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INTRODUCTION

Traditional herbal medicines (THM) are one of the most
comprehensive, well-documented folk medicines in human history.
Many oriental countries have used THM to treat many kinds of
diseases and maintained health since ancient times. The Coptis
chinensis Franch rhizome is a traditional Korea and Chinese
medicine with anti-inflammatory, anti-bacterial, anti-hypertensive
and anti-cancer properties. C. chinensis contains numberous pro-
toberberine alkaloids such as berberine, magnoflorine, coptisine,
palmatine, worenine and epiberberine (Seneviratne et al. 2007,
Min et al. 2008; Yin et al. 2009).

In general, a large amount of purified compound is required
to assess the effectiveness and to perform safety tests. The general
strategy for target compounds involves the use of solid support
column chromatography, silica gel, and an octadecyl (C18) silica
(ODS) gel column. However, silica gel strongly absorbs highly

polar compounds and sometimes reacts adversely with the sam-

ple, whereas ODS is a relatively expensive gel for general
use.

During centrifugal partition chromatography (CPC), the stationary
phase is held in partition cells by centrifugal forces, and parti-
tioning occurs because the mobile phase takes the form of
minute droplets that pass through the stationary phase (Poucault
AP 1994). As this technique does not require an absorbent such
as silica gel, it can be applied to a wide range of compounds,
from those with high polarity to low polarity and from those
with low molecular weight to polymers of high molecular weight
(Osamu et al. 2008). The method does not entail any sample
loss, does not involve adsorption of compounds that may be
unstable, does not require special sample pretreatment and allows
the compound to be separated even from a crude extract (Kim
et al. 2006; KIm et al. 2007; Kim et al. 2010).

In this report, in order to obtain large amount of berberine
from crude extract of Rhizome of Coptis chinensis the prepa-

rative isolation of berberine was performed by CPC.
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MATERIALS AND METHODS

1. Apparatus

Preparative CPC was performed using a LLB-M high per-
formance CPC (Sanki Instruments Ltd, Tokyo, Japan). The CPC
system was equipped with a 321 pump (Gilson, France), and
UV-VIS detector (S-3702 Soma, Japan), a fraction collector (FC-
203B, Gilson, France) and a 1 m{ sample loop. The analytical
high performance liquid chromatography (HPLC) system consisted
of a binary Gilson 305 pump, a UV detector (M720 Youngin,
Seoul, south Korea), and a 506C interface module (Gilson).
Nuclear magnetic resonance (NMR) (300 MHz for 'H-NMR and
225 MHz “C NMR) spectra were measured in methanol-D4
(MeOD:99.9%) using a Bruker Biospin DSX-300 spectrophotometer
(Bruker, Billerica, MA, USA) and mass spectra and the molecular
weight of the compound were measured by positive Electrospray
inoization mass spectroscopy (ESI-MS) (Applied Biosystems, Foster
City, CA, USA) provided by the Korea Basic Science Institute

(Dagjeon, south Korea).

2. Crude Extract Sample Preparation

Dried Coptis chinensis thizome was obtained from a Wonju
Oriental medicine market (Kwangwon Province, Korea). Dried
rhizome (200 g) was extracted with 2 { of 80% methanol for
48 hr. The extract was concentrated in a rotary vacuum
evaporator to obtain the crude extract (25 g). The extract was
dissolved in 100 m¢ water and then extracted with butanol. A
portion of the residue obtained upon evaporation of the butanol

was dissolved lower layer of the solvent system of CPC system.

3. CPC Separation Procedure

A two phase solvent system was composed of n-butanol:acetic
acid:water (4:1:5). The solvent mixture was mixed vigorously in
a separatory funnel and equilibrated at room temperature to
obtain the upper and lower phases. The lower phase (stationary
phase:aqueous phase) of the two phase solvent system was
pumped into partition cells in the ascending mode at a flow rate
of 15 m¢/min without rotation. When all cells were completely
filled with the stationary phase, the upper phase was pumped at
a flow rate of 3 m{/min and a rotor speed of 1,000 rpm. After
equilibrium was established, as indicated by the glow of mobile
phase solvent from the CPC system outlet, a water sample (324
mg) solution was injected into the CPC system (Poucault AP.

1994). The eluate was monitored at 321 nm and each fraction

A=A Fetal

was collected in an 8 ml/tube with a Gilson FC 203B fraction

collector.

5. HPLC Analysis

The CPC-separated fraction and crude extract were analyzed
by HPLC. A J'sphere ODS-H80 column (4 ym particle size, 120
A, 150x4.6 mm, YMC Co. Ltd., Tokyo, Japan) was used. The
mobile phase was composed of 15-50% acetonitrile in 0.1%
aqueous trifluoroacetic acid (TFA) in a gradient system. The
flow rate was 1 m{/min with UV absorbance detection at 321
nm. Preparative-HPLC was performed using reversed phase
column (Gemini 5 gm, 110 A, 100x21.28 mm, Phenomenex,
Torrance, CA, USA) with 30% acetonitrile in 0.1% aqueous
TFA on the flow rate of 4 mé/min at 321 nm.

RESULTS AND DISCUSSION

Successful separation by CPC depends on the selecting the
optimum two phase solvent system. A CPC method was applied
to purify berberine on a preparative scale as large amounts of
the pure compound are required to evaluate the pharmacological
activities.

Initially, the 80% Coptis chinensis methanol extract was
concentrated in vacuo at 50°C. The mother liquor was extracted
with butanol. A portion of the residue obtained upon evaporation
of the butanol was dissolved in the lower layer of the solvent
system and then pumped into the column initially at 3 ml/min.
The crude methanol extract was purified by the procedure

summarized in Fig. 1.

Rhizome of Coptis chinensis (200 g)

| < extracted 2L 80% methanol
Evaporation

| < extracted 100 m{ n-butanol
Evaporation (25 g)

l
Preparative CPC

| < n-butanol/ acetic acid/ water

} (#1:5), 3 ml/min, 1,000 pm
Evaporation (28.5 mg)

prep-HPLC
} < eluated with 30% acetonitrile
Yellow powder (11.8 mg)
Fig. 1. Purification scheme of the Copfis chinensis methanol
extract.
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1. Selection of a Two-phase Solvent System

Successful separation of the target compound using CPC
depended on a suitable solvent system to provide an ideal range
of partition coefficients. Any change in the mobile phase com-
position is likely to change the stationary phase composition or
volume in two-phase solvent system. In general, several factors
must be considered for a suitable solvent selection, including a
satisfactory retention of the stationary phase, a short setting time
of the solvent system, and a partition coefficient (K) of the target
compound of 0.2 and 2 (Kim et al. 2006; Cheong et al. 2007).
If the K value is small, excessive sample band broadening can
occur and an excessive volume of mobile phase and time are
required to complete the CPC run. In contrast, too large a K
value can result in poor peak resolution.

We examined a broad range of CPC-compatible solvent sys-
tems to choose a suitable solvent system and their K values were
measured.

As a result of the berberine partitioning behavior, two-solvent
systems composed of n-butanol:water (5:5), n-butanol:isopropanol:
water (4:1:5) and n-butanol:acetic acid:water (4:1:5) showed
favorable partitioning values of K=0.21, 0.30 and 0.9, respec-
tively, between the two layers (Table 1).

2. CPC Separation

Table 1. The K (partition coefficient) values of berberine
in the two-phase solvent systems
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Fig. 2. Preparative centrifugal partition chromatography
(CPC) separation of the methanol Coptis chinensis extracts.
Solvent system: n-butanol/acetic acid/water(4:1:5), flow rate
3 ml/min, rotation speed: 1,000 rpm, Detection: 321 nm.

Coptis chinensis extract (324 mg) was separated and purified
by CPC with an n-butanol:acetic acid:water(4:1:5) solvent system.
As shown in Fig. 2, the fractions were collected for about 180
min and were as group A, B, and C.

The separated fractions were analyzed by HPLC, and the
results indicated that the extract contained several compounds
including berberine (retention time 12.8 min) and some unknown
compounds. Fig. 3 shows typical HPLC profiles of CPC sepa-
rated fractions.

As expected from the results of fractionating the Coptis
chinensis extract, a berberine was in group a, which eluted first.
The yield isolated from 324 mg of the original extract in the
one-step CPC separation was 28.5 mg. All fractions in this peak
collected, concentrated, and finally subjected to purification by

preparative HPLC. This step was only used to remove impurities.
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Solvent system Volume ratio K value
n-Butanol : water 5:5 0.21
n-Butanol : iso-butanol : water 4:1:5 0.30
n-Butanol : acetic acid : water 4:1:5 0.90
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Fig. 3. Centrifugal partition chromatography (CPC) chromatogram of a Copftis chinensis methanolic extract together with
the HPLC chromatograms of CPC peak fractions A, B and C. Column: J'sphere ODS-H80, 4 um particle size, 120 A,
150x4.6 mm, YMC Co. Ltd., Elution solvent; 0-3 min 18% acetonitrile, 3-10 min 18-50% acetnitrile in 0.1% aqueous Trifluoro
acetic acid (TFA) in gradient system. Elution time; 20 min, Detection; 321 nm
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3. Structural Elucidation of Berberine
These spectral data were well in agreement with published
berberine NMR and MS spectra (Fig. 4-6) (Chen et al. 2008; Min
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Fig. 4. "H-nuclear magnetic resonance (NMR), BC-NMR
spectrum.
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Fig. 5. Electrospray inoization mass spectroscopy (ESI-MS)
chromatograms.

Fig. 6. Berberine structure.
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et al. 2008; Li et al. 2009; Deevanhxay et al. 2009).

Berberine: ESI-MS nv/z: 336.1184 (M"), IH-NMR (900 MHz,
MeOD): & 9.75 (1H, s, H-8), 8.69 (1H, s, H-13), 8.10 (1H, d,
H-11), 7.98 (1H, d, H-12), 7.64 (1H, s, H1), 6.94 (1H, s, H-4),
6.09 (2H, s, OCH:0), 4.91 (2H, t, H-6), 4.18 (3H, s, 9-OCHs),
4.09 (3H, s, 10-OCH3), 3.24 (2H, t, H-5).

PC-NMR (225 MHz, MeOD): 8 151.0 (C-10), 150.8 (C-3),
148.7 (C-2), 144.6 (C9), 145.2 (C-8), 138.5 (C-13a), 134.0 (C-12a),
130.7 (C4a), 126.8 (C-11), 123.3 (C-12), 122.1 (C-8a), 120.7
(C-13b), 120.3 (C-13), 1082 (C4), 105.3 (C-1), 102.5 (OCH0),
61.3 (C-9, OCHs), 56.4 (C-10, OCHs), 56.0 (C-6), 28.3 (C-5).

The results of this study demonstrate that CPC is a useful

method for the preparative of berberine from Coptis chinensis.

SUMMARY

Coptis chinensis Franch rhizome is one of the important
traditional Korea medicines with anti-inflammatory, anti-bacterial,
anti-hypertensive and anti-cancer properties. The methanol extract
of rhizome from the Coptis chinensis rhizome was purified by
using preparative centrifugal partition chromatography (CPC) and
HPLC method. The optimum two-phase CPC solvent system was
composed of n-butanol:acetic acid:water at a ratio of 4:1:5. Berberine
(16.8 mg) was successfully isolated by CPC and HPLC. The
chemical structure of the compound was identified by (1 H)'H,
BC-NMR and ESI-MS spectral data analysis.
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