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Abstract

High-speed counter-current chromatography (HSCCC) was applied to the isolation and purification of geniposide fromGardenia jasminoides
E ,
v sed of ethyl
a 38.9%
r
©

K

1

f
p
p
o
m
g
c
l
a
c
c
e
a
m

n in

and
may
d of
rt of
low
g-

ation

), a
ue,

solid
ation
b-
tion

sepa-
fied

0
d

llis. Analytical HSCCC was used for the preliminary selection of a suitable solvent system composed of ethyl acetate–n-butanol–water (2:1:3
/v/v). According to the above solvent system, preparative HSCCC was successfully performed with the optimal solvent system compo
cetate–n-butanol–water (2:1.5:3, v/v/v) yielding 389 mg of geniposide at over 98% purity from 1 g of the partially purified extract with
ecovery in a one-step separation.
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. Introduction

Geniposide is one of the major iridoid glucosides in the
ruit of Gardenia jasminoides Ellis, which has been reported to
ossess anti-inflammatory activity[1], activity against tumor-
romoting 12-O-tetradecanoyl-phorbol-13-acetate (activation
f protein kinase C)[2,3], and which has been used for treat-
ent of a liver disorder (inhibition of P450-3A monooxy-
enase)[4]. Some authors[5–7] also found that geniposide
ould promote collagen synthesis in false-aged rats, stimu-
ate the proliferation of endothelial cells but, interestingly, also
ct as a cross-linking agent with low cytotoxicity and bio-
ompatibility. Further studies on pharmacological and clini-
al effects of geniposide necessitate the development of an
fficient preparative separation method of these drugs. Such
method will also facilitate quality control and improve-
ent of the quality of existingGardenia jasminoides Ellis
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products. The chemical structure of geniposide is show
Fig. 1.

At present, geniposide is commercially purified fromGar-
denia jasminoides by several steps such as crystallization
chromatography. However, those conventional methods
encounter various problems. For example, the compoun
interest is often strongly adsorbed onto the solid suppo
conventional silica gel column chromatography resulting in
recoveries[8–11]. Existing high-performance liquid chromato
raphy (HPLC) methods are not suitable for large-scale isol
of geniposide.

High-speed countercurrent chromatography (HSCCC
support-free liquid–liquid partition chromatographic techniq
eliminates irreversible adsorption of the sample onto the
support[12], and has been widely used in preparative separ
of natural products[13–15]. However, no report has been pu
lished on the use of HSCCC for the isolation and purifica
of the highly bioactive geniposide, in particular, fromGardenia
jasminoides.

The present paper describes the successful preparative
ration and purification of geniposide from the partially puri
021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of geniposide.

extract ofGardenia jasminoides by high-speed countercurrent
chromatography.

2. Experimental

2.1. Apparatus

The analytical HSCCC instrument employed in the present
study is a Model TBE-60A analytical high-speed countercur-
rent chromatograph (Tauto Biotechnique Company, Shanghai,
China) with three multilayer coil separation column connected
in series (i.d. of the tubing = 1.6 mm, total volume = 60 ml) and
a 10 ml sample loop.

The preparative HSCCC instrument employed in the presen
study is a Model TBE-1000A preparative high-speed counter-
current chromatograph (Tauto Biotechnique Company, Shang
hai, China) with three multilayer coil separation column
connected in series (i.d. of the tubing = 3.0 mm, total vol-
ume = 1000 ml) and a 50 ml sample loop.

These two HSCCC systems are equipped with a Model S
constant-flow pump, a Model 8823A UV monitor operating at
254 nm and a Model 3057 recorder.

The HPLC equipment used was a Dionex HPLC system
including P680 pump, ASI-100 automated sample injector, ther
mostatted column compartment and PDA-100 photodiode arra
detector. Chromeleon software (Version 6.50) was used for eva
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Methanol used for HPLC was of chromatographic grade (Merk,
Germany). Reverse osmosis Milli-Q water (18 M�, Milli-Q,
Millipore, Bedford, MA, USA) was used for all solutions and
dilutions.

TheGardenia jasminoides Eillis was purchased from a local
drug store and identified by Dr. Luping Qin (Department of Phar-
macognosy, College of Pharmacy, the Second Military Medical
University, Shanghai, China).

2.3. Measurement of partition coefficient and separation
factor

About 4 ml of each phase of pre-equilibrated two-phase sol-
vent system was mixed with 2 mg of the partially purified extract
in a 10 ml test tube. After shaking vigorously for 5 min to equili-
brate the sample thoroughly with the two phases, the two phases
were separated and an aliquot of each phase was evaporated to
dryness under reduced pressure. The residue was diluted with
30% CH3OH and analyzed by HPLC. The partition coefficient
(K) value was expressed as the peak area of geniposide in the
upper phase divided by that in the lower phase.

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

For the present study, several two-phase solvent systems with
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The nuclear magnetic resonance (NMR) spectrometer

ere was a Varian Unity Inova-500 NMR system with T
s internal standard. Electrospray ionization mass spect

ry (ESI-MS) was performed on a Finnigan LCQ DecaXP
rap mass spectrometry (Thermo Finnigan, San Jose, CA, U
ositive and negative ion modes of ESI were used for struc
nalyses.

D101 macroporous resin (Tianjin Agricultural Chemical
td. Tianjin, China), a kind of milkwhite spherical granu
hows stronger intension, larger adsorption capability and e
ctivation than some other sorbents.

.2. Reagents

All solvents used for HSCCC were of analytical grade
urchased from WuLian Chemical Factory, Shanghai, C
t
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.

uitableK values were selected. Each solvent mixture was
ughly equilibrated in a separatory funnel at room tempera
nd the two phases separated shortly before use. The uppe
as used as the stationary phase, while the lower phase wa
s the mobile phase in the head-to-tail elution mode.

.5. Preparation of partially purified sample and sample
olution

About 500 g of dried fruit ofGardenia jasminoides Eillis
as chopped and extracted three times by reflux with 400
olume of 50% ethanol in a haven for 2 h. After filtration,
xtract was combined and evaporated to dryness by rotary v

zation at 60◦C under reduced pressure and redissolved in w
he water soluble extract was then chromatographed on
acroporous resin by eluting stepwise with water and
thanol. Water was first used to remove some un-target c

cals, which have no or little retention on D101 macropor
esin, 20% ethanol was then used to yield target sample
5% ethanol was used to activate the resin for another use.
f dried material was obtained, and this partially purified sam
f Gardenia jasminoides Eillis was subjected to HSCCC.

The sample solutions were prepared by dissolving the
ially purified extract in the mobile phase of the solvent sys
sed for separation at suitable concentrations according
nalytical or preparative purpose.

.6. HSCCC separation procedure

The selection of suitable solvent system is the first and
mportant step in performing preparative HSCCC. In the pre
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studies, analytical HSCCC was used for selecting a suitable sol-
vent system from those with suitableK values for the separation
of target compounds. The above solvent systems composed of
ethyl acetate–n-butanol–water (2:1:3, 1:4:5, 1:1:2, 1:2:3, v/v/v),
n-butanol–water (1:1, v/v) andn-butanol–acetic acid–water
(4:1:5, v/v/v) were examined using analytical HSCCC.

In each analytical separation, the coiled column was first en-
tirely filled with the organic stationary phase, and then the appa-
ratus was rotated at 1000 rpm, while the aqueous mobile phase
was pumped into the column at a flow-rate of 0.6 ml min−1.
After the mobile phase front emerged and hydrodynamic equi-
librium was established in the column, about 5 ml of the sample
solution containing 5 mg of the partially purified extract was
injected through the injection valve. The effluent of the column
was continuously monitored with a UV detector at 254 nm.
Peak fractions were collected according to the elution profile.

The preparative separation was similarly performed with
the optimal solvent system composed of ethyl acetate–n-
butanol–water (2:1.5:3, v/v/v) using a 50 ml sample volume
(1 g partially purified extract) at a flow-rate of 5.0 ml min−1 at
550 rpm.

2.7. HPLC analysis and identification of HSCCC peak
fraction

The partially purified sample and each peak fraction obtained
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Fig. 2. Chromatogram of partially purified extract fromGardenia jasminoides
Ellis by HPLC analysis.Conditions: column: reversed-phase Diamonsil C18

column (4.6 mm× 200 mm i.d. 5�m); mobile phase: methanol–water–acetic
acid (30:70:1, v/v/v); flow-rate: 0.9 ml min−1; detection at 238 nm; injection
solvent: mobile phase; inject volume: 20�l.

vent system to provide an ideal range of partition coefficients
(K) for the applied material. In order to achieve efficient sep-
aration of geniposide from the partially purified extract, four
kinds of solvent systems providing a broad range of hydropho-
bicity at different volume ratios were tested (Table 1). When
ethyl acetate–n-butanol–water (10:1:10, v/v/v) was used as the
two-phase solvent system, theK value was small. It was dif-
ficult to separate geniposide from other compounds. When
chloroform–methanol–water (4:3:2, v/v/v) was used as the two-
phase solvent system, geniposide could be separated from the
other compounds. However, itsK value in the two-phase sol-
vent system was big with which geniposide was eluted in an
excessively broad peak with long elution time. Thus, the two
solvent systems were not suitable for the isolation of genipo-
side from the partially purified extract. The other six solvent
systems ethyl acetate–n-butanol–water at various volume ratios
(2:1:3, 1:4:5, 1:2:3, 1:1:2, v/v/v),n-butanol–water (1:1, v/v) and
n-butanol–acetic acid–water (4:1:5, v/v/v) had suitableK values.

AlthoughK value can provide useful information for the sol-
vent selection process to a certain extent, sometimes, it gave false
information due to some unknown reasons. Analytical HSCCC
with its speedy separation and minimum solvent consumption
offers a very promising way to carry out rapid solvent system
selection and method development for preparative HSCCC sep-
arations[16].

Performance of the above six solvent systems with suitable
K peak
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y HSCCC were analyzed by high-performance liquid c
atography. The column used was a reversed-phase Diam
18 (4.6 mm× 200 mm i.d. 5�m) (Dikma Technologies Com
any, China) with a pre-column filled with the same station
hase. In the present study, some organic aqueous-based
hases were tested on a reversed-phase C18 column, includ

ng methanol–water and acetonitrile–water in combination
cetic acid, phosphate buffer and phosphoric acid. The flow
f the mobile phase and the temperature of the column, w
ight affect the separation, were also tested.
Identification of geniposide was carried out by MS,1HNMR

nd13CNMR spectra.

. Results and discussion

.1. Selection of chromatographic conditions

When the partially purified extract was analyzed by HP
t was found that an excellent separation was achieved b
ollowing separation conditions: the mobile phase compos
ethanol–water–acetic acid (30:70:1, v/v/v) was isocratic
luted at a flow rate of 0.9 ml min−1, and UV detection wa
et at 238 nm. No complex gradient of mobile phase an
uffer were necessary. The HPLC chromatogram of the
ially purified extract is shown inFig. 2; it contained severa
ompounds including genipin-1-�-d-geniobioside, geniposid
peak1, peak2).

.2. Optimization of suitable two-phase solvent system

A successful separation of the target compounds u
SCCC requires a careful search for a suitable two-phas
e
f

-

l-

values was evaluated by analytical HSCCC in terms of

able 1
heK values (partition coefficient) of geniposide in different two-phase so
ystems

olvent system K value

thyl acetate–n-butanol–water (2:1:3) 0.44
thyl acetate–n-butanol–water (1:4:5) 1.04
thyl acetate–n-butanol–water (1:1:2) 0.70
thyl acetate–n-butanol–water (1:2:3) 0.92
thyl acetate–n-butanol–water (10:1:10) 0.08
-Butanol–water (1:1) 0.94
hloroform–methanol–water (4:3:2) 5.05
-Butanol–acetic acid–water (4:1:5) 1.12
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Fig. 3. Chromatogram of partially purified extract fromGardenia jasminoides
Ellis by analytical HSCCC separation, (A) geniposide. Conditions: column:
multilayer coil of 1.6 mm i.d. PTFE tube with a total capacity of 60 ml; rotary
speed: 1000 rpm; solvent system: ethyl acetate–n-butanol–water (2:1:3, v/v);
mobile phase: lower phase; flow-rate: 0.6 ml ml−1; detection at 254 nm; sample
size: 5 mg; injection solvent: mobile phase; inject volume: 5 ml; retention of the
stationary phase: 60%.

resolution. Whenn-butanol–acetic acid–water (4:1:5, v/v/v) was
used, the retention of the stationary phase was poor (<20%), so
it was not suitable for the separation. When ethyl acetate–n-
butanol–water (1:4:5, 1:1:2, 1:2:3, v/v/v) andn-butanol–water
(1:1, v/v) were used, geniposide could be well separated from
the other compounds using these solvent systems. However, the
settling time was long (>180 min). At last, the two-phase solvent
system composed of ethyl acetate–n-butanol–water (2:1:3, v/v)
was found to be satisfactory for the separation of geniposide
from the partially purified extract within short retention time.
Fig. 3shows the separation of HSCCC using this solvent system.

3.3. Separation of geniposide by HSCCC

Since the sample size was 200-times as large as that used in
the analytical HSCCC, a solvent system which can achieve an
equivalent or even better separation was required in preparative
HSCCC. Geniposide is not soluble in non-polar solvent, and
has little solubility in ethyl acetate, but it has some solubility
in n-butanol, and is freely soluble in water. Accordingly,
since the volume ratio ofn-butanol has great influence on
the polarity of the two phases, the optimal solvent system
was modified from ethyl acetate–n-butanol–water (2:1:3, v/v)
to ethyl acetate–n-butanol–water (2:1.5:3, v/v).Fig. 4 shows
the preparative HSCCC separation of 1 g of the partially
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Fig. 4. Chromatogram of partially purified extract fromGardenia jasminoides
Ellis by preparative HSCCC separation, (A) geniposide.Conditions: column:
multilayer coil of 3.0 mm i.d. PTFE tube with a total capacity of 1000 ml; rotary
speed: 550 rpm; solvent system: acetate–n-butanol–water (2:1.5:3, v/v); mobile
phase: lower phase; flow-rate: 5 ml min−1; detection at 254 nm; sample size: 1 g;
injection solvent: mobile phase; inject volume: 50 ml; retention of the stationary
phase: 70%.

Fig. 5. HPLC chromatogram and UV spectrum of geniposide purified from
Gardenia jasminoides Ellis by the preparative HSCCC.Conditions: column:
reversed-phase Diamonsil C18 column (4.6 mm× 200 mm i.d. 5�m); mobile
phase: methanol–water–acetic acid (30:70:1, v/v/v); flow-rate: 0.9 ml min−1;
detection at 238 nm.

3.6 (3H, s, H-12), 4.0 (1H, d,J=14.0 Hz, H-10), 4.2 (1H, d,
J = 15.0 Hz, H-10), 4.53 (1H, d,J = 8.0 Hz, H-1′), 5.12 (1H, d,
J = 7.0 Hz, H-1), 5.6 (1H, brs, H-7), 7.5 (1H, brs, H-3).13CNMR
(500 MHz, DMSO-d6)δ: 34.4 (C-12), 37.9 (C-6), 45.9 (C-5), 51
(C-9), 59.3 (C-10), 61 (C-6′), 70 (C-4′), 73.3 (C-2′), 76.6 (C-5′),
77.2 (C-3′), 95.7 (C-1), 98.6 (C-1′), 110.9 (C-4), 125.4 (C-7),
144.1 (C-8), 151.5 (C-3), 166.9 (C-11).

4. Conclusion

The results of our studies clearly demonstrate the potential of
HSCCC for the large-scale isolation of geniposide at high purity
from Gardenia jasminoides Ellis in a single run. In particular,
the combination ofK value measurement and analytical HSCCC
offers a very efficient means to carry out optimization of solvent
systems for separation and purification of natural products by
preparative HSCCC.
urified sample using the solvent system composed of
cetate–n-butanol–water (2:1.5:3, v/v). A total of 389 mg
eniposide with 38.9% recovery was yielded. HPLC analys
ach peak fraction of this preparative HSCCC revealed tha
urity of geniposide corresponding to peak A was over 9
he HPLC chromatogram and UV spectrum of geniposid
urified from the preparative HSCCC is shown inFig. 5.

The structural identification of geniposide was carried ou
S, 1HNMR and 13CNMR spectra as follows: ESI-MS: 38

M + 1), 227, 209 (M-glu).1HNMR (500 MHz, DMSO-d6)δ:
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