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1 Helicobacter pylori (Hp) infection, which involves the gastric antrum and duodenal mucosa, may be
involved in peptic ulceration by stimulating the local release of cytoxic or pro-in¯ammatory factors.

2 Nitric oxide (NO) is known to be cytotoxic at high concentration. The aim of the present study was
therefore to investigate the ability of a water soluble extract of Hp to induce NO synthase in duodenal
mucosa and epithelial cells following its administration in vivo in rats and determine its association with
cell damage.

3 Administration of Hp water extract (4 ml kg71) led to the expression of the calcium-independent
inducible nitric oxide synthase (iNOS) after 4 h in the duodenum, determined as [14C]-arginine
conversion to citrulline.

4 This iNOS activity was not reduced by pretreatment with anti-neutrophil serum (0.4 ml kg71, i.p.,
3 h before challenge). However, dexamethasone pretreatment (1 mg kg71, i.v., 2 h before the extract), or
administration of the NO synthase inhibitor NG-nitro-L-arginine methyl ester (L-NAME, 5 mg kg71, i.v.,
2.5 h after the extract) reduced this activity.

5 Furthermore, iNOS was expressed in duodenal isolated epithelial cells 4 h after the i.v. challenge with
the extract, at a time when the cellular viability was also reduced, as assessed by trypan blue exclusion.

6 Dexamethasone pretreatment, administration of L-NAME, or pretreatment with polymyxin B
(1 mg kg71, i.v.) which binds endotoxin, reduced both the iNOS activity and epithelial cell damage.

7 The induction of NO synthase by the Hp extract thus results in duodenal epithelial cell injury and
such actions could play a role in pathogenesis of peptic ulcer disease.
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Introduction

Helicobacter pylori (H. pylori) infection is considered a

predominant pathogenic factor in peptice ulcer disease
(Baldwin et al., 1991). Thus, this bacterium colonizes the
gastric antrum and sites of gastric metaplasia in the

duodenum, and induces local in¯ammation with activated
neutrophils (Carrick et al., 1989; Blaser, 1990). The processes
by which H. pylori infection may provoke damage in the

stomach and duodenum are unclear, but the bacteria could
release soluble cytotoxic factors that activate in¯ammatory
cells such as neutrophils, that are implicated in tissue damage
(Nielsen & Andersen, 1992a) and microvascular leakage

(Kurose et al., 1994). Such activation of neutrophils could
provoke the release of free radicals and other reactive species,
including superoxide (Mooney et al., 1991) and nitric oxide

(NO) (McCall et al., 1989). High concentrations of NO are
known to be cytotoxic and in combination with the superoxide
radical, lead to the subsequent formation of the moities,

peroxynitrite and the hydroxyl radicals, which are highly
injurious to cells (Beckman et al., 1990; Ischiropoulos et al.,
1995).

The calcium-independent inducible isoform of NO synthase

(iNOS) is capable of generating high sustained levels of NO,
and can be expressed in in¯ammatory cells and in a number of
other cell types, including gastro-intestinal epithelial cells

(Tepperman et al., 1993; Brown et al., 1994). The expression of
iNOS in the gastrointestinal mucosa following challenge with
bacterial endotoxin is associated with microvascular injury

(Boughton-Smith et al., 1993; Laszlo et al., 1995) and damage
to epithelial cells (Tepperman et al., 1993; 1994). It is feasible,
therefore, that since H. pylori can likewise elaborate an
endotoxin (Moran et al., 1992), expression of iNOS in the

duodenum or in¯ammatory cells could also play a role in the
pathogenesis of mucosal lesions related to infection by this
organism.

Recent in vitro studies have shown that extracts of H. pylori
can lead to the expression of iNOS in murine and human
macrophage cell lines in culture (Perez-Perez et al., 1995;

Shapiro et al., 1996; Wilson et al., 1996). However, such in
vitro studies show only a low potency of H. pylori to induce
iNOS, and its actions on other cell types, particularly

gastrointestinal cells, and its e�ects in vivo on iNOS have not
been determined. The aim of the present study was therefore to
investigate the ability of a water soluble extract of H. pylori to
induce iNOS in duodenal mucosa and in duodenal epithelial

cells following its administration in vivo, and determine its
association with epithelial cell damage in the rat.5Author for correspondence.
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Methods

H. pylori extract preparation

H. pylori extracts were prepared from strains isolated from the

gastric antrum from a single patient with antral gastritis and
peptic ulcer or with the reference strain, CCUG-17874
obtained from the culture collection, University of GoÈ teborg.

The bacteria was grown on blood agar plates under sterile
conditions, as previously described (Rauws et al., 1989).
Brie¯y, the growth medium was Columbia agar (Oxoid,

Basingstoke, U.K.) containing 5% (vol/vol) horse blood,
Skirrow antibiotic selective supplement (Oxoid, Basingstoke,
U.K.) and amphotericin B. After inoculation, all plates were

incubated at 378C under microaerophilic conditions for a total
of 3 days. Purity of H. pylori cultures were assessed by positive
urease and oxidase tests and morphological recognition (spiral
shape gram negative bacillus). The bacteria were harvested

with a sterile curved glass scraper into distilled water, 1.0 ml
plate (107 ± 108 colony forming unit; CFU). As previously
described, the suspension was then kept at room temperature

for 20 min before centrifugation at 17,000 g for 15 min
(Kurose et al., 1994). The supernatant, referred to as the H.
pylori water extract, was stored at 7208C. Before use, the

extract was allowed to reach room temperature and then
centrifuged at 17,0006g for 15 min. The pellet was discarded
and the supernatant passed through a 0.2 mm syringe adapted
®lter. Water extracts from Helicobacter felis (107 ± 108 CFU),

used as control, were prepared in a similar manner.

Animal preparation

Male Wistar rats, weighing 200 ± 250 g, were fasted over-
night but allowed free access to water. The animals were

pretreated with 4 ml kg71 H. pylori water extract or with
isotonic saline (4 ml kg71), administered via the tail vein
under transient anaesthesia induced by ether. In control

experiments, rats were pretreated with Helicobacter felis
water extract (4 ml kg71).

Duodenal epithelial cell isolation

Duodenal epithelial cells were isolated as described previously
(Lentze et al., 1985). A 5 cm segment of duodenum was slowly

¯ushed with 50 ml of a solution containing 0.15 M NaCl and
0.1 mM dithiothreitol (DTT). The segment was then ®lled with
5 ml of a solution containing (in mM): KCl 1.5, NaCl 96,

sodium citrate 27, KH2PO4 8 and Na2HPO4 5.6 (pH 7.3), and
the proximal and the distal ends were ligated. The segment was
then immersed in phosphate-bu�ered saline (PBS) kept at
378C, which was bubbled with 95% O2 ± 5% CO2. After

15 min, the instilled solution was removed and another
solution containing 1.5 mM EDTA and 0.5 mM DTT was
instilled over 5 min, as described previously (Tepperman et al.,

1993). The epithelial cells were collected in suspension in this
solution. The cells were washed twice with PBS (pH 7.4) and
centrifuged for 5 min at 800 g. The cells were suspended in a

bu�er containing N-2-hydroxyethylpiperazipine-N'-2-ethane-
sulphonic acid (HEPES) (10 mM), sucrose (320 mM), DTT
(1 mM), soybean trypsin inhibitor (10 mg ml71), leupeptin

(10 mg ml71) and aprotonin (2 mg ml71). To assess the purity
of the epithelial cells in the aliquots isolated from duodenum,
in some experiments the cells were ®xed with formaldehyde,
stained by haematoxylin-eosin-safran (HES) and counted

under light microscopy and expressed as a percentage of
epithelial cells.

NO synthase activity

NO synthase activity in the whole duodenal tissue or in

duodenal epithelial cells was measured as the conversion of
L-[14C]-arginine monohydrochloride to [14C]-citrulline, based
on the method described previously (Knowles et al., 1990).

Tissues were homogenized (30 s, Ultra-Turrax; 5 mm blade)
in bu�er (pH 7.4, 100 mg ml71) containing HEPES (10 mM),
sucrose (32 mM), DTT (1 mM), leupeptin (10 mg ml71),
soybean trypsin inhibitor (10 mg ml71) and aprotonin

(2 mg ml71).
Following centrifugation (10,000 g, 48C), an aliquot of the

supernatant (40 ml) was used for the determination of the

enzymatic activity and the remaining kept for protein content
measurement by Bradford's method. The aliquot was placed in
100 ml of the pre-warmed incubation bu�er containing (®nal

concentration) potassium phosphate (50 mM; pH 7.4), L-valine
(50 mM), MgCl2 (1 mM), CaCl2 (200 mM), (+-dithiothreitol
(1 mM), L-citrulline (1 mM), NADPH (0.3 mM), FAD (3 mM)
FMN (3 mM), BH4 (3 mM) L-[14C]-arginine monohydrochloride
(15.5 nM; Amersham France, Les Ulis) and incubated for
10 min at 378C. The incubation was terminated by binding
arginine by the addition of 500 ml of 1:1 suspension of Dowex

(AG 50W-8; Sigma) in water. The resin was allowed to settle
(30 min) and 975 ml of supernatant taken for scintillation
counting (3 ml Ready safe, Beckman).

Product formation that was inhibited by in vitro
incubation with ethylene glycol-bis (b-aminoethyl ether)-
N,N,N',N'-tetraacetic acid (EGTA; 1 mM) and the NO

synthase inhibitor NG-monomethyl-L-arginine (L-NMMA;
300 mM; Sigma Chemical Co.) was taken as an index of
constitutive NO synthase activity. Activity of iNOS was
taken as that which was inhibited by in vitro incubation

with L-NMMA but not with EGTA (Salter et al., 1991).
The constitutive NO synthase activity was calculated from
the di�erence between the iNOS and the total activity. NO

synthase activity was expressed as pmol min71 mg71

protein.

Myeloperoxidase activity

The myeloperoxidase (MPO) activity was determined by the
method described by Bradley et al. (1982) with minor

modi®cations. A segment of the duodenum was homogenized
in ice-cold phosphate bu�er (50 mM, pH 6) containing 0.5%
hexadecyltrimethylammonium-bromide (HTAB), freeze-

thawed three times and centrifuged (10 0006g, 15 min, 48C).
Then, 30 ml of the supernatant was mixed with 710 ml
phosphate bu�er (50 mM, pH 6) containing 0.167 mg ml71

O-adenosine dihydrochloride and 0.0005% hydrogen peroxide
and assayed spectrophotometrically (500 nm). MPO activities
were expressed as mu g71 wet tissue.

E�ects of H. pylori and Helicobacter felis extract on
NO synthase activity

At 2, 4 or 6 h after administration of H. pylori water extract,
the animals were killed by cervical dislocation and the
duodenum removed. In two preliminary series of experiments,

the e�ects of extracts prepared from the two di�erent strains
were compared. In all further experiments the use of these
extracts was randomized. In control experiments, rats were

pretreated with saline or, in further studies, Helicobacter felis
water extract, and the duodenum removed 4 h later. The NO
synthase activity was determined in these tissues following
homogenization.
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E�ects of L-NAME or dexamethasone on NO synthase
activity

In further experiments, rats were pretreated with the NO
synthase inhibitor, NG-nitro-L-arginine methyl ester (L-
NAME; 5 mg kg71, i.v.) or saline, 2.5 h after challenge with

H. pylori water extract. A separate group of rats was
pretreated with dexamethasone (1 mg kg71, i.v.; Soludeca-
dron, Merck Sharp and Dohme) administered 2 h before H.
pylori water extract. The NO synthase activity was

determined in duodenal tissue, taken 4 h after challenge with
H. pylori water extract. The doses and timing of administra-
tion of these agents were taken from previous studies on rat

gastrointestinal tissue (Boughton-Smith et al., 1993; Tepper-
man et al., 1991; 1993).

E�ects of polymyxin B or rabbit anti-rat neutrophil
serum on NO synthase activity

A group of rats was pretreated with polymyxin B (1 mg kg71,

i.v.) 15 min before extract injection in order to bind and
neutralize any lipopolysaccharide (LPS) (Baldwin et al., 1991)
derived from H. pylori in the extract. In further studies, rabbit

anti-rat neutrophil serum (0.4 ml kg71, i.p.) was injected 3 h
before administration of the extract, in a dose which reduces
the circulating neutrophil count by more than 90% (Tepper-

man et al., 1994; Lamarque & Whittle, 1995). The number of
circulating neutrophils was determined on a blood smear 4 h
after antibody injection (haematoxylin-eosin stain). The NO

synthase activity was determined in duodenal tissue, 4 h after
H. pylori water extract administration.

E�ects of H pylori extract on NO synthase activity and
cell viability

In further experiments, the cell viability was examined and the

NO synthase activity was determined in duodenal epithelial
cells collected from rats that had been challenged, 1 and 4 h
previously, with H. pylori water extract or saline. In further

experiments, a group of rats was treated with NG-nitro-L-
arginine methyl ester (L-NAME; 5 mg kg71, i.v.), 2.5 h afterH.
pylori water extract administration. In other experiments, a
group of rats was pretreated with dexamethasone (1 mg kg71,

i.v.) administered 2 h beforeH. pylori water extract. A separate
group of rats was pretreated with polymyxin B (1 mg kg71, i.v.)
15 min before extract injection. The viability of cells was

determined by trypan blue dye exclusion (0.5% trypan blue in
PBS) as described previously (Tepperman et al., 1991). The
number of non-viable cells was determined by light microscopy

(640 magni®cation) by counting those cells that failed to
exclude the dye. Cells were counted in a random manner with a
haemocytometer.

Statistical analysis

The data are expressed as the mean+s.e.mean of n rats per

group. Statistical comparison were made by Student's t test or
by Mann-Whitney nonparametric data test for unpaired data;
P50.05 was taken as signi®cant.

Results

Induction of NO synthase in duodenal tissue after
H. pylori extract administration

Basal NO synthase activity, which was abolished by addition
of L-NMMA (300 mM) or EGTA (1 mM), was detected in the
supernatants of homogenates of duodenum (638+102 pmol

min71 mg71 protein, n=9).
NO synthase activity which was inhibited by L-NMMA but

not by in vitro incubation with EGTA (1 mM), was detectable

4 h after extract injection, while it was not detected under basal
conditions or 2 h after challenge (Figure 1). This Ca2+-
independent activity remained at a similar level for the
remainder of the 6 h period.

The increase in Ca2+-independent NO synthase activity
measured 4 h after challenge, was comparable with the two
strains used to prepare the H. pylori extract, being

361+21 pmol min71 mg71 protein (n=6) with the strain
isolated from a single patient and 390+95 pmol min71 mg71

protein (n=5) with the reference strain, CCUG-17874. In

further experiments, the two strains were administered
randomly to the rats and the results pooled.

In contrast, Ca2+-independent activity was not detectable
4 h following challenge with Helicobacter felis extract as

compared to control (13+4 pmol min71 mg71 protein, n=11
and 0.3+0.1 pmol min71 mg71 protein, n=9, respectively).

E�ect of H. pylori extract administration on
myeloperoxidase activity in duodenal tissue

After H. pylori extract administration, duodenal myeloperox-
idase activity, measured 6 h later, did not increase signi®cantly
(199+94 mu g71 tissue; n=5) as compared to control

(102+32 mu g71 tissue; n=5).

E�ect of L-NAME or dexamethasone on NO synthase
activity in duodenum

The increase in Ca2+-independent NO synthase activity
determined in duodenum 4 h after challenge with H. pylori

extract was suppressed by administration of L-NAME
(5 mg kg71, i.v.), administered 2.5 h after the extract injection
(Figure 2).

Pretreatment with dexamethasone (1 mg kg71, i.v.), 2 h
beforeH. pylori extract challenge also prevented the increase in
Ca2+-independent NO synthase activity in duodenum (Figure
2).
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Figure 1 Inducible nitric oxide synthase (iNOS) activity in duodenal
tissue following challenge with H. pylori water extract (4 ml kg71,
i.v.) in rats. Data shown as the Ca2+-independent activity
(pmol min71 mg71 protein) are means+s.e. of 9 ± 14 experiments.
*Denotes signi®cant di�erence from the control at time 0 (P50.005).
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E�ects of polymyxin B or rabbit anti-rat neutrophil
serum on NO synthase activity

Administration of polymyxin B (1 mg kg71, i.v.), prevented

the appearance of Ca2+-independent activity in duodenal
extracts induced by H. pylori extract determined 4 h after
challenge (Figure 3).

In contrast, in a further group, this activity was not
inhibited by pretreatment with the rabbit anti-rat neutrophil
serum (0.4 ml kg71, i.p.), administered 3 h before challenge, in

a dose that reduced the neutrophil count by 95+2%, 4 h after
its administration (Figure 3).

E�ects of H pylori extract on NO synthase activity in
duodenal epithelial cells

Ca2+-independent NO synthase activity was not detected in

duodenal epithelial cells 1 h after H. pylori water extract
(n=6), whereas this activity was present 4 h after challenge.
This NO synthase activity was signi®cantly reduced by

pretreatment of the rats with dexamethasone (1 mg kg71) 2 h
before the removal of the duodenum, or by L-NAME
administration, given 2.5 h after the extract (Figure 4).

The administration of polymyxin B (1 mg kg71, i.v.),

likewise substantially diminished the Ca2+-independent activ-
ity induced 4 h after challenge withH. pylori extract (Figure 4).

E�ects of H. pylori extract on viability in duodenal
epithelial cells

The percentage of epithelial cells in the cell suspension isolated
from the duodenum by dispersion was 98+2% (n=4), as
determined by microscopy, the other cells identi®ed by

morphological analysis being mastocytes.
The percentage of non-viable intestinal cells isolated from

rats treated 1 h previously with H. pylori water extract,
assessed by trypan blue staining, was not di�erent from basal

values compared with cells taken from control rats (12.5+5%;
n=5 compared with 12+1%, n=4). Four hours after the
extract injection, the percentage of damaged cells was

signi®cantly increased (28+5%, n=4 as compared to
10+2%, n=4 in the corresponding control group; P50.05).
However, this increase in non-viable cells was abolished by

pretreatment of the rats with dexamethasone (1 mg kg71, i.v.)

2 h before challenge or by L-NAME (5 mg kg71 , i.v.) given
2.5 h after H. pylori water extract (Figure 5). Likewise,
pretreatment of the rats with polymyxin B (1 mg kg71, i.v.),

reduced (P50.01) the percentage of damaged cells (Figure 5).

Discussion

A signi®cant elevation of NOS activity was observed in rat
duodenal tissue 4 and 6 h after challenge in vivo with a water

extract of H. pylori. This NOS activity was Ca2+ independent
and thus is considered to re¯ect the expression of iNOS (Salter
et al., 1991). Furthermore, as found previously with the

expression of iNOS (Salter et al., 1991; Boughton-Smith et al.,
1993) the appearance of this Ca2+-independent activity was
prevented by dexamethasone pretreatment. In contrast to these
e�ects of the H. pylori extract, a comparable water extract

from Helicobacter felis failed to cause the expression of iNOS
in duodenal tissue, indicating that this e�ect was not a non-
speci®c property of all bacterial extracts prepared in this

manner.
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Figure 2 Inducible nitric oxide synthase (iNOS) activity in
duodenum following challenge with H. pylori water extract
(4 ml kg71, i.v.) in rats treated with saline (control) or with
dexamethasone (1 mg kg71, 2 h before the extract) or with NG-
nitro-L-arginine methyl ester (L-NAME; 5 mg kg71, i.v., given 2.5 h
following the extract). Data shown as the Ca2+-independent activity
(pmol min71 mg71 protein) are means+s.e. of 5 ± 9 experiments.
*Denotes signi®cant di�erence from control (P50.01).
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Figure 3 Inducible nitric oxide synthase (iNOS) activity in
duodenum following challenge with H. pylori water extract
(4 ml kg71, i.v.) in rats treated with saline (control), rabbit anti-rat
neutrophil serum (0.4 ml kg71, i.p. administered 3 h before chal-
lenge) or polymyxin B (1 mg kg71, i.v. administered 15 min before
challenge). Data shown as the Ca2+-independent activity (pmol
min71 mg71 protein) are means+s.e. of 9 ± 18 experiments.
*Denotes signi®cant di�erence from control (P50.01).
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Figure 4 Inducible nitric oxide synthase (iNOS) activity in duodenal
isolated epithelial cells following challenge with H. pylori water
extract (4 ml kg71, i.v.) in rats treated with saline (control),
dexamethasone (1 mg kg71, s.c., 2 h before the extract), NG-nitro-
L-arginine methyl ester (L-NAME; 5 mg kg71, i.v., given 2.5 h
following the extract) or polymyxin B (1 mg kg71, i.v., administered
15 min before challenge). Data shown as the Ca2+-independent
activity (pmol min71 mg71 protein) are means+s.e. of 9 ± 22
experiments. *Denotes signi®cant di�erence from control (P50.01).
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Sonicates of H. pylori have been shown to possess a
chemoattractant activity towards human polymorphonuclear

and monocytes (Nielsen & Andersen, 1992b). Such sonicates
also induce an oxidative burst in these in¯ammatory cells,
while an increased luminol chemiluminescence, which re¯ects

the generation of reactive oxygen species, has been found in the
antrum of patients infected by H. pylori (Nielsen & Andersen,
1992a; Davies et al., 1994). The local release of these cytotoxic

moities has been suggested to play a role in the duodenal
mucosal lesions observed in peptic ulcer disease associated
with H. pylori. By interacting with NO, such oxygen species
may form further damaging products such as peroxynitrite

(Beckman et al., 1990).
Neutrophils and macrophages are known to express iNOS in

vitro after prolonged exposure to bacterial endotoxin or

cytokine administration (McCall et al., 1991), while induction
of NO synthase after endotoxin challenge has been observed in
gastrointestinal epithelial cells (Tepperman et al., 1993; 1994).

In this present study, the involvement of neutrophils and
epithelial cells in the elevated iNOS activity in the duodenum
has been evaluated. Our ®ndings suggest that circulating
neutrophils are not the source of the iNOS activity detected in

duodenal tissue after H. pylori extract administration, since
anti-neutrophil serum, in doses which reduced these circulating
leukocytes by 95%, did notmodify the level of the iNOS activity

in duodenum. Moreover, no elevation of myeloperoxidase
activity was found in duodenal mucosa after challenge,
suggesting there was no in®ltration of neutrophils or macro-

phages. Whether resident neutrophils or other in¯ammatory
cells contribute to the production of iNOS in the duodenum
following challenge with the H. pylori extract is not yet known.

Cell separation studies indicated that iNOS activity could be
detected in epithelial cells, determined 4 h after challenge with
H. pylori extract. This iNOS activity was measured in cells
isolated by a dispersion technique (Tepperman et al., 1993) that

yields an essentially pure preparation of duodenal epithelial
cells, as con®rmed in the present study by microscopic
examination. However, the technique employed did not allow

separation of other cell types. Hence the contribution of cells
other than epithelium to the total pool of iNOS in duodenal
tissue cannot be evaluated from this present study. It is relevant

that expression of iNOS immunoactivity in human gastric

epithelial cells associated with H. pylori infection has been
demonstrated (Crabtree et al., 1996).

Induction of iNOS in colonic and small intestinal epithelial

cells, that follows E. coli endotoxin challenge, is associated
with a reduction in the viability of epithelial cells (Tepperman
et al., 1993; 1994). Likewise, in the present study, a reduction

in duodenal epithelial cell viability, determined ex vivo, was
observed four hours after H. pylori extract administration.
This reduction in cell viability accompanied iNOS expression
as it was not observed 1 h after extract administration and,

hence, was not an early cytotoxic response to the extract.
Moreover, dexamethasone pretreatment, which prevented the
expression of iNOS by these cells, reduced the epithelial cell

damage. In addition, administration of L-NAME at the time of
the appearance of iNOS, likewise inhibited the subsequent
cellular injury. These ®ndings thus support the suggestion that

the release of NO generated by iNOS is responsible for this
duodenal epithelial damage.

The H. pylori water soluble factor which induces iNOS,
could be an endotoxin, and a lipopolysaccharide (LPS) has

been isolated from H. pylori (Mai et al., 1991). However, the
potency of this LPS on neutrophil activation is not as great as
that from E. coli in vitro (Rauws et al., 1989). Moreover,

although H. pylori LPS can induce the production of tumour
necrosis factor-a (TNFa) and NO from macrophages in
culture, it was 26104 fold less potent than that from E. coli

(Perez-Perez et al., 1995; Shapiro & Hotchkiss, 1996).
However, the di�erence in potency between LPS from H.
pylori or E. coli in evoking responses in other cell types in vitro

is not known. Polymyxin B, a known inactivator of LPS, has
been shown to reduce the ability of LPS from H. pylori to
induce TNFa release from human promyelomonocytic cell
culture (Perez-Perez et al., 1995). In the present study,

pretreatment of rats with polymyxin B reduced both the
damage in epithelial cells and the iNOS activation following
challenge, suggesting that an LPS-like product from H. pylori

may be involved. This indicates that at least in vivo, the
endotoxin produced by H. pylori can evoke potent responses,
leading to cellular injury. The activation of in¯ammatory cells

by a LPS-independent soluble factor released from H. pylori
has also been suggested (Mai et al., 1991; Mooney et al., 1991;
Nielsen et al., 1994) and may synergistically interact with LPS
to provoke cell injury.

The present study thus identi®es the ability of an H. pylori
extract to provoke the expression of iNOS in vivo. Further
studies in appropriate animal models with H. pylori infection

should explore whether iNOS expression is evoked under such
conditions. The expression of iNOS in duodenal epithelial cells
could re¯ect a host-defence mechanism against the colonization

of H. pylori, since NO can exert bacteriocidal actions (Granger
et al., 1988; Evans et al., 1996). However, the release of H.
pylori endotoxin and its passage into the circulation through

damaged epithelium, could also play a role in a number of
disease states. Indeed, expression of iNOS in cardiac tissue,
with associated cytotoxic actions on the microcirculation
(Laszlo et al., 1995), may contribute to the suggested increased

rate of heart disease observed in patients infected by H. pylori
(Mendall et al., 1994). The present ®ndings thus give support to
the concept that the release of LPS-like factors stimulating the

local production of high concentrations of NO from epithelium
and other cells, through the expression of iNOS, may play a
role in the pathogenesis of peptic ulceration associated with H.

pylori infection.

D.L. was a recipient of a grant from Institut De Recherche Des
Maladies de l'Appareil Digestif.

30


25


20


15


10


5


0

P
er

ce
n

ta
g

e 
o

f 
d

am
ag

ed
 c

el
ls

Basal             Hp       Dexametha- L-NAME         Poly-

                                         sone       (5 mg kg–1)    myxin B

                                   (1 mg kg–1)                    (1 mg kg–1)


Figure 5 Percentage of duodenal isolated epithelial cells damaged
following challenge with H. pylori (Hp) water extract (4 ml kg71,
i.v.) in rats treated with dexamethasone (1 mg kg71, 2 h before the
extract), NG-nitro-L-arginine methyl ester (L-NAME; 5 mg kg71, i.v.,
given 2.5 h following the extract) or polymyxin B (1 mg kg71, i.v.,
administered 15 min before challenge). Data, are means+s.e. of 5 ±
13 experiments. *Signi®cantly di�erent from control (P50.01) and
+signi®cantly di�erent from Hp group alone.

Induction of NO synthase by Hp extract 1077D. Lamarque et al



References

BALDWIN, G., ALPERT, G., CAPUTO, G.L., BASKIN, M., PARSON-

NET, J., GILLIS, Z.A., THOMPSON, C., SIBER, G.R. & FLEISHER,

G.R. (1991). E�ect of polymyxin B on experimental shock from
meningococcal and Escherichia coli endotoxin. J. Inf. Dis., 164,
542 ± 549.

BECKMAN, J.S., BECKMAN, T.W., CHEN, J., MARSHALL, P.A. &

FREEMAN, B.A. (1990). Apparent hydroxyl radical production
by peroxynitrite: Implications for endothelial injury from nitric
oxide and superoxide. Proc. Natl. Acad. Sci. U.S.A., 87, 1620 ±
1624.

BLASER, M.J. (1990). Helicobacter pylori and the pathogenesis of
gastroduodenal in¯ammation. J. Infect. Dis., 161, 626 ± 633.

BOUGHTON-SMITH, N.K., EVANS, S.M., LASZLO, F., WHITTLE, B.

JR. & MONCADA, S. (1993). The induction of nitric oxide
synthase and intestinal vascular permeability by endotoxin in
the rat. Br. J. Pharmacol., 110, 1189 ± 1195.

BRADLEY, P.P., PRIEBAT, D.A., CHRISTENSEN, R.D. & ROTHSTEIN,

G. (1982). Measurement of cutaneous in¯ammation: estimation
of neutrophil content with an enzyme marker. J. Invest.
Dermatol., 78, 206 ± 209.

BROWN, J.F., TEPPERMAN, B.L., HANSON, P.J. & WHITTLE, B.J.R.

(1994). Lipopolysaccharide induces Ca++-independent nitric
oxide synthase activity in rat gastric mucosal cells. Eur. J.
Pharmacol., 292, 111 ± 114.

CARRICK, W.J.A., LEE, A., HAZELL, S., RALSTON, M. & DASKALO-

POULOS, G. (1989). Campylobacter pylori, duodenal ulcer, and
gastric metaplasia: possible role of functional heterotopic tissue
in ulcerogenesis. Gut, 30, 790 ± 797.

CRABTREE, J.E., PASINI, P., BAZZOLI, F., WYATT, J.I., RODA, E. &

RODA, A. (1996). Chemiluminescent imaging of inducible nitric
oxide synthase in the gastric epithelium in H. pylori infection,
Gut, 39 (Supp. 2), A41.

DAVIES, G.R., SIMMONDS, N.J., STEVENS, T.R.J., SHEAFF, M.T.,

BANATVALA, N., LAURENSON, I.F., BLAKE, D.R. & RAMPTON,

D.S. (1994). Helicobacter pylori stimulates antral mucosal
reactive oxygen metabolite production in vivo. Gut, 35, 179 ± 185.

DIXON, M.F. (1992). Helicobacter and chronic gastritis. In
Helicobacter and Gastroduodenal Disease. ed. Rathbone, B.J. &
Heatley, R.V. pp. 124 ± 139. Oxford: Blackwell Scienti®c.

EVANS, T.J., BUTTERY, L.D., CARPENTER, A., SPRINGALL, D.R.,

POLAK, J.M. & COHEN, J. (1996). Cytokine-treated human
neutrophils contain inducible nitric oxide synthase that produces
nitration of ingested bacteria. Proc. Natl. Acad. Sci. U.S.A., 93,
9553 ± 9558.

GRANGER, D., HIBBS, J.B., PERFECT, J.R. & DURACK, D.T. (1988).
Speci®c amino acid (L-arginine) requirement for the microbio-
static activity of murine macrophage. J. Clin. Invest., 81, 1129 ±
1136.

ISCHIROPOULOS, H., AL-MEDHI, A.B. & FISHER, A.B. (1995).
Reactive species in ischemic rat lung injury: contribution of
peroxynitrite. Am. J. Physiol., 269, L158 ± L164.

KNOWLES, R.G., MERRET, M., SALTER, M. & MONCADA, S. (1990).
Di�erential induction of brain, lung and liver nitric oxide
synthase by endotoxin in the rat. Biochem. J., 270, 833 ± 836.

KUROSE, I., GRANGER, D.N., EVANS, D.J., EVANS, D.G., GRAHAM,

D.Y., MIYASAKA, M., ANDERSON, D.C., WOLF, R.E., CEPINS-

KAS, G. & KVIETYS, P.R. (1994). Helicobacter pylori-induced
microvascular protein leakage in rats: role of neutrophil, mast
cells and platelets. Gastroenterology, 107, 70 ± 74.

LAMARQUE, D. & WHITTLE, B.J.R. (1995). Involvement of super-
oxide and xanthine oxidase in neutrophil-independent rat gastric
damage induced by NO donors. Br. J. Pharmacol., 116, 1843 ±
1848.

LASZLO, F., WHITTLE, B.J.R., EVANS, S.M. & MONCADA, S. (1995).
Association of microvascular leakage with induction of nitric
oxide synthase: e�ects of nitric oxide synthase inhibitors in
various organs. Eur. J. Pharmacol., 283, 47 ± 53.

LENTZE, M.J., COLONY, P.C. & TRIER, J.S. (1985). Glucocorticoid
receptors in isolated intestinal epithelial cells in rats. Am. J.
Physiol., 249, G58 ±G65.

MAI, U.E.H., PEREZ-PEREZ, G.I., WAHL, L.M., WAHL, S.M., BLASER,

M.J. & SMITH, P.D. (1991). Soluble surface proteins from
Helicobacter pylori activate monocytes/macrophages by lipopo-
lysaccharide-independent mechanism. J. Clin. Invest., 87, 894 ±
900.

MCCALL, T.B., PALMER, R.M.J. & MONCADA, S. (1991). Induction
of nitric oxide synthase in rat peritoneal neutrophils and its
inhibition by dexamethasone. Eur. J. Immunol., 21, 2523 ± 2527.

MCCALL, T.B., BOUGHTON-SMITH, N.G., PALMER, R.M.J., WHIT-

TLE, B.J.R. & MONCADA, S. (1989). Synthesis of nitric oxide from
L-arginine by neutrophils. Release and interaction with super-
oxide anion. Biochem. J., 261, 293 ± 296.

MENDALL, M.A., GOGGIN, P.M., MOLINEAUX, N., LEVY, J., TOOSY,

T., STRACHAN, D., CAMM, A.J. & NORTHFIELD, T.C. (1994).
Relation of Helicobacter pylori infection and coronary heart
disease. Br. Heart J., 71, 437 ± 439.

MOONEY, C., KEENAN, J., MUNSTER, D., WILSON, I., ALLARDYCE,

R., BAGSHAW, P., CHAPMAN, B. & CHADWICK, V. (1991).
Neutrophil activation by Helicobacter pylori. Gut, 32, 853 ± 857.

MORAN, A.P., HELANDER, I.M. & KOSUNEN, T.U. (1992). Composi-
tional analysis of Helicobacter pylori rough-form lypopolysac-
charides. J. Bacteriol., 174, 1370 ± 1377.

NIELSEN, H. & ANDERSEN, L.P. (1992a). Activation of human
phagocyte oxidative metabolism by Helicobacter pylori. Gastro-
enterology, 103, 1747 ± 1753.

NIELSEN, H. & ANDERSEN, L.P. (1992b). Chemotactic activity of
Helicobacter pylori sonicate for human polymorphonuclear
leukocytes and monocytes. Gut, 33, 738 ± 742.

NIELSEN, H., BIRKHOLZ, S., ANDERSEN, L.P. & MORAN, A.P.

(1994). Neutrophil activation by Helicobacter pylori lipopoly-
saccharides. J. Inf. Dis., 170, 135 ± 139.

PEREZ-PEREZ, G.I., SHERPHERD, V.L., MORROW, J.D. & BLASER,

M.J. (1995). Activation of human THP-1 cells and rat bone
marrow-derived macrophages by Helicobacter pylori lipopoly-
saccharide. Inf. Immun., 63, 1183 ± 1187.

RAUWS, E.A.J., LANGENBERG, W., HOUTHOFF, H.J., ZANEN, H.C.

& TYTGAT, G.N. (1989). Campylobacter pyloridis-associated
chronic active antral gastritis. A prospective study of its
prevalence and the e�ects of antibacterial and antiulcer
treatment. Gastroenterology, 94, 33 ± 40.

SALTER, M., KNOWLES, R.G. & MONCADA, S. (1991). Widespread
tissue distribution, species distribution and changes in activity of
Ca2+ dependent and Ca2+ independent nitric oxide synthases.
FEBS Lett., 291, 145 ± 149.

SHAPIRO, K.B. & HOTCHKISS, J.H. (1996). Induction of nitric oxide
synthesis in murine macrophages by Helicobacter pylori. Cancer
Lett., 102, 49 ± 56.

TEPPERMAN, B.L., BROWN, J.F. & WHITTLE, B.J.R. (1993). Nitric
oxide synthase induction and intestinal epithelial cell viability in
rats. Am. J. Physiol., 265, G214 ±G218.

TEPPERMAN, B.L., TAN, S.Y. & WHITTLE, B.J.R. (1991). E�ects of
calcium-modifying agents on integrity of rabbit isolated gastric
mucosal cells. Am. J. Physiol., 261, G119 ±G127.

TEPPERMAN, B.L., BROWN, J.F., KOROLKIEWICZ, R. & WHITTLE,

B.J.R. (1994). Nitric oxide synthase activity, viability and cyclic
GMP levels in rat colonic epithelial cells. E�ects of endotoxin
challenge. J. Pharmacol. Exp. Ther., 271, 1477 ± 1482.

WILSON, K.T., RAMANUJAM, K.S., MOBLEY, H.L.T., MUSSELMAN,

R.F., JAMES, S.P. & MELTZER, S.J. (1996). Helicobacter pylori
stimulates inducible nitric oxide synthase expression and activity
in a murine macrophage cell line. Gastroenterology, 111, 1524 ±
1533.

(Received July 18, 1997
Revised November 21, 1997

Accepted December 4, 1997)

Induction of NO synthase by Hp extract1078 D. Lamarque et al


