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Abstract Ginsenosides and polysaccharides were isolated
from Panax ginseng C.A. Meyer (Family Araliaceae) by
treating at low (60°C, LT), mild (100°C, MT), and high (120°C,
HT) temperatures, and their inhibitory effects on growth,
infection, and VacA vacuolation of Helicobacter pylori (HP)
were investigated. The molecular weights of polysaccharides
decreased as the processing temperature increased. Ginseng
polysaccharides inhibited the HP infection into KATO 111
cells, but did not inhibit growth of HP and VacA vacuolation
of HeLa cells. HT polysaccharides showed the most potent
inhibition with IC,; value of 6.8 mg/ml. Ginseng saponins did
not inhibit the infection of HP into KATO cells. However,
20(s)-protopanaxadiol showed the most potent inhibition of
HP growth and vacuolation of HeLLa by VacA toxin with IC,,
values of 0.05 and 0.067 mg/ml, respectively.
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Helicobacter pylori (HP) was isolated from the gastric
antrum of chronic gastritis patients by Warren and Marshall
in 1983 [22]. Pathogenic HP produces urease and strongly
vacuolating toxin. HP urease hydrolyzes urea to CO, and
ammonia. This ammonia generated by HP protects itself
from the environment of gastric acid in the stomach, and
directly damages the gastric mucosal cell. HP vacuolating
toxin (VacA toxin) may be potentiated by the urease-
mediated ammonia production (8, 10, 20]. Therefore, the
inhibitions of HP growth, infection, urease, and VacA
toxin vacuolation are important for treating patients with
gastritis and peptic ulcer.

Ginseng (the root of Panax ginseng C.A. Meyer, Family
Araliaceae) is frequently used as a traditional medicine
taken orally in Asian countries. The major components
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of ginseng are ginsenosides, which contain an aglycone
with a dammarane skeleton and polysaccharides [14, 18,
19]. Ginsenosides have been reported to show various
biological activities, including anti-inflammatory activity,
and anti-Helicobacter pylori and antitumor effects (inhibition
of tumor-induced angiogenesis and prevention of tumor
invasion and metastasis) [4,5,17,21,23]. Ginseng
polysaccharides have been reported to exhibit various
biological activities, including antitumor effects and anti-
hemagglutination induced by HP [7, 14]. However, studies
conducted on the effect of ginseng saponins together with
polysaccharides and ginsenosides on infection and vacuolation
of Helicobacter pylori (HP) have yet to be completed.
Therefore, we examined in vitro inhibitory effects of ginseng
saponins and polysaccharides on the growth, infection and
vacuolation of HP.

MATERIALS AND METHODS

Materials

Bacto Agar and Brucella broth were purchased from Difco
Laboratories (U.S.A.). Fetal bovine serum (FBS) and
antibjotic-antimycological solution were obtained from
Gibco BRL. Cell culture medium, neutral red, and horse
serum were from Sigma Chemical Co. (U.S.A.), and
AnaeroPak Campylo was from Mitsubishi Gas Chemical
Co., Inc. (Japan). Ginsenosides were isolated according to
the methods described previously [2, 4, 6].

Extraction of Polysaccharide

The powdered white ginseng (1 kg) prepared from the
roots of Panax ginseng C.A. Meyer (Family Araliaceae)
was treated at low (60°C, LT), mild (100°C, MT), and high
(120°C, HT) temperatures for 2h, and extracted three
times with aqueous 85% methanol. The remaining residues
were extracted twice with 5 1 of water at 60°C for 2 h. Each
extract was concentrated to a suitable volume and then



cizlyzed against water for 7 days. It was centrifuged to
rer1ove insoluble materials and precipitated with 5 volumes
of :thanol. The resulting precipitates were freeze-dried and
named LT, MT, and HT polysaccharides, respectively.
T-eir average molecular weights were determined by
Seohadex G-75 to be >100-70, 100- 70, and 80- 60 kDa,
respecively.

Bacterial Strains and Isolation of VacA Cytotoxin from
HP
M. pylori strain ATCC 49503 and ATCC 43504 were
p.rchased from the American Type Culture Collection
(1..S.A.). They were inoculated into Brucella agar plates
susplemented with 7% horse serum, and transferred into
Biuce la broth containing 10% FBS after 3 days. The
bzcteria were cultured further for 3 days at 37°C in a
tharmostatic rotary shaker under microaerophilic conditions
{.* naeroPak Campylo: 85% N,, 10% CO,, and 5% O,).
Vacuolating cytotoxin (VacA) was purified according to
thz modified method of Cover and Blaser [9]. H. pylori
€019C (ATCC 49503) was used as the source of toxin
purification. HP was cultured for 72 h at 37°C in Brucella
troth, containing 10% FBS, at an ambient atmosphere
vith 5% oxygen. The culture was centrifuged at 6,000 xg
for 3C min, and proteins in the supernatant were precipitated
with 50% saturated ammonium sulfate solution. After
centrifugation at 10,000 xg for 40 min, the pellet was
rzsuspended in 60 mM Tris (pH 7.5). Hydrophobic interactive
¢Jiromatography was performed on butyl-toyopeatl column
(" X5 ¢m) with the same buffer containing 0.6 M ammonium
sulfate and eluted with the same buffer containing 0.4 M
anmonium sulfate. The vacuolation-active fractions were
d alyred against the same buffer.

C-rowth Inhibition Assay of HP
C row th inhibition assay of HP ATCC 43504 was performed
acording to the method described previously [1].

Assay of HP Vacuolation-Inhibitory Activity (Neutral
Ked Uptake Assay)

“leLi. cells were cultured as a monolayer in plastic flasks in
Dulbzcco’s modified Eagle’s medium (DMEM) containing
10% FBS, 1% antibiotic-antimycological solution, and 3.5
i/l sodium bicarbonate under 5% CO, at 37°C. Attached
cells were released with trypsin/EDTA and seeded at a
cens’ty of 7.0x10° cells/well in 96-well tissue culture plates
( ne day before experiments.

Innibitory effect of ginseng saponins and polysaccharides
(n VacA vacuolation in Hela cells was measured by
1eutral red uptake assay [8]. Briefly, seeded HeLa cells
were incubated for 16 h with VacA (0.05 mg) and serial
cilutions of samples in a microtiter assay. To detect the
*acuoles, cells were incubated for 8 min at a room temperature
with 100 pl of 0.05% neutral red in phosphate-buffered
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saline (PBS) and washed twice with 0.9% NaCl containing
0.1% BSA. After adding 100l of acidified ethanol
solution (70% ethanol, 0.36% HCI), the optical density of
extracted neutral red was measured at 540 nm by using a
microtiter plate reader (Molecular Devices). All assays
were performed in triplicate.

Assay of HP Infection-Inhibitory Activity

KATO 1II cells were cultured in RPMI 1640 medium
supplemented with 10% FBS, 1% antibiotic-antimycological
solution, and 2.2 g/l sodium bicarbonate under 5% CO, at
37°C. The cells were harvested with trypsin/EDTA for
bacterial adhesion experiment [13]. Serially diluted samples
were incubated with an equal volume of H. pvlori
suspension in PBS for 30 min in a 37°C water bath and
mixed with KATO I cells (5.0x10° cells/ml). After incubation
for one hour, the incubation mixture was loaded on 15%
sucrose, centrifuged, and washed once in PBS. Subsequently,
urease activity of the precipitated cells was determined by
measuring the amount of ammonia released from urea in
the phenol-hypochlorite urease assay, as previously described

[9].

RESULTS AND DISCUSSION

Ginsengs are classified into ginseng, red ginseng, and
heated ginseng according to the temperature pretreatment
to manufacture ginseng. These ginsengs contain different
kinds and contents of saponins. Therefore, the biological
activities are different depending on the contents of saponins.
For example, heated ginseng contains higher contents of
ginsenoside R, which is vasorelaxant [15, 16]. On the
other hand, the difference of molecular weight and biological
activity of polysaccharides due to processing temperatures
has not been studied. Therefore, we isolated polysaccharides
from ginsengs treated at 60°C (LT), 100°C (MT), and 120°C
(HT), and measured the molecular weight of polysaccharides
by applying the gel filtration process. The molecular
weight of polysaccharides was decreased as the processing
temperature increased; however, the differences were not

Table 1. Inhibitory effects of ginseng polysaccharides on the
growth, infection, and vacuolation of Helicobacter pylori.

MIC? IC,, (mg/ml)

Agent ml - -
(mg/ml) Infection VacA vacuolation

LT polysaccharide >0.4 17.6 >0.4
MT polysaccharide  >0.4 9.1 >0.4
HT polysaccharide  >0.4 6.8 >0.4
Ampicillin 0.001 - -
Heparin - 4.4 -

‘HP ATCC 43504 was used for MIC assay.
°Not determined.
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Fig. 1. Inhibition of 20(S)-protopanaxadiol and MT polysaccharide on VacA-induced vacuolation in HeLa cells.

Hela cells were cultured in DMEM containing 10% FBS. VacA toxin (0.05 mg) and sample (0.25 mg/ml) were treated, and then incubated for 16 h. (A),
Treated with medium alone; (B) treated with VacA toxin alone; (C), treated with 20(S)-protopanaxadiol and VacA toxin; (D), treated with ginseng
polysaccharide (MT) and VacA toxin. Arrow indicates vacuolations in HeLa cells.

significant. The average molecular weights of LT, MT, and
HT were determined to be >100- 70, 100- 70, and 80- 60
kDa by Sephadex G-75, respectively (data not shown).
Therefore, we investigated the effects of polysaccharides
isolated from various ginsengs on HP growth, infection,
and vacuolation (Table 1). Al LT, MT, and HT polysaccharides
did not inhibit HP growth or vacuolation of HeLa cells by

Table 2. Inhibitory effects of ginseng saponins on the growth,
infection, and vacuolation of Helicobacter pylori.

MIC? IC,, (mg/ml)

Agent

(mg/ml)  Infection VacA vacuolation
Ginsenoside R, >0.1 >0.2 >0.1
20(S)-Protopanaxatriol ~ >0.1 >0.2 0.075
Ginsenoside R, >0.1 >0.2 >0.1
Ginsenoside R, >0.1 >0.2 >0.1
20(S)-Ginsenoside R,;  >0.1 >0.2 >0.1
20(S)-Ginsenoside R,,  >0.1 >0.2 >0.1
Compound K >0.1 >0.2 >0.1
20(S)-Protopanaxadiol ~ 0.05 >0.2 0.067
Ampicillin 0.001 - -

"HP ATCC 43504 was used for MIC assay.
*Not determined.

VacA toxin. However, these polysaccharides inhibited the HP
infection into KATO III cells. HT polysaccharides showed
the most potent inhibition with an IC,, value of 6.8 mg/ml.

The effects of ginseng saponins isolated from various
ginsengs on HP growth, infection, and vacuolation were
investigated (Table 2). Most ginseng saponins did not
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Fig. 2. Inhibitory effects of 20(S)-protopanaxadiol and 20(S)-
protopanaxatriol on neutral red dye uptake by VacA-treated
Hel.a cells.

HeL.a cells were incubated with VacA toxin and test compounds, and dyed
with 0.05% neutral red solution. Sample materials were treated at the
concentration of 0.2 and 0.1 mg/ml and performed in triplicate.



irlibit the infection of HP into KATO cells. However,
2C0(S)-rrotopanaxadiol inhibited HP growth and vacuolation
o7 Hel.a cells by VacA toxin with IC,, values of 0.05 and
0167 mg/ml, respectively (Table 2). Furthermore, cell
vzcuo ation was also inhibited by 20(S)-protopanaxatriol
JTable 2, Fig. 1).

Ginseng contains polysaccharides and protopanaxadiol.
Scme components inhibited HP growth, infection into Kato
L. cells, or VacA vacuolation of HeLa cells, although a
s1ngle type of ginsenosides, polyacetylenes, or polysaccharides
did not exhibit ali HP-inhibitory activities. We previously
redorted that 20(S)-ginsenosides R,, and R,, inhibited
H/K" ATPase of rat stomach, and polyacetylenes isolated
f-ym ginseng inhibited HP growth [3, 4]. Therefore, we
st.ggest that a combination of ginseng components couid
synergistically cure gastritis induced by H. pylori and
preveat the relapse of duodenal ulcer.
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