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Abstract

Background and Aims Gastric acid plays an important
role in the pathogenesis of gastric mucosal lesions. We
investigated whether aspirin-induced gastric mucosal
injury might have any association with the intragastric pH.
Materials and Methods Fifteen healthy, Helicobacter
pylori-negative volunteers randomly underwent the four
different 7-day regimens: (1) aspirin 100 mg, (2) rabep-
razole 10 mg, (3) aspirin 100 mg + rabeprazole 10 mg,

Study highlights: we demonstrate for the first time that low dose
aspirin induces gastric mucosal injury in the intragastric acidity-
dependent manner in humans. We also show that aspirin induces
dilatation of gastric subepithelial microvessels, which also depends on
intragastric acidity. These endoscopic and histopathological changes
can be prevented by concomitant treatment with rabeprazole, a
proton-pump inhibitor.
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and (4) aspirin 100 mg + rabeprazole 40 mg. Gastric
mucosal injury based on the modified Lanza score (MLS),
24-h intragastric pH, and histopathology of gastric mucosa
were evaluated prior to the start and on day 7 of each
regimen.

Results The median MLSs were 0 in the baseline and the
rabeprazole 10 mg regimen. The median MLS in the
aspirin regimen was 3, while those in both aspirin 4 rab-
eprazole 10 mg and aspirin + rabeprazole 40 mg regimens
were (0. Rabeprazole significantly prevented the gastric
mucosal injury by aspirin (P = 0.001 for rabeprazole
10 mg and P = 0.005 for rabeprazole 40 mg). The MLSs
were negatively correlated with the 24-h intragastric pH
(P = —0.711, < 0.001), whereas aspirin had no effect on
the intragastric pH. Aspirin expanded the mean diameter of
the microvessels of the gastric mucosa, which, in turn, was
negatively correlated with the intragastric pH.
Conclusions Aspirin might induce gastric mucosal injury
by affecting the mucosal microvessels in an acid-dependent
manner. Sustained maintenance of the intragastric pH at an
elevated value is necessary to prevent gastric mucosal
damage induced by aspirin.

Keywords Proton pump inhibitor - Rabeprazole -
CYP2C19 - Microvessel

Abbreviations

COX Cyclooxygenase

CYP2C19 Cytochrome P450 2C19

H. pylori  Helicobacter pylori

™M Intermediate metabolizer

MLS Modified Lanza score

NSAID Non-steroidal anti-inflammatory drug
PG Prostaglandin
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PM Poor metabolizer
RM Rapid metabolizer
Introduction

Recent studies have revealed that the main causes of
development of peptic ulcer diseases are Helicobacter
pylori (H. pylori) infection and non-steroidal anti-inflam-
matory drugs (NSAID) [1]. The prevalence of H. pylori
infection is now decreasing, with an expected decrease in
the incidence of H. pylori-related peptic ulcer. On the other
hand, the use of low-dose aspirin for primary and sec-
ondary prophylaxis against cardiovascular and cerebro-
vascular diseases is increasing [2], and the incidence of
NSAID-related peptic ulcer, particularly that related to the
use of low-dose aspirin, appears now to be increasing [3].
Aspirin inhibits cyclooxygenase-1 (COX-1) activity
and, thereby, platelet aggregation, which contributes to the
prevention of cardiovascular events [4]. However, inhibi-
tion of COX-1 activity decreases the prostaglandin E2
(PGE2) synthesis in the gastric mucosa and affects the
gastric mucosal defense mechanisms, resulting in increased
susceptibility of the gastric mucosa to damage [5]. Because
both prostaglandins and leukotrienes are produced from
arachidonic acid, COX-1 inhibition also results in a spill-
over effect on leukotrienes, including leukotriene B4,
which are known as extremely potent vasoconstrictors and
inducers of inflammation, and may be responsible for some
of the aspirin-induced gastric mucosal damage. Moreover,
at an acidic pH, aspirin enters the gastric mucosal cells by
non-ionic diffusion and induces cellular damage directly,
leading to disruption of the gastric barrier and subsequent
back-diffusion of hydrogen ions into the mucosa, resulting
in local mucosal injury. Through the above-mentioned
pathways, aspirin often induces gastroduodenal lesions [6].
In fact, Yeomans et al. [7] reported that 10.7% of 187
patients under treatment with low-dose aspirin (i.e., 75—
325 mg/day) had peptic ulcer and that 63.1% of these
subjects had gastric erosive lesions. Derry et al. [§]
reported that long-term therapy with aspirin was associated
with a significant increase in the incidence of gastrointes-
tinal hemorrhage and that neither reduction in the dose of
aspirin nor the use of enteric-coated aspirin could reduce
incidence of gastrointestinal hemorrhage. These reports
suggest that low-dose aspirin readily causes gastric
mucosal injury. Therefore, development of an appropriate
strategy for the prevention of gastric mucosal injury
induced by low-dose aspirin is clinically important.
Proton-pump inhibitors (PPIs) are now widely used for
the prevention and control of aspirin-induced gastric
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mucosal injury. Pilotto et al. [9] reported that PPI treatment
was associated with a reduced risk of development of
peptic ulcer lesions in NSAID/aspirin users, and concluded
that co-treatment with a PPI is advisable in patients treated
with an NSAID and/or aspirin. Serrano et al. [10] reported
that antisecretory agents, such as PPIs and histamine H2
receptor antagonists (H2RAs), reduce the risk of upper
gastrointestinal bleeding [RR: 0.22 (0.07-0.75)]. However,
it remains unclear how much acid inhibition is needed for
the prevention of aspirin-induced gastric mucosal injury.

PPIs are mainly metabolized by CYP2C19, and genetic
differences in the activity of this enzyme have been rec-
ognized. Subjects are classified into three groups based on
the genotype of CYP2C19: rapid metabolizers (RMs),
intermediate metabolizers (IMs), and poor metabolizers
(PMs) [11]. In PMs of CYP2C19, plasma levels of PPIs
such as omeprazole and lansoprazole are markedly
increased, and the pharmacodynamic effect of PPIs (i.e.,
acid inhibition) is enhanced in comparison with that in IMs
or RMs of CYP2C19. As a matter of fact, the cure rate of
H. pylori infection by PPI-based therapy depends on the
CYP2C19 genotype status, and the rates in the PMs have
been shown to be the highest [12]. On the other hand,
rabeprazole (rabeprazole) is reduced mainly via a non-
enzymatic pathway to thioether-rabeprazole [13, 14], and
the acid-inhibitory effect of rabeprazole has been consid-
ered to be less influenced by the CYP2C19 genotype as
compared with that of the other PPIs [15, 16], although
several studies have contrarily suggested that the plasma
levels of rabeprazole and the gastric acid-inhibitory effect
of rabeprazole are also quite dependent on the CYP2C19
status [17, 18].

Therefore, we investigated the relationship between the
severity of aspirin-induced gastric mucosal injury and the
intragastric pH. We also examined whether the preventive
effect of rabeprazole against aspirin-induced gastric
mucosal injury depended on the CYP2C19 genotype status.

Materials and Methods
Subjects and CYP2C19 Genotyping

Blood samples were obtained from 59 healthy Japanese
volunteers after obtaining written informed consent from
each of them. Deoxyribonucleic acid (DNA) was extracted
from each subject’s leukocytes using a commercially
available kit (Iso-Quick; ORCA Research, Bothell, WA,
USA). Genotyping for identifying the CYP2C19 wild-type
gene (1*) and the 2 mutated alleles, CYP2C19%*2 in exon 5
and CYP2C19%3 in exon 4, was performed by a polymerase
chain reaction-restriction fragment length polymorphism
method using allele-specific primers. Based on the
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CYP2C19 genotype, the subjects were classified into three
groups: RMs (*1/%1), IMs (*1/%2 or *1/*3), and PMs
(*2/*%2, *2/*3, or *3/*3). The presence of H. pylori infec-
tion was screened by a serological test (HM-CAP Kkit;
Enteric Products, Stony Brook, NY, USA).

A total of 15 H. pylori-negative healthy volunteers
(5 RMs, 5 IMs, and 5 PMs) were enrolled in this study
after obtaining their informed consent. Serum pepsinogen
(PG) T and PG II levels were measured by radioimmu-
noassay (Abbott Japan, Tokyo, Japan), and the PG
I-PG 1II ratio was calculated for serologic evaluation of
the presence/absence of atrophic gastritis in all the 15
subjects enrolled in the study. None of them consumed
alcohol or smoked for at least 2 weeks prior to the study
period and they also abstained during the study period.
None of the subjects had taken any drugs for at least
2 weeks prior to the study period, nor took any drugs
during the study period.

Study Protocol

This was an open-label single-arm protocol study. Firstly,
all subjects underwent endoscopy and 24-h intragastric pH
monitoring to obtain baseline data and to confirm that none
of the subjects had any severe gastroduodenal disorders or
abnormal gastric acid secretion before initiation of any of
following four regimens. Secondly the subjects were
administered the following all four regimens for 7 days
and were allocated following order: aspirin 100 mg od
(Bayaspirin 100 mg; Bayer, Osaka, Japan; aspirin regi-
men), rabeprazole 10 mg od (Pariet; Eisai, Tokyo, Japan;
rabeprazole 10 mg regimen), aspirin 100 mg od plus rab-
eprazole 10 mg od (aspirin + rabeprazole 10 mg regi-
men), and aspirin 100 mg od plus rabeprazole 10 mg qid
(aspirin + rabeprazole 40 mg regimen). On day 7 of each
regimen, endoscopy and 24-h intragastric pH monitoring
were repeated, as described later. A washout period of at
least 2 weeks was set between the two treatments.

All subjects were provided with two low-fat meals on
day 7 (lunch at 1200 hours, dinner at 1800 hours). Mineral
water was allowed as needed, but no other beverages were
permitted. The study protocol was approved in advance by
the Ethics Committee of Hamamatsu University School of
Medicine.

Endoscopy and Collection of Gastric Mucosal Samples
for Histopathology

Endoscopy was performed after the subject had fasted
overnight, with an Olympus GIF-XQ 240 flexible gastro-
scope (Olympus Corporation, Tokyo, Japan) introduced
using the xylocaine throat spray. During the endoscopy,
more than 40 pictures were taken by an expert endoscopist

who was blinded to any other information about the sub-
ject. Endoscopic images were also recorded on video. The
grade of gastric mucosal injury was graded independently,
based on the modified Lanza score (MLS) system (Grade
0 = no erosion/hemorrhage, Grade 1 = 1-2 lesions of
erosion and/or hemorrhage are localized in one area of the
stomach, Grade 2 = 3-5 lesions of erosion and/or hemor-
rhage are localized in one area of the stomach, Grade
3 = 6-9 lesions of erosion and/or hemorrhage are localized
in one area of the stomach or no more than 10 lesions
appear in two areas in the stomach, Grade 4 = erosion and/
or hemorrhage appear in three areas in the stomach or no
less than 10 lesions in the whole stomach, and Grade
5 = gastric ulcer) [19, 20], by two other expert endosco-
pists who were also blinded to any information about the
subjects. When the two endoscopists differed on the score
assigned, they arrived at a consensus by reviewing the
video images.

Biopsy specimens were taken from the gastric mucosa
free of macroscopic gastric mucosal injury from three
points: the major curvature of the gastric antrum, minor
curvature of the lower part of the gastric corpus, and major
curvature of the upper part of the gastric corpus. The
gastric biopsy specimens were stained with hematoxylin-
eosin (H&E). The severities of gastritis and inflammation
were assessed according to the updated Sydney system
[21]. The mean score from the three points was used as the
gastritis score in each subject. The diameters of the sub-
epithelial microvessels were determined by measurement
of the minor axis of each vessel, because the length of the
vascular longer axis, but not that of the minor axis, depends
on the angle of the section. The mean diameter of 30
randomly selected subepithelial microvessels from three
points was calculated. A single pathologist (H.S.) who was
unaware of any clinical information about the patients
examined all the biopsy specimens.

Twenty-Four-Hour Intragastric pH Monitoring

Twenty-four-hour intragastric pH monitoring was per-
formed in each trial phase. At 30 min after the endoscopy,
an antimony pH catheter (Medtroinc, Minneapolis, MN,
USA) was inserted transnasally under local anesthesia and
placed 5 cm distal to the gastric cardia. The intragastric pH
data were recorded with a Digitrapper MK III (Medtronic
Functional Diagnostics, Skovlunde, Denmark).

Symptom Index
Symptoms such as heartburn, abdominal pain, indigestion,
diarrhea, and constipation were assessed using the GSRS

questionnaire [22], with minor modification. Each of the
above symptoms was graded on a scale of 1-7.
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Statistical Analysis

The intragastric pH values, the percent time period for which
the intragastric pH remained at <4.0, the MLS values, the
symptom scores and the histological values were expressed
as the median (and range). The median intragastric pH
values over 24 h were obtained from the raw pH values.
Statistically significant differences in the median MLS and
median intragastric pH values among different regimens
(i.e., control, rabeprazole 10 mg, aspirin, aspirin + rabep-
razole 10 mg, and aspirin 4+ rabeprazole 40 mg) were
determined by Friedman’s test followed by Wilcoxon’s
signed-rank test. Statistically significant differences in the
values of MLS and intragastric pH among the different
CYP2C19 genotype groups were determined by the Mann—
Whitney U test when a significant difference was observed
by the Kruskal-Wallis test. Statistically significant associa-
tions between the MLS and intragastric pH during the
treatments including low-dose aspirin were assessed by
calculating Spearman’s correlation coefficients.

All the statistical analyses were performed with the
StatView software (SAS Institute, Cary, NC, USA). All P
values were two-sided, and P < 0.05 was considered as
indicating statistical significance.

Results

In all the 15 subjects enrolled in the study, the study was
completed according to protocol between November 2006
and November 2007 at the university hospital. There were
no significant differences in the demographic or clinical
characteristics (e.g., age, sex, and PG I/PG II) at baseline
among the different CYP2C19 genotype groups (Table 1).
None of the subjects experienced any adverse events
associated with aspirin, such as gastrointestinal hemor-
rhage or major abdominal symptoms.
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Fig. 1 Gastric mucosal injury with different regimens; baseline,
aspirin, rabeprazole (RPZ) 10 mg, aspirin + RPZ 10 mg, and aspirin +
RPZ 40 mg. Gastric mucosal injury was given as modified Lanza
score (MLS). Treatment with RPZ 10 mg did not change the MLS in
comparison with the baseline. The 7-day treatment with aspirin
significantly increased the median MLS in comparison with those of
baseline and RPZ 10 mg (P < 0.005, 0.005). However, the concom-
itant treatment with RPZ 10 mg inhibited the aspirin-induced increase
of MLS. The concomitant treatment with aspirin and RPZ 40 mg
decreased the maximum of the MLS from 2 to 1, although the median
MLS with this regimen did not change

Aspirin-Induced Gastric Mucosal Injury and Preventive
Effect of Rabeprazole

The changes in the MLS in each subject associated with the
different treatments are shown in Fig. 1. The median
(range) MLS in the baseline was O (0-1). Significant
increase of the median MLS (3, 0-5) was observed in the
aspirin regimen in comparison with that in the control.
Next, the median MLS in the Rabeprazole 10 mg regime
decreased to 0 (0-3). However, the aspirin-induced gastric
mucosal damage was attenuated in the aspirin 4 rabep-
razole 10 mg regimen; the median MLS in this regimen
was 0 (0-2), as in the baseline and rabeprazole 10 mg

Table 1 Demographic characteristics of H. pylori-negative volunteers with different CYP2C19 genotype groups

RM (n =5) IM@n=)5) PM (n =5) P value
Genotype status *1/%1 (n = 5) *1/%2 (n = 3) *2/%3 (n = 5)
*1/%3 (n = 2)

Age (year) 21 (19-24) 20 (19-24) 21 (20-21) 14
Sex (male/female) 3:2 4:1 3:2 74
Body weight (kg) 56.0 (47.0-63.0) 55.0(50.0-71.6) 60.0 (55.0-63.0) .50
PG I (ng/ml) 43.7 (30.0-64.3) 46.8 (40.3-52.7) 46.2 (35.7-57.4) .98
PG II (ng/ml) 8.3 (5.7-11.7) 8.0 (7.0-9.0) 8.0 (7.3-9.6) .82
PG 1I/PG 1I ratio 5.3 (4.8-6.0) 5.9 (5.6-6.0) 5.7 (4.5-7.6) .55

Age, body weight, PG levels, and PG I/PG 1I ratio are given as median (ranges)
RM Rapid metabolizer of CYP2C19, IM intermediate metabolizer of CYP2C19, PM poor metabolizer of CYP2C19, PG Pepsinogen
*] Wild type, *2 CYP2C19*2 mutation in exon 5, *3 CYP2C19*3 mutation in exon 4
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regimen. Although the median MLS was similarly 0 in the
aspirin + rabeprazole 40 mg regimen, the maximum MLS
also decreased in this group from 2 to 1.

Twenty-Four-Hour Intragastric pH With the Different
Regimens

The median 24-h intragastric pH and the percent time per-
iod over which the intragastric pH remained at <4 for each
treatment are summarized in Fig. 2. The median 24-h
intragastric pH was increased in the groups treated with
rabeprazole as compared with that in the baseline. The
median 24-h intragastric pH in the rabeprazole 40 mg reg-
imen was significantly higher than that in the rabeprazole
10 mg regimen (P < 0.001). There were no significant
differences in the median 24-h intragastric pH between
baseline and aspirin regimen, rabeprazole regimen and
aspirin + rabeprazole 10 mg regimen (Fig. 2a).

The median percent time period over which the intra-
gastric pH remained at <4 was significantly decreased in
the patients receiving rabeprazole as compared with that in
the baseline. This parameter was significantly shorter in the
rabeprazole 40 mg regimen as compared with that in the
rabeprazole 10 mg regimen (P < 0.001). There were no
significant differences in the median percent time period
over which the intragastric pH remained at <4 between
baseline and aspirin regimen, rabeprazole regimen and
aspirin + rabeprazole 10 mg regimen (Fig. 2b).

We determined the effect of aspirin on the gastric acid
secretion in the subjects treated with or without rabeprazole
and observed that aspirin had no influence on the intragastric

>

Median 24-h intragastric pH
o

Aspirin - (-) ) ) (+) +)
RPZ (-) () 10mg 10mg 40 mg

Fig. 2 Median 24-h intragastric pH (a) and percent time for
intragastric pH <4 (b) with different regimens. a Median 24-h
intragastric pH was increased by the regimens including RPZ (i.e.,
RPZ 10 mg, RPZ 10 mg with aspirin, RPZ 40 mg with aspirin) in
comparison with that of baseline. The median 24-h intragastric pH
attained by RPZ 40 mg was significantly higher than that by RPZ
10 mg (P < 0.001). However, aspirin alone did not change the

pH or on the percent time period over which the intragastric
pH remained at <4 (Fig. 2a, b).

Correlation Between the Severity of Mucosal Injury
and the Intragastric Acidity

The correlations between the MLS following treatment
with aspirin and the mean 24-h intragastric pH or per-
centage time period over which the intragastric pH
remained at <4 are shown in Fig. 3. The 24-h intragastric
pH and the percent time period over which the intragastric
pH remained at <4 were each significantly related to the
MLS, with correlation coefficients of —0.711 and 0.730,
respectively (P < 0.001 for both; Fig. 3a, b). There was a
statistically significant difference in the MLS between
subjects with an intragastric pH value of <4 and those with
the value of >4; the MLS was 0 in 20 of 29 subjects with a
24-h intragastric pH of >4, while it was 0 in only 2 of the
16 subjects with a 24-h intragastric pH of <4.0 (P < 0.001;
Fig. 4).

Histopathological Changes Induced by Aspirin With/
Without Rabeprazole in Relation to the Intragastric
pH and Mucosal Injury

Although aspirin induced endoscopic gastric mucosal
injury, the median of the activity scores was O in all the
subjects treated with aspirin in this study. Similarly, the
scores for inflammation remained uninfluenced by treat-
ment with aspirin in the study groups (data not shown).

B | I
T l 1
*
T N 1
100 7
90 1
801
70 ] o o
60 7 o

%time to intragastric pH < 4
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*P <0.001

median 24-h intragastric pH. b The median percent time for
intragastric pH <4 was significantly decreased by the regimens
including RPZ in comparison with that of baseline. The median
percent time for intragastric pH < 4 attained by RPZ 40 mg was
significantly shorter than that by RPZ 10 mg (P < 0.001). However,
aspirin alone did not change the median percent time for intragastric
pH <4
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Fig. 3 Correlation between aspirin-induced gastric mucosal injury
and intragastric acidity. a Correlation between 24-h intragastric pH
and MLS and b correlation between the percent time for intragastric
pH <4 and MLS after 7-day treatment with different regimens

Grade 5
pH<4 Grade Grade
(n=16) 1 3
pH24 Grade Grade
(n = 29) 0 : |
Grade 2
0% 20% 40% 60% 80% 100%
* P < 0.0001

Fig. 4 The frequencies of MLSs by aspirin stratified by median 24-h
intragastric pH > 4 (n = 29) or < 4 (n = 16). There was a statisti-
cally significant difference between incidences of MLS in the subjects
with intragastric pH > 4 and those <4. The MLS of 0 was found in 20
of 29 subjects with intragastric pH > 4, while only 2 of 16 subjects
with pH < 4.0 had MLS of 0 (P < 0.0001)

Treatment with aspirin for 7 days significantly increased
the median diameter of the subepithelial microvessels
(18.0 um, 13.0-22.3) as compared with that in the baseline
regimen (11.3 um, 8.7-16.0). In the concomitantly treated
aspirin + rabeprazole 10 mg regimen, significant decrease
of the diameter (14.0 um, 9.7-21.7) as compared with that
in the aspirin-alone regimen was observed. The median
diameter of the microvessels in the aspirin + rabeprazole
40 mg regimen (11.3 pm, 8.7-19.3) was almost the same
as that in the baseline regimen (Fig. 5).

Histopathological findings with different regimens in a
representative case are shown in Fig. 6. Subepithelial
microvessels were dilated with aspirin in comparison with
control and treatment with rabeprazole alone (cf. Fig. 6b
with a and c). When aspirin was administered with rab-
eprazole 10 or 40 mg, such dilation was suppressed
(Fig. 6d, e).
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including aspirin. The 24-h intragastric pH level and the percent time
for intragastric pH < 4 are each significantly correlated to MLS with
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Fig. 5 Changes in the length of a minor axis of gastric subepithelial
microvessels with different regimens. The length of minor axis of
microvessel in aspirin regimen was significantly wide compared with
those of baseline and RPZ 10 mg regimen. In the concomitant of RPZ
and aspirin regimen, those decreased according to RPZ doses

The correlations among the intragastric acidity, the
histological parameters and the MLSs are shown in Fig. 7.
The intragastric pH was significantly correlated with the
mean diameter of the subepithelial microvessels (Fig. 7a),
but not with the scores for the activity of gastritis (Fig. 7b, c).
The mean diameter of the subepithelial microvessels was
significantly correlated with the MLS (Fig. 7d), but the
scores for gastritis activity and inflammation were not
(Fig. 7e, 1).

Symptoms by Aspirin With/Without Rabeprazole
The median scores of all the gastrointestinal symptoms

remained one throughout the study periods. No statistical
significant differences in the symptom scores were
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Fig. 6 Histopathological
findings of a representative case
with different regimens.

a Baseline, b aspirin,

¢ rabeprazole 10 mg,

d aspirin + rabeprazole 10 mg,
e aspirin + rabeprazole 40 mg.
Bar 10 pm

observed among the different treatments (details of data not
shown).

Effect of the CYP2C19 Genotype Status
on the Intragastric pH and MLS

The median 24-h intragastric pH, the percent time period
over which the intragastric pH remained at <4 and the
median MLS associated with the different treatments as a
function of the CYP2C19 genotype status are summarized
in Table 2. The median 24-h intragastric pH in the aspi-
rin 4 rabeprazole 40 mg regimen differed significantly
among the different CYP2C19 genotype groups (IMs vs
PMs, P = 0.028), while in the rabeprazole 10 mg and
aspirin + rabeprazole 10 mg regimens, there was a ten-
dency towards an increase in the intragastric pH in the PMs
as compared with that in the other two genotype groups,
although the differences were not statistically significant.
Similarly, there were statistically significant differences in
the percent time period over which the gastric pH remained
at <4 attained in the aspirin + rabeprazole 40 mg regimen
among the three different CYP2C19 genotype groups (IMs
vs PMs, P = 0.008). However, no significant differences in
the MLS associated with any of the treatments were
observed among the different CYP2C19 genotype groups.

Discussion
In this study, we observed that short-term treatment with

low-dose aspirin induced gastric mucosal injury, which
was prevented by rabeprazole, one of the representative

PPIs, and that the severity of the gastric mucosal injury
induced by aspirin was closely related to the intragastric
pH. When the intragastric pH was controlled at higher than
4 in a sustained manner, the aspirin-induced mucosal injury
could be effectively prevented. Therefore, we believe that
to prevent aspirin-induced gastric mucosal injury, the 24-h
intragastric pH should be maintained at higher than 4 by
concomitant treatment with a PPIL.

The role of gastric acid in the pathogenesis of NSAID-
induced gastric mucosal injury was intensively studied by
Funatsu et al. [23]. They studied the gastric mucosal
microcirculation in rats treated with diclofenac in the
absence and presence of acid. They found that the gastric
mucosal microcirculation was significantly decreased by
diclofenac in the presence of acid. Elliott et al. [24]
reported that indomethacin induced gastric mucosal injury
in an intragastric pH-dependent manner. Kitchingman et al.
[25] reported that the higher intragastric pH levels associ-
ated with the administration of ranitidine attenuated aspirin-
induced gastric mucosal injury. These reports indicate that
gastric acid plays an important role in the pathogenesis of
gastric mucosal injury induced by NSAIDs, including
aspirin. In fact, sufficient gastric acid inhibition by a high
dose of an H2RA or PPI is reported to be a useful strategy
for the prevention of NSAID/aspirin-related gastric lesions.
However, no studies have demonstrated how much gastric
acid inhibition is needed for the prevention of gastric
mucosal injury by low-dose aspirin. In the present study,
aspirin-induced gastric mucosal injury was rarely observed
in subjects in whom the intragastric pH was controlled at
higher than 4. Therefore, we propose that the intragastric
pH should be sufficiently suppressed for the prevention of
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Fig. 7 The correlations of intragastric acidity with histological
parameters: small vessel diameter (a), activity of gastritis (monocyte
infiltration) (b) and inflammation (poly-nuclear cell infiltration) (c)
and those of histological parameters, such as vessel diameter (d),
activity of gastritis (e) and inflammation (f) with MLSs. The
intragastric acidity was significantly correlated with subepithelial
microvessel diameter, and higher 24-h pH value decrease diameter of

gastric mucosal injury during aspirin dosing (i.e., intra-
gastric pH >4).

Whether NSAIDs including low-dose aspirin might
affect gastric acid secretion has not yet been fully eluci-
dated. Savarino et al. [26] reported an increase of the gastric
acidity after NSAID treatment for a month in female
patients with rheumatoid arthritis of recent onset, whereas
Janssen et al. [27] reported that indomethacin did not
influence the intragastric pH in rheumatoid arthritis
patients, irrespective of the presence/absence of a history of
peptic ulcer disease. In the present study, low-dose aspirin
did not influence gastric acidity. Therefore, we think that, at
the dose used in the present study, aspirin induces gastric
mucosal injury, but does not affect gastric acid secretion.

There are several reports on the effects of aspirin on the
histopathology of the gastric mucosa, some of which
indicate that aspirin induces inflammation in gastric
mucosa [28, 29]. In the present study, we examined the

@ Springer

subepithelial microvessel (a). However, there was no significant
correlation with intragastric pH value and inflammatory cell infiltra-
tion (b,c). The MLS score was significantly correlated with subep-
ithelial microvessel diameter, and according to increasing MLS score,
the diameter of subepithelial microvessel gradually increased (d).
However, there was no significant correlation with MLS score and
inflammatory cell infiltration (e,f)

effects of low-dose aspirin on the histopathology of the
gastric mucosa in humans based on the updated Sydney
system and found that aspirin did not induce inflammatory
cell infiltration of the gastric mucosa. Whether aspirin
induces inflammation of the gastric mucosa in humans,
therefore, remains to be verified in a future study.

In the present study, we found that the median diameter
of the gastric mucosal subepithelial microvessels was
increased following treatment with low-dose aspirin. Yao
et al. [30] previously reported that the gastric mucosal
subepithelial microvessels were expanded by aspirin,
which we confirmed in this study. Interestingly, we
observed that this increase in the microvessel diameter was
inversely correlated with the intragastric pH, indicating
that aspirin influences the microvessels of the gastric
mucosa in an acid-dependent manner. Kitahora et al. [31]
reported that aspirin alone had no effect on the superficial
gastric mucosal microcirculation in the rat, but that
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Table 2 Median 24-h intragastric pH with different regimen as a function of CYP2C19 status

Parameter Regimen RM (n =5) IM (n=25) PM (n =5) P value

Median 24-h intragastric pH Control 2.3 (1.4-2.5) 1.5 (0.9-2.5) 1.3 (1.2-2.0) 11
RPZ 10 mg 5.5 (3.8-5.6) 5.2 (47-5.9) 5.9 (4.9-6.2) .34
Aspirin 2.5 (0.8-3.3) 2.2 (1.0-2.8) 1.8 (1.0-2.8) .65
Aspirin + RPZ 10 mg 5.3 (3.4-5.9) 5.0 (4.4-5.6) 6.0 (5.4-6.8) .06
Aspirin + RPZ 40 mg 7.0 (6.2-7.9) 6.4 (6.1-7.5)* 7.6 (1.3-8.4) .05

Percent time for intragastric pH < 4 Control 86.3 (82.1-93.7) 92.9 (89.7-96.7) 93.2 (87.7-98.1) .67
RPZ 10 mg 33.2 (29.8-59.7) 39.6 (18.8-41.9) 24.6 (10.9-35.8) 15
Aspirin 82.2 (67.1-98.1) 90.4 (76.5-99.0) 86.5 (78.4-95.6) 77
Aspirin + RPZ 10 mg 37.7 (31.6-67.2) 39.0 (35.3-50.5) 32.2 (8.9-37.8) 1
Aspirin + RPZ 40 mg 3.0 (0.0-21.7)* 6.9 (3.1-14.0)** 0.0 (0.0-0.3) .02

Modified Lanza score Control 0 (0-0) 0 (0-1) 0 (0-1) 31
RPZ 10 mg 0 (0-0) 0 (0-1) 0 (0-3) .36
Aspirin 3 (04 3 (1-5) 3 (1-3) 42
Aspirin + RPZ 10 mg 1 (0-1) 0 (0-2) 0 (0-1) .34
Aspirin + RPZ 40 mg 0 (0-1) 0 (0-1) 0 (0-0) 31

All values are given as median with range
* P < 0.01 (vs PM in aspirin + RPZ 40 mg regimen)
** P < 0.05 (vs PM in aspirin + RPZ 40 mg regimen)

application of hydrochloric acid induced the formation of
numerous white thrombi in the arterioles and venules,
which resulted in disruption of the blood flow. Although
we could not detect the formation of white thrombi in the
microvessels by usual optical microscopy, we assume that
stasis of the microcirculation by thrombi induced to form in
an acid-dependent manner by aspirin might be reflected by
the increase in the microvessel diameter. However, further
studies will be needed to precisely clarify the effects of
aspirin on the gastric mucosal microcirculation in humans.

As compared with other PPIs, the metabolism of rab-
eprazole has been reported to be influenced to a lesser
degree by genotypic differences in CYP2C19. However,
several reports have demonstrated that the metabolism and
plasma levels of rabeprazole and its acid-inhibitory effects
depend on the CYP2CI19 genotype status [16]. In the
present study, we observed CYP2C19 genotype-dependent
differences in the intragastric pH during treatment with
40 mg rabeprazole, whereas the preventive effect of rab-
eprazole against low-dose aspirin-induced gastric mucosal
injury did not depend on the CYP2C19 genotype status.
We think that the acid-inhibitory effect of rabeprazole in
RMs of CYP2C19 is sufficient for the prevention of low-
dose aspirin-induced gastric mucosal injury. In fact, the
mean intragastric pH obtained by treatment with 10 mg
rabeprazole daily was 5.3 in the present study. Shimatani
et al. [32] also reported that the mean 24-h intragastric pH

obtained with rabeprazole treatment at 10 mg daily was 4.0
in RMs of CYP2C19.

Finally, we have to interpret our study results within the
scope of the limitations of this study, as follows: firstly, the
study period might have been too short; and secondly, our
study subjects were young, healthy, and H. pylori-negative
individuals, different from the usual recipients of low-dose
aspirin treatment. Therefore, our study should be consid-
ered as preliminary, and further studies with the enrollment
of older subjects treated with low-dose aspirin for longer
periods of time are needed.

In conclusion, the present study demonstrated that low-
dose aspirin induces gastric mucosal injury in an acid-
dependent manner. We confirmed that sufficient acid
inhibition (i.e., 24-h intragastric pH > 4) is important for
the prevention of gastric injury induced by low-dose
aspirin. Daily treatment with 10 mg rabeprazole could
prevent aspirin-induced gastric mucosal injury, irrespective
of the CYP2C19 genotype status.
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