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Abstract

Preparative high-speed counter-current chromatography (HSCCC) was successfully used for isolation and purification of osthol and xan-
thotoxol from Cnidium monnieri (L.) Cusson (Common Cnidium Fruit) using stepwise elution with a pair of two-phase solvent systems
composed ofi-hexane—ethyl acetate—methanol-water at (1:1:1:1, v/v), and (5:5:6:4, v/v), which had been selected by analytical high-speed
counter-current chromatography. Using a preparative unit of the HSCCC centrifuge, about a 308 mg amount of the crude extract was separated,
yielding 88.3 mg of osthol and 19.4 mg of xanthotoxol at a high purity of over 98%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction antibody-induced hepatitis by inhibiting the Fas-mediated
apoptotic pathway4].

Common Cnidium Fruit is a useful traditional Chinese = The separation of these active compounds from natu-
herb: It can be used to various purposes such as dry-ral sources, however, may encounter various problems.
ing dampness and killing worms, expel lingcold and the High-speed counter-current chromatography (HSCCC), be-
wind, relieving asthma and increasing sperm secretin. It ing a support-free liquid—liquid partition chromatographic
contains coumarins which are known to have a variety of technique, eliminates irreversible adsorption of the sample
bioactivities including anticoagulant, estrogenic, dermal onto the solid supporf5], and has been widely used in
photosensitizing, antimicrobial, vasodilator, molluscacidal, preparative separation of natural prodyét§']. The present
antithelmintic, sedative and hypnotic, analgesic and hy- paper describes the successful preparative separation and
pothermic activities. Pharmacological tests revealed that purification of osthol and xanthotoxol from the crude ex-
coumarin derivatives improve ocular blood flow, particu- tract of Common Cnidium Fruit by stepwise high-speed
larly in the choroids and retinfl]. Osthol is a selective  counter-current chromatography.
antiproliferative agent in vascular smooth muscle cglls
and causes hypotension in vivo, inhibits platelet aggrega-
tion and smooth muscle contraction in vitro. Also it may 2. Experimental
interfere with calcium influx and with cyclic nucleotide
phosphodiesterasg8]. Osthol also can prevent anti-Fas 2.1. Apparatus

The analytical HSCCC instrument employed in the
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in Beijing Institute of New Technology Application (Bei-
jing, China). The apparatus holds a pair of column holders
symmetrically on the rotary frame at a distance of 5cm
from the central axis of the centrifuge. The multilayer coil
separation column was prepared by winding a 50m long,
0.85mm i.d. PTFE (polytetrafluoroethylene) tube directly
onto the holder hub forming multiple coiled layers with a
total capacity of 40 ml. Theg8 value varied from 0.4 at the
internal terminal to 0.7 at the external termingl £ r/R
wherer is the distance from the coil to the holder shatft,
and R the revolution radius or the distance between the
holder axis and central axis of the centrifuge). Although the
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2.3. Preparation of two-phase solvent system and
sample solutions

The solvent system utilized in the present study was pre-
pared by mixingn-hexane—ethyl acetate—methanol-water
(1:1:1:1, viv) or (5:5:6:4, vlv), and thoroughly equilibrating
the mixture in a separatory funnel at room temperature, two
phases being separated shortly before use.

The sample solutions were prepared by dissolving the
crude extract in the lower phase at suitable concentrations
according to the analytical or preparative purpose.

revolution speed of the apparatus could be regulated with a2 4. Separation procedure

speed controller in the range between 0 and 2000 rpm, an

optimum speed of 1800 rpm was used in the present studies. Analytical HSCCC was performed with a Model GS 20

A manual sample injection valve with a 1.0 ml loop was
used.

Preparative HSCCC was performed using a Model
GS10A2 multilayer coil planet centrifuge (Beijing Institute
of New Technology Application) equipped with a PTFE
multilayer coil of 110 mx 1.6 mm i.d. with a total capacity
of 230ml. Theg value of the preparative column ranged
from 0.5 to 0.8.

The solvent was pumped into the column with a Model
NS-1007 constant-flow pump (Beijing Institute of New
Technology Application). Continuous monitoring of the ef-
fluent was achieved with a Model 8823A-UV Monitor (Bei-
jing Institute of New Technology Application) at 254 nm.
A manual sample injection valve with a 1.0ml loop (for
the analytical HSCCC) or a 10 ml loop (for the preparative
HSCCC) (Tianjin High-New Science & Technology Co.,
Tianjin, China) was used to introduce the sample into the
column, respectively. A portable recorder (Yokogawa Model

3057, Sichuan Instrument Factory, Chongging, China) was

used to plot the chromatogram. A rotary evaporator (Model
RE-90, Beijing Institute of New Technology Application)
was also used.

The high-performance liquid chromatography (HPLC)
equipment used was a Shimadzu LC-10AVP system
including two LC-10ATVP solvent delivery units, an
SPD-M10AVP UV-Vis photodiode array detection (DAD)
system, a Model 7726 injection valve with a 2Dloop,
an SCL-10AVP system controller, a CTO-10ASVP column

oven, a DGU-12A degasser, and a Class-VP-LC workstation ¢

(Shimadzu, Kyoto, Japan).
2.2. Reagents
All organic solvents used for HSCCC were of an-

alytical grade and purchased from Beijing Chemical
Factory (Beijing, China). Methanol used for HPLC

HSCCC instruments as follows: the multilayer coiled col-
umn was first entirely filled with the upper phase. The lower
phase was then pumped into the head end of the inlet col-
umn at a flow-rate of 1.0 ml/min, while the apparatus was
run at a revolution speed of 1800 rpm. After hydrodynamic
equilibrium was established, as indicated by a clear mobile
phase eluting at the tail outlet, the sample solution (8 mg in
1 ml of lower phase) was injected through the sample port.
The effluent from the tail end of the column was continu-
ously monitored with a UV detector at 254 nm. Each peak
fractions were collected according to the chromatogram.
Preparative HSCCC was performed with a Model
GS10A2 HSCCC instrument as follows: the multilayer
coiled column was first entirely filled with the upper phase
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analysis was of chromatographic grade and purchased

from Tianjin Huaxi Special Reagent Factory (Tianjin,
China). The crude extract of Common Cnidium Fruit
was purchased from Guilin Natural Ingredients (Guilin,
China).

Fig. 1. HPLC analyses of the crude extract of Common Cnidium Fruit.
HPLC conditions: a Polaris ODS column (250 mimd.6 mm i.d.), col-
umn temperature: 3%C. Mobile phase: methanol-water (75:25, v/v),
flow-rate: 1.0 ml/min, monitored at 254 and 322nm by DAD. Peaks: 1
= xanthotoxol, 2= osthol.
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as stationary phase. Then the lower phase of system 1 wagolumn was continuously monitored with a UV detector at

pumped into the head end of the inlet column at a flow-rate 254 nm. Each peak fraction was collected according to the
of 2ml/min, while the apparatus was rotated at 800 rpm. chromatogram.

After hydrodynamic equilibrium was reached, as indicated

by a clear mobile phase eluting at the tail outlet, the sample 2.5. HPLC analyses and identification of HSCCC

solution (308 mg in 10 ml of lower phase of solvent system peak fractions

1) was injected through the injection valve. In the stepwise

elution, after certain time of elution using the first solvent  The crude extract of Common Cnidium Fruitand HSCCC

system, the mobile phase was switched to the lower phasepeak fractions were each analyzed by HPLC. The analy-
of the second solvent. The effluent from the outlet of the ses were performed with a Polaris ODS column (250 mam

Analytical HSCCC HPLC analysis
a. solvent volume ratio (1: 1: 1: 1) peak 1
40 1
=3 3
g 0.4 g ® ‘ ,
8 =
8 0.2 2 0 10 20 30
c £ 15
© 1
5 00 , . . . Ev
§ 0.0 1.0 2.0 3.0 4.0 § e
Time (h) 5
10 20 30
. Time (min)
b. solvent volume ratio (5: 5: 6: 4)
1.0F
- peak 1 peak 2
g 0.8 150 1 20 2
3 Ewo 0
o6 &€°7 |
8 = 0 - o4 L
% 04 2 0 10 20 30 [} 10 20 30
a0 £
S = | 2
_8 02 g 50 500
<™ § . 250
= 0.—#-L'3 o \
0.0 \ ) 0 10 20 30 10 20 a0
0.0 T 1 O(h) 2.0 Time (min)
ime
c. stepwise elution
ratio(1: 1: 1: 1) | (5:5:6: 4) peak 1 peak 2
10¢ 1 2 1000 -
] ’g 10004
E o | 8 0
g 06k | EE 10 20 30 10 20 30
8 ' Awo 1 1506 2
S 04F | E 0 1000
<
£ l g | | e S
B 02F | 10 2 30 10 2 30
< | Time (min)
0.0 . ; 7
0.0 1 2. 3.0
Time (h)

Fig. 2. Optimization of stepwise elution mode using analytical HSCCC for separation of the crude extract of Common Cnidium Fruit. Solvent system:
n-hexane—ethyl acetate—methanol-water (1:1:1:1, v/v) (a), (5:5:6:4, viv) (b), and both systems in stepwise elution (c); stationary phag#aseganic
mobile phase: lower aqueous phase; flow-rate: 1.0 ml/min; revolution speed: 1800 rpm; sample: 8 mg dissolved in 1.0 ml lower phase. HPLC conditions:
a Polaris ODS column (250 mx 4.6 mm i.d.), column temperature: 35. Mobile phase: methanol-water (75:25, v/v), flow-rate: 1.0 ml/min, monitored

at 254 and 322nm by DAD. Peaks:=1 xanthotoxol, peak 2= osthol.
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4.6mm i.d.) at column temperature of 36. The mobile In order to achieve an efficient resolution of target
phase composed of methanol-water (75:25, v/v) was iso-compounds, a two-phase solvent system composed of
cratically eluted at a flow-rate of 1.0 ml/min and the effluent n-hexane—ethyl acetate—methanol-water was examined us-
monitored at 254 and 322 nm by DAD. ing analytical HSCCC by varying the mutual volume ratio,
Identification of the target compounds (osthol and xantho- since this solvent system has been successfully applied to
toxol) was based on MSH NMR; and'3C NMR spectra. various samples with a moderate degree of polarity. The
results are illustrated ikig. 2a—c
As seen inFig. 2g the separation using solvent ratio
3. Results and discussion (2:1:1:1) purified xanthotoxol (peak 1) from polar impuri-
ties while osthol is long retained in the column. On the other
As shown inFig. 1, the HPLC analysis of the crude extract hand, the use of the solvent ratio (5:5:6:4) completely sep-
of Common Cnidium Fruit shows several compounds where arated two target compounds in a short elution time, while
the purity of osthol in crude extract is 45% based on HPLC xanthotoxol (peak 1) was contaminated with unknown im-

peak area percentage. purities as shown irFig. 2h These results suggest that
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Fig. 3. Preparative HSCCC separation of the crude extract of Common Cnidium Fruit using stepwise elution with solvent systems 1 and 2. Solvent systerr

1: n-hexane—ethyl acetate—methanol-water (1:1:1:1, v/v), solvent systerhexane—ethyl acetate—methanol-water (5:5:6:4, v/v); stationary phase: upper

organic phase of solvent system 1; mobile phase: 400 ml lower aqueous phase of solvent system 1 and 420 ml lower aqueous phase of solvent system
flow-rate: 1.0 ml/min; revolution speed: 800 rpm; sample: 308 mg dissolved in 10 ml lower phase of solvent system 1. HPLC conditions: a Polaris ODS

column (250 mmx 4.6 mm i.d.), column temperature: 36. Mobile phase: methanol-water (75:25, v/v), flow-rate: 1.0 ml/min, monitored at 254 and
322nm by DAD. Peaks: £ xanthotoxol, 2= osthol.
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the combined use of these two solvents in stepwise elution Here it is worthwhile to discuss the advantage of the above
would provide an excellent purification of these two target stepwise elution applied in the present studies. As shown
compounds. This strategy was successfully demonstrated inn Fig. 23 one of target peaks with a much greater parti-
Fig. 2cwhere the crude extract was first eluted with the sol- tion coefficient will be retained in the column for a long
vent system with a volume ratio at 1:1:1:1 until the polar period of time. In this case the chromatographic condition
impurities were eluted out (see dotted lineRig. 29 fol- should be changed to facilitate elution of the retained peaks
lowed by the elution with the second solvent system with a without loss of peak resolution. In fact, the stepwise elu-
volume ratio at 5:5:6:4. In this way these two components tion in counter-current chromatography is an efficient way
were purified within 3 h as shown iRig. 2c to achieve this goal. However, this method needs a care-

This stepwise elution was applied for the preparative sep- ful choice of the second mobile phase so that the volume
aration of 308 mg of the crude extract of Common Cnidium of the stationary phase in the column should not be signif-
Fruit. As shown inFig. 3 the separation was started with icantly altered. This can be easily examined by mixing the
the solvent system 1 (1:1:1:1) and, after most of the polar stationary phase of the first solvent system with the mobile
impurities were eluted (3h and 20 min at the dotted line in phase of the second solvent system in a small graduated
Fig. 3), the mobile phase was switched to the lower phase of cylinder.
solvent system 2 (5:5:6:4). Then, xanthotoxol (peak 1) and The results of our studies demonstrated that stepwise
osthol (peak 2) were well resolved and eluted in less than counter-current chromatography is a useful method for the
7 h. This separation yielded 88.3 mg of osthol and 19.4 mg preparative separation of osthol and xanthotoxol from a
of xanthotoxol at a high purity of over 98% based on HPLC crude extract of Common Cnidium Fruit.
analysis.
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