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Ginseng is a popular herb worldwide and has had varied uses in traditional Asian medicine for thousands
of years. There are several different species of the herb, but all share the same constituents. Ginsenosides,
the most extensively studied chemical components of ginseng, are generally considered to be one of the
most important active ingredients of the plant. In this study, we have developed fast and efficient method-
ology for isolation of four known ginsenosides Rf, Rd, Re and Rb1 from Ginseng by high performance
counter-current chromatography (HPCCC) coupled with evaporative light scattering detection (ELSD).

gz ;Vggsf;)rmance counter-current The crude sample for HPCCC was purified firstly from a ginseng extraction using macroporous resin. The
chromatography enriched saponin fraction (480 mg) was separated by using methylene chloride-methanol-5 mM aque-
Ginsenosides ous ammonium acetate—isopropanol (6:2:4:3, v/v,) as the two-phase solvent system and yielded 10.7 mg
Panax ginseng of Rf, 11.0 mg of Rd, 13.4 mg of Re and 13.9 mg of Rb1. The purity of these ginsenosides was 99.2%, 88.3%,

93.7% and 91.8%, respectively assessed by HPLC-DAD-ELSD, and their structures were characterized by
electrospray ionization mass spectrometry (ESI-MS) and compared with standards. Ammonium acetate
was used to shorten the separation time and eliminate emulsification together with a flow step-gradient.
The salt can be removed by re-dissolving the sample using acetone.

© 2010 Elsevier B.V. All rights reserved.

Salt/containing solvent system
Evaporative light scattering detection

1. Introduction erally considered to be one of the most important active ingredients

of the plant [3,4]. Ginsenosides Rf, Rb1, Rb2, Rc, Rd, Rg1 and Re are

Ginseng is a popular herb worldwide and has had varied uses
in traditional Asian medicine for thousands of years. There are sev-
eral different species of the herb, but all species share the same
constituents that include ginsenosides, polysaccharides, peptides,
polyacetylenic alcohols, and fatty acids [1,2]. Ginsenosides, the
most extensively studied chemical components of ginseng, are gen-
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major constituents of white and red ginseng. The chemical struc-
tures of the four ginsenosides studied are given in Fig. 1.

Duetal. [5] successfully separated ginsenoside Rb1, ginsenoside
Re and ginsenoside Rg1 from the Chinese phytomedicinal formu-
lation Sanqi Zongdai Pian, traditionally made from Ginseng roots,
by using high-speed counter-current chromatography (HSCCC).
Ginsenosides, being dammarane saponins, have very pure UV
absorbance due to their lack of chromophores. Therefore, all HSCCC
fractions were analyzed by TLC, which is quite a tedious process.
Later HSCCC coupled with an evaporative light scattering detector
(ELSD) was introduced for the separation of ginsenoside Re, gin-
senoside Rg1, ginsenoside Rd and ginsenoside Rb1 [6]. However,
the separation of ginsenoside Rf by HSCCC has not been reported
yet. In this paper, macroporous resin was first used for the prepa-
ration of the crude sample. Then, a salt/containing solvent system
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Fig. 1. Structures of four ginsenosides from ginseng extraction.

for HPCCC separation of ginsenosides was developed for the first
time (Fig. 2).

2. Experimental
2.1. Apparatus

Two different scales of HPCCC instruments were used in this
study. An analytical Milli-CCC and a preparative Midi-CCC were
both from Dynamic Extractions (Slough, UK). The analytical Milli-
CCC had a coil of 20.4mL and 1.6 mm bore tubing. It worked at a
rotation speed of 1800 rpm. The preparative Midi-CCC had a coil of
912 mL and 4.0 mm bore tubing and worked at a rotational speed of
1250 rpm. Both of them were coupled to an evaporative light scat-
tering detector (ELSD) PL-ELS-1000 (Polymer Laboratories, USA).

Samples were analyzed by a Waters 2695 high performance
liquid chromatography (HPLC) instrument equipped with 2996
photodiode array detector (Waters, USA). Chromatography data
were collected using Empower Pro workstation (Waters, USA). An
Alltima C18 column (250 x 4.6 mm i.d., 5 um, Alltech, USA) and a
Phenomenex Luna C18(2) (150 x 4.6 mm i.d., 5 wm, Phenomenex,
USA) were supplied for the HPLC analysis. An ion trap tandem mass
spectrometer (Agilent Corp., USA) was employed to analyze and
identify fractions from the HPCCC separation.

2.2. Materials and reagents

Panax ginseng (C.A. Meyer) was purchase from Changbai Moun-
tain specialty cooperatives of Jilin Baigang (Jilin, China). The
ginsenosides Rf, Re, Rd and Rb1 standards were from Shang-
hai Tauto Biotech Co. Ltd. (Shanghai, China). All analytical grade
solvents (methylene chloride, methanol, and isopropanol), ammo-

nium acetate for the HPCCC separation and HPLC grade acetonitrile
for HPLC analysis were supplied by Fisher Chemicals (Loughbor-
ough, UK). Deionised water was prepared by a Millipore water
purification system (Watford, UK).

2.3. Preparation of crude sample

The dried roots of P. ginseng (C.A. Meyer) (0.9 kg) were ground
to a coarse powder (in accordance with the provisions of the Chi-
nese Pharmacopoeia) and extracted three times with 7.2 L of 90%
aqueous ethanol for 45 min. The extract solution was filtered and
concentrated. This concentrated sample was diluted by deionised
water with the relative density 1.06 g/mL and then separated using
a 0.6 L macroporous resin column. Seven bed volumes of deionised
water were flashed through the column to remove the contami-
nants. Afterwards, four bed volumes of 70% aqueous ethanol were
used to elute ginsenosides in isocratic mode with a flow rate of
10 mL/min. All fractions containing ginsenosides were collected at
2 minintervals and dried under vacuum at 60 °C. The concentration
of ginsenosides was determined to be 76% pure by UV.

2.4. Solvent system preparation

All solvent systems used in this paper were made by mixing
organic solvents in a separatory funnel. After vigorous shaking, sol-
vents were left to settle till both phases would become transparent
and, therefore, equilibrated. Then the two phases were separated
shortly before HPCCC separation. The upper aqueous phase (more
polar) was used as the stationary phase and the lower organic (less
polar) as the mobile phase, which corresponds to normal phase
mode.
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Table 1
The partition coefficients (Kp) of four ginsenosides for methylene
chloride-methanol-water-isopropanol solvent systems.
No. Ratio Settling Kp
time (s)
Rf Re Rd Rb1
1 5:2:4:4 55 0.60 1.44 0.81 2.42
2 4:2:4:4 35 0.62 1.36 0.88 2.02
3 5:2:4:3 35 0.41 1.81 0.85 3.52
4 6:2:4:4 40 0.47 1.82 0.86 3.98
5 6:2:4:3 29 0.78 2.82 1.29 5.44
6 6:2:4:3" 29 0.59 2.20 1.13 5.28

Note: Kp was calculated as peak area percentage in the lower phase divided by that
in the upper phase.

" System No. 6 had the same ratio as system No. 5, but contained an additional
5mg ammonium acetate per milliliter solvent.

2.5. Measurement of partition coefficient and settling time

In the present study, the partition coefficients (Kp) for the target
compounds were measured by HPLC as follows. Two-phase sol-
vent systems with different ratios of methylene chloride, methanol,
water, isopropanol were prepared in a test tube. Approximately
6 mg of crude sample was dissolved in equal volumes of aqueous
and organic phases of the thoroughly equilibrated two-phase sol-
vent system. After the distribution equilibrium was established,
an equal volume of upper and lower phases (400 wL) each was
transferred into a separate vial and solvents removed at 60°C
under vacuum conditions. Then 1 mL of 50% aqueous methanol was
added to solubilise the remaining contents of the vial. Afterwards,
both upper (aqueous phase) and lower (organic phase) were ana-
lyzed separately by HPLC at 203 nm. The partition coefficient was
defined as Kp = Aupper/Alower» Where Aypper and Ajgyer Were ginseno-
side HPLC peak areas in the upper and lower phases respectively.

The settling time, which is highly correlated with the retention
of stationary phase, was expressed as the time for a clear layer
between the two phases to be formed when each phase was mixed
in the ratios given in Table 1.

2.6. HPCCC separation

The solvent system, containing the chosen ratios of methylene
chloride, methanol, water and isopropanol was prepared, equi-
librated and separated shortly before CCC separation. 480 mg of
crude sample was dissolved in 20 mL of stationary phase (upper
phase).

In each HPCCC preparative separation run, the coil was filled
with the stationary (upper) phase in the head to tail mode. Then
the mobile (lower) phase was pumped into the coil at a flow rate of
20 mL/min with a centrifuge rotational speed of 1250 rpm at 25°C.
When hydrodynamic equilibrium was established, the sample solu-
tion was injected into the coil through a 20 mL sample loop. The
eluent was continuously monitored by connecting the tail outlet of
the coiled column with the ELSD through a split valve. The ELSD
system was set to a nebulizer temperature of 90 °C, evaporation
temperature of 120 °C, and nitrogen (as the nebulizer gas) flow rate
adjusted to 1.7 L/min. Each peak fraction was collected according
to the elution profile and analyzed by HPLC. After the separation
was completed, retention of the stationary phase was measured by
collecting the column contents by forcing them out of the column
with pressurized nitrogen gas.

2.7. HPLC analysis and identification of HPCCC fractions
Two HPLC methods were developed for this study. The first

method was used for the analysis of crude sample and pooled
fractions. HPLC separation was carried out on an Alltima C18 col-

umn (250 x 4.6 mm i.d., 5 wm) at 25 °C with a binary mobile phase
consisting of 5mM aqueous ammonium acetate (solvent A) and
acetonitrile (solvent B) at a flow rate of 1.0 mL/min. The gradient
elution program was as follows: 0-15 min, hold 21% B; 15-69 min,
21-38.1% B. For rapid screening of HPCCC fractions the first HPLC
method was shortened from 69 to 40 min by using a Phenomenex
Luna C18(2) (150 x 4.6 mm i.d., 5 um) column and adjusting the
gradient to: 0-12 min, hold 30% B, 12-40 min, 30-60% B. Tempera-
ture and flow rate were kept the same as for the first HPLC method.
All HPLC analysis was done with DAD detection at 203 nm.

Identification of the purified compounds was performed by
LC-ESI-MS. The split rate was 1:3. The ion trap MS analysis was
carried out in negative mode using the following operation param-
eters: negative mode, capillary voltage: +3500V; capillary exit
voltage: 94V; skimmer voltage: 40V, target mass: 622.03 m/z;
threshold: 100,000 cps; drying gas: 9L/min; nebulizer pressure:
35 psig; gas temperature: 350 °C; mass scanning range: 100-2200
m/z.

3. Results and discussion
3.1. Selection of solvent system

A successful separation by HPCCC depends on the selection of a
suitable solvent system, which provides an ideal range of the par-
tition coefficient (Kp) for target compounds and a short settling
time (less than 20s) [7]. Furthermore, for any preparative sepa-
ration a normal phase mode should be a priority, as fractions will
then elute with the organic phase, making it much easier to remove
the solvent and recover the target compounds. Besides, the organic
mobile phase can be recycled and used again reducing environmen-
tal impact [8].

As most of the ginsenosides were medium polar or polar com-
pounds, they were hard to dissolve in non-polar solvents but
dissolved easily in water or other appropriate solvents. There-
fore, solvent systems based on n-heptane or n-hexane could not
be used for the separation of ginsenosides as they have large Kp
values in normal-phase mode and take a long time to elute. In
contrast, low Kp values can be obtained in normal-phase mode if
a strong polar solvent system is used. Their Kp values will then
be quite low and compounds will elute early and close to each
other. While solvent systems containing chloroform have been
widely used in China for natural product separations in conven-
tional high speed CCC (HSCCC), since 2004 they have been being
replaced by other chlorinated solvent systems such as methylene
chloride-methanol-water [9]. This type of system is particularly
good for the fractionation of root extracts as it provides a good sol-
ubility for saponin-like compounds and a gradual polarity change
between phases by varying the methanol ratio in the system or
by adding another alcohol like isopropanol [10]. The results given
in Table 1 show that the methylene chloride-methanol-water-
isopropanol (6:2:4:3, v/v) system can provide a separation of the
target compounds. When this system was used for HPCCC separa-
tion, the Kp values could be reduced to some degree by increasing
the volume ratio of isopropanol. For example, increasing iso-
propanol could improve the Kp value of ginsenoside Rb1, but the
separation of ginsenosides Rf and Rd remain unsatisfactory.

Varying ratios of methylene chloride-methanol-water-
isopropanol did not improve the situation (Table 1). Besides, the
addition of crude sample into the solvent system caused emulsifi-
cation, which potentially leads to stripping of the stationary phase
from the column and, therefore, loss of separation efficiency.

It was established that the emulsification could be suppressed
by the addition of acid or salt. But an acidic environment would
lead to decomposition of ginsenosides. Instead, ammonium acetate
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Fig. 2. Milli-HPCCC chromatograms in normal phase mode at different flow rates. Experimental conditions: solvent system was methylene chloride-methanol-5 mM aqueous
ammonium acetate-isopropanol (6:2:4:3, v/v); the sample—10 mg of the crude was dissolved in a 1 mL of the upper phase; ELSD conditions were as follows: nitrogen flow
rate was 1.2 L/min, nebulizer temperature was 65 °C and evaporative temperature was 80°C, 1/10 signal output.

was chosen, as it was part of the HPLC mobile phase, therefore not
causing problems during HPCCC fraction analysis, and can be easily
removed by re-suspending fractions in acetone. Interestingly, the
addition of salt resulted in a very slight decrease in Kp values (see
Table 1, systems 5 and 6), which means shorter separation time.

3.2. Optimization of operational parameters on analytical
Milli-HPCCC

The solvent system methylene chloride-methanol-5mg/mL
aqueous ammonium acetate-isopropanol (6:2:4:3, v/v,) provides
a suitable Kp for the targets as well as a good solubility for
the crude sample and was therefore chosen for further experi-
ments. The HPCCC was operated in normal-phase mode, when the
upper aqueous phase was the stationary phase and the retention
was more than 50%. It is well known in CCC [7] that reduc-
ing the flow rate improves the retention of stationary phase,
but the total time for separation is increased. The results of Ha
et al. [10] using HSCCC indicated that reducing the flow rate
could improve the resolution. In our case, increasing the flow
rate led to an improvement of the resolution even with loss of
stationary phase from 67.6% at 0.5 mL/min to 57.8% at 1 mL/min
(Fig.2A-C).Itis still not clear what caused this unexpected behavior
of the methylene chloride-methanol-5mM aqueous ammonium
acetate-isopropanol (6:2:4:3, v/v,) system. It might be due to the
combination of a relatively small column bore of 1.6 mm, where
capillary forces still apply, and emulsification caused by the crude.
Therefore, by increasing flow rate, we were helping the system
remove all the emulsification contaminants quicker with improved
mixing and therefore a higher efficiency separation.

Table 2
Summiary of scale-up parameters from analytical to preparative HPCCC.

Loading studies involving sample concentration and loading
volume in order to maximize process throughput and efficiency
were also conducted on the analytical Milli-HPCCC. Varying sample
concentration at a fixed sample loading volume of 0.56 mL (2.7% of
column volume) showed that the detection of ginsenosides by ELSD
was limited to a concentration of not more than 10 mg/mL. Opti-
mising sample volume at a fixed sample concentration of 5.6 mg/mL
showed that injecting too large a sample volume would result in
loss of stationary phase. Hence, 2.7% of coil volume was chosen as
the optimal value for sample loading.

3.3. Scale-up to preparative Midi-HPCCC

As there is approximately a 45 x capacity between the analytical
(20.4 mL coil volume) and preparative (912 mL coil volume) HPCCC
columns, a linear scale-up would result in a 20 mL sample vol-
ume, loading of 250 mg of crude material and a 20 mL/min mobile
phase flow rate. However, as the Midi column (72.5m) is much
longer than the Milli one (10 m), a better resolution can be achieved
[11]. Therefore, the loading of crude material was increased up to
480 mg. When this purification procedure was transferred to the
preparative Midi-HPCCC instrument, the separation at 20 mL/min
took nearly 3.5h (results are not shown). Two groups of peaks
eluted with 40 min interval between them. In order to shorten the
separation, the flow rate was increased up to 50 mL/min. This led
to a 70 min run with better resolution between peaks in the sec-
ond group (results are not shown). This is typical for wide bore
columns when higher flow rate in HPCCC can lead to better mix-
ing and better separation [11]. However, the peaks from the first

Instrument type Crude sample mass (mg) Flow rate (mL/min) “g” field Rotational speed (rpm)
Analytical Milli-CCC HPCCC 5.6 0.5 181 1800
Preparative Midi-DE HPCCC 480 20-50 192 1250
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Table 3

The value of efficiency factors for the four targets [12]. 0. 200 crude sample REL
Targets Technical indicators 0.175
Pt (g/h) Pe (mg/h) Er (L/mg) Ge (mg?h 1L1) E 0. 150
Ginsenosides Rf 0.23 14.59 0.06 243.17 E 0.125
Ginsenosides Rd 0.23 12.69 0.08 158.63 §. - RRBE'
G@nsenos?des Re 0.23 9.35 0.24 38.96 ‘Q— . Re =
Ginsenosides Rb1 0.23 6.73 0.71 9.48 (ﬁ 0. 075 Rd
= p. 050 Rel
group with Kp <1, more non-polar ginsenosides, including Rsand Ry R lif J
were poorly separated. Hence, the combination of both flow rates 0. 000
as a step-gradient was applied to achieve a reasonable purifica- o == g = T = = =
tion (Fig. 3). At the beginning of the separation, the Midi-HPCCC Retention time (min)
column was equilibrated at 20 mL/min to maintain as high as pos-
sible stationary phase retention. After 67 min of separation when o.18] 1
the first group of peaks eluted from the column, the flow rate was o ie Ginsenoside Rf (standard)
ramped up to 50 mL/min to elute the second group of ginsenosides.
The rotor was stopped at 120 min and the column contents were € o1
pumped out with organic mobile phase at 200 mL/min. All HPCCC 2 o-12
fractions were collected and analyzed as described below in Sec- 9. 810
tion 3.4. A summary of scale-up conditions from the analytical to g 0.08
preparative CCC is listed in Table 2. @ 0.06
According to Table 2, with the same ‘g’ level maintained, the =g og
crude sample mass was scaled up 85 times, which is greater than 0. 02
simple volumetric scale-up due to the fact that the Midi column is 0. 00
7.25-fold longer and 2.5-fold wider than the Milli column. Scale-up o0
from an analytical to a preparative process proved to be successful. o 10 20 30 40 50 60 70
Zhang et al. [12] have developed several factors to assess the Retention time (min)
efficiency of CCC separation. The same approach has been applied
in this study and shown in Table 3. 0.454 .
0. 40 Ginsenoside Rf
3.4. Analysis and identification of HPCCC fractions Hi30
—~ 0.30
To remove the ammonium acetate from the HPCCC fractions, % 0.25
they were dried down and then re-dissolved in warm acetone. As a § 0. 20
result, the salt was precipitated and then removed, while aliquots 5 Bl
were dried down to recover the target compounds. 2
Fractions of target peaks (marked red or grey) in Fig. 3 were = 010
collected and combined after HPLC analysis. 10.7 mg of Rf, 11.0 mg 0. 05
of Rd, 13.4mg of Re and 13.9mg of Rb1 (Fig. 4) were obtained, 0.00
with purities of 99.2%, 88.3%, 93.7% and 91.8%, respectively. The 6B
HPLC chromatogram of the crude sample, standards and the puri- 0 10 20 30 40 50 60 70
fied target peaks is shown in Fig. 4. The targets have the same Retention time (min)

HPLC retention time as the standards (Fig. 4). The ESI-MS/MS .

experiments were performed in the negative ion mode for the Fig. 4. HPLC/ELSD chrorpatogram of crude sample, standard§ and targets (I-VIII).
. A . . The column was an Alltima C18 column (250 mm x 4.6 mm i.d., 5.0 wm). Column

determination of molecular weight and MS/MS production of each temperature was 25 °C; solvent A: 5mM aqueous ammonium acetate; solvent B:

target fraction by HSCCC separation. ESI-MS/MS spectra of ginseno- acetonitrile; elution gradient were as follows: 0-15 min, hold 21% B; 15-69 min,

sides Rf, Rd, Re and Rb1 are shown in Fig. 5 and listed in Table 4. 21-38.1% B; flow rate was 1.0 mL/min.
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Fig. 3. Purification of four known ginsenosides by Midi-HPCCC using methylene chloride-methanol-5 mM aqueous ammonium acetate-isopropanol (6:2:4:3, v/v); loading
480 mg of crude sample in 20 mL lower phase; step flow gradient: 1-67 min at 20 mL/min, 67-120 min at 50 mL/min. Pump out the column content with the flow rate of
200 mL/min; rotation speed 1250 rpm, stationary phase retention 50%; ELSD condition: gas flow —1.7 L/min, nebulizer temperature —90 °C, evaporative temperature —120°C
with 1/10 signal output.
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Table 4
ESI-MS/MS analysis results of targets.
MS MS? MS3
Ginsenosides Rf 799.5[M—H]~ 637.4[M—H(Glc-H,0)]~ 475.2[M—H-2(Glc-H,0)]~
Ginsenosides Rd 945.8[M—H]- 783.6]M—H(Glc-H,0)]~ 621.4]M—H-2(Glc-H,0)]-, 459.2[M—H-3(Glc-H,0)]-
Ginsenosides Re 945.8[M—H]- 783.5[M—H-(Rha-H,0)-0]~ 637.5[M—H-(Rha-H,0)~(Glc-H,0)] " ; 475.2[M—H-(Rha-H»0)-2(Glc-H,0)]~
Ginsenosides Rb1 1107.9[M—H]- 945.7[M—H-(Glc-H,0)]~ 783.5[M—H-2(Glc-H,0)]~; 621.2[M—H-3(Glc-H,0)]

4. Conclusion

As ginsenosides easily emulsify as they are dissolved in organic
solvents, a new solvent system has been successfully developed and
applied for the first time using an inorganic salt as ginsenosides are
unstable in an acidic environment. The salt chosen was ammonium
acetate which is easily volatile and can be precipitated in warm
acetone for pure sample recovery.

A rapid and high-throughput HPCCC purification method has
been developed for the large-scale preparation of the water-soluble
constituent ginsenosides Rf, Re, Rd and Rb1 from P. ginseng (C.A.
Meyer). Scale-up from an analytical Milli-HPCCC to a preparative
Midi-HPCCC was successfully achieved using step-flow gradient
CCC.
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