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Introduction

Ginseng is one of the most important plant
drugs which has been used as a medicine in
Asia. Main effective components of ginseng
have recently been believed to be saponins.!~®
Biochemical and pharmacological effects of gi-
nsenosides, saponins purified from Panax gin-
seng C.A. Meyer, were studied by a number

of investigators.15~1®

Twelve saponins has been separated and ide-

71l 2 Aol

ntified. The structures of ginsenosides, ginsen-
oside -Ro of its sapogenin is oleanolic acid,
ginsenoside ~Rb;, -Rb;, -Rbs;, -Rc and -Rd of
whose sapogenin is 20(s) -protopanaxadiol and
ginsenoside ~Re, -Rf, -Rg;, -Rg;, -Rb; and
20-gluco-ginsenoside -Rf of whose sapogenin
is 20(s)-protopanaxatriol, have been establish-
ed.l'vllJ

Studies on the isolation of ginsenosides have
been made good progress with various chrom-

atographic methods: thin-layer chormatogra-
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phy(TLC),*® gas liquid phase chromatography
(GLC)*»*» and high performance liquid ch-
romatography (HPLC), 224! high
performance liquid chromatography has been

drawn a great attention to ginseng studies by

Recently,

natural-preducts chemist as well as biochemist
and pharmacologist. Ginsenoside-Re, -Rf,
-Rg:, and -Rg, were separated by high perfo-
rmance liquid chromatographic method.?®> Ho-
wever, the separation and determination of
ginsenoside -Rb;, ~Rb,, -Rc and -Rd have not
been reported. Chen et al.?® isolated ginsenos-
ides by semi-preparative HPLC on silica gel
column and reported that semi-preparative
HPLC was applicable only to the isolation of
ginsenoside-Rb,, -Rd and-Re.

Notwithstanding the use of HPLC for the
isolation of ginseng saponins, isolation proced-
ures for pure ginsenosides are too time-consum-
ing and laborious. Accordingly the result of
this research was presented by Choi et al.?®,
The objective of this paper was to develope
an highly efficient isolation technique of gins-
eng saponin in order to obtain large quantities
of pure ginsenosides which can be used for

biochemical and pharmacological studies.

Materials and Methods

Materials

Material used was four-year-old white ginseng
(dried roots of Pamax ginseng C.A. Meyer)
which was cultivated at Kum-San, Korea.
Apparatus

Liquid chromatography was performed on a
preparative HPLC(prep LC/System-500, Waters
Associates, Inc., Milford, Mass., U.S.A.), ana-
lytical and semi-preparative HPLC(ALC-201,
Waters Associates) equipped with a refractom-
eter R-401 (RI detector), A prep PAK-500/
silica cartridge (57mm IDx80cm), z Bondapak
Cis column(7.8mmlID x30cm) and carbohydrate
analysis column (3.9mm IDx30cm) prepacked
(Waters Associates) were used for prep LC/
System-500, semi-preparative and analytical
identification, respectively.

Extraction of crude saponin

Crude saponin was prepared by the modified
method of Shibata et al.V’ and was further fra-
ctionated by the methods described in Figure 1.
Ginseng powder was first extracted with
methano! (at 80~90°C for 3hr), followed by
evaporation in vacuum and dissolution in water.
After extraction of aqueous solution with ethyl
ether, the aqueous layer was extracted with
n-butanol saturated with water. The n-bittanol
layer was washed with water, evaporated in
vacuum and lyophilized.

Fractionation of crude saponin

Liquid chromatography was carried out with
preparative HPLC using two prep PAK-500/
Silica cartridges. A mixture of n-butanol-ethyl
acetate~water(4 : 1 : 5, upper phase) was used
as a mobile phase at a flow rate of 50mi/
min,

The crude saponin obtained was redissolved in
carrier solvent and filtered through a membrane
filter TM-2P before injection. Thirty-two ml
containing 4.5g of crude saponin was injected
for each run. The crude saponin was devided
into ten fractions (Figure 1 and 3) of which
retent'on time were compared with standard
ginsenosides with using analytical HPLC. The
ten fractions were combined into six group
according to their similarity in saponin pattern
as shown in Figure 1.

Isolation and identification

The isolation of ginsenosides was performed
using semi-preparative HPLC. Prior to isolation
of ginsenosides, each fraction was evaporated
in vacuum, redissolved in carrier solvent cont-
aining small amount of methanol and then
filtered through a membrane filter TM-2P, A
reverse phase system with a p Bondapak Cy,
column using various ratio of acetonitrile-water
system as a mobile phase was employed for
isolation of ginsenoside -Rb;, -Rb,;, -Rc, -Rd,
-Re and -Rg;. The separated ginsenosides were
determined by the RI detector at attenuation

of 16x and the flow rate was 5 to 8 ml/min.

The identification of ginsenosides was perf-
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Fig. 1. Extraction and isolation of ginseng saponin

ormed using analytical HPLC. A special ana-
lysis system equipped with carbohydrate analysis
column using various ratio of acetonitrile-water
system as a mobile phase, was used for the

The re-
tention times of isolated ginsenosides

identification of isolated ginsenosides.
were
compared to those of standard ginsenosides.
The composition of mobile phase and other
conditions used for each HPLC analysis are

specified elsewhere in following chromatograms.

Results and Discussion

Analysis of crude saponin

A typical chromatogram of analytical HPLC
for crude saponin prepared from wkhite ginseng
powder is shown in Figure 2. A mixture of
acetonitrile-water(80 : 20) as a mobile phase,
and a flow rate of 2ml/min, were used for
separation of saponin with using RI detector

Rgl
Re Re RDj
R92
fd
kb,
Rh
I T T T T T T T T T T T
0 1{pg 3 4 5 &6 7 8 9 10 11 (mim

Pig. 2. Chromatogram of extracted crude sap-
onin from Penax ginseng by Analytical HPLC
Condition; Packing : carbohydrate analysis
Column : 3.9 mm IDx30cm
Mobile phase : AcCN : H,0=80:
20(v/v) Flow rate: 2 ml/min
RI detecter: attenuation 8x
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and carbohydrate analysis column.

The total separation time was shortened to
approximately 10 min having satisfactory reso-
lution and reproducibility. The carbohydrate
analysis column also resulted in significant
improvement for separation of triol group.
Application of HPLC for fractionation of
crude saponin

Figure 3. shows a elution profiles of crude
saponin when a large quantity of sample was
injected into preparative column. A dual column
packed with silica gel was found to be effective
system for fractionation using a mobile phase
of n-butanol-ethyl acetate—v‘}a1.'er(z}£ :1:5, up-
per phase) at the flow rate of 50m//min.

The total elution time was approximately 50
min and 10 fractions were obtained from 4.5g

of crude saponin as shown in Figure 3.

Ist

5 0 ’ 30 40 SO 60 (min)
2nd
T s o ——
3 50 (min}
3rd
o o - 20 20 40 50 (min)

Fig. 3. Elution profiles of extracted crude sap-
onin from Panax ginseng by preparative
HPLC.

Conditions; Instrument : Prep LC/System-
500

Packing/Column : Prep PAK-500/Silica
Cartridge x2,57 mm IDX380 cm

Mobile phase : n-BuOH : AcOEt : H,O0=
4:1:5 (upper phase)

Flow rate : 50 m//min

Detection : RI detector

Sample load : 4.5 g/32 mi/injection

It was observed that the total elution time

was reduced to about 5 min for each run. This

fact signified, during the progress of fraction-
ation, that deactivation of silica cartridges by
water in carrier solvent affected the resolution
as well as the retention time. Twenty gram of
crude saponin dissolved in 120 m/ was possible
for fractionation at one time.

The analytical HPLC chromatograms for 10
fractions are shown in Figure 4. It was observed
that all fractions contained 2 or 3 ginsenosides.
Ginsenoside -Rb; and -Rb, were found in the
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Fig. 4. Chromatograms of extracted each tract-
ion from crude saponin by preparative HPLC
Conditions; Packing : carbohydrate analysis

Column : 3.9 mm IDX30 cm

Mobile phase : AcCN : H,0=80 : 20(v/v)
Flow rate : 2 ml/min

R1 detector : attenuation 8 x
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fractions of VII, VIII and IX which were used
for further separation of ginsenoside-Rb;, and
-Rb;. Even though both fractions of V and
VI contained ginsenoside-Re, only the fraction
V was used for separation of ginsenoside-Rc.
Fraction II and II contained two major ginsen-
osides of Rd and Re.
Major ginsenosides isolated by large quant-
ity treatment

Corresponding fractions which have the same
ginsenosides were pooled and further fractionat-
ed by semi-preparative HPLC using acetonitrile
-water system as a mobile phase (Figure 5, 6-
A and 7). The combined fractions and the ratio

of mobile phase are described in Figure 1.

[ Iu 8 12 16 20 24 28 32 (mim
Fig. 5. Elution profile of fractionated saponin
(Fr. i4+-Wi+KX) by semi-preparative HPLC:
1, Fr. 789-1; 2, Fr. 789-2; 3, Fr. 789-3; 4,
Fr. 789-4; 5, Fr. 789-5,
Conditions; Packing : 4 Bondapak Cig
Column : 7.8 mm IDX30 cm
Mobile phase : AcCN : H,O=281: 19(v/v)
Flow rate : § m//min
RI detector : attenuation 16 x
Sample load : 17 mg/2.0 ml/injection

A 13

Re

Lr 1 3l L

L S B L B S T T T T
Iu 8 12 16 20 (mind o 1 4 3G S & 7 (min)

0

Fig. 6. Elution profile(6-A) of fractionated
saponin(Fr. V) by semi-preparative HPLC and
chromatogram(6-B) of isolated ginsenoside-
Re(Fr. 5-2) by analytical HPLC: 1, Fr. 5-1;
2, Fr. 5-2; 8, Fr. 5-8; 4, Fr. 5-4,

Conditions; (6~A) Packing : « Bondapak Cis
Column : 7.8 mm IDX30 cm
Mobile phase : AcCN : Hy,0=82: 18(v/v)
Flow rate : 8 m!/min
RI detector : attenuation 16 x
Sample load : 16 mg/1.0 mi/injection
(6-B) Packing : carbohydrate analysis
Column : 3.9 mm IDX380 cm
Mobile phase : AcCN : H,0=80 : 20(v/v)
Flow rate : 2 m//min
RI detector : attenuation 8 x

[

! !
o | |4 8 12 18 20 24 (min)

Fig. 7. Elution profile of fractionated saponin
(Fr. 14+Fr. ) by semi-preparative HPLC:
1, Fr. 23-1; 2, Fr. 23-2; 3, Fr. 23-3; 4, Fr.
23-4; 5, Fr. 23-5,

Conditions; Packing : # Bendapak Cig
Column : 7.8 mm IDX30 cm
Mobile phase : AcCN : H,0=84: 16(v/V)
Flow rate : 8§ ml/min
RI detector : attenuation 16 x
Sample load : 15 mg/1.5 ml/injection

The sub-fractionated sample was identified
again for their homogeneity as shown in Figure
6-B. It was found all ginsenosides were obtained
in pure from by sub-fractionation except ginsen-
osides -Rg;. In order to obtain pure ginsenoside
-Rg;, the fraction I which contained ginsenoside-
Rg; and -Rg,, was further fractionated into 7
subfractions using semi-preparative HPLC(Figure
8). Because of overlapping difficulty, the sub-
fraction 1-5 was further separated by recycle
chromatographic method using semi-preparative
HPLC(Figure 9) and divided into two compon-
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Fig. 8. Elution profiles of fractionated saponin
(Fr. 1) by semi-preparative HPLC: 1, Fr. 1-
1; 2, Fr. 1-2; 3, Fr. 1-3; 4, Fr. 1-4; 5, Fr.
1-5; 6, Fr. 1-6; 7, Fr. 1-7.

Conditions; Packing : 4 Bondapak Cys
Column : 7.8 mm IDX30 cm
Mobile phase : AcCN : H;0=89: 11(v/v)
Flow rate : § mi/min
RI detector : attenuation 16 x
Sample load : 30 mg/0.75 ml/injection

|
|
|
|
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|
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i T T T T T T T T T T T T T
b H y 8 7 6 20 24 28 (min)
Fig. 9. Elution profile of fraction 1-5 with
recycle chromatography by semi-preparative
HPLC: 1, Fr. 1-5-1; 2, Fr. 1-5-2.
Conditions! Packing : » Bondapak Cyg
Column : 7.8 mm IDx30 cm
Mobile phase : AcCN : H;0=86 : 14(v/v)
Flow rate : 5 m//min
RI detector : attenuation 16 x
Sample load : 20 mg/0.5 ml/injection
*R; recycle C; collect W; waste

ents (Fraction 1-5-1 ahd 1-5-2). It was found
that recycling method was satisfactory for obt-
aining purified ginsenoside-Rg; which was

confirmed by co-chromatographic technique.

.
[
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o 1|4 5 4 5@ 613 38 5 0F 6P

Fig. 10. Chromatograms of standard ginsenoside
~-Rg; and fration 1-5-2 by analytical HPLC
Conditions; Packing : carbohydrate analysis

Column : 8.9 mm IDX30 cm

Mobile phase : AcCN : H,0=85: 15(v/v)
Flow rate : 2 ml/min

RI detector : attenuation 8 x

The maximum amount of loading sample
which can be separated effectively by semi-
preparative HPLC system was approximately
20 mg/2.0 ml. Those isolated ginsenosides were
recrystalized using the mixtures of ethanol-
~-Rb, and -Re,
and ethanol-ethyl acetate for ginsenoside-Rd,
and 50% ethanol for ginsenoside-Re in order

butanol for ginsenoside-Rb;,

to obtain pure gisenosides.

The capacity of isolating pure ginsenosides
were 30~50 mg/hr(300 ~400 mg/day) idicating
that the application of high performance liquip
chromatography for isolation of the major co-
mponents of ginseng saponins, ginsenoside-Rby,
-Rb;, ~Rc, -Rd, -Re and -Rg;, was very effic-
ient and useful method for biological and pha-

rmacological studies at ginsenoside level.
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Abstract

Relatively large quantity of the major comp-

onents of saponin, ginsenoside-Rby, -Rb,, -Rc,

-Rd, -Re and -Rg, from Panax ginseng C.A.

Meyer were isolated using preparative and semi-

preparative high performance liquid chromato-

graphy, and analyzed by analytical HPLC. The

application of HPLC for isolation of ginsenosides

was not only very effective for rapid analysis

but also reduced the isolation time. The isolat-

ion capacity of pure ginsenosides was 30~50

mg/hr.
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