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Abstract

Rupestonic acid was purified for the first time by high-speed counter-current chromatography from a dichloromethane extract of the
traditional Chinese medicinal plaftrtemisia rupestrid.. The separation was performed in two steps with a two-phase solvent system
composed oh-hexane—ethyl acetate—methanol-water (6:4:3.5:6.5, v/v) with 0.5% acetic acid in stationary-phase. From 200 mg of the crude
extract, 27.9 mg of rupestonic acid was obtained at over 98% purity as determined by HPLC analysis, and its chemical structure was confirme
by MS,*H and*3C nuclear magnetic resonance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The separation and purification of rupestonic acid using
conventional methods, such as column chromatography and
Artemisia rupestrisL., is a well-known traditional high-performance liquid chromatography (HPLC) requires
Chinese medicinal plant in Xinjiang used for detoxification, multiple steps resulting in low recovery of the product. High-
anti-hypersusceptibility, antitumor, antibacterial, antivirus speed counter-current chromatography (HSCCC), being a
and protecting livef1,2]. Rupestonic acid is the main active  support-free liquid—liquid partition chromatographic tech-
ingredient ofA. rupestrisL., and some research work has nique, can eliminate irreversible adsorption of the sample
shown its healing hepatitis. Therefore, rupestonic acid hasonto the solid support. This technique has the maximum
been chosen as a “maker compound” for the chemical eval-capacity with an excellent sample recovery. Furthermore,
uation or standardization &. rupestrisL. and its products it permits introduction of crude samples directly into the
[3]. The chemical structure of rupestonic acid is given in hollow column. Therefore, the method has been used suc-
Fig. 1 cessfully for the preparative separation of natural products
[4-9].
The present paper describes a method for the purification
mpondmg author. Tel.: +1 301 496 1201: fax: +1 301 402 3404. of rupestonic.a.cid from the crud.e extract of the traditional
E-mail addressitoy2@mail.nih.gov (Y. Ito). Chinese medicinal pla. rupestrisL. by HSCCC.
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rupestonic acid Sichuan Instrument Factory, Chongging, China) was used to
EHig draw the chromatogram.
2, A The Agilent 1100 HPLC consisted of a reversed-phase
o a 'B C18 column (4.6 mm [.Dx 250 mm, 5um; YMC, Japan),

i 5% ""oﬁ%ooH an Agilent quatpump, a sample injector (Rheodyne, USA),
may Ghs o an Agilenttemperature control module, and an Agilent VWD.
— 704 Evaluation and quantification were made on Chemstation Rev

g 60 A 0901.

<

< ig_ 2.2. Reagents

8 40

=

8 807 All organic solvents used for HSCCC were of analyti-

2 207 cal grade and purchased from Tianjing chemical Factory,

< ‘O‘J\,JL\_NJ Tianjing, China. Methanol used for HPLC analysis was of

Y chromatographic grade and purchased from Fisher Reagent

0 2 4 6 Time (?nin) 10 12 14 Factory.

Fig. 1. HPLC analysis of the crude dichloromethane extract of 2.3. Preparation of crude sample

A. rupestrisL. .
About 10 kg raw roots oA. rupestrisL. were extracted
) three times with 95% ethanol. The extracts were combined
2. Experimental and evaporated to dryness under reduced pressure, which
yield 1.8kg of dry power. Three-hundred grams of dry
2.1. Apparatus power was extracted with dichloromethane completely, then

) . the dichloromethane was extracted with 5% NaHGree
A Model GS 20A analytical high-speed counter-current times. The NaHC@fractions were combined and extracted
chromatography designed and constructed in Beijing with dichloromethane again after neutralizing its pH with

Institute of New Technology Application (Beijing, China) Hcjto 3. Finally, the dichloromethane was evaporated yield-
was used in the present study. The apparatus holds a paifng 10 g of dried crude sample.

of column holders symmetrically on the rotary frame at a
distance of 5cm from the central axis of the centrifuge. The 2.4. Preparation of two-phase solvent system and
multiplayer coil separation column was prepared by winding sample solution
a 50mx 0.85 mm I.D. PTFE (polytetrafluoroethylene) tube
directly onto the holder hub forming multiple coiled layers ~ The two-phase solvent system used was composed of
with a total capacity of 40 ml. Thg value varied from 0.4at  n-hexane—ethyl acetate-methanol-water (6:4:3.5:6.5). The
the internal terminal to 0.7 at the external termina&(/R solvent mixture was thoroughly equilibrated in a separatory
wherer is the distance from the coil to the holder shaft, funnel at room temperature and the two phases were
and R, the revolution radius or the distance between the Separated shortly before use. The stationary phase is upper
holder axis and central axis of the centrifuge). Although the organic phase with 0.5% acetic acid; the mobile phase is the
revolution speed of the apparatus could be regulated with lower phase.
a speed controller in the range between 0 and 2000rpm, The sample solutions were prepared by dissolving the
an optimum speed of 1800rpm was used in the presentcrude extract in the upper phase at suitable concentrations
studies. according to the analytical or the preparative purpose.
Preparative HSCCC was performed using a Model
GS10A2 multiplayer coil of 110 nx 1.6 mm [.D. with a total 2.5. Separation procedure
capacity of 230 ml. The8 values of this preparative column
range from 0.5 to 0.8. The analytical HSCCC separation was performed with
The solvent was pumped into the column with a Model a Model GS 20A HSCCC instrument as follows: the
NS-1007 constant-flow pump (Beijing Institute of New multiplayer-coiled column was first entirely filled with the
Technology Application). Continuous monitoring of the stationary phase. The lower phase was then pumped into the
effluent was achieved with a Model 8823A-UV monitor (Bei- head end of the column at a flow-rate of 1.0 ml/min, while
jing Institute of New Technology Application) at 254 nm. the apparatus was run at a revolution speed of 1800 rpm. Af-
A manual sample injection valve with a 2.0-ml loop (for ter hydrodynamic equilibrium was reached, as indicated by a
the analytical HSCCC) or a 20-ml loop (for the preparative clear mobile phase eluting at the tail outlet, the sample solu-
HSCCC) (Tianjin High New Science Technology, Tianjin, tion (20 mg above preparation dissolved in 2 ml of the upper
China) was used to introduce the sample into the column, aqueous phase) was injected through the sample port. The
respectively. A Portable recorder (Yokogawa Model 3057, effluent from the tail end of the column was continuously
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monitored with a UV detector at 254 nm. Each peak fraction mAu
was collected according to the chromatogram.

£

Preparative HSCCC was similarly performed with a &
Model GS-10A2 HSCCC instrument as follows: the mul- 1or -
tiplayer coiled column was first entirely filled with the up- oo | 5 10
per phase with 0.5% acetic acid as stationary phase. Then os |- < i T s T R
the sample solution (200 mg above preparation dissolved in -~ 4, | Tirts (i)
20 ml of the upper organic phase) was injected through the g i
sample port and the lower organic phase was pumped intothe |
column at a flow-rate of 2.0 ml/min while the columnwasro- g 05~
tated at 800 rpm. The effluent from the outlet of the column § o.4 |-
was monitored with a UV detector at 254 nm. Peak fractions § o5 |-
were manually collected according to the chromatogram. < o6 b
2.6. HPLC analysis and identification of CCC peak o1 | |
fractions 0.0 : - :

0 80 120 180 240

The crude dichloromethane extractAfrupestrisL. and @) Thne (i
each peak fraction from HSCCC were analyzed by HPLC.
The analyses were performed with a YMC-Pack ODS-A col- g
umn (4.6 mm [.Dx 250 mm, 5.m) at column temperature 1o 22

of 30°C. The mobile phase composed of methanol-0.2%
formic acid aqua (67:33, v/v) was eluted at a flow-rate of 08 -
1.0 ml/min, and the effluent monitored at 245 nm. 0.8

Identification of the HSCCC peak fraction was carried out
by mass spectrometry (MS)H and13C nuclear magnetic
resonance (NMR).

Absorbance (245nm)
8

0F Time (min)

0.6
0.5

3. Results and discussion 0.4

Absorbance (254nm)

0.3
The crude dichloromethane extractAfrupestrisL. was

firstanalyzed by HPLC. The resultindicated that it contained
several compounds including rupestonic acid (about 30%) 01
and some unknown compounds as showhRig 1 0.0 - L L !

In order to achieve an efficient resolution of target com- 60 120 180 240

(B) Time (min)
pounds, the two-phase solvent systemnefiexane—ethyl
acetate—-methanol-water was examined using analyticalrig 2. Hsccc separations ofthe crude extragtatipestrid... (A) The first
HSCCC by varying the mutual volume ratios. The result in- separation and HPLC analysis of the peak fractions (shaded); (B) the second
dicated that the volume ratio of 6:4:3.5:6.5 and 0.5% acetic separation of the shaded portion of HSCCC fractions in (A) and HPLC anal-
acid with the stationary phase could separate rupestonic acigsis of the pef';\k fract_ions. Experiment_al conditipns: apparat_us: preparative
HSCCC centrifuge with a multilayer coil separation column with 230 ml ca-

We”'_ . pacity; sample: (A) 200 mg of crude dichloromethane extraét efipestris

Fig. 2A shows the result obtained from 200 mg of the | gissolved in 20 ml of upper organic phase, (B) HSCCC fraction corre-
crude dichloromethane extract Af rupestrisL. by prepar- sponding to the rupestonic acid peak (shaded) of (A) dried and redissolved
ative HSCCC. After this separation the fractions containing inthe lower phase; solvent systerahexane-ethyl acetate-methanol-water
rupestonic acid (shade peak) was collected. The HPLC ana|_(6:4:3.5:6._5 vIv); mopile phase: onver c_)rganic phase; station_ary phase.: up-

. . L . . . . per organic phase with 0.5% acetic acid; flow-rate: 2.0 ml/min; revolution
ysis of this fracn_on I,ndlcated thatit contained rupestqnlc :'?ICId speed: 800 rpm; detection at 254 nm; retention of stationary phase: 60.8%.
at over 75% purityig. 2A). The recovery of rupestonic acid
in the target peak (shaded) was about 72.5%. This partially
purified fraction (shaded portion of the peak fréig. 2A) The characteristic peaks in HR-EI-MS appeared at
was dried, redissolved in the organic phase and purified by m/z 248[M*] (base peak), 233[MCHs], 230[M—H,0],
HSCCC with the same solvent systelfig. 2B). This second 202[M—H,0-CO0], 175(28.95), 145(37.59), 109(47.04H.
separation yielded 27.9 mg of rupestonic acid at over 98% NMR(400 MHz, DMS0-d6):80.60 (3H, d,J=7.2Hz, H-
purity as determined by HPLC analysis as indicated. The re- 15, 15’, 15”), 1.55(3H, s, H-14 14", 14"), 3.18(2H, m,
covery of rupestonic acid in this second separation was 46%.J=2.4, 2.0Hz, H-2 2”), 2.07(1H, m,J=2.8, 4.4, 3.6Hz,
The structural identification of the fraction was carried out H-7), 3.71(1H, s, H-13, 6.11(1H, s, H-13), 1.70(1H, m,
by MS,*H and3C NMR [10,11] H-6'), 1.80(1H, m, H-6), 2.07(1H, d,J=18.8Hz, H-3),

0.2
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2.62(1H, ddJ=6.4, 18.8Hz, H-8), 1.84(2H, m, H-9 9),
2.12(1H, m, H-10), 2.90(2H, ¢,=10.4, 11.6, 20.0Hz, H‘2
2"),13C NMR (400 MHz, DMS0-d6)845.12(C-1), 37.58(C-
2), 206.65(C-3), 136.50(C-4), 174.41(C-5), 40.85(C-6),
37.12(C-7), 31.32(C-8), 36.09(C-9), 34.78(C-10), 146.75(C-
11), 167.87(C-12), 122.85(C-13), 7.72(C-14), 11.94(C-15).
The results of our studies clearly demonstrated that
HSCCC is very useful for the preparative separation of rupe-
stonic acid from a crude extractAfrupestrid.. And it's also
a successful method for preparation of high purity rupestonic
acid by HSCCC.
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