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ABSTRACT: Nitric oxide (NO) appears to play a
critical role in modulating gastric mucosal defense.
Administration of NO donors has been reported to
protect the gastrointestinal mucosa against damage
induced by several irritants. However, the possible
role of NO in healing existing ulcers must be
clarified further. Therefore, the present study was
designed to assess the effect of modulation of NO on
the healing of an indomethacin-induced peptic ulcer
using a NO precursor, L-arginine, and a competitive
inhibitor of NO synthase, L-NAME. Results of
administering L-arginine were compared to those
using nitroglycerin (NTG), an NO donor. Rats were
injected with a single oral dose of indomethacin (30
mg/kg) and then treated with L-arginine (200 mg/kg,
i.p.), NTG (1 mg/kg, i.p.) or L-NAME (15 mg/kg, i.p.)
once daily for 7 d starting 4 h after the indomethacin
injection. Gross lesion examination and histological
assessment were done. NO, prostaglandin (PGE,),
and mucin content in gastric tissue were detected.
In addition, oxidative stress markers including
glutathione (GSH) and lipid peroxides were
measured. L-arginine and NTG almost completely
healed indomethacin-induced ulceration as indicated
by macroscopic and histological examination,
restoration of normal levels of NO and GSH, and
a significant attenuation of the increase in PGE,
and lipid peroxides induced by indomethacin. In
contrast, L-NAME was found to exacerbate mucosal
damage. In conclusion, the present study provides
further evidence for the role of NO in gastric
ulcer healing and it suggests an alternative path to
treating the universal problem of non-steroidal anti-
inflammatory-drug-induced gastropathy.
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1. Introduction

Peptic ulcers represent a serious medical problem due to
their frequency among different socioeconomic classes.
They affect 5-10% of the world's population and are
characterized by ulceration of the stomach, duodenum,
or both (1). Peptic ulcers are generally believed to
result from an imbalance between aggressive factors
and counteracting defense mechanisms. Foremost
among aggressive factors is the use of non-steroidal
anti-inflammatory drugs (NSAIDs). NSAIDs have
been found to produce gastroduodenal ulcers in 25% of
users, often with bleeding and perforation (2).

A diminished mucosal blood flow is generally
believed to be a major factor underlying the mechanism
of NSAID-induced gastric damage (3). Microcirculatory
perfusion comprises the epithelial defense mechanism
that provides energy, oxygen, nutrients, gastrointestinal
(GI) peptide hormones, as well as other substrates
necessary for maintaining epithelial cell integrity. In
addition, the circulating blood in the surface mucosa
removes waste materials and irritating substances
and maintains mucus production and bicarbonate
secretion. Thus, it helps to sustain the mucosal barrier
(4). Furthermore, surface mucosal blood flow has been
found to play an important role in the ulcer healing
process (1,5). Therefore, a reduced blood flow leads
to the mucosa's increased vulnerability to damaging
agents.

The key factor in modulating microcirculation is
nitric oxide (NO). When the mucosa is exposed to an
irritant, a rapid increase in mucosal flow occurs. This
response is initiated by sensory nerves underlying the
epithelium, and its stimulation results in activation
of endothelial nitric oxide synthase (¢eNOS) and
subsequent production of NO. Vascular smooth muscle
relaxes and mucosal blood flow thus increases (6).
Moreover, Ma and Wallace (7) determined the relative
effects of endothelial and inducible NOS on gastric
ulcer healing and found that eNOS plays a significant
role in gastric ulcer healing while its inducible isoform
do not. Several studies have reported that administration
of NO donors may protect the GI mucosa against
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damage induced by several irritants, suggesting the
potential use of these compounds in situations in which
the GI mucosa is exposed to noxious substances or in
which mucosal defense is impaired (8-10). Furthermore,
a recent study used the NO precursor L-arginine to
augment the gastroprotective effect of simvastatin, an
antihyperlipidemic drug (11). However, the possible
role of NO in treating the existing ulcers must be
clarified further.

The present study was thus designed to assess the
effect of modulation of NO on healing indomethacin-
induced peptic ulcers using the NO precursor L-arginine
and a competitive inhibitor of NOS, L-NAME. Results
of administering L-arginine were also compared to
those of administering nitroglycerin (NTG), an NO
donor. Ulcer healing was evaluated macroscopically
and histologically, and changes in PGE,, NO, and
mucin were also detected. In addition, the pathogenesis
of NSAID-induced GI damage is also known to depend
on hyperproduction of reactive oxygen species (ROS)
and thus induction of oxidative stress injury (10). Thus,
the present study evaluated the effect of modulation of
NO on the oxidative stress induced by indomethacin.

2. Materials and Methods
2.1. Drugs and chemicals

Indomethacin (Liometacen ampule) was obtained from
the Nile Company for Pharmaceuticals and Chemical
Industries, Cairo, Egypt. A single dose of 30 mg/kg was
given by oral intubation in order to induce ulcers in
accordance with the study of Bhattacharya et al. (12).
L-Arginine (Merck, Germany) was dissolved in saline
and used in a dose of 200 mg/kg (i.p.). This dose is
suggested to protect against ulcer induction (13). NTG
was obtained from G. Pohl-Boskamp GmbH & Co.,
(Hohenlockstedt, Germany) and used in a dose of 1
mg/kg (i.p.) (14). L-NAME (Sigma Chemical Co., St.
Louis, Mo, USA) was dissolved in saline and injected
in a dose of 15 mg/kg (i.p.) (7).

Bovine serum albumin (BSA), n-butanol,
5,5'-dithiobis (2-nitrobenzoic acid) (DTNB), reduced
glutathione (GSH), Folin reagent, Griess reagent,
1,1,3,3-tetramethoxypropane, thiobarbituric acid (TBA),
trichloroacetic acid, and vanadium(III) chloride were
all purchased from Sigma Chemical Co., Ltd. All other
chemicals were of analytical grade.

2.2. Animals

This study involved eighty-five male albino rats
weighing 150-200 g obtained from the Nile Co. for
Pharmaceutical and Chemical Industries. The animals
were housed in cages with wide mesh wire bottoms to
prevent coprophagy and kept on a standard diet and
water ad libitum. The standard food pellets (El-Nasr

Co., Abu Zaabal, Egypt) contained a mixture of no
less than 20% protein, 5% fiber, 3.5% fat, 6.5% ash,
and vitamins. Rats were deprived of food but had free
access to water 24 h before ulcer induction. The study
protocol was approved by the local ethics committee.

2.3. Experimental design

Rats were divided into six groups. To induce gastric
ulcers, the 1st and 2nd groups were given a single dose
of indomethacin 30 mg/kg by oral intubation. The 1st
group was sacrificed 4 h after indomethacin injection
and designated the group with indomethacin-induced
ulceration on day 0. The 2nd group was injected
i.p. with saline, once daily for 7 d starting 4 h after
indomethacin injection and this group was designated
the group with indomethacin-induced ulceration on day
7. The 3rd, 4th, and 5th groups were injected i.p. with
L-arginine (200 mg/kg, i.p.), NTG (1 mg/kg, i.p.), or
L-NAME (15 mg/kg, i.p.) once daily for 7 d starting 4 h
after the indomethacin injection. The last group was the
control group and was given saline only.

After 7 d of treatment, rats were sacrificed under
ether anesthesia. Their stomachs were excised, opened
along the greater curvature, rinsed extensively with
saline to remove attached debris, and then pinned flat
on cardboard for evaluation of gross lesions. The length
of individual lesions in the mucosa was measured
and the sum of lengths of all lesions in each stomach
served as the ulcer index (15). The severity of gastric
lesions was scored in accordance with the method of
Yamamoto et al. (16) as follows: 1 (ulcerated area:
1-6 mm’), 2 (ulcerated area: 7-12 mm®), 3 (ulcerated
area: 13-18 mm’), 4 (ulcerated area: 19-24 mm’), and 5
(ulcerated area: > 24 mm”).

Immediately after gross lesion examination, the
stomach was placed on an ice-cold surface. The
stomach tissue was cut into pieces, weighed, and
homogenized in 0.1 M Tris-HCI buffer (pH 7.4) to
obtain 20% (w/v) homogenate. Tissue homogenate was
used for determination of GSH, lipid peroxides, and
PGE,. Part of the homogenate was centrifuged at 1,000
x g for 10 min to remove cell debris and nuclei and the
resultant supernatant was used for estimation of NO.
Specimens from stomachs of each group were fixed in
alcoholic fixative material for histological examination
and mucin assessment.

2.4. Biochemical analysis

Oxidative stress markers, GSH, and lipid peroxides
were estimated by the methods of Ellman (17) and
Uchiyama and Mihara (18), respectively. As an index
of NO production, total nitrate/nitrite was estimated
in the cytosolic fraction after protein precipitation
using an equal volume of ethanol in accordance with
the method of Miranda (19). In accordance with the
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method described elsewhere (20), PGE, was determined
by competitive enzyme-linked immunosorbent assay
(ELISA) using a PGE, kit (Parameter'") provided by R
& D Systems Inc., USA. Tissue protein was assessed in
accordance with the method of Lowry et al. (21).

2.5. Histological assessment

Sections of 5 pm were obtained and stained with
haematoxylin and eosin (H&E) stain for standard
histological examination in accordance with the method
of Drury and Wallington (22). Qualitative assessment of
mucin was carried out in accordance with the method
of McManus (23).

2.6. Statistical analysis

Data are presented as mean = S.E.M. For statistical
analysis of the data, multiple comparisons were carried
out using one-way analysis of variance (ANOVA)
followed by a Tukey-Kramer test for post-hoc analysis.
Statistical significance was acceptable at a level of p
< 0.05. Data analysis was achieved using the software
program GraphPad InStat.

3. Results

3.1. Macroscopic and histological examination of
gastric ulcers

Oral injection of a single dose of indomethacin in rats
fasted for 24 h caused gastric ulceration in the glandular
portion of the stomach. The group with indomethacin-
induced ulceration on day 7 had a significantly higher
number of ulcers than did the group with indomethacin-
induced ulceration on day 0. However, there was no
significant difference in the ulcer index and ulcer
score for the two groups with ulceration (Table 1).
Treatment of rats with either L-arginine or NTG after
ulcer induction tended to return the stomach mucosa to
normal (Table 1). In contrast, treatment with L-NAME
for 7 d after ulcer induction further aggravated ulcer
formation, as reflected by a 29% increase in the

number of ulcers, a 22% increase in ulcer index, and
a 26% increase in the ulcer score for rats receiving
this treatment in comparison to those receiving
indomethacin (Table 1). In addition, indomethacin
caused the death of three animals. The highest number
of animal deaths, five animals, occurred in the group
treated with indomethacin + L-NAME; these deaths
were attributed to severe hemorrhaging as was revealed
by gross examination of the gastric ulcers. The lowest
number of deaths, one animal, occurred in the group
treated with indomethacin + L-arginine. No deaths
occurred in the control group.

As shown in Figure 1A, specimens from control
rats revealed the normal histological structure of the
glandular stomach for both the fundus and pylorus.
Indomethacin treatment induced severe macroscopic
gastric mucosal damage that was not accompanied by
self-healing during the 7 d of the experiment. Gastric
mucosal damage was characterized by focal necrosis
and ulceration (Figure 1B). The inner area of the
mucosa and lamina propria showed inflammatory cell
infiltration as well as focal aggregation (Figure 1C).
Edema with severe congested blood vessels was also
detected in the lamina propria and submucosa. After
treatment with L-arginine for 7 d, the gastric mucosa had
an almost normal mucosal layer with little inflammatory
cell infiltration. However, edema and congested blood
vessels were detected in the lamina propria along with
edema present only in the muscularis (Figure 1D). The
stomachs of rats receiving NTG showed only focal
desquamation in the lining mucosal epithelium along
with little inflammatory cell infiltration in the lamina
propria, although the muscularis was still edematous
(Figure 1E). In contrast, rats treated with L-NAME had
multiple gastric ulcers and necrobiotic changes were
noted in the mucosal epithelium and glandular structure
along with inflammatory cell infiltration and congested
blood vessels in the lamina propria (Figure 1F).

Qualitative assessment of mucin revealed that
specimens from the control group showed positive
reaction to periodic acid Schiff's staining (PAS) in
the periphery and in the mid zone of the glandular
mucosal layer of the stomach, although the groups

Table 1. Gross examination of the effect of daily administration of L-arginine (200 mg/kg, i.p.), NTG (1 mg/kg, i.p.), or
L-NAME (15 mg/kg, i.p.) for 7 d on gastric ulcers induced with indomethacin in rats

Group® No. of dead rats No. of ulcers Ulcer index (mm)  Ulcer score
Control 0/15 0 --- -
Indomethacin (group with indomethacin-induced ulceration on day 0) 0/10 10.80 +0.49 17.0+£0.79 3.40+0.16
Indomethacin (group with indomethacin-induced ulceration on day 7) 3/15 13.25"£0.75 19.0 +1.45 3.63+0.26
Indomethacin + L-arginine 1/15 0 - -
Indomethacin + NTG 2/15 0 --- -
Indomethacin + L.-NAME 5/15 17.11 £ 0.66™** 232+ 1.15%**  455+£0.18%**

“ Values given are means of 10-15 ob§ervations + S.E.M. Gastric lesions were scored according to their severity on a scale of 1 to 5: 1 (ulcerated area:
1-6 mm?’), 2 (ulcerated area: 7-12 mm®), 3 (ulcerated area: 13-18 mm?), 4 (ulcerated area: 19-24 mm®), and 5 (ulcerated area: > 24 mm®). *** Significant
difference with respect to groups with indomethacin-induced ulceration on day 0 and 7, respectively, at p < 0.05 using ANOVA followed by Tukey-

Kramer for multiple comparisons.
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Figure 1. Photomicrographs of sections in the glandular stomach stained with hematoxylin-eosin stain. Panel A (x40)
represents a section taken from the stomach of a rat treated with saline and shows the normal histological structure of mucosal
layer (P). Panels B and C represent sections taken from the stomach of a rat treated with indomethacin and panel B (x40)
shows focal necrosis and ulceration in the mucosal layer (N) and panel C (x24) shows inflammatory cell infiltration in the
base of mucosal layer and lamina propria (M). Panel D (x40) represents a section taken from the stomach of a rat treated with
indomethacin and L-arginine (200 mg/kg, i.p.) for 7 d and shows a normal mucosal layer with little inflammatory cell infiltration
in the lamina propria (arrow) and edema (O). Panel E (x40) represents a section taken from the stomach of a rat treated with
indomethacin and NTG (1 mg/kg, i.p.) for 7 d and shows desquamation of the mucosal epithelium and little inflammatory cell
infiltration in the lamina propria (arrow) and muscular edema (O). Panel F (x40) represents a section taken from the stomach of
a rat treated with indomethacin and L-NAME (15 mg/kg, i.p.) for 7 d and shows necrobiotic changes in the mucosal layer and
glands (N) with hyperemia in blood vessels and inflammatory cell infiltration in the lamina propria (arrow).

with indomethacin-induced ulceration on day 0 and 7
showed a positive PAS reaction in the ulcerated area of
the mucosa (Figures 2A-2C). Rats treated with L-NAME
showed a positive PAS reaction in the ulcerated area of
mucosal epithelium (Figure 2F). After treatment with
either L-arginine or NTG, positive PAS was noted in the
edges of the mucosa (Figures 2D and 2E).

3.2. Stomach content of NO and PGE,

In comparison to the control group, a single dose of
indomethacin induced a significant reduction in NO
content of 28% 4 h after injection and a similar reduction
of 40% 7 d after injection. Treatment of animals with
L-arginine after ulcer induction significantly increased
NO content by 80% in comparison to the group with
indomethacin-induced ulceration on day 7 and even
caused significant elevation of 8% above normal (Table
2). Animals treated with NTG also had a significant
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Figure 2. Photomicrographs of sections in the glandular stomach after periodic acid Schiff's staining (PAS). Panel A (x
40) represents a section taken from the stomach of a rat treated with saline and shows a positive PAS reaction in the peripheral
and mid zonal portions of the mucosa. Panels B and C (x40) represent sections taken from the stomach of rats treated with
indomethacin after 4 h and 7 d, respectively, and the panels show a positive PAS reaction around the necrotic and ulcerated area of
the mucosal layer. Panels D and E (x40) represent a section taken from the stomach of rats treated with indomethacin and either
L-arginine or NTG, respectively, and show a positive PAS reaction in the edges of the mucosa. Panel F (x40) represents a section
taken from the stomach of a rat treated with indomethacin and L-NAME and shows a positive PAS reaction in the ulcerated area
of the mucosa.

Table 2. Effect of daily administration of L-arginine (200 mg/kg, i.p.), NTG (1 mg/kg, i.p.), or L-NAME (15 mg/kg, i.p.) for
7 d on NO content and PGE, level in gastric tissue of rats subjected to indomethacin-induced gastric ulcers

Group® NO (umol/g tissue) PGE, (pg/mg protein)
Control 381.5+12.94 2542 +7.35
Indomethacin (group with indomethacin-induced ulceration on day 0) 274.1 £3.78* 78.3 £2.00*
Indomethacin (group with indomethacin-induced ulceration on day 7) 229.7 +£2.57%% 330.4 + 6.06™*
Indomethacin + L-arginine 413.2 £ 5. 44080 266.5 + 4.86* 4
Indomethacin + NTG 327.5 £ 5.58% 288.1 + 1.43%x*
Indomethacin + L-NAME 184.2 + 9.27 % 394.8 & 4 34w

* Values given are means of 8-10 observations = S.E.M. ****** Sjgnificant difference with respect to the control group and groups treated with
indomethacin on d 0 and d 7, respectively, at p < 0.05 using ANOVA followed by Tukey-Kramer for multiple comparisons.
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increase in NO content of 42.5% in comparison to the
group with indomethacin-induced ulceration on day 7.
However, the level was still significantly lower than
normal. It was about 86% of that for the control group
(Table 2). On the other hand, treatment of rats with
L-NAME caused a further lowering of NO content (20%)
in comparison to the group with indomethacin-induced
ulceration on day 7 (Table 2).

A single dose of indomethacin induced a significant
decrease in PGE, that reached 78.31 pg/mg protein after
4 h. However, the group with ulceration on day 7 had
a significant increase in PGE, of 30% in comparison to
the control group. Treatment with either L-arginine or
NTG for 7 d after ulcer induction induced a significant
decrease in the PGE, level of 19 and 13%, respectively,
in comparison to the group with indomethacin-induced
ulceration on day 7. Worthy of mention is the fact that
the PGE, level in the group treated with NTG was still
significantly higher than the control group while there
was no significant difference in this level for the group
treated with L-arginine and the control group (Table 2).
In the group treated with L-NAME, a further significant
increase in the PGE, level of 19% was observed in
comparison to the group with indomethacin-induced
ulceration on day 7 (Table 2).

3.3. Oxidative stress markers (GSH and lipid peroxides)

The control level of GSH was found to be 3.65 + 0.104
pmol/g of tissue. Table 3 shows that in comparison to
the control group indomethacin induced a significant
decrease in the GSH level of about 40% 4 h and 7 d
after injection. Both L-arginine and NTG treatment for
7 d succeeded in increasing GSH content by 1.6- and
1.4-fold, respectively, in comparison to GSH content
in the group with indomethacin-induced ulceration on
day 7. However, the level of GSH in the group treated
with NTG was still significantly lower than normal. In
contrast, treatment with L-NAME resulted in a further
decrease in GSH content of 26% in comparison to the
group with indomethacin-induced ulceration on day 7.
Assessment of stomach lipid peroxides revealed
that the control level was 13.73 £ 0.63 nmol/g tissue.
Table 3 illustrates the effects of different treatments on
the level of stomach lipid peroxides. In comparison to

the control value, the level of lipid peroxides increased
up to 149 and 157% in the groups with indomethacin-
induced ulceration on day 0 and 7, respectively. The
effect of indomethacin was significantly attenuated
by treatment with either L-arginine or NTG (reaching
48 and 35%, respectively) in comparison to the group
with indomethacin-induced ulceration on day 7.
However, the level of stomach lipid peroxides was still
significantly higher than normal. In contrast, animals
treated with L-NAME had a further significant increase
in lipid peroxides of 57% in comparison to the group
with indomethacin-induced ulceration on day 7.

4. Discussion

NO appears to play an important role in gastric
mucosal defense (5). However, the possible role of
NO in treating existing ulcers must be clarified further.
The present study assessed the effect of modulation
of NO on peptic ulcer healing using a NO precursor,
L-arginine, an NO donor, NTG, and a competitive
inhibitor of NOS, L-NAME. Indomethacin was chosen
to induce gastric ulcers because it is widely used as an
experimental model to study the pathophysiological
mechanisms underlying the formation of mucosal
lesions and to evaluate the potential therapeutic effects
of drugs (24). A single dose of indomethacin produced
marked damage to the gastric mucosa, as macroscopic
and histological examinations revealed. Similar
results have been previously reported (12,25,26). To
better understand the role played by NO in healing
indomethacin-induced gastric ulcers, the concentration
of NO was measured in the gastric tissue and results
revealed that indomethacin significantly reduced the
gastric NO content in comparison to the NO content
in the control group. The reduction in NO content
was significantly higher 7 d after injection than 4 h
after injection. This reduction in NO content might
be explained by the fact that indomethacin induces a
reduction in eNOS activity (27).

The reduction in endogenous NO tissue content by
indomethacin was supported by studying the effect of
L-arginine, NTG, and L-NAME on gastric ulcer healing.
Macroscopic and histological examination revealed
that L-arginine and NTG accelerated the healing

Table 3. Effect of daily administration of L-arginine (200 mg/kg, i.p.), NTG (1 mg/kg, i.p.), or L-NAME (15 mg/kg, i.p.) for
7 d on oxidative stress markers in rats subjected to indomethacin-induced gastric ulcers

Group® GSH (umol/g tissue) Lipid peroxides (nmol/g tissue)
Control 3.65+0.10 13.73 £0.63
Indomethacin (group with indomethacin-induced ulceration on day 0) 2.22+0.07* 34.17+0.57*
Indomethacin (group with indomethacin-induced ulceration on day 7) 2.15+0.04* 3528 +0.61*
Indomethacin + L-arginine 3.39 £ 0,117 18.34 & (0. 74%*x*

Indomethacin + NTG
Indomethacin + L-NAME

3.04 + 0.05%***
1.58 & (0,0 * i

22.84 + (.66
55.49 + 1.48*w

* Values given are means of 8-10 observations = S.E.M. ****** Sjonificant difference with respect to the control group and groups treated with
indomethacin on day 0 and 7, respectively, at p < 0.05 using ANOVA followed by Tukey-Kramer for multiple comparisons.
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of indomethacin-induced ulcers but that L-NAME
exacerbated mucosal damage. In addition, both
L-arginine and NTG significantly restored the gastric
NO level while L-NAME induced a further decrease in
NO tissue content. As a consequence of the increased
NO level, the complete recovery of gastric mucosa as a
result of L-arginine or NTG probably depends on either
drug's direct vasodilating action. This action increases
mucosal blood flow and promotes angiogenesis, a key
factor in ulcer healing (13).

Furthermore, NO not only improves blood flow
and angiogenesis but also plays a role in stimulating
mucus secretion, which is believed to constitute one of
the primary levels of mucosal defense (28). Therefore,
mucus secretion was assessed in the present study.
However, treatment with indomethacin alone and with
L-NAME was unexpectedly found to increase mucin in
the ulcerated area. This interesting result agrees with
the finding of Luo et al. (29), who found that mucus
thickness at the ulcer margin increased profoundly after
ulcer induction. This could be a positive biological
feedback mechanism to protect the ulcer from further
ulceration (20,29). Treatment with either L-arginine or
NTG once daily for 7 d after ulcer induction clearly
increased the mucus layer at the edges of the gastric
mucosa. The increase in mucus production usually
assists the healing process by protecting the ulcer crater
against irritant stomach secretions, thereby enhancing
the rate of the local healing process (12).

Since the mechanism of NSAID-induced gastric
damage is generally believed to be related to inhibition
of gastric PG generation (3), studying the effect of
NO donors and inhibitors on the level of gastric PGs
generated was crucial. A single dose of indomethacin
induced a significant decrease in PGE, that reached
78.31 pg/mg protein after 4 h, a finding that agrees
with several previous studies (3,25). However, 7 d after
indomethacin injection the PGE, level was found to
have significantly increased (30%) in comparison to
the PGE, level in the control group. This finding agrees
with a study by Luo et al. (29) that reported an increase
in PGE, formation at the ulcer margin 7 d after ulcer
induction in comparison to the control group.

Indeed, peptic ulcer healing is an active and
complex process that includes the reconstruction of
the mucosa by formation of granulation tissue at the
ulcer base, formation of new blood vessels, and re-
establishment of the glandular architecture (30). PGs
generated particularly at the ulcer margin by COX-2
appear to play a crucial role in ulcer healing by
triggering cell proliferation, promoting angiogenesis,
and repairing mucosal injury (31). In contrast, PGs
generated by COX-1 are constitutively expressed in
intact gastric mucosa to regulate mucosal blood flow
and epithelial secretions. Of interest is the fact that PGs
generated from COX-1 suppress COX-2 activity in the
GI tract. When the mucosa is exposed to potentially

damaging agents or when ulceration occurs, COX-2
is rapidly up-regulated. Therefore, higher amounts of
PGE, are detected at the site of ulceration than in non-
ulcerated mucosa (32,33). Thus, an important finding of
the present study is that histopathological examination
of the rats with ulcers revealed the presence of multiple
sites of inflammatory cell infiltration in the base of the
mucosal layer and lamina propria, providing a suitable
inflammatory environment for COX-2 expression and
consequently resulting in a significant increase in PGE,
generation as was detected.

With regard to the effect of NO modulation on
the elevated level of PGE,, the current study revealed
that treatment with either L-arginine or NTG for 7 d
after ulcer induction inhibited the inflammatory signs
associated with indomethacin to different degrees. Rats
treated with L-arginine had a normal PGE, level, while
those treated with NTG had a significant decrease
in the elevated PGE, level. However, this level was
still significantly higher than normal. In contrast,
treatment with L-NAME further increased the PGE,
level. These results can be explained by the inhibitory
role of NO in the inflammation process (34). NO is
an important modulator of leukocyte adherence to the
vascular endothelium, a rate-controlling step in the
inflammatory process, and using NO donors results in
a reduction in myeloperoxidase activity (an indicator
of the neutrophil count) and thus tissue injury (35). NO
also appears to down-regulate the release of a number
of inflammatory mediators from mast cells (36).
Similarly, Calatayud et al. (37) found that transdermal
NTG protected against indomethacin-induced
ulceration by maintenance of mucosal blood flow
and reduction of leukocyte endothelial cell rolling
and adherence. In contrast, Barrachina et al. (34)
found that NOS inhibitors enhanced inflammation by
increasing leukocyte endothelium interactions.

Several studies have recognized the role of oxidative
stress in the development of mucosal ulceration caused
by NSAIDs. Therefore, the present study involved two
potential oxidative stress markers, namely GSH and
malondialdehyde (MDA). Indomethacin was found to
induce a significant decrease in the gastric content of
GSH along with a significant increase in gastric MDA
content in both groups with indomethacin-induced
ulceration on day 0 and 7 in comparison to gastric
content of GSH and MDA in the control group. These
findings might be attributed to the pro-oxidant activity
of indomethacin, which initiates generation of ROS and
thus interferes with the endogenous antioxidant systems
of mucosal cells (38). The decreased concentration of
GSH may also contribute to increased lipid peroxidation
as the loss of this important cellular antioxidant will
lead to the accumulation of ROS (39). Treatment with
either L-arginine or NTG for 7 d after ulcer induction
significantly increased gastric GSH content and
decreased the MDA level, but these values did not
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return to normal. In contrast, L-NAME caused a further
reduction in GSH content and significant elevation in
the MDA level in comparison to the GSH content and
MDA level in the group with indomethacin-induced
ulceration on day 7. These findings are in accordance
with previous studies that investigated the protective
role of NO during the induction of gastric ulcers.
Kwiecien et al. (40) found that NO donors reduced
gastric lesions and they found that this effect was
accompanied by a fall in oxidative stress parameters.
That said, NOS inhibitors have also been found to
induce an increase in gastric mucosal lipid peroxidation
(6).

In conclusion, L-arginine and NTG almost
completely healed indomethacin-induced ulceration.
Less healing by NTG than by L-arginine may be a
result of the different doses. However, the advantages
of L-arginine as a natural dietary supplement and
immediate precursor of NO should not be ignored.
Thus, the present study provides further evidence for
the role of NO in gastric ulcer healing and it suggests
an alternative path to treating the universal problem
of NSAID-induced gastropathy.
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