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Abstract

A preparative high-speed counter-current chromatography (HSCCC) method for isolation and purification of coumarrgélica
dahurica (Fisch. ex Hoffm) Benth, et HookBfaizhi in Chinese) was successfully established by usihgxane—methanol-water as the two-
phase solvent system in gradient elution mode. The upper phaskexane—methanol-water (5:5:5, v/v) was used as the stationary phase
of HSCCC. The mobile phase used in HSCCC was the lower phasb@fane—methanol-water (5:5:5, v/v) antiexane—methanol-water
(5:7:3, viv) that was changed in gradient. Three major components including imperatorin, isoimperatorin and oxypeucedanine were isolated,
each at over 98% purity as determined by high-performance liquid chromatography (HPLC). The peak fractions of HSCCC were identified
by 'H-NMR and**C-NMR.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction High-speed counter-current chromatography (HSCCC),
which was first invented by Y. Itd4], is a kind of
Angelica dahurica (Fisch. ex Hoffm) Benth, et Hook. f liquid—liquid partition chromatography. The stationary phase
(Baizhi in Chinese) has been widely used in traditional Chi- of this method is also a liquid. It is retained in the separation
nese medicine as a common acesodyne. It has strong effectsolumn by centrifugal force. Because no solid supportis used
on headache and toothacfig. In addition, it can be used inthe separation column, HSCCC successfully eliminates ir-
to treat cough, asthma, coryza, hypertension, vitiligo, psoria- reversible adsorption loss of samples onto the solid support
sis, acne, herpes zoster, freckle, §¢. The major effective used in conventional chromatographic colufah As an ad-
components of this herb are coumarins including imperatorin, vanced separation technique, it offers various advantages in-
isoimperatorin and oxypeucedanine. Pharmacological stud-cluding high sample recovery, high-purity of fractions, and
ies and clinical practice demonstrated that they have remark-high-loading capacity6]. So it is suitable for separation of
able anticancer, antibacterial, and codein eff¢8}is They active components from traditional Chinese herbs and other
are often used as reference standards in the quality control ofnatural products. In the past 30 years, HSCCC has gained
Baizhi and its products. So high-purity preparation of them is great progress in preparation of various reference standards
of great interest. The chemical structures of these compounddor pharmacological studies and good manufacturing prac-

are given inFig. 1 tice, such as coumaririg—9), alkaloids[10-12] flavonoids
[13—15] hydroxyanthraquiondd.6—18]and dyeg19,20]
* Corresponding author. Tel.: +866358239840 The present paper describes HSCCC separation of im-
E-mail addressrenminliu@Ictu.edu.cn (R. Liu). peratorin, isoimperatorin and oxypeucedanine from aether
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The HPLC equipment used was Agilent1100 system in-
cludinga G1311A QuatPump, aG1315B DAD, a 7725iinjec-
tion valve with a 2Qul loop, a G1332A degasser and Agilent
HPLC workstation.

Nuclear magnetic resonance (NMR) spectrometer used
here was Mercury Plus 400 NMR (Varian Inc., America).

2.2. Reagents
R, R,

All solvents used for preparation of crude extract and
v HSCCC separation were of analytical grade (Jinan Reagent
isoimperatorin  OCH,CH=C(CHs), H Factory, Jinan, China). Methanol used for HPLC was chro-
matographic grade (Yucheng Chemical Factory, Yucheng,
China), and water used was distilled water.

Angelica dahurica (Fisch. ex Hoffm) Benth, et Hookak
Fig. 1. Chemical structures of imperatorin, isoimperatorin and oxypeu- Purchased from alocal drug store and identified by Professor
cedanine. Yongging Zhang (Shandong University of Traditional Chi-
nese Medicine, Jinan, China).

. . "2 3
imperatorin 1 OCH,CH=C(CHj),

. o2 3
oxypeucedanine OCHp-CH-C(CHa)> H

crude extract oAngelica dahurica (Fisch. ex Hoffm) Benth, 5 3 Preparation of crude extract

etHook. fHigh-performance liquid chromatography (HPLC)

was used for selecting two-phase solvent system. The upper  preparation of crude extract was carried out according
phase ofh-hexane-methanol-water (5:5:5, v/v) was used as g the literaturg21]. The dried roots ofAngelica dahurica

the stationary phase of HSCCC. The mobile phase used i”(Fisch. ex Hoffm) Benth, et Hookwiere ground to pow-
HSCCC was the lower phase ofhexane-methanol-water  ger (about 30 mesh). The powder (100 g) was extracted with
(5:5:5, vlv) andn-hexane-methanol-water (5:7:3, v/v) that  gether at 40C for 2 h four times (200 mi of aether each time).
was changed in gradient. Three major components in-The extracts were combined and evaporated under reduced
cluding imperatorin, isoimperatorin and oxypeucedanine pressure. 1.0 g of powder was obtained. It was stored in a
ngrLeCisolated, each at over 98% purity as determined by refrigerator (4 C) for subsequent HSCCC separation.

2.4, Selection of two-phase solvent system

2. Experimental The two-phase solvent system was selected according to
the partition coefficientd{) of the target components. TKe
2.1. Apparatus values were determined by HPLC analysis. Suitable amount

of crude extract was dissolved in the upper phase. The solu-

The HSCCC instrument employed in the present study tion was determined by HPLC. The peak area was recorded
is TBE-300A high-speed counter-current chromatography asA;. Then equal volume of the lower phase was added to the
(Tauto Biotechniqgue Company, Shanghai, China) with three solution and mixed thoroughly. After partition equilibration,
multilayer coil separation column connected in series (i.d. the upper phase solution was determined by HPLC again, and
of the tubing = 1.6 mm, total volume = 260mL) and a the peak area was recordedfs The partition coefficient
20 mL sample loop. The revolution radius was 5cm, and (K) was obtained by the following equatidh= Ax/A; — Ao.
the B values of the multilayer coil varied from 0.5 at in-
ternal terminal to 0.8 at the external terminal. The revolu- 2.5. Preparation of two-phase solvent system and
tion speed of the apparatus can be regulated with a speedample solution
controller in the range between 0 and 1000 rpm. An HX
1050 constant-temperature circulating implement (Beijing  In the present study, the two-phase solvent system com-
Boyikang Lab Instrument Co., Ltd., Beijing, China) was posed oih-hexane—methanol-water at various volume ratios
used to control the separation temperature AKTAprime were used for HSCCC separation. The upper phase of
(Amersham Pharmacia Biotechnique Group, Sweden) washexane—methanol-water (5:5:5, v/v) was used as the station-
used to pump the two-phase solvent system and perform theary phase. The lower phases mhexane—methanol-water
UV absorbance measurement. It contains a switch valve and(5:5:5, v/v) anch-hexane—methanol-water (5:7:3, v/v) were
a mixer, which were used for gradient formation. The data used as the mobile phase in gradient elution. Each solvent
were collected with Sepu 3000 chromatography workstation mixture was thoroughly equilibrated in a separatory funnel
(Hangzhou Puhui Science Apparatus Co., Ltd., Hangzhou, at room temperature and the two phases were separated and
China). degassed by sonication for 30 min shortly before use.
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The sample solution was prepared by dissolving the ter (68:32, v/v) were used as the mobile phase, three major
crude extractin the upper phasendiexane—methanol-water  peaks can be obtained, and each peak got baseline separation.

(5:5:5, v/v) at suitable concentration. The peak purity was analyzed with Agilent 1100 workstation.
The results were satisfactory. HPLC chromatogram of crude
2.6. HSCCC separation procedure extract fromAngelica dahurica (Fisch. ex Hoffm) Benth, et

Hook. fwas shown irFig. 2(A).

HSCCC was performed with a TBE-300A HSCCC in-
strument as follows: the upper phase (the stationary phase)3.2. Optimization of HSCCC conditions
and the lower phase af-hexane—methanol-water (5:5:5,
v/v) were pumped into the column with volume ratio of Appropriate solvent system plays an importantrole in sep-
60:40. After the column was totally filled, the apparatus was aration by HSCCC. Selecting solvent system means choos-
rotated at 900 rpm. At the same time, the lower phase of ing the stationary phase and the mobile phase simultane-
n-hexane—methanol-water (5:5:5, v/v) was pumped into the ously. In order to achieve efficient resolution of target com-
column at a flow rate of 2.0 mImirt. About half an hour pounds, many different solvent systems were examined and
later, hydrodynamic equilibrium was reached, and 5ml of the K values were shown ifable 1 The results indicated
the sample solution containing 100 mg of the crude extract that whenn-hexane—methanol-water (5:5:5, v/v) was used
was injected into the column through the injection valve. as two-phase solvent system, imperatorin and oxypeuceda-
In the first 150 min, the mobile phase was the lower phase nine can be separated, but the elution time of isoimperatorin
of n-hexane—methanol-water (5:5:5, v/v), and in the sub- was too long. Whem-hexane—methanol-water (5:7:3, v/v)
sequent 150 min, the volume ratio of the lower phase of was used, isoimperatorin can be well separated. But impera-
n-hexane—methanol-water (5:7:3, v/v) was changed linearly torin and oxypeucedanine were eluted together in a poor res-
from 0 to 100%. All through the experiment the separation olution. When the lower phase nfhexane—methanol-water
temperature was controlled at 20. The effluent from the  (5:5:5, v/v) andh-hexane—methanol-water (5:7:3, v/v) were
tail end of the column was continuously monitored witha UV used in gradient elution (0—150 min, only the lower phase
absorbance detector at 254 nm. The data were collected im-of n-hexane—methanol-water (5:5:5, v/v); 150-300 min, the
mediately after sample injection. Each fraction was collected volume ratio of the lower phase nfhexane—methanol-water
manually according to the obtained chromatogram. Each col- (5:7:3, v/v) changed from 0 to 100%), three pure fractions can
lection was evaporated under reduced pressure and dissolvetle obtained and the separation time was acceptable.

by methanol for subsequent purity analysis by HPLC. The influence of revolution speed, flow rate of the mo-
bile phase, and temperature on the HSCCC separation were

2.7. HPLC analysis and identification of HSCCC peak also investigated. The results indicated that when the flow

fractions rate was 2 mlmin?, revolution speed was 900 rpm, separa-

tion temperature was 2, retention percentage of the sta-

The HPLC analysis was performed with a SPHERIGEL tionary phase could reach 60% and good separation results
ODS Gg column (250 mmx 4.6 mm i.d., 5um) at room could be obtained. Under the optimum conditions, three ma-
temperature. The mobile phase was methanol: water (68:32jor peaks were obtained and yielded 29 mg of Peak | (col-
v/v). The effluent was monitored at 254 nm and the flow rate lected during 173—210 min), 35 mg of Peak Il (collected dur-
was kept at 1.0 mlmint constantly. ing 228-255min), and 28 mg of Peak Il (collected during

The structure identification of HSCCC peak fractions was 330-360 min) from 100 mg of crude extract. The purity of
carried out by'H-NMR and13C-NMR. 1H-NMR and3C- these compounds was 99.1%, 98.3%, and 99.8%, respec-
NMR spectra were recorded on a Mercury Plus 400 NMR tively, as determined by HPLC. The HSCCC chromatogram
with TMS (for 1H-NMR) and GHCls (for 13C-NMR) as of crude extract fromAngelica dahurica (Fisch. ex Hoffm)
internal standards. Benth, et Hook. Was given inFig. 3.

3.3. Results of HPLC analysis and identification of
3. Results and discussion HSCCC peak fraction

3.1. Optimization of HPLC method Each HSCCC peak fraction was analyzed by HPLC. The
purity of peak I, peak Il and peak lll fraction ifig. 3

Selection of two-phase solvent system and purity analysiswas 99.2%, 98.1% and 99.7%, respectively. HPLC chro-

of HSCCC peak fractions were performed by HPLC. So in matograms and UV spectra of the HSCCC peak fractions

the first place, a good HPLC method should be developedwere shown irFig. 2(B)—(D).

for the subsequent research. Different kinds of solvent sys- Identification of each HSCCC fraction was carried out by

tems were used as the mobile phase to analyze crude extractH-NMR and'3C-NMR.

from Angelica dahurica (Fisch. ex Hoffm) Benth, et Hook. f HSCCC peak | irFig. 3 TH-NMR (400 MHz, CHCly):

by HPLC. The results revealed that when methanol and wa-§ ppm: 7.764 (1H, dJ = 9.6 Hz, G—H), 7.691 (1H, d,J



226

700

R. Liu et al. / J. Chromatogr. A 1052 (2004) 223-227

600

500 -

Absorbance (mAU)

100

400

300 -

200

Imperatorin

Oxypeucedanine

Isoimperatorin

(A)

180

Time (min)

20

160

140

120

100

80

60

Absorbance (mAU)

40

20

0

T T

T

Absorbance (mAU)
8

I~ 0F

250 300 350

__ Wavelength (nm)

-20

Oxypeucedanine

y

©

0 5 10

15

Time (min)

20

300
250 L Imperatorin
400,
200 |
<DE( gaoo
; 150 |- gzm
e 3
o
© 2
2 100 | < '
o
1%}

Q ol . . )
< 200 250 300 350
50 Wavelength (nm)

o Ny

L 1 A 1 L 1
0 5 10 15 20

(B) Time (min)

80 - Isoimperatorin

60
2
3
g 40 §
C <
@ ]
< 2
8 <
Q9 20
< 0

200 250 300 350
Wavelength (nm)
0k ArMypoom
1 | !
0 5 10 15 20

(D) Time (min)

Fig. 2. HPLC chromatograms. (A) crude extract frémgelica dahurica (Fisch. ex Hoffm) Benth, et HogkB) HSCCC fraction of peak I; (C) HSCCC
fraction of peak II; (D) HSCCC fraction of peak Ill. Column: SPHERIGEL OD{g €olumn (250 mmx 4.6 mm |.D, 5um); mobile phase: methanol: water
(68:32, v/v); flow rate: 1.0 mI mint; detection wavelength: 254 nm.

= 2.0Hz, Go—H), 7.359 (1H, s, €-H), 6.814 (1H, d,J
= 2.0Hz, G1—H), 6.370 (1H, dJ = 9.6 Hz, G—H), 5.613
(1H, m, G'—H), 5.007 (2H, dJ = 7.2Hz, G'—H), 1.744,
1.722 (3H each, s,2 CHs); 13C-NMR (400 MHz, @HCl5):

§ ppm: 160.507 (C-2), 148.580 (C-7), 146.581 (C-12),

144.308 (C-4), 143.805 (C-9), 139.739 (Q;331.016 (C-

8), 125.813 (C-6), 119.716 (C)2116.447 (C-10), 114.668

(C-3), 113.095 (C-5), 106.663 (C-11), 70.121 (§;25.772

Table 1

(—CHz), 18.079 £CHg). These data were identical with the
literature[22], and peak | was identified as imperatorin.
HSCCC peak Il irFig. 3 1H-NMR (400 MHz, CHCl3):

8 ppm: 8.125 (1H, dJ = 9.6 Hz, G—H), 7.625 (1H, d,
J = 2.0Hz, Go—H), 7.10 (1H, broad, g-H), 6.997 (1H,
d,J = 2.0Hz, G;—H), 6.286 (1H, d,J = 9.6 Hz, G—H),
4.852 (2H, dJ=7.2Hz, G'-H), 3.661 (1H, tJ = 7.2 Hz,
C,/—H), 1.741, 1.705 (3H each, s,x2CHa); 13C-NMR

TheK (partition coefficient) values of imperatorin, oxypeucedanine and isoimperatamnhéxane—methanol-water solvent system

n-Hexane—methanol-water (v/v) K
Imperatorin Oxypeucedanine Isoimperatorin
5:4:6 5.54 6.62 283
5:4.5:55 2.92 3.59 135
5:5:5 1.64 2.13 a4
5:6:4 0.57 0.73 51
5:7:3 0.31 0.32 ®B6
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Fig. 3. HSCCC chromatogram of crude extract frémgelica dahurica
(Fisch. ex Hoffm) Benth, et Hook.Golumn: multilayer coil of 1.6 mmi.d.
PTFE tube with a total capacity of 260 ml; stationary phase: the upper phase
of n-hexane—methanol-water (5:5:5, v/v); mobile phase: the lower phase
of n-hexane—-methanol-water (5:5:5, v/v) anchexane—-methanol-water
(5:7:3, viv) in gradient elution mode (0—150 min, the lower phas@-of
hexane—methanol-water (5:5:5, v/v); 150-300 min, the volume ratio of the
lower phase oh-hexane—methanol-water (5:7:3, v/v) from 0 to 100%);
flow rate: 2.0 mImin?; revolution speed: 900 rpm; detection wavelength:
254 nm; separation temperature:°Zf) sample size: 100 mg of crude sam-
ple dissolved in 5ml of the upper phase whexane—methanol-water
(5:5:5, v/v); retention percentage of the stationary phase: 60%. I: impera-
torin (collected during 173—-210 min); II: oxypeucedanine (collected during
228-255min), lI: isoimperatorin (collected during 330—360 min).

(400 MHz, CHCl3): § ppm: 160.517 (C-2), 158.090 (C-7),
150.761 (C-9), 148.915 (C-5), 145.045 (C-12), 139.357 (C-
4), 114.167 (C-6), 112.791 (C-3), 107.492 (C-11), 105.006
(C-10), 94.212 (C-8), 70.340 (Cy1 60.756 (C-2), 58.310
(C-3), 25.560 {CHs), 18.037 £CHzs). Comparing these
data with the literaturg23], peak Il was identified as
oxypeucedanine.

HSCCC peak Il inFig. 31H-NMR (400 MHz, CHCl3):
8 ppm: 8.164 (1H, dJ = 9.6 Hz, G—H), 7.612 (1H, d,J
= 2.3Hz, Go—H), 7.163 (1H, s, g-H), 6.958 (1H, dJ =
2.3Hz, G1—H), 6.275 (1H, dJ) = 9.6Hz, G—H), 5.541 (1H,
t, C'—H), 4.922 (2H, dJ = 6.8 Hz, G'—H), 1.803, 1.701
(3Heach, s, 2 CHs); 13C-NMR (400 MHz, ZHCl3): § ppm:
161.306 (C-2), 158.090 (C-7), 152.624 (C-9), 148.915 (C-5),
144.855 (C-12), 139.702 (C-11), 139.572 (C-4), 119.039 (C-
2), 114.167 (C-6), 112.532 (C-3), 107.543 (C-10), 105.006
(C-3), 94.212 (C-8), 69.696 (C4, 25.787 {CHgz), 18.185
(—CHg). According to the literatur§2?], peak Il was iden-
tified as isoimperatorin.
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In conclusion, HSCCC was successfully used for the iso-
lation and purification of imperatorin, oxypeucedanine and
isoimperatorin fromAngelica dahurica (Fisch. ex Hoffm)
Benth, et Hook.,fwhich yielded 29mg of imperatorin,
35 mg of oxypeucedanine, and 28 mg of isoimperatorin from
100 mg of the crude extract in one-step separation.
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