated that deoxyschisandrin and�-schisandrin
were concentrated in the petroleum ether extracts. Peak 1
corresponds to deoxyschisandrin and peak 2 corresponds to
�-schisandrin.

Because the sample solvent was extracted by petroleum
ether, the target compounds mainly behave hydrophobic. Pre-
liminary HSCCC studies were carried out with the two-phase
solvent system composed ofn-hexane–methanol–water
(45:30:2, 35:30:1, 4:3:1, 3:2:1 and 6:5:5, v/v). Experiments
showed that solvent systemn-hexane–methanol–water at the
volume ratio 4:3:1and 3:2:1 came out serious emulsification,
solvent systemn-hexane–methanol–water at the volume ratio
45:30:2 and 6:5:5 could not give effective separation, while
solvent systemn-hexane–methanol–water at the volume ratio
35:30:1 gave a good results and fit for separation demands
on the whole. In subsequent studies, the experiments by
changing the volume ratio of water in the solvent system of
n-hexane–methanol–water (35:30:2, 35:30:3, 35:30:4 and
3 hy-
d nds.
S atio
3 e

Fig. 3. Chromatogram of crude petroleum ether extracts fromSchisandra
chinensis (Turcz.) Baillby HSCCC. Experimental condition: mutilayer coil
of 2.6 mm i.d. PTFE tube with a total capacity of 119 ml, rotary speed
950 rpm; solvent system,n-hexane–methanol–water (35:30:3, v/v); station-
ary phase, upper organic phase; mobile phase, lower aqueous phase; flow-
rate, 1.0 ml/min; detection wave, 254 nm; sample size, 100 mg; retention of
the stationary phase, 73%.

HSCCC separation of 100 mg of the petroleum ether
extracts.

HPLC analysis of each peak fraction from this preparative
HSCCC were compared with the deoxyschisandrin and
�-schisandrin standard samples and confirmed by their re-
tention time and purity analysis. Routine sample calculations
were made by comparison of the peak area with those of
the standards. As shown inFig. 4, the results revealed that
peak 2 corresponds to deoxyschisandrin was 8 mg over 98%

F ative
HSCCC. Peak 2 = deoxyschisandrin and peak 3 =�-schisandrin. HPLC ex-
perimental conditions are shown inFig. 2.
5:30:5,v/v) showed that the increase of water forwarded
rophilic compounds and retarded hydrophobic compou
olvent systemn-hexane–methanol–water at the volume r
5:30:3 achieved best separation.Fig. 3shows the preparativ
ig. 4. HPLC chromatogram of each peak fraction from this prepar
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Fig. 5. EI-MS spectra of purified peaks 2 and 3 from this preparative
HSCCC.

purity and peak 3 corresponds to�-schisandrin was 12 mg
over 96% purity.

Fig. 5 shows the electron impact-mass spectra of the
purified peaks 2 and 3 from the preparative HSCCC. The

structural identification of peak 2 and 3 was carried out by
EI-MS as follows: the molecular ion atm/z 416 of peak 2,
which is in agreement with the molecular formula C24H32O6
of deoxyschisandrin, and the molecular ion atm/z 400 of
peak 3, which is in agreement with the molecular formula
C23H28O6 of �-schisandrin. Therefore, these results indicate
that the compounds in peaks 2 and 3 are deoxyschisandrin
and�-schisandrin, respectively.

The overall results of our studies indicate that HSCCC
is successfully used for separation and purification of de-
oxyschisandrin and�-schisandrin fromSchisandra chinensis
(Turcz.) Baill. The present study indicates that HSCCC is a
potential and powerful tool for separation and purification of
biologically active substances from other traditional Chinese
medicines.

Acknowledgements

Financial supports from Shanghai Commission of Science
and Technology and National Engineering Research Cen-
ter for Traditional Chinese Medicine are gratefully acknowl-
edged.

R

[
[ 13

[
[ 98)

[ 55

[
[ ,
eferences

1] L.T. Li, Y.X. Chen, J. Jinan Univ. 17 (1996) 125.
2] M.H. Zhang, H. Chen, L.Z. Li, Y. Song, Y.F. Xu, Med. J. CPAPF

(2001) 395.
3] Z.Z. Wang, Shizhen. J. TCM Res. 7 (1995) 119.
4] F.Q. Yang, T.Y. Zhang, R. Zhang, Y. Ito, J. Chromatogr. A 829 (19

137.
5] X.L. Cao, Y. Tian, T.Y. Zhang, X. Li, Y. Ito, J. Chromatogr. A 8

(1999) 709.
6] F.Q. Yang, Y. Ma, Y. Ito, J. Chromatogr. A 928 (2001) 163.
7] L.M. Yuan, M. Zi, P. Ai, X.X. Chen, Z.Y. Li, R.N. Fu, T.Y. Zhang

J. Chromatogr. A 927 (2001) 91.


	Preparative separation and purification of deoxyschisandrin and gamma-schisandrin from Schisandra chinensis (Turcz.) Baill by high-speed counter-current chromatography
	Introduction
	Experimental
	Apparatus
	Plant material and chemicals
	Solvent system for HSCCC
	Sample preparation
	HSCCC separation
	HPLC analysis and EI-MS identification

	Results and discussion
	Acknowledgements
	References


