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Summary. The roles of inducible nitric oxide synthase (iNOS) in the

development and healing of gastric ulcers have not been fully characterized.

We characterized iNOS expression in experimentally induced ulcers in rat

and mouse stomachs and investigated the roles of iNOS using iNOS gene-

deficient (iNOS–/–) mice and wildtype mice. Gastric ulcers were induced in

rats and mice by the application of acetic acid and cryoinjury, respectively.

iNOS expression was detected on days 1–7 and peaked 3 days after ulcer

induction in the rat. iNOS-positive cells were distributed mainly among the

infiltrating cells and fibroblasts in the ulcer bed. The almost similar courses of

healing and iNOS expression were observed in the ulcers of mice. During the

course of healing, the iNOS gene status did not affect cell proliferation in the

healing zone or vessel formation in the ulcer bed. iNOS deficiency, however,

caused larger ulcers and severer inflammation during ulcer healing; the

clearance of inflammatory cells in the ulcer bed by apoptosis was also

delayed when the ulcer was re-epithelialized in the iNOS-deficient mice.

These results indicate that iNOS is expressed in the ulcer bed and that

iNOS activity may play beneficial roles in the ulcer repair process, possibly

by regulating inflammation.
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Nitric oxide (NO) has been shown to protect the gastro-

intestinal mucosa from a variety of insults, including

caustic injuries from ethanol, mineral acids and

bile-acids, ischaemia/reperfusion injuries and early
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endotoxin-induced damage (Salzman et al. 1998). The

main roles of NO are thought to be the maintenance of

microcirculation homeostasis in the mucosa and the

inhibition of inflammatory neutrophil accumulation via

the downregulation of the surface expression of adhe-

sion molecules (Kubes et al. 1991). However, whether

NO produced by inducible nitric oxide synthase (iNOS)

exerts beneficial or detrimental effects on gastrointest-

inal mucosal integrity is still a topic of debate. iNOS

activity is known to exert an anti-inflammatory effect

on intestinal inflammation (McCafferty et al. 1997).

Peroxynitrites produced by the chemical reaction of NO

and superoxides, however, cause barrier dysfunction in

the gastrointestinal mucosa (Greenacre et al. 1997;

Unno et al. 1997). Thus, the effect of iNOS-produced

NO on mucosal health in the stomach is particularly

controversial.

Many investigators have examined the roles of iNOS-

produced NO using iNOS inhibitors. The specificity and

dose of iNOS inhibitor, however, are critical in such

studies because no known inhibitor is completely selec-

tive for iNOS and most iNOS inhibitors may also inhibit

constitutive NOS, which plays important roles in the

maintenance of gastric mucosa integrity. Moreover,

these inhibitors may have additional pharmacological

effects that are not related to the NO pathway. In add-

ition, these agents are difficult to administer continuously

in living animals. These concerns may be responsible for

the conflicting results that have been obtained by studies

investigating the roles of iNOS in the gastric mucosa.

The processes of ulcer development and healing in

experimental ulcer models have been well characterized

(Halter et al. 1995), and striking similarities have been

noted, regardless of the method of ulcer induction or the

species of experimental animal (Halter et al. 1995;

Schmassmann et al. 1995). In the present study, we

examined the characteristics of iNOS expression during

ulcer development and healing in the rat and mouse

stomach and investigated the impact of iNOS gene

deficiency on these processes in the mouse stomach.

Materials and methods

Rat experiments

Ulcer induction Animals were given free access to water

and food during these experiments (CE-2, CLEA, Tokyo,

Japan). Gastric ulcers were induced in male Wistar rats,

weighing 220–250g, according to the method described

by Nakamura (Nakamura et al. 1995), with slight modi-

fications. Briefly, anaesthesia was induced intraperito-

neally in the experimental animal using pentobarbital

(1mg/kg). One hundred per cent acetic acid was then

applied to the serosal surface of the antrum–corpus

junction of the anterior wall of the rat stomach for 40 s

using a plastic mould with an inner diameter of 5mm.

After washing out the acetic acid with saline solution, the

abdominal wall was closed.

Rats were killed using an overdose of ether at 24, 36,

48 and 72 h and at 7 and 14 days after ulcer induction.

The stomachs were removed, opened along the greater

curvature and spread out. The ulcerous portions of the

tissues were then excised; some portions were immedi-

ately frozen in liquid nitrogen to be used in the iNOS

mRNA expression analyses, while others were fixed for

12 h with 10% buffered formaldehyde (pH7.4) and used

for histological examination.

RNA preparation and Northern blot analysis Total

RNA was isolated from the frozen tissues using the

guanidine thiocyanateextractionmethod (Chomczynski&

Sacchi 1987). Twenty micrograms of total RNA was then

electrophoresed on a 1% agarose gel containing 6%

formaldehyde and then transferred to a Hybond-N

membrane (Amersham Pharmacia Biotech, Uppsala,

Sweden). After ultraviolet cross-linking, the filter was

prehybridized and hybridized as described previously

(Fujisawa et al. 1995). A 0.7 kb fragment of rat cDNA

(�190 to 424, gene bank index, 31377499) (Adachi et al.

1993) was then labelled with [a-32P]dCTP (3000Ci/mmol)

using a random priming kit (Amersham Pharmacia

Biotech). The filter was washed four times at 58 �C in

2� saline sodium citrate (SSC; 1� SSC: 0.15M NaCl

and 1.5mM sodium citrate) per 0.1% SDS containing

0.2% sodium pyrophosphate and then exposed to an

imaging plate. The radioactivity was then analysed using

a Bio-image analyser BAS 2000 (Fuji Photo Film Co.,

Tokyo, Japan). To evaluate the amount of RNA analysed,

the filter was rehybridized with a 32P-labelled cDNA

probe for rat b-actin containing the entire coding region

(Tokunaga et al. 1986).

Histochemical study After tissue fixation, paraffin sec-

tions were routinely prepared. Deparaffinized sections

were washed with phosphate-buffered saline (PBS)

and autoclaved at 120 �C for 10min in a 10mM citrate

buffer (pH6.0), as described previously (Ehara et al.

1996). Endogenous peroxide activity was blocked by

incubating with 0.3% H2O2 in methanol, and the sections

were treated with 10% normal goat serum in PBS. The

sections were then reacted with rabbit serum immunized

against the rat iNOS protein (Ohshima et al. 1992) (dilu-

tion 1 : 1000) in PBS containing 1% bovine serum

albumin. The sections were secondarily reacted with bio-

tinylated anti-rabbit immunoglobulin G goat serum, and

an avidin–biotin–immunoperoxidase complex was formed
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using a Dako LSAB kit (DAKO Corporation, Carpinteria,

CA, USA). iNOS protein was detected using 3,30-diami-

nobenzidine tetrahydrochloride in 50mM Tris–HCl

(pH7.6). The nuclei were counterstained with haematoxy-

lin. The same procedure minus the primary antibody

reaction was performed as a negative control.

iNOS–/– mice experiments

Ulcer induction. C57BL/6-iNOS–/– mice were obtained

from the Jackson Laboratory (Bar Harbor, ME, USA)

(Laubach et al. 1995). Wildtype C57BL/6 mice were

obtained from Charles River Japan Inc. (Kanagawa,

Japan) and used as controls. All mice were male, 8–10

weeks old, and weighed 18–24 g. Gastric ulcers were

induced in the mice using a modification of a previously

described cryoinjury method (Inauen et al. 1988). Briefly,

animals that had been fed after undergoing a 24 h fast

were anaesthetized using an intraperitoneal injection of

2-2-2 tribromoethanol (0.28mg/g), and a median lapar-

otomy was performed. A freezing injury was induced on

the serosal surface of the ventral wall of the antrum–

corpus junction by applying a cryoprobe (cooled using

gaseous CO2) with a diameter of 3mm to the gastric wall

for 15 s. The abdomen was then closed using silk

sutures.

Wildtype and iNOS–/– mice were killed using an over-

dose of ether at 1, 3, 5, 7 and 14 days after ulcer induc-

tion. The stomach was then opened along the greater

curvature and pinned to a board so that the stomach was

slightly stretched. The ulcer lesion was then photo-

graphed using a digital still camera (MVC-FD7; Sony,

Tokyo, Japan), and RNA and histological sections of the

stomachs were prepared as described above.

Reverse-transcriptase-polymerase chain reaction.

Single-strand cDNA was synthesized using a commercial

kit in a reaction volume of 15ml containing 5mg of total

RNA and 0.2mg of random hexamer primers, accord-

ing to the kit manufacturer’s instructions (Pharmacia

P-L Biochemicals, Milwaukee, WI, USA). To detect

mouse iNOS and b-actin mRNA, 0.3ml of single-strand
cDNA was amplified by polymerase chain reaction

(PCR) using the following oligonucleotide primers:

mouse iNOS, 50-TGCATGGACCAGTATAAGGCAAGC-30

and 50-GCTTCTGGTCGATGTCATGAGCAA-30 (Lyons

et al. 1992); b-actin, 50-GCCAGGTCATCACTATT-

GGC-30 and 50-TCAAGTCAGTGTACAGGGCCA-30.

Denaturation, annealing and elongation were performed

at 94, 55 and 72 �C for 30s, 1min and 2min, respect-

ively, for 35 cycles for iNOS and 28 cycles for b-actin.
Next, 8ml of each PCR product was separated on

a 2% agarose gel, stained with 0.5mg/ml of ethidium

bromide and photographed.

Measurement of ulcer size The ulcer area was mea-

sured on macroscopic digital photographs using an

image analysis program (NIH Image, Version 1.58). In

addition, sections from the middle portion of each ulcer

were stained with haematoxylin and eosin (H&E), photo-

graphed under a microscope (original magnification,

�100) and digitized into 1074� 756 pixels using a digi-

tizer (N-20; Nikon, Tokyo, Japan). The thickness of the

injured epithelium region was measured in each section

using the above-mentioned image analysis program

running on a personal computer.

Detection of proliferating cells, vessel counting and

apoptotic cells. Proliferating cells were detected by label-

ling newly synthesized DNA using the BrdU-incorporation

method, as previously described (Yamashita et al. 1994).

The number of stained cells in the proliferation zone was

then counted.

Endothelial cells were stained using anti-CD31 anti-

body (Pharmingen International, San Diego, CA, USA).

The microvascular density of the granulation tissue or

submucosa at the middle portion of the ulcer was then

measured. Individual microvessel counts were made

using a �100 field. Any brownish red-staining endothe-

lial cells or endothelial clusters, with or without a lumen,

which were clearly separate from adjacent microvessels

were considered to be single and countable microves-

sels.

Apoptotic cells were immunohistochemically detected

using the in situ cell death detection kit, ApopTagTM

(Intergen Company, Purchase, NY, USA) and the ter-

minal deoxyuridine nucleotidyl nick end labelling method,

according to the manufacturer’s protocol. The number of

stained cells visible on a printed photograph was then

counted using a blind study design.

Results

iNOS expression in acetic acid-induced rat ulcers

Gastric ulcers appeared in the rats 24–48h after ulcer

induction. The whitish necrotic tissue had nearly disap-

peared from the ulcer bed 14–16 days after the acetic

acid treatment. During the ulceration and healing pro-

cesses, iNOS mRNA was detected in the stomach at

24 h, peaking at 72 h (3 days) after acetic acid treatment

(Figure 1). The time course for the appearance of iNOS-

positive cells was also examined immunohistochemically

in the rat stomach after acetic acid treatment (Figure 2).

INOS-positive inflammatory cells infiltrated the damaged

lamina propria from the intact submucosa at 24 h after
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ulcer induction (arrow head) (Figure 2b). Submucosal

oedema was observed during the period of ulcer

development, but, the number of iNOS-positive cells

was small (Figure 2b). During the early healing process,

the number of iNOS-positive cells increased, but these

cells were only found distributed in the ulcer bed in the

gastric mucosa at 72 h after ulcer induction (Figure 2c).

The iNOS-positive cells were detected among inflamma-

tory cells and fibroblasts (Figure 2d). Once the oedema

had decreased, the number of iNOS-positive cells

dramatically increased (Figure 2c). During the healing

process, iNOS-positive cells were observed in areas

lacking re-epithelialization in the ulcer bed, and the

number of iNOS-positive cells declined as the ulcer bed

re-epithelialized over the 7 days following ulcer induction

(Figure 2e).

Time course change in iNOS mRNA expression

and histological appearances in cryoinjury-induced

mice ulcers

The expression of iNOS mRNA was observed in the

mice stomachs using reverse transcriptase-PCR on

days 3–7 after ulcer induction (Figure 3).

Although the time course changes in the histological

appearance of the cryoinjury-induced mice ulcers were

delayed by 2–3days, compared to the day of peak

inflammation in the ulcer beds of the acetic acid-induced

rat ulcers, the subsequent healing course was similar in

mice and rats. Figure 4 shows microphotographs of

H&E-stained sections from wildtype mice (a, b, c, d and

e) and iNOS–/– mice (f, g, h, i and j). Photographs (a) and

(f), (b) and (g), (c) and (h), (d) and (i) and (e) and (j)

indicate the histological appearance on days 1, 3, 5, 7

and 14 after ulcer induction, respectively. No significant

differences in histological appearance were observed

between wildtype and iNOS–/– mice until 3 days after

ulcer induction. The thickness of the submucosa during

this period indicates the degree of mucosal oedema. No

significant difference in the thickness of the ulcer bed

was seen between the iNOS–/– mice and the wildtype

mice (0.66� 0.14mm vs. 0.62� 0.06mm, respectively;

n¼ 6, P¼ 0.542) at 3 days after ulcer induction. How-

ever, the degree of inflammation in the ulcer beds of

the iNOS–/– mice 7 days after ulcer induction was more

severe than that of the wildtype mice (Figure 4-d vs. i).

0

iNOS

β-actin

24 36 48 72 h 7 days 14 days

Figure1. Time course for the expression of inducible nitric

oxide synthase (iNOS) mRNA after ulcer induction in the rat

stomach. Ulcers were induced using 100% acetic acid. The

expression of iNOS mRNA was analysed using Northern

blotting.

a

c
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d

b

Figure2. Localization of inducible nitric oxide synthase (iNOS)

protein in acetic acid-induced gastric rat ulcers. The localization

of rat iNOS-positive cells after ulcer induction using acetic acid

was immunohistochemically examined. (a) Haematoxylin and

eosin staining of a specimen obtained 24h after ulcer induction.

(b) iNOS immunostaining of specimens obtained 24h after

ulcer induction, (c) 72 h after ulcer induction and (e) 7 days after

ulcer induction. (d) Higher magnification of the specimen shown

in c (original magnification of a, b, c and e, �100; d, �200).

Arrows indicate iNOS-positive cells.

M

603bp

310bp

β-actin

0 1 3 5 7 14 days

Figure3. Time course of inducible nitric oxide synthase (iNOS)

mRNA expression in wildtype mice. Ulcers were induced by

cryoinjury in the mice stomachs. iNOS mRNA expression was

examined using reverse transcriptase-polymerase chain

reaction.
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The ulcer bed at 7 days after ulcer induction was filled

with inflammatory cells; thus, the thickness of the ulcer

bed indicates the degree of inflammation. The mean

thickness of the ulcer bed in the iNOS–/– mice was

significantly higher than that in the wildtype mice

(1.51� 0.15mm vs. 0.98� 0.22mm, respectively; n¼ 7,

P< 0.01). Aggregates of mononuclear cells in the sub-

mucosa were frequently seen in specimens obtained from

iNOS–/– mice 14days after ulcer induction (Figure 4e).

The area of the ulcers was quantitatively compared

between wildtype and iNOS–/– mice on days 1, 3, 5, 7

and 14 (Figure 5). The mean ulcer area in iNOS–/– mice 5

days after ulcer induction was significantly (P< 0.05)

larger than that in wildtype mice.

Proliferating cells, vessel formation and apoptotic cells

during the ulcer healing process

Time course changes in the number of BrdU-incorpo-

rated epithelial cells, newly formed vessels and apoptotic

cells are shown in Figure 6. No differences in the number

of stained cells in the proliferation zone (healing zone) or

the number of vessels stained by the anti-CD31 antibody

were seen between wildtype and iNOS–/– mice through-

out the time course of the present study (Figure 6a,b).

Although the number of apoptotic cells in the granulation

tissue was not different between wildtype and iNOS–/–

mice until 7 days after ulcer induction, the number of

apoptotic cells in the submucosal area under the new

epithelium 14days after ulcer induction had dramatically

increased in the wildtype mice, but not in the iNOS–/–

mice (Figure 6c,d) (n¼ 6–9).
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Figure 4. Comparison of the microscopic appearances of

cryoinjury-induced gastric ulcers in inducible nitric oxide

synthase (iNOS–/–) and wildtype mice. The microphotographs

show haematoxylin and eosin-stained specimens from wildtype

mice (a, b, c, d and e) and iNOS–/– mice (f, g, h, i and j): (a) and

(f), day 1; (b) and (g), day 3; (c) and (h), day 5; (d) and (i), day 7;

(e) and (j), day 14 after ulcer induction. Aggregates of

mononuclear cells in the submucosa (arrow heads) were

frequently seen in specimens from iNOS–/– mice obtained 14

days after ulcer induction (j). Bar, 100mm.
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Figure 5. Time course changes in ulcer area. Ulcer area was

measured using an image analysis program running on a

personal computer. Results are shown as the mean�SE

(n¼ 6–9).
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Discussion

The processes of ulcer development and healing in

experimental ulcer models have been similarly classified

into an ulcer development phase (days 0–1) and four

healing phases: an early lag phase (days 1–3), a rapid

healing phase (days 3–14), a late lag phase (days

14–18) and a remodelling phase (day 18 and onward)

(Halter et al. 1995). In this study, we examined the

ulceration and healing processes in both rats and mice.

Although the early lag phase in the cryoinjury-induced

mice ulcers was longer than that in the acetic acid-

induced rat ulcers, iNOS expression was well correlated

with the histological stage of ulcer healing, independent

of species. Namely, iNOS mRNA expression was first

detected in the early lag phase, after mucosal necrosis

and the exfoliation of the necrotic tissue, and peaked as

the rapid healing phase began (Halter et al. 1995).

The time course for the appearance of iNOS-positive

cells was also examined immunohistochemically in the

acetic acid-induced rat ulcers. iNOS-positive cells were

observed during the rapid healing phase in areas of the

ulcer bed that lacked re-epithelialization; the number of

iNOS-positive cells then declined as the ulcer bed

re-epithelialized over the 7days following ulcer induction.

These observations, as well as the time course of iNOS

mRNA expression in induced ulcers, indicate that iNOS-

produced NO may be involved in the formation of necro-

tic regions, where the damaged mucosa is detached into

the gastric lumen. This process plays an important role

in ulcer healing, because a gelatinous coat covering the

ulcer bed and consisting of a fibrin-based gel with mucus

and necrotic cells acts to protect the ulcer bed by pre-

venting direct contact with the gastric luminal contents,

such as gastric acid, pepsin and ingested foods (Allen

et al. 1988).

Clarifying whether iNOS has a detrimental or benefi-

cial effect on the process of ulcer development and

healing is of great interest to researchers. In this study,
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Figure 6. Time course changes in the number of proliferating

cells, newly formed vessels and apoptotic cells in the granula-

tion tissue of gastric mouse ulcers. Proliferating cells were

detected by labelling newly synthesized DNA using the BrdU-

incorporation method. Vessel formation and apoptotic cells were

immunohistochemically detected using an anti-CD31 antibody

and the terminal deoxyuridine nucleotidyl nick end labelling

(TUNEL) method, respectively. The number of stained cells in

the granulation tissue of the ulcer bed and the submucosal area

after re-epithelization was counted. (a) BrdU incorporation.

(b) Vessel number. (c) TUNEL staining. Results are shown as

the mean�SE (n¼6–9). &, wildtype mice; &, iNOS–/– mice.

(d) Microphotograph of TUNEL staining in specimens obtained

14 days after ulcer induction (original magnification, �100).
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we obtained important information on the histological

characteristics of iNOS-positive cells, including the time

course for their appearance, their cellular origins and

their distribution in ulcer tissues. Oedema formation in

the gastrointestinal mucosa is reportedly exacerbated by

NO produced as a result of iNOS activity (Salvemini et al.

1996). In the present study, submucosal oedema was

observed during the period of ulcer development, but the

number of iNOS-positive cells was small. Once the

oedema had decreased, the number of iNOS-positive

cells increased dramatically. These findings suggest

that the mucosal oedema did not form as a result of

iNOS activity during ulcer progression. Moreover, no

significant difference in oedema formation was observed

between wildtype and iNOS–/– mice in the present study.

In addition, the maximum ulcer size after ulcer induction

did not differ between wildtype and iNOS–/– mice,

suggesting that iNOS activity was not involved in ulcer

progression. An earlier study demonstrated a positive

association between iNOS expression and colitis

activity, with iNOS being induced in inflamed colonic

epithelium (Singer et al. 1996). Thus, the cellular origin

of iNOS may determine whether NO has a beneficial or

detrimental effect on mucosal health. If iNOS were to act

detrimentally on ulcer healing and development, iNOS

would be expressed in the ulcer margin, which is an

important area for ulcer healing, supplying new epithelial

cells (healing zone) (Tarnawski & Halter 1995). In this

study, iNOS-positive cells were localized only among the

inflammatory cells and fibroblasts. In addition, iNOS-

positive cells were confined to an area between the

necrotic tissues and the granulation tissues in the ulcer

bed but were not found at the ulcer margin. This distribu-

tion pattern for iNOS-positive cells, likely covering the

epithelium defect, may serve as a barrier against various

pathogens.

In this study, the roles of iNOS in ulcer healing were

considered from two perspectives: (1) re-epithelization

or the period during which the mucosa is re-epithelized

after ulcer induction and (2) the quality of ulcer healing.

A previous study reported that a non-specific NOS

inhibitor, NG-nitro-L-arginine, delays ulcer healing

(Brzozowski et al. 1995). Furthermore, Akiba et al.

(1998) demonstrated that the oral administration of

aminoguanidine, a relatively specific iNOS inhibitor,

delayed ulcer healing in the same experimental

rat ulcer model that was used in the present study.

However, whether the delay in ulcer healing might be

due to the inhibition of constitutive NOS (which plays an

important role in the maintenance of mucosal integrity)

but not of iNOS or to some other effect of the inhibitor

was not addressed in these studies. In the present

study, the period during which the mucosa was

re-epithelized did not differ between iNOS–/– and

wildtype mice. However, the mean ulcer size in the

iNOS–/– mice was larger than that in wildtype mice

5 days after ulcer induction. This result is consistent

with the findings of a skin ulcer model using iNOS–/–

mice (Yamasaki et al. 1998). The inflammatory response

in iNOS–/– mice 7days after ulcer induction was severer

than that in wildtype mice. At 14days after ulcer induction,

the number of apoptotic cells amongst the neutrophils and

mononuclear cells infiltrating the subepithelial mucosa

of wildtype mice dramatically increased, but this

phenomenon was not seen in iNOS–/– mice. Furthermore,

aggregates of mononuclear cells were found in the

subepithelium of specimens from iNOS–/–mice. These

results indicate that inflammation in the granulation

tissue was prolonged in the iNOS–/–mice. Hickey et al.

(1997) reported that iNOS activity regulates leucocyte

recruitment, by affecting the expression of adhesion

molecules or leucocyte activation. The regulation of

inflammation during the healing phase (3 days after

ulcer induction) and up until the remodelling phase

is a key process because the persistent infiltration of

polymorphonuclear cells is the most prominent factor

in gastric ulcer scarring in rats, which predisposes them

to ulcer recurrence (Arakawa et al. 1998). Recent clinical

findings also suggest a close relationship among the

quality of ulcer healing, the infiltration of neutrophils

and mononuclear cells and future ulcer recurrence

(Nebiki et al. 1997). These results indicate that iNOS

gene expression might regulate inflammatory responses

during ulcer healing and, consequently, play an import-

ant role in the quality of ulcer healing.

In this study, no difference in re-epithelization or

angiogenesis was seen in the ulcer beds of the iNOS–/–

and wildtype mice. However, further studies are needed

to confirm that iNOS activity was not involved in the

phenomenon, as compensatory reactions to the func-

tional loss of the iNOS gene must be taken into consid-

eration. The upregulation of eNOS and transforming

growth factor-b1 was recently demonstrated in iNOS–/–

mice using a skin incision wound model, suggesting that

alternate healing pathways may occur in response to a

lack of functional iNOS (Most et al. 2002). On the other

hand, the downregulation of bFGF and interleukin-4 was

also seen in iNOS–/– mice in the above study. Thus,

numerous complicated mechanisms are probably

involved in the process of ulcer healing. The comprehen-

sive identification of growth factors associated with ulcer

healing using, for example, gene-chip techniques may

be required to precisely understand the roles of iNOS

activity in re-epithelization.
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In conclusion, we have characterized iNOS expres-

sion during the development and healing of experimen-

tally induced ulcers in rats and mice. Our findings

suggest that iNOS activity affects the regulation of

inflammatory responses during ulcer healing, playing a

beneficial role in ulcer healing.
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