Available online at www.sciencedirect.com

ScIENcE@DIREcT° JOURNAL OF
CHROMATOGRAPHY A

VA,

oot F Sty
ELSEVIER Journal of Chromatography A, 1077 (2005) 98—-101

www.elsevier.com/locate/chroma

Short communication

Purification of astilbin and isoastilbin in the extractsohilax glabra
rhizomeby high-speed counter-current chromatography

Qizhen DW**, Lei Li 2, Gerold Jer?

2 Institute of Food and Biological Engineering, Zhemjiang Gongshang University, 149 Jiaogong Road, Hangzhou, Zhejiang 310035, China
b Institute of Food Chemistry, Technical University of Braunschweig, Schleinitzstrasse 20, DE-38106 Braunschweig, Germany

Received 27 January 2005; received in revised form 20 April 2005; accepted 22 April 2005
Available online 10 May 2005

Abstract

Purification of astilbin from the rhizome extract®milax glabravas conducted using a high-speed counter-current chromatograph equipped
with a 700 mL column. In a single operation, 1.5 g of crude sample was separated to yield 105 mg of component astilbin and 48 mg of isoastilbir
while the upper phase of the two-phase solvent system composeldextanes-butanol-water (1:1:2, v/iviv) was used for stationary phase.

The chemical structures of the two flavonoid glycosides were confirmed by electrospray ionization ion trap multiple mass spectrometry anc
nuclear magnetic resonance experiments.
© 2005 Published by Elsevier B.V.
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1. Introduction that the mobile phase can be directly freeze-dried preventing
thermally induced isomerization.

The rhizome ofSmilax glabra(Liliaceae) has been used
extensively in traditional Chinese medicine to treat syphilis, )
acute bacterial dysentery and chronic nephjdtiss]. Reports ~ 2- Experimental
show flavonoid glycosides such as astilbin are the bioactive
components in the rhizome &milax glabra[4—6]. During
preparative processing of pure astilbin, isomerization easily
lead to the 3-epimer isoastilbin caused by hot solvent extrac-
tion and vacuum-evaporation previous the final freeze-drying
step.

High-speed counter-current chromatography (HSCCC) is
a feasible separation technique of flavondidsd] based on

2.1. Reagents and preparation of two-phase solvent
system

Analytical grade solvents)-hexane andh-butanol were
purchased from Shanghai Chemical Company (China). The
HSCCC experiments were performed with a two-phase sol-
vent system composed ofhexanen-butanol-water (1:1:2,

fast partitioning of the analytes between two immiscible lig- VIVIV). }After tlhorOL:)gh equilibration of th; thxturer:n asep-
uid solvent phases, which can be performed at a lower tem—a:]tory unnel (am |entdterr;np(?rat§u;e, abou TQF?' the two .
perature to prevent isomerization of compounds sensitive toPhases were separated shortly before use. The upper organic

temperature. The present paper describes a very convenien‘?hase was used as stationary phase, and the lower aqueous

method to prepare astilbin by high-speed counter-current phase as mobile phase.

chromatographic separation using a suitable solvent system i
2.2. Preparation of sample

* Corresponding author. Tel.: +86 571 88081935; fax: +86 571 88823500.  Freeze-dried rhizome @milax glabra(5 kg) was twice
E-mail addressgizhendu@mail.zjgsu.edu.cn (Q. Du). macerated with 30 L 95% methanol. The crude extract was

0021-9673/$ — see front matter © 2005 Published by Elsevier B.V.
doi:10.1016/j.chroma.2005.04.072



Q. Du et al./ J. Chromatogr. A 1077 (2005) 98-101 99

evaporated at 38 in vacuum to 3 L. The concentrated so- atflow rate of 2.0 mL/min to elute the components monitored

lution was treated with active charcoal to remove pigments with a UV—-vis detector (Model UV-752, Shanghai Instrument

and partitioned with 3 L ethyl acetate to take out less polar Factory, Shanghai, China) set at 254 nm. The effluent was
components, then lyophilized to yield 91 g of the crude ex- collected with a BS-100 mode fraction collector (Shanghai

tract which was subjected to a silica gel column chromatogra- Instrument Factory, Shanghai, China), each fraction 15 mL.

phy. After elution with chloroform—methanol-water (15:4:1), . )

all fractions containing astilbin were combined, evaporated 2-6- Spectroscopic analysis

and lyophilized to yield 7.6 g crude astilbin for subsequent

HSCCC separation. 1H and!®C NMR spectra were recorded itHg]dimethyl
sulfoxide (DMSO-@) on a Bruker AMX 400 nuclear
2.3. HPLC analysis magnetic resonance (NMR) spectrometer (Bruker BioSpin,

Germany). Electrospray ionization ion trap multiple mass
An Agilent 1100 HPLC system composed of a quater- spectrometry (ESI-MS) (_experim_ents were p(_erformed ona
nary pump with a degasser, a thermostatted column compart-Bruker Esquire LC-MS in positive mode using a syringe
ment, a variable wavelength detector, a manual injector, andPU™MP-
1100 ChemStation software. The HPLC separation was per-
formed on a jum, 250 mmx 4.6 mm Zorbax-ODS column 3. Results and discussion
in isocratic elution mode at ambient temperature. The mobile
phase consisted of methanol-water—glacial acid (37:63:0.5,3.1. HSCCC separation
v/vlv) at a flow rate of 1.0 mL/min. The detector was operated

ati 291 nm. Relatively,n-butanol is a good solvent for dissolving astil-
bin and isoastilbin. Thus, various solvent systems based on
2.4. Selection of solvent system n-butanol and water were conducted partition coefficient

tests. Among the solvent systemshexanes-butanol-water

The solvent system for HSCCC separation was selected(1:1:2) gave suitable partition coefficients for astilbin (0.65)
by comparing the difference of partition coefficients of astil- and isoastilbin (1.23) Table 3. Eventually, n-hexanes-
bin and isoastilbin in various solvent systems. Partition co- butanol-water (1:1:2) was used for the HSCCC separation
efficient was calculated by HPLC peak area of astilbin or of the crude astilbinFig. 1showed the result of the HSCCC
isoastilbin in the upper phase and lower phase when a crudeseparation of 1.5 g crude sample, which resulted in four peaks
sample was added into an isovolumetric upper phase and—1V. HPLC analysis demonstrated components IIl and IV

lower phase of a two-phase solvent system. corresponded the peaks a (astilbin) and b (isoastilbin) in the
2.5. HSCCC procedure Table 1 - L
Partition coefficients for astilbin and isoastilbin in various solvent systems
A J-type HSCCC instrument made in Institute of Food Solventsystem A Partition coefficiént
and Biological Engineering, Zhejiang Gongshang Univer- Astilbin Isoastilbin
sity, Ha_ngzhou, _China, was _used for the_separation of polar _Hexanen-butanol-water 1:45 451 594
flavonoid glycosides fronsmilax glabrarhizome. The ma-  n-Hexanes-butanol-water 2:4:6 253 3.36
chine holds a separation column at a distance of 10 cm from n-Hexane--butanol-water 2.7:4:7 172 2.39
the center of the centrifuge. The column revolves around the "Hexanea-butanol-water — 4:4:8 0.65 1.23

. . . n-Hexane-n-butanol-water 5.3:4:10 0.21 0.39
central axis of the centrifuge and simultaneously rotates about

its own axis at the same angular velocity in the same direc-
tion. The column holder hub was 25 cm in length and 6 cm in
0.D. The multilayer coils was prepared by winding 100 m of 107
a PTFE (polytetrafluoroethylene)-tubing (3.0 mm I.D., Zeus 8t
Industrial Products, Raritan, NJ, USA) onto the holder hub.
The B value of the coils from the inner layer to the outer
layer is 0.48-0.78. The capacity of the column was deter-
mined to be 700 mL. The mobile phase was delivered using
a Waters 510 HPLC pump (Millipore Corporation, Milford, 0 . . . . . A .
MA, USA). An injection loop (100 mL) was used for sam- 0 100 200 300 400 500 600 700 800 900 1000
ple loading. In each separation, the HSCCC column was first Elution volume (ml)
filled with stationary phase, then the apparatus was started at . _ -
700 rpm, and the sample, 1.5 g crude extract in 70 mL lower Fig. 1. HSCCC separatlon.chromatogram of 1.5¢ cru_d.e astllbln. sample.
o . L Two-phase solvent system:hexanesn-butanol-water (1:1:2, v/viv); sta-
phase, was injected into the column through an injection loop. tionary phase: upper organic phase; flow-rate of mobile phase: 2.0 mL/min;
Afterward, the mobile phase was delivered into the column revolution speed: 700 rpm; retention of stationary phase: 55%.

& Expressed as: peak agg@onaryPeak aremobile.
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Fig. 2. HPLC analysis of the crude astilbin extract fr@milax glabra

rhizome and the purified components obtained from HSCCC separation.

Experimental conditions: HPLC-columnp3n, 250 mmx 4.6 mm Zorbax-
ODS; mobile phase: methanol-water—acetic acid (37:63:0.5, v/v/v); flow-
rate: 1.0 mL/min. peak a: astilbin; peak b: isoastilbin. (A) Component Il
from HSCCC separation; (B) component IV from HSCCC separation; (C)
the crude extract.

HPLC analysis of the crude sample, respectivElg(2). The

two sections of the fractions corresponding peaks Ill and IV
were directly freeze-dried to yield 105 mg component Il and
48 mg component IV. The purified components were directly
used for structure elucidation by ESI-MS and NMR analysis.

3.2. Elucidation of chemical structures

3.2.1. Component IlI

White powder, specific optical rotatio]p—13.5 (c,
0.76, MeOH) is in accordance to literatufg2]. ESI-MS
(pos):m/z 473.5 [M +NaJ. H and3C NMR (DMSO-d)
data are listed infable 2 The 13C-chemical shifts of the

aglycone moiety are in very good accordance to the ppm-

values of the 3-hydroxy flavanol structuj0,11} The 1H
and13C NMR data indicate a-L-rhamnopyranosid sugar
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Table 2
13¢, and'H NMR spectral data of components I1l and IN%:(ppm); J (Hz))
measured in DMSO+J

Component Il (astilbin)

Component IV (isoastilbin)

Position  Position'H Position  Position'H
lSc 13C
2 815 5.24 (d, 9.8) 79 5.53(d, 2.6)
3 756 4.63(d, 9.8) 73 4.22 (d, 2.6)
4 1943 1926
5 1633 1637
6 960 5.90 (d, 2.1) Y 5.93 (d, 2.0)
7 1669 1674
8 950 5.88 (d, 2.1) 93 5.90 (d, 2.0)
9 1621 1624
10 1010 1001
1 1268 1264
A 1147 6.88 (s) 114 6.86 (d, 1.6)
3 1458 1448
4 1451 1451
5 1153 6.74 (s) 119 6.71(d, 8.3)
6 1187 6.74 (s) 115 6.73 (dd, 8.3,1.6)
Rha
17 1000 4.07 (s) o8 4.78 (d, 1.4)
2 701 3.36 (br, 5) @ 3.48 (dd, 3.4,1.4)
3’ 704 3.42 (dd, 9.4, 2.8) 7Q 3.21(dd, 9.4,3.4)
4 716 3.15(dd, 9.4,9.4) 72 3.05 (dd, 9.4,9.4)
5" 689 3.88 (dq, 9.4, 6.2) 68 2.50 (overlapped)
6 176 1.05 (d, 6.2) 15 0.85 (d, 6.2)

unit. A trans-diaxial coupling constant observed for H-2
and H-3 demonstrates the relative stereochemisttyaas
orientation. Together with the results of specific optical rota-
tion, component Il of the HSCCC run is astilbin.

3.2.2. Component IV

White powder, §]p—85.6 (c, 0.85, MeOH) is in accor-
dance to literaturgl2]. ESI-MS (pos)m/z473.9 [M + NaJ.
1H and 13C NMR (DMSO-d&;) data are listed ifTable 2
13C NMR chemical data of compound IV are almost identi-
cal to Ill, but there is a shift difference efA 2 ppm for in
position C-2 and C-3, indicating a different relative stereo-
chemistry in the aglycone moiety. This is conformed by small
coupling constants of H-2 and H-3 showing the relatiise
configuration. Thex-L-rhamnose unit is in accordance to the
data of 1. Together with the value for specific optical rota-
tion, component IV of the HSCCC separation is the 3-epimer
isoastilbin.

3.3. HSCCC versus preparative HPLC

Preparative HPLC experiment was performed with a
Zorbax-ODS column (1pm, 20 mmx 300 mm) using the
same mobile phase as for the analytical HPLC analysis at a
flow rate of 16 mL/min. A complete separation could be ob-
tained while less than 120 mg of crude sample was injected.
However, about 15% astilbin isomerized into isoastilbin
while the HPLC effluent containing astilbin was evapo-
rated at 35C which is necessary to remove methanol for
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