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Protective Effects of Silibinin on Helicobacter pylori-
induced Gastritis: NF-xB and STAT3 as Potential Targets
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More than half of the world’s populations are considered to be infected by Helicobacter pylori. It causes a chronic inflammation of
the stomach, which is implicated in the pathogenesis of gastric ulcer and cancer. Silibinin, a polyphenolic flavonoid derived from
milk thistle, has been known for its hepatoprotective effects, and recent studies have revealed its chemopreventive potential. In the
present study, we examined the anti-inflammatory effects of silibinin in human gastric cancer MKN-1 cells and in the stomach of
C57BL/6 mice infected by H. pylori. Pretreatment with silibinin attenuated the up-regulation of COX-2 and inducible nitric oxide syn-
thase (iNOS) in H. pylori-infected MKN-1 cells and mouse stomach. In addition, the elevated translocation and DNA binding of NF-
kB and STAT3 induced by H. pylori infection were inhibited by silibinin treatment. Moreover, H. pylori infection in combination with
high salt diet resulted in dysplasia and hyperplasia in mouse stomach, and these pathological manifestations were substantially
mitigated by silibinin administration. Taken together, these findings suggest that silibinin exerts anti-inflammatory effects against H.
pylori infection through suppression of NF-xB and STAT3 and subsequently, expression of COX-2 and iNOS.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection represents the major
cause of gastritis which can progress to gastric cancer [1]. H.
pylori resist to acidic conditions by releasing urease, which
can neutralize gastric acid and provide the bacteria with
suitable environment in the host for survival [2]. In addition,
H. pylori can attach to the mucosa of stomach, leading to
continuous generation of reactive oxygen species and stim-
ulation of inflammation signaling in the gastric mucosa [3-5].
NF-«xB and STAT3 are two of the major transcription factors
activated by pro-inflammatory stmuli [6,7]. NF-xB is one of
the essential transcription factors that regulate transcription
of COX-2 and inducible nitric oxide synthase (iNOS) genes
whose overexpression is implicated in inflammation-associ-
ated cancer [8]. COX-2 is an important enzyme responsible
for prostaglandin production during inflammation. iNOS that
is upregulated by proinflammatory stimuli is essential for host
immunity. STAT3 is also known to be overexpressed during

chronic inflammation [9,10].

For treating patients with H. pylori infection, combination
of anti-bacterial drugs has been used in general. Thus, triple
and quadruple therapies including metronidazole, tetracy-
cline and other drugs are effective in more than 90 percent
of patients. However, such antibiotic drug combination for
the treatment of H. pylori infection may cause serious side
effects, such as increased diarrhea and nausea, and the
bacteria often develop a tolerance against drugs [11]. In this
context, naturally occurring anti-inflammatory substances,
especially those of plant origin, have promise for use in pre-
venting H. pylori-induced gastritis and subsequent gastric
carcinogenesis [12].

Silibinin is @ major bioactive flavonolignan isolated from
milk thistle seeds (Fig. 1) [13]. Generally, silymarin rather than
silibinin has widely been known to have hepatoprotective
properties [14]. Silymarin is a mixture of silidianin, silichristine,
and silibinin [15]. Silibinin possesses strong antioxidant and
anti-inflammatory effects and has chemopreventive activities
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Figure 1. The chemical structure of silibinin isolated from milk
thistle seeds. Adapted from the article of Singh and Agarwal (Clin
Dermatol 2009;27:479-84) [13].

as well [16-18]. In the present study, we investigated the pos-
sible inhibitory effects of silibinin on inflammation caused by
H. pylori infection in mouse stomach and in cultured human
gastric epithelial cells. We also attempted to elucidate the
underlying mechanisms with focus on NF-xB and STAT3 as
potential targets.

MATERIALS AND METHODS

Reagents

Silibinin was purchased from Sigma-Aldrich Inc. (St. Louis,
MO, USA) and dissolved in sterile dimethyl sulfoxide and car-
boxymethycellulose (CMC) for treatment to cells and mice,
respectively. RPMI 1640 medium and FBS were obtained
from Giboco BRL (Grand Island, NY, USA). GasPak EZ, CO,
indicator, and tryptic soy were purchased from BD Bioscience
(Franklin, NJ, USA). Rabbit polyclonal antibody was the prod-
uct of NeoMarkers (Fremont, CA, USA). iINOS antibody for
immunohistochemical analysis was supplied from BD Biosci-
ence. Antibodies for Western blot analysis against iINOS, p65,
p50 and o-tubulin were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). Anti-STAT3 and Anti-P-STAT3
were obtained from Cell signaling Technology (Beverly, CA,
USA). Mouse anti-lamin B was purchased from Invitrogen
(Carlsbad, CA, USA). The oligonuclotides containing the NF-
B and STAT3 binding consensus sequence are: NF-kB: 5™
AGT TGA GGG GAC TTT CCC AGG C-3', STAT3: 5-GAT
CCT TCT GGG AAT TCC TAG ATC-3 and the luciferase as-
say kit with reporter lysis buffer were obtained from Promega
(Madison, WI, USA).

Cell culture

Human gastric carcinoma (MKN-1) cells were suspended in
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal bovine serum and a 100 ng/mL penicillin/streptomycin/
fungizone mixture and maintained at 37°C under a humidified
atmosphere of 5% CO,/95% air.
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Helicobacter pylori culture

H. pylori (ATCC 43504) were provided in a frozen state by
American Type Culture Collection (Rockville, MD, USA). H.
pylori were cultured on tryptic soy agar (TSA) with 5% (v/v)
sheep blood (BD Bioscience) and Listeria Primary Selective
Enrichment supplement (SR0142E) (Hampshire, UK) at 37°C
in a microaerophilic condition. The microaerophilic conditions
were induced by CampyPack Plus (BD Bioscience) at 37°C
under an atmosphere of 5% O,, 10% CO,, and 85% N,. H.
pylori inoculated on the TSA were harvested into tryptic soy
broth supplemented with 10% FBS in a microaerobic condi-
tion for next 2 days.

Inoculation of H. pylori

After pretreatment with silibinin for 1 hour, MKN-1 cells were
infected with H. pylori (1 x 10® CFUs, 500 Multiple of infection
[MOI]) for 7 hours.

Animal treatment

C57 black 6 (C57BL/6) female mice (5 weeks of age) were
purchased from Orient Bio Inc. (Seongnam, Korea). H. pylori
(100 pL, 1 x 10° CFUs/mouse) were inoculated to starved
mice 5 times at 2 day intervals. Mice were given 7.5% high
salt diet for 4 weeks, which was followed by administration of
silibinin suspended in 0.5% CMC (20 mg/kg or 200 mg/kg)
for 4 or 8 weeks.

H. pylori colonization and the CLO test

Half of the stomach tissues were placed in 1 mL of tryptic soy
broth containing 10% FBS and homogenized with an Ultra-
Turrax homogenizer. Ten-fold dilutions were made, and 100
uL aliquots of the dilutions were plated onto TSA. Colonies on
the plate were counted, and bacterial counts were expressed
as colony-forming units per gram of tissue. The color chang-
ing grade was determined by the Campylobacter-Like Organ-
ism (CLO) kit.

Reverse transcriptase-polymerase chain
reaction (RT-PCR)

Total RNAs were isolated from MKN-1 cells using the TRIzol®
reagent (Invitrogen), and one microgram of total RNAs was
reverse transcribed by M-MLV reverse transcriptase (Prome-
ga) following the protocol. One microliter of cDNA was sub-
jected to PCR amplification: COX-2, iNOS and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). The cDNA was
analyzed in a PCR reaction (forward and reverse): iNOS, 5'-
TGG TGC TGT ATT TCC TTA CGA GGC GAA GAA GG-3'
and 5-GGT GCT ACT TGT TAG GAG GTC AAG TAA AGG
GC-3'; COX-2, 5- GCT GAG CCATAC AGC AAATCC-3'and
5'- GGG AGT CGG GCA ATC ATC AG-3'; GAPDH, 5'AAG
GTC GGA GTC AAC GGA TTT-3" and 5'-GCA GTG AGG
GTC TCT CTC CT-3". These amplification products were an-
alyzed on 1.5% agarose gel electrophoresis and stained with
SYBR Green (Invitrogen). The resulting fluorescence was
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detected by using ImageQuant LAS-4000 (GE healthcare,
Seoul, Korea).

Measurement of immunocytochemistry
Immunocytochemistry was conducted to illustrate the nuclear
translocation of NF-kB-p65 and STAT3. MKN-1 cells were
placed on the eight-well chamber slide (Thermo Scientific,
Rockford, IL, USA), pretreated with silibinin for 1 hour and in-
fected by H. pylori for 7 hours. Cells were washed rapidly with
filtered PBS and then fixed for 10 minutes at 4°C with 95%
methanol/5% acetic acid. After washing the fixed cells with
PBS, cells were permeabilized by 0.2% Triton X-100 in PBS.
After rinse with PBS containing 0.1% Tween-20 (PBST), cells
were treated for 1 hour at room temperature with blocking
buffer composed of PBST containing 5% bovine serum albu-
min. Cells were incubated overnight with an antibody against
p65 or STAT3 after 1:100 dilution with 1% bovine serum albu-
min at 4°C. The incubated cells were then rinsed with PBST,
followed by labeling with diluted (1:1,000) Alexa Fluor 488
conjugated goat anti-mouse antibody for additional 1 hour
at room temperature. Cells were then rinsed with PBST and
stained with propidium iodide (Invitrogen) or Hoechst 33342
(Sigma-Aldrich Inc.) for 3 minutes in PBS. Stained cells were
washed with PBS, analyzed under a confocal microscope
and photographed.

Western blot analysis

MKN-1 cells placed in a 100 mm dish were pretreated with
silibinin for 1 hour and then infected with H. pylori for 7 hours.
After wash with cold PBS, the cells were digested at 4°C for
30 minutes in the lysis buffer (150 mmol/L NaCl, 50 mmol/
L Tris-HCI [pH 7.4], 25 mmol/L NaF, 20 mmol/L EGTA, 0.5%
Triton X-100, 1 mmol/L dithiothreitol, and 1 mmole/L Na,VO,
with protease inhibitor cocktail tablet) (Cell signaling Tech-
nology) on ice followed by centrifugation at 20,000 g for 20
minutes. After centrifugation, the supernatant was collected
and stored at —70°C until use. The protein was calculated by
using the BSA protein assay kit (Thermo Scientific). Protein
samples were separated on an 8% to 15% SDS PAGE and
transferred to a polyvinylidene difluoride membrane at 300
mA for 3.5 hours. The blots were blocked with 5% non-fat dry
milk in Tris-buffered saline with Tween 20 (TBST) for 2 hours
at room temperature and incubated overnight with primary
antibodies in 3% non-fat dry milk in TBST at 4°C. After wash
with TBST three times, blots were incubated with horseradish
peroxidase-conjugated secondary antibodies in 3% non-fat
dry milk in TBST for 1 hour at room temperature. Blots were
rinsed three times again in TBST, and transferred protein
were incubated with an enhanced chemiluminescence plus
detection kit (Amersham Pharmacia Biotech, Piscataway, NJ,
USA) according to the manufacturer’s instruction and visual-
ized with an X-ray film.
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Transient transfection and NF-xB luciferase
transfection

MKN-1 cells at a confluence of 60% to 70% were transfect-
ed with mock or NF-xB luc vector with lipofectamin 2000
reagent (Invitrogen) according to the instructions supplied by
the manufacturer. After 24 hours of transfection, cells were
pretreated with silibilinin for 1 hour and infected with H. py-
lori for additional 7 hours. The cell lysis was carried out with
the reporter lysis buffer (Promega). After the cell extract was
mixed with a luciferase substrate, the luciferase activity was
measured by the luminometer. The galactosidase assay was
conducted according to manufacturer’s instructions with buf-
fer (1 M MgCl,, 2-mercaptoethanol, 0.1 M NaH,PO,/Na,HPO,
[pH 7.5], o-nitrophenyl-B-D-galactopyranoside).

Nuclear protein extraction and electrophoresis
mobility shift assay (EMSA)

After infected with H. pylori, cells were washed with cold PBS,
centrifuged, and suspended in ice-cold isotonic buffer A (a
plasma membrane lysis buffer containing 10 mmol/L 4-(2-hy-
froxyethyl)-1-piperazineethane sulfonic acid [pH 7.9], 1.5
mmol/L MgCl,, 10 mmol/L KCI, 0.5 mmol/L dithiothreitol and
0.2 mmol/L phenylmethane-sulfonyl fluoride). After incubation
on ice for 10 minutes, 10% NP-40 was added and cells were
gently inverted. Cells were centrifuged again and resuspend-
ed in ice-cold nuclear membrane lysis buffer containing 20
mmol/L 4-(2-hydroxyethyl)-1-piperazineethane sulfonic acid
(pH 7.9), 20% glycerol, 420 mmol/L NaCl, 1.5 mmol/L MgCl,,
0.2 mmol/L EDTA, 0.5 mmol/L dithiothreitol and 0.2 mmol/
L phenylmethane-sulfonyl fluoride and incubated for 2 hours
on ice with vortex mixing at 10 minutes intervals. The lysed
nuclear fraction was centrifuged and the supernatant was col-
lected and stored at —70°C. DNA binding activities of NF-xB
and STAT3 were determined using the NF-«xB oligonucleotide
probe or STAT3 oligonucleotide probe each of which was la-
beled with [y-*PJATP by T4 polynuclotide kinase and purified
on a Nick column (Amersham Pharmacia Biotech). The bind-
ing reaction was performed in 25 uL of the mixture including
5 kL of incubation buffer (10 mmol/L Tris-HCI [pH 7.5], 100
mmol/L NaCl, 1 mmol/L dithiothreitol, 1 mmole/L EDTA, 4%
glycerol, and 0.1 pug/mL sonicated salmon sperm DNA), 10
ug of nuclear extracts, and [y-*PJATP-end labeled oligonu-
cleotide. After 50 minutes incubation at room temperature, 2
L of 0.1% bromophenol blue was added, and samples were
separated on a 7% non-denaturing polyacrylamide gel at 150
V. Ultimately, the gel was dried, kept at —70°C for 2 to 4 days,
and exposed to X-ray film.

Histopathological examinations

After treatment, all mice were sacrificed by CO, inhalation.
These tissue blots were fixed with 10% formalin before being
embedded in paraffin. Each tissue blot section (4 um) was
stained with hematoxylin and eosin.



Statistics analysis

When necessary, data were expressed as means * SD, and
statistical analysis was performed by using Gel-Pro analyzer
program. Statistical significance of the obtained data was de-
termined by conducting Student's t-test and the P-value of < 0.05
was considered to be statistically significant.

RESULTS

H. pylori-induced expression of COX-2 and
iNOS is attenuated by silibinin in MIKN-1 cells
H. pylori infection is well known to induce gastritis, and
up-regulation of inflammatory enzymes like COX-2 [19] and
iINOS [20]. These enzymes play primary roles in mediating
inflammation. In the present study, MKN-1 cells were pre-
treated with silibinin for 1 hour and subsequently infected
by H. pylori (500 MOI). The H. pylori-induced expression of
COX-2 and iNOS was decreased by silibinin in a concentra-
tion-dependent manner (Fig. 2A). The mRNA levels of COX-
2 and iNOS in H. pylori-infected cells were also reduced by
pretreatment with silibinin (Fig. 2B).

The broad diversity of genes regulated by NF-xB include
cytokines (e.g., interleukin [IL]-6 and TNF-a), chemokines

Inhibition of H. pylori-induced Gastritis by Silibinin

(e.g., IL-8 and RANTES), and inducible effector enzymes
(e.g., INOS and COX-2) [21]. We investigated whether silib-
inin could suppress the activation of transcriptional factors
in nuclear extracts of MKN-1 cells stimulated with H. pylori.
The nuclear translocation of NF-kB attenuated by H. pylori
infection was inhibited by pretreatment with silibinin (Fig. 2C).
The electrophoretic mobility shift assay revealed that silibinin
suppressed H. pylori-induced NF-kB DNA binding (Fig. 2D).
Consistent with enhanced DNA binding of NF-kB, its tran-
scriptional activity was increased in H. pylori-infected cells,
as determined by use of plasmid vector harboring the con-
sensus NF-xB binding DNA oligonucleotides associated with
a luciferase reporter gene. Silibinin attenuated NF-xB tran-
scriptional activity induced by H. pylori (Fig. 2E). The most
common functionally active NF-xB form consists of p65 and
p50 subunits. The co-culture of MKN-1 cells with H. pylori in-
duces nuclear localization of both subunits as demonstrated
by immunocytochemical analysis, and this was abrogated by
silibinin treatment (Fig. 3A and 3B). Bacterial lipopolysaccha-
ride was used as a positive control for NF-xB activation.
Besides NF-kB, STAT3 is recognized as a major mediator
of inflammation associated with tumor promotion. STAT3 is
activated through phosphorylation of tyrosine 705 by diverse
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Figure 2. The effect of silibinin on Helicobacter pylori-induced expression of COX-2 and inducible nitric oxide synthase (iNOS) and NF-
kB activation. (A) Silibinin (100 uM) was treated for 1 hour to MKN-1 cells prior to infection with H. pylori (500 MOI) for 7 hours. Whole cell lysates
were immunoblotted with antibodies against COX-2 and iNOS. (B) Under the same conditions, total RNA was isolated and then analyzed by reverse
transcriptase-polymerase chain reaction (RT-PCR) to measure the mRNA expression of COX-2 and iNOS. Actin and Glyceraldehyde-3-phosphate
dehydrogenase levels were used as loading controls for immunoblot and RT-PCR analyses, respectively. (C) Cells were treated with silibinin for 1
hour prior to H. pylori (500 MOI) infection for 5 hours. The nuclear extracts were subjected to Western blot analysis to examine nuclear translocation.
(D) The nuclear extracts from the infected cells were subjected to electrophoresis mobility shift assay to assess DNA binding of NF-kB as described
in Materials and Methods. (E) Cells were transfected with a luciferase reporter plasmid construct harboring the NF-«xB binging site or -galactosidase
control vector for 48 hours by using lipofectamin 2000 reagent according to the manufacturer’s instructions. Transfected cells were pretreated
with silibinin for 1 hour followed by H. pylori (500 MOI) infection for 5 hours and subsequently treated with reporter lysis buffer for measurement of
luciferase activity. The luciferase activity was normalized with -galactosidase activity. Columns, means (n = 3); bars, standard deviation; *significantly
different between the numbers compared (P < 0.05).
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protein tyrosine kinases [22,23]. As in the case of NF-«B, the
nuclear accumulation of the phosphorylated STAT3 elevat-
ed by H. pylori was decreased by silibinin (Fig. 4A and 4B).
We then conducted EMSA using STAT3 oligonucleotide as
a probe and found that silibinin reduced H. pylori-induced
STAT3 DNA binding (Fig. 4C). Notably, NF-xB and STAT3
co-localized in the nucleus of MKN-1 cells stimulated with H.
pylori, which was blunted by silibinin (Fig. 5).

Silibinin ameliorates abnormal gross pathology
of mouse stomach in H. pylori and high salt
diet-induced gastritis

Besides cell culture experiments, we investigated the effect
of silibinin on H. pylori-induced inflammation in mouse stom-
ach. It was reported that H. pylori colonization in the stomach
of mice fed high-salt diet was significantly higher than that
of those fed normal diet [24,25]. Accordingly, we adopted an
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Figure 3. The effects of silibinin
nuclear localization of p65 and p50
subuits of NF-kB. Immunostaining
visualizes the location of p65 (A)
or p50 (B) protein in the nucleus
stained with propidium iodide (PI) or
Hoechst. MKN-1 cells were treated
with Helicobacter pylori in the presence
or absence of silibinin as described
in Materials and Methods. Cells were
fixed, permeabilized and stained
with antibodies against p65 (A) and
p50 (B) followed by treatment with
488-conjugated donkey anti-rabbit IgG.
Nuclei were visualized by Pl (A) or
Hoechst (B). Magnification: x400.

experimental design of H. pylori plus high salt diet [26]. We
referred to several papers [27-29] for an optimal silibinin dose
(20 mg/kg or 200 mg/kg). H. pylori infection in combination
with high salt diet caused abnormal stomach morphology,
neutrophil infiltration, and dysplasia and hyperplasia in mouse
stomach, and these pathological manifestations were attenu-
ated by silibinin administration (Fig. 6A).

Silibinin inhibits H. pylori-induced expression
of COX-2 and iNOS in mouse stomach

To clarify how silibinin could relieve these abnormal gross
pathologies, stomach tissues of each treatment group were
subjected to Western blot analysis. Compared with the con-
trol mice, mice inoculated with H. pylori and fed high salt diet
revealed significantly elevated levels of COX-2 and iNOS in
mouse stomach. Oral administration of silibinin resulted in a
significantly reduced level of both COX-2 and iNOS. There-
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Figure 4. The effects of silibinin on Helicobacter pylori-induced STAT3 phosphorylation and nuclear translocation and DNA binding of
STAT3. (A) Immunocytochemistry shows the location of STAT3 protein and Hoechst staining indicates the location of the nucleus. MKN-1 cells were
treated with H. pylori in the presence or absence of silibinin as described in Materials and Methods. Cells were fixed, permeabilized and stained
with antibody against STAT3 followed by treatment with Alexa Fluor 488-conjugated donkey anti-rabbit IgG. Note that the STAT3 antibody used for
immunocytochemustry cross-reacts with the phosphorylated form of STAT3 (P-STAT3). Nuclei were visualized by Hoechst 33258 (magnification:
x400). MKN-1 cells were treated with silibinin (100 uM) for 1 hour prior to H. pylori (500 MOI) infection for 5 hours (magnification: x400). (B) MKN-1
cells were treated with silibinin (100 uM) for 1 hour prior to H. pylori (500 MOI) infection for 5 hours. The nuclear extracts were subjected to Western
blot analysis to assess nuclear translocation of P-STAT3. (C) The infected nuclear extract cells were subjected to electrophoresis mobility shift assay
to determine the nuclear translocation and DNA binging of STAT3.

H. pylori - + + -
Silibinin -

p65

Figure 5. The effects of silibinin on
co-localization of NF-xB and STAT3
in the nucleus. Immunostaining
visualizes the location of p65 and
STAT3 in the nucleus stained with
Hoechst. MKN-1 cells were treated
with Helicobacter pylori in the presence
or absence of silibinin as described
above (magnification: x400).
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Figure 6. Protective effects of silibinin on gastritis induced by Helicobacter pylori plus high salt diet in mouse stomach. (A) To induce
gastritis, mice were inoculated with H. pylori (1 x 10° CFUs/100 uL) 5 times and given high salt diet (7.5%) for 4 weeks, which was followed by
administration of silibinin for 4 weeks or 8 weeks. Mice tissues were stained with H&E (magnification: x200). Scale bar, 200 um. Arrows indicate the
inflamed sites. (B) After 10 weeks, mouse stomach tissues were collected and lysed for Western blot analysis of COX-2 and inducible nitric oxide
synthase expression. Immunoblots were subjected to statistical analysis. *Significantly different between the groups compared (P < 0.05).
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Figure 7. Inhibitory effects of silibinin on colonization of Helicobacter pylori in mouse stomach as determined by the Campylobacter-Like
Organism (CLO) test. Half of the stomach specimens were placed in 1 mL of broth and homogenized with an UltraTurrax homogenizer. Ten-fold
dilutions were made and 100 pL aliquots of the dilutions were placed onto blood agar plates. Bacterial counts were expressed as colony-forming units
per gram of tissue. Counting of selected colonies and all colonies on the plate. The color changing grade determined by the CLO kit.

fore, the attenuation of the abnormal gross pathology reflect-
ing dysplasia and hyperplasia by silibinin is likely to be at-
tributed to the down-regulation of pro-inflammatory enzymes,
COX-2 and iNOS (Fig. 6B).

Silibinin has antibacterial effects against

H. pylori infection in mouse stomach

All the aforementioned results demonstrate the inhibitory ef-
fects of silibinin on H. pylori-induced pro-inflammatory signal-
ing. We speculated that the possible gastroprotective effects
of silibinin are attributable not only to anti-inflammatory ef-
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fects but also to an anti-bacterial activity. To evaluate possible
anti-bacterial effects of silibinin, the H. pylori colonization test
and the CLO kit test were conducted using an isolated mouse
stomach tissue as described previously [30]. The levels of
colonization were expressed numerically by counting colo-
ny-forming units per gram of mouse stomach tissue. There
were a few types of colonies in different morphologies. To
determine which colonies were infected by H. pylori, we per-
formed the CLO test. The change in the color from yellow to
red was indicative of colonization. The numbers of all colonies
and selected colonies were dramatically increased in the H.
pylori plus high salt diet group, and silibinin reduced the level
of colonization (Fig. 7). Moreover, the color changing grade
reflecting the degree of H. pylori infection was increased in
the H. pylori plus high salt diet group compared with the con-
trol group when determined by the CLO test kit. Administra-
tion of silibinin resulted in a decrease of color changing grade
in the CLO kit. Taken together, protective effects of silibinin
against H. pylori-induced gastritis might be due to its direct
bactericidal effects as well as anti-inflammatory activity.

DISCUSSION

Helicobacter pylori infection is known to induce gastritis and
gastric cancer [31]. Once H. pylori survive in acidic envi-
ronment of the stomach, the bacterium enters the mucus
layer and releases cytotoxins such as cytotoxin-associated
agntigen A and vacuolating cytotoxin A that mediate proin-
flammatory signaling [32]. Combination of several antibiotics
has been most frequently employed to eradicate H. pylori,
but it may cause serious side effects [33]. Considering the
unavoidable side effects of the synthetic antibiotics, we have
been interested in searching for some phytochemicals with
anti-inflammatory and antioxidative properties as alternatives
for the management H. pylori-induced gastritis and gastric
cancer. One of the candidates is silibinin which is a compo-
nent of silymarin mixture [13,34].

Silibinin has been reported to inhibit COX-2 and iNOS in
an azoxymethane-induced mouse colon cancer model [35]
and to down-regulate COX-2 in rat hepatocellular carcinoma
[36]. The aforementioned publications address the possibility
that silibinin could inhibit H. pylori-induced inflammation. We
speculate that H. pylori-induced inflammation is mediated
by NF-kB and STAT3, which might be inhibited by silibinin
in MKN-1 cells and H. pylori-infected mouse stomach. In-
creased expression of COX-2 and iINOS and their mRNA
transcripts induced by H. pylori was attenuated by silibinin.
The suppression of pro-inflammatory signaling molecules,
such as COX-2 and iNOS, by silibinin might be regulated at
the transcriptional level. Since NF-xB plays a major role in
transcriptional regulation of many pro-inflammatory enzymes
and cytokines, we have focused on this transcription factor as
a potential target of silibinin in its suppression of H. pylori-in-
duced inflammation. H. pylori-induced nuclear translocation
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and DNA binding of NF-xB were inhibited by pretreatment
with silibinin. Another transcription factor that is known to be
implicated inflammation-associated carcinogenesis is STAT3.

Interplay or crosstalk between NF-B and STAT3 attracted
special attention in inflammation-associated carcinogenesis
[37]. Multiple interactions between NF-xB and STAT3 could
contribute to the promotion of cancer [38]. Moreover, the in-
teraction between p65 and unphosphorylated STAT3 is prom-
inent in the expression of inflammatory genes [39]. There are
several possibilities that the Rel A/p65 subunit of NF-xB di-
rectly interacts with either unphosphorylated or phosphorylat-
ed STAT3 to regulate transcription of a target gene. p65 and
STAT3 may work independently of each other, but provokes
synergistic effects by interacting with the same promoter re-
gion of a single common target gene [40-42].

According to the findings from our present study, H. py-
lori could induce nuclear translocation and DNA binding of
both NF-xB and STAT3. In an attempt to verify the interplay
between NF-xB and STAT3 in H. pylori-induced inflamma-
tion and subsequent carcinogenesis in mouse stomach, we
predicted the transcription factor binding sites of the COX-2
promoter using the TRANSFAC database. Several transcrip-
tion factors could bind to the COX promoter. Based on this
prediction, further studies will be necessary to ensure that
the cross-talk between p65 and P-STAT3 could contribute to
COX-2 expression in H. pylori-induced gastritis and that silibi-
nin could break such an interplay.

In the mouse gastritis caused by H. pylori and high salt
diet, silibinin administration ameliorated abnormal gross
pathology. It seems likely that attenuation of an abnormal
morphology by silibinin administration might be attributed to
its down-regulation of inflammatory enzymes such as COX-2
and iNOS. In addition, silibinin has antibiotic effects as evi-
denced by decreased H. pylori colonization in mouse stom-
ach treated with this phytochemical. These findings, taken all
together, suggest that silibinin could be used as a potential
chemopreventive agent or in the adjuvant therapy against H.
pylori-induced gastritis or gastric cancer.
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