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The flash high speed counter-current chromatographic (FHSCCC) separation of gingerols and 6-shogaol
was performed on a HSCCC instrument equipped with a 1200-ml column (5 mm tubing i.d.) at a flow
rate of 25 ml/min. The performance met the FHSCCC feature that the flow rate of mobile phase (ml)

Keywords: is equal to or greater than the square of the diameter of the column tubing (mm). The separation
R'hiz'omes Of_gi“gf—'f employed the upper phase of stationary phase of the n-hexane-ethyl acetate-methanol-water (3:2:2:3,
szzgzber officinale v/v) as the stationary phase. A stepwise elution was performed by eluting with the lower phase of
gjgﬁs;ﬁl n-hexane-ethyl acetate-methanol-water (3:2:2:3, v/v) for first 90 min and the lower phase of the n-
Flash high speed counter-current hexane-ethyl acetate-methanol-water (3:2:6:5, v/v) for the second 90 min. In each separation 5 g of the
chromatography ethyl acetate extract of rhizomes of ginger was loaded, yielding 1.96 g of 6-gingerol (98.3%), 0.33 g of

8-gingerol (97.8%), 0.64 g of 6-shogaol (98.8%) and 0.57 g of 10-gingerol (98.2%). The separation can be

expected to scale up to industrial separation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The rhizomes of ginger, Zingiber officinale Roscoe, are used by
consumers for relief of nausea [1] or inflammation associated with
arthritis [2]. Recently, ginger has received extensive attention as a
botanical dietary supplement in the USA and Europe because of its
anti-oxidative, anti-inflammatory, and anti-tumor activities [3,4].
The gingerols, a series of homologues differentiated by the length of
their unbranched alkyl chains, were identified as the major pungent
components in the ginger oleoresin from fresh rhizome, of which 6-
gingerol is the most abundant [1]. It has been reported that topical
application of 6-gingerol onto the shaven backs of female ICR mice
prior to each topical dose of 12-O-tetradecanoylphorbol-3-acetate
(TPA) significantly inhibited 7,12-dimethylbenz [R] anthracene
(DMBA)-induced skin tumor incidence and tumor burden [5]. The
same researchers also found that 6-gingerol inhibited TPA-induced
cyclooxygenase-2 (COX-2) expression in mouse skin in vivo by
blocking the p38 MAP kinase-NF-kB signaling pathway [6]. 6-
Gingerol was found to decrease the number of lung metastases
in mice implanted with B16F10 melanoma cells [7]. It also was
reported 6-gingerol effectively suppressed in vivo tumor growth
in HCT-116 cancer cell-bearing nude mice [8]. 6-Shogaol is an
anhydride of 6-gingerol. Recent studies have shown that it can sig-
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nificantly inhibit the growth of HL-60 human leukemia cells and
human colon COLO-205 cells [9], A-549 human lung cancer cells,
SK-OV-3 human ovarian cancer cells, SKMEL-2 human skin cancer
cells, and HCT-15 human colon cancer cells [10], and induce apo-
ptosis through modulation of mitochondrial functions regulated
by reactive oxygen species [11]. Therefore, it is important to estab-
lish a quick preparative method providing gram-scale quantities
of 6-gingerol and 6-shogaol for further studies of their biologi-
cal activities. Separation by silica gel liquid chromatography could
give gram-scale quantities of the monomers of gingerols includ-
ing 6-gingerol and 6-shogaol, but the processing was tedious and
solvent-consumed [12]. Countercurrent chromatography was used
for the isolation of gingerols from ginger extracts [13,14], but the
separation did not involve 6-shogaol. Therefore, a fast separation
of gingerols and 6-shogaol to prepare the monomers of gingerols
including 6-gingerol and 6-shogaol is still expected.

Flash high speed counter-current chromatography (FHSCCC) is
defined as a separation process in which the flow rate of the mobile
phase (ml/min) is equal to or greater than the square root of the
square of the diameter of the column tubing (mm), i.e. Fc/d? >1,
here d and F. are the inner diameter of the column tubing and the
applied flow rate of mobile phase, respectively, suggested by Du
[15]. Thereby, a FHSCCC separation will be finished in a time less
than 4 h for target compound with a partition coefficient of 3 for all
size columns with a tubing length of 130 m. Therefore, successful
FHSCCC is possibly scaled-up for industrial HSCCC separation since
the flow rate can be scaled up to the level of industrial separation.
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The present study describes the FHSCCC method for the prepara-
tion of the monomers of gingerols and 6-shogaol, which was rapid,
simple and solvent-saved. The method could pilot the industrial
preparation of 6-gingerol and 6-shogaol.

2. Experimental
2.1. Materials

All solvents for extraction and separation were of analytical
grade, purchased from Hangzhou Huadong Chemicals Inc., China.
The ginger rhizomes, belonging to Z. officinale Roscoe, were pur-
chased at a local vegetable store in Hangzhou, China.

2.2. Extraction

The ginger rhizomes (50 kg) at a similar state of maturity were
selected for extraction of gingerols and shogaols. The damp dry
rhizomes were crushed, and then dried at 50-70°C and powdered
at room temperature. The powder material was extracted with
501 of 95% ethanol at 50°C for 3 h twice. The combined extracts
were evaporated to a syrup, dissolved in 1500 ml water, and was
partitioned with 2000 ml of ethyl acetate three times. The ethyl
acetate solution was evaporated to dryness resulting in 457 g of
crude extract which was subjected to FHSCCC separations.

2.3. FHSCCC Separation

2.3.1. Selection of solvent system

Selection of solvent system started from tests of partition
coefficient of 6-gingerol and 6-shogaol in a series of solvent sys-
tems composed of n-hexane-ethyl acetate-methanol-water. The
selected system was checked for the availability of FHSCCC on an
analytical HSCCC instrument (tubing bore: 0.8 mm), i.e. whether
or not the flow rate of the separation could reach more than
0.64 ml/min which met the condition of F¢/d? > 1. The system with
good retention of stationary phase and excellent resolution for the
gingerols and 6-shogaol was selected for preparative FHSCCC sep-
aration with gram-scale.

2.3.2. Apparatus

The analytical and preparative HSCCC columns used in the
present study were constructed at the Institute of Food and Biologi-
cal Engineering, Zhejiang Gongshang University (Hangzhou, China).
The analytical apparatus was equipped with a 4-layer coil col-
umn of 15.5 ml capacity which made by wounding 30 m of 0.8 mm
bore polytetrafluoroethylene (PTFE) tubing on a 7.0 cm O.D. holder.
The extra coil volume was 0.5ml and 8 ranges 0.71-0.79 with a
rotor radius (R=5 cm). The preparative one equipped with a 6-layer
coil column of 1200 ml capacity which was made by wounding
61 m of 5.0mm bore PTFE tubing on a 17.0cm O.D. holder. The
[3 ranges 0.59-0.78 with a rotor radius (R=14cm). A Waters 510
pump (Waters, USA), a Rheodyne 7725 injection valve and an Elite
UV-220 detector (Elite, Dalian, China) were used for analytical sep-
arations. A K-1800 Wellchrom pump (Knauer, Germany), a 100 ml
sample loop made of 3 mm i.d. PTFE tubing, an Elite UV-200 detec-
tor (Elite, Dalian, China) and a B-684 collector (Biichi, Switzerland)
were used for preparative separation.

2.3.3. Separation procedure

The separation of gingerols and 6-shogaol was performed
by a stepwise elution mode with the lower phase of n-
hexane-ethyl acetate-methanol-water (3:2:2:3, v/v) for the first
stage and eluted with the lower phase of the n-hexane-ethyl
acetate-methanol-water (3:2:6:5, v/v) for the second stage. The
stationary phase in the whole separation was the upper phase of the

n-hexane-ethyl acetate-methanol-water (3:2:2:3, v/v). For each
separation, the HSCCC column was entirely filled by the station-
ary phase first. Subsequently, the sample solution (5%, w/v) which
was prepared by dissolving the ethyl acetate extract in the initial
mobile phase, was loaded to the sample loop. Then, the apparatus
was rotated at a given rotation speed and the sample solution was
injected into the HSCCC system through the sample loop by the
push of the mobile phase. The rotation speed for the analytical and
preparative separation was 1500 rpm and 900 rpm respectively.
The mode for HSCCC separation was “head to tail”. The effluent
was monitored at 254 nm.

2.4. HPLC analysis

HPLC separation was performed with a Shimaduz LC-10A HPLC
system on an YMC-Pack ODS-AQ, S-3 wm, 150 x 4.6 mm column
(YMC Separation technology, Kyoto, Japan) at 30 °C. Gradient elu-
tion was carried out with 40% to 90% aqueous methanol from 0
to 65 min at a flow rate of 0.8 ml/min. The chromatograms were
monitored by a Shimadzu SPD10A UV detector at 254 nm.

2.5. Identification of gingerols and 6-shogaol

Electrospray ionization mass spectrometry (ESI-MS) and
nuclear magnetic resonance (NMR) were used for identification of
6-gingerol and 6-shogaol. All ESI-MS experiments were performed
on a Bruker Esquire LC-MS ion trap multiple mass spectrometer
(Bremen, Germany) in positive ionization mode with analysis of
ions up to m/z 2200. Drying gas was nitrogen (gas flow 7.0 L/min,
330°C), and nebulizer pressure was set to 34.5 kPa. ESI-MS param-
eters (positive mode): capillary, —4500V; end plate, —4000V; cap
exit, +90V; cap exit offset, +60 V; skim 1, +30V; skim 2, +10 V. NMR
spectra were recorded on a Bruker Avance 500 NMR instrument
(Karlsruhe, Germany) with 500 MHz for '"H NMR and 125 MHz for
13C NMR measurements in [2H] chloroform (CDCl3), respectively.

3. Results and discussion
3.1. Selection of solvent system

The ethyl acetate extract of ginger rhizomes provided a mix-
ture of compounds with a wide range of polarities. 6-Gingerol,
8-gingerol, 6-shogaol and 10-gingerol, which were primarily iden-
tified by LC-MS, were the most abundant and corresponded to
peaks 1, 2, 3 and 4, in the HPLC chromatogram (Fig. 1), respec-
tively. Separation of the extract by HSCCC requires solvent systems
with lower polarity. In consideration of the high flow rate of
FHSCCC, a hydrophobic organic phase composed of n-hexane-ethyl
acetate (3:2, v/v) in a series of solvent systems composed of n-
hexane-ethyl acetate-methanol-water was tested for estimation
of partition coefficients of 6-gingerol and 6-shogaol. The Ky, val-
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Fig. 1. Chromatogram of HPLC analysis of ethyl acetate extract of ginger rhizomes.
Column: YMC-Pack ODS-AQ (S-3 wm, 150 mm x 4.6 mm); gradient elution: 40% to

90% from 0 to 65 min; flow rate: 0.8 ml/min; detection wavelength: 254 nm. 1,6-
gingerol; 2,6-shogaol; 3,8-gingerol; 4,10-gingerol.
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Table 1

The partition coefficient (Ky;) of 6-gingerol and 6-shogaol for different n-
hexane-ethyl acetate-methanol-water phase systems when upper phase was
defined as stationary phase.
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n-Hexane-ethyl 6-Gingerol 6-Shogaol
acetate-methanol-water

(v[v)

3:2:2:4 2.5 17.1
3:2:2:3 1.6 9.7
3:2:3:3 0.7 52
3:2:6:5 0.2 1.3
3:2:4:3 0.1 0.8
3:2:2:1 0.03 0.3

ues (the concentration in upper phase/the concentration in lower
phase) were listed in Table 1. As the ratio of n-hexane:ethyl
acetate:methanol:water was 3:2:2:3, the Ky, values of 6-gingerol
and 6-shogaol were1.6 and 9.7, while they were 0.2 and 1.3 when
the ratio of the solvents was 3:2:6:5, respectively. Thus, when
the upper phase of solvent system composed of n-hexane:ethyl
acetate:methanol:water (3:2:2:3) was used as the stationary phase,
6-gingerol and 6-shogaol could be eluted out at a desired time, by
a consequently stepwise elution which was performed by eluting
with the lower phase of n-hexane-ethyl acetate-methanol-water
(3:2:2:3) first, and then eluting with the lower phase of n-
hexane-ethyl acetate-methanol-water (3:2:6:5), when the upper
phase of n-hexane-ethyl acetate-methanol-water (3:2:2:3) as sta-
tionary phase of the whole separation.

To check the availability of the solvent system for FHSCCC sep-
aration, preliminary separation was performed on an analytical
HSCCC at flow rate of 0.8 ml/min since the inner diameter of the
tubing was 0.8 mm. The separation completed in 70 min and gave a
retention rate of stationary phase of 63% after the end of separation
(Fig. 2), which indicated that the separation was a very success-
ful FHSCCC separation. HPLC analysis (Fig. 3) showed the fractions
corresponding peaks I, I, IIl and IV in the FHSCCC chromatogram
reached purity more than 97%. The spectra of ESI-MS data indi-
cated compounds 1, 2, 3 and 4 corresponding peaks I, III, Il and
IV in the FHSCCC chromatogram were possibly 6-gingerol (m/z:
317 [M+Na*], 611 [2M+Na*]) and 6-shogaol (m/z: 299 [M+Na*],
575 [2M+Na*]), 8-gingerol (m/z: 345 [M+Na*], 667 [2M+Na*]) and
10-gingerol (m/z: 373 [M+Na*], 723 [2M+Na*]) [16].
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Fig. 2. Chromatogram of analytical FHSCCC separation of 20mg of the ethyl
acetate extract. Stationary phase: the upper phase of the n-hexane-ethyl
acetate-methanol-water (3:2:2:3, v/v); stepwise elution: lower phase of n-
hexane-ethyl acetate-methanol-water (3:2:2:3, v/v) for the first 35 min and lower
phase of the n-hexane-ethyl acetate-methanol-water (3:2:6:5, v/v) for the second
35 min; flow rate: 0.8 ml/min; rotation speed: 1500 rpm; elution mode: “head to
tail”. I, 6-gingerol; II, 8-gingerol; III, 6-shogaol; IV, 10-gingerol; MC, mobile phase
change.
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Fig. 3. Chromatogram of HPLC analysis of fractions [, II, Il and IV from the analytical
FHSCCC separation. HPLC conditions: the same as those in Fig. 1.

3.2. Preparative FHSCCC separation

Preparative separation of gingerols and 6-shogaol by FHSCCC
was scaled up according to the above analytical separation. The
present study employed a HSCCC instrument with a column made
of 5mm bore PTFE tubing. Thereby a flow rate of 25 ml/min was
applied. The separation was performed using the lower phase of
n-hexane-ethyl acetate-methanol-water (3:2:2:3, v/v) as mobile
phase for the first 90 min and the lower phase of n-hexane-ethyl
acetate-methanol-water (3:2:6:5, v/v) for the second 90 min
while the upper phase of n-hexane-ethyl acetate-methanol-water
(3:2:2:3, v/v) was used as stationary phase in the whole separa-
tion. The sample amount of the injection for separation was 100 ml
of initial mobile phase containing 5 g of the ethyl acetate extract.
The retention rate of stationary phase was 55% after the end of
separation. The separation chromatogram was exhibited in Fig. 4.
Evaporation of the organic solvents of fractions I, II, Il and IV under
reduced pressure, and subsequent lyophilization yielded 1.96 g of
6-gingerol (98.3%), 0.33 g of 8-gingerol (97.8%), 0.64 g of 6-shogaol
(98.8%) and 0.57 g of 10-gingerol (98.2%).

The four substances were further identified by 'H and 13C NMR
spectra as below:
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Fig. 4. Chromatogram of preparative FHSCCC separation of 5g of the ethyl
acetate extract. Stationary phase: the upper phase of the n-hexane-ethyl
acetate-methanol-water (3:2:2:3, v/v); stepwise elution: lower phase of n-
hexane-ethyl acetate-methanol-water (3:2:2:3, v/v) for the first 90 min and lower
phase of the n-hexane-ethyl acetate-methanol-water (3:2:6:5, v/v) for the second
90 min; flow rate: 25 ml/min; rotation speed: 900 rpm; elution mode: “head to tail”.
I, 6-gingerol; 11, 8-gingerol; I, 6-shogaol; IV, 10-gingerol.

Compound 1 (6-gingerol), TH NMR (8 in CDCl3): 6.80 (1H,d,
J=8.0Hz, H-6'), 6.66 (1H, d, J=1.75Hz, 138 H-2'), 6.63 (1H, d,
J=9.2Hz, H-5'), 4.04 (1H, m, H-5), 3.83 (3H, s, 3'-OMe), 2.82 (2H,
m, 139 H-1), 2.73 (2H, m, H-2), 2.56 (2H, m, H-4), 1.23-1.48 (8H,
m, H-6, H-7, H-8, H-9), 0.87 (3H, t, /=6.85, H-10); 13C NMR (3 in
CDCl3): 36.4 (C-1), 31.7 (C-2), 211.4 (C-3), 49.3 (C-4), 67.7 (C-5),
45.3 (C-6), 25.1 (C-7), 29.2 (C-8), 22.5 (C-9), 14.0 (C-10), 132.6 (C-
1), 111.1 (C-2'), 146.6 (C-3’), 144.0 (C-4'), 114.5 (C-5), 120.7 143
(C-6'), 55.8 (3'-OMe).

Compound 2 (6-shogaol), 'TH NMR (8 in CDCls): 6.07 (1H, d,
J=14.5Hz,H-4),6.81 (1H, d, J=13.5Hz, H-5), 6.83 (1H, d, J=6.9 Hz,
H-5'),6.66 (1H, dd, J=1.8, 6.2 Hz, H-6'), 6.70 (1H, d, J= 1.8 Hz, H-2"),
3.82(3H, s, 3'-OMe), 2.83 (4H, m, H-1, H-2) 2.17 (2H, m, H-6), 1.42
(2H, m, H-7) 1.29 (4H, m, H-8, H-9), 0.88 (3H, t, J=7.1Hz, H-10);
13C NMR (3 in CDCl3): 32.4 (C-1), 41.8 (C-2), 199.9 (C-3), 130.2 (C-
4), 147.9 (C-5), 31.3 (C-6), 27.7 (C-7), 29.9 (C-8), 22.4 (C-9), 13.9
(C-10), 133.1 (C-1"), 111.2 (C-2'), 146.5 (C-3’), 143.9 (C-4'), 1144
(C-5'),120.7 (C-6'), 55.8 (3'-OMe).

Compound 3 (8-gingerol), 'H NMR (8 in CDCl3): 6.80 (1H, d,
J=8.0Hz, H-6), 6.66 (1H, d, J=1.75Hz, H-2'), 6.63 (1H, d, J=9.2 Hz,
H-5’), 4.04 (1H, m, H-5), 3.83 (3H, s, 3'-OMe), 2.82 (2H, m, H-1),
2.73 (2H, m, H-2), 2.56 (2H, m, H-4), 1.23-1.48 (8H, m, H-6, H-7,
H-8, H-9), 0.87 (3H, t, J=6.85, H-10); 13C NMR (3 in CDCl3): 36.4
(C-1),31.7(C-2),211.4 (C-3),49.3 (C-4), 67.7 (C-5),45.3 (C-6), 25.1
(C-7),29.2 (C-8), 22.5 (C-9), 14.0 (C-10), 132.6 (C-1"), 111.1 (C-2'),
146.6 (C-3), 144.0 (C-4'), 114.5 (C-5), 120.7 (C-6'), 55.8 (3’-OMe).

Compound 4 (10-gingerol), '"H NMR (8 in CDCl3): 6.81 (1H,d,
J=8.0Hz, H-6'), 6.66 (1H, s, H-2'), 6.64 (1H, d, J=8.1Hz, H-5),
4.03 (1H, dd, J=3.8, 7.8 Hz, H-5), 3.84 (3H, s, 3'-OMe), 2.83 (2H,
t, J=7.5Hz, H-1), 2.73 (2H, t, J=7.4Hz, H-2), 2.57 (2H, m, H-4),
1.26-1.48 (12H, m, H-6, H-7, H-8, H-9, H-10, H-11), 0.88 (3H, t,
J=6.7, H-12); 13C NMR (3 in CDCl3): 36.5 (C-1), 31.7 (C-2), 211.4
(C-3), 49.3 (C-4), 67.7 (C-5), 45.4 (C-6), 25.4 (C-7), 29.2 (C-8), 29.2
(C-9),29.4(C-10),22.6(C-11),14.0(C-12),132.6(C-1"),111.0(C-2"),
146.5 (C-3’), 144.0 (C-4'), 114.5 (C-5’), 120.7 (C-6'), 55.8 (3’-OMe)

A typical preparation of gingerols and 6-shogaol by traditional
liquid column chromatography (LC) has to follow several steps [12].
First, the ginger extract was chromatographed on a Sephadex LH-20
column with 95% ethanol as an eluant to remove the nonpheno-
lic compounds and to generate the gingerol- and shogaol-enriched
fraction which was then loaded into a Diaion HP-20 column, eluted

first with water to remove the water-soluble compounds and then
with 40% aqueous ethanol to obtain fraction A, followed by 95%
aqueous ethanol to obtain fraction B. Fraction A was subjected
to a normal phase silica-gel column with a stepwise gradient of
hexane/ethyl acetate to give pure 6-gingerol, 8-gingerol, and 10-
gingerol. Fraction B was also subjected to a normal phase silica-gel
column with a stepwise gradient of hexane/ethyl acetate to gener-
ate a fraction of 6-shogaol-enriched fraction which was subjected
to a C-18 reverse-phase column eluted with a stepwise gradient
of methanol/water to yield 6-shogaol. Obviously, the separation by
LC was very tedious. The present FHSCCC separation only needs
one step separation to yield pure monomers of gingerols includ-
ing 6-gingerol and 6-shogaol, which will be more attractive than
the traditional LC method. Moreover, industrial preparation of the
monomers of gingerols and 6-shogaol by FHSCCC is possible since
CCC technologies have been scaled up to semi-industrial level
[17,18].

4. Conclusions

Rapid purification to obtain the monomers of gingerols includ-
ing 6-gingerol and 6-shogaol on a gram scale was achieved by
FHSCCC. The larger quantities of 6-gingerol and 6-shogaol obtained
by this method can support further investigation into the biological
activities of the compounds. The more important point is that the
above FHCCC method may scale-up to industrial separation.
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