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Ginseng has been used as a general tonic agent to invigorate the human body as an adaptogenic agent. In a previous report, we
have shown that ginseng contains a novel glycolipoprotein called gintonin. The main function of gintonin is to transiently enhance
intracellular free Ca’* [Ca]; levels in animal cells. The previous method for gintonin isolation included multiple steps using
organic solvents. In the present report, we developed a simple method for the preparation of crude gintonin from ginseng root as
well as stem and leaf, which produced a higher yield of gintonin than the previous one. The yield of gintonin was 0.20%, 0.29%,
and 0.81% from ginseng root, stem, and leaf, respectively. The apparent molecular weight of gintonin isolated from stem and leaf
through sodium dodecyl sulfate polyacrylamide gel electrophoresis was almost same as that from root but the compositions of
amino acids, carbohydrates or lipids differed slightly between them. We also examined the effects of crude gintonin from ginseng
root, stem, and leaf on endogenous Ca” -activated CI channel (CaCC) activity of Xenopus oocytes through mobilization of [Ca’']
. We found that the order of potency for the activation of CaCC was ginseng root > stem > leaf. The EDs, was 1.4+1.4, 4.5+5.9,
and 3.9£1.1 pg/mL for root, stem and leaf, respectively. In the present study, we demonstrated for the first time that in addition
to ginseng root, ginseng stem and leaf also contain gintonin. Gintonin can be prepared from a simple method with higher yield of
gintonin from ginseng root, stem, and leaf. Finally, these results demonstrate the possibility that ginseng stem and leaf could also be
utilized for ginstonin preparation after a simple procedure, rather than being discarded.
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INTRODUCTION

Ginseng, the root of Panax ginseng, has been used
as a general tonic or an adaptogen to promote longev-
ity and enhance bodily functions against stress, fatigue,
and various diseases including cancer and diabetes mel-
litus [1]. Ginseng is one of the most widely used and

precious herbal medicines consumed around the world,
containing various biologically active ingredients such
as ginsenosides (also called ginseng saponins), acidic
polysaccharides, polyacetylenes, and other minor com-
ponents [1]. Among them, ginsenosides were regarded as
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representative agents of ginseng for pharmacological and
physiological investigations. In previous reports, we have
demonstrated that crude ginseng total saponin fraction
activates endogenous Ca’ -activated CI' channel (CaCC)
in Xenopus oocytes, of which CaCC channel is activated
by transiently mobilizing intracellular Ca** [Ca’"]; [2-4].
We demonstrated that active agents which caused CaCC
activation in Xenopus oocytes and transiently elevated
[Ca™], in mammalian cell are not ginsenosides, but rather
novel glycolipoproteins called gintonin [5]. Thus, we
provided evidence that ginseng contains the novel ingre-
dient gintonin that could also be the primary agent for
various Ca’"-mediated cellular events.

The previous methods for crude gintonin preparation
included multiple steps using various organic solvents
with a time intensive separation process [5]. In present
study, we developed a simple method for crude gintonin
preparation from ginseng root as well as from stem and
leaf with CaCC activation. We report here that this pro-
cedure simplified the crude gintonin preparation process
and produced a much higher yield of gintonin as com-
pared to the previous method. In addition, the apparent
molecular weight of gintonin isolated from stem and
leaf was almost same as that of root. Finally, the present
report suggests the possibility that ginseng stem and leaf
could also be utilized for gintonin preparation, which is
usually otherwise discarded.

MATERIALS AND METHODS

Materials

BioLogic DuoFlow™" chromatography systems were
purchased from Bio-Rad (Hercules, CA, USA). Six-year-
old Korea red ginseng (Korea Ginseng Corporation, Dae-
jeon, Korea) was purchased from a local ginseng market.
Prepacked columns (Superdex 75 10/30/300 GL and Hi-
Trap'" DEAE FF) and media (DEAE Sepharose CL-6B)
were purchased from GE Healthcare (Uppsala, Sweden).
Schiff’s reagent, tubing cellulose membrane with molec-
ular weight cut off at 13,000 and other reagents were all
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of gintonin fraction from ginseng root

Eight kilograms of 4-year-old ginseng roots were
ground into small pieces (>3 mm) and refluxed with
80% methanol (MeOH) three times for 8 h at 80°C each.
The MeOH extracts (1.3 kg) concentrated in vacuo were
partitioned between n-butanol (n-BuOH) and water. n-
BuOH fraction (ft., 300 g) of Panax ginseng dissolved in
phosphate buffer saline (PBS, pH 7.2) was loaded onto
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Fig. 1. Diagram for simple preparation of crude gintonin from Panax
ginseng root. (A) A complete diagram for crude gintonin preparation
from ginseng root. (B) The representative Ca*"-activated CI" channel
(CaCC) current traces are representative of one obtained from each
preparation step. Treatment with butanol fraction and the bound com-
ponent obtained after elution with NaCl in Tris-HCI (pH 8.2) induced
endogenous CaCC activation in Xenopus oocytes, whereas H,0O
layer and unbound component had no effect. The amount of each
fraction used to test CaCC activity was 10 yg/mL. Inward currents
were recorded at —80 mV holding potential. CGSF, crude ginseng
total saponin fraction; fr., fraction; GT, gintonin.

a column packed with DEAE sepharose CL-6B (GE
Healthcare) and equilibrated with PBS (pH 7.2). The un-
bound materials were eluted with the same buffer and the
bound materials were eluted with a linear gradient of 0 to
1 M NaCl in PBS (pH 7.2). The eluted fraction was fur-
ther dialyzed at 4°C for 8 h with 1,000-fold excess dis-
tilled water (DW) using Spectra/Por dialysis membrane
(molecular weight cut off 6,000-8,000; Spectrum Labo-
ratories Inc., Rancho Dominguez, CA, USA) to remove
small molecular components such as ginsenosides and
other components that might remain in the fraction (16
g) [5]. We labeled this fraction as crude gintonins, which
were derived from the root (Fig. 1).

Preparation of gintonin fraction from ginseng stem
The dried thirty eight grams of 4-year-old red ginseng
stems were ground into small pieces (>3 mm) and re-
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Fig. 2. Diagram for preparation of gintonin fraction from Panax
ginseng stem. (A) A complete diagram for crude gintonin preparation
from ginseng stem. (B) The representative Ca**-activated CI" channel
(CaCC) current traces are representative of one obtained from each
crude gintonin preparation step. Treatment with butanol fraction and
the bound component obtained after elution with NaCl in Tris-HCI
(pH 8.2) induced endogenous CaCC activation in Xenopus oocytes,
whereas H,O layer and the unbound component had no effect. The
amount of each fraction used to test CaCC activity was 10 pg/mL.
Inward currents were recorded at —-80 mV holding potential. CGSF,
crude ginseng total saponin fraction; fr., fraction; GT, gintonin.

fluxed with 80% MeOH three times for 8 h at 80°C each.
The MeOH extracts (10.32 g) concentrated in vacuo were
partitioned between n-BuOH and water. The n-BuOH
ft. (2 g) of ginseng stems after concentration was further
extracted with methanol:hexane (MeOH:Hexane=90:10),
while the MeOH fr. (1.82 g) after concentration was dis-
solved in PBS (pH 7.2), loaded onto a column packed
with DEAE sepharose CL-6B (GE Healthcare) and
equilibrated with PBS (pH 7.2). The unbound materials
were eluted with the same buffer and the bound materi-
als were eluted with a linear gradient of 0 to 1 M NaCl in
PBS (pH 7.2). The eluted fraction was further dialyzed at
4°C for 8 h with 1,000-fold excess DW using Spectra/Por
dialysis membrane (molecular weight cut off 6,000-8,000;
Spectrum Laboratories Inc.) to remove small molecular

211

Pyo et al. A Simple Preparation of Gintoninf

components such as ginsenosides and other components
that might remain in the fraction (0.11 g). We labeled this
fraction as crude gintonins, which were derived from the
stem (Fig. 2).

Preparation of gintonin fraction from ginseng leaf

The dried 37.3 g of 4-year-old red ginseng leaves were
ground into small pieces (>3 mm) and refluxed with
80% MeOH three times for 8 h at 80°C each. The MeOH
extract (10.84 g) concentrated in vacuo was partitioned
between n-BuOH and water. n-BuOH ft. (5.26 g) of gin-
seng stems after concentration was further extracted with
methanol:hexane (MeOH:Hexane=90:10) and methanol
fraction (6.04 g) after concentration was dissolved in
PBS (pH 7.2) and was loaded onto a column packed with
DEAE sepharose CL-6B (GE Healthcare) and equili-
brated with PBS (pH 7.2). The unbound materials were
eluted with the same buffer and the bound materials were
eluted with a linear gradient of 0 to 1 M NaCl in PBS
(pH 7.2). The eluted fraction was further dialyzed at 4°C
for 8 h with 1,000-fold excess DW using Spectra/Por di-
alysis membrane (molecular weight cut off 6,000-8,000;
Spectrum Laboratories Inc.) to remove small molecular
components such as ginsenosides and other components
that might remain in the fraction (0.3 g). We labeled this
fraction as crude gintonins, which were derived from the
leaf (Fig. 3).

Gel filtration chromatography

Gel filtration chromatography of gintonin fractions
obtained from ginseng root, stem or leaf was carried out
using a Superdex 75 column (10x300 mm) equilibrated
with PBS (pH 7.2) on a BioLogic DuoFlow" Chroma-
tography system (Bio-Rad). Fractions were collected
with a flow rate of 0.5 mL/min and monitored at 280 nm.
Each fraction was tested on endogenous CaCC activa-
tions in Xenopus oocytes [5].

Electrophoresis and periodic acid-Schiff base stain-
ing

The crude gintonins from ginseng root, stem, and leaf
were subjected to sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) using 12.0% separating
gel [6]. Crude gintonins (100 pg each) from ginseng root,
stem, and leaf were loaded in each lane. After electro-
phoresis, gintonin bands were visualized by Coomassie
Brilliant Blue R-250 staining. For glycoprotein detection,
gels were stained using periodic acid-Schiff base staining
(PAS). The gel was incubated in 40% ethanol-7% acetic
acid in H,O for 30 min, followed with 1% periodic acid-
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Fig. 3. Diagram for preparation of gintonin fraction from Panax
ginseng leaf. (A) A complete diagram for crude gintonin preparation
from ginseng leaf. (B) The representative Ca**-activated CI" channel
(CaCC) current traces are representative of one obtained from each
gintonin preparation step. Treatment with butanol fraction and the
bound component obtained after elution with NaCl in Tris-HCI (pH 8.2)
induced endogenous CaCC activation in Xenopus oocytes, whereas
H,O layer and the unbound component had no effect. The amount
of each fraction used to test CaCC activity was 10 pg/mL. Inward
currents were recorded at —-80 mV holding potential. CGSF, crude
ginseng total saponin fraction; fr., fraction; GT, gintonin.

3% acetic acid for 1 h. The periodic acid solution was
removed. Next, Schift’s reagent was added to the gel fol-
lowed by further incubation for 1 h. Bands of stained gly-
coproteins developed a pink color and the PAS-stained
gels were stored in water after soaking in 7.5% acetic
acid [5].

Gintonin amino acid composition analysis

Gintonin (30 pg) from ginseng root, stem, and leaf was
hydrolyzed in vacuo in 6 N HCI for 24 h at 110°C for
general amino acid analysis. For the analysis of cysteine,
gintonin was hydrolyzed in 6 N HCI for 24 h at 110°C
after peroxidation treatment with formic acid:hydrogen
peroxide=10:1. For the analysis of tryptophan, the sam-
ple was hydrolyzed in 4 M methanesulfonic acid and 4
M KOH was also added. Amino acids converted to phe-
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nylisothiocyanate derivates were analyzed by high per-
formance liquid chromatography (Hewlett-Packard 1100
series; Hewlett-Packard, Palo Alto, CA, USA) with Wa-
ters Nova-Pak C18 column (3.9x300 mm) at the Korea
Basic Science Institute (Seoul, Korea). Protein contents
were determined by the Bradford method using BSA as a
standard [5].

Carbohydrate composition

Gintonins from ginseng root, stem, and leaf were hy-
drolyzed in 2 M trifluoroacetic acid for 4 h at 100°C for
neutral sugar and hydrolyzed in 6 N HCI for 4 h at 100°C
for amino sugar and acid sugar in glass tube. Carbohy-
drate compositions of gintonin were analyzed by high
performance anion exchange chromatography-pulsed
ampherometric detection system (HPAEC-PAD system;
Dionex, CA, USA) with a CarboPac™ PA1 column at
the Carbohydrate Bioproduct Research Center, Sejong
University (Seoul, Korea). The molar ratios of monosac-
charides were calculated from peak areas. The carbohy-
drate contents were also determined by phenol-sulfuric
acid method for neutral sugar [7] and anthrone method
for acid sugar [8].

Lipid composition analysis

Gintonins from ginseng root, stem, and leaf were hydro-
lyzed in 6 N HCI for 4 h at 100°C or digested by lipopro-
tein lipase to confirm lipid and hydrophobic moieties. Acid
hydrolyzed or digested gintonins were partitioned between
distilled water and n-BuOH. The n-BuOH layer, after
concentration, was further partitioned between distilled
water and n-hexane. The n-hexane layer was prepared
for lipid and hydrophobic moiety analysis by an Agilent
6890N GC-MS system (Agilent Technologies, Palo Alto,
CA, USA) with a DB5-MS capillary column (30 cmx250
umx0.25 um) at the Korea Basic Science Institute and by
gas chromatography (Agilent 6890N) equipped with flame
ionization detector and a split injection system and fitted
with a supelco SPB-1 capillary column (15 mx0.32 mm
inside diameter, 0.25 mm thickness) [5].

Oocyte preparation

Xenopus laevis frogs were obtained from Xenopus I
(Ann Arbor, MI, USA). Their care and handling were in
accordance with the highest standards of Konkuk Univer-
sity guidelines. To isolate oocytes, frogs were operated
on under anesthesia with an aerated solution of 3-amino
benzoic acid ethyl ester. Oocytes were separated by treat-
ment with collagenase and agitation for 2 h in a Ca®'-
free medium containing 82.5 mM NaCl, 2 mM KCI, 1



mM MgCl,, 5 mM HEPES, 2.5 mM sodium pyruvate,
100 units/ml penicillin and 100 pg/mL streptomycin.
Stage V-VI oocytes were collected and stored in ND96
(96 mM NaCl, 2 mM KCl, 1 mM MgCl,, 1.8 mM CaCl,,
and 5 mM HEPES, pH 7.5) supplemented with 50 pg/
mL gentamicin [2]. This oocyte-containing solution was
maintained at 18°C with continuous gentle shaking and
changed daily.

Measurements of endogenous CaCC currents

Two-electrode voltage-clamp recordings were obtained
from individual oocytes placed in a small Plexiglas net
chamber (0.5 mL), which was continuously superfused
with the bathing medium (i.e., ND96). The microelec-
trodes were filled with 3 M KCI and had a resistance of
0.2-0.7 MQ. The electrophysiological experiments were
performed at room temperature using an oocyte clamp
amplifier (OC-725C; Warner Instrument, Hamden, CT,
USA). CaCC was recorded at —80 mV holding potential,
where gintonins were applied to oocytes by bath perfu-
sion [2].

Data analysis

To obtain the concentration-response curve in the pres-
ence of crude gintonin from ginseng root, stem, or leaf
the observed peak amplitudes were normalized, plotted
and subsequently fitted to the Hill equation below using
Origin software (Northampton, MA, USA). y/y,...=[A]"/
(TAT'HECs,]"), where y represents % activation at given
concentration of gintonin, y,,, represents maximal peak
current, ECy, is the concentration of gintonin producing
half-maximum effect of the control response to gintonin,
A is the concentration of gintonin, and n is the interaction
coefficient. All values were presented as means+SEM. The
differences between means of control and gintonin treat-
ment data were analyzed using unpaired Student’s #-test. A
value of p<0.05 was considered statistically significant.

RESULTS

A simple procedure for crude gintonin preparation
from ginseng root, stem, and leaf

We found that gintonin is co-fractionated with ginsen-
osides following butanol extraction, although physico-
chemical properties of gintonin and ginsenosides differ
from each other. Gintonin consists of carbohydrate, lipid,
and protein portion [5]. In a previous report, we demon-
strated that crude gintonin could be separated from gin-
senosides in the butanol fraction through multiple steps
using various organic solvents including anion exchange
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chromatography [5].

The previous method required numerous organic
solvents, required a considerable amount of time, and
produced a lower yield of gintonin [5]. In the present
study, we directly applied the butanol fraction of ginseng
root to an anion exchange column since gintonin, but
not ginsenosides with anion charges, could bind to the
anion column. As shown in Fig. 1B, the unbound com-
ponents within the column did not induce any activation
of CaCC, but the bound portion eluted by NaCl gradient
induced a large inward CI” current by activating CaCC.
These results indicate that the main component for CaCC
activation is gintonin, which carries charges, and that un-
bound components possibly including ginsenosides and
other uncharged or neutral components, had no effects on
CaCC activity. By using a similar method we also pre-
pared crude gintonin from ginseng stem and leaf with ad-
ditional hexane extraction to further remove hydrophobic
components that might exist in stem and leaves (Figs. 2
and 3). We found that the bound components in the anion
exchange column also activated CaCC in ginseng stem
and leaf but the degree of CaCC activation was less than
that from the ginseng root. The yield was 0.20, 0.29, and
0.81% for ginseng root, stem and leaf, respectively. This
method produced a higher yield compared to the previ-
ous method with less time and less organic solvents [5].

Determination of molecular weight of crude ginto-
nin

We next compared the apparent molecular weight of
the gintonin fraction prepared from ginseng root, stem,
and leaf, respectively. For this, we performed SDS-PAGE
using crude gintonin from ginseng root, stem or leaf.
We found a broad but single major band and its apparent
molecular weight at approximately 13 kDa, revealing the
possibility that their molecular weights are nearly identi-
cal among all three sources (Fig. 4).

Gintonin fraction from ginseng root, stem, and
leaf exhibits different pattern gel filtration chro-
matography

We next compared the patterns of gel filtration chro-
matography of crude gintonin prepared from ginseng
root, stem, and leaf, respectively. As shown in Fig. 5,
crude gintonin from ginseng root showed a main peak
and minor peaks, whereas crude gintonin prepared from
ginseng stem and leaf showed a main peak with addi-
tional peaks as shown in ginseng root. The main peaks
of ginseng root, stem, and leaf largely exhibited CaCC
activation in Xenopus oocytes (data not shown). Gel

http://ginsengres.org
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chromatographic patterns from the gintonin fraction of
root, stem, and leaf differ from each other, yet these re-
sults indicate that crude gintonin prepared from ginseng
root, stem, and leaf has a common main peak that lead to

A B
kDa kDa
170 _— 170 —
== RS L m= RS L
95 — N 95 —
T2 - 17 —
55 — = 55 —
3 _am 8 —
36 — - % —
17 — == 17 —
- -t
1 — 1mn —

Fig. 4. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) of each gintonin prepared from ginseng root, stem, and
leaf. (A) SDS-PAGE of the crude gintonins obtained from anion ex-
change chromatography. Coomassie Birilliant blue staining was used
to stain protein moieties of gintonins. Crude gintonin prepared from
ginseng root (R), stem (S), and leaf (L) in SDS-PAGE showed that
the apparent molecular weight of gintonin is about 13 kDa. (B) Peri-
odic acid-Schiff staining demonstrated that crude gintonins contain
carbohydrate moiety.

Table 1. Amino acid composition of gintonins

Amino acid Root Stem Leaf
CYA" 5.36 8.74 10.31
ASX? 11.26 4.98 6.71
GLX? 7.15 5.20 5.24
Ser 5.46 4.60 5.17
Gly 10.99 15.83 18.93
His 0.00 0.00 0.00
Arg 257 1.32 1.38
Thr 4.46 1.76 225
Ala 6.71 3.87 3.86
Pro 6.48 5.14 5.24
Tyr 1.31 0.99 0.84
Val 5.06 4.70 3.49
Met 0.89 1.19 0.70
Ile 5.39 8.15 6.78
Leu 7.98 5.39 5.34
Phe 11.45 17.42 14.89
Trp 1.10 1.86 1.65
Lys 6.38 8.85 7.22

The detail methods for amino acid compositions of each gintonin are

described in Materials and Methods section.

Data are presented as percentage.
"The sum of cysteine and cystine.

?The sum of asparagine and aspartic acid.
¥The sum of glutamine and glutamic acid.
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CaCC activation.

Amino acid, carbohydrates, and lipid composition
of gintonin prepared from ginseng root, stem, and
leaf

The contents of total proteins in crude gintonin ana-
lyzed by Bradford method were approximately 25%,
13.8%, and 12.5% for ginseng root, stem, and leaf, re-
spectively. Thus, protein contents of crude gintonin pre-
pared from root were about three times higher than that
from stem and leaf, leading to the possibility that stem
and leaf contain other unidentified components besides
protein. Amino acid composition of individual gintonins
was summarized in Table 1.

As shown in Fig. 4 (right panel), the bands representa-
tive of crude gintonin from SDS-PAGE are single but
broad and are not strongly stained with Coomassie Bril-
liant blue staining, indicating the possibility that crude
gintonin might contain carbohydrate moieties. Therefore,
we used PAS technique to determine whether gintonin
contains carbohydrates as a previous report had sug-
gested [5]. Crude gintonin from ginseng root, stem, and
leaf was strongly stained by PAS as shown in Fig. 4B.
Next, we examined carbohydrate composition of ginto-
nins using the HPAEC-PAD system. Table 2 showed that
carbohydrate compositions of gintonin prepared from
ginseng root, stem, and leaf slightly differ from each
other. Glucose was a major component (Fig. 6). Finally,
the contents of total carbohydrate in crude gintonin were
about 21.9%, 16.5%, and 33% for ginseng root, stem,
and leaf, respectively. These results confirmed once again

Table 2. Carbohydrate composition of gintonins

Carbohydrates Root Stem Leaf
Galactosamine 3.59 1.66 1.89
Galactose 19.72 12.13 53.09
Glucose 70.74 79.43 45.02
Glucuronic acid 5.95 6.78 -

The detail methods for carbohydrate compositions of each gintonin
are described in Materials and Methods section.

Data are presented as percentage.

Table 3. Lipids composition of gintonins

Lipids Root Stem Leaf
Palmitic acid (16:0) 38.79 35.78 40.33
Stearic acid (18:0) 2.29 2.08 2.33
Linoleic acid (18:2) 52.66 57.34 57.34
Others 6.26 4.81 -

The detail methods for lipid compositions of each gintonin are de-

scribed in Materials and Methods section.
Data are presented as percentage.
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Fig. 5. Elution patterns of gintonin prepared from ginseng root,
stem, or leaf by gel chromatography. Gel filtration chromatograms on
Superdex 75 column with phosphate buffer saline (pH 7.2) of crude
gintonin prepared from ginseng root (A), stem (B) or leaf (C). Analy-
sis through gel filtration chromatograms showed that the main peaks
of crude gintonin prepared from root, stem, or leaf are almost same
but ginseng stem and leaf showed an additional peak after the main
peak. We found that the main peak was active for the activation of
Ca2+-activated CI- channel.

that gintonins are glycoproteins.

We also examined lipid moieties. As shown in Table 3,
crude gintonin of ginseng root, stem, and leaf contained
fatty acids such as palmitic, stearic, linoleic acid, and
other minor fatty acids. The portion of polyunsaturated
fatty acid, linoleic acid in crude gintonin of ginseng
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A. Neutral and amino sugar B. Acid sugar

a. Root

| Y .

b. Stem

¢. Leaf

1]2
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Time (min) Time (min)

Fig. 6. Analysis of carbohydrate components of crude gintonin
prepared from ginseng root, stem, or leaf by HPAEC-PAD chromato-
grams. (A-C) HPAEC-PAD chromatograms show that gintonins are
composed of two different kinds of neutral sugars:glucose and ga-
lactose, one amino sugar, galactosamine, and one acid sugar, gluc-
uronic acid. (A) Std stands for standard carbohydrates used; 1. L-
fucose, 2. L-rhamnose, 3. D-galactosamine, 4. D-glucosamine, 5. D-
galactose, 6. D-glucose, 7. D-mannose, 8, D-xylose. (B) Acid sugar; 1.
Galacturonic acid, 2. Glucuronic acid.

root, stem, and leaf were greater than saturated fatty ac-
ids such as palmitic and stearic acid (Fig. 7). We found
linoleic acid was the predominant lipid in crude gintonin
of ginseng root, stem, and leaf. Next, we estimated total
contents of lipid moiety in gintonins by gas chromatog-
raphy. The contents of total lipids in crude gintonin were
25%, 13%, and 16% for ginseng root, stem, and leaf,
respectively, once again reiterating that crude gintonin
prepared from ginseng stem and leaf is composed of
glycolipoproteins.
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Fig. 7. GC-MS spectral analysis of lipid components of crude ginto-
nin prepared from ginseng root, stem, or leaf. Acid hydrolyzed ginto-
nin was partitioned between distilled water and n-butanol (n-BuOH).
The n-BuOH layer, after concentration, was further partitioned
between distilled water and n-hexane. The n-hexane layer was sub-
jected to GC-MS with a DB5-MS capillary column. Several peaks
were present in the hexane fraction of gintonin and were identified as
palmitic acid, stearic acid, oleic acid, linoleic acid ester or free form.
The 22.11 peak of palmitic acid (C4,) and 23.59 peak of linoleic acid
(C1s2) were dominant fatty acid in gintonins.

Effects of gintonin prepared from ginseng root,
stem, and leaf on endogenous CaCC in Xenopus
oocytes

We compared the degree of activation of CaCC of
crude gintonin prepared from ginseng root, stem, and
leaf. As shown in Fig. 8, treatment of crude gintonin
prepared from ginseng root, stem, and leaf induced large
inward CI currents in a concentration-dependent manner
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Fig. 8. Crude gintonin prepared from ginseng root, stem, or leaf ac-
tivates Ca’*-activated CI" channel (CaCC) with concentration-depen-
dent manner. Crude gintonin prepared from ginseng root, stem, and
leaf increased inward CaCC currents in a concentration-dependent
manner. The order of gintonin potency for CaCC activation was root
> stem > leaf. Data represent means+SEM (n=7-8).

at —70 mV holding potential (Fig. 8). However, there was
a difference among them for the potency for CaCC activa-
tion. The order of potency for CaCC activation by crude
gintonin was root > stem > leaf. The EDs, was 1.4+1.4,
4.54£5.9, and 3.9+1.1 pg/mL for ginseng root, stem, and
leaf, respectively. Thus, these results indicate that although
crude gintonin prepared from ginseng root, stem, and leaf
are similar to each other in terms of molecular weights and
physico-chemical properties, there are differences in the
degree of activating CaCC in Xenopus oocytes.

In the previous report, we demonstrated that ginseng
root contains novel glycolipoprotein ingredients [5]. We
named, which we named it as gintonin. Although ginto-
nin was co-fractionated with ginsenosides in the butanol
fraction, gintonin showed several distinguishing charac-
teristics from ginsenosides. For example, gintonin carries
charges, since gintonin consists of carbohydrates, lipids,
and proteins, whereas in general we have determined
that ginsenosides are one of neutral glycosides without
any charges. The apparent molecular weight of gintonin
is about 13 kDa but that of ginsenosides ginsenosides
overall is about 0.8-1.3 kDa. More importantly, gintonin
treatment caused activation of Ca’*-dependent ion chan-
nels such as the endogenous CaCC in Xenopus oocytes
through mobilization of [Ca’'],, but ginsenosides did not

[5].
DISCUSSION

In the present study, we report two major findings.
First, we confirmed that ginseng stem and leaf con-



tain gintonin, in addition to the root that was originally
known. Second, we have developed a simple method for
gintonin preparation from ginseng root, stem, and leaf.
The simple method for crude gintonin preparation from
ginseng root, stem, and leaf has at least three advantages
as compared to previous method. First, the newly de-
veloped method requires a significantly lesser amount
of organic solvents than the previous one. Second, the
newly developed method takes less time for crude ginto-
nin preparation, and finally third, the gintonin yield using
this method is much higher than the previous method and
we can apply this procedure to prepare a massive amount
of gintonin using ginseng stem and leaf, which are other-
wise usually discarded.

We observed some similarities and differences among
gintonin prepared from ginseng root, stem, and leaf, re-
spectively. Their molecular weights in SDS-PAGE were
nearly identical (Fig. 4). In amino acid compositions,
crude gintonin prepared from ginseng root, stem, and
leaf contained high amounts of hydrophobic amino acids
including phenyalanine, leucine, isoleucine, alanin and
proline. Interestingly, phenylalanine was the most abun-
dant amino acid in all gintonin fractions prepared from
root, stem and leaf. Next, glycine was also abundant in
all crude gintonin (Table 1). In carbohydrate composi-
tions, glucose was the most abundant component in gin-
tonin prepared from ginseng root, stem, and leaf (Table
2). Linoleic acid (C18:2) was the major lipid component
in gintonin overall and was followed by palmitic acid
(C16:0). Stearic acid (C18:0) was only a minor compo-
nent (Table 3). Thus, crude gintonins of ginseng root,
stem, and leaf are glycolipoproteins. Currently, we do not
know how carbohydrate, lipid and protein components
combine with each other to form the gintonin structure,
and their respective roles in CaCC activation. In addition,
we could not exclude the possibility that gintonin con-
tent or composition in ginseng root, stem, and leaf might
vary from batch-to-batch and from different sources
of ginseng. Further studies will be needed to establish
standardization of gintonin and will be required to eluci-
date the physico-chemical properties of gintonin and the
role(s) of each portion of ginseng.

In our previous study we demonstrated that gintonin
from ginseng root induced CaCC activation in Xenopus
oocytes through mobilization of [Ca’’]; [5]. Interestingly,
when we compared the potency for endogenous CaCC
activation in Xenopus oocytes using gintonin fraction
prepared from ginseng root, stem, and leaf, we found
that crude gintonin prepared from ginseng root was
much more potent than that from stem and leaf for the

Pyo et al. A Simple Preparation of Gintoninf

activation of CaCC. Thus, the potency of gintonin from
ginseng stem for the activation of CaCC was half that of
gintonin from ginseng root. The potency of gintonin from
ginseng leaf was about one-third of gintonin prepared
from ginseng root (Fig. 8). We could not clearly explain
why there are some differences for the activation potency
of CaCC among the different sources of gintonin. A pos-
sible reason is that gintonin prepared from ginseng stem
and leaf might contain other unidentified components
that were not revealed in ginseng root by gel chromatog-
raphy (Fig. 5), although we have extracted with hexane
to remove hydrophobic components that may have re-
mained in the butanol fraction.

Usually, ginseng stem and leaf are discarded as waste
after ginseng root harvest, since the traditional herbal
medicines only use ginseng root. Although the amount of
discarded ginseng stem and leaf annually are consider-
ably large compared to the amount of ginseng root used,
no efficient methods were available to utilize ginseng
stem and leaf until now. In the present study, we found
that ginseng stem and leaf also contain gintonin and
could be prepared from a simple preparation method
similar to ginseng root. Therefore, we have at least two
benefits for gintonin preparation from ginseng stem and
leaf: we can utilize ginseng stem and leaf that are usually
discarded after ginseng is harvested as described above
for crude gintonin preparation instead of ginseng root,
which is quite expensive to buy. Additionally, we could
obtain a large amount of gintonin from ginseng stem and
leaf, if the methods for mass processing of ginseng stem
and leaf are developed.

Taken together, we identified that ginseng stem and
leaf in addition to ginseng root contain a novel glycoli-
poprotein, which we refer to as gintonin, that causes the
activation of CaCCs in Xenopus oocytes through mobi-
lization of [Ca”],. Since elevation of intracellular Ca®" as
a second messenger plays an important role in a variety
of cellular functions [9], the present findings also demon-
strate the possibility that gintonins prepared from ginseng
stem and leaf as well as ginseng root could be utilized for
the explanation of Ca’*-mediated physiological and phar-
macological effects of ginseng.
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