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pylori-positive patients with duodenal ulcer disease. Can J Gas-
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BACKGROUND: Patients with duodenal ulcer (DU) have an
increased parietal cell mass and sensitivity to secretagogues, with
increased acid output.
AIM: To determine the effect of Helicobacter pylori eradication on
parietal cell sensitivity and gastric acid secretion.
SUBJECTS AND METHODS: Twenty-five H pylori-positive
DU patients and 18 H pylori-negative healthy volunteers were
studied. Serum H pylori immunoglobulin G, basal acid output and
acid secretory response to graded doses of pentagastrin were deter-
mined before and after treatment, at six months and at one year.
Subjects were randomly assigned to ranitidine or sucralfate treat-
ment for six weeks, and all DU patients received bismuth subsali-
cylate, metronidazole and tetracycline for the first two weeks.
RESULTS: H pylori was eradicated in 66% of patients receiving
sucralfate and 92% receiving ranitidine. Compared with healthy
volunteers, DU patients demonstrated a 2.7-fold greater basal acid
output, a 1.3-fold greater peak acid output, significantly higher
acid output for each dose of pentagastrin and a 1.38-fold increase
in the area under the pentagastrin dose acid response curve. Cure
of H pylori, irrespective of ulcer healing regimen, resulted in a grad-
ual decrease in acid secretory capacity with basal acid output, peak
acid output and area under the pentagastrin dose acid response
curve returning to healthy volunteer levels by one year. No de-
monstrable differences were observed in parietal cell sensitivity in
all subjects before or after treatment. These data suggest that dis-
turbances in acid secretion in H pylori-positive DU patients are

not due to an increased parietal cell sensitivity to pentagastrin but
rather due to an increased parietal cell mass with increased capac-
ity to secrete acid, which gradually resolves following cure.

Key Words: Duodenal ulcer; Gastric acid secretion; Helicobacter
pylori

Réaction sécrétoire de l'acide gastrique chez
les patients porteurs d’Helicobacter pylori qui
souffrent d'un ulcère gastro-duodénal
CONTEXTE : Les patients souffrant d’un ulcère gastro-duodénal (UGD)
présentent une masse plus importante de cellules pariétales et une sensibi-
lité accrue aux sécrétagogues, accompagnées d’une augmentation de la
production acide.
OBJECTIF : Déterminer l’effet de l’éradication d’Helicobacter pylori sur la
sensibilité des cellules pariétales et la sécrétion acide gastrique.
SUJETS ET MÉTHODE : Vingt-cinq patients porteurs d’H. pylori souf-
frant d’un UGD et 18 sujets volontaires, exempts d’H. pylori, en bonne
santé, ont participé à l’étude. On a mesuré le taux d’immunoglobulines G
sériques contre H. pylori, la sécrétion acide basale et la réaction de la sécré-
tion acide à des doses graduelles de pentagrastine avant et après le traite-
ment, après six mois et au bout d’un an. Les sujets ont été dirigés au hasard
vers le traitement à la ranitidine ou au sulfacrate d’une durée de six se-
maines, et tous les patients atteints d’un UGD ont reçu du subsalicylate de
bismuth, du métronidazole et de la tétracycline pendant les deux premières
semaines.
RÉSULTATS : H. pylori a été éradiqué chez 66 % des patients traités au
sulfacrate et chez 92 % des patients traités à la ranitidine. Comparativement
aux sujets volontaires en santé, les patients souffrant d’un UGD présentaient
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The relationship between Helicobacter pylori infection
and duodenal ulcer (DU) disease is well established.

H pylori infection is documented in up to 95% of patients
with DU and is associated with an increase in gastric acid se-
cretion. Although acid suppression results in healing of DU,
eradication of infection is required to prevent ulcer recur-
rence (1-5). The exact mechanisms by which H pylori predis-
poses patients to DU remain to be determined.

It has long been recognized that patients with DU have
an increased parietal cell mass, resulting in an increased
maximal acid-secretory capacity (6,7). Parietal cell hyper-
plasia is seen after treatment with gastrin (8) as well as pen-
tagastrin (9), suggesting that the hypergastrinemia associated
with H pylori infection (10-13) is responsible for the in-
creased parietal cell mass in patients with DU. Furthermore,
some studies have demonstrated that DU patients have an
increased parietal cell sensitivity to secretagogues (14-16).
Thus, the increased capacity and responsiveness of the parie-
tal cells to secrete acid (17), together with the impaired in-
hibitory control mechanisms on acid secretion, including a
reduced somatostatin concentration in the gastric mucosa
(18,19), lead to acid hypersecretion in patients with DU.

Several studies have suggested that the acid secretory re-
sponses following ulcer healing vary according to the thera-
peutic agent used. These studies have demonstrated that the
acid secretory response and parietal cell sensitivity decrease
with DU healing following treatment with sucralfate but re-
main essentially unchanged following ulcer treatment with
ranitidine (20-23). The observed failure of ranitidine to de-
crease the secretory responses has been attributed to altered
receptor regulation and/or acid rebound, which has been
documented both in healthy volunteers and in subjects with
healed DU following treatment with H2-receptor antago-
nists (24-27). Whether this effect is simply due to an increase
in parietal cell mass, to an increase in H2-receptor sensitivity
or to a true biological H2- receptor upregulation is unclear.

In the present study, we aimed to determine whether cure
of H pylori infection leads to a decrease in parietal cell mass
and sensitivity to pentagastrin, and examine the influence of
different ulcer treatments. H pylori infection was treated
with bismuth-based triple therapy plus either sucralfate or
ranitidine, which was standard therapy at the time of com-
mencement of the study. Parietal cell mass was measured by
peak acid output (PAO), and parietal cell sensitivity meas-
ured by the median effective dose (ED50) in response to pen-
tagastrin.

PATIENTS AND METHODS
Subjects studied: Twenty-seven patients – 26 male and one
female – with uncomplicated DU disease were recruited at
McMaster University Medical Centre, Hamilton, Ontario,
between 1991 and 1995. For each patient, a DU was docu-
mented endoscopically within one year of commencement
of the study. Ten patients were smokers. H pylori status was
confirmed by serology, histology and culture of antral and
body biopsies. Twelve patients had an active DU, and one
patient also had a prepyloric ulcer at the start of the study.
None of the patients were taking an H2-receptor antagonist,
omeprazole, bismuth compound or antibiotics within four
weeks of commencement of the study. In addition, none of
the patients were on nonsteroidal anti-inflammatory drugs;
however, one patient with polycythemia rubra vera who was
on acetylsalicylic acid at the time of inclusion was main-
tained on acetylsalicylic acid (Table 1). Eighteen H pylori-
negative healthy male volunteers with no prior history of
peptic ulcer disease were recruited through local advertise-
ments within the catchment area of the hospital and were
also studied. None of the volunteers were taking any medica-
tion at the time of study. H pylori status was determined in
the same manner as with the DU patients. Individuals with a
known allergy to study drugs or related products were ex-
cluded. Other exclusion criteria included any contra-
indication to oral or nasal intubation required for endoscopy
or secretory tests.

This study was designed in accordance with the declara-
tion of Helsinki/Tokyo and approved by the Research Advi-
sory Committee of the McMaster University Medical
Centre. Written informed consent was obtained from all
participants before commencement of the study.
Study design: Before inclusion in the study, patients and
volunteers underwent screening by medical history, physical
examination and routine blood work including H pylori se-
rology and urinalysis. All subjects underwent upper gastroin-
testinal endoscopy followed by acid secretory studies.

Investigations were repeated in study subjects at six
weeks, and only in the H pylori-positive patients at six
months and 12 months after commencement of the study.
Patients who failed initial cure were retreated, then restud-
ied six weeks later, and at six months and one year after cure.
Endoscopy and biopsy: At endoscopy, four biopsies were
taken from the antrum (5 cm from the pylorus on the greater
curve) and two from the body (5 cm from the gastroesophag-
eal junction on the greater curve) for histological examina-
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une sécrétion acide basale 2,7 fois plus importante, un pic d’acidité 1,3 fois
plus élevé, une production de secrétions acides significativement plus forte
pour chaque dose de pentagastrine et une surface sous la courbe de la
réaction acide à la dose de pentagastrine 1,38 fois plus grande. L’élimination
d’H. pylori, peu importe le traitement curatif de l’ulcère, s’est traduite par
une diminution progressive de la capacité sécrétoire acide; ainsi, la
sécrétion acide basale, le pic d’acidité et la surface sous la courbe de la
réaction acide à la dose de pentagastrine ont rejoint les valeurs des sujets

sains au bout d’un an. Aucune différence démontrable n’a été observée dans
la sensibilité des cellules pariétales chez tous les sujets avant et après le
traitement. Les résultats donnent à penser que les troubles de la sécrétion
acide chez les patients porteurs d’H. pylori qui souffrent d’un UGD ne sont
pas dus à une sensibilité accrue des cellules pariétales à la pentagastrine mais
plutôt à une augmentation de la masse de cellules pariétales, qui entraîne
une sécrétion accrue acide, mais celle-ci se résorbe graduellement après la
guérison.
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tion and culture. Biopsies for histology were placed in
neutral buffered formalin, and stained with hematoxylin and
eosin; the inflammation was graded as mild, moderate or se-
vere. The presence of H pylori was confirmed with the
Warthin-Starry stain. The specimens for culture were placed
in a sterile container, plated on blood-chocolate agar and
Skirrow’s medium, and incubated under microaerophilic
conditions at 35°C.
Acid secretory study: Within 72 h of each endoscopy, an
acid secretory study was performed using stepped doses of
pentagastrin (12). Following a 12 h overnight fast, a Salem
Sump nasogastric tube (Sherwood Medical, Ireland)
(14 FG) was passed into the stomach via the nose to a dis-
tance of 55 cm and the position checked using the water re-
covery test (28). Gastric juice was collected in 10 min
aliquots by continuous aspiration using a Harvard aspiration
pump assisted by manual aspiration. Residual juice was col-
lected for the first 30 min and then basal secretion collected
for the next 30 min. Pentagastrin (Peptavlon, Wyeth-Ayerst
Canada Inc, Canada) was infused intravenously in graded
doses of 0.0028, 0.0083, 0.025, 0.075, 0.222, 0.667, 2.0 and
6.0 µg/kg/h. Each dose of pentagastrin was made up to a vol-
ume of 50 mL with 0.9% sodium chloride and infused into a
forearm vein by a syringe infusion pump for 30 min. During
each dose infusion, gastric juice was collected in 10 min ali-
quots over the 30 min period. The volume of each 10 min
gastric juice collection was recorded, and the hydrogen ion
activity measured by titration with 0.1 mol/L sodium
hydroxide to pH 7.0 using an autotitrator (Radiometer ETS
822, Denmark). The acid output for each 10 min period was
calculated as the product of volume and hydrogen ion activ-
ity, and the acid output for each step dose of pentagastrin was
determined by the sum of the three consecutive 10 min peri-
ods for that dose, expressed in mmol.

Acid secretory response: Basal acid output (BAO) was de-
termined by taking the gastric juice collected over the sec-
ond 30 min basal period and expressed as mmol/30 min.
PAO was determined by taking the highest acid output over
a 30 min period in response to one dose of pentagastrin and
expressed as mmol/30 min. The pentagastrin dose-response
data for each patient were analyzed and the area under the
curve (AUCp) calculated and expressed as mmol. In addi-
tion, the apparent parietal cell sensitivity (D50) and intrinsic
parietal cell sensitivity (Km) were determined as previously
described by Hirschowitz (29), using an exponential model,

V=Vmax (1–expc-bD)

where V = output and D = dose of pentagastrin. From this
analysis, we obtained the threshold dose:

T=c/b

Km = ln 2/b

D50 = Km – T

D50 is the dose of pentagastrin required to raise the output
from basal to 50% of the calculated maximum output (Vmax)
and is an index of apparent sensitivity. Km is a measure of in-
trinsic sensitivity and is the dose of pentagastrin needed to
raise the output to 50% of Vmax, assuming that the basal out-
put was zero.
Serology: Serology was determined using a standard Pylori
Stat test kit (ELISA for H pylori immunoglobulin [Ig] G anti-
body in human serum; BioWhittaker Inc, USA). With this
kit, serum samples were tested concomitantly with three
standards and two serum controls. Labelled index values for
each standard were provided for linear regression analysis of
test results. Control serum samples with predicted index val-
ues were used to confirm test validity. The results are ex-
pressed as absorbance, and an optical density of 0.80 was
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TABLE 1
Post-treatment Helicobacter pylori status and follow-up of the study population

Status
Post-treatment (n=25)*

(acid secretory studies, n=23) Six months after treatment (n=15)† One year after treatment (n=12)‡

H pylori cure 20 (80%) 8 Sucralfate (66%) 13 6 Sucralfate 11 6 Sucralfate

12 Ranitidine (92%) 7 Ranitidine 5 Ranitidine

Failed initial cure 5 (20%) 4 Sucralfate (34%) 2 1 Sucralfate 1 1 Sucralfate

1 Ranitidine (8%) 1 Ranitidine –

*After treatment, 6/52 after commencement of study (4/52 after triple therapy). Two patients refused post-treatment acid secretory studies but underwent
other investigations. One ranitidine patient was confirmed H pylori-negative after treatment but dropped out. One sucralfate patient failed eradication and
was retreated (see below). Nineteen who were cured and four who failed to be cured had post-treatment acid secretory studies. One sucralfate patient was
H pylori-negative on histology and culture but had two ulcers in the duodenal cap and was retreated with omeprazole 40 mg bid and amoxicillin 750 mg tid
for two weeks with healing (followed for the total duration of the study, and because acid secretory responses were no different from those of patients with
healed ulcers, was incorporated in the initial cured analysis). Patients who failed initial cure were retreated with two weeks of omeprazole 20 mg bid plus
amoxicillin 750 mg tid (n=3; cure was confirmed by biopsy in one patient taking sucralfate and one taking ranitidine; one patient taking sucralfate who re-
fused further treatment and follow-up failed to be cured), or erythromycin 250 mg qid if allergic to penicillin (n=1; one sucralfate patient was still H pylori-
positive on 14carbon urea breath test after retreatment and refused further treatment and follow-up). One sucralfate patient was not retreated because va-
gotomy and pyloroplasty were required; the patient was H pylori-negative on histology and culture after surgery, and acid secretory studies were done
before but not after surgery. †Six months after treatment, of the cured patients, five refused follow-up (one sucralfate patient and one ranitidine patient) and
two were lost to follow-up (one sucralfate patient and on ranitidine patient). For retreated patients, see patients who failed initial cure. ‡One year after treat-
ment, one ranitidine patient was withdrawn following hematemesis secondary to acetylsalicylic acid gastropathy requiring misoprostol and one ranitidine
patient was lost to follow-up. One ranitidine patient was retreated, and the cured patient refused follow-up
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defined as seronegative, 0.80 to 0.99 as equivocal and 0.99 as
seropositive.
Eradication of H pylori infection: Following the initial en-
doscopy and acid secretory study, all subjects were randomly
assigned by a computer-generated randomization code to re-
ceive a six-week course of either sucralfate 1 g qid or raniti-
dine 300 mg per day at bedtime. In addition, the H pylori-
positive DU patients also received metronidazole 500 mg tid
and tetracycline 500 mg qid for the first week and bismuth
subsalicylate one tablet qid for the first two weeks. Compli-
ance was assessed by pill counting at follow-up, and any ad-
verse events were documented in the case study books.

Following the six-week course of therapy, patients who
initially failed to cure H pylori were retreated with what was
considered to be the most effective therapy at the time (ome-
prazole and amoxicillin for two weeks).
Statistics: Each patient acted as their own control, and
group comparisons were made between patients and healthy
volunteers before and after treatment, and with patients
before and after treatment, and at six months and one year.
Statistical analysis was performed using the Wilcoxon

Signed Rank test for paired data and the Mann-Whitney test
for unpaired data. ANOVA was used to compare the dose-
response curves between groups. P=0.05 was considered sig-
nificant.

RESULTS
Of the 27 patients recruited to the study, two patients who
were randomly assigned to the ranitidine arm of treatment
were excluded. One patient was subsequently shown to be
H pylori negative before treatment, and the second patient
refused any post-treatment investigation because he felt so
well. Two additional patients, one in each of the treatment
arms, refused acid secretory studies but underwent all other
investigations. The patient in the ranitidine arm was H pylori

negative, and the patient in the sucralfate arm was H pylori

positive after treatment. The clinical characteristics of the
study population are shown in Tables 1 and 2. All healthy
volunteers were compliant with their medication, whereas
compliance could only be verified in 20 subjects in the pa-
tient population. The remaining five individuals failed to re-
turn either their pill boxes or compliance cards; however, all
otherwise indicated compliance at interview. Three of these
patients were H pylori negative after treatment, and two re-
mained H pylori positive and required a second course of
eradication therapy. All patients were included in the analy-
sis.

H pylori eradication was achieved in 20 of 25 (80%) in-
fected patients (Table 2). Of the 13 patients with an active
ulcer, healing was demonstrated in all but one patient who
required a second course of therapy before confirmed heal-
ing. Ranitidine plus triple therapy achieved an eradication
rate of 92%, whereas sucralfate plus triple therapy achieved
eradication in 66% (P=0.05). In general, the medications
were well tolerated, with 11 patients complaining of mostly
mild, short lived symptoms occurring predominantly during
antibiotic use and settling rapidly thereafter. One patient in
the sucralfate group required a course of nystatin for oral
thrush, and a second patient in the ranitidine group required
a two-week course of metronidazole (500 mg tid) for diarrhea
secondary to Clostridium difficile. Three volunteers complained of
mild abdominal discomfort during the first week of therapy.
Short term acid secretory response before and after H py-
lori eradication: H pylori-positive patients (n=25, Table 2)
demonstrated a significantly higher mean BAO than
healthy volunteers (n=18; P=0.03; Figure 1, Table 3). The
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TABLE 2
Patient characteristics, drug treatment and Helicobacter pylori status after treatment with sucralfate or rinitidine

Subjects n Sex
Age range

(years)
Weight (kg)

mean ± SEM Rx H pylori eradication*

H pylori-positive patients with
duodenal ulcer

24
1

Male (96%)
Female (4%)

19-67 82.71±4.18 12 Sucralfate (48%)
13 Ranitidine (52%)

8 (66%)
12 (92%)*

Healthy volunteers 18 Male (100%) 20-42 79.75±3.36 8 Sucralfate
10 Ranitidine

–
–

*H pylori eradication 6/52 patients after commencement of study (4/52 after triple regimen); † P=0.05 compared with eradication rate achieved with su-
cralfate

Figure 1) Basal acid output (BAO) in healthy volunteers (HV) before
treatment (Pre Rx) and after treatment (Post Rx) and in Helicobacter
pylori-positive patients with duodenal ulcer (DU) disease Pre Rx, and
one month, six months and one year Post Rx. Compared with HV,
Pre Rx BAO increased in DU patients (P=0.03). In HV Post Rx, BAO
increased over Pre Rx levels (P=0.02), and in DU patients BAO
decreased Post Rx but failed to reach significance over Pre Rx levels by
one year (P=0.09).� H pylori-positive patients cured with one course
of eradication therapy; � H pylori-positive patients requiring a second
course of eradication therapy
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acid output to each graded dose of pentagastrin was signifi-
cantly higher than in healthy volunteer levels (P<0.01; Fig-
ure 2). Furthermore, H pylori-positive patients showed
significantly higher mean PAO (P<0.01; Figure 3, Table 3)
and AUCp (P=0.02; Figure 4, Table 3).

Treatment of all patients (n=23; Table 2) was associated
with minimal change in BAO (Figure 1, Table 3), PAO (Fig-

ure 3, Table 3), AUCp (Figure 4, Table 3) and shift in the
dose-response curve (Figure 2). However, when patients
were separated into those who were cured by initial therapy
(n=20) and those who were not (n=5), differences in pre-
treatment acid secretory responses were seen (Figure 5, left).

Cure of H pylori infection four weeks after triple therapy
(n=19; Tables 1 and 2) was associated with a decrease in
BAO (Figure 1), PAO (Figure 3) and AUCp (Figure 4), and
a shift in the dose-response curve to the right (Figure 5,
right). However, the decrease in these parameters failed to
reach significance over pretreatment levels. Moreover, the
acid output to each graded dose of pentagastrin remained sig-
nificantly higher than healthy volunteer post-treatment lev-
els (P<0.01; Figure 5). No significant differences were noted
between patients treated with ranitidine and those treated
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TABLE 3
Basal and pentagastrin-stimulated acid secretory responses in healthy volunteers (HV) and Helicobacter pylori-positive
patients with duodenal ulcer (DU) disease before and after treatment

Before treatment After treatment
Sixmonths after

treatment
One year after

treatment

Acid output HV (18) DU (25) HV (18) DU (23) DU (15) DU (12)

BAO 2.6±0.6 6.9±1.3* 4.7±1.0† 5.6±1.2‡ 4.9±0.9§ 2.9±0.4

PAO 32.1±1.9 43.4±2.7¶ 33.7±2.1 42.0±2.9** 36.7±2.7 31.4±2.5††

AUCp 137.2±9.3 195.8±15.9‡‡ 145.8±10.8§§ 189.9±14.6¶¶ 173.6±13.4*** 145.7±13.5†††

Results are expressed as mean±SEM. There were no significant differences for the following comparisons: DU after treatment versus DU before treatment;
DU six months after treatment versus DU before treatment; DU one year after treatment versus HV before treatment. *P=0.03 HV versus DU before treat-
ment; †Ranitidine increased the basal acid output/30 min (BAO) (P=0.02) in HV after treatment versus HV before treatment, whereas sucralfate had no ef-
fect; ‡P=0.01 DU after treatment versus HV before treatment; §P=0.02 DU six months after treatment versus HV before treatment; ¶P=0.01 HV versus DU
before treatment; **P=0.01 DU after treatment versus HV before treatment; ††P=0.01 DU one year after treatment versus DU before treatment; ‡‡P=0.02
HV versus DU before treatment; §§Ranitidine increased the area under the pentagastrin dose acid response curve (AUCp) (P=0.02) in HV after treatment
versus HV before treatment, whereas sucralfate had no effect; ¶¶P<0.01 DU after treatment versus HV before treatment; ***P=0.03 DU six months after
treatment versus HV before treatment; †††P=0.05 DU one year after treatment versus DU before treatment. PAO Highest acid output/30 mins

Figure 2) Acid output for graded doses of pentagastrin in 18 healthy vol-
unteers (�) and 23 Helicobacter pylori-positive patients with duodenal
ulcer disease (�) before and after treatment. Compared with that in
healthy volunteers, acid output increased in duodenal ulcer patients for
each graded dose of pentagastrin (P<0.01). Although in duodenal ulcer
patients after treatment there was a slight shift in the dose-response curve
to the right, the acid output for each graded dose of pentagastrin remained
higher than that of healthy volunteers (P<0.01)

Figure 3) Peak acid output (PAO) in healthy volunteers (HV) before
treatment (Pre Rx) and after treatment (Post Rx) and in Helicobacter
pylori-positive patients with duodenal ulcer (DU) disease Pre Rx, and
one month, six months and one year Post Rx. Compared with that in HV,
Pre Rx PAO increased in DU patients (P<0.01). In DU patients, PAO
decreased significantly from Pre Rx levels at six months (P=0.02) and
one year (P<0.01) Post Rx. � H pylori-positive patients cured with one
course of eradication therapy; � H pylori-positive patients requiring a
second course of eradication therapy
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with sucralfate, with the exception that patients treated with
sucralfate showed a 45% decrease in BAO (P=0.04),
whereas, with ranitidine treatment, the BAO remained es-
sentially unchanged.

H pylori-positive patients who remained infected (n=5)
demonstrated higher pretreatment acid output for the secre-
tory parameters measured than patients who achieved initial
cure, and these parameters remained unchanged with treat-
ment (n=4; Figures 1, 3, 4, 5).

In healthy volunteers, sucralfate treatment had no effect
on any of the acid secretory parameters measured, whereas
ranitidine treatment resulted in a significant increase in
both BAO (P=0.02; Figure 1, Table 3) and AUCp (P=0.02;
Figure 4, Table 3).
Serology and histology: In H pylori-positive patients, the
mean optical density of the ELISA test was 2.83±0.19, repre-
senting a sixfold increase over that of healthy volunteers
(0.47±0.27; P<0.001; Figure 6). Cure of infection resulted in
a 10% decrease from pretreatment levels (P=0.03; Figure 6).
In patients who failed initial cure, pretreatment mean opti-
cal density was 3.59±0.26 (P=0.03 compared with pre-
treatment cure), and this value remained unchanged follow-
ing treatment. Moreover, in 80% (four of five) of the pa-
tients who failed initial cure, a moderate (n=1) to severe
(n=3) pretreatment chronic active gastritis was noted,
whereas in cured patients only 30% (six of 20) showed a
moderate (n=4) to severe (n=2) pretreatment chronic active
gastritis. After treatment, 92% of patients demonstrated ei-
ther mild chronic gastritis (n=21) or no significant abnor-
mality (n=2), whereas two patients who remained infected
still demonstrated severe chronic active gastritis.
Long term acid secretory response: All cured patients dem-
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Figure 4) Area under the pentagastrin dose response curve (AUCp) in
healthy volunteers (HV) before treatment (Pre Rx) and after treatment
(Post Rx) and in Helicobacter pylori-positive patients with duodenal
ulcer (DU) disease Pre Rx, and one month, six months and one year
Post Rx. Compared with that in HV, the pretreatment AUCp increased
in DU patients (P=0.02). In HV Post Rx, the AUCp increased com-
pared with Pre Rx levels (P=0.02) and in DU patients Post Rx, the
AUCp decreased but just failed to reach significance over Pre Rx levels at
one year Post Rx (P=0.06). � H pylori-positive patients cured with one
course of eradication therapy; � H pylori-positive patients requiring a
second course of eradication therapy

Figure 5) Left Pretreatment acid output to graded doses of pentagastrin in 18 healthy volunteers (�) and in 20 Helicobacter pylori-positive patients
with duodenal ulcer disease who were cured by initial therapy (�) and in five who were not (�). Compared with that in healthy volunteers, acid output in-
creased for each graded dose of pentagastrin in patients who achieved initial cure (P<0.01). In patients who failed initial cure, acid output was higher for
each dose of pentagastrin than in those who achieved cure (P<0.01). Right Post-treatment acid output to graded doses of pentagastrin in 18 healthy volun-
teers (�) and in 19 H pylori-positive patients with duodenal ulcer disease who were cured by initial therapy (�) and four who were not (�). Very little
change is seen in the acid output for each graded dose of pentagastrin, with the exception of a slight shift to the right of the dose response curve for the higher
doses of pentagastrin in the H pylori-positive patients who achieved cure. P<0.01 healthy volunteers versus patients cured by initial therapy; P<0.01 pa-
tients cured by initial therapy compared with patients not cured by initial therapy
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onstrated a gradual decrease in BAO and a shift in the penta-
gastrin dose-response curve to the right (Figure 7). Six
months after cure, all patients (n=15) demonstrated a slight
decrease in basal and pentagastrin-stimulated acid output.
However, the BAO (Figure 1, Table 3), PAO (Figure 3, Ta-
ble 3) and AUCp (Figure 4, Table 3) failed to reach signifi-
cance compared with pretreatment levels. Furthermore, the
BAO and AUCp remained significantly elevated over pre-
treatment healthy volunteer levels, whereas the PAO was no
longer significantly different.

By one year after cure, in all patients (n=12), the BAO
(Figure 1, Table 3), PAO (Figure 3, Table 3) and AUCp
(Figure 4, Table 3) returned to pretreatment healthy volun-
teer levels. The decrease in BAO just failed to reach signifi-
cance compared with pretreatment levels (P=0.09), whereas
the PAO and AUCp decreased significantly (P=0.01 and
P=0.05, respectively). No differences were noted between
patients treated with sucralfate and those treated with raniti-
dine.
Serology and histology: In all cured patients, the H pylori IgG
concentration continued to decrease over time, with an ad-
ditional 14% decrease over post-treatment levels at six
months, and a further 28% decrease over the six-month level
one year after cure (Figure 6). In response to H pylori cure,
the histological appearance continued to improve. Six
months after cure, of 16 patients in whom an upper
gastrointestinal endoscopy with biopsy was performed, seven
demonstrated complete resolution of the inflammatory re-
sponse and nine showed mild nonspecific chronic gastritis.
One year after cure, three additional patients showed resolu-

tion of the inflammatory response and the remaining three
patients had mild nonspecific chronic gastritis.
Parietal cell sensitivity: H pylori-positive patients, irrespec-
tive of ulcer healing therapy, failed to demonstrate any dif-
ferences in either apparent (ED50; Figure 8) or intrinsic (Km;
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Figure 6) Helicobacter pylori serology titres in healthy volunteers
(HV) before treatment (Pre Rx) and after treatment (Post Rx) and in
H pylori-positive patients with duodenal ulcer (DU) disease Pre Rx, and
one month, six months and one year Post Rx. Compared with those in
HV, Pre Rx serological titres increased in DU patients (P<0.01), and
treatment in DU was associated with a decrease from Pre Rx levels
(P=0.03). Pre Rx serological titres in patients who failed initial cure
were higher than those of patients achieving initial cure (P=0.03) and re-
mained unchanged Post Rx. Postcure serological titres continued to de-
crease compared with Pre Rx levels (P<0.01 at six months and one year)
but remained higher than those of HV (P<0.01). � H pylori-positive
patients cured with one course of eradication therapy; � H pylori-
positive patients requiring a second course of eradication therapy

Figure 7) Acid output for graded doses of pentagastrin in healthy volun-
teers (�) before treatment (Pre Rx) and H pylori-positive patients with
duodenal ulcer disease (�) Pre Rx, and one month after treatment (Post
Rx) (see Figure 2), six months and one year Post Rx. Post Rx, there was
a gradual shift in the dose-response curve to the right, with a significant
difference noted over the Pre Rx dose-response curve at six months
(P<0.01), and the dose-response curve is similar to that of healthy vol-
unteers one year Post Rx

Figure 8) Apparent parietal cell sensitivity (median effective dose) in
healthy volunteers (HV) before treatment (Pre Rx) after treatment
(Post Rx) and in H pylori-positive patients with duodenal ulcer (DU)
disease Pre Rx, and one month, six months and one year Post Rx. No dif-
ferences are noted in the median effective dose in HV Pre Rx and Post Rx
and in DU patients Pre Rx, and one month, six months and one year
Post Rx
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Figure 9) parietal cell sensitivity compared with healthy vol-
unteers (Figure 8). In addition, the ED50 and Km remained
unchanged in H pylori-positive patients following eradica-
tion or in healthy volunteers following sucralfate or raniti-
dine (Figures 8, 9).

DISCUSSION
In the present study, we investigated the effect of H pylori in-
fection and cure on the gastric acid secretory responses and
parietal cell sensitivity in patients with DU disease, and ex-
amined the influence of different ulcer treatments on such
changes, comparing the study population with healthy vol-
unteers. In addition, we determined the serological and his-
tological responses to H pylori eradication.

One limitation of the present study was the high dropout
rate at six months and one year after H pylori eradication due
to the difficult nature of the protocol and the good sympto-
matic response to treatment. There was a 40% patient
dropout six months after eradication and a further 12% drop-
out one year after eradication. However, all attempts were
made to maximize follow-up at six months and one year.

All DU patients demonstrated a positive H pylori-specific
antibody titre and evidence of chronic active gastritis with
H pylori infection. They showed a 2.7-fold greater BAO than
healthy volunteers. Eradication of H pylori was accompanied
by a 29% reduction in BAO one month after treatment. In
contrast, El-Omar et al (13) demonstrated a 50% reduction
in BAO. By six months after treatment, a further 10% de-
crease in BAO was evident, and by one year after treatment,
BAO had returned to healthy volunteer levels, in keeping
with the findings of Moss et al (30) and El-Omar et al (13).
Similarly, Harris et al (31) demonstrated a decrease in BAO
in DU patients after H pylori eradication; however, in that
study, BAO levels returned to healthy volunteer levels at six
months. Unlike the above studies, the decrease in BAO in
our study failed to reach significance. A simple explanation
for this is the high degree of variability that was evident be-

tween individual patient results confounded by small patient
numbers. Similarly, Louw et al (32) demonstrated in a study
of nine H pylori-positive DU patients that, after eradication,
there was a tendency for basal and low dose pentagastrin-
stimulated acid secretion to fall over 12 months following
eradication; however, only a reduction in high dose
pentagastrin-stimulated acid secretion achieved significance
at 12 months. Furthermore, if the BAO values determined
from various studies are examined, there is a high degree of
variability in the pretreatment BAO (4.1 to 10.7; mean 7.4),
suggesting that additional patient/host factors such as cyto-
kine gene polymorphism with cytokine profiles (33,34),
blood group antigens, human lymphocyte antigen type, age
of infection and environmental exposure (35) are likely im-
portant. In addition, the use of different therapeutic re-
gimens may be important. However, despite these potential
differences, the BAO was not significantly different among
the El-Omar et al (13) study, the Harris et al (31) study and
the present study at six months (4.5 and 3 compared with
4.9), or between the El-Omar study and the present study at
one year (2.5 compared with 2.9).

Previous studies have indicated that the hypergastrine-
mia associated with H pylori infection resolves one month
after eradication (12,13). This suggests that resolution of ad-
ditional components of the H pylori-associated inflammatory
response is required for the gradual return of BAO to control
levels, including morphological changes in parietal cell mass
and acid-secretory responses.

In keeping with the results of Isenberg et al (14), the
H pylori-positive DU patients demonstrated significantly
higher acid secretory responses to each dose of pentagastrin.
Moreover, the PAO was increased 1.35-fold compared with
healthy volunteer levels, indicating an increase in parietal
cell mass in H pylori-positive patients with DU disease. Cure
of H pylori infection resulted in complete resolution of the
increased acid secretory response and PAO, but with values
only returning to healthy volunteer levels by one year after
treatment. This gradual decline in the acid secretory re-
sponse paralleled the decrease observed in BAO.

Previous studies in DU patients have demonstrated an in-
creased parietal cell mass with an increased capacity to se-
crete acid (7). Because gastrin is a trophic hormone, the long
term hypergastrinemia associated with H pylori infection
might explain the increased parietal cell mass. In patients
with hypergastrinemia secondary to gastrinoma, the in-
creased parietal cell mass generally resolves within three to
six months after curative surgery (36). Although gastrin lev-
els were not measured in the present study, we postulate that,
with H pylori cure and resolution of the hypergastrinemia
(13), there is an associated gradual resolution of the trophic
changes in parietal cell mass, with resultant restoration of
the acid secretory response to healthy volunteer levels. An
additional explanation may lie in the impairment of inhibi-
tory control on gastric secretion at a neuroendocrine level, as
suggested by EL-Omar et al (13), who showed that H pylori-
infected patients with DU had a marked increase in gastrin-
releasing peptide (GRP)-stimulated acid output that ap-
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Figure 9) Intrinsic parietal cell sensitivity (Km) in healthy volunteers
(HV) before treatment (Pre Rx) and after treatment (Post Rx), and in
H pylori-positive patients with duodenal ulcer (DU) disease Pre Rx, and
one month, six months and one year Post Rx. No differences are noted in
the Km in HV Pre Rx and Post Rx and in DU patients Pre Rx, and one
month, six months and one year Post Rx
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proximated maximal acid secretory capacity. Although GRP
stimulates acid secretion via antral G cell-induced gastrin re-
lease, which in turn stimulates parietal cells to secrete acid
(37,38), GRP also stimulates the release of a variety of other
hormones that inhibit acid secretion both at the level of gas-
trin release and at the parietal cell through the release of so-
matostatin (39-45). This suggests that the acid response to
GRP is the result of a dynamic interaction between these
two pathways. In H pylori-infected individuals, several stud-
ies have shown a decrease in stainable D cell concentrations
and messenger RNA expression in the gastric mucosa, which
suggests, as EL-Omar et al (13) have postulated, that there is
an impairment in the GRP-stimulated inhibitory control.
Furthermore, the release of soluble mediators associated with
the chronic active gastritis likely affects the secretory capac-
ity of parietal cells and contributes to the acid hypersecre-
tion. Thus, with the eradication of H pylori, the change in
cytokine profiles associated with the gradual resolution of
the gastritis are likely important contributing factors.

From a clinical perspective Hamlet and Olbe (46) have
demonstrated that the increased acid secretion associated
with H pylori results in an increased duodenal acid load. This
results in duodenal mucosa injury, the development of gas-
tric metaplasia in the duodenal bulb (47) and subsequent
H pylori colonization of the duodenum. Thus, in addition to
gastric acid, H pylori with associated cytotoxins can induce
mucosal damage and lead to the development of DU. One
may conclude that, by decreasing gastric acid secretory ca-
pacity with eradication of H pylori from the gastric antrum
and duodenal metaplastic epithelium, the duodenitis will di-
minish and the duodenal mucosa rendered less susceptible to
acid attack. Moreover, gastrin levels (AUC gastrin) also fall,
and the trophic stimulus to the secretory mass falls with
these gastrin levels (AUC gastrin).

Studies comparing parietal cell sensitivity with gastrin
levels in patients with DU and healthy volunteers have pro-
duced conflicting results. In the present study, despite the
observation that H pylori-infected DU patients secrete more
acid than normal healthy volunteers both under basal condi-
tions and in response to graded doses of pentagastrin, no dif-
ferences were noted in either the apparent or intrinsic parie-
tal cell sensitivity between the two groups or between
H pylori-positive patients before and after treatment. Al-
though these results are in keeping with several studies
(29,40,48-50), other studies have suggested an increase in
parietal cell sensitivity (14,15). In calculating parietal cell
sensitivity from the dose-response curve, it is controversial
whether to plot BAO against the zero dose of pentagastrin or
to subtract the basal output from the acid output at each pen-
tagastrin dose. This consideration is important when com-
paring BAO between H pylori-infected DU patients and
healthy volunteers where the values are different. To allow
for this potential problem, parietal cell sensitivity was calcu-
lated using the method described by Hirschowitz (29) in
which apparent sensitivity (D50) is the dose of pentagastrin
required to raise the output from basal to 50% of the esti-
mated maximum and Km is the dose of pentagastrin required

to raise the output to 50% of maximum if basal output was
zero.

Sucralfate plus triple therapy was associated with a 43%
reduction in BAO in H pylori-infected DU patients, whereas
ranitidine triple therapy was associated with only a 7% re-
duction in BAO. This observation, in conjunction with the
findings by Banerjee et al (23), who demonstrated that su-
cralfate treatment in H pylori-positive DU patients led to a
50% decrease in BAO, suggests that sucralfate treatment is
associated with a reduction in basal acid secretion. Banerjee
et al (23) observed a decrease in the density of H pylori colo-
nization, but not in the severity of the gastritis, suggesting
that sucralfate either decreased acid secretion through the
suppression of H pylori infection or that sucralfate decreased
the density of H pylori infection via a direct action. In the
present study, we observed an H pylori eradication rate of
58% with sucralfate-based triple therapy compared with
a 92% H pylori eradication rate with ranitidine-based triple
therapy. This observation suggests that, although sucral-
fate may have a suppressant effect on the H pylori infection
with a resultant reduction in BAO, ranitidine-based triple
therapy was more effective in the eradication of H pylori.
These different eradication rates may reflect an enhanced
antibacterial action of metronidazole and tetracycline sec-
ondary to ranitidine and bismuth, as suggested by Graham
et al (51).

In this study, healthy volunteers demonstrated pretreat-
ment BAO and stimulated acid output results that were simi-
lar to that seen with both H pylori-negative and H pylori-
positive healthy volunteers, as shown in the El-Omar study
(13). Sucralfate had no effect on the acid secretory response
in healthy volunteers, whereas ranitidine was associated
with an increase in the acid secretory response as evidenced
by a 2.2-fold increase in BAO and a 1.1-fold increase in
AUCp. This observation confirms previous reports (24-26),
suggesting that H2-receptor upregulation with acid rebound
occurs following ranitidine treatment.

In keeping with the results of Cutler and Prasad (52),
eradication of the H pylori infection was associated with a
mean 43% decline in the antibody titre one year after cure.
In addition, 75% of the patients examined at one year
showed resolution of the gastric inflammation.

In H pylori-positive DU patients who failed to eradicate
the infection, there was a higher pretreatment H pylori-spe-
cific antibody titre with a 1.7-fold increase compared with
that of patients achieving primary cure. Moreover, these pa-
tients had a higher basal and pentagastrin-stimulated acid
secretory response. Following treatment failure, no changes
were noted in either the antibody titre or acid secretory re-
sponse. However, cure of the infection following a second
course of treatment with omeprazole and amoxicillin or
erythromycin was characterized by a similar decrease in the
antibody concentration and acid secretory response to pa-
tients achieving initial cure with bismuth-based triple ther-
apy. Although not addressed in the present study, we
postulate that the density of H pylori colonization of the
stomach may be important in this regard. Furthermore, ge-
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netic and environmental factors may predispose patients to
increased bacterial colonization.

Investigators have postulated that the antibacterial activ-
ity of amoxicillin may be improved when the pH of gastric
juice approaches 7 (53-54). Furthermore, increasing doses of
proton pump inhibitors increase the cure rate of H pylori in-
fection (54). We, therefore, hypothesize that a subgroup of
patients with higher serological titres and higher acid secre-
tory response (as observed in those who failed bismuth-based
triple therapy) require a greater degree of acid suppression.

In summary, this study has further confirmed that H py-

lori-positive DU patients have increased basal and penta-
gastrin-stimulated acid secretory responses, which resolve by
one year after cure, in conjunction with a decline in serologi-
cal titres and a resolution of gastric inflammation. However,

this study failed to demonstrate that H pylori-positive DU
patients have increased parietal cell sensitivity. In H pylori-

positive DU patients who failed bismuth-based triple ther-
apy, higher serological titres and acid secretory responses
were observed, which raises the possibility of greater density
of bacterial colonization of the stomach.

Although the mechanisms underlying the increased acid
secretory responses in H pylori-positive patients with DU dis-
ease remain unclear, the duration taken for normalization of
this response as demonstrated in this study suggests that reso-
lution of parietal cell morphological changes are important.
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