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Abstract

High-speed counter-current chromatography was applied to the isolation and purification of salvianolic acid B from the
Chinese medicinal plant Salvia miltiorrhiza Bunge. The crude salvianolic acid B was obtained by extraction with
ethanol—water from S. miltiorrhiza Bunge. Preparative high-speed counter-current chromatography with a two-phase solvent
system composed of n-hexane—ethyl acetate—ethanol—water (3:7:1:9, v/v) was successfully performed yielding 342 mg
salvianolic acid B at 98% purity from 500 mg of the crude extract in a one-step separation. [ 2002 Elsevier Science BV.

All rights reserved.

Keywords: Salvia miltiorrhiza; Counter-current chromatography; Preparative chromatography; Plant materials, Salvianolic

acids

1. Introduction

Dan-shen, the dried roots of Salvia miltiorrhiza
Bunge, has been used widely in traditional Chinese
medicine for the treatment of various kinds of
disorders such as coronary artery disease and angina
pectoris [1,2]. The effective components of the roots
could be classified as lipid-soluble and water-soluble.
The lipid-soluble components are mainly tanshinones
(diterpenoid quinones) while the water-soluble ones
are mainly phenolic compounds. Recently, much
attention has been paid to the pharmacological
activities of the water-soluble phenolic compounds
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[3-5]. Among these phenolic compounds, salvianaolic
acid B (lithospermic acid B) exhibits endothelium-
dependent vasodilation in the aorta and may be
useful in the treatment of hypertension while mag-
nesium salvianolic acid B has a potent hepato-
protective activity and shows an improved effect on
uremic symptoms [6-9]. The chemical structure of
salvianolic acid B is shown in Fig. 1.

High-speed  counter-current  chromatography
(HSCCC) is a unique liquid—liquid partition chroma-
tography that uses no solid support matrix and the
stationary phase is immobilized by centrifugal force.
Therefore, it eliminates irreversible adsorptive loss
of samples on to the solid support matrix used in the
conventional chromatographic column, and is very
suitable for separation and purification of active
components from traditional Chinese medicinal herbs
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Fig. 1. The chemica structure of salvianolic acid B.

and other natural products [10—17]. The method has
also been applied to the separation and purification
of the lipid-soluble components, tanshinones from
the herbal medicine S. miltiorrhiza [18,19]. How-
ever, no report has been published on the use of
HSCCC for the isolation and purification of the
water-soluble components from the plant. The pur-
pose of this study, therefore, was to develop a
method for the isolation and purification of sal-
vianolic acid B, the important water-soluble com-
pound from the Chinese medicina plant S. miltiorrh-
iza Bunge by HSCCC.

2. Experimental

2.1. Apparatus

Preparative HSCCC was carried out with a Model
CCC-1000 high-speed counter-current chromato-
graph (Pharma-Tech Research, Batimore, MD,
USA). The apparatus consisted of three preparative
coils, connected in series (diameter of tube, 2.6 mm;
total volume, 325 ml). The revolution radius or the
distance between the holder axis and central axis of
the centrifuge (R) was 7.5 cm, and the B-value
varied from 0.47 at the internal termina to 0.73 at
the external terminal (8=r/R wherer isthe distance
from the coil to the holder shaft). The HSCCC
system was equipped with a Model Series Il HPLC
pump (Pharma-Tech Research Corp., USA), 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 20-ml sample
loop.

2.2. Reagents

All solutions were prepared with analytical grade
compounds. Reverse osmosis Milli-Q water (18 M())
(Millipore, USA) was used for al solutions and
dilutions. Ethyl acetate, n-hexane, ethanol, methanol
and formic acid were obtained from BDH (Poole,
UK). Salvianalic acid B was obtained as a gift from
Dr Y.M. Xu (Shanghai Institute of Materia Medica,
Academia Sinica, Shanghai, China).

The dried roots of S. miltiorrhiza Bunge were
purchased from a local drug store.

2.3 Preparation of crude salvianolic acid B from
S miltiorrhiza Bunge

Preparation of crude salvianolic acid B was carried
out according to the literature [20]. In brief, the dried
roots of S miltiorrhiza Bunge were ground to
powder. The powder (100 g) was extracted with 300
ml of 60% aqueous ethanol for 2 h. The mixture was
filtered, then the residue was extracted with 300 ml
of 30% aqueous ethanol for 2 h. Finaly, the residue
was extracted with 300 ml of water for 2 h. The
filtrate was combined, and was extracted with n-
hexane (150 mlIX2). After two phases were sepa-
rated with a separatory funnel, the organic phase was
evaporated to dryness by rotary vaporization at 40°C
to recover tanshinones, and the water phase was
evaporated to about 100 ml at 60°C to remove
ethanol. The concentrated liquid was diluted to about
500 ml with water, and was extracted with chloro-
form (100 mIx2) to remove fat-soluble compounds.
After two phases were separated, the pH value of the
water phase was adjusted to 2 with 10% hydrochloric
acid. Then, the water phase was extracted with ethyl
acetate (100 mlx3). After the two phases were
separated, the organic phase was evaporated to
dryness at 50°C, and the residue (5.425 g) was stored
in a refrigerator for the subsequent HSCCC sepa-
ration.

2.4. Preparation of two-phase solvent system and
sample solution

In the present study, we selected a two-phase
solvent system composed of n-hexane—ethyl acetate—
ethanol—water at various volume ratios. Each solvent
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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 lower phase of the solvent
system used for separation.

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 at a flow-rate of 2.0 ml
min~ . After the mobile phase front emerged and
hydrodynamic equilibrium was established in the
column, about 20 ml of the sample solution con-
taining 500 mg of the crude salvianolic acid B was
injected through the injection valve. 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

The crude sample and each peak fraction obtained
by HSCCC were analyzed by HPLC according to the
literature [21]. The HPLC system used throughout
this study consisted of a Waters 510 pump (Waters,
Milford, MA, USA), a sample injector (Rheodyne,
Cotati, CA, USA) with a 20-pl loop, and a Waters
996 photodiode array detector. Evaluation and
quantification were made on a Millenium chromatog-
raphy data system (Waters, Milford, MA, USA). The
column used was a reversed-phase Ultrasphere C,
column (250X4.6 mm I.D., 5 wm, Beckman, Fuller-
ton, CA, USA). The mobile phase was solvent A
(methanol—water—formic acid, 14:85.2:0.8, v/v) and
solvent B (methanol—water, 65:35, v/v) in gradient
mode as follows: 0% of B for 2 min; a linear
gradient from 30 to 45% of B for 8 min. The
flow-rate was 1.0 ml min™*, and the effluent was
monitored at 280 nm.

3. Results and discussion

Fig. 2A shows the HPLC analysis of the crude
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Fig. 2. (A) Chromatogram of crude salvianolic acid B from S
miltiorrhiza Bunge by HPLC analysis;, A, salvianolic acid B.
Conditions: column: reversed-phase Ultrasphere C,, column
(250x4.6 mm |.D., 5 pm); mobile phase: solvent A (methanol—
water—formic acid, 14:85.2:0.8, v/v) and solvent B (methanol—
water, 65:35, v/v) in gradient mode; flow-rate: 1.0 ml min™%;
detection: 280 nm; loaded amount, 100 ng. (B) Chromatogram of
crude salvianolic acid B from S. miltiorrhiza Bunge by HSCCC
separation; A, salvianolic acid B. Conditions: column: multilayer
coil of 2.6 mm |.D. PTFE tube with a total capacity of 325 ml;
rotary speed: 1000 rpm; solvent system: n-hexane—ethyl acetate—
ethanol—water (3:7:1:9, v/v); mobile phase: lower phase (water
phase); flow-rate: 2 ml min~*; detection: 280 nm; sample size:
500 mg; retention of the stationary phase: 57%. (C) HPLC
chromatogram of salvianolic acid B purified by HSCCC from S.
miltiorrhiza Bunge. Conditions: column: reversed-phase Ultra-
sphere C,; column (250Xx4.6 mm 1.D., 5 um); mobile phase:
solvent A (methanol—water—formic acid, 14:85.2:0.8, v/v) and
solvent B (methanol—water, 65:35, v/v) in gradient mode; flow-
rate: 1.0 ml min~"; detection: 280 nm; loaded amount, 70 ng.
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salvianolic acid B from S. miltiorrhiza Bunge. Peak
A corresponds to salvianolic acid B.

Preliminary HSCCC studies were carried out with
the two-phase solvent system composed of n-
butanol —ethyl acetate—water. It required a long elu-
tion time to elute salvianolic acid B with the two-
phase solvent system at a volume ratio of 1:1:2 (data
not shown). As shown in Table 1, the K (partition
coefficient) value of salvianolic acid B in the two-
phase solvent system composed of n-butanol—ethyl
acetate—water was too large. Thus, the two-phase
solvent system composed of n-butanol—ethyl ace-
tate—water was not suitable for the separation of
salvianolic acid B from plant. Consequently, another
two-phase solvent system was then tested.

It also required a long elution time to elute
salvianolic acid B with the two-phase solvent system
composed of n-hexane—n-butanol—ethanol —water at
various volume ratios (3:7:1:19 and 3:7:2:8). As
shown in Table 1, the K values of salvianolic acid B
in the two-phase solvent system composed of n-
hexane—n-butanol—ethanol—water were aso too
large. Thus, the two-phase solvent system composed
of n-hexane—n-butanol—ethanol—water was also not
suitable for the separation of salvianolic acid B from
plant. In subsequent studies, another two-phase
solvent system was thus tested.

Performance of the two-phase solvent system
composed of n-hexane—ethyl acetate—ethanol—water
at various volume ratios (4:6:2:8, 3:7:1:9 and
3:7:2:8) was evauated in terms of peak resolution. It
was very difficult to separate salvianolic acid B from
other substances with the two-phase solvent system
a a ratio of 4:6:2:8 (data not shown). When the
two-phase solvent system at a ratio of 3:7:1:9 was
used, the peak resolution were satisfactory, and the
retention of the stationary phase was also very good

Table 1
The K (partition coefficient) values of salvianolic acid B in several
solvent systems

Solvent system K

n-Butanol—ethyl acetate—water (1:1:2) 3.28
n-Hexane—n-butanol —ethanol —water (3:7:1:9) 4,16
n-Hexane—n-butanol —ethanol —water (3:7:2:8) 357
n-Hexane—ethy| acetate—ethanol —water (4:6:2:8) 0.92
n-Hexane—ethyl acetate—ethanol—water (3:7:1:9) 1.25
n-Hexane—ethy| acetate—ethanol —water (3:7:2:8) 1.05

(about 57%). When the two-phase solvent system at
aratio of 3:7:2:8 was also tested, the peak resolution
was poor. Fig. 2B shows the preparative HSCCC
separation of 500 mg of crude sample using the
solvent system composed of n-hexane—ethyl acetate—
ethanol—water (3:7:1:9, v/v). After salvianolic acid
B was eluted, in order to save solvents and time, the
remaining compounds in the column were removed
by pumping out the stationary phase instead of
eluting them with the mobile phase because the
stationary phase was not to be reused. HPLC analy-
sis of each peak fraction of this preparative HSCCC
revealed that salvianolic acid B corresponding to
peak A was over 98% pure. The yield of salvianolic
acid B was 342 mg. The HPLC chromatogram of
salvianolic acid B as purified from the preparative
HSCCC is shown in Fig. 2C.

The K-values of salvianolic acid B in severa
solvent systems were measured according to the
literature [22], and are given in Table 1.

In conclusion, HPCCC was successfully used for
the isolation and purification of salvianolic acid B
from S miltiorrhiza Bunge, and yielded 342 mg
salvianolic acid B at 98% purity from 500 mg of the
crude extract in a one-step separation.
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