JOURNAL OF PHYSIOLOGY AND PHARMACOLOGY 2000, 51, 3, 421—431

B. L. SLOMIANY, J. PIOTROWSKI, A. SLOMIANY

OMEPRAZOLE FAILS TO SUPPRESS UP-REGULATION
OF GASTRIC MUCOSAL ENDOTHELIN-CONVERTING ENZYME-1
BY HELICOBACTER PYLORI LIPOPOLYSACCHARIDE

Research Center, University of Medicine and Dentistry of New Jersey Newark, NJ 07103-2400,
USA

Background: Endothelin-1, a key mediator of inflammatory processes, is
produced from its biologically inactive precursor, big ET-1 by the action of
endothelin  converting enzyme-1(ECE-1). In this study, we applied the animal
model of H. pylori lipopolysaccharide-induced gastritis to assess the effect of
three different types of antiulcer agents om the gastric mucosal expression of
ECE-1 activity.

Methods: Rats, pretreated twice daily for 3 days with proton pump inhibitor,
omeprazele at 40 mg/kg, pastroprotective agent, sulglycotide at 200 mg/kg,
H2-receptor antagonist, ebrotidine at 100 mg/kg or the vehicle, were subjected to
intragastric application of H. pylori lipopolysa.ccgaride at 50 pg/animal, and after 2,
and 4 additional dais on the drug or vehicle regimen their mucosal tissue used for
histologic and biochemical assessment.

Results: In the absence of antiulcer agents, H. pylori lipopolysaccharide elicited
a pattern of mucosal inflammatory responses resembling that of acute gastritis
which reached a maximum by the 4th day and were accompanied by a 4.1-fold
increase in the mucosal expression of ECE-1 activity and an 8.8-fold enhancement
in TNF-a. Treatment witﬁ sulglycotide led to a 56.7% reduction in the extent
of mucosal inflammatory involvement, the mucosal expression of ECE-1 activity
fell by a 40.5% and the level of TNF-a declined by a 69%. Ebrotidine produced
a 509% decrease in the extent of mucosal inflammatory involvement, a 33.6%
decrease in the exftrcssion of ECE-1 activity and a 64.1% decline in TNF-a,
whereas omeprazole elicited a 37.6% reduction in the extent of mucosal
inflammatory involvement and a 29.5% decrease in TNF-a, but had no effect
on the lipoploysaccharide-induced increase in the mucosal expression of ECE-1
activity.

Coudéinns: The findings implicate up-regulation of ECE-1 in triggering the
induction of TNF-a and propagation of gastric mucosal inflammatory responses to
H. pylori. We also show that omeprazole, in contrast to sulglycotide and ebrotidine,
fails to counter the enhancement in the mucosal expression of ECE-1 caused by
H. pylori- lipopolysaccharide.
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INTRODUCTION

Infection with Helicobacter pylori is a primary factor responsible for
eliciting mucosal inflammatory changes that characterize gastritis and
duodenal ulcers, and the product of particular significance to the virulent action
of the bacterium is its cell wall lipopolysaccharide (1—4). The pathogenic effects
of H. pylori lipopolysaccharide are manifested by a marked up-regulation in
gastric mucosal ET-1 level and proinflammatory cytokine expression, excessive
nitric oxide generation, repression of regulatory cytokine production, apoptotic
caspase activation, and a massive epithelial cell apoptosis (5—7).

The induction of apoptosis by lipopolysaccharide of Gram-negative
bacteria is mediated by cytokines of the TNF family, which remain under
stimulatory control by ET-1 and involve the formation of NFxB p30/p65
dimers for the enhanced TNF-a expression (8, 9). The process apparently
involves the activation of a specific ET receptor by ET-1 followed by a rapid
degradation of IxB in the cytosol and translocation of NFxB into the nucleus
(9). Indeed, ET-1 has been shown to increase the formation of NF»B complexes
as well as stimulation of NFxB DNA binding, and the enhanced mucosal levels
of ET-1 accompany local and systemic inflammations characterized by
a massive up-regulation of proinflammatory cytokine production (10—12).

The bioactive form of ET-1 is a cleavage product of prepro ET-1 by as yet
not defined enzyme to yield a 39 amino acid peptide, termed big ET-1, which is
subsequently cleaved at Tryp*'-Val® bound by a specific protease that removes
18 amino acids from its carboxyl terminal (13—15). This membrane-bound
metallopeptidase is known as endothelin-converting enzyme-1 or ECE-1 (13,
15). Recently, we have established the presence of ECE-1 activity in gastric
mucosa and demonstrated that the increase in the enzyme expression
characterizes gastric mucosal inflammatory responses to H. pylori
lipopolysaccharide (16).

The most successful treatment strategies for H. pylori eradication include
combination of proton pump inhibitors or H2 blockers with gastroprotective
agents and antibiotics (17, 18). The literature data, however, indicate that the
treatment with proton pump inhibitor, omeprazole, leads to aggravation of
H. pylori gastritis and results in the progression of glandular atrophy (19—21).
Moreover, omeprazole exhibits no discernible effect on the H. pylori-induced
mucosal release of ET-1 (7, 22), known for its stimulatory effect on
proinflammatory cytokine generation, microcirculatory perturbations, and the
alterations in cell cycle progression and apoptotic cell death (8, 23, 24).

In the study presented herein, we assessed the effect of proton pump
inhibitor, omeprazole, H2 blocker, ebrotidine, and gastroprotective agent,
sulglycotide, on the mucosal expression of ECE-1 activity and TNF-x level
during the course of acute gastritis elicited in rats by intragastric application of
H. pylori lipopolysaccharide.



423

MATERIALS AND METHODS

Animals

The study was conducted with Sprague-Dawley rats weighing 180 to 200 g, and cared for by
the professional personnel of the Research Animal Facility of UMDNJ. All experiments were
conducted with groups of eight animals per treatment. The animals received twice daily for
3 consecutive days the intragastric pretreatment either with omeprazole at 40 mg/kg, sulglycotide
at 200 mg/kg, ebrotidine at 100 mg/kg or the vehicle, and then 12 h later were subjected to
intragastric surface cpithelial application of H. pylori lipopolysaccharide at 50 pg per animal (5, 6),
and maintained on the drug or vehicle regimen for an additienal 2 and 4 days. The rats in each
group were killed 16 h after the last dose and their stomachs dissected.

Mucosal histology

The sections of gastric mucosa were cut into 4-pum strips, fixed in 10% buffered formalin, and
stained Wwith hematoxylin and eosin (5). The morphological pattern of gastritis was graded in
accordance with the Sydney system (24), and the changes in mucosal histology were quantified on
the basis of the scoring system of Rauws er al (25) as described carlier (5, 6). All specimens were
examined by a person unaware of the type of treatment received by the animals,

H. pylori lipopolysaccharide

H. pylori ATCC No. 4350 clinical isolate was used for lipopolysaccharide preparation (5). The
bacterium was washed with water, treated with ethanol and acctone, dried and homogenized with
liquid phenol-chloroform-petroleum ether (26). The resulting suspension was centrifuged, and the
lipopolysaccharide contained in the supernatant was precipitated with water, washed with 80%
phenol solution, and dried with ether. The dry residue was dissolved in a small volume of water at
45°C, centrifuged at 100,000 x g for 4 h, and the resulting lipopolysaccharide sediment subjected to
lyophilization (5). Analysis indicated that the lipopolysaccharide preparation was essentially free of
nucleic acids and its protein content was less than 0.15% (27).

TNF-u expression assay

TNF-x was quantitated with an enzyme-linked immunosorbent assay according to the
manufacturer’s (Genzyme) instructions. The wells were precoated with monoclonal anti-TNF-g to
capture TNF-a from the mucosal homogenates, and, after washing, the retained compiex was
probed with horseradish peroxidase-conjugated anti-TNF-o. The complex was then incubated with
tetramethylbenzidine substrate solution and TNF-u quantitated spectrophotometrically (7, 27).

ECE-I preparation

The minced specimens of gastric mucosal scrapings were suspended in ice-cold solution,
consisting of 0.25 M sucrose in 0.15 M Tris-HCI buffer, pH 7.4, and containing 1 mM PMSF,
20 uM leupeptin, and homogenized for 1 min in a Polytron tissuemizer (28). The homogenate was
centrifuged at 1000 g for 10 min and the resulting supernatant was centrifuged at 10,000 g to
sediment the crude mitochondrial fraction. Centrifugation of the resulting supernatant at 100,000
g for I h produced the microsomal pellet (16, 28). The pellet was solubilized by stirring at 4°C for



424

30 min with 0,25 M buffered sucrose, pH 7.0, containing 0.5% Triton X-100, the mixture was
centrifuged at 100,000 g for 1 h, and the supernatant used as an enzyme source.

ECE-1 activity assay

Reaction mixtures for ECE-1 assay, incubated at 37°C for 60 min in a total volume of 100 pl,
consisted of 0—30 g enzyme protein, 0,5 pM big ET-1 (Sigma), and 100 mM phosphate buffer, pH
6.8, containing 0.5 M NaCl (16). The reaction was terminated by addition of 100 mM EDTA and
the mixture was boiled for 5 min, centrifuged, and the resulting supernatant applied to a Sep-Pack
C-18 cartridge (27). After initial washing with 0.1% trifluoroacetic acid, the adsorbed ET-1 was
cluted from the cartridge with methanol-water-trifluoroacetic acid (90:10:0.1, v/v/v).

ET-1 guantitization

The eluates containing purified ET-1 were dried under vacuum, reconstituted in the assay
buffer, and subjected to immunometric ET-1 quantitization with a double-antibody sandwich
technique in accordance with the manufacturer’s (Alexis Corporation) instruction. The sample
aliquots were applied to the microtiter wells coated with ET-1 capture antibody and the complex
was incubated at 4°C for 16 h. After washing, the wells were probed with Ellman reagent, incubated
at room temperatute for 2 h, and ET-1 was quantiated spectrophotometrically at 412 nm (7, 27).

Antivlcer drugs

The antiulcer agents, omeprazole and ebrotidine was kindly donated by Ferrer Internacional,
S.A., Barcelona, Spain, while the sulglycotide was provided by Crinos Industria, Villa Guardia,
Italy. The drugs were stored in at 4°C in the dark and was suspended in saline shortly before
experimentation. The drugs or vehicle were given in a volume of 1 mlL

Data analysis

All experiments were carried out in duplicate, and the results are expressed as the means +SD.
The significance level was set at p<0.05. The tests were performed using Soft Stat, STATISTICA,
software. The protein content of samples was measurcd with BCA protein assay kit (Pietce).

RESULTS

The effect of antiulcer agents, omeprazole, ebrotidine and sulglycotide, on
the course of events associated with gastric mucosal inflammatory reaction to
H. pylori infection was studied over the period of 4 days using rats subjected to
intragastric application of H. pylori lipopolysaccharide. The results of
histologic examination revealed that the lipopolysaccharide applied in a dose
of 50 pg per animal produced within 2 days a pattern of inflammatory
responses which reached a maximum by the 4th day and then declined by
a 41.5% by the tenth day (16), and were characterized by the infiltration of
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lamina propria with lymphocytes and plasma cells, edema, hyperemia, and
epithelial hemorrhage extending from the lamina propria to the surface of the
mucosa (Fig. 1). Treatment with proton pump inhibitor, omeprazole, produced
no significant changes in the severity of mucosal inflammatory responses
within the first 2 days, but a 37.6% reduction in the severity pattern occurred
by the 4th day. The animals subjected to H2 blocker, ebrotidine, showed
a 24.5% reduction in the severity of mucosal changes on the 2nd day following
the lipopolysaccharide and a 50.9% reduction by the 4th day, while the
animals treated with gastroprotective agent, sulglycotide, showed a 27.5%
reduction in the severity of mucosal involvement on the 2nd day following the
lipopolysaccharide and a 56.7% reduction by the 4th day (Fig. 7).
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Fig. 1. Effect of antiulcer agents, sulglycotide, ebrotidine and omeprazole on the course of acute

gastritis elicited in rats by intragastric surface epithelial application of H. pylori lipopolysaccharide

(LPS). Valucs represent the means + SD of duplicate analyses performed on eight animals in each
group. *P <0.05 compared with that of vehicle.

The analysis of gastric mucosal expression of TNF-u revealed that by the
2nd day following H. pylori lipopolysaccharide application its level increased
11.7-folds and then declined a 24% by the 4th day (Fig. 2). Treatment with
omeprazole elicited by the 2nd day following the lipopolysaccharide a 19.7%
drop in the mucosal expression of TNF-a, a 39.6% reduction was achieved
with ebrotidine, and a 52% reduction with sulglycotide. By the 4th day, the
lipopolysaccharide-induced increase in the mucosal expression of TNF-a fell
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by 29.5% in the group treated with omeprazole, ebrotidine evoked a 64.1%
reduction, and a 69.2% decrease in TNF-o was achieved with sulglycotide
(Fig. 2).
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Fig. 2. Effect of antiulcer agents, sulglycotide, ebrotidine and omeprazole on the expression of

gastric mucosal tumor necrosis factor-a (TNF-x) during the course of acute gastritis elicited in rats

by intragastric surface cpithelial application of H. pylori lipopolysaccharide (LPS). Values

represent the means 8D of duplicate analyses performed on eight animals in each group.
*P<0.05 compared with that of vehicle,

The pattern of changes in gastric mucosal expression of ECE-1 activity
following H. pylori lipopolysaccharide application is depicted in Fig. 3. The
lipopolysaccharide evoked a 3.7-fold increase in ECE-1 by the 2nd day and
a 4.1-fold increase in ECE-1 expression was observed on the 4th day following
the application. Compared to the vehicle controls, administration of ebrotidine
caused a 41.6% decline in H. pylori lipopolysaccharide-induced ECE-1
expression on the 2nd day and a 33.6% reduction was attained on the 4th day,
while treatment with sulglycotide decreased the lipopolysaccharide-induced
ECE-1 expression by a 44% on the 2nd day and by a 40.5% on the 4th day. On
the other hand, administration of omeprazole did not produce any significant
reduction in the lipopolysaccharide-induced mucosal expression of ECE-1
activity during the course of treatment (Fig. 3).
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Fig. 3. Effect of antiulcer agents, sulglycotide, cbrotidine and omeprazole on the expression of

gastric mucosal ECE-1 activity during the course of acute gastritis clicited in rats by intragastric

surface epithelial application of H. pylori lipopolysaccharide (LPS). Values represent the

means £ SD of duplicate analyses performed on eight animals in each group. *P <0.05 compared
with that of vehicle.

DISCUSSION

The increased awareness of pathologic consequences of H. pylori infection
and the demonstration that the bacterium is a causative factor of gastric
mucosal inflammatory changes that characterize gastritis and duodenal ulcers
have brought to the forefront the importance of H. pylori eradication for the
success of therapeutic intervention. The treatment strategies involve dual and
triple combination therapies of proton pump inhibitors or H2 blockers with
gastroprotective agents and antibiotics, and the most widely used therapy is
that involving omeprazole (17, 18, 29). Studies show, however, that aside from
the apparent differences in H. pylori eradication rates between the regiments,
the treatment with proton pump inhibitors leads to aggravation of H. pylori
gastritis of the corpus mucosa and results in the progression of glandular
atrophy (19—21). Moreover, with the exception of one fervidly contested report
(30), there are clear indications that even short-term acid-suppressive
maintenance therapy with omeprazole in H. pylori infected patients increases
inflammation activity of the gastric mucosa (19—21, 29). This is supported by
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the studies with an animal model of H. pylori -induced gastritis which revealed
that omeprazole exhibits relatively low efficacy in countering the mucosal
inflammatory responses propagated by the rise in proinflammatory
cytokine expression and has no discernible effect on the H. pylori
lipopolysaccharide-induced increase in gastric mucosal level of a potent
vasoactive peptide, ET-1 (7, 22, 31). The peptide is known for its diverse
biological activities associated with microcirculatory perturbations, cell cycle
progression, inflammatory cytokine generation, and the process of
programmed cell death (8, 23, 24).

As the formation of ET-1 from its biologically inactive precursor, big ET-1, is
controlled by a specific membrane-bound protease, ECE-1 (13, 15), the
expression of which correlates with the extent of mucosal inflammatory
involvement (16), in this study we assessed the capacity of three different types of
antiulcer agents in countering the H. pyfori lipopolysaccharide-induced rise in
gastric mucosal cxpression of ECE-1 activity. The results obtained revealed that
in the absence of antiulcer agents, H. pylori lipopolysaccharide elicited a patlern
of mucosal inflammatory responses resembling that of acute gastritis which
reached a maximum by the 4th day and were accompanied by a 4.1-fold increase
in the mucosal expression of ECE-1 activity and an 8.8-fold enhancement in
TNF-a. Treatment with sulglycotide led to a 56.7% reduction in the extent of
mucosal inflammatory involvement elicited by the lipopolysaccharide, the
mucosal expression of ECE-1 activity fell by a 40.5% and the level of TNF-a
declined by a 69%, while a 50.9% decrease in the extent of mucosal
inflammatory involvement and a 33.6% decrease in the expression of ECE-1
activity, and a 64.1% decline in TNF-a was achieved with ebrotidine. On the
other hand, treatment with omeprazole caused a 37.6% reduction in the extent
of mucosal inflammation and a 29.5% decline in TNF-a, but had no effect on the
lipopolysaccharide-induced increase in the mucosal expression of ECE-1 activity.
These findings, together with the data on the existence of a close relationship
between the mucosal expression of ET-1 and the extent of gastric mucosal
inflammatory involvement in response to H. pylori lipopolysaccharide (7, 27),
and the evidence indicating that H. pylori causes induction of proinflammatory
cytokine expression (27, 22, 33), point to a role played by ECE-1 in triggering the
prolonged mucosal inflammatory reaction to the bacterium. Indeed, the
up-regulation of ECE-1 expression and elevated level of ET-1 are also prominent
features in pathogenesis of a number of pathologic wound healing diseases,
including pulmonary and cardiac fibrosis, and hepatic cirrhosis (15, 34, 35).

Our findings that the antiulcer agents, sulglycotide and ebrotidine, exerting
inhibitory effect on the lipopolysaccharide-induced rise in the mucosal
expression of ECE-1 were also more potent then omeprazole in countering the
extent of mucosal inflammatory involvement elicited by H. pylori provide an
important clue as to the mechanism underlying the apparent limitations of
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omeprazole therapy in the treatment of corpus gastritis in H. pylori-infected
patients. In this interpretation, the lack of omeprazole effect in countering
H. pylori-induced up-regulation of ECE-1 expression would lead in
H. pylori-infected patients to rise in the mucosal ET-1 level and subsequent
enhancement in proinflammatory TNF-u formation, thus causing exacerbation
of the mucesal inflammatory involvement. The above course of events is
supported by the data demonstrating that up-regulation of ET-1 expression
leads to the enhanced formation of NFxB p50/65 dimers for the enhanced
expression of TNF-a (8, 9). Moreover, ET-1 acting through its specific receptor,
has been shown to cause a rapid degradation of IxB in the cytosol, thus
causing translocation of NF«B to the nucleus and induction of TNF gene for
TNF-o production (8, 9, 24).

In conclusion, our results demonstrate that gastroprotective agent,
sulglycotide (1, 36), and ebrotidine, an H2 blocker combining acid suppressant
activity with gastroprotective properties (1, 37—39), are capable of exerting
modulatory effect an the H. pylori-induced rise in gastric mucosal ECE-I
expression, and markedly decrcase the cxtent of mucosal inflammatory
involvement caused by H. pylori. The proton pump inhibitor, omeprazole,
which fails to counter the H. pylori-induced rise in the mucosal expression of
ECE-1, is also known to increase the inflammation activity of the gastric
mucosa in H. pylori infected patients (19—21, 29). The results of our study also
point to ECE-1 as a target in suppressing the mucosal inflammatory reaction
to H. pylori infection.
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