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Abstract

Objective : The aim of this study was to investigate effects of
L-NAME and L-Arginine on gastric mucosal injury induced by
ischaemia-reperfusion. 

Methods : In the experiment, 20 New Zealand rabbits were used
(2700-3000 g). Celiac artery was clamped for 30 min for ischaemia
and then 60 min of reperfusion followed this after all rabbits were
anaesthetized. In the Sham-control group (G 1, n = 5), laparotomy
was performed, and the celiac artery was prepared without clip-
ping. Group 2 (Untreated, n = 5) rabbits were only subjected to
ischaemia-reperfusion. Group 3 (n = 5) rabbits had L-Arginine
Methyl Ester (L-Arg) 3 mg/kg/min as IV infusion during the first
15 min of the reperfusion. Group 4 (n = 5) rabbits had a nitric
oxide inhibitor NG-nitro-L-arginine methyl ester (L-NAME)
100 µg/kg/min IV during the first 15 min of the reperfusion. After
60 min of reperfusion, the rabbits were killed, and their stomachs
were removed for histopathologic evaluation and determination of
malondialdehyde (MDA) level. 

Results : After ischaemia-reperfusion, Untreated group had
macroscopic necrosis involving 50 ± 6% of total gastric mucosa
area and deep mucosal necrosis involving 10 ± 5% of mucosal
strips. In the group treated with L-NAME, macroscopic mucosal
necrosis involved 52 ± 6% of total gastric mucosa area and deep
mucosal necrosis involved 11 ± 3% of mucosal strips (both p > 0.05
versus Untreated group). L-Arg treatment significantly reduced
macroscopic mucosal necrosis area to 20 ± 6% and deep mucosal
necrosis to 3 ± 1% (both p < 0.05 versus Untreated group and L-
NAME group). MDA level in the L-Arg group was significantly
lower when compared to control and L-NAME group MDA level
(p < 0.05). 

Conclusion : These results suggest that NO increase induced by
L-Arginine injection is involved in the protection of gastric mucosa
after ischaemia-reperfusion. (Acta gastroenterol. belg., 2002, 65,
150-154).

Key words : gastric mucosal injury, ischaemia-reperfusion, nitric
oxide, L-Arginine Methyl Ester, NG-nitro-L-arginine methyl ester.

Introduction

The involvement of nitric oxide (NO) is a mutual in
increasing variety of physiological process in many tis-
sues including the gastrointestinal tract. NO accounts for
the biological activity of endothelium-derived relaxing
factor (1) and modulate gastrointestinal blood flow as
well as vascular and mucosal integrity (2-4). NO also
acts as a neurotransmitter involved with non-adrenergic
non-cholinergic relaxation of gastric and intestinal
smooth muscle and sphincter tone (5). In all of these
situations, NO is produced from L-Arginine by a consti-
tutive Ca++ dependent form of the enzyme nitric oxide
synthase (NOS). NG-nitro-L-arginine methyl ester
(L-NAME) would dose-dependently inhibit gastric

mucosal NO synthesis and decrease mucosal blood
flow (6). However, it is not clear if NO is cytotoxic or
cytoprotective toward gastric mucosal lesions in
ischaemia-reperfusion (7). 

The aim of the present study was to evaluate whether
NO protects gastric mucosa against ischaemia-reper-
fusion injury in rabbits. For investigation of the role of
NO, we examined the effects of the L-Arginine injection
induced NO increase and NO synthase inhibitor L-
NAME on the formation of acute gastric mucosal
lesions induced by ischemia-reperfusion in the rabbits.

Materials and methods

Experimental procedure

This experimental study was done in the Dicle
University Animal Research Laboratory. 20 New
Zealand female rabbit (2700-3000 g) were fasted
overnight but allowed free access to water. Anesthesia
was induced with ketamine hydrochlor 100 mg/kg and
xylocain 3 mg/kg IV. A catheter (24 Gauge) was also
placed in a femoral vein for drug administration. The
stomach was exposed through a ventral midline abdom-
inal incision. Acute gastric mucosal injury was produced
by ischaemia-reperfusion. For this purposes, we adapted
Wada K. et al. (8) method, which was done on rats to our
rabbits study. Celiac artery was clamped for 30 min for
ischaemia and then 60 min of reperfusion was done. In
group 1 rabbits (Sham-control, n = 5), laparotomy was
performed and the celiac artery was prepared without
clipping. In the group 2 rabbits (Untreated, n = 5), celi-
ac artery was clamped 30 minutes for making ischaemia,
clamp was removed and 60 minutes reperfusion was per-
formed. In group 3 rabbits (L-Arg, n = 5), 30 minutes
ischaemia and 60 minutes reperfusion was performed
and L-Arginine Methyl Ester (3 mg-1kg-1min-1, Sigma
Chemical Co., St. Louis, USA) infused for 15 minutes in
the beginning of reperfusion. In group 4 rabbits (L-
NAME, n = 5), after 30 minutes ischaemia, a nitric
oxide inhibitor, NG-nitro-L-arginine methyl ester
(100 µg-1kg-1min-1, Sigma Chemical Co., St. Louis, USA)
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was infused for 15 minutes at the beginning of 60-
minute reperfusion. After sixty minutes of reperfusion,
the rabbits were killed, and their stomachs were
removed for histopathological evaluation and determina-
tion of malondialdehyde (MDA) level. 

Gross gastric mucosal analysis

All rabbits underwent stomach excision after
ischaemia-reperfusion and drug administration. The
stomach was opened along the greater curvature and
photographed in standard fashion. The extent of macro-
scopic necrosis was measured by computerized image
analysis as previously described (9,10). 

Histologic analysis

Standardized specimens of the gastric wall (0.5 cm
width, 1.5 cm length) were used. Specimens were cut
obliquely from the corpus mucosa. The specimens were
stained with hematoxylin and eosin after fixation in 10%
buffered formalin and paraffin embedding. They were
evaluated qualitatively and quantitatively and the extent
of histologic deep mucosal necrosis, defined as necrotic
lesions penetrating into the mucosa deeper than 100 µm,
was measured with an objective mounted micrometer
(200� magnification, Olympus Eyepiece Micrometer®).
The data were expressed as a percentage of the total
length of the evaluated mucosal strip (11). Both macro-
scopic and histologic evaluations were performed in
blinded fashion on coded mucosal specimens.

Determination of Malondialdehyde 

The degree of lipid peroxidation in tissue
homogenates was assessed by the method of Ohkawa et
al., (12) measuring MDA levels. The principle of the
method is based on measuring the concentration of the
pink chromogen compound that forms when MDA cou-
ples to thiobarbituric acid (TBA). MDA was used as the
standard, and the appreciation was performed using a
standard curve obtained from MDA-TBA reaction, as
described in the method (12). The protein content of
homogenates was determined according to the proce-
dure of Lowry et al., (13) and values were expressed as
nanomoles of MDA per milligram of protein (nmol

MDA/mg protein). All analyses were performed in
duplicate.

Statistical Analyses

Statistical analyses were performed with SPSS 7.5
computer software. Multiple non-parametric compara-
tive analyses were done with Kruskal-Wallis One Way
ANOVA and then Mann-Whitney U test was used. A P
value less than 0.05 were considered to be statistically
significant.

Results

Histopathology 

No morphological damage was observed in any of the
rabbit in the Sham-control group (Fig. 1A). After ischae-
mia-reperfusion, untreated group had macroscopic
necrosis involving 50 ± 6% of total gastric mucosa area.
Histology revealed desquamation of the surface epithe-
lial cells, with many areas of hemorrhagic necrosis
extending from the surface to the midmucosa or even to
the basal mucosa (Table 1) (Fig. 1B).

In the group treated with L-NAME, macroscopic
mucosal necrosis involved 52 ± 6% of total gastric
mucosa area and deep mucosal necrosis involved 11 ±
3% of mucosal strips (both p > 0.05 versus Untreated
group) (Table 1) (Fig. 1C).

L-Arg treatment significantly reduced macroscopic
mucosal necrosis area to 20 ± 6% and deep mucosal
necrosis to 3 ± 1% (both p < 0.05 versus Untreated
group and L-NAME group) (Table 1) (Fig. 1D). 

Malondialdehyde

Mean MDA levels in the Sham-control, Untreated,
L-Arg and L-NAME group were 5.17 ± 1.58, 38.04 ±
4.42, 15.75 ± 3.41, and 42.55 ± 3.78 nmol/mg wet tissue
respectively. Mean MDA values were again significant-
ly increased in the Untreated, L-NAME and L-Arg
groups in comparison with the Sham-control group (p <
0.0001, p < 0.001, p < 0.0001 respectively). On other
hand, MDA level in the L-Arg group was significantly
lower when compared to Untreated and L-NAME group
MDA level (p < 0.05). No significant difference was
found between MDA levels of L-NAME group and
Untreated group (Table 1).

Discussion

Several studies have demonstrated the phenomenon
of reperfusion injury (14,15). Parks and Granger have
shown that relatively little injury to the intestinal mucosa
occurs during the ischaemic period, the majority occur-
ring during reperfusion (16). The injury observed after
3 hours of ischaemia (blood flow reduced to 20% of nor-
mal) and 1 hour of reperfusion is more severe than that
observed after 4 hours of ischaemia (14). From this
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Table 1. — Mean values of MDA and macroscopic and
microscopic gastric mucosal damage of the all groups

Groups MDA Macroscopic Microscopic
(nmol/mg necrosis necrosis
wet tissue) (% of total (% of mucosal

mucosal area) strip length)

Sham-control 5.17 ± 1.58 0 0
Untreated 38.04 ± 4.42 50.6 ± 6 10 ± 5
L-Arg 15.75 ± 3.41* 20 ± 6* 3 ± 1*
L-NAME 42.55 ± 3.78 52 ± 6 11 ± 3

Note. Values expressed as mean ± SD.
*P < . 05 compared with Untreated and L-NAME groups (Mann-

Whitney U test).



152 H. Öztürk et al.

Acta Gastro-Enterologica Belgica, Vol. LXV, July-September 2002

Fig. 1. — (A) There are no histological abnormalities in Sham-control group, (B-C) gross gastric mucosal necrosis with ischaemia-
reperfusion Untreated and L-NAME groups, (D) In L-Arg treated group, mucosal necrosis was reduced (Hematoxylin-Eosin X 100).
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C D
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point, we also chose a 60-min reperfusion period with
aim of seeing complete effects of reperfusion injury
phenomenon. 

NO may protect the gastrointestinal mucosa from a
variety of stimuli (caustic ingestion, ischaemia,
ischaemia/reperfusion injury, early endotoxic shock) by
maintaining mucosal perfusion, inhibiting neutrophil
adhesion to mesenteric endothelium, blocking platelet
adhesion, and preventing mast cell activation (17). 

NO is produced from L-arginine by a constitutive
Ca++ dependent form of the enzyme nitric oxide synthase
(NOS). The distribution of gastric mucosal NOS activi-
ty between cells separated by counter flow centrifuga-
tion into fractions of different size indicated its presence
in mucus-containing epithelial cells. It was suggested
that NO could be involved in both the function and
integrity of gastric epithelial cells (18). 

We noticed that NO increase induced by L-Arg injec-
tion significantly reduced ischaemia-reperfusion
induced gastric microscopic and macroscopic mucosal
necrosis. Our result was similar to those results printed
before (17,18). This may be explained by NO tonic
vasodilator effect modulating gastric blood flow and
oxygen uptake through influence on the gastric micro-
circulatory structures responsible for vascular resistance
and the nutrient circulation (19,20). On the other hand,
gastric mucosal lesions in the L-NAME group were not
significantly increased when compared to untreated
group. This may be explained in two ways. The first was
previously explained as that inhibition of NO with
L-NAME may be ineffective because of low level of
NOS however L-Arg induce NOS and shows protective
effects (21). The second may be explained under view of
Wada study. Our use of L-NAME at the beginning of
reperfusion may be ineffective because of Rapid
decrease in NO level the baseline level just after the
removal of the clamp on the celiac artery. In Wada et al.
study (22), effect of L-NAME on NO levels during
ischemia was studied and with the clamping of the celi-
ac artery, a continuous increase in NO level was
observed during ischemia. However, just after the
removal of the clamp, the NO level rapidly decreased to
the baseline level. Until ischemia, administration of
L-NAME (30 mg/kg i.p) did not show a significant
reduction in the NO level compared with the baseline
level. The clamping of the celiac artery caused only a
slight increase in NO level compared with the baseline
value.

Gastrointestinal ischaemia-reperfusion injury is char-
acterized by vasoconstriction, microcirculatory deficit,
and cellular inflammation and lipid mediator synthe-
sis (23). Lipid peroxidation measurement is a more prac-
tical and safer method to evaluate the factors causing
cellular injury and activation common pathway. The
ability of hydroxyl radicals to initiate lipid peroxidation
can result in the formation of lipid-derived free radicals
such as conjugated dienes, lipid hydroperoxide radicals,
and lipid hydroperoxides. MDA is the end product of

lipid peroxidation and is a well-known parameter for
determining the increased free radical formation in
intestinal tissue (24,25). In the present study, our results
showed an increase in MDA concentrations in gastric
mucosa by the ischaemia-reperfusion. However, MDA
level in the L-Arg group was significantly lower when
compared to untreated and L-NAME groups. 

These results indicate that NO increase induced by
L-Arg injection treatment significantly reduces both
macroscopic and microscopic gastric mucosal damage
induced by ischaemia-reperfusion injury. These protec-
tive effects of NO may be due to its increasing effect of
gastric mucosal microcirculation and acting as a free
radical scavenger. 
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