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Abstract
AIM: To investigate the effect of quercetin (3,3’,4’,5,
7-pentahydroxy flavone), a major flavonoid in human 
diet, on hyper-proliferation of gastric mucosal cells in 
rats treated with chronic oral ethanol. 
METHODS: Forty male Sprague-Dawley rats, weighing 
200-250 g, were randomly divided into control group 
(tap water ad libitum), ethanol treatment group (6 mL/L  
ethanol), quercetin treatment group (intragastric 
gavage with 100 mg/kg of quercetin per day), and 
ethanol plus quercetin treatment group (quercetin and 
6 mL/L ethanol). Expression levels of proliferating cell 
nuclear antigen (PCNA) and Cyclin D1 were detected by 
Western blot to assay gastric mucosal cell proliferation 
in rats. To demonstrate the influence of quercetin on 
the production of extra-cellular reactive oxygen species/
nitrogen species (ROS/RNS) in rats, changes in levels of 
thiobarbituric acid reactive substance (TBARS), protein 
carbonyl, nitrite and nitrate (NOx) and nitrotyrosine (NT) 
were determined. The activity of inducible nitric oxide 
synthase (NOS) including iNOS and nNOS was also 
detected by Western blot. 
RESULTS: Compared to control animals, cell proliferation 

in the gastric mucosa of animals subjected to ethanol 
treatment for 7 days was significant increased (increased 
to 290% for PCNA density P  < 0.05, increased to 
150 for Cyclin D1 density P  < 0.05 and 21.6 ± 0.8 
vs  42.3 ± 0.7 for PCNA positive cells per view field), 
accompanied by an increase in ROS generation (1.298 
± 0.135 µmol vs  1.772 ± 0.078 µmol for TBARS  
P  < 0.05; 4.36 ± 0.39 mmol vs  7.48 ± 0.40 mmol 
for carbonyl contents P  < 0.05) and decrease in NO 
generation (11.334 ± 0.467 µmol vs  7.978 ± 0.334 
µmol P  < 0.01 for NOx; 8.986 ± 1.351 µmol vs  6.854 
± 0.460 µmol for nitrotyrosine P  < 0.01) and nNOS 
activity (decreased to 43% P  < 0.05). This function was 
abolished by the co-administration of quercetin.
CONCLUSION: The antioxidant action of quercetin 
relies, in part, on its ability to stimulate nNOS and 
enhance production of NO that would interact with 
endogenously produced reactive oxygen to inhibit 
hyper-proliferation of gastric mucosal cells in rats 
treated with chronic oral ethanol. 
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INTRODUCTION
Chronic ethanol consumption is a major risk factor for 
oropharyngeal, esophageal, and rectal cancer[1]. Chronic 
ethanol consumption resulting in gastric mucosal lesions 
might thus be expected to influence the kinetic balance 
between cell proliferation and cell death. Because hyper-
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regenerative gastrointestinal mucosa has an increased 
susceptibility to chemical carcinogens and thus influenc-
es carcinogenesis. Various studies have been performed 
to evaluate the effect of  chronic ethanol consumption 
on gastric mucosal cell turnover[2,3]. However, the role of  
ethanol in the altered cell proliferation in rat stomach re-
mains poorly understood. There is evidence that alcohol 
is involved in gastric mucosa oxidant injury as studies 
showed that ethanol-induced damage can be prevented 
if  antioxidant treatment or therapy is given concurrently 
or prior to alcohol exposure[4-6]. Previous studies in our 
laboratory found that cell proliferation is enhanced in 
gastric mucosa of  rats treated with ethanol in a dose- 
and time-dependent manner[7]. These findings indicate 
that ethanol-associated gastric cell proliferation may in-
volve oxidative stress[8].

Oxidative stress occurs when there is a significant 
imbalance between generation of  reactive oxygen spe-
cies (ROS) and nitrogen species (RNS) and its clearance 
by antioxidant defenses[9]. 3, 3’, 4’, 5, 7-pentahydroxy fla-
vone (quercetin) is a potent bioflavonoid widely distrib-
uted throughout vegetables and fruits. It was reported 
that quercetin has many beneficial effects on human 
health, including cardiovascular protection, anticancer 
activity, anti-ulcer effects, anti-allergy activity, cataract 
prevention, antiviral activity and anti-inflammatory ef-
fects[10,11]. These effects of  quercetin due to its antioxi-
dant properties of  potent anti-oxidant, scavenge free 
radicals directly[12], inhibit xanthine oxidase and lipid per-
oxidation[13,14], and alter the anti-oxidant defense pathway  
in vivo and in vitro[15]. It was recently reported that querce-
tin inhibits oxidative damage in ethanol-induced gastric 
lesions of  rats[16].

In light of  these findings, we hypothesized that quer-
cetin has an effect on gastric mucosa cell proliferation 
in rats that chronically administer ethanol involving 
inhibition of  the ROS-nitric oxide (ROS-NO) pathway. 
To establish the potential antiproliferative mechanism 
of  quercetin, we detected the expression levels of  
proliferating cell nuclear antigen (PCNA) and Cyclin D1, 
which are significantly associated with gastric mucosal 
cell proliferation in rats. To demonstrate the influence 
of  quercetin on the production of  extra-cellular ROS/
RNS, changes in thiobarbituric acid reactive substance 
levels (TBARS) as an index of  lipid peroxidation, protein 
carbonyl content as a marker of  free radical-mediated 
modification of  proteins, nitrite and nitrate (NOx) and 
nitrotyrosine (NT) levels as the marker of  NO produc-
tion, were also determined. 

MATERIALS AND METHODS
Animals and treatment protocol
Male Sprague-Dawley rats, weighing 200-250 g, were 
used in this study. Twenty-four rats were housed in 
plastic cages in an air-conditioned and light controlled 
room at 24 ± 2℃ and 60% ± 5% humidity. The study 
protocol was approved by the Nanjing Medical Uni-
versity Animal Care and Use Committee. After a 3 d 
adaptation period, the rats were randomly divided into 

four groups (6 in each group). Group 1 had free access 
to tap water, group 2 had drinking water containing  
6 mL/L ethanol as previously described[7], group 3 was 
given 50 mg/kg quercetin (Sigma, St Louis, MO, USA) 
by intragastric gavage twice a day, group 4 was given  
50 mg/kg quercetin by intragastric gavage twice a day 
and 6 mL/L ethanol. Quercetin was dissolved using 
DMSO as the vehicle and diluted in PBS to 2 mL, with 
the maximum concentration of  DMSO being 0.1%. As 
controls, animals in groups 1 and 2 were also treated 
with 2 mL 0.1% DMSO, twice a day. The time and doses 
of  ethanol and quercetin treatment were determined on 
the basis of  results from our preliminary experiment. 
The mean ethanol consumption was 6.52 g/kg body 
weight per day, the mean plasma ethanol concentration 
at the time of  stomach excision was 18.47 mmol/L in 
animals of  groups 3 and 4. The rats were anesthetized 
with urethane and sacrificed after 7 d. Their stomachs 
were dissected and used for this study.

Cell proliferation assay
Nuclear extracts from gastric mucosa were prepared using 
a nuclear extract kit (Active Motif  Japan, Japan) following 
the instructions of  its manufacturer. PCNA and Cyclin 
D1 detected by Western blot were applied to determina-
tion of  gastric mucosal cell proliferation in rats. 

Lipid peroxidation
To evaluate the extent of  lipid peroxidation, the amount 
of  thiobarbituric acid reactive substances (TBARS) in 
gastric tissue, a measurement of  the extent of  lipid per-
oxidation, was detected with the modified thiobarbituric 
acid (TBA) method[17,18]. Each sample was homogenized 
in a 1.15% KCl solution containing 10 mmol/L deferox-
amine, 0.04% butylated hydroxytoluene (BHT), and 2% 
ethanol. Each homogenate was incubated for 60 min at 
95℃ in an oil bath with a stock TCA-TBA-HCl reagent 
consisting of  15% (w/v) trichloroacetic acid, 0.375%  
(w/v) thiobarbituric acid, 0.25 mol/L hydrochloric acid 
and 2% BHT. After cooling, the precipitate was removed 
by centrifugation, and the extinction coefficient of  the 
supernatant at 535 nm was determined spectrophoto-
metrically and compared with a known TBARS standard.

Protein oxidation
Protein carbonyls in gastric tissues were determined 
by spectrometric DNPH assay according to Fagan et al 
with minor modifications[19]. Briefly, gastric tissues were 
homogenized by sonication in a lysis buffer contain-
ing PBS (pH 7.2), 1% Triton X-100, 1 mmol/L EDTA 
and 1X protease inhibitor cocktail and removal of  in-
soluble cellular debris was performed by centrifugation. 
Aliquots in protein samples were precipitated with 10 
volumes of  HCl-acetone (3:100) and washed with 5 mL  
of  10% TCA solution. Pellets were re-suspended in 
500 µL buffer solution and reacted with 500 µL of   
10 mmol/L DNPH (in 2 mol/L HCl) by vortexing for 
15 min. To remove the un-reacted DNPH, the centri-
fuged pellets were washed with 5 mL of  20% TCA and 
5 mL of  ethanol: ethylacetate mixture (v/v = 1:1). The 



final precipitate was resolved in 1 mL of  6 mol/L guani-
dine HCl, and the absorbance at 380 nm was determined 
for the sample treated with DNPH and HCl, which was 
subtracted as a background and compared with a known 
protein carbonyl standard.

Nitric oxide (NO) assay
The amount of  stable nitrite (nitrite and nitrate), the 
end product of  NO in gastric mucosa, was determined 
by colorimetric assay as described previously[20]. Briefly,  
50 µL of  gastric mucosa homogenate was mixed with 
an equal volume of  Griess reagent consisting of  1% 
sulfanilamide, 0.1% naphthyl ethylenediamine dihydro-
chloride and 2.5% H3PO4, and incubated at room tem-
perature for 10 min. The absorbance was read at 540 nm  
on a microplate reader (Elx800, Bio-TEK Ins, USA). 
The amount of  nitrite was calculated from a NaNO2 
standard curve. 

Measurement of nitrotyrosine (NT) levels
Gastric mucosa was homogenized on ice in the prepared 
solution (20 mmol/L Tris-HCl containing 1% NP-40, 
100 mmol/L NaF, 137 mmol/L NaCl, 5 mmol/L 
EDTA, 0.1 mol/L PMSF, 1% proteinase inhibitor, and 
10% glycerol, pH 7.5) for 30 min at 4℃. The homog-
enate was centrifuged at 12 000 r/min for 20 min to 
remove cellular debris. Protein concentration was deter-
mined using a BCA protein assay reagent kit.

Nitrotyrosine levels were quantified as previously 
described[21]. In short, assay was performed in 96-well 
plates coated with 5 mg/L of  nitrotyrosine-BTG con-
jugate, which was blocked with gelatin to prevent non-
specific binding. A standard curve was plotted by incu-
bating serial dilutions of  NT with biotin labeled anti-
nitrotyrosine Fab’ in PBS containing 0.1% gelatin for  
1 h. Subsequently, plates were incubated with a stre-
pavidin peroxidase conjugate followed by o-phenyl-
enediamine (OPD). The reaction was terminated after  
20-30 min by addition of  4 mol/L H2SO4. Data on the 
standard curve were fitted to a logistic plot and the levels 
of  NT were measured. All samples and standards were 
assayed in triplicate.

Anti-nitrotyrosine monoclonal antibody used in ELI-
SA was a kind gift from Dr. Yang TB (Institute of  Space 
Medico-Engineering, Beijing, China). The study of  cross-
reaction with nitrotyrosine-like compounds showed that 
the antibodies have a high specificity for NT[21].

Measurement of neuronal and inducible NO synthase 
(nNOS and iNOS) levels
The stomach was homogenized on ice in a buffer 
containing 50 mmol/L Tris-Cl, 150 mmol/L NaCl, 
0.02% NaN2, 100 mg/L phenylmethanesulfonyl fluoride,  
1 mg /L aprotitin, and 1% Triton X-100. Lysates were 
centrifuged at 12 000 r/min for 25 min at 4℃. The su-
pernatant was used for nNOS and inducible NOS (iNOS) 
determined by Western blot analysis. 

Western blot analysis
Proteins were detected by the Bradford method using 

bovine serum albumin as a standard. An equal amount 
of  40 µg protein from each sample was run per lane on 
10% sodium dodecyl sulphate polyarcylantide gel elec-
trophoresis (SDS-PAGE) and electroblotted to nitrocel-
lulose membranes. The membranes were blocked by 
overnight incubation in 5% dry milk at 4℃, and thereaf-
ter incubated with primary antibodies (1:200-1000 dilu-
tion) for 3 h at room temperature. Each blot was probed 
with monoclonal anti-PCNA, anti-Cyclin D1 (Santa 
Cruz Biotech, USA), polyclonal anti-β-actin (Upstate, 
USA), anti-nNOS, and anti-iNOS (Santa Cruz Biotech, 
USA). The membranes were washed and incubated with 
horseradish peroxidase-conjugated goat anti-mouse or 
anti-rabbbit IgG (1:2000 dilution) (Upstate, USA) for  
1 h. Immune complexes were visualized with an ECL kit 
(Pierce; Rockford, IL, USA) according to the manufac-
turer’s protocol. Signal intensity was quantified using a 
Bio-Rad image analysis system and the results were nor-
malized to the signal intensity of  β-actin for each blot.

Immunohistochemical analysis
Stomachs were excised from three rats in each group 
and fixed in 10% neutral buffered formalin, embedded 
in paraffin and sectioned at 5 µm for immunohisto-
chemical staining. Staining was performed according to 
the routine standard procedures. Briefly, the sections 
were deparaffinized in xylene, cleared in graded ethanol 
to PBS, then quenched in 3% hydrogen peroxide (H2O2) 
containing 0.1% sodium azide to suppress the endog-
enous peroxidase activity and placed in 10 mmol/L 
citrate buffer (pH 6.0) for 15 min at 100℃ for antigen 
retrieval. A routine streptavidin-biotin protocol using 
the DAKO LSAB + kits (Dako Japan, Kyoto, Japan) 
was applied. The tissue sections mounted on glass slides 
were incubated in PBS containing 0.5% BSA to reduce 
nonspecific protein binding, and sequentially incubated 
to react with monoclonal anti-PCNA primary antibody 
overnight at 4℃. The antibody was then linked with 
streptavidin conjugated to horseradish peroxidase (HRP). 
HRP sites were visualized with 3,3’-diaminobenzidine 
(DAB) and H2O2, counterstained with hematoxylin. The 
presence of  PCNA was detected by light field microsco-
py as a dark brown reaction product in cell nuclei. Some 
sections were reacted with normal mouse IgG instead 
of  the specific antibody as a negative control. An im-
age analysis system (NYD100) was used for quantitative 
analysis of  cell density (cell number/view field) of  the 
PCNA-positive cells in the rat stomach. Four sections 
from four rats were used. PCNA-positive cells per sec-
tion were counted in five randomly selected view fields 
at a magnification of  × 400. At least, 20 fields in each 
group were analyzed.

Statistical analysis
All experiments were done in triplicate and stomach tis-
sues were excised from three rats in each group. One-
way analysis of  variance was used to estimate the overall 
significance followed by post hoc Tukey’s test corrected 
for multiple comparisons. Data are presented as mean ±
SD. P < 0.05 was considered statistically significant.
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RESULTS
Quercetin treatment could partially prevent ethanol-
induced cell proliferation in gastric mucosa 
PCNA is a polypeptide that specifically increases in 
nuclei during G1 and S phases of  the cell cycle. It is 
considered to be an essential cofactor for the activation 
of  DNA polymerase during DNA replication. There-
fore, PCNA-positive nuclei indicate that cells replicate 
DNA and undergo proliferation. It is well known that 
Cyclin D1 promotes G1 phase progression. The levels 
of  PCNA and Cyclin D1 were higher in gastric mucosa 
exposed to 6% ethanol for 7 d than in normal control 
rats, while the expression of  PCNA and Cyclin D1 was 
reduced after treatment with quercetin in this study  
(Figure 1). PCNA immunohistochemistry and computer 
image analysis showed, a significantly increased number 
of  PCNA positive cells in the fundic gland of  rats treat-
ed with ethanol for 7 d. The number of  PCNA positive 
cells in ethanol + quercetin and quercetin treated rats 
was very analogous to that in the control rats (Figure 2, 
Table 1).

Quercetin treatment could prevent ethanol-induced lipid 
peroxidation and protein oxidation in gastric mucosa
As TBASR shown in Figure 3, ethanol-induced ROS 
may increase lipid peroxidation. Quantitative measure-
ment of  TBASR in gastric mucosa revealed a significant 
effect of  ethanol treatment on ethanol-induced lipid 
peroxidation and protein oxidation in gastric mucosa 
(1.772 µmol/g protein) compared to the normal con-
trol rats (1.298 µmol/g protein), which was reduced to 
1.500 µmol/g protein (P < 0.05). TBARS was slightly 
decreased in the rats treated with quercetin (Figure 3A), 
suggesting that quercetin can decrease lipid peroxidation 
in gastric mucosa. The mean values of  carbonyl contents 
in gastric tissue are shown in Figure 3B, revealing a simi-
lar pattern of  TBARS in each group of  rats.

Quercetin treatment could prevent ethanol-induced 
decrease in nitrite/nitrate content in gastric mucosa
The nitrite/nitrate content in gastric mucosa was deter-
mined using the Griess method. As shown in Table 1, 
the nitrite/nitrate content in the group treated with 6% 
ethanol for 7 d was significantly lower than that in the 
control group (P < 0.01) and significantly higher in rats 
treated with combined ethanol and quercetin than that 
in rats treated with ethanol only (P < 0.01). The gastric 
nNOS level was slightly increased in rats treated with 
quercetin, suggesting that quercetin treatment can pre-
vent ethanol-induced decrease of  nitrite/nitrate content 
in rat gastric mucosa.

Quercetin treatment could prevent ethanol-induced 
decrease in nNOS levels
NO produced by nNOS was detected by Western blot in 
gastric mucosa (Figure 4). Quantitative analysis revealed 
a significant effect of  ethanol treatment on ethanol-in-
duced decrease in nNOS levels. The gastric nNOS level 

in rats treated with combined ethanol and quercetin was 
significantly higher than that in rats treated with ethanol 
only. The gastric nNOS level was slightly increased in 
rats treated with quercetin, suggesting that quercetin can 
prevent ethanol-induced decrease in nNOS, which is in 
agreement with the data on nitrite/nitrate (Table 1) in 
rat gastric mucosa. No iNOS expression was detected in 
each group.

Quercetin treatment could prevent ethanol-induced 
decrease in protein-bound 3-NT
Ultimately, increased NO, nitrite/nitrate, and peroxyni-
trite resulted in production of  protein-bound 3-NT in 
gastric mucosa (Table 1). Quantitative analysis revealed a 
significant effect of  ethanol on ethanol-induced decrease 
in protein-bound 3-NT. Gastric 3-NT levels in rats 
treated with combined ethanol and quercetin were sig-
nificantly higher than those in rats treated with ethanol 
only. The level of  3-NT was slightly increased in rats not 
treated with ethanol, suggesting that quercetin treatment 
can prevent ethanol-induced decrease in 3-NT, which is 
in agreement with the data on nitrite/nitrate (Table 1) 
and nNOS level in rat gastric mucosa (Figure 4).
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DISCUSSION
ROS, such as superoxide anion radical (O2

-.), hydroxyl 
radical (.OH), lipid peroxidation and nitric oxide (NO), 
are involved both in the regulation of  cell proliferation 
and apoptosis and in macromolecular damage to gastric 
cells, leading to increased oxidative stress and stress-
induced senescence[22,23]. ROS are oxygen-containing 

molecules having either unpaired electrons or ability 
to abstract electrons from other molecules. Lipids are 
modified by ROS and visualized as a thiobarbituric acid-
reactive substance (TBARS). Oxidative damage to pro-
teins generates increased carbonyl groups due to oxida-
tion of  sensitive amino acids, such as histidine, proline, 
arginine and lysine[24]. We measured the TBARS and 
protein carbonyls to serve as an indicator for intracel-
lular oxidation in gastric mucosa. NO formation in cells 
is rapidly converted to nitrite. After reducing nitrate to 
nitrite with bacterial nitrate reductase, nitrite levels can 
be determined as an indicator for NO synthesis based 
on the Griess reaction[20]. O2

- reacts with NO to produce 
peroxynitrite (ONOO-), which is considered a more 
powerful oxidant than O2

-[25], entering the cells rapidly. A 
variety of  nitrate macromolecules are chiefly at the aro-
matic rings[26]. The nitration of  tyrosyl residues on pro-
teins is considered the stable “foot print” of  RNS stress 
both in vitro and in vivo[27]. In this study, we also measured 
the levels of  NOX and 3-NT to provide an index of  NO 
in gastric mucosa. Using these indicators, the effect of  
quercetin on chronic ethanol-induced generation of  
ROS and NO was detected.

Table 1  Number of PCNA positive cells and levels of NO 
and NT in rat gastric mucosa (mean ± SD)

Control Ethanol Ethanol + 
Quercetin

Quercetin

PCNA 21.6 ± 0.8    42.3 ± 0.7b   37.1 ± 0.4a 18.6 ± 0.6
NOx
(µmol/L)

11.334 ± 0.467  7.978 ± 0.334b 9.889 ± 0.620a 12.098 ± 0.516

Nitrotyrosine
(µmol/L)

  8.986 ± 1.351 6.854 ± 0.460b 8.071 ± 1.208a 10.875 ± 1.034

aP < 0.05 vs ethanol group, bP < 0.01 vs control group.
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dant action of  quercetin resides depends in part, on its 
ability to stimulate nNOS and increase production of  NO 
that would interact with endogenously produced reactive 
oxygen to inhibit hyper-proliferation of  gastric mucosal 
cells in rats that have chronic ethanol consumption. 

 COMMENTS
Background
Chronic ethanol consumption resulting in hyper-regenerative gastrointestinal 
mucosa has an increased susceptibility to chemical carcinogens and thus 
influences carcinogenesis. Some studies indicate that ethanol-associated 
gastric cell proliferation may involve oxidative stress. It was reported that 
quercetin, a 3,3’,4’,5,7-pentahydroxy flavone, has effects on oxidative damage 
to ethanol-induced gastric lesions due to its antioxidant properties of potent 
anti-oxidant. We hypothesized that quercetin has an effect on gastric mucosal 
cell proliferation in rats that have chronic ethanol consumption, thus inhibiting 
gastric cancer.
Research frontiers
In this study, we developed an animal model by continuous ethanol ingestion 
for 7 d. By using this model, we investigated the relationship between chronic 
ethanol intake and gastric mucosal cell proliferation, which is related to reactive 
oxygen species (ROS) and reactive nitrogen species (RNS).
Innovations and breakthroughs
Our findings indicate that the antioxidant action of quercetin resides, depends in 
part, on its ability to stimulate nNOS and increase production of NO that would 
interact with endogenously produced reactive oxygen to inhibit gastric mucosal 
cell roliferation in rats that have chronic ethanol consumption.
Applications
This animal model established by continuous ethanol ingestion for 7 d is a 
useful tool for studying the mechanism of gastric mucosal cell proliferation 
in vivo. We will investigate the signal transduction of ROS in gastric mucosal 
cell proliferation. 
Terminology
ROS are oxygen-containing molecules having either unpaired electrons or ability 
to abstract electrons from other molecules. Reactive RNS are forms of NO. 
Peer review
This is an interesting paper, in which the authors showed that ethanol could 
induce gastric mucosal cell proliferation in their animal model. The ROS/RNS 
pathway may be involved. Further study is needed to show signal transduction 
of ROS in gastric mucosal cell proliferation. 
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The present study demonstrated a clear enhance-
ment of  cell proliferation in gastric mucosa of  animals 
subjected to ethanol treatment for 7 d, which is similar 
to that in our previous studies[7]. Since PCNA and Cy-
clin D1 were strongly up-regulated (Figure 1), and the 
number of  PCNA positive cells was increased in gastric 
mucosa (Figure 2 and Table 1). This enhancement func-
tion was accompanied with an increase in ROS genera-
tion and abolished by co-administration of  quercetin 
and ethanol, which was accompanied with a decrease 
in ROS level. Quercetin has the ability to directly block 
the cell cycle at the G1/S transition in colon and gastric 
cancer cells[28] as well as in human leukemic T cells[29]. 
However, the protein levels of  PCNA and Cyclin D1 
were similar to the control values irrespective of  querce-
tin administration alone in our study. These results show 
that an excessive amount of  ROS can induce enhanced 
cell proliferation in gastric mucosa of  rats in vivo.

In addition to ROS, RNS in the form of  NO has also 
been implicated in regulation of  cellular proliferation, 
but its role as a proliferative signal is not well defined, 
because it appears to depend on the cell type respon-
sible for its release and the NOS isoforms within cells, 
as well as on the concentration of  released NO and the 
composition of  intracellular milieu[30,31]. The neuronal 
and endothelial isoforms are thought to be responsible 
for production of  low levels of  NO[32] and both iso-
forms have been identified in gastric mucosa[33,34]. NO is 
a lipophilic radical, which can exert beneficial effects by 
reacting with O2

- when produced in a small amount and, 
in this manner, behaves as an antioxidant. A low level of  
NO could protect against ROS and inhibit gastric cancer 
cell proliferation[23]. NO donors retard gastric wound 
healing by inhibiting cell migration and proliferation and 
inducing cell apoptosis in a dose- and time-dependent 
manner[35]. However, excess NO produced by inducible 
NOS (iNOS) plays a potent role as a cytotoxic agent 
during infection and inflammation, with essential in-
volvement of  chronic inflammation, especially increased 
rates of  cell proliferation, in H pylori-associated glandular 
stomach carcinogenesis[36]. Suppression of  NO genera-
tion by iNOS inhibitors (aminoguanidine, AG) could 
also suppress cancer cell proliferation in gastric cancer 
xenografts[37].

In the present study, iNOS expression was not de-
tectable in gastric mucosa. After treatment with 6% 
ethanol for 7 d, the expression of  nNOS and the levels 
of  NOx (nitrite/nitrate) and NT in gastric homogenates 
were decreased, suggesting that the nNOS activity is 
decreased. These results are consistent with the reported 
data[38]. Surprisingly, the decreased nNOS activity could 
be abolished by co-administration of  quercetin and 
ethanol. Without further examination, we cannot rule 
out the mechanism of  quercetin-enhanced activity of  
nNOS. It was reported that resveratrol, another kind of  
flavonoids, can inhibit gastric cancer cell proliferation by 
stimulating the activity of  NOS in vitro[23], suggesting that 
quercetin may play a role as resveratrol in the inhibition 
of  gastric cell proliferation in vivo.

In conclusion, our findings indicate that the antioxi-
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