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Abstract

Helicobacter pylori and nonsteroidal anti-inflammatory drugs (NSAIDs) are major pathogenic factors in peptic ulcer disease but whether
these two factors exert synergistic or antagonistic effects on ulcer healing has been a subject of controversy. We compared the effect of aspirin
alone with that of aspirin combined with H. pylori on gastric acid secretion and healing of acetic acid gastric ulcers in rats. The H. pylori
colonization of gastric mucosa was determined by viable H. pylori culture, histology and assessment of bacterial DNA using polymerase
chain reaction (PCR). The area of ulcers, gastric blood flow, mucosal generation of prostaglandin E, and plasma gastrin levels and expression
of cyclooxygenase-1, cyclooxygenase-2 and growth factors was determined. Aspirin delayed significantly the healing of chronic gastric
ulcers, decreased the gastric blood flow at the ulcer margin and gastric mucosal prostaglandin E, generation being without significant
influence on gastric acid output. H. pylori acquisition that produced moderate gastric inflammation at the ulcer margin delayed significantly
the healing of gastric ulcers, decreased significantly both the gastric blood flow at the ulcer margin and the gastric secretion while raising
significantly the gastric mucosal prostaglandin E, generation and plasma gastrin levels. H. pylori infection attenuated the aspirin-induced
inhibition of ulcer healing and accompanying fall in the gastric blood flow. Both aspirin and H. pylori up-regulated significantly
cyclooxygenase-2 messenger RNA (mRNA) and protein but not that of cyclooxygenase-1 at the ulcer margin. Aspirin reduced significantly
the transforming growth factor alpha- and vascular endothelial growth factor mRNAs, but these effects were significantly attenuated by H.
pylori. We conclude that H. pylori antagonizes, in part, aspirin-induced delay of ulcer healing due to suppression of acid secretion, the
enhancement in prostaglandin E, possibly derived from cyclooxygenase-2 and the overexpression of transforming growth factor alpha and
vascular endothelial growth factor in the ulcer area.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction risk of this disease (Chan et al., 1998). However, this issue

was not studied carefully, since peptic ulcer disease in

Helicobacter pylori and nonsteroidal anti-inflammatory
drugs (NSAID) are major pathogenic factors in peptic ulcer
disease (Tytgat, 2000). The results of studies on the inter-
action between NSAID and H. pylori are controversial and
confused (Fendrick and Scheiman, 2001). Generally, it is
expected that these two well-established risk factors for
peptic ulcer disease should exert a synergistic effect on the
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NSAID users infected with H. pylori was less frequently
diagnosed than in those taking NSAID without H. pylori
infection (Loeb et al., 1992). Furthermore, conflicting
results were obtained from controlled randomized trials that
examined whether H. pylori eradication could influence
ulcer healing in individuals subjected to NSAID therapy
(Bianchi Porro et al., 1999; Chan et al., 1998) and whether
this eradication could reduce the development of peptic
ulcer disease in NSAID takers (Chan et al., 1997; Hawkey et
al.,, 1998). As a broad generalization, H. pylori-positive
healthy individuals without ulcer history benefit from H.
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pylori eradication therapy at the start of NSAID therapy
(Chan et al., 1997). In contrast, the eradication of H. pylori
in some clinical trials failed to affect the healing of gastric
ulcers in NSAID users who were treated with omeprazole
(Hawkey et al., 1998). This implies that H. pylori acts to
increase risk at the start of NSAID treatment (Chan, 2002)
but with prolonged NSAID therapy, H. pylori exerts pro-
tective influence against NSAID-induced ulcerogenesis,
possibly by stimulating mucosal prostaglandins and other
protective factors.

The healing of chronic ulceration is a complex process
that includes filling of the mucosal defect with granulation
tissue, cell proliferation at the ulcer margin, and an adequate
blood supply delivering oxygen and nutrients to the ulcer
area (Tarnawski, 1993). The ulcer healing is accelerated by
various growth factors, including transforming growth fac-
tor alpha and vascular endothelial growth factor (Konturek
et al., 1997; Szabo and Vincze, 2000). Transforming growth
factor alpha is normally expressed in the gastric mucosa to
maintain the physiological functions of gastric mucosa, but
its expression is significantly increased in the ulcerated
gastric mucosa. Transforming growth factor alpha, like
epidermal growth factor, acts via epidermal growth factor-
receptor accelerating the cell proliferation, migration and
inhibition of gastric acid secretion (Coffey et al., 1995).
Vascular endothelial growth factor is a heparin-binding
glycoprotein that occurs in five isoforms, which are gen-
erated as a result of alternative splicing from a single
vascular endothelial growth factor gene. Vascular endothe-
lial growth factor acts specifically on vascular endothelial
cells to increase vascular permeability and to stimulate
endothelial cell proliferation, migration and tube formation
(angiogenesis). Vascular endothelial growth factor also
increases blood flow and prevents endothelial cell apoptosis,
acting as the major angiogenic factor that was proposed to
contribute to the ulcer healing (Neufeld et al., 1999;
Takahashi et al., 1998) and showing enhanced expression
at the ulcer margin (Takahashi et al., 1997), however, its
interaction with H. pylori or its products remains unknown.

Aspirin delays ulcer healing through various mechanisms
including: (1) significant inhibition of biosynthesis of pros-
taglandins (Wang et al., 1989), (2) reduction in cell regen-
eration and inhibition of ulcer contraction (Penney et al.,
1994) and (3) decrease in mucosal blood flow in the ulcer
margin (Hirose et al., 1991). Previous studies have demon-
strated that the deleterious effect of NSAID on ulcer healing
in H. pylori-positive healthy subjects treated with omepra-
zole could not be attenuated by H. pylori eradication
(Hawkey et al., 1998), but the results of this study are
difficult to interpret because of maintenance treatment with
antisecretory agents such as omeprazole with greatly
enhanced activity in H. pylori-infected subjects. Recent
review based on 16 studies of 2625 NSAID takers without
secretory treatment shows a clear synergism for the develop-
ment of mucosal ulcerations by H. pylori infection and
NSAID use (Huang et al., 2002).

In the present study, we investigated whether inoculation
of rats with live H. pylori affects the aspirin-induced delay
of the healing of preexisting gastric ulcers induced in rats by
acetic acid technique. An attempt was made to determine
whether H. pylori colonizes non-ulcerated and ulcerated rat
gastric mucosa and whether the effect of these two major
ulcer risk factors, aspirin and H. pylori applied alone or in
combination, can influence gastric acid secretion and gastric
blood flow at the ulcer margin as well as gene expression for
cyclooxygenase-1, cyclooxygenase-2 and growth factors,
such as transforming growth factor alpha and vascular
endothelial growth factor in animals with preexisting gastric
ulcers.

2. Material and methods

2.1. Production of gastric ulcers and determination of
gastric acid secretion and gastric blood flow at ulcer
margin

Animal experiments were performed in accordance with
the national guidelines for the use and care of laboratory
animals and approved by the local animal care committee of
the Jagiellonian University in Cracow. Male Wistar rats,
weighing 180—220 g and fasted for 24 h before the study
were employed in all studies. Gastric ulcers were produced
in 24 rats using our modification of acetic acid method
originally proposed by Okabe et al. (1971). Animals were
anesthetized with ether, the stomach was exposed and a
round plastic mold (6 mm in diameter) was placed tightly on
the anterior serosal surface of the stomach at the antro-
oxyntic border. Seventy-five microliters of 100% acetic acid
was poured into the mold and allowed to remain on the
gastric wall for 25 s. This produced immediate necrosis of
the entire mucosa and submucosa (but not serosa) within the
area where the acetic acid was applied, i.e. 28 mm?. The
excess of acetic acid was then removed and the serosa was
gently washed out with saline. Our previous studies docu-
mented that these ulcers became chronic within 2—3 days
and healed completely within 2—3 weeks (Konturek et al.,
1997). After the application of acetic ulcers, the animals
were allowed to recover from anesthesia and received only
water at the day of operation.

The alterations of gastric secretion during ulcer healing
in rats treated with vehicle (saline) and aspirin applied with
or without the inoculation of H. pylori were tested in a
separate group of 60 starved rats with acetic acid ulcers,
surgically equipped with chronic gastric fistulas as
described previously (Konturek et al., 1997). Control
sham-operated rats with gastric fistulas were also included,
but instead of acetic acid, 70 pl of saline was applied to the
serosal surface of the stomach for 20 s.

The rats with acetic acid ulcers with or without gastric
fistula were randomly assigned to the following four major
treatment groups A, B, C and D. In group A, rats were
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inoculated intragastrically (i.g.) using a gavage with live H.
pylori suspension (CagA ™ ; 3 x 10° CFU/ml) at day 2 upon
ulcer induction and this inoculation was repeated at day 4 and
day 6 upon ulcer induction followed on day 7 with saline
(vehicle) treatment that was continued for 10 days. H. pylori
used in this study was originally obtained from the gastric
antrum of the patient with duodenal ulcer, passed in the mice
and reisolated in order to achieve better colonization in this
species as proposed by Li et al. (1998). Group B received
instead of H. pylori inoculum, the treatment with vehicle
(saline) starting at day 2, that was repeated at days 4 and 6
after ulcer induction followed from the day 7 by i.g. treat-
ment with aspirin at a dose of 50 mg/kg dissolved in 0.15 N
HCI. Treatment with aspirin in these animals was continued
subsequently throughout 10 consecutive days. Group C,
similarly to group A, received at days 2, 4 and 6 upon ulcer
induction, live H. pylori suspension, followed by i.g. treat-
ment with aspirin (50 mg/kg/day i.g.) that started at day 7
following ulcer induction and was continued throughout 10
consecutive days. Group D served as a control and received
only vehicle (saline) without H. pylori or aspirin treatment.
Four hours before each subsequent H. pylori inoculation,
gastric acid secretion in rats was suppressed by a single dose
of omeprazole (20 mg/kg subcutaneously) suspended in
0.5% carboxy methylocelulose (CMC). The animals in all
groups were sacrificed 16 days upon ulcer induction.

For determination of gastric acid secretion, non-inocu-
lated rats equipped with gastric fistulas without ulcer and
those with gastric ulcers inoculated with H. pylori with or
without aspirin treatment, were placed at days 8 and 16
upon ulcer induction in the individual Bollman cages to
prevent coprophagy. Each fistula was then opened, and the
stomach was rinsed gently with 5—8 ml of tap water at 37
°C. Basal gastric secretion was collected for 120 min,
during which time all animals received saline at a rate of
4 ml/h subcutaneously. The gastric juice was collected every
30 min, the volume was measured, and then the acid
concentration and output were determined and expressed
as the output per 30 min as described previously (Brzozow-
ski et al., 2001). After completing the secretory studies, the
rats were sacrificed and gastric mucosal samples were taken
for an assessment of the presence of H. pylori using the
method described below.

For evaluation of the involvement of H. pylori applied
alone or combined with aspirin on ulcer healing and gastric
blood flow, the groups of animals were anesthetized with
ether at day 16 upon ulcer induction, the abdomen was
opened and the stomach was exposed to determine the
gastric blood flow at the ulcer margin and the contralateral
intact mucosa using H,-gas clearance technique as described
before (Konturek et al., 1998a,b). The gastric blood flow
was expressed as the percentage of the basal flow recorded
in the gastric mucosa of control rats with saline applied to
the serosa through the plastic mold.

The stomachs were then quickly removed and pinned
open for the determination of the area of gastric ulcers by

planimetry (Morphomat, Carl Zeiss, Berlin, German) by two
investigators under blinded conditions.

2.2. Measurement of prostaglandin E, in the gastric
mucosa, quantification of viable H. pylori and histological
evaluation of gastric mucosa

The samples of the oxyntic gland area from the ulcer
margin were taken by biopsy (about 100 mg) immediately
after the gastric blood flow had been measured to deter-
mine the mucosal generation of prostaglandin E, by
specific radioimmunoassay (RIA) as described previously
(Konturek et al., 1998a,b). Prostaglandin E, was measured
in duplicate using RIA kits (New England Nuclear,
Munich, Germany). The capability of the mucosa to gen-
erate prostaglandin E, was expressed in nanograms per
gram of wet tissue weight.

Following assessment of the area of gastric ulcers, the
half of the stomach that did not contain an ulcer or its scar
was excised and homogenized in 1 ml of phosphate-buf-
fered saline with a homogenizer (Ultra Turax) followed by
dilution with the same buffer as described in detail in our
previous studies in mice (Brzozowski et al., 1998; Konturek
et al., 1999). Briefly, the aliquots (100 pl) of the dilutions
were applied to Helicobacter agar plates (Becton-Dickinson,
UK) that were incubated at 37 °C under microareophilic
atmosphere for 7 days. The colonies were identified as H.
pylori as determined from their shape (spiral) under a
microscope ( X 2000; Olympus, Tokyo, Japan). In addition,
positive test for oxidase, urease and catalase was performed
to indicate specificity for H. pylori. The number of colonies
was determined and the viable H. pylori was expressed as
CFU/mg of gastric tissue weight.

The half of the stomach from the ulcer area and the
grossly unchanged mucosa in rats inoculated with H. pylori
with or without aspirin or vehicle administration was
excised during autopsy and immediately fixed in 10%
formalin, embedded in paraffin and stained with hematox-
ylin and eosin for the histological assessment of mucosal
inflammation and the quality of ulcer healing. Coded speci-
mens of mucosa stained with hematoxylin and eosin were
evaluated at 260 X magnification by two experienced
pathologists unaware of the treatment given.

2.3. Determination of plasma gastrin levels

At the termination of some experiments with i.g. admin-
istration of vehicle, aspirin, H. pylori, and H. pylori com-
bined with aspirin, the animals were anesthetized with ether
and the blood samples (about 3 ml) were taken from the
vena cava for the RIA of plasma gastrin levels as described
previously (Brzozowski et al., 1998). For comparison, intact
rats fasted overnight and were given only vehicle saline i.p.,
were anaesthetized with ether and the blood samples were
collected for the determination of control values of gastrin in
plasma. The blood samples collected in heparin-coated
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polypropylene tubes were centrifuged at 3000 rpm for 20
min at 4 °C, and the supernatant clear plasma was then
stored at — 80 °C until measurement of plasma gastrin
levels using RIA. Gastrin antibody No. 4562 (final dilution,
1:100,000) was a gift of Professor J. Rehfeld from Copen-
hagen, Denmark (Konturek et al., 2001). The limit of assay
sensitivity was 0.5 mM of sample and the interassay and
intra-assay coefficients of variation were 7% and 9%,
respectively.

2.4. Detection of H. pylori 16S rRNA by polymerase chain
reaction (PCR)

For DNA extraction, Trizol Reagent was used according
to the manufacturer’s instructions (Gibco BRL/Life Tech-
nology, Eggenstein, Germany). Briefly, the samples from
gastric mucosa were homogenized in 250 pl of Trizol
Reagent for 15-20 s. After 5 min incubation, 50 ul of
chloroform was added, followed by centrifugation at
12,000 x g for 15 min, which led to the separation of the
sample solution in an aqueous and an organic phase. After
removal of the aqueous phase, the DNA was extracted from
the samples by precipitation with 75 ul of 100% ethanol.
Following the precipitation and series of washes, the DNA
was solubilized in 8 mM NaOH. The sample was precipi-
tated again with ethanol and resolved in TE-buffer. The
concentration of DNA was estimated by absorbance at 260
nm. DNA samples were stored at — 80 °C.

The polymerase chain reaction was performed as
described in our previous studies (Konturek et al.,
1998a,b). Briefly, 2 ul of DNA was amplified in a 50-ul
reaction volume containing 2 U Taq polymerase, dNTP (200
uM each) (Pharmacia, Germany), 1.5 mM MgCl,, 5 ul 10 X
polymerase chain reaction buffer (50 mM KCIl, 10 mM
Tris—HCl, pH=8.3) and primers for H. pylori 16S RNA
used at a final concentration of 1 mM (all reagents from
Takara, Shiga, Japan). The polymerase chain reaction mix-
ture was amplified in a DNA thermal cycler (MJ Research,
PTC 200, Watertown, MA). Amplification consisted of
initial denaturation at 94 °C for 2 min, followed by
denaturation at 94 °C for 45 s, primer annealing at 61 °C
for 45 s, and extension for 2 min at 72 °C. The samples
were amplified for 35 cycles, with the final extension step at
72 °C for 7 min. The nucleotide sequence of the primers
was based on the sequences of the published cDNAs
(Drazek et al., 1994). The sense primer 16S rRNA 5'-
TCA GCC TAT GTC CTA TCA GC-3' and the antisense
primer 16S rRNA 5-CAG TAA TGT TCC AGC AGG TC-
3’ yield the 500 bp product. The primers were synthesized
by Gibco BRL/Life Technologies. As a positive control for
H. pylori primers, the DNA extracted from pure H. pylori
culture was amplified with the same primer set.

Polymerase chain reaction products were detected by
electrophoresis on a 1.5% agarose gel containing ethidium
bromide. Location of predicted products was confirmed by
using 100-bp ladder (Takara) as a standard size marker.

2.5. Reverse transcription-polymerase chain reaction for
detection of messenger RNA (mRNA) for transforming
growth factor alpha, vascular endothelial growth factor,
cyclooxygenase-1 and cyclooxygenase-2

The extraction of total RNA from gastric ulcerated
tissues and control tissues was carried out as previously
described. Briefly, total RNA was extracted from mucosal
samples using a guanidinum isothiocyanate/phenol chloro-
form single-step extraction kit from Stratagene (Heidelberg,
Germany) based on the method described by Chomczynski
and Sacchi (1987). Following precipitation, RNA was
resuspended in RNase-free TE buffer and its concentration
was estimated by absorbance at 260 nm wavelengths.
Furthermore, the quality of each RNA sample was deter-
mined by running the agarose-formaldehyde electrophore-
sis. RNA samples were stored at — 80 °C until analysis.

Single-stranded cDNA was generated from 5 pg of total
cellular RNA using Moloney murine leukemia virus reverse
transcriptase and oligo-(dT)-primers as described before
(Konturek et al., 1998a,b). Briefly, 5 pg of total RNA was
uncoiled by heating (65 °C for 5 min) and then reverse
transcribed (at 37 °C for 1 h) into complementary DNA
(cDNA) in a 50-ul reaction mixture that contained 50 U
MMLV-RT, 0.3 pg oligo-(dT)-primer, 40 U RNase Block
Ribonuclease Inhibitor, 2 ul of a 100-mM mixture of
deoxyadenosine triphosphate (dATP), deoxythymidine tri-
phosphate (dTTP), deoxyguanosine triphosphate (dGTP)
and deoxycytidine triphosphate (dCTP), 5 ul of 10 X first-
strand buffer (all reagents provided by Stratagene). The
resultant cDNA (2 pl) was amplified in a 50-ul reaction
volume containing 2 U Taq polymerase, dNTP (200 pM
each) (Pharmacia, Germany), 1.5 mM MgCl,, 5 pl 10 X
polymerase chain reaction buffer (100 mM KCl, 20 mM
Tris—HCI, pH=8.3) and specific primers for p-actin, cyclo-
oxygenase-1, cyclooxygenase-2, vascular endothelial
growth factor and transforming growth factor alpha used
at a final concentration of 1 mM (all reagents purchased
from Takara). The mixture was overlaid with 25 pl of
mineral oil to prevent evaporation. The polymerase chain
reaction mixture was amplified in a DNA thermal cycler
(Perkin-Elmer-Cetus, Norwalk, CT) and the incubation and
thermal cycling conditions were as follows: denaturation at
94 °C for 1 min, annealing at 60 °C for 45 s and extension
72 °C for 2 min. The number of cycles was 30 for B-actin,
33 for cyclooxygenase-1, cyclooxygenase-2, transforming
growth factor alpha and vascular endothelial growth factor.
The nucleotide sequence of the primers was as follows: -
actin, sense 5-GAT CTT GAT CTT CAT GGT GCT AGG-
3/, antisense 5-TTG TAA CCA ACT GGG ACG ATA
TGG-3'; cyclooxygenase-1, sense 5'-AGC CCC TCA TTC
ACC CAT CAT TT-3/, antisense 5'-CAG GGA CGC CTG
TTC TAC GG-3'; cyclooxygenase-2, sense 5-ACA ACA
TTC CTT CCT TC-3/, antisense 5-CCT TAT TTC CTT
TCA CAC C-3/; vascular endothelial growth factor, sense
5-TTG AAC ACC GAG CAG T-3/, antisense 5-GGT CCT
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CTG CCA TTC T-3'; and transforming growth factor alpha,
sense 5'-ATG GTC CCC GCG GCC GGA CA 3, antisense
5-ATG GTC CCC GCG GCC GGA CA-3. The primer
sequences for B-actin, cyclooxygenase-1, cyclooxygenase-
2, vascular endothelial growth factor and transforming
growth factor alpha were based on the sequences of the
published cDNAs and were synthesized by Gibco BRL/Life
Technologies.

Polymerase chain reaction products were detected by
electrophoresis on a 1.5% agarose gel containing ethidium
bromide. Location of a predicted product was confirmed by
using 100-bp ladder (Takara) as a standard size marker. The
gel was then photographed under UV transillumination. The
intensity of PCR products was measured using video image
analysis system (Kodak Digital Science) according to the
method described elsewhere (Konturek et al., 1998a,b). The
signal for analyzed mRNA was standardized semi-quantita-
tively against that of the B-actin mRNA from each sample
and the results were expressed as cyclooxygenase-1—,
cyclooxygenase-2—, vascular endothelial growth factor—
or transforming growth factor alpha—-actin mRNA ratio.

2.6. Western blot analysis for cyclooxygenase-1 and cyclo-
oxygenase-2

Shock frozen tissue from rat stomach was homogenized
in lysis buffer (100 mmol Tris—HCI, pH 7.4, 15% glycerol,
2 mmol EDTA, 2% SDS, 100 mmol DDT) by the addition
of 1:20 dilution of aprotinin and 1:50 dilution of 100 mmol
PMSF. Insoluble material was removed by centrifugation at
12,000 X g for 15 min. Approximately 100 pg of cellular
protein extract were loaded into a well, separated electro-
phoretically through a 10% SDS-—polyacrylamide gel and
transferred onto Sequi-Blot™ PVDF membrane (BioRad,
NY, USA) by electroblotting. 0.4% I-Block (Tropix, Bed-
ford, USA) in TBS—Tween-20 buffer (137 mmol NaCl, 20
mmol Tris—HCI, pH 7.4, 0.1% Tween-20) was used to
block filters for at least 1 h at room temperature. Specific
primary antibody against cyclooxygenase-1 (mouse mono-
clonal, H-3; dilution 1:500; Santa Cruz, USA) or cyclo-
oxygenase-2 (goat polyclonal, C-20; dilution 1:200; Santa
Cruz, USA) or p-actin (mouse monoclonal, A5441, dilution
1:1000; Sigma Aldrich, Germany) was added to the mem-
brane, followed by an anti-rabbit IgG horseradish perox-
idase-conjugated secondary antibody (1:2 000, Santa Cruz,
USA). Incubation of primary antibody was followed by
three washes with TBS—Tween-20 buffer for 10 min.
Incubation of the secondary antibody was followed by four
washes for 10 min. Non-isotopic visualization of immuno-
complexes was achieved by chemiluminescence using
chemiluminescence blotting substrate (Western-Star-System
from Tropix). Thereafter, the developed membrane was
exposed to an X-ray film (Kodak, Wiesbaden, Germany).
Comparison between different treatment groups was made
by determining the cyclooxygenase-1—, cyclooxygenase-2—
, vascular endothelial growth factor— and transforming

growth factor alpha—p-actin ratio of the immunoreactive
area by densitometry.

2.7. Statistical analysis

Data were expressed as means + S.E.M. from 8 to 10
animals per group and comparisons between groups were
made by Student’s ¢-test for unpaired data or by analysis of
variance and Duncan’s multiple range tests, with p<0.05
taken as significant.

3. Results

3.1. Effect of vehicle, H. pylori and aspirin alone or H.
pylori applied in combination with aspirin on the area of
gastric ulcers and accompanying changes in gastric blood
flow at ulcer margin, histology of the gastric mucosa and
expression of 16S rRNA

Fig. 1 shows the changes in the area of gastric ulcer and
gastric blood flow at ulcer margin in rats inoculated intra-
gastrically with vehicle, H. pylori, aspirin (50 mg/kg/day) or
in those treated with the combination of H. pylori and
aspirin (50 mg/kg/day) that was given from day 7 after
ulcer induction and was continued for 10 consecutive days.
In rats treated with vehicle, a significant reduction in the
area of these ulcers was observed from initial size of about
28 mm? at day 0 to 7.6 + 0.4 mm” at day 16 upon ulcer
induction. In rats treated with aspirin or H. pylori, a
significant delay in ulcer healing was observed and the
ulcer area at day 16 reached the values of 17.4 + 1.2 and
15.9 + 1.3 mm?, respectively. In contrast, inoculation with
live H. pylori applied before exposure to aspirin led to the
significant decrease in the ulcer area at day 16 upon ulcer
induction as compared to that in rats treated with H. pylori

mm?)
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Ulcer area (
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Vehicle ASA H. pylori  H. pylori + ASA

Fig. 1. Mean area of gastric ulcers and changes in gastric blood flow (GBF)
at day 16 in rats treated intragastrically with vehicle, live H. pylori,
acidified aspirin (aspirin, 50 mg/kg/day), and aspirin combined with H.
pylori administered at days 2, 4 and 6 before aspirin treatment.
Mean + S.E.M. of six to eight rats. Asterisk indicates a significant change

as compared to the value obtained in vehicle-treated rats. Cross indicates
significant change as compared to the value obtained in aspirin-treated rats.



196 P.C. Konturek et al. / European Journal of Pharmacology 451 (2002) 191-202

Table 1

Colonization levels of H. pylori in the antral gastric mucosa, the
prostaglandin E, generation and plasma gastrin levels in rats with gastric
ulcers inoculated with vehicle, H. pylori with or without the combination
with aspirin (50 mg/kg/day i.g.) at day 16 upon ulcer induction

Type of test Bacterial culture ~ PGE, generation Plasma gastrin
(CFU/mg mucosa) (ng/g tissue) (pmol/l)

Intact (control) 0 184 + 15 62+8

Vehicle 0 215+ 8% 72+4

H. pylori 1234+ 74 249+ 127 96 + 8*

Aspirin 0 43+47 69+5

H. pylori+aspirin 1148 + 63 138+6°" 92+6*

Results are means = S.E.M. of 8—10 rats.

* Indicates a significant change as compared to the value obtained in
intact animals.

* Indicates a significant change as compared to the value recorded in
vehicle-treated rats.

** Indicates a significant change as compared to the value recorded in
animals treated with aspirin alone.

or aspirin alone, though it was still significantly higher than
that obtained in vehicle-treated control animals (Fig. 1).

The gastric blood flow in the non-ulcerated mucosa of
rats treated with vehicle averaged 46 ml/min/100 g (taken as
100%) being significantly reduced by about 13% at the ulcer
margin at day 16, when compared to that in the contralateral
intact mucosa. In rats treated with aspirin or H. pylori, a
significant reduction in the gastric blood flow at the ulcer
margin was observed as compared to that in vehicle-treated
rats (52 &+ 3% and 56 + 4% vs. 77 £ 4%) (Fig. 1). When rats
inoculated with H. pylori were combined with aspirin
treatment, the gastric blood flow rose significantly at ulcer
margin as compared to the respective values obtained in
aspirin-treated or H. pylori inoculated rats, though the
gastric blood flow in these animals failed to reach the value
obtained in vehicle-treated gastric mucosa (Fig. 1).

As shown in Table 1, H. pylori was detected in antrum of
H. pylori-inoculated rats but was undetectable by bacterial
culture in uninoculated rats and those treated with aspirin
alone. Addition of aspirin to H. pylori-inoculated tended to
decrease, though not significantly, the number of viable
bacterial colonies as compared to the value of CFUs/mg
mucosa in H. pylori-inoculated animals without aspirin
treatment.

Histologically, the gastric ulcers were healed almost
completely in all rats treated with vehicle at day 16 upon
ulcer induction as reflected by the ulcer scar in majority of
these animals (Fig. 2A). In the ulcer margin of uninfected
rats, the infiltration of both mononuclear and polymononu-

Fig. 2. Histological appearance of gastric ulcer at day 16 upon ulcer
induction in rat treated with vehicle (control) (A). The gastric ulcer is
healed almost completely and the infiltration of neutrophils is negligible. In
H. pylori-infected rat, the unhealed gastric ulcer with clearly defined ulcer
crater and a poor development of the mucosa at ulcer margin is evident (B).
In rat treated with H. pylori plus aspirin, the more advanced healing and the
small neutrophil infiltration of the mucosa are observed microscopically but
the ulcer scar in these animals exhibits a marked gland dilatation and an
incomplete restoration of mucosal cells (C).
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clear neutrophils was negligible and no inflammation in the
mucosa distant to the ulcer was observed. In contrast,
unhealed gastric ulcers with clearly defined ulcer crater
and a poor restoration of the mucosa at ulcer margin
accompanied by cystic dilatation of the glandular structure
and incomplete restoration of surface epithelium were
observed in H. pylori-inoculated animals (Fig. 2B). In the
ulcer margin of H. pylori-inoculated rats, infiltration of both
mononuclear and polymorphonuclear leukocytes as well as
lymphocytes was more obvious than in the non-infected
animals. In rats treated with H. pylori plus aspirin, the more
advanced healing and significant reduction in neutrophil
infiltration of the mucosa were observed microscopically
but the ulcer scar in these animals exhibited a marked gland
dilatation and an incomplete restoration of mucosal cells.

As shown in Fig. 3, the expression of H. pylori-16S
rRNA determined by PCR at day 16 upon ulcer induction
was undetectable in animals treated with vehicle or exposed
to aspirin but appeared as a strong signal in those inoculated
with H. pylori with or without aspirin treatment.

3.2. Effect of vehicle, H. pylori alone and H. pylori
combined with aspirin on gastric acid secretion, mucosal
generation of prostaglandin E, and plasma gastrin levels

The results of gastric secretory studies in conscious rats
equipped with gastric fistula with or without induction of
gastric ulcers are presented in Table 2. In control rats
without gastric ulcers, the basal acid output averaged
144 £ 12 pmol/30 min. Immediately after induction of
gastric ulcers, the gastric acid output was significantly
reduced by about 55% as compared with the respective
values in control rats without ulcer induction (data not
shown). In vehicle-controls at day 8, the gastric secretion
tended to increase but still significant inhibition of gastric
acid output was observed in vehicle-treated animals as
compared to those in rats without gastric ulcers. Inoculation
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Fig. 3. Representative analysis of 16S rRNA expression at day 16 upon
ulcer induction in the gastric mucosa excised from ulcer margin of rat
treated with vehicle (lane 1), H. pylori (lane 2), aspirin (lane 3) and H.
pylori followed by a 10-day treatment with aspirin (lane 4). M—DNA
molecular weight marker, NC—negative control (lane 5).

Table 2

Effect of vehicle (saline), alive H. pylori (three times inoculation at days 2,
4 and 6 upon ulcer induction) applied alone or combined with aspirin (50
mg/kg/day) and on gastric acid secretion in rats with gastric ulcers equipped
with gastric fistula

Type of test Gastric acid output

(rmol/30 min)

Intact (Control) 144 + 12
Day 8

Vehicle 68+ 6*
H. pylori 45+ 57
Aspirin 87+4"
H. pylori+ aspirin 48+57F
Day 16

Vehicle 86+ 8*
H. pylori 66+5""
Aspirin 109 +7"
H. pylori+ aspirin 69+8""

Results are means + S.E.M. of 8§10 rats.

* Indicates a significant change as compared with the value obtained in
vehicle-treated animals.

* Indicates significant change as compared with the value obtained in
animals treated with H. pylori.

** Indicates a significant decrease as compared to the value obtained
in vehicle control animals at respective days upon ulcer induction.

with H. pylori of rats with gastric ulcer resulted in a further
significant decrease in gastric acid output at day 8 as
compared to that treated with vehicle (saline). In contrast,
aspirin alone (50 mg/kg/day i.g.) increased, though not
significantly, gastric acid output as compared to vehicle-
treated rats and failed to influence the inhibition of this
secretion caused by H. pylori. At day 16 upon ulcer
induction, the values of gastric acid output in vehicle-
control rats were still significantly lower as compared to
those obtained in rats without ulcers. In rats inoculated with
H. pylori, a significant decrease in the gastric acid output
was still observed at day 16 as compared to respective
vehicle-controls. The treatment with aspirin alone failed to
affect the gastric acid output at day 16 in rats without H.
pylori inoculation and had no influence on the suppression
of this secretion caused by H. pylori.

The results of treatment with vehicle, aspirin and H.
pylori applied alone or in combination with aspirin, on the
generation of prostaglandin E, in the gastric mucosa, are
presented in Table 1. The prostaglandin E, generation in the
intact gastric mucosa averaged 184 + 15 ng/g wet tissues
weight and this significantly increased at ulcer margin of
vehicle-treated controls. In H. pylori inoculated rats, a
further significant increase in the prostaglandin E, gener-
ation was observed as compared to the value of this
generation recorded in vehicle-treated animals. Aspirin (50
mg/kg/day i.g.), which by itself increased significantly the
area of gastric ulcers (Fig. 1), suppressed prostaglandin E,
generation in the gastric mucosa by ~ 85%. Addition of
aspirin to H. pylori attenuated significantly the rise in the
prostaglandin E, generation induced by H. pylori.
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As shown in Table 1, the fasting plasma gastrin levels at
day 16 upon ulcer induction averaged 62 + 8 pM/I and this
was significantly elevated in animals inoculated with H.
pylori. The concurrent treatment with aspirin, which sig-
nificantly prolonged the ulcer healing, failed to influence
significantly the plasma gastrin levels in vehicle-treated
gastric mucosa. When aspirin was administered to rats
inoculated three times with H. pylori prior to aspirin treat-
ment, no significant alterations in the plasma gastrin levels
were observed as compared to the values recorded in
animals treated with H. pylori alone (Table 1).

3.3. Effect of vehicle, aspirin with or without combination
with H. pylori on the mRNA expression of cyclooxygenase-
1, cyclooxygenase-2, transforming growth factor alpha and
vascular endothelial growth factor in the gastric mucosa

As shown in Fig. 4, the expression of cyclooxygenase-1
was not significantly altered in rats with gastric ulcers
treated with vehicle, H. pylori or aspirin alone or in those
treated with the combination of aspirin with H. pylori, as
compared to intact mucosa. On the contrary, cyclooxyge-
nase-2 expression was significantly elevated in vehicle-
treated ulcerated gastric mucosa as compared to the intact
gastric mucosa. The cyclooxygenase-2 expression also
remained at the increased level in the rats treated with
aspirin or H. pylori alone or in those treated with the
combination of aspirin and bacteria as compared to that
detected in intact gastric mucosa. However, there were no
significant changes in the mucosal expression of cyclo-
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oxygenase-2 in rats with gastric ulcer treated with vehicle,
aspirin, H. pylori or H. pylori combined with aspirin.

The expression of transforming growth factor alpha and
vascular endothelial growth factor mRNA was detectable as
a faint signal in the intact gastric mucosa (Fig. 5). In the
ulcerated mucosa, a significant increase in the levels of
mRNA expression for transforming growth factor alpha and
vascular endothelial growth factor was observed. The treat-
ment with aspirin resulted in a significant reduction in the
expression of transforming growth factor alpha and vascular
endothelial growth factor mRNAs as compared to those
observed in vehicle-treated animals. In contrast, in rats
treated with H. pylori, the expression of transforming
growth factor alpha and vascular endothelial growth factor
remained at the increased level as compared to those
recorded in intact mucosa. In rats inoculated with H. pylori
followed by aspirin, the expression of the messenger RNA
for these two growth factors was significantly up-regulated
toward the level observed in the vehicle-treated rats (Fig. 5).

3.4. Immunoblot analysis of cyclooxygenase-1 and cyclo-
oxygenase-2 protein expression in the gastric mucosa of rats
treated with vehicle, H. pylori or aspirin alone or aspirin
applied in combination with live H. pylori

As shown in Fig. 6, the expression of cyclooxygenase-1
protein was detectable in the intact gastric mucosa and has
not been altered in rats with gastric ulcer treated with
vehicle aspirin and H. pylori alone or in those treated with
the combination of H. pylori and aspirin. On the contrary,
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Fig. 4. Representative analysis of mRNA expression for cyclooxygenase-1 and cyclooxygenase-2 in the intact gastric mucosa (lane 1), and in those with acetic
acid ulcer treated with vehicle (lane 2), aspirin (lane 3), H. pylori (lane 4) and H. pylori followed by a 10-day treatment with aspirin (lane 5). M—DNA
molecular weight marker, NC—negative control. Bottom—results of densitometry analysis. Asterisk indicates a significant change as compared to the value

obtained in intact gastric mucosa.



P.C. Konturek et al. / European Journal of Pharmacology 451 (2002) 191-202 199

Ulcer + ASA

Ulcer + H. pylori

Ulcer + H. pylori
+ ASA

Intact
Ulcer

e ode v g — cox2

== COX-1

¢== [}-actin

Fig. 5. Representative Western blot analysis of protein expression for
cyclooxygenase-1 and cyclooxygenase-2 in the gastric mucosa of rat
without ulcer (intact) (lane 1), ulcer and treated with vehicle (lane 2), ulcer
and treated with aspirin (lane 3), ulcer and treated with H. pylori (lane 4)
and ulcer with administration of H. pylori followed by a 10-day treatment
with aspirin (lane 5).

the cyclooxygenase-2 expression was undetectable at the
level of protein in the intact gastric mucosa, but increased
significantly in vehicle-treated animals with chronic acetic
acid ulcers. The treatment with aspirin, H. pylori alone or

M 12 34 5NC

the combination of aspirin with live H. pylori did not result
in the further significant change in cyclooxygenase-2
expression, which remained at the increased level similar
to that observed in vehicle-control gastric mucosa (Fig. 6).

4. Discussion

This study demonstrates that gastric inoculation of rats
with H. pylori at the start of the treatment with aspirin,
partly reduced the delay in healing caused by this agent. The
successful colonization of the rat gastric mucosa by H.
pylori was confirmed in our study by quantitative H. pylori
culture and by detection of bacterial DNA by PCR method
as well as by histological examination of neutrophil infiltra-
tion reflecting the inflammatory changes in gastric mucosa,
especially in the area of gastric ulcer. The colonization by H.
pylori of rat gastric mucosa was mild to moderate and
comparable to that in H. pylori-infected mice as shown in
our previous studies (Brzozowski et al., 1998; Konturek et
al.,, 1999) but was definitively less pronounced than that
reported in humans (Dixon et al., 1996). It is of interest that
the H. pylori-infected mucosa not involved in gastric ulcer
failed to show significant inflammation, confirming the
observations by other investigators (Li et al., 1997) that
mild or moderate mucosal inflammation in rats infected with
H. pylori is limited predominantly to the ulcer area in this
species, thus providing a useful model for studying the
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Fig. 6. Representative analysis of mRNA expression for transforming growth factor alpha and vascular endothelial growth factor in the intact gastric mucosa
(lane 1) and in those with gastric ulcer treated with vehicle (lane 2), aspirin (lane 3), H. pylori (lane 4) and H. pylori followed by a 10-day treatment with aspirin
(lane 5). M—DNA molecular weight marker, NC—negative control. Bottom—results of densitometry analysis. Asterisk indicates a significant change as
compared to the value obtained in intact gastric mucosa. Cross indicates a significant change as compared to the value obtained in vehicle-treated control

animals.
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pathogenesis of ulcerogenesis by H. pylori infection, which,
however, may not exactly reflect that occurring in humans.
This notion is supported by the fact that we used H. pylori
isolated from duodenal ulcer patients who show antrum-
predominant gastritis and acid hypersecretion. However, in
our present study, rats infected with H. pylori exhibited
hypochlorhydria rather that acid hypersecretion indicating
that our animal data at least in terms of secretory changes
represent the effects of acute gastric inflammation and,
therefore, could not be extrapolated into the human scenario
of chronic H. pylori infection. Both H. pylori and aspirin
separately delayed healing of preexisting gastric ulcers in
our present study but their combination failed to delay the
ulcer healing more than that achieved by application of
aspirin or H. pylori alone. This could be due to the
suppression of acid secretion by bacteria itself or to the
antisecretory activity of H. pylori derived lipopolysacchar-
ide (LPS) endotoxins (Konturek et al., 1998a,b) that may
result in the reduction in acid secretion and in the limitation
of action of acid-dependent ulcerogens such as aspirin on
ulcer healing. This H. pylori-induced gastric hypochlorhy-
dria, which was not seen in animals treated with aspirin
alone, could result in marked hypergastrinemia observed in
H. pylori-infected animals suggesting that gastrin, originally
recognized for its trophic effect on gastric mucosa, may also
contribute to the acceleration of ulcer healing observed in
rats treated concomitantly with H. pylori and aspirin.

Our observation is in keeping with the notion that the
action of H. pylori and aspirin may not be synergistic on
ulcer healing but actually seems to be antagonistic, at least
in our model with preexisting ulcers induced by acetic acid.
This is in keeping with recent clinical observation by
Hawkey et al. (1998) that in NSAID users with peptic ulcer
treated by conventional acid suppressors such as omepra-
zole, H. pylori eradication was not associated with a
significant enhancement in healing of gastric ulcers as
compared to that in long-term NSAID users who were H.
pylori-infected. Apparently, both these pathogenic factors,
namely, H. pylori and aspirin, each acting independently,
prolonged ulcer healing in human subjects (Hawkey et al.,
1998) and also delayed healing of preexisting experimental
ulcerations in our present study.

Another explanation for the mechanism of H. pylori-
induced acceleration of ulcer healing in rats exposed to
aspirin could be the pronounced enhancement in prosta-
glandin E, production possibly due to overexpression of
cyclooxygenase-2 and the up-regulation of the growth
factors such as transforming growth factor alpha and vas-
cular endothelial growth factor in the ulcer area observed in
animals inoculated with these bacteria. Our data indicate
that exposure of rat gastric mucosa to live H. pylori triggers
mucosal defense mechanisms that appear to attenuate, in
part, the deleterious effect of aspirin on ulcer healing. One
possible explanation for the antagonistic effects of the
combined treatment with aspirin and H. pylori on the ulcer
healing as compared to H. pylori or aspirin applied alone

could be the overexpression of cyclooxygenase-2 by H.
pylori with consecutive elevation of prostaglandin E, pro-
duction in the gastric mucosa. This mechanism could, at
least in part, counteract the inhibition of mucosal prosta-
glandins generation induced by aspirin, since prostaglandin
E, is known to be an important mucosal defensive factor
leading to increased mucosal protection and to a rise in
gastric blood flow and secretion of mucus and bicarbonates
(Wallace, 1996).

The gastric inoculation with H. pylori combined with
aspirin treatment failed to produce further increase in the
mRNA and protein expression of cyclooxygenase-2 as
compared to those detected in H. pylori or aspirin admin-
istered separately to rats with acetic acid ulcers. This rapid
up-regulation of cyclooxygenase-2 mRNA in response to
aspirin has been recognized before and seems to represent a
compensatory response to inhibition of gastric prostaglandin
synthesis (Davies et al., 1997). In agreement to this hypoth-
esis, we have shown in this report that the dose (50 mg/kg/
day) of nonselective cyclooxygenase inhibitor such as
aspirin induced an overexpression of cyclooxygenases-2 at
the level of mRNA and protein but suppressed the cyclo-
oxygenase-1 and cyclooxygenases-2 enzyme activities as
documented by the profound decrease in the generation of
prostaglandin E, in the gastric mucosa in aspirin-treated
animals. Thus, we provided an experimental evidence that
aspirin and H. pylori differ from each other in their ability to
influence the mucosal prostaglandin generation because
aspirin suppressed while H. pylori actually enhanced this
generation. This did not necessarily correspond to another
protective parameter such as gastric blood flow at ulcer
margin that was actually diminished despite the fact that
prostaglandin E, generation was increased in H. pylori-
inoculated stomach. This fall in the gastric blood flow in H.
pylori-infected mucosa paralleled with hyposecretion in
these animals, both being possibly attributed to H. pylori-
cytotoxins such as LPS and ammonia released from these
bacteria (Brzozowski et al., 1995). When H. pylori was
combined with aspirin, the prostaglandin E, generation
remained somewhat higher than that in aspirin alone-treated
animals suggesting that H. pylori, when applied prior to
aspirin, counteracted, in part, the inhibition of endogenous
prostaglandin E, caused by aspirin. Thus, we assume that
the limited effect of aspirin on ulcer healing in H. pylori-
infected stomach is mediated by the rise in the endogenous
prostaglandins derived from H. pylori-induced up-regula-
tion of cyclooxygenase-2 mRNA and protein. This notion is
supported by our finding that under the same experimental
conditions, H. pylori up-regulated both cyclooxygenase-2
mRNA and protein but remained without significant influ-
ence on cyclooxygenase-1 expression. Further studies are
needed to explain whether cyclooxygenase inhibition by
aspirin has beneficial influence on the pathogenic action of
H. pylori in rats with healing of preexisting gastric ulcers. It
is of interest that the presence of aspirin in the stomach
tended to reduce the number of bacteria possibly due to
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direct action of this drug on the growth of this germ (see
Table 1).

On the other hand, recent study showed that H. pylori
impaired the gastric adaptation to aspirin in humans as
evidenced by persistent microbleeding, suggesting that H.
pylori enhances the gastric toxicity of this NSAID (Kon-
turek et al., 1998a,b). In all subjects, aspirin-induced gastric
damage reached its maximum on day 3, while in those
infected with H. pylori, this damage was maintained at a
similar level up to day 14. After H. pylori eradication, the
damage was significantly lessened both in endoscopy and
histology at day 14 and was accompanied by increased
mucosal expression and luminal release of transforming
growth factor alpha (Konturek et al., 1998a,b). Similarly,
as in our present animal study, the prostaglandin E, gen-
eration was significantly greater in H. pylori-positive sub-
jects than after H. pylori eradication, but aspirin treatment
resulted in >90% reduction of this generation independent
of H. pylori status (Konturek et al., 1998a,b). They con-
cluded that gastric adaptation to aspirin was impaired in H.
pylori-positive subjects, but eradication of this bacterium
restored this adaptation process (Konturek et al., 1998a,b).
Our current animal findings appeared to be contradictory to
this observation in humans but the difference could be easily
explained by the difference in experimental conditions and
the fact that we used rats with chronic gastric ulcers, while
their study recruited human volunteers without previous
ulcer history (Konturek et al., 1998a,b). Moreover, the dose
of 50 mg/kg of aspirin applied intragastrically by itself
failed to cause gross mucosal damage in the rat stomach
but prolonged significantly healing of preexisting gastric
ulcerations. Since gastric adaptation in experimental animals
is triggered by the direct contact of the gastric mucosa with
ulcerogen such as aspirin applied in injurious dose (Brzo-
zowski et al., 1990), it is apparent that we could not address
the question as to whether H. pylori infection influences the
phenomenon of gastric adaptation to aspirin in our rat model
with chronic gastric ulcers.

Another attempt in this study was to determine the
interaction of two major mucosal damaging factors such
as H. pylori and aspirin on the expression of mucosal
growth factors such as transforming growth factor alpha
and vascular endothelial growth factor. We found that
aspirin significantly reduced the expression of messenger
RNA for transforming growth factor alpha and vascular
endothelial growth factor in rats with gastric ulcers. The
mechanism of this action is not fully explained but could be
attributed to aspirin-induced depletion of gastric mucosal
prostaglandin synthesis that are known to stimulate growth
factors in the gastric mucosa (Fig. 7). This notion is in
keeping with the observation by Takahashi et al. (1996) that
prostaglandins stimulate vascular endothelial growth factor
and vascular endothelial growth factor expression in gastric
fibroblasts. Aspirin has also been shown to reduce trans-
forming growth factor alpha expression in human rectal
mucosa from individuals with a history of adenomatous
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Fig. 7. Schematic presentation of the possible interaction between aspirin
and H. pylori in ulcer healing.

polyps of the colon (Barnes et al., 1999). All these obser-
vations may indicate that prostaglandins are important
inducers of expression of growth factors in gastric mucosa.
On the other hand, there is also evidence that the increased
expression of growth factors, including transforming growth
factor alpha, vascular endothelial growth factor and gastrin,
contribute to the increased cyclooxygenase-2 expression in
H. pylori-infected mucosa resulting in the increased prosta-
glandin synthesis (Konturek et al., 2001). On the basis of
previous observations and our present findings, we conclude
that suppression of growth factor expression by aspirin,
especially in the area of gastric ulcer, can contribute
significantly to the delay in ulcer healing observed in these
animals. This is supported by the fact that the inoculation
with H. pylori that reversed, in part, the aspirin-induced
suppression of growth factor expression, attenuated the
delay in healing with an accompanying fall in the micro-
circulatory response at the ulcer margin induced by aspirin.

In conclusion, H. pylori attenuates the aspirin-induced
delay in gastric ulcer healing in the rat model and this effect
may be due to the inhibition of gastric acid secretion,
hypergastrinemia, known to exert trophic influence on the
gastric mucosa, and to the up-regulation mRNA and the
activity of cyclooxygenase-2, leading to enhancement of
endogenous prostaglandins and overexpression of mucosal
growth factors, including transforming growth factor alpha
and vascular endothelial growth factor.
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