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Helicobacter pylori-induced gastric inflammation includes induction of inflammatory mediators inter-
leukin (IL)-8 and inducible nitric oxide synthase (iNOS), which are mediated by oxidant-sensitive
transcription factor NF-kB. High levels of lipid peroxide (LPO) and increased activity of myeloperoxidase
(MPO), a biomarker of neutrophil infiltration, are observed in H. pylori-infected gastric mucosa. Panax
ginseng Meyer, a Korean herb medicine, is widely used in Asian countries for its biological activities
including anti-inflammatory efficacy. The present study aims to investigate whether Korean Red Ginseng
extract (RGE) inhibits H. pylori-induced gastric inflammation in Mongolian gerbils. One wk after intra-
gastric inoculation with H. pylori, Mongolian gerbils were fed with either the control diet or the diet
containing RGE (200 mg RGE/gerbil) for 6 wk. The following were determined in gastric mucosa: the
number of viable H. pylori in stomach; MPO activity; LPO level; mRNA and protein levels of keratinocyte
chemoattractant factor (KC, a rodent IL-8 homolog), IL-1b, and iNOS; protein level of phospho-IkBa
(which reflects the activation of NF-kB); and histology. As a result, RGE suppressed H. pylori-induced
mRNA and protein levels of KC, IL-1b, and iNOS in gastric mucosa. RGE also inhibited H. pylori-induced
phosphorylation of IkBa and increases in LPO level and MPO activity of gastric mucosa. RGE did not affect
viable H. pylori colonization in the stomach, but improved the histological grade of infiltration of poly-
morphonuclear neutrophils, intestinal metaplasia, and hyperplasia. In conclusion, RGE inhibits H. pylori-
induced gastric inflammation by suppressing induction of inflammatory mediators (KC, IL-1b, iNOS),
MPO activity, and LPO level in H. pylori-infected gastric mucosa.
opyright � 2013, The Korean Society of Ginseng, Published by Elsevier. Open access under CC BY-NC-ND license. 
1. Introduction

Helicobacter pylori infection leads to gastroduodenal inflam-
mation, peptic ulceration, and gastric carcinoma [1,2]. H. pylori
infection is reported to include pathologic changes of the stomach,
including edema and congestive surface epithelium [3]. A charac-
teristic event in gastritis is the infiltration of the subepithelial
gastric lamina propria by phagocytes, mainly neutrophils and
macrophages, that produce large amounts of reactive oxygen spe-
cies (ROS). ROS activate the oxidant-sensitive transcription factor
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NF-kB, which induces expression of the inflammatory genes, on-
cogenes, and cell-cycle regulators [4,5]. H. pylori-induced gastric
mucosal injury and inflammation are mediated by proin-
flammatory cytokines such as interleukin (IL)-8 and IL-1b as well as
inflammatory enzymes, including inducible nitric oxide synthase
(iNOS). Transcription of these inflammatory mediators is regulated
by the oxidant-sensitive transcription factor NF-kB [6e10]. NF-kB is
an inducible transcription factor composed of p50/p65 (hetero-
dimer) or p50 (homodimer) [11]. NF-kB is retained in the cytoplasm
by binding to the inhibitory protein IkBa. Extracellular stimuli
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trigger rapid degradation of IkBa by proteasomes, allowing NF-kB
to translocate into the nucleus and bind to the DNA sites of target
genes, including IL-8, IL-1b, and iNOS [12]. Therefore, degradation
of IkBa represents activation of NF-kB.

H. pylori-elicited neutrophils produce ROS, which subsequently
injure gastric mucosal cells [13]. ROS cause peroxidation of
membrane lipids, thus increasing the level of lipid peroxide (LPO)
in the damaged tissues. We previously demonstrated that LPO
production increases in parallel with IL-8 production in H. pylori-
infected cells [7]. Myeloperoxidase (MPO) is more abundantly
expressed in neutrophils than other cells and thus, is used as a
biomarker for neutrophil infiltration [14]. In neutrophils, MPO
produces hypochlorous acid from hydrogen peroxide and chloride
anion during respiratory bursts. Furthermore, it oxidizes tyrosine
to form tyrosyl radicals using hydrogen peroxide. Both hypochlo-
rous acid and tyrosyl radicals cause lipid peroxidation sequences
[15]. Therefore, high levels of LPO and increased MPO activity
could reflect oxidative damage and inflammatory responses of
cells.

Korean Red Ginseng, which is the steamed root of a 6-year-old
Korean ginseng (Panax ginsengMeyer), is used in Asian countries as
a traditional medicine for the treatment of various diseases,
including inflammatory disorders [16e18]. The most effective
components of Korean Red Ginseng are triterpeneglysides known
as ginsenosides [19]. Ginsenosides have anti-inflammatory [20,21]
and anticancer effects [22]. An in vitro study showed that Korean
Red Ginseng inhibited adhesion ofH. pylori to gastric epithelial cells
[23]. Korean Red Ginseng extract (RGE) inhibits H. pylori-induced
oxidative damage in gastric epithelial cells [24,25]. Previously we
showed hepatoprotective effects of Korean Red Ginseng in rats and
mouse liver, which may be contributed by its antioxidant activity
[26,27]. Therefore, the antioxidant or anti-inflammatory effects of
RGE, containing ginsenosides, may protect gastric mucosa from
inflammation caused by H. pylori infection.

In the present study, we investigated whether RGE protects
against H. pylori-induced gastric inflammation in Mongolian ger-
bils. Animal models for H. pylori infection have been developed to
replicate many features of human gastric inflammation and
carcinogenesis in order to test potential therapeutic agents for the
prevention and treatment of H. pylori-associated gastric disease.
The Mongolian gerbil model is the best animal model for this
purpose because H. pylori infection induces chronic gastritis,
gastric ulcers, and intestinal metaplasia in these animals. Mongo-
lian gerbils develop gastric neoplasia and gastric cancer after
chronic infection by H. pylori strain 7.13 [28,29], as used in the
present study. After the infection of gerbils with H. pylori, we
determined: the changes in LPO level, which is an index of
oxidative membrane damage; the activity of MPO, a biomarker of
neutrophil infiltration; the induction of inflammatory mediator
keratinocyte chemoattractant factor (KC), an IL-8 homolog in ro-
dents [30]; IL-1b; iNOS; and the phosphorylation of IkBa, which
reflects the activation of NF-kB. In addition, viable H. pylori colo-
nization in the stomach, changes in food intake and body weight,
stomach weight/total body weight, and histological analysis of
gastric mucosawere compared between animals that received RGE
and those that did not.

2. Materials and methods

2.1. Animals

Five-wk-old male specific-pathogen-free Mongolian gerbils
(MGS/Sea) with an average weight of approximately 40 g were
purchased from Charles River Laboratories (Wilmington, MA, USA).
Gerbils were housed in polypropylene cages on hard wood chip
bedding in groups of five/cage. Food and water were provided ad
libitum. The animals were maintained in a temperature-controlled
room (22 � 2�C) with a 12-h lightedark cycle. The animal experi-
ments were performed in accordance with institutional guidelines.
Protocols were reviewed and approved by the Institutional Animal
Care and Use Committee of the Yonsei University Medical Center
(Seoul, Korea; Permit No.: 10-107). Ten gerbils were included in
each group. Histological observations are reported for 10 gerbils/
group. All animals were maintained in the specific pathogen-free
facility at Yonsei University Medical Center.

2.2. Bacterial inoculation

H. pylori strain 7.13 was maintained as frozen stock at e80�C in
braineheart infusionmedium supplemented with 20% glycerol and
10% fetal bovine serum. Bacteria were grown on horse blood agar
plates containing 4% Columbia agar base (Oxoid, Basingstoke,
Hampshire, UK), 5% defibrinated horse blood (HemoStat Labs,
Dixon, CA, USA), 0.2% b-cyclodextrin, 10 mg/mL vancomycin, 5 mg/
mL cefsulodin, 2.5 U/mL polymyxin B, 5 mg/mL trimethoprim, and
8 mg/mL amphotericin B at 37�C under microaerophilic conditions.
A microaerobic atmosphere was generated using a CampyGen
sachet (Oxoid) in a gas pack jar. For liquid culture, H. pylori was
grown in brucella broth (Difco & BBL Diagnostics, Franklin Lakes, NJ,
USA) containing 10% FBS (Gibco-BRL, Grand Island, NY, USA). Cul-
tures were shaken in a microaerobic environment. According to the
growth curve, 108 bacteria were collected and resuspended in
500 mL of brucella broth for the infection of each animal.

2.3. Preparation of RGE

A standardized water extract of Korean Red Ginseng was pre-
pared and supplied by the Korea Ginseng Corporation (Daejeon,
Korea) as described previously [31]. The content of crude saponin in
RGE is approximately 7%, and it is composed of the following gin-
senosides: 8.27 mg/g of Rb1, 3.22 mg/g of Rb2, 3.90 mg/g of Rc,
1.09 mg/g of Rd, 2.58 mg/g of Re, 1.61 mg/g of Rf, 2.01 mg/g of Rg1,
1.35 mg/g for (20S)-Rg2, 1.04 mg/g for (20S)-Rg3, and 0.95 of Rh1,
respectively [31].

2.4. Experimental design

One wk after inoculation with H. pylori, Mongolian gerbils were
fed control AIN76A diet (Research Diets, Inc, New Brunswick, NJ,
USA) or a diet containing RGE (200mg RGE/each gerbil) for 6 wk. As
a negative control, Mongolian gerbils that were not inoculated with
H. pylori were fed the control diet AIN76A. Gerbils that were
inoculated with H. pylori were fed the control diet AIN76A and
considered as a positive H. pylori control.

This level of RGE supplementation (200 mg RGE/gerbil) was
adapted from previous studies showing the protective effect of RGE
against oxidative stress-mediated epithelial damage [32,33]. Body
weight and food intake were measured every wk during the
experimental period. At the end of experimental period, gastric
mucosal tissues were examined histologically and H. pylori colo-
nization was confirmed. For biochemical analyses, gastric mucosal
samples were homogenized in 10 mM Tris buffer (pH 7.4). The
homogenates were used for determining LPO level, MPO activity,
and protein levels of KC, iNOS, phospho-specific IkBa and IkBa. For
mRNA level of KC, IL-1b, and iNOS, total RNA was isolated from a
gastric mucosal sample by the guanidine thiocyanate extraction
method. RGE supplementation had no effect on any of these pa-
rameters in animals not infected with H. pylori, determined in our
preliminary study.
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2.5. Determination of the number of viable H. pylori in the stomach

The number of viable H. pylori in the animal stomach was
determined as previously described [34]. After the animals were
fasted for 24 h, they were euthanized, and their stomachs
excised. The stomach was dissected along the greater curvature
and washed with 0.01 M phosphate-buffered saline (PBS, pH 7.4)
and then divided longitudinally into two halves. One half of each
stomach was homogenized in 10 mL of PBS using a Polytron. The
diluted homogenates were applied to Helicobacter-selective agar
plates. The plates were incubated at 37�C under microaerobic
conditions for 5 d. The colonies were counted and the number of
viable H. pylori was expressed as colony forming units/g of tissue.

2.6. Histological observation

The other half of each stomach was fixed in 10% neutral buffered
formalin and embedded in paraffin. Paraffin sections were cut into
4-mm slices and stained with hematoxylin and eosin for morpho-
logical observation. Gastric pathology was blindly evaluated ac-
cording to published criteria [35]. Morphological features of the
gastric antrum and body were graded using the following four-
point scale: Grade 0 (normal), Grade 1 (mild), Grade 2 (moderate),
and Grade 3 (severe). Four aspects of gastric lesions were recorded
according to the updated Sydney system: polymorphonuclear
leukocytes (PMNs) infiltration; chronic inflammation, such as
mononuclear cell infiltration and lymphoid nodule formation; in-
testinal metaplasia and hyperplasia; and formation of heterotopic
proliferative glands [36]. Microscopic images were obtained at a
magnification of �200.
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Fig. 1. Effect of Korean Red Ginseng extract (RGE) on viable Helicobacter pylori colo-
nization in stomach and stomach weight of Mongolian gerbils. (A) Viable cell numbers
of H. pylori are determined and expressed as colony forming units (CFU)/g tissue. (B)
Stomach weight to body weight ratio at the end of the experiment. None, animals
without H. pylori infection that were fed the control diet; H. pylori control, animals
with H. pylori infection that were fed the control diet; and H. pylori þ RGE, animals
with H. pylori infection that were fed a diet supplemented with RGE. *p < 0.05 versus
none. **p < 0.05 versus H. pylori control.
2.7. Determination of LPO level and MPO activity

LPO levels were measured by colorimetric assay as thio-
barbituric acid reactive substances [37] and the results were
expressed as pg/mg protein. The protein concentration was
determined by the method described previously [38]. MPO ac-
tivity was also determined colorimetrically [39]. One unit of MPO
activity was defined as the activity required to degrade 1 mmol of
peroxide/min at 25�C. MPO activity is expressed as units/mg
protein.

2.8. Real-time reverse transcription-polymerase chain reaction
analysis for mRNA expression of KC, IL-1b and iNOS

mRNA expression of iNOS and KC was assessed using real-time
reverse transcription-polymerase chain reaction (RT-PCR) analysis.
Total RNA isolated from mucosal homogenate was reverse
transcribed into cDNA and used for PCR with Mongolian gerbil-
specific primers for KC, IL-1b, iNOS, and b-actin. Sequences of KC
primers were CACCCGCTCGCTTCTTC (forward primer) and
ATGCTCTTGGGGTGAATCC (reverse primer). For IL-1b the forward
primer was TGACTTCACCTTGGAATCCGTCTCT and the reverse
primer was GGCAACAAGGGAGCTCCATCAC. For iNOS, the forward
primer was GCATGACCTTGGTGTTTGGGTGCC and the reverse
primer was GCAGCCTGTGTGAACCTGGTGAAGC. For b-actin, the
forward primer was ACCAACTGGGACGACTGGAG and the reverse
primer was GTGAGGATCTTCATGAGGTAGTC. Real-time RT-PCR re-
actions were prepared using Taqman reagents (Applied Biosystems,
Foster City, CA, USA) for iNOS, KC, and b-actin. A DNA Engine (PTC-
200) and its system interface software (MJ Research, Waltham, MA,
USA) were used to run samples and analyze data. The b-actin gene
was amplified in the same reaction and served as the reference
gene. KC and iNOS mRNA levels were reported relative to those of
animals not inoculated with H. pylori that were fed the control diet.
KC and iNOS mRNA values for the negative control group were set
equal to 1.

2.9. Enzyme-linked immunosorbent assay for KC

The level of KC in gastric mucosal tissues wasmeasured using an
enzyme-linked immunosorbent assay and a mouse KC assay kit
(IBL, Gunma, Japan).

2.10. Western blot analyses for iNOS, phospho-specific IkBa, and
IkBa

Total cell extracts were prepared from gastric mucosa and
separated by SDS-polyacrylamide gel electrophoresis under
reducing conditions. Samples were then transferred onto mem-
branes (Amersham Inc., Arlington Heights, IL, USA) by electro-
blotting. After blocking using 5% nonfat dry milk, the membranes
were incubated with anti-iNOS (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), anti-phospho-IkBa, anti-IkBa (Cell Signaling Tech-
nology, Inc., Beverly, MA, USA), and anti-actin antibodies (Santa
Cruz Biotechnology). The immunoreactive proteins were visualized
using anti-mouse secondary antibody conjugated to horseradish
peroxidase, followed by enhanced chemiluminescence (Amer-
sham). Actin was used as a loading control.

2.11. Statistical analysis

Statistical analyses were carried out using SAS version 9.1 (SAS
Inc., Cary, NC, USA). Statistical differences between groups were
determined using one-way analysis of variance and Newmane
Keuls test. All values were expressed as the mean � standard
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deviation for 10 gerbils in each group. Histological observations
were reported for 10 gerbils/group. A p-value < 0.05 was consid-
ered statistically significant.

3. Results

3.1. Effect of RGE on viable H. pylori colonization in the stomach and
the stomach weight of Mongolian gerbils

In order to examine gross changes of H. pylori-infected Mon-
golian gerbils consuming RGE dietary supplements, food intake
Fig. 2. Effect of Korean Red Ginseng extract (RGE) on Helicobacter pylori-induced histologica
stained with hematoxylin and eosin. Microscopic images were obtained at magnification o
morphologic criteria: Grade 0, normal; Grade 1, mild; Grade 2, moderate; and Grade 3, sev
leukocytes (PMNs) infiltration, chronic inflammation such as mononuclear cells infiltration
of heterotopic proliferative glands. None, animals without H. pylori infection that were fed
control diet; and H. pylori þ RGE, animals with H. pylori infection that were fed a diet supplem
and H. pylori þ RGE.
and body weight change were determined every wk during the
experimental period. The weight gain and food intake were
similar in all three groups (data not shown). This finding was
supported by previous studies showing that H. pylori infection
did not affect either body weight or food intake in Mongolian
gerbils [40,41].

To determine whether RGE inhibits H. pylori colonization in
gastric mucosa, the number of viable H. pylori in the stomachs of
gerbils infectedwithH. pyloriwere determined after 6wk of dietary
supplementation with RGE (Fig. 1A). In addition, stomach wet
weights were compared between groups at the end of the
l changes in gastric mucosal regions of Mongolian gerbils. (A) Gastric mucosal sections
f �200. (B) The inflammatory responses of gastric mucosa were graded according to
ere. The following characteristics of gastric lesions were recorded: polymorphonuclear
and lymphoid nodules formation, intestinal metaplasia, and hyperplasia and formation
the control diet; H. pylori control, animals with H. pylori infection that were fed the
ented with RGE. *Statistically significant difference (p < 0.05) between H. pylori control
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Fig. 3. Effect of Korean Red Ginseng extract (RGE) on Helicobacter pylori-induced in-
creases in myeloperoxidase (MPO) activity and lipid peroxide (LPO) level in gastric
mucosal tissues of Mongolian gerbils. (A) The MPO activity in the gastric mucosal
tissues is expressed as units/mg protein. (B) LPO levels were measured as thio-
barbituric acid reactive substances and are expressed as pg/mg protein. None, animals
without H. pylori infection that were fed the control diet; H. pylori control, animals
with H. pylori infection that were fed the control diet; and H. pylori þ RGE, animals
with H. pylori infection that were fed a diet supplemented with RGE. *p < 0.05 versus
none. **p < 0.05 versus H. pylori control.
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experiment (Fig. 1B). Animals infected with H. pylori had signifi-
cantly more H. pylori colonization and greater stomach weight than
noninfected animals. RGE supplementation had no effect on the
number of viable H. pylori in the stomach. H. pylori-induced in-
creases in the stomach weight tended to be smaller in the RGE-
treatment group than in the control-diet group, but this difference
was not significant. RGE had no antibacterial effect and did not
reduce pathologic changes of the stomach, such as edema, in ani-
mals infected with H. pylori.

3.2. Effect of RGE on H. pylori-induced histological changes in
gastric mucosal regions of Mongolian gerbils

In H. pylori-infected animals, moderate to severe gastritis was
accompanied by PMN infiltration, mainly neutrophil infiltration,
and by lymphoid follicle formation in the mucosa and submucosa.
The hyperplasia and mucous-gland metaplasia of epithelial cells in
infected animalswere obvious (Fig. 2A,middle panel) in comparison
with the normal gastric mucosal regions of noninfected animals
(Fig. 2A, left panel). The gastric mucosal lesions of RGE-supple-
mented animals showed less evidence of inflammatory cell infil-
tration, hyperplasia, and intestinalmetaplasia than those of infected
animals fed the control diet (Fig. 2A, right panel). H. pylori-induced
chronic inflammation was reduced by RGE treatment. However,
none of these differences between H. pylori-infected animals that
were supplemented with RGE and those that were fed the control
diet were significant. Taken together, RGE improved the histological
grade of PMN infiltration, intestinal metaplasia, and hyperplasia in
Mongolian gerbils, which suggests that RGE has an anti-inflamma-
tory effect against H. pylori-induced gastric inflammation.

3.3. Effect of RGE on H. pylori-induced increases in LPO level and
MPO activity in gastric mucosal tissues of Mongolian gerbils

As shown in Fig. 3A, MPO activity in gastric mucosa was
increased by H. pylori infection, and was attenuated by RGE sup-
plementation. The reduced MPO activity in the gastric mucosal
tissues of the RGE-treatment group was associated with reduced
infiltration by neutrophils (Fig. 2). RGE supplementation inhibited
H. pylori-induced neutrophil infiltration in the gastric mucosal le-
sions of Mongolian gerbils. The level of LPO, an oxidative damage
index, was higher in the gastric mucosal tissues ofH. pylori-infected
animals than that in noninfected animals (Fig. 3B). RGE supple-
mentation suppressed the H. pylori-induced increase in the LPO
level of gastric mucosal tissues.

3.4. Effect of RGE on H. pylori-induced expression of KC and iNOS,
phosphorylation of IkBa, in the gastric mucosal tissues of Mongolian
gerbils

To investigate the inhibitory effects of RGE against H. pylori-
induced inflammation, the expression levels of important inflam-
matory mediators (KC, IL-1b, iNOS) were determined in the gastric
mucosal tissues of animals infected with H. pylori that were and
were not supplemented with RGE. As shown in Fig. 4, the mRNA
expression of KC, IL-1b, and iNOS in gastric mucosal tissues was
greater in H. pylori-infected animals than in non-infected animals.
H. pylori-induced mRNA expression of KC, IL-1b, and iNOS was
significantly lower in the RGE-treatment group than in the control-
diet group. Protein levels of KC and iNOS induced by H. pylori
infection were also lower in the RGE-treatment group than in the
control-diet group, as determined by enzyme-linked immunosor-
bent assay and Western blotting, respectively (Fig. 5A).

As shown in Fig. 5B, the level of phospho-IkBawas greater in the
H. pylori-infected groups than in the noninfected group, and was
lower in the RGE-treatment group than in the control-diet group.
IkBa, which was lower in the H. pylori-infected groups than in the
noninfected group, was maintained in the RGE-treatment group.
This suggests that RGE supplementation may inhibit NF-kB acti-
vation by suppressing phosphorylation of IkBa in the gastric
mucosal tissues of H. pylori-infected Mongolian gerbils.
4. Discussion

The present study demonstrates that dietary supplementation
of RGE fed toMongolian gerbils for 6wk improvesH. pylori-induced
gastric lesions, as determined by histological observation. RGE
moderated the H. pylori-induced increase in neutrophil infiltration,
MPO activity, LPO level, and the expression of inflammatory me-
diators (KC, IL-1b, iNOS). RGE was also associated with a reduction
in IkBa phosphorylation relative to that measured in animals fed
the control diet. This demonstrates that RGE has an anti-inflam-
matory effect on H. pylori-induced gastric inflammation in Mon-
golian gerbils.

However, the number of viable bacteria obtained from the
gastric mucosal tissues of H. pylori-infected animals fed a diet
supplemented with RGE was not different from that obtained
from animals receiving a control diet without RGE. RGE may not
have an antibacterial effect on H. pylori colonization in the gastric
mucosa of Mongolian gerbils. A previous study demonstrated
that panaxytriol isolated from ginseng was effective in inhibiting
H. pylori growth with an MIC of 50 mg/mL [42]. However, our
preliminary study using gastric epithelial AGS cells showed that
RGE did not affect the growth of H. pylori for 24 h culture (data
not shown). Further study should be performed to determine
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anti-H. pylori activity of individual components of RGE. In addi-
tion, long-term exposure of RGE to the cells and animals infected
with H. pylori is necessary to determine whether RGE has
bactericidal/bacteriostatic effect.

Even though RGE has no cytotoxic effect on the bacterium, RGE
may be beneficial for preventing and inhibiting the development of
the gastric inflammation induced by H. pylori infection by reducing
oxidative stress and suppressing the expression of inflammatory
mediators in gastric mucosa.

KC, an IL-8 homolog, is a neutrophil chemoattractant that is
involved in murine inflammation by stimulating neutrophil infil-
tration into infected tissues [30,43]. Increased activity of MPO
represents neutrophil infiltration to the infected tissues and prop-
agation of inflammation [14]. H. pylori-associated gastric mucosal
injuries, including inflammation, are attributed to the activated
neutrophils that adhere to postcapillary venules and subsequently
migrate into the interstitium [44,45]. We found that H. pylori
infection increased KC expression and MPO activity, suggesting
increased infiltration of neutrophils into gastric mucosal tissues of
Mongolian gerbils. The results are supported by histological
observation showing neutrophil infiltration in H. pylori-infected
Fig. 4. Effect of Korean Red Ginseng extract (RGE) on Helicobacter pylori-induced
mRNA expression of keratinocyte chemoattractant factor (KC), interleukin (IL)-1b, and
inducible nitric oxide synthase (iNOS), in gastric mucosal tissues of Mongolian gerbils.
Real-time quantitative RT-PCR was performed on reverse-transcribed RNA isolated
from gastric mucosa. mRNA level of (A) KC, (B) IL-1b, and (C) iNOS was normalized to
b-actin. None, animals without H. pylori infection that were fed the control diet;
H. pylori control, animals with H. pylori infection that were fed the control diet; and
H. pylori þ RGE, animals with H. pylori infection that were fed a diet supplemented
with RGE. *p < 0.05 versus none. **p < 0.05 versus H. pylori control.
gastric mucosa in the present study. Because RGE supplementation
reduced KC expression, RGE may attenuate gastric inflammation by
suppressing KC-mediated neutrophil infiltration into H. pylori-
infected gastric mucosal tissues of Mongolian gerbils.

RGE supplementation inhibited the expression of the inflam-
matory mediators (iNOS, KC, and IL-1b) that was induced by
H. pylori infection. Increased activity of iNOS and high levels of KC
and IL-1b have been observed in the gastricmucosa of patients with
chronic gastritis and gastric adenocarcinoma [46]. Neutrophil
infiltration is positively correlated with the expression of iNOS and
inflammatory cytokines in gastric mucosa [47]. These studies
showed that the upregulation of iNOS, KC, and IL-1b by H. pylori
infection might be associated with neutrophil infiltration. ROS are
produced from the activated neutrophils in H. pylori-infected
gastric mucosa. ROS activate oxidant-mediated transcription fac-
tors such as NF-kB, which induces the expression of iNOS, KC, and
IL-1b. Therefore, RGE inhibits the expression of inflammatory cy-
tokines including iNOS, KC, and IL-1b by suppressing the neutrophil
infiltration caused by H. pylori infection in the gastric mucosa of
Mongolian gerbils. Because the expressions of inflammatory me-
diators are critical for gastric inflammation and carcinogenesis, RGE
may prevent the development of the gastric inflammation and
gastric cancer that is associated with H. pylori infection.

Phosphorylation of IkBa is required for NF-kB activation, which
regulates the expression of KC, IL-1b, and iNOS. Phosphorylation of
IkBa acts as a trigger for IkB degradation, allowing the nuclear
translocation of NF-kB and the expression of NF-kB target genes.
Even though the Mongolian gerbil model is good for studying
gastric inflammation and gastric cancer induced by H. pylori
infection, there are few antibodies reported in the studies using
Fig. 5. Effect of Korean Red Ginseng extract (RGE) on protein levels of, keratinocyte
chemoattractant factor (KC), inducible nitric oxide synthase (iNOS), phospho-specific
form of IkBa, and IkBa in Helicobacter pylori-infected gastric mucosal tissues of Mon-
golian gerbils. (A) The levels of KC in gastric mucosal tissues, as measured by enzyme
linked immunosorbent assay. (B) iNOS, phospho-IkBa, IkBa, and actin protein levels in
gastric mucosal tissues, as determined by Western blotting. Two representative bands
per group are shown. None, animals without H. pylori infection that were fed the
control diet; H. pylori control, animals with H. pylori infection that were fed the control
diet; and Experimental and epidemiological evidence on non-organ specific cancer
preventive effect of Korean ginseng and identification of active compounds
H. pylori þ RGE, animals with H. pylori infection that were fed a diet supplemented
with RGE.
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Mongolian gerbils. Due to lack of antibodies, it is difficult to
examine the serum levels of inflammatory mediators such as cy-
tokines, which is a noninvasive way to confirm gastritis. Therefore,
we assessed the phospho-specific form of IkBa as a biomarker of
NF-kB activation in the present study. Several studies have
demonstrated that H. pylori induces the expression of proin-
flammatory mediators such as KC, IL-1b, and iNOS through the
activation of NF-kB [9,10]. In the present study, RGE decreased the
phosphorylation of IkBa that was induced byH. pylori infection. The
results suggest that RGE inhibits the expression of KC, IL-1b, and
iNOS in the H. pylori-infected gastric mucosal tissues of Mongolian
gerbils by suppressing the phosphorylation of IkBa, and thus in-
hibits NF-kB activation.

ROS are known to cause peroxidation of membrane lipids.
Lipid peroxidation is involved in the pathogenesis of gastric
diseases, including gastritis, that are associated with H. pylori
infection. In the present study, the LPO level in the gastric
mucosal tissues of Mongolian gerbils was increased by H. pylori
infection. RGE supplementation reduced this increase in LPO
level. The inhibitory effect of RGE on increases in LPO levels
induced by H. pylori infection may be related to a reduction in
MPO activity in the gastric mucosal tissues of animals supple-
mented with RGE. LPO level is directly correlated with ROS
production and neutrophil infiltration [48,49]. The main source
of ROS production may be host neutrophils that are activated by
H. pylori [50,51]. Therefore, RGE may decrease the production of
ROS and lipid peroxidation through inhibition of KC-mediated
neutrophil infiltration in H. pylori-infected gastric mucosa. Pre-
viously, we found that H. pylori itself activates NADPH oxidase to
produce ROS in gastric epithelial cells, resulting in the induction
of NF-kB-mediated expression of IL-8, IL-1b, and iNOS [6e8].
Therefore, RGE may inhibit NADPH oxidase and thus suppress the
ROS production that activates NF-kB and induces expression of
IL-8, IL-1b, and iNOS in gastric epithelial cells. Further study
should be undertaken to determine whether RGE inhibits ROS
production by suppressing NADPH oxidase in H. pylori-infected
gastric epithelial cells or gastric mucosal tissues.

The present study suggests that RGE attenuates H. pylori-
induced expression of inflammatory mediators without affecting
the number of viable H. pylori. Therefore, it is assumed that RGE
suppresses H. pylori-induced inflammation including NF-kB acti-
vation and expression of inflammatory mediators, without direct
action on H. pylori. Even though the first choice of the H. pylori
therapy is eradication of the bacteria by antibiotics, the complete
clearance of the bacteria is difficult in most patients. The inhibition
of H. pylori-induced expression of inflammatory mediators by RGE
may be useful for prevention of inflammation and possibly carci-
nogenesis mediated by the H. pylori infection.

Our findings demonstrate that H. pylori induced oxidative stress
(determined by LPO levels in gastric mucosa), inflammation
(examined by expressions of cytokines and iNOS, histologic
observation of neutrophil infiltration, and MPO activity), and pro-
liferation (observed by histologic hyperplasia), which were inhibi-
ted by RGE treatment. The precise mechanism of RGE on
proliferation, mucosal destruction, inflammation, oxidative stress,
and any presence of dysplasia or metaplasia should be determined
to evaluate the anti-inflammatory effect of RGE using various
gastric epithelial cells infected with H. pylori.

In conclusion, RGE supplementation inhibits neutrophil infil-
tration and lipid peroxidation, determined byMPO activity and LPO
level, and attenuates the induction of inflammatory mediators (KC,
IL-1b, iNOS), which results in suppression of H. pylori-induced
gastric inflammation in Mongolian gerbils. Therefore, RGE may be
beneficial for the prevention and treatment of H. pylori-associated
gastric inflammation.
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