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Gallarhois (GR) is a traditional oriental herbal medicine with various pharmacological effects; however,
its effect on gastric ulcer has not been previously explored. We firstly investigated the component and
antioxidant activity of GR extract (EtGR) by HPLC analysis and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay. The results showed that EtGR consisted of gallotannin (68.7%), gallic acid (27.2%) and methyl
gallate (4.1%) and that it had a high antioxidant value (IC50 value; 1.93 mg/mL). To evaluate the possible
anti-gastric ulcer potential of EtGR, we investigated the effects of EtGR in the model of ethanol/hydro-
chloric acid (EtOH/HCl)-induced gastric ulcer. Gross and histological gastric lesions, biochemical and
gene expression parameters were taken into consideration. The results showed that EtOH/HCl treatment
produced mucosal injuries with morphological and histological damage, whereas EtGR co-treatment
reduced the gastric injuries. EtGR treatment also decreased the contents of malonaldehyde (MDA) ac-
tivity relative to the vehicle group. Moreover, EtGR decreased the levels of interleukin-1b (IL-1b),
interleukin-6 (IL-6) and cyclo-oxygenase-2 (COX-2) expression. Finally, EtGR did not induce any specific
toxicity in the livers or kidneys of the EtOH/HCl-induced gastric ulcer model. These results suggest that
EtGR had stronger antioxidant activity and could be a new useful natural drug for gastroprotection
against gastric ulcer. Moreover, these findings provide a scientific basis for the development of drugs
from traditional oriental herbal medicines.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Gastric ulcers are a serious disease that affects about 5e10% of
the world's population.1 Gastric ulcers are caused by injury to the
gastrointestinal mucosa by smoking, stress, alcohol consumption,
prolonged ingestion of nonsteroidal anti-inflammatory drugs
(NSAIDs), gastric acid hypersecretion, pepsin activity, gastric
tract; EtOH/HCl, ethanol/hydroch
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contractions, gastric mucosa ischemia and particularly infection by
the bacteria, Helicobacter pylori.2,3 It is well known orally consumed
ethanol is rapidly absorption into the blood stream from the
stomach and intestine.4,5 In areas of acute gastric ulcer, high-
concentration of ethanol directly destroyed gastric mucosa, infil-
tration of neutrophil, the over-expression of Nuclear factor-kB (NF-
kB), and the release of pro-inflammatory cytokines.6,7 This process
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induces the production of reactive oxygen species (ROS), which are
responsible for cell damage and death.8 Furthermore, there is
increasing evidence that oxidative stress plays a pivotal role in the
pathological processes of gastric ulcer.9 Therefore, many efforts
have been made to treat gastritis using antioxidants that regulate
oxidative stress.10e12

Although they are not representative of the exact mechanism of
all gastric ulcers, various gastric ulcer animal models are known,
including ceramide-induced ulcer, indomethacin induced ulcer,
Hcl-induced ulcer, cysteamine induced ulcer and ethanol induced
ulcer.13e15 Among these, the ethanol (EtOH)-induced ulcer model is
most preferential used animal model because it enables rapid in-
duction and can bewidely employed to test the efficacy of potential
drugs independent of gastric acid secretion. Moreover, the ethanol-
induced gastric ulcer model resembles acute gastric ulcers in hu-
man.16,17 In recent years, there has been an increased effort to
identify herbal derived therapeutic agents with reduced side effects
for the treatment of gastric ulcers caused in animal models.18,19 In
Asian countries, including Korea, Japan and China, traditional
medicines such as herbal extract have long been used to treat in-
fectious and inflammatory diseases.20e22 GallaRhois (GR) has long
been used in traditional herbal medicine to treat diarrhea, persis-
tent coughing and spontaneous perspiration. This material is found
in various parts of Korea, Japan and China. The main component of
GR is tannin (50e60%), which affects branching and hemostasis,
and inhibits the glandular secretions. In addition, GR has antimi-
crobial, antioxidant, and antithrombotic effects.23,24 Interestingly,
Zaidi et al. have reported that GR has an inhibitory effect on Heli-
cobacter pylori infection.25 However, the anti-ulcer activities of
EtGR toward gastric ulcer are unknown. Therefore, we observed the
components and antioxidant activity of EtGR and investigated its
activity against EtOH/HCl -induced gastric ulcer experimental
models in mice.

2. Materials and methods

2.1. Preparation of EtGR

The GR, which was obtained fromHongcheonNonghyup (http://
www.hcari.co.kr), was harvested in the Hongcheon area during
October or 2013. The specimens were dried at 60 �C in a hot air
dryer (JSR, Seoul, Korea) and then stored. The aqueous extract of GR
was obtained from the powder of the dried sample at 90 �C for 9 h
using a circulation extractor (IKA Labortechnik, Staufen, Germany)
at a fixed liquid ratio (solid GR powder/water ratio, 1:10). These
solutions were then passed through a 0.4 mm filter and concen-
trated by vacuum evaporation and lyophilization using a circulating
extractor (IKA Labortechnik, Staufen, Germany).

2.2. Analysis of functional compounds

A standard curve was generated using standard components
such as, Gallic acid monohydrate (IUPAC name; 3,4,5-
trihydroxybenzoic acid, MW: 170.12 g/mol, Sigma-Aldrich Co., St.
Louis, MO, USA), methyl gallate (IUPAC name; methyl 3,4,5-
trihydroxybenzoate, MW: 184.15 g/mol, Sigma-Aldrich Co.) and
gallotanin (IUPAC name; 3,5-dihydroxy-2-(3,4,5-
trihydroxybenzoyl)oxy-6-[(3,4,5-trihydroxybenzoyl)oxymethyl]
oxan-4-yl] 3,4,5-trihydroxybenzoate, MW: 1701.20 g/mol, Sigma-
Aldrich Co.). The maximum absorption wavelengths of pure gallic
acid, pure methyl gallate, commercial gallotannin and gallnut
extract were 212/257, 214/268, 213/278 and 212/275 nm, respec-
tively. The UV-VIS spectra of pure methyl gallate, pure gallotannin
and gallnut extracts were detected at 212e214 nm and
257e278 nm. The UV-Vis spectra were then analyzed by the curve
analysis technique using a linear least-squares fit for a combination
of Lorentzian and Gaussian curve shapes.

The HPLC analysis of EtGR was performed using a Summit Dual-
Gradient HPLC System (Dionex, Sunnyvale, CA, USA) with a PDA
UV-vis detector at the Korea Bio-IT Foundry Busan Center. The
separation was performed on a YMC-Triart C18 column (S-5 mm/
12 nm, 150 mm � 4.6 mm I.D.) maintained at 40 �C. The mobile
phase consisted of solvent A (0.4% formic acid inwater) and solvent
B (acetonitrile). The gradient condition of the mobile phase was as
follows: 0e5 min, 10% B; 5e6 min, 10%e15% B; 6e40 min, 15% B;
40e41min,15%e30% B; 41e50min, 30% B; 50e55min, 30%e10% B;
55e60 min, 10% B. The injection volume was 5 mL in full loop in-
jection, while the flow rate was 0.8 mL/min and detection was
performed at 280 nm.26

2.3. DPPH radical scavenging assay

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) was purchased
from Sigma Chemical Co. (St. Louis, MO). The DPPH free radical
method is an antioxidant assay based on electron-transfer that
produces a violet solution in ethanol. A 200 ml test sample was
mixed with 4 mL of 99.5% ethanol containing DPPH (0.07 mM),
after which the absorbance of the mixture at 517 nmwas measured
from 0 min to 60 min using a Versa-max plate reader (Molecular
Devices, Sunnyvale, CA, USA). The half maximal inhibitory con-
centration (IC)50 value is defined as the concentration of substrate
that causes a 50% loss in DPPH activity. Each sample (containing 13
different concentrations of GEGRs (0.122e125 mg/ml)) was
analyzed in triplicate.26,27

2.4. Animal experiment

Six-week-old male Korl:ICR mice were obtained from the
Department of Laboratory Animal Resources in the National Insti-
tute of Food and Drug Safety Evaluation (NIFDS, Cheongju, Korea).
The mice were provided with commercial food (Samtako Inc., Osan,
Korea) and water. During the experiment, mice were maintained in
a specific pathogen free condition under a strict light cycle (lights
on at 08:00 h and off at 20:00 h) at 23 ± 2 �C and 50 ± 10% relative
humidity. The mice were housed in the Pusan National University-
Laboratory Animal Resources Center accredited by the Korea Min-
istry of Food and Drug Safety (MFDS) in accordance with the Lab-
oratory Animal Act (Accredited Unit Number-000231) and AAALAC
International according to the National Institutes of Health guide-
lines (Accredited Unit Number; 001525). Prior to the animal
experiment, the protocols were approved by the Pusan National
University-Institutional Animal Care and Use Committee (PNU-
IACUC; Approval Number PNU-2015-0916). Moreover, alterations
in bodyweight weremeasured using an electronic balance (Mettler
Toledo, Greifensee, Switzerland) once a week according to the
MFDS guideline.

2.5. Induction of gastric ulcer using EtOH/HCl treatment

To evaluate the anti-gastric ulcer activity of the EtGR extract,
gastric ulcer was induced by modified methods. After 24 h of food
starvation, mice (six-week old, n ¼ 8) were randomly divided into
five groups. The first (NO group, n ¼ 6) received a constant volume
of dH2O, while the second group (vehicleþ Ulc group, n¼ 10) were
administered 0.2 mL of 70% EtOH/150 Mm HCl. The remaining
groups were pre-treated with EtGR (100, 200 and 400 mg/kg;
EtGR1, 2, 3þ Ulc groups) for 7 days, then treated with 0.2 mL of 70%
EtOH/150 Mm HCl. One hour after treatment, all animals were
euthanized using a chamber filled with CO2 gas and experimental
samples were collected.

http://www.hcari.co.kr
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2.6. Gastric lesions analysis

To harvest the sample of gastric lesions, the stomachs were
removed from the ICRmice of each experimental group and opened
along the greater curvature. After repeatedly washing with 1� PBS,
the inside of the stomach was photographed using a Canon® digital
camera (Canon Inc., Japan). The area of visible erosive lesions was
measured using the Leica Application Suite (Leica Microsystems,
Wetzlar, Germany) and the images were analyzed using the Image J
software (National Institutes of Health, Maryland, USA). The ulcer
lesion index was calculated as follows28: Lesions index (%) ¼
(gastric injury area/gastric total area of mice)�100%.

2.7. Histological analysis

For histological analysis, the stomach tissues were fixed in 10%
formalin for 24 h, after which they were embedded in paraffin and
then sectioned into 4 mm thick slices. The stomach sections were
subsequently stained with hematoxylin and eosin (H&E) and
examined by light microscopy for alterations in histological struc-
ture. To accurately assess the lesions, specimens were analyzed
according to previously defined criteria.29 Briefly, a 1 cm segment of
each histological section was assessed for mucosal injury including
epithelial cell loss (score: 0e3), edema (score: 0e3), and the
presence of inflammatory cells (score: 0e3).

2.8. Reverse transcription-polymerase chain reaction (RT-PCR)
analysis

For RT-PCR analysis, stomach specimens were homogenized in
RNAzol B solution (Tet-Test Inc., Texas, USA), and preparation of
cDNA was synthesized by reverse transcriptase. Subsequently,
primers were added, and the reaction mixture was subjected to 32
cycles of amplification in a Perkin-Elmer Thermal Cycler as follows:
1 min at 94 �C, 1 min at 62 �C, and 1 min at 72 �C. RT-PCR was also
conducted using b-actin specific primers to ensure RNA integrity.
The primers sequences for IL-Ib sense and antisense primers were
as follows: 50-GCA CAT CAA CAA GAG CTT CAG-30 and 50-GGT ACA
TCA GCA CCT CAC AAG CAGAG-3'. The primer sequences for IL-6
sense and antisense primers were 50-TTG GGA CTG ATG TTG TTG
ACA-30 and 50-TCA TCG CTG TTC ATA CAA TCA GA-3'. The primer
sequences for Cox-2 sense and antisense primers were 50-CAG GTC
ATT GGT GGA GAG GTG TAT C-30 and 50-CCA GGA GGA TGG AGT TAT
TAT AGA G-3'. The sequences of the b-actin sense and antisense
primers were 50-TGG AAT CCT GTG GCA TCC ATGAAA C-30 and 50-
TAA AAC GCA GCT CAG TAACAG TCC G-30, respectively. All samples
were analyzed in triplicate, and the final PCR products were sepa-
rated by 1% agarose gel electrophoresis and visualized by ethidium
bromide staining.

2.9. Determination of MDA level

The MDA concentration in gastric mucosa ware evaluated using
a Lipid Peroxidation (MDA) Assay Kit (Cat. No. MAK085, Sigma-
Aldrich Co.) The level of MDA was measured absorbance at
523 nm by Vmax ELISA reader (Molecular Devices). The final results
were reported as nmol/mg protein.

2.10. Serum biochemical analysis

To harvest the serum sample, whole blood of the target mice in
the individual groups was collected from their abdominal veins and
incubated for 1 h at room temperature. Serum was then obtained
by centrifugation and analyzed for alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
creatinine (Crea) and blood urea nitrogen (BUN) using an automatic
serum analyzer (HITACHI 747, Tokyo, Japan). All assays were con-
ducted in triplicate using fresh serum.

2.11. Statistical analysis

One-way ANOVA was used to identify significant differences
between EtOH/HCl plus vehicle and EtOH/HCl plus EtGR treated
groups (SPSS for Windows, Release 10.10, Standard Version, Chi-
cago, Illinois, USA). All values are reported as the means ± standard
deviation (SD) and a P value of<0.05 was considered significant.

3. Result

3.1. Identification of EtGR components and evaluation of
antioxidant activity of EtGR

HPLC analysis was used to identify the tannins in EtGR (Fig. 1A
and B). The tannins of EtGR produced three prominent peaks cor-
responding to gallotannin (68.7%), gallic acid (27.2%) and methyl
gallate (4.1%). The antioxidant activity of EtGR for scavenging of free
radicals in vitro was evaluated by DPPHA assay. As shown in Fig. 1C,
EtGR demonstrated radical scavenging activity and an IC50 value of
EtGR of 1.93 mg/mL. The results are similar to those of the previous
experiments. However, the antioxidant activity of EtGR was slightly
decreased.26

3.2. Evaluation of oral administration toxicity to EtOH/HCl and
EtGR in mice

It is well known that changes in body weight can be used to
determine the toxicity of a chemical compound toward an animal.
After 24 h of food starvation, the No groupmice received a constant
volume of dH2O, while other groups (Vehicle þ Ulc and EtGR þ Ulc
treated group) were administered 0.2 mL 70%EtOH in 150 mM HCl.
There were no significant changes in body weight during treatment
with EtOH/HCl and EtGR (Table 1), indicating that EtOH/HCl
administration to induce gastric ulcer and EtGR treatment did not
affect changes in body weight in mice.

3.3. Effect of EtGR on gastric lesions in EtOH/HCl-induced gastric
ulcer model

To analyze the effects of EtGR on EtOH/HCl-induced gastric ul-
cers, we harvested stomach specimen following administration of
three different concentrations of EtGR to EtOH/HCl treated mice. As
shown in Fig. 2, the Vehicle þ Ulc group displayed typical gastric
lesion index of the stomach when compared with the No group.
However, the lesion index of EtGR þ Ulc treated group was mark-
edly decreased in a dose dependent manner when compared with
the vehicle þ Ulc treated group.

3.4. Histopathological evaluation of EtOH/HCl-induced gastric ulcer
model

Histopathological alterations in stomach specimens of the EtGR
treated group are shown in Fig. 3. Stomach specimens in the
Vehicle þ Ulc group showed dramatic increases in loss of the mu-
cous membrane, necrosis and congestion and inflammatory cell
number relative to the No group. In contrast, treatment with EtGR
improved these alternations in a dose-dependent manner, as



Fig. 1. Effects of EtGR on the anti-oxidant activity and determination of components by HPLC analysis. (A) The distribution of three major components of EtGR, gallotannin,
gallic acid and methylgallate, was analyzed based on their UV-Vis spectra. (B) HPLC chromatograms of pure gallic acid (commercial chemical), pure methylgallate (commercial
chemical), pure gallotannin (commercial chemical) and EtGR. (C) DPPH radical scavenging activity of EtGR. The data shown represent the means ± SD of three replicates.
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indicated by less mucosal damage, milder edema and loss of in-
flammatory cell infiltration when compared to the vehicleþ Ulc
group. Moreover, histological observation of mucus production in
the vehicle þ Ulc group revealed significant decreases in the
pathological score relative to the No group. In contrast, treatment
with EtGR caused increased mucus production when compared
with vehicle group (Fig. 4). In addition, the histomorphometrical
analysis of gastric mucosa in stomach specimens showed similar
patterns as hostopathological analysis (Table 2). Taken together,
these results suggest that treatment of micewith EtOH/HCl induced
Table 1
Changes in body weight in ICR mice.

Groups Con Ve

Before Ad. 33.50 ± 2.59 34.80 ± 2.25
After Ad. 32.54 ± 2.64 33.98 ± 3.79

The data shown represent the means ± SD of three replicates. Abbreviation: Ad, admini
gastric ulcer, while EtGR prevented EtOH/HCl induced gastric injury
in a dose-dependent manner.
3.5. Effects of EtGR on expression of inflammatory cytokines in
EtOH/HCl-induced gastric ulcer model

To confirm the anti-inflammatory activity of EtGR, we con-
ducted RT-PCR of IL-1b, IL-6 and COX-2 in stomach specimens using
a commercial RT-PCR kit (Fig. 5). As expected, the mRNA level of
inflammatory cytokines and COX-2 was significantly increased in
G100 G200 G400

30.60 ± 2.84 34.30 ± 1.77 32.10 ± 2.73
33.67 ± 2.63 33.67 ± 2.11 32.29 ± 2.63

stration.



Fig. 2. Effects of EtGR on lesions in the stomachs of ICR mice with EtOH/HCl
-induced gastritis. (A) After opening along the greater curvature, morphological fea-
tures were observed in the lesion of stomachs of EtOH/HCl treated ICR mice. Arrows
indicate the area of hemorrhagic lesions in the inner surface of the stomach. (B) After
measurement of the area of visible erosive lesions, the lesion index was calculated
using the formula provided in the materials and methods. The data shown represent
the means ± standard deviation (SD) of three replicates. *, P < 0.05 relative to the No
group. #, P < 0.05 relative to the Vehicle þ Ulc group.
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stomach specimens of vehicle þ Ulc mice when compared with the
No group mice. However, higher doses of EtGR (400 mg/ml;
EtGR4 þ Ulc) showed marked reductions in inflammatory cyto-
kines and COX-2 when compared to the vehicle group and low dose
EtGR group (100 mg/ml; EtGR1þUlc). These results revealed that
EtGR inhibited the production of inflammatory cytokines and COX-
2 in gastric ulcer.
3.6. Effect of EtGR on lipid peroxidation in the stomach of EtOH/
HCl-treated mice

To investigate the correlation between therapeutic effects of GR
and the suppression of oxidative stress, the levels of MDA repre-
senting lipid peroxidation were determined in the stomachs of a
gastric ulcer model using commercial kits. As shown in Fig. 6, EtOH/
HCl treatment significantly increased MDA activity in stomach
tissues compared with the No group. However, their level was
dramatically lower in all EtGR þ Ulc groups, although EtGR con-
centration had no effect on the MDA level. Therefore, these results
indicate that therapeutic effects of GR against gastric ulcer are
tightly correlated with anti-oxidative activity.

3.7. Effect of EtGR on organ damage in EtOH/HCl-treated mice

Finally, we analyzed the toxicity of EtGR to evaluate the possi-
bility for human application. As shown in Fig. 7A, exposure to EtOH/
HCl did not lead to differences in liver damage serummarkers such
as ALT, AST and ALP relative to the No group. In addition, there were
no changes in liver damage serum markers in the group treated
with EtGR. In contrast, exposure of mice to EtOH/HCl revealed
production of lipid pores in liver specimens along with lipid per-
oxidation induced by liver damage (Fig. 7B). Treatment with EtGR
improved these alternations compared to the vehicle þ Ulc group.

We next evaluated the levels of Crea and BUN in serum using
commercial kits to confirm the effect of EtGR on EtOH/HCl induced
kidney damage. No significant differences in Crea and BUN were
observed among groups (Fig. 8A). In addition, exposure to EtOH/HCl
did not induce changes in the histological structures of kidney
tissue, and the effects of EtGR demonstrated similar patterns
(Fig. 8B). These results clearly indicated that EtGR does not induce
any specific toxicity in the livers and kidneys of ICR mice at doses of
400 mg/kg body weight/day, indicating that this is the no observed
adverse effect level (NOAEL).

4. Discussion

Gallarhois (GR) is a traditional oriental drug used to treat diar-
rhea, persistent coughing and spontaneous perspiration, although
there is little scientific evidence supporting these pharmacological
effects in humans. Recently, several studies revealed that tannin-
derived components of GR effectively inhibit bacteria, fungi and
viruses.30,31 In addition, methyl gallate and ethyl gallate isolated
from GR also showed significant anti-inflammatory activity in
lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages via
induction of hemoxic enzyme 1 and inhibition of iNOS/COX-2.22,32

Therefore, this study was conducted using a gastric ulcer animal
model to evaluate the efficacy of GR as a good candidate for
treatment of gastric ulcers and determine its possible mechanism.
The results revealed that treatment with EtGR notably inhibited
EtOH/HCl-induced gastric ulcer by inhibiting inflammatory re-
actions, improving oxidative stress and protecting against organ
damage.

Various animal models have been developed and used to
develop therapeutic agents for gastric ulcers, as well as to elucidate
precise mechanisms of disease. Because multiple factors, such as
inactive lifestyle, alcohol consumption, spicy foods, drugs and
bacterial infections, are responsible for gastric ulcers, various
gastric ulcer models are also developed and used in accordance
with the mechanisms that are attracting attention. For example,
indomethacin, a non-steroidal anti-inflammatory agent, has the
capacity to induce gastric ulcer. Thesemodels have applied to study
the role of prostaglandins (PG) in gastric cytoprotection because of
Indomethacin decreased COX (cyclooxygenase) activity, and
endogenous level of PG in the gastric mucosa.33 Finally, decreasing
PG leads to gastric and vascular disturbances through increasing
levels of reactive oxygen species (ROS) and infiltration of neutro-
phils. The indomethacin-induced gastric ulcer model is useful for
investigation of PG-mediated gastric ulceration.34 This Because
ethanol easily penetrates into gastric mucosa, leading to gastritis of
mucosal edema, hemorrhages, and inflammatory cell infiltration,



Fig. 3. Effects of EtGR on histopathological changes of the stomachs of ICR mice with EtOH/HCl-induced gastritis. Histopathological analysis of stomach tissue. After collection
of stomach specimens from each group, the histopathological changes in the slide sections of stomach tissue were identified by staining with H&E followed by observation at 100�
and 400� magnification. Abbreviations: L, lumen; GP, gastric pits; SC, surface mucous cells.
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while HCl increases oxidative stress and corrosive damage to
gastric mucus, ethanol and ethanol/HCl are the most commonly
utilized experimental models for evaluation of antiulcer activity in
mice.35 It is also well known that excessive alcohol consumption
causes health problems and social problems. In the present study,
we used an EtOH/HCl induced gastric ulcer model to investigate the
anti-ulceration activity of GR. The EtGR was effective in this model,
which may have been due to inhibition of EtOH/HCl induced



Fig. 4. Effects of EtGR on the production of mucus in the stomachs of ICR mice with EtOH/HCl -induced gastritis. Alcian blue (pH 2.5) stained sections of stomach specimen in
mice from the No treated group, vehicle þ Ulc group and EtGR þ Ulc group were observed at 100� (upper corner in left column) and 400� (left column) using a light microscope.
Mucin secreted from crypt layer cells are indicated by arrows.
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Table 2
Histomorphometrical analysis of gastric mucosa in EtOH/HCl treated ICR mice.

Semiquantative scores No þUlc

Vehicle EtGR1 EtGR2 EtGR4

Mucosal injury (Max ¼ 3) 0 ± 0 2.4 ± 0.55* 1.8 ± 0.45* 0.8 ± 0.45# 0.6 ± 0.55#

Edema (Max ¼ 3) 0 ± 0 2.8 ± 0.45* 2.4 ± 0.55* 1.6 ± 0.55*,# 0.6 ± 0.55#

Inflammatory cells (Max ¼ 3) 0 ± 0 2.8 ± 0.45* 1.0 ± 0.71*,# 0.6 ± 0.55# 0.6 ± 0.55#

The data shown represent the means ± SD of three replicates. *, P < 0.05 relative to the No group. #, P < 0.05 relative to the Vehicle þ Ulc group.

Fig. 5. Effects of EtGR on the cytokine expression in the stomach of ICR mice with EtOH/HCl-induced gastritis. (A) The mRNA levels of IL-1b, IL-6 and COX-2 in stoma specimen
were measured by RT-PCR using specific primers. (B) After the intensity of each band was analyzed using an imaging densitometer, the relative mRNA levels of the IL-1b, IL-6 and
COX-2 were calculated based on the mRNA level of b-actin internal control. Data represent the means ± SD of three replicates. *, p < 0.05 compared to the No treated group. #,
p < 0.05 compared to the vehicle þ Ulc group.
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Fig. 6. Effects of EtGR on lipid peroxidation in the stomachs of ICR mice with EtOH/
HCl-induced gastritis. MDA concentration in the stomach specimens of ICR mice
treatedwith EtGR. The level ofMDAwas determined in tissue samples of ICRmice using a
lipid peroxidation assay kit that could detectMDA at 0.1 nmole/mg to 20nmole/mg. Three
samples were assayed in triplicate by MDA assay. Data are reported as the means ± SD.*,
P < 0.05 relative to the No group. #, P < 0.05 relative to the Vehicleþ Ulc group.

Fig. 7. Effects of EtGRon lipidperoxidation in serumparameters andhistological features
the abdominal veinsof ICRmice and the serumconcentrations ofALP,ASTandALTwere thenan
and cellular morphology was viewed at 400� magnification. The data shown represent the m
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damage events, such as mucosal injury, edema and infiltration of
inflammatory cells, as well as decreased secretion of themucus that
protects gastric mucosa from corrosive effects of EtOH/HCl. More-
over, EtGR has antiulcer properties that significantly reduce the
expression of inflammatory cytokines and COX-2 induced by EtOH/
HCl, suggesting that its anti-gastritis effects involve decreased
production of PG and infiltration of inflammatory cells in gastric
lesions.

Although alcohol consumption leads to harmful effects in the
gastrointestinal tract, the exact mechanism still remains unknown.
There is growing evidence that ethanol-induced gastric injury is
related to increases in the reactive oxygen species (ROS) levels.36,37

In gastric ulcers, oxidative stress is also increased by penetration of
activated neutrophils, which produce reactive oxygen species.
Neutrophil infiltration has been shown to play a decisive role in the
development of gastric mucosal inflammation and injury.38 Infil-
tration of neutrophils into gastric mucosal tissues is assessed by the
activity of MDA, which is one of the common markers of oxidative
stress and a valuable index of oxidative stress intensity. Lipid per-
oxidation is caused by a process inwhich free radicals interact with
cell membranes to produce lipid peroxides such as MDA.39 In this
study, MDA activity in stomach specimens was significantly
of the livers of ICRmicewithEtOH/HCl-induced gastritis. (A) Serumwas collected from
alyzedasdescribed in theMaterials andMethods. (B) Liver tissueswere stainedwithH&E
eans ± SD of three replicates. Arrow indicates hepatocytes or kuffer cells or sinusoid.



Fig. 8. Effects of EtGR on lipid peroxidation in serum parameters and histological features of the kidneys of ICR mice with EtOH/HCl-induced gastritis. (A) Serum was
collected from the abdominal veins of ICR mice and serum concentrations of BUN and CRE were then analyzed as described in the Materials and Methods. (B) Kidney tissues were
stained with H&E, and cellular morphology was viewed at 400� magnification. The data shown represent the means ± SD of three replicates. Arrow, distal convoluted tubules;
arrow head, proximal convoluted tubules; RC, renal corpuscle.
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increased after EtOH/HCl administration, and neutrophil infiltra-
tion was observed in the lesion area. However, the treatment of
EtOH/HCl-induced gastric ulcer with EtGR decreased neutrophil
infiltration and MDA level in stomach specimens, suggesting the
ability of EtGR to prevent neutrophil infiltration and oxidative
stress in ulcer-causing gastric tissues. Moreover, other oxidative
stressmarkers measure the level of antioxidants in tissues. It is well
known to that glutathione (GSH) and superoxide dismutase (SOD)
are important antioxidants that protect the gastric mucosa from
oxidative damage caused by reactive oxygen species.40 Although
we did not measure SOD and GSH in this study, we could investi-
gate oxidative stress by measuring MDA levels. Further studies of
the levels of antioxidants may verify the effects of GR based on
more accurate evaluations of its effects on oxidative stress.

5. Conclusion

In conclusion, this study demonstrated that GR exerted a pro-
tective effect on EtOH/HCl-induced gastric ulcer, which was
demonstrated by biochemical, histopathological and RT-PCR anal-
ysis data. The anti-ulcer effects of EtGR were primarily attributed to
its modulation of oxidative stress, the inhibitory effects on in-
flammatory cell infiltration and inhibition of IL-1b, IL-6 and COX-2.
In addition, GR did not cause hepatotoxicity and renal toxicity.
Further and more comprehensive studies are needed to elucidate
the gastrointestinal protective mechanism of GR.
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