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Abstract

The medicinal plantScutellaria baicalensisGeorgi has been used widely in traditional Chinese medicine for anti-inflammation, anticancer,
antiviral and antibacterial infections, reducing the total cholesterol level and decreasing blood pressures. A high-speed counter-current chro-
m , baicalein,
w l
a from 1.0
t e method
y 0 mg of
t espectively.
©

K

1

w
t
a
i
b
b
G
[
n
B
s
s
b

C) is
uid
ion of
s

ogo-
s
essful
ogo-
s

CC-
rma-

0
d

atography (HSCCC) method was developed for the preparative separation and purification of three bioactive flavonoids, namely
ogonin and oroxylin A, fromS. baicalensisGeorgi. Preparative HSCCC with a two-phase solvent system composed ofn-hexane–ethy
cetate–n-butanol–water (1:1:8:10, v/v/v/v) was successfully performed by increasing the flow-rate of the mobile phase stepwise

o 2.0 ml min−1 after 4 h. The components purified and collected were analyzed by high-performance liquid chromatography. Th
ielded 144.8 mg of baicalein at 95.7% purity, 50.2 mg of wogonin at 98.5% purity, and 12.4 mg of oroxylin A at 93.2% purity from 50
he crude extract in a one-step separation. The recoveries of baicalein, wogonin and oroxylin A were 92.7%, 91.6% and 92.5%, r
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. Introduction

Scutellaria baicalensisGeorgi is one of the most
idely used medicinal plants, and is officially listed in

he Chinese Pharmacopoeia. Its roots have been used for
nti-inflammation, anticancer, treating bacterial and viral

nfections, reducing the total cholesterol level and decreasing
lood pressures[1–3]. Baicalein, wogonin, oroxylin A and
aicalin are the main bioactive components ofS. baicalensis
eorgi [4,5]. Baicalein possesses anti-HIV[6], anti-tumor

7], antioxidant and free radical scavenging effects[8]. Wogo-
in has anti-respiratory syncytial virus[9], anti-hepatitis
virus [10], anti-tumor [7], antioxidant and free radical

cavenging effects[8]. Oroxylin A has anti-respiratory
yncytial virus activity [9]. The chemical structures of
aicalein, wogonin and oroxylin A are shown inFig. 1.

∗ Corresponding author. Tel.: +852 2299 0309; fax: +852 2299 0311.
E-mail address:sfchen@hkusua.hku.hk (F. Chen).

High-speed counter-current chromatography (HSCC
a unique liquid–liquid partition chromatography with a liq
stationary phase, which has been applied to the separat
a number of natural products[11–20]. Although baicalin ha
been purified fromS. baicalensisGeorgi by HSCCC[21],
preparative separation and purification of baicalein, w
nin and oroxylin A fromS. baicalensisGeorgi, however, ha
not been explored. The present paper describes succ
preparative separation and purification of baicalein, w
nin and oroxylin A from the crude extract ofS. baicalensi
Georgi by HSCCC.

2. Experimental

2.1. Apparatus

Preparative HSCCC was carried out with a Model C
1000 high-speed counter-current chromatograph (Pha
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Fig. 1. Chemical structure of baicalein, wogonin and oroxylin A.

Tech Research, Baltimore, MD, USA). The apparatus con-
sisted of three preparative coils, connected in series (inner
diameter of tube, 2.6 mm; total volume, 325 ml). The rev-
olution radius or the distance between the holder axis and
central axis of the centrifuge (R) was 7.5 cm, and theβ-value
varied from 0.47 at the internal terminal to 0.73 at the ex-
ternal terminal (β = r/Rwherer is the distance from the coil
to the holder shaft). The HSCCC system was equipped with
a Model Series II HPLC pump (Pharma-Tech Research), a
Model SPD-10Avp UV–vis detector (Shimadzu, Japan), a
Model L 120 E flat-bed recorder (Linseis, Germany), and a
sample injection valve with a 10 ml sample loop.

2.2. Reagents

All solutions were prepared with analytical grade com-
pounds. Reverse osmosis Milli-Q water (18 M�) (Millipore,
USA) was used for all solutions and dilutions. Ethyl acetate,
n-hexane,n-butanol, absolute ethanol, methanol and acetic
acid were obtained from BDH (Poole, UK).

The dried root ofS. baicalensisGeorgi was obtained from
Beijing Tong-Ren-Tang drug retail outlet in Hong Kong.

2.3. Preparation of crude extracts from S. baicalensis
Georgi
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various volume ratios. Each solvent mixture was thoroughly
equilibrated in a separatory funnel at room temperature and
the two phases were separated shortly before use.

The sample solution was prepared by dissolving the crude
sample in the solvent mixture of lower phase and upper phase
(1:1, v/v) of the solvent system used for separation because
the sample was not easily dissolved in either phase.

2.5. HSCCC separation procedure

In each separation, the coiled column was first entirely
filled with the upper phase (stationary phase), and then the
apparatus was rotated at 1000 rpm, while the lower phase
(mobile phase) was pumped into the column in the head-to-
tail elution mode at a flow-rate of 1.0 ml min−1. After the mo-
bile phase front emerged and hydrodynamic equilibrium was
established in the column, approximately 10 ml of the sample
solution containing 500 mg of the crude extract was injected
into the head of the column through the injection valve. Af-
ter 4 h, the flow-rate of the mobile phase was increased to
2.0 ml min−1. The effluent of the column was continuously
monitored with a UV–vis detector at 280 nm. Peak fractions
were collected according to the elution profile.

2.6. HPLC analysis
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Preparation of crude extracts was carried out accordi
he literature[4,22]. In brief, the dried roots ofS. baicalensi
eorgi were ground to powder. The powder (100 g) was

racted with 400 mln-hexane under sonication for 30 m
he mixture was filtered, and then the residue was

racted using ethyl acetate and ethanol for 30 min, res
ively (400 ml each time). The filtrate was combined, and
xtract was evaporated to dryness by rotary vaporization
esidue (12.35 g) was stored in a refrigerator for the su
uent HSCCC separation.

.4. Preparation of two-phase solvent system and
ample solution

In the present study, we selected a two-phase solven
em composed ofn-hexane–ethyl acetate–n-butanol–water a
The crude sample and each peak fraction obtaine
SCCC were analyzed by HPLC according to the litera

23]. The HPLC system used throughout this study cons
f two Waters 510 pumps (Waters, Milford, MA, USA)
ample injector (Rheodyne, Cotati, CA, USA) with a 20�l
oop, and a Waters 996 photodiode array detector. Ev
ion and quantification were made on a Millennium ch
atography data system (Waters). The column used w

eversed-phase Ultrasphere C18 column (250 mm× 4.6 mm
.d., 5�m, Beckman, Fullerton, CA, USA). The mobile ph
as methanol containing 1% acetic acid (solvent A)–w
ontaining 1% acetic acid (solvent B) in the gradient m
s follows: 0–15 min, 25–55% A; 15–18 min, 55–70%
8–26 min, 70% A; 26–28 min, 70–25% A. The flow-r
as 1.0 ml min−1, and the effluent was monitored at 280 n
he peak identification was based on the retention time

he UV spectrum against the standard. Routine sample
ulation was made by comparison of the peak area with
f the standard.

. Results and discussion

The crude extract obtained fromS. baicalensisGeorgi
as analyzed by HPLC, and the chromatogram is show
ig. 2. The contents of baicalein, wogonin and oroxylin
ere 29.9%, 10.8% and 2.5%, respectively.
In HSCCC, the selection of the two-phase solvent sy

s the most important for successful separation, and is als
ost difficult step; it is estimated that about 90% of the en
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Fig. 2. Chromatogram of the crude extract fromScutellaria baicalensis
Georgi by HPLC analysis. Conditions: column, reversed-phase Ultrasphere
C18 column (250 mm× 4.6 mm i.d., 5�m); mobile phase, methanol contain-
ing 1% acetic acid (solvent A)–water containing 1% acetic acid (solvent B)
in the gradient mode as follows: 0–15 min, 25–55% A; 15–18 min, 55–70%
A; 18–26 min, 70% A; 26–28 min, 70–25% A; flow-rate, 1.0 ml min−1; de-
tection at 280 nm.

work in HSCCC is spent on that. If only one component needs
to be separated from the others, the standard HSCCC method,
which uses a constant flow-rate of the mobile phase, could be
used. In order to separate more different compounds, step-
wise elution or stepwise increasing the flow-rate of the mobile

Fig. 3. Chromatogram of the crude extract fromScutellaria baicalensis
Georgi by HSCCC separation. Conditions: column, multilayer coil of 2.6 mm
i.d. PTFE tube with a total capacity of 325 ml; rotary speed, 1000 rpm; sol-
vent system,n-hexane–ethyl acetate–n-butanol–water (1:1:8:10, v/v/v/v);
mobile phase, lower phase (water phase); flow-rate, 0–4 h, 1.0 ml min−1 and
4–8 h, 2.0 ml min−1; detection at 280 nm; sample size, 500 mg; retention of
the stationary phase, 51%. The arrow indicates the flow-rate of the mobile
phase was increased stepwise from 1.0 to 2.0 ml min−1 after 4 h.

phase might be adopted[24–26]. Preliminary HSCCC exper-
iments were carried out with the two-phase solvent system
composed ofn-butanol–ethyl acetate–water at a volume ratio
of 2:3:5. Although baicalein could be separated from other

F
p
(
d

ig. 4. HPLC chromatograms of baicalein, wogonin and oroxylin A purified
hase Ultrasphere C18 column (250 mm× 4.6 mm i.d., 5�m); mobile phase, met
solvent B) in the gradient mode as follows: 0–15 min, 25–55% A; 15–18 min,
etection at 280 nm.
fromScutellaria baicalensisGeorgi by HSCCC. Conditions: column, reversed-
hanol containing 1% acetic acid (solvent A)–water containing 1% acetic acid
55–70% A; 18–26 min, 70% A; 26–28 min, 70–25% A; flow-rate, 1.0 ml min−1;
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compounds, it was difficult to purify wogonin and oroxylin A.
In the subsequent studies, another two-phase solvent system
was investigated.

A two-phase solvent system composed ofn-hexane–n-
butanol–ethanol–water at a volume ratio of 3:7:1:9 was first
evaluated. It was, however, very difficult to purify target com-
pounds from the crude extract, because the time they were
retained in the column was short. Subsequently, a two-phase
solvent system composed ofn-hexane–ethyl acetate–n-
butanol–ethanol –water at a volume ratio of 1:1:8:1:9 was
tested. Although the peak resolution was improved, and
baicalein could be separated from other components, it
was difficult to purify wogonin and oroxylin A. With the
two-phase solvent system composed ofn-hexane–ethyl
acetate–n-butanol–water at a volume ratio of 1:1:8:10, the
peak resolution was improved, but oroxylin A was retained
in the column for a long period of time (10 h). Finally, the
method with stepwise increasing the flow-rate of the mobile
phase was attempted with this two-phase solvent system. That
is, the flow-rate of the mobile phase was kept at 1.0 ml min−1

before 4 h, and subsequently increased to 2.0 ml min−1 after
4 h. The separation of the target compounds was achieved
with good peak resolution, and the retention of the stationary
phase was satisfactory (about 51%). After baicalein, wogonin
and oroxylin A were eluted out, in order to save solvents and
time, the remaining compounds in the column were removed
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tion and purification of bioactive components from medicinal
plants.
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