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Short communication

Helicobacter pylori lipopolysaccharide-provoked injury to rat
gastroduodenal microvasculature involves inducible nitric oxide synthase
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Abstract

Ž y1 .The actions of a purified Helicobacter pylori lipopolysaccharide 3 mg kg , i.v. on rat gastric antral and duodenal microvascular
Ž . Ž . Žintegrity determined as radiolabelled albumin leakage and the expression of the inducible nitric oxide NO synthase iNOS; assessed by

.the citrulline assay were investigated 4 h after challenge. Significant increases of albumin leakage and expression of iNOS in both antral
Ž Žand duodenal tissues were observed following challenge. Concurrent administration of the selective iNOS inhibitor, 1400W N- 8-

Ž . . y1 .aminomethyl benzyl -acetamidine; 0.2–1 mg kg , s.c. , with lipopolysaccharide, caused a dose-dependent attenuation of the gastric and
duodenal albumin leakage. Thus, H. pylori lipopolysaccharide can initiate the expression of iNOS in the stomach and duodenum
following systemic challenge, which can provoke gastroduodenal microvascular dysfunction. q 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The acid-resistant Gram-negative bacterium, Helicobac-
ter pylori, grows predominantly in the antral region of the
stomach and at sites of gastric metaplasia in the duodenum
Ž .Blaser, 1990 . The pathological involvement of H. pylori
is recognized in gastric mucosal inflammation and in

Ž .gastroduodenal peptic ulceration NIH, 1994 . To under-
stand the mechanisms that are involved in such gastroduo-
denal tissue inflammation and injury, it is important to
evaluate the effects of the soluble mediators produced by
H. pylori and their actions in promoting cytotoxicity.

The purification of lipopolysaccharide from H. pylori
has provided an important tool for exploring the cytotoxic

Žprocesses related to the bacterium and its products Moran,
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.1999 . One such potential mechanism involves the inap-
Ž .propriate production of nitric oxide NO , since the expres-

Ž .sion of the inducible NO synthase enzyme iNOS can be
triggered by the lipopolysaccharide component of bacterial
endotoxins, as well as the cytokines produced by lipopoly-

Žsaccharide challenge Moncada and Higgs, 1995; Perez-
.Perez et al., 1995 . This overproduction of NO has cyto-

toxic potential and provokes widespread microvascular
inflammatory reactions with albumin leakage into the in-

Ž .terstitium Laszlo et al., 1995 . Recent studies have shown´ ´
that the purified lipopolysaccharide from H. pylori can
cause cytotoxicity in rat duodenal epithelial cells following

Ž .in vivo challenge Lamarque et al., 2000 . Pharmacological
studies indicate that this cytotoxic action involves the
expression of iNOS in the epithelial cells and the produc-

Ž .tion of superoxide Lamarque et al., 2000 , thus implicat-
Žing a role of the cytotoxic species, peroxynitrite Beckman

.et al., 1990 .
In our present study, we have investigated whether

administration of a purified H. pylori lipopolysaccharide
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leads to the expression of iNOS, determined by the cit-
rulline assay, and the production of microvascular dysfunc-
tion, determined as the leakage of radiolabelled albumin,
in both the gastric antrum and duodenum of the rat. The
association of such microvascular injury with iNOS ex-
pression was explored by the use of the bisisothiourea

Žderivative, 1400W Garvey et al., 1997; Laszlo and Whit-´ ´
.tle, 1997 , a potent and selective inhibitor of the iNOS

isoform.

2. Materials and methods

2.1. Experimental procedures

Ž .Male Wistar rats 230–250 g were fasted overnight but
were allowed free access to water. Under transient ether

Žanaesthesia, purified H. pylori lipopolysaccharide 3 mg
y1 .kg was administered into the tail vein, and the gastric

antrum and the duodenum were removed 4 h later.

2.2. Albumin leakage

w125 xFor the measurement of vascular permeability, I hu-
Ž y1 .man serum albumin was administered 2 mCi kg , i.v.

and its leakage into the tissue determined in segments of
the gastric antrum and duodenum, 4 h after lipopoly-
saccharide administration. Blood was collected from the
abdominal aorta into syringes containing trisodium citrate
Ž . Žfinal concentration 0.318% and centrifuged 10,000=g,

. w125 x10 min, 48C . The I human serum albumin in the
plasma and segments of tissues was detected using a

Ž .gamma-spectrometer Nuclear Enterprises NE 1600 . Sub-
sequently, the tissues were dried at 808C over 48 h and the
albumin content on a weight basis was calculated.

The resting value for albumin leakage was taken as the
mean of the data of untreated control animals. In each
experiment and for each procedure, this basal control mean
value was subtracted from the values of treatment groups.
The data were expressed as changes in albumin accumula-

Ž y1 .tion D plasma leakage, ml plasma g dry tissue as
Ž .described previously Laszlo et al., 1994, 1995 .´ ´

2.3. Nitric oxide synthase enzyme actiÕity

Ž .NO synthase NOS activity was determined as the
w14 xconversion of L- C arginine monohydrochloride to L-

w14 x Ž .C citrulline Laszlo et al., 1995 . After lipopolysaccha-´ ´
Ž .ride administration 4 h , gastric antral and duodenal tis-

Ž . Ž y1sues were homogenized 15 s in buffer 250 mg ml ,
. Ž . Ž .48C containing HEPES 10 mM , sucrose 32 mM ,

Ž . Ž .dithiothreitol 1 mM , EDTA 0.1 mM , soybean trypsin
Ž y1 . Ž y1 .inhibitor 10 mg ml , leupeptin 10 mg ml and
Ž y1 .aprotinin 2 mg ml . This tissue-containing buffer, ad-

justed to pH 7.4, was centrifuged at 10,000=g for 20 min
at 48C. A 40-ml sample of supernatant was incubated for
10 min at 378C in 110 ml of reaction buffer comprising
Ž .final concentrations : 50 mM KH PO , 1 mM MgCl ,2 4 2

0.2 mM CaCI , 50 mM valine, 1 mM dithiothreitol, 152

nM L-arginine, 1 mM L-citrulline, 0.3 mM NADPH, 3 mM
w14 xFAD, 3 mM FMN and 157 pM C L-arginine. The reac-
Ž .tion was arrested by the addition 0.5 ml of a 1:1 suspen-

Ž .sion of Dowex AG 50W-8 in water. The mixture was
dispersed and diluted with 0.85 ml of distilled water, and
allowed to settle for 30 min. The supernatant was removed
for estimation of the radiolabelled products by scintillation

Ž .counting 2 ml Pico-Fluor . Sample protein content was
Žestimated via spectrophotometric assay Bio-Rad Protein

. y1Assay , and NOS activity was expressed as pmol min
mgy1 protein.

Total NOS activity was defined as citrulline formation
that was abolished by incubation in vitro with N G-mono-

Ž .methyl-L-arginine L-NMMA, 700 mM . The L-NMMA-
Žsensitive NOS activity that was not inhibited by EGTA 1

. ŽmM incubation was taken as iNOS activity Laszlo et al.,´ ´
.1995 .

2.4. Effect of selectiÕe inhibition of inducible nitric oxide
synthase on gastric and duodenal albumin leakage

In a separate experiment, the selective iNOS inhibitor,
Ž Ž . . ŽN- 8- aminomethyl benzyl -acetamidine 1400W; 0.2–1

y1 .mg kg , s.c. was administered concurrently with H.
pylori lipopolysaccharide. The dose, timing and route of
administration of 1400W have been established in previous

Ž .studies Garvey et al., 1997; Lamarque et al., 2000 . The
gastric antrum and the duodenum were removed 4 h
following treatment.

2.5. Chemicals

Purified H. pylori lipopolysaccharide was prepared as
Ž .previously described Nielsen et al., 1994; Moran, 1999 .

Ž Ž Ž . . .1400W N- 8- aminomethyl benzyl -acetamidine was ob-
Ž . wtained from GlaxoWellcome Stevenage, UK . L- U-

14 xC arginine monohydrochloride was obtained from Amer-
Ž . w125 xsham International UK . I Human serum albumin was

Ž .purchased from IZINTA Budapest, Hungary . All other
compounds were from Sigma.

2.6. Statistics

The data are expressed as mean"S.E.M. from n rats
per experimental group. For statistical comparisons, the
Mann–Whitney non-parallel U-test and the One-way Anal-
ysis of Variance followed by the Tukey–Kramer Multiple
Comparisons Test were utilised, where appropriate. P-

0.05 was taken as a significant difference.
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3. Results

3.1. Induction of nitric oxide synthase and albumin leak-
age

Administration of purified H. pylori lipopolysaccharide
Ž y1 .3 mg kg , i.v. led to the expression of iNOS activity in

Ž .the whole tissue of the gastric antrum Fig. 1 and duo-
Ž .denum Fig. 2 when determined 4 h later. The activity of

iNOS following challenge was significantly higher in the
Žduodenum than in the antrum 144"58 and 9"5 pmol

y1 y1 .min mg protein, respectively; ns4, P-0.05 .
The albumin accumulation of non-challenged control

rats was 217"11 and 383"10 ml gy1 dry tissue in the
Ž .gastric antrum and duodenum, respectively ns6 . In a

separate group of animals, a significant increase in gastric
antral and duodenal vascular albumin leakage occurred 4 h
after the injection of purified H. pylori lipopolysaccharide
Ž y1 .3 mg kg , i.v. as shown in Figs. 1 and 2, respectively.
The enhancement of albumin leakage after lipopolysaccha-
ride challenge was significantly greater in the duodenum

Žcompared to the gastric antrum D 322"27 and D 201"
y1 .22 ml g dry tissue, respectively; ns6, P-0.01 .

Macroscopically visible gross damage did not develop
either in the gastric antrum or duodenum, over the 4 h

ŽFig. 1. Increase in inducible nitric oxide synthase enzyme activity iNOS;
y1 y1 . Žpmol min mg protein; left panel and in vascular leakage ml
y1 .albumin g dry tissue; right panel in the rat gastric antrum provoked by

Ž .the intravenous administration of a purified endotoxin LPS of H. pylori
Ž y1 .3 mg kg , determined 4 h later. The effects of the concurrent

Ž y1administration of the selective iNOS inhibitor, 1400 W 1 mg kg and
y1 .0.2–1 mg kg , respectively; s.c. 4 h later are also shown. Data are

expressed as mean"S.E.M., where ns4–6 rats were in a group, where
aP-0.05 is a significant increase in iNOS activity and albumin leakage
following lipopolysaccharide administration; ) P-0.05 is a significant
reduction of lipopolysaccharide-provoked iNOS expression and vascular
permeability.

ŽFig. 2. Increase in inducible nitric oxide synthase enzyme activity iNOS;
y1 y1 . Žpmol min mg protein; left panel and in vascular leakage ml
y1 .albumin g dry tissue; right panel in the rat duodenum provoked by the

Ž . Žintravenous administration of a purified endotoxin LPS of H. pylori 3
y1 .mg kg , determined 4 h later. The effects of the concurrent administra-

Ž y1tion of the selective iNOS inhibitor, 1400W 1 mg kg and 0.2–1 mg
y1 .kg , respectively; s.c. 4 h later are also shown. Data are expressed as

mean"S.E.M., where ns4–6 rats were in a group, where aP-0.05 is
a significant increase in iNOS activity and albumin leakage following
lipopolysaccharide administration; )P-0.05 is a significant reduction of
lipopolysaccharide-provoked iNOS expression and vascular permeability.

following lipopolysaccharide administration, nor was it
observed in any other region of the gastrointestinal tract.

3.2. Effect of selectiÕe inhibition of inducible nitric oxide
synthase on gastric and duodenal albumin leakage

Administration of the selective iNOS inhibitor, 1400W
Ž y1 .0.2–1 mg kg , s.c. concurrently with H. pylori lipo-

Ž y1 .polysaccharide 3 mg kg , i.v. caused a significant and
dose-dependent reduction of lipopolysaccharide-provoked
vascular albumin leakage in the gastric antrum and duo-

Ž .denum determined after 4 h Figs. 1 and 2 . Thus, 1400W
Ž y1 .1 mg kg , s.c. reduced albumin leakage in the duo-
denum and in the gastric antrum by 86"4% and 68"6%,

Ž .respectively P-0.05; ns4 .
Ž y1 .Likewise, 1400W 1 mg kg , s.c. caused a 92"6%

Ž . Ž .ns4, P-0.05 and 98"1% ns4, P-0.05 inhibi-
tion of iNOS activity, determined 4 h after challenge, in

Žthe gastric antrum and duodenum, respectively Figs. 1 and
.2 .

4. Discussion

In the present in vivo study, an increase in albumin
leakage, a sensitive index of vascular cell injury and
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inflammation, in the rat gastric antrum and duodenum
could be observed 4 h following the intravenous adminis-
tration of H. pylori lipopolysaccharide. These findings of
gastroduodenal microvascular dysfunction agree with pre-
vious observations, where increases in microvascular per-
meability to protein in the rat mesenteric circulation fol-
lowing local application of a water-extract of H. pylori

Ž .have been observed Kurose et al., 1994 . In addition,
administration of H. pylori extract or purified lipopoly-
saccharide has been shown to provoke injury of duodenal

Žepithelial cells following intravenous challenge Lamarque
.et al., 1998; Lamarque et al., 2000 .

The mechanisms by which soluble mediators derived
from H. pylori can injure the gastroduodenal microvascu-
lature could involve a number of pathways. Early studies
suggested that H. pylori extract-induced microcirculatory
albumin leakage could be the consequence of interstitial

Žand intravascular cell–cell interactions Kurose et al.,
.1994 . Thus, the lipopolysaccharide from H. pylori can

Ž .activate polymorphonuclear cells Nielsen et al., 1994 .
Administration of H. pylori extract can lead to the expres-
sion of a neutrophil-activating protein, which causes neu-
trophils to adhere to the vascular endothelium, an event

Žthat can initiate microcirculatory protein leakage Evans et
.al., 1995; Takemura et al., 1996 . Neutrophils are known

to release a number of pro-inflammatory mediators, includ-
ing platelet-activating factor and thromboxanes, which have
an important role in promoting vascular albumin leakage

Ž .following lipopolysaccharide challenge Laszlo et al., 1994´ ´
as well as producing cytotoxic radicals such as superoxide

Ž .and NO Moncada and Higgs, 1995 .
In the present study, the involvement of iNOS in the

processes leading to microvascular injury following chal-
lenge with H. pylori lipopolysaccharide was evaluated by

Žusing a highly selective iNOS inhibitor, 1400W Garvey et
.al., 1997; Laszlo and Whittle, 1997 . Thus, in doses that´ ´

reduced the iNOS enzyme activity following lipopoly-
saccharide challenge, 1400W substantially attenuated the
albumin leakage in both gastric antrum and duodenum.
These findings thus extend to the microvasculature, the
previous observations that 1400W can prevent injury to
duodenal epithelial cells provoked by H. pylori lipopoly-

Ž .saccharide Lamarque et al., 2000 . Such studies thus
provide good evidence that iNOS is involved in both the
epithelial cell cytoxicity and the microcirculatory injury
brought about by systemic exposure to H. pylori lipopoly-
saccharide, a process that may involve the production of
peroxynitrite through the combination of superoxide and

Ž .NO Lamarque et al., 2000 . Despite substantially greater
iNOS activity being detected in the duodenum compared
to the gastric antrum, the relative expression of iNOS in
these tissues appeared to contribute significantly to the
microvascular injury, as 1400W prevented the leakage in
both regions. The sites of iNOS expression that promote
vascular leakage in the present model are not known but
may involve the microvascular endothelium. In clinical

studies on gastric mucosal biopsies from patients with
gastritis associated with H. pylori infection, increased
antral mRNA for iNOS, and iNOS protein in epithelium,
endothelium and inflammatory cells have been reported
Ž .Fu et al., 1999 .

The present results thus suggest that the purified lipo-
polysaccharide from H. pylori is capable of inducing an
iNOS-mediated microvascular inflammatory response in
the gastric antrum and duodenum of the rat following its
parenteral administration. Thus, the local liberation of H.
pylori lipopolysaccharide into the mucosal tissue, or into
the systemic circulation, may contribute to the pathogenic
processes provoked by H. pylori, through the expression
of iNOS.
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