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Isolation and purification of four flavonoid constituents from the flowers
of Paeonia suffruticosaby high-speed counter-current chromatography
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Abstract

Four flavonoids, apigenin-7-O-neohesperidoside, luteolin-7-O-glucoside, apigenin-7-O-glucoside and kaempferol-7-O-glucoside have been
isolated and purified for the first time from the flowers ofPaeonia suffruticosaby high-speed counter-current chromatography with a two-
phase solvent system composed of ethyl acetate–ethanol–acetic acid–water (4:1:0.25:5, v/v). Then, 5 mg apigenin-7-O-neohesperidoside,
4 mg luteolin-7-O-glucoside, 9 mg apigenin-7-O-glucoside and 2.5 mg kaempferol-7-O-glucoside could be obtained after injecting 40 mg
sample and their purities were 94, 97, 97 and 96%, respectively. All these constituents were identified by mass spectrometry and nuclear
magnetic resonance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The flowers ofPaeonia suffruticosa Andr. (P. suffruticosa
Andr.) are used in Chinese folk medicines for the treatment
of diseases related mainly to irregular menstruation and
dysmenorrhea[1,2]. Our preliminary investigation by TLC
using authentic standards led to the detection of flavonoids
with antioxidant activity in the polar extracts of the flowers
of P. suffruticosa Andr. [3]. In order to provide a better
understanding of the pharmacological function and further
exploit the important plant resource, isolation and structure
elucidation of the lead structures is essential. We herein
report an efficient method for the preparative isolation
and purification of four flavonoids fromP. suffruticosa
Andr. by HSCCC followed by the identification of these
components using high-performance liquid chromatogra-
phy (HPLC)–electrospray ionization mass spectrometry
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(ESI-MS), electron ionization mass spectrometry (EI-MS)
and nuclear magnetic resonance (NMR).

2. Experimental

2.1. Reagents

Organic solvents including ethanol, hexane,n-butanol,
acetone, ethyl acetate, and methanol were all of analytical
grade and were purchased from Guangcheng Chemical Fac-
tory, Tianjin, China. Methanol used for HPLC analysis was
of chromatographic grade and purchased from Siyou Tianjin
Chemical Factory, Tianjin, China.

2.2. Preparation of crude sample

Flowers ofP. suffruticosa Andr. were collected in Heze
(China) during the late spring of 2003. The fresh flowers
(5 kg) of P. suffruticosa Andr. were extracted three times
with 95% aqueous ethanol (25 l). Then, the extract was com-
bined and evaporated to dryness under reduced pressure,
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which yielded 125 g of residue. Then, 110 g of the residue
was dissolved with 2 l water. After filtration, the aqueous so-
lution was extracted three times with 5 l of water-saturated
light petroleum (b.p. 60–90◦C) and ethyl acetate successively
which yielded 15 g of light petroleum extract and 26 g of ethyl
acetate extract after being combined and evaporated to dry-
ness under reduced pressure. Twenty grams of ethyl acetate
extract was further subjected to polyamide chromatography
(400 g of polyamide, Taizhou Chemical Factory, Zhejiang,
China) by eluting stepwise with aqueous ethanol (0, 30, 60
and 90%, v/v) to obtain four fractions. Fraction two (30%
aqueous ethanol) was evaporated to dryness under reduced
pressure and yielded 850 mg of yellow powder. Portions of
this partially purified sample ofP. suffruticosa Andr. flowers
was subjected to HSCCC.

2.3. HSCCC separation procedure

Preparative HSCCC was carried out using a Model
GS10A-2, with a multilayer coil of 1.6 mm I.D. and 110 m
in length with a total capacity of 230 ml. Theβ values of this
preparative column range from 0.5 at internal to 0.8 at the
external (β = r/R, wherer is the rotation radius or the distance
from the coil to the holder shaft, andR is the revolution
radius or the distances between the holder axis and central
axis of the centrifuge) (Beijing Institute of New Technology
Application, Beijing, China). The solvent was pumped into
the column with a Model NS-1007 constant-flow pump
(Beijing Institute of New Technology Application, Beijing,
China). Continuous monitoring of the effluent was achieved
with a Model 8823A-UV Monitor (Beijing Institute of
New Technology Application, Beijing, China) at 254 nm.
A manual sample injection valve with a 10 ml loop (for the
preparative HSCCC) (Tianjin High New Science Technology
Company, Tianjin, China) was used to introduce the sample
into the column. A portable recorder (Yokogawa Model
3057, Sichuan Instrument Factory, Chongqing, China) was
used to draw the chromatogram.

In each separation, the multiplayer coiled column was
first filled entirely with the upper organic phase as the sta-
tionary phase. Then, the lower aqueous phase was pumped
into the head end of the column at a suitable flow-rate of
1.5 ml/min for Model GS10A-2, while the apparatus was ro-
tated at a speed of 800 rpm. After hydrodynamic equilibrium
was reached, as indicated by a clear mobile phase eluting
from the tail outlet, the sample solution was injected through
the injection valve. The effluent from the tail end of the col-
umn was continuously monitored by UV detection at 254 nm,
and the peak fractions were collected according to the chro-
matogram.

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

The selected solvent system was thoroughly equilibrated
in a separation funnel by repeatedly vigorously shaking at

room temperature. The two phases were separated shortly
prior to use. The aqueous phase was used as the mobile phase,
while the organic phase was used as the stationary phase. The
sample solution was prepared by dissolving the crude sample
in the mixture solution of organic phase and aqueous phase
(1:1, v/v) of the solvent system used for HSCCC separation.

2.5. HPLC analyses and identification of HSCCC
fractions

The HPLC system used throughout this study consisted of
a Waters 660 pump, a Waters 660 controller (Waters, USA),
a sample injector (Rheodyne, USA) with a 10�l loop, and a
Waters 996 photodiode array detector. Evaluation and quan-
tification were made on a Millenium32 workstation (Waters).

The crude sample and each purified fraction from the
preparative HSCCC separation were analyzed by HPLC with
a Shim-pack VP-ODS column (250 mm× 4.6 mm, I.D.) at
280 nm and column temperature of 25◦C. The mobile phase,
a solution of methanol and 0.05% formic acid (50:50, v/v),
was set at a flow-rate of 1 ml/min. The effluent was monitored
by a photodiode array detector.

The identification of HSCCC peak fractions was carried
out, respectively, by EI-MS on an Agilent 5973N mass spec-
trograph, by LC–ESI-MS on an Agilent 1100/MSD and by
1H and13C NMR spectra on a Varian NMR spectrometer.

3. Results and discussion

3.1. HSCCC separation

Successful separation by HSCCC largely depends upon
the selection of a suitable two-phase solvent system, which
provides an ideal range of the partition coefficient (K) for the
targeted sample[4–6]. SmallK values usually result in a poor
peak resolution, while largeK values tend to produce exces-
sive sample band broadening[7–9]. In this case, theK value
was determined after partitioning the sample between the
two solvent phases, and aliquots of the upper and lower lay-
ers were analyzed by HPLC. From these two chromatograms,
theK value of each component was determined by computing
the ratio of the peak areas between the corresponding peaks.
Several two-phase solvent systems were tested and theirK
values were measured and summarized inTable 1.

First, the two-phase solvent systems of ethyl
acetate–n-butanol–ethanol–water (3:0.6:1:5, v/v) andn-
butanol–ethanol–water (4:1:5, v/v) were used. However, the
resultedK values were too high and target compounds needed
long time to elute and resulted in a poor resolution. Then the
two-phase solvent system of ethyl acetate–methanol–water
(5:1.5:5, v/v) and ethyl acetate–methanol–acetone–water
(5:1:0.5:5, v/v) were employed, which resulted suitableK
values, but the retention of the stationary phase were small
(about 25 and 28%, respectively). When the two-phase sol-
vent system was changed into ethyl acetate–ethanol–acetic
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