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Abstract
Eradication of Helicobacter pylon is associ-
ated with a fail in serum gastrin but the way in
which the infection raises the serum gastrin
concentration is not clear. It may be related to
the ammonia produced by the bacterium's
urease stimulating gastrin release by the antral
G cells. Alternatively, the antral gastritis
induced by the infection may modify the regu-
lation of gastrin release. We have examined
serum gastrin in 10 patients before and 24
hours after starting triple anti-H pylon treat-
ment consisting of tripotassium dicitrato
bismuthate 120 mg four times daily, metro-
nidazole 400 mg three times daily, and amoxy-
cillin 500 mg three times daily. The urease
activity, assessed by the 20 minute value of the
14C-urea breath test, fell from a median of 176
(range 116-504) kg% dose/mmol CO2x 100 pre-
treatment to 5 (2-15) at 24 hours (p<0.005).
The median antral gastritis score was 6 (4-6)
pretreatment and fell to 3 (2-5) at 24 hours
(p<0.02), and this was due to resolution of the
polymorphonuclear component. Despite this
complete suppression of bacterial urease
activity and partial resolution of antral gastritis
the median basal gastrin concentration
remained unchanged, being 57 ng/l (45-77)
pretreatment and 59 ng/l (45-80) at 24 hours

)5

and the median integrated gastrin response to a
standardised meal was also unaltered, being
4265 ng/l/min (range 1975-8350) and 4272 ng/1/
min (range 2075-6495) respectively. These
findings do not support a causal association
between H pylon urease activity and hyper-
gastrinaemia and show rapid improvement of
antral gastritis after starting anti-H pylori
treatment.

There is now convincing evidence that Helico-
bacter pylori infection plays an important part in
the pathogenesis of duodenal ulcer disease. The
way in which the chronic antral infection predis-
poses to duodenal ulceration is unclear but
stimulation of excessive gastrin release may be
important.A` Eradication of H pylori infection
results in a fall in the basal gastrin concentration
of 27-33% and a fall of 30-58% in the integrated
gastrin response to a meal.5 The mechanism by
which H pylori infection raises plasma gastrin
concentration is unclear.
The hypergastrinaemia might be related to the

organism's high urease activity. The production
of ammonia at the antral epithelial surface could
raise the local pH, resulting in loss of the
physiological inhibition of gastrin release by
intragastric acid.67 The ammonia might also
increase gastrin release by directly stimulating
the G cells as has been shown to occur in rats.8 A
second explanation for the hypergastrinaemia is
that it might be due to the chronic inflammation
which H pylon induces in the underlying antral
mucosa and which resolves on eradication of the
infection. Wyatt et al have shown that antral
gastritis, irrespective ofH pylon status, is associ-
ated with raised plasma gastrin concentration.9
In addition the T lymphocyte products,
interleukin-2 and gamma interferon, have been
shown to stimulate gastrin release in studies on
isolated perfused canine antrum. '°

In an attempt to differentiate between the
effects of the H pylon urease activity and the
antral gastritis we decided to examine serum
gastrin concentrations soon after starting H
pylon eradication treatment. At this early time
we hoped to achieve complete suppression of
bacterial urease activity without appreciable
resolution of the antral gastritis.

Patients
Ten patients (seven men, age range 31-65 years)
with a history of endoscopically confirmed duo-
denal ulcer were studied. In each H pylon
infection had been shown by histology of antral
biopsy specimen and rapid urease test (CLO

Before treatment 24 hours of triple therapy
Figure 1: Breath test 20 minute value before and 24 hours after start oftriple therapy in 10
patients.
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Figure 2: Change in antral gastritis 28 hours after start oftriple therapy. The columns represent
the median value for eight patients and the error bars the range.

test)." All the patients discontinued any treat-
ment with acid inhibitory agents for at least two
weeks before entering the study. During this
period they were allowed antacids except for the
24 hours preceding the first study day. None had
taken bismuth preparations previously.
Four volunteers who were shown to be nega-

tive forH pylori by a 14C-urea breath test served
as a control group.

Methods
In eight ofthe patients the following studies were
conducted. After a 14C-urea breath test to

determine H pylon' urease activity, upper gasto-
intestinal endoscopy was performed and two
antral biopsy specimens taken for assessment of
severity of antral gastritis. Within three weeks of
this the patients reported fasted one morning and
two samples of venous blood were collected 15
minutes apart for estimation of basal serum
gastrin concentration. They then drank over five
minutes 250 ml of Ensure Plus (Abbott Labora-
tories, UK) which contains 12.5 g fat, 15.6 g
protein, and 50 g carbohydrate. The gastrin
response to this was measured by taking serum
samples five minutes after completing the drink
and then at 10 minute intervals for 90 minutes.
On the morning after completing the above

tests they started taking tripotassium dicitrato
bismuthate (De-Nol) 120 mg four times daily,
amoxycillin 500 mg three times daily, and
metronidazole 400 mg three times daily (triple
therapy). They took one complete day's treat-
ment and reported fasted the following morning.
Their morning dose was administered at 0800
and one hour later two samples of blood were
obtained 15 minutes apart for estimation of basal
serum gastrin concentration. Immediately after
this a 14C-urea breath test was performed. The
breath test requires drinking 250 ml of Ensure
Plus to delay gastric emptying of the 14C urea. It
was therefore possible simultaneously to reassess
the gastrin response to this. Studies have shown
that a fall in meal stimulated gastrin response
after eradication ofH pylori occurs with various
meals3 12 and is not specific to the Oxo meal. At
1300 hours an upper gastrointestinal endoscopy
was repeated and further antral biopsy speci-
mens obtained for a CLO test and to reassess the
severity of the gastritis. The four hour delay
between the breath test and endoscopy was to
allow gastric emptying of the Ensure Plus. The
patients then went on to complete the three week
course of triple therapy. One month after com-
pletion of therapy their H pylon status was
reassessed by 14C-urea breath test, antral
histology, and CLO test.
The other two patients were studied in a

similar fashion except that their gastrin response
to a standardised Oxo meal (Oxo, Croydon, UK)
was assessed immediately before performing the
14C-urea breath test. This prolonged the second
study day and meant that upper gastrointestinal
endoscopy could not be performed. The
response to the Oxo meal was undertaken as our
original observation of a pronounced fall in
integrated gastrin response after eradication of
H pylorn had used this meal.5 The standardised
Oxo meal was prepared by dissolving two Oxo
cubes in 200 ml ofwater at 50°C. They drank this
over five minutes. The first sample of serum for
gastrin estimation was collected five minutes
after completion of the meal and further samples
at 10 minute intervals for 90 minutes.
The four healthy volunteers without H pylori

infection served as the control group. They had
their gastrin response to a standardised Oxo meal
measured before and 24 hours after starting the
same triple therapy regimen as the patient group.

ANALYSES
The blood samples for gastrin determination
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Figure 3: Basal plasma gastrin before and 24 hours after start oftriple therapy in 10 patients.

were collected in plain containers and after
clotting centrifuged at 3000 g for 10 minutes at
4°C and the serum stored at -20°C.
Serum gastrin was measured using commer-

cial radioimmunoassay kits obtained from CIS
(UK). The gastrin assay reacted 100% with
gastrin-17 and 72% with gastrin-34 in molar
terms. The minimum detection limit of the assay
was 20 ng/l (coefficient of variation=22%) and
the interassay coefficient of variation was < 10%
from 40-700 ng/1. All samples for each patient
were measured in the same assay.
For the 14C-urea breath tests the patients

drank 250 ml of Ensure Plus immediately
followed by 0.4 MBq 14C-urea (Amersham
International) in 25 ml of water. Breath samples
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Figure 4: Integrated gastrin response to Ensure Plus before and 24 hours after start of triple
therapy in eight patients.

were collected every 10 minutes for 30 minutes
and analysed as described by Marshall and
Surveyor.` The 20 minute value was used as the
determinant of the urease activity.'4
The antral biopsy specimens were stained with

haematoxylin and eosin and examined double
blind by one pathologist and given an aggregate
gastritis score of between 1 and 10 as described
by Rauws et al. 1" Chronic inflammatory infiltrate
in the lamina propria was scored as 0-2, lamina
propria polymorph infiltrate 0-3, intraepithelial
polymorph infiltrate 0-3, and mucosal erosions
as 0-2.

Statistical significance was assessed by
Wilcoxon signed rank sum test. The study was
approved by the Western Infirmary Ethical
Committee and each patient gave informed
written consent.

Results
The 24 hours of triple therapy produced pro-
found suppression of H pylori urease activity.
The breath test 20 minute reading (%14C dose
per mmol CO2 x 100 x kg body weight) fell from a
median pretreatment value of 176 (range 116-
504) to 5 (range 2-15) (p<0 005) (Fig 1). The
CLO test, which was positive at five hours in all
patients before treatment, was negative at >24
hours when repeated 28 hours after starting the
triple therapy. There was also evidence of some
resolution of the gastritis within this period. The
median pretreatment aggregate antral gastritis
score in the eight patients studied was 6 (range
4-6) compared with 3 (range 2-5) after 28 hours'
therapy (p<0 02) (Fig 2A). The change was
mainly in the polymorph infiltrate in the epithe-
lium and lamina propria with little change in the
chronic inflammatory infiltrate in the lamina
propria. The sum of the scores of the polymorph
infiltrate in the epithelium and the lamina
propria fell from a median pretreatment value of
4 (range 3-4) to 1 (range 1-3) after 28 hours'
therapy (p<0 02) (Fig 2B). The score of the
chronic inflammatory infiltrate in the lamina
propria remained unchanged at 2 (range 1-2)
(Fig 2C).

Despite profound suppression of urease
activity and significant reduction in the severity.
of the polymorphonuclear infiltrate in the antral
mucosa neither the basal nor the meal stimulated
serum gastrin concentrations were altered. The
median pretreatment basal gastrin concentration
in the 10 patients was 57 ng/l (range 45-77)
compared with 59 ng/l (range 45-80) after 24
hours of triple therapy (Fig 3). The median
pretreatment integrated gastrin response to the
Ensure Plus meal in the eight patients was 4265
ng/l/min (range 1975-8350) and after 24 hours of
triple therapy 4272 ng/l/min (range 2075-6495)
(Fig 4).
The integrated gastrin response to the Oxo

meal was also unchanged in the two patients
studied, their pretreatment values being 5455
and 1760 ng/l/min and after 24 hours' triple
therapy 5070 and 1595 ng/l/min, respectively
(Fig 5).
Of the 10 patients, H pylori was eradicated in

six when reassessed one month after completion
of triple therapy.
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Figure 5: Representative gastrin response to Oxo meal before and 24 hours after start of tr
therapy. The meal was started at time 0.

In the four healthy volunteers withoutH pylori
infection there was no change in the integrated
gastrin response to an Oxo meal after 24 hours of
triple therapy. Their mean pretreatment value
was 4500 ng/l/min (range 2000-6000) and after
24 hours' therapy 3760 ng/l/min (range 2000-
6500).

Discussion
Helicobacter pylori has high urease activity by
which it hydrolyses urea to produce ammonia
and carbon dioxide. 16 It has been postulated that
the hypergastrinaemia associated with chronic
H pylorn infection is secondary to the production
of ammonia by the organism close to the antral
epithelial cell surface."7 This could directly
stimulate gastrin release by the antral G cells or
act indirectly by raising antral surface pH and
thus prevent physiological suppression ofgastrin
release by gastric acid. In this study the triple
therapy produced complete suppression of the
bacterial urease activity. This is not surprising as

bismuth has been shown to be a powerful
inhibitor of H pylori urease activity as well as

being bactericidal.'8 Our observation that this
degree of suppression ofH pylori urease activity
has not resulted in a fall in basal serum gastrin or

meal stimulated gastrin response does not
support the hypergastrinaemia being directly
related to the bacterial urease activity. If the
hypergastrinaemia were due to a rise in antral
surface pH by bacterial ammonia, the hormone
level should fall rapidly after suppression of
ammonia production and thereby fall in antral
surface pH. In patients with grossly raised
gastrin concentrations due to achlorhydria,
intragastric instillation of hydrochloric acid
causes the plasma gastrin to fall within 5-15
minutes. 1'

The possibility must be considered that the
antibacterial treatment could have indepen-
dently stimulated gastrin release and thus
obscured a fall in gastrin due to its suppression of
urease activity. The absence ofany rise in gastrin
after 24 hour triple therapy in the H pylori-
negative control subjects excludes this, however.
Our findings in this study are consistent with

those of our earlier study in which we observed
that inhibiting H pylori urease activity with
acetohydroxamic acid did not lower the serum
gastrin concentration in duodenal ulcer
patients.20 In the study with acetohydroxamic
acid we achieved only partial suppression of
urease activity (median 20 minute value of the
14C-urea breath test 22, range 14-95) and there
was the possibility that the suppression of
ammonia production may have been inadequate
to produce a fall in serum gastrin. In the present
study, with 24 hours' triple therapy the urease
activity, as assessed by the 14C-urea breath test,
was suppressed to a median value of 5 (range
2-15) which was similar to the value 2 (range
0-5) previously observed in patients one month
after eradication.5 The lack of an association
between H pylori urease activity and serum
gastrin in these studies is also consistent with our
previous observation that increasing H pylori
ammonia production by administering urea did
not raise gastrin in duodenal ulcer subjects.4

It is now necessary to consider alternative
explanations for the hypergastrinaemia. It is
possible that it is related to the effects on the
antral G cells of the chronic inflammation that
H pyloni infection induces in the antral mucosa.
Twenty eight hours after the start ofanti-H pylorn
treatment there was already early resolution of
the antral gastritis but no change in the gastrin
concentration. The change in the gastritis score,
however, only affected the degree of infiltration
of the epithelium and lamina propria with poly-
morphonuclear cells and there was no change in
the chronic inflammatory infiltrate. It has been
shown in isolated perfused canine antrum that
the T lymphocyte products, interleukin-2 and
gamma interferon, stimulate gastrin release.'0 It is
possible that resolution of the chronic inflamma-
tory infiltrate is required before a change in the
plasma gastrin concentration can be observed.
A third explanation for the hypergastrinaemia

is that it is a compensatory response to inhibition
of parietal cell function by H pylori. The
organism has been shown to inhibit parietal cells
in vitro2' and acute H pylori infection may result
in profound hypochlorhydria in humans.22 Some
inhibition of parietal cell function may persist
during chronic infection producing a compensa-
tory increase in gastrin release.

Urease has been proposed as being essential
for the survival of H pylori in the low pH
environment of the stomach.23 By making
ammonia the organism is thought to make the
pH of its environment more favourable to its
survival. Despite total suppression of urease
activity in all our patients with triple therapy,
eradication was achieved in only four. This
indicates that urease activity is not essential for
the organism's survival once the infection is
established within the gastric mucous layer. It
does not, however, exclude the possibility that
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the organism's ammonia production protects it
from gastric acid when the infection is first being
contracted.

This study indicates that the hypergastrinae-
mia in patients with H pylon infection is not
directly linked to the bacterial urease activity and
ammonia production. It also highlights the rapid
rate of resolution of the acute inflammatory cell
component of the antral gastritis following com-
mencement of anti-H pylon treatment.
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