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Abstract

A high-speed counter-current chromatography (HSCCC) method for separation and purification of coumari@niftamm mon-
nieri (L.) Cussonwas developed by using stepwise elution with a pair of two-phase solvent system composed of light petroleum—ethyl
acetate—methanol-water at volume ratios of 5:5:5:5, 5:5:6:4 and 5:5:6.5:3.5. Five kinds of coumarins were obtained and yielded 7.6 mg of
xanthotoxin(l), 7.6 mg of isopimpinellin(ll), 9.7 mg of bergapten(lll), 60.5 mg of imperatorin(lV), 50.6 mg of osthole(V) and 10.2 mg of
one unknown compound from 150 mg crude sample. The purity of these compounds was 95.0%, 99.6%, 99.7%, 100%, 100% and 98.1%,
respectively, as determined by HPLC. Their structures were identifiésl BYMR.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [4]. It has been widely used for the preparative separation
of natural products such as traditional Chinese medicinal
The fruit of Cnidium monnieri(L.) Cusson known as herbs[5-9]. In this paper, separation of crude sample from
Shechuangzi in Chinese, has many beneficial effects in anti-C. Cussonusing HSCCC is described. The upper phase
epiphyte, anti-virus, anti-osteoporosis, anti-tumour and anti- of light petroleum—ethyl acetate—methanol-water (5:5:5:5,
AIDS. Itis also an important traditional medicinal, perennial v/v) was used as the stationary phase. The lower phase of

herb in the treatment of skin disease and gynecopgthy light petroleum—ethyl acetate—methanol-water at different
The active constituents of this herb are coumaf#tjs The volume ratios was used as the mobile phase in stepwise
chemical structures of these compounds are givefignl elution. Five kinds of major coumarins including xantho-

Osthole and imperatorin are the major compounds present intoxin(l), isopimpinellin(ll), bergapten(lll), imperatorin(1V),
Shechuangzi. They are often used as standards in the qualitpsthole(V) and one unknown compound were obtained in a
control of Shechuangzi produd. one-step separation.

High-speed counter-current chromatography (HSCCC) is
a support-free liquid—liquid partition chromatographic tech-
nique, so the irreversible adsorbing effects on stationary-
phase material and artifact formation can be eliminated

2. Experimental

2.1. Apparatus
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2.2. Reagents and materials

All organic solvents used for preparation of crude sam-
ple and HSCCC separation were of analytical grade (Ji-
nan Reagent Factory, Jinan, China). Methanol used for
HPLC was chromatographic grade (Yucheng Chemical
plant, Yucheng, China), and water used was distilled
water.

The dried seeds dE. Cussonwere purchased from a lo-
cal drug store and identified by Professor Yongging Zhang
(Shandong University of Traditional Chinese Medicine, Ji-
nan, China).

2.3. Preparation of sample

One kilogram of dried powder &. Cussonvas marinated
with 3000 ml of 95% ethanol for 24 h for three times. The
extracts were combined and evaporated to 300 ml by rotary
vaporization at 40C under reduced pressure. The enriched
extract was extracted with light petroleum four times (200 ml

R R

. oc1H H2 eachtime). Thenthelight petroleum solutions were combined
Xanthotoxin 8 and evaporated to 50 ml and frozen unddr'C for 24 h. The
Isopimpinellin OCHs OCH, deposit was separated and dried. 10.06 g of crude sample
Bergapten H . OCHs was obtained. It was stored in a refrigerator for subsequent

HSCCC separation.

, o2 g ~CHs

Imperatorin OCHQCH:C< s H
CHg 2.4. Selection of the two-phase solvent systems

Fig. 1. The chemical structures of coumarinsGnidium monnieri(L.)
Cusson

Light petroleum (boiling point range: 60-9Q)—ethyl
acetate—methanol-water two-phase system was used as sol-
vent system. The composition of the two-phase system was
multilayer coil separation column connected in series (i.d. S€lected according to the partition coefficiek) of target
of the tubing = 1.6mm, total volume = 260ml) and a compounds of crude sample froth CussonThe partition

20ml sample loop. The revolution radius was 5cm, and coefficients were determined by HPLC as follows: about
the 8 values of the multilayer coil varied from 0.5 at in- 0.1 mg of crude sample was added to a test tube, to which 2 ml

ternal terminal to 0.8 at the external terminal. The revolu- ©f€achphase ofthe two-phase solventsystemwas added. The

tion speed of the apparatus can be regulated with a speedeSt tube was shaken violently for several minutes. Then thg

controller in the range between Orpm and 1000 rpm. An UPPer and lower phases were analyzed by HPLC. The parti-

HX 1050 constant-temperature circulating implement (Bei- tion co_efﬂments of all components in sample were obtained

jing Boyikang Lab Instrument Co. Ltd., Beijing, China) was according to the peak areas.

used to control the separation temperature ATA prime

(Amersham Pharmacia Biotechnique Group, Sweden) was2.5. Preparation of two-phase solvent system and

used to pump the two-phase solvent system and perform thesample solution

UV absorbance measurement. It contains a switch valve and

a mixer, which can be used for gradient formation. The data  Light petroleum—ethyl acetate—methanol-water solvent

were collected with Sepu 3000 chromatography workstation systems with the volume ratios of 5:5:5:5, 5:5:6:4 and

(Hangzhou Puhui Science Apparatus Co. Ltd., Hangzhou, 5:5:6.5:3.5 were prepared by adding the solvents to a sep-

China). aration funnel according to the volume ratios and thoroughly
The HPLC equipment used was Agilent 1100 HPLC sys- equilibrated by shaking repeatedly. Then upper and lower

tem including a G1311A solvent delivery unit, G1315B phases were separated and degassed by sonication for 30 min

UV-vis photodiode array detector, Rheodyne 7725i injec- prior to use.

tion valve with a 2Qul loop, G1332A degasser and Agilent One hundred and fifty milligrams of crude extract sam-

HPLC workstation. ple was dissolved in 5ml of the upper phase of light
Nuclear magnetic resonance (NMR) spectrometer usedpetroleum—ethyl acetate—methanol-water system (5:5:5:5,

here was Mercury Plus 400 NMR (Varian Inc., USA). vIv).
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2.6. Separation procedure bile phase) of light petroleum—ethyl acetate—methanol-water
(5:5:5:5, viv) were pumped into the multilayer-coiled col-
The whole procedure was carried out as follows: the umn simultaneously by usin§KTA prime system, accord-
upper phase (stationary phase) and the lower phase (moing to the volume ratio of 60:40. When the column was
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Fig. 2. HPLC chromatograms of crude extract and HSCCC peak fractions. (A) Crude extra€tfidiorm monnier{L.) Cusson(B—G) HSCCC peak fraction
I-Vlin Fig. 3. Column: SPHERIGEL ODS {g column (250 mmx 4.6 mm i.d., 5.m); column temperature: 2% ; mobile phase: methanol-acetonitrile—water
in gradient mode (30:30:48> 50:30:20 in 30 min). Flow rate: 1.0 ml mid, detection wavelength: 254 nm.
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500 3. Results and discussion

(G) Unknown
0ol 3.1. Optimization of HPLC conditions

Several elution systems were tested in HPLC sep-
aration of crude sample, such as gradient elution
of methanol-water, acetonitrile—water, methanol-0.1%
H3PQy, acetonitrile—0.1% BP Oy, methanol-1% NapP Oy,
acetonitrile—1% NabPQ4, methanol-acetonitrile—water,
etc. The results indicated that good separation results could
o Sio . o be obtained when using methanol-acetonitrile—water system

Wavelength (nm) as the mobile phase in gradient elution mode (30:30:40
0 — i [ \ 50:30:20 in 30 min).
- 10 15 20 25 30 35 The crude sample and peak fractions separated by HSCCC
Time (min) were analyzed by HPLC. The chromatograms are shown in
Fig. 2
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Fig. 2. (Continued.
3.2. Selection of two-phase solvent system and other
conditions of HSCCC

totally filled with the two phases, only the lower phase was A series of experiments were performed to optimize the
pumped at a flow rate of 2.0mlimid, and at the same two-phase solvent system for HSCCC separation. The parti-
time, the HSCCC apparatus was run at a revo'ution speedtion coefficients of the target CompoundS in different solvent
of 900 rpm. After hydrodynamic equilibrium was reached Systems were determined by HPLC as given in Sectidn
(about half an hour later), the sample solution was injected and the results are shown ifeble 1 According to the
into the separation column. At the same time, the step- K values shown inTable 1 some solvent systems were
wise elution began_ In the first 150 min, the lower phase of tested. The results indicated that when ||ght petr0|eum—ethy|
light petroleum—ethyl acetate—methanol-water (5:5:5:5, v/v) acetate—methanol-water (5:5:5:5, v/v) was used as the sol-
was pumped. In second 100 min, the lower phase of light vent system, every target compound can be separated, but
petroleum—ethyl acetate—methanol-water (5:5:6:4, v/v) wasthe separation time was very long and the peaks of im-
pumped, and then the lower phase of light petroleum—ethyl Peratorin and osthole were wide. When other solvent sys-
acetate—-methanol-water (5:5:6.5:3.5, v/v). The separationtems were used for HSCCC separation, the anterior peaks
temperature was controlled at 35. The effluent from the ~ could not be separated. So stepwise elution was used in
outlet of the column was continuously monitored at 254 nm. the HSCCC separation. When the upper phase of light
Each peak fraction was manually collected according to the Petroleum—ethyl acetate-methanol-water (5:5:5:5, v/v) was
chromatogram and evaporated under reduced pressure. Thesed as the stationary phase, and the lower phases of light
residuals were dissolved in methanol for subsequent HPLC Petroleum—ethyl acetate-methanol-water system at the vol-
analysis. ume ratio of 5:5:5:5, 5:5:6:4 and 5:5:6.5:3.5 were used as
the mobile phase in stepwise elution mode, good separation
results can be obtained.
The influence of the flow rate of mobile phase, the separa-
2.7. HPLC analysis and identification of HSCCC peak tion temperature and revolution speed were also investigated.
fractions The results indicated that reducing flow speed can improve
separation in some degree, but at the same time, the chro-
The crude sample and each HSCCC peak fraction werematogram peaks were extended. Considering the two aspects,
analyzed by HPLC. The analysis was accomplished with the flow rate of the mobile phase was set at 2 mimhiim this
a SPHERIGEL ODSgg column (250 mmx 4.6 mm i.d., experiment. The temperature has significant effed ¢par-
5wm) at room temperature. Methanol-acetonitrile—water tition coefficient), the retention percentage of the stationary
system was used as mobile phase in gradient mode as folphase and the mutual solvency of the two-phase. After tested
lows: 30:30:40— 50:30:20 in 30min. The flow rate was at 20°C, 25°C, 30°C, 35°C and 40C, it can be seen that
1.0 mImin1, and the effluents were monitored at 254 nm by good results can be obtained when the separation temperature
a photodiode array detector. was controlled at 35C. The rotary speed of the separation
Identification of HSCCC peak fraction was performed by coil tube has great influence on the retention percentage of
1H NMR. The UV spectra were taken from the HPLC three- the stationary phase. Expediting the rotary speed can increase
dimensional spectrum of absorbance versus time and wavethe retention of the stationary phase. In this experiment, all
length. separations were performed at 900 rpm.
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Table 1
TheK values of the target components in several solvent systems
Light petroleum—ethyl K
acetate—methanol-water (v/v) - — -

Xanthotoxin Isopimpinellin Bergapten Imperatorin Osthole
5:5:5:5 1.49 1.95 3.33 6.52 9.91
5:5:5.5:4.5 0.72 0.86 157 2.98 451
5:5:6:4 0.53 0.62 0.93 1.71 2.78
5:5:6.5:3.5 0.49 0.55 0.79 1.30 2.19
5:5:7:3 0.22 0.25 0.37 0.65 1.06

The crude samples fro@. Cussonvere separated and pu- o Peak It 'H NMR (400 MHz, CDC}) §: 4.17 (6H, s,
rified under the optimum HSCCC conditions. The HSCCC ~ 2x OCHg), 6.29 (1H, d,J = 10Hz, H-3), 7.0 (1H, d,

chromatogram is shown iRig. 3. Five kinds of coumarins J = 2.4Hz, H-11), 7.63 (1H, dJ = 2.8 Hz, H-12), 8.13
were obtained and yielded 7.6 mg of xanthotoxin(l), 7.6 mg  (1H, d,J = 9.6 Hz, H-4). Comparing the above date with
of isopimpinellin(ll), 9.7 mg of bergapten(lll), 60.5mg of reference[11], the obtained product was confirmed as
imperatorin(lV), 50.6 mg of osthole(V) and 10.2 mg of one isopimpinellin.

unknown compound from 150 mg crude sample. The purity ¢ Peak Il TH NMR (400 MHz, CDC}) §: 4.27 (3H, s,
of these compounds was 95.0%, 99.6%, 99.7%, 100%, 100% _OCHg), 6.27 (1H, d,J = 10Hz, H-3), 7.02 (1H, dJ =
and 98.1%, respectively, as determined by HPLC. The chro- 2 Hz, H-11), 7.13(1H, s, H-8), 7.59 (1H, d= 2.4 Hz, H-
matograms of HPLC and UV spectra of these compounds are  12), 8.16 (1H, d,J = 9.6 Hz, H-4). Comparing the above

shown inFig. 2 date with referencfl2], the obtained product was identi-
fied as bergapten.
3.3. The structural identification e Peak IV 'H NMR (400 MHz, CDC§) &: 1.72, 1.74 (6H,

s, 2x CHg), 5.00 (2H, d,J = 7.2 Hz, H-1), 5.61 (1H, m,
The chemical structure of each peak fraction of HSCCC ~ H-2),6.37 (1H,dJ)J=10Hz, H-3), 6.82 (1H, d]=2.0 Hz,

was identified according to it NMR data: H-11), 7.36 (1H, s, H-5), 7.69 (1H, d,= 2.0Hz, H-12),
1 7.77 (1H, d,J = 9.6 Hz, H-4). Comparing the above date
e Peak t *H NMR (400MHz, CDC}) §: 4.30 (3H, s, with referencd13], the obtained product was identified as
—OC"b), 6.38 (1H, d,J = 9.6 HZ, H'3), 6.82 (1H, dJ imperatorin_

=2.4Hz, H-11),7.36 (1H, s, H-5), 7.69 (1H,2k 2.4 Hz, e Peak \/ 'H NMR (400 MHz, CDC}) 8: 1.67 (3H, s, H-9,
H-12),7.77 (1H, d) = 9.6 Hz, H-4). Comparing the above 184 (3H, s, H-4), 3.49 (2H, d,J = 7.2 Hz, H-1), 3.92 (3H,
date with referencgl0], peak | was identified as xantho- s,—OCH), 5.22 (1H, m, H-2), 6.23 (1H, dJ = 9.6 Hz, H-

toxin. 3),6.84 (1H, dJ)=8.4Hz, H-6),7.29 (1H,d]=8.4Hz, H-
5),7.62 (1H, dJ=9.6 Hz, H-4). Comparing the above date
L vV Vi with referenceg14], the obtained product was confirmed
1000 ”W j ﬂ as osthole.
| g In conclusion, the result of our studies demonstrated that
_ 8o HSCCC is a powerful tool for isolation and purification of
E coumarins fronC. Cusson
@ Bo0f
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