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Role of ammonia in the pathogenesis of the gastritis,
hypergastrinaemia, and hyperpepsinogenaemia I
caused by Helicobacter pylori infection

A M El Nujumi, P A Rowe, S Dahill, C A Dorrian,W D Neithercut, K E L McColl

Abstract
Studies were performed in patients with and
without renal failure to investigate the role of
bacterial ammonia production in the patho-
genesis of the mucosal abnormalities caused
by Helicobacter pylori. The high rate of
H pylon ammonia production in uraemic
patients should accentuate any ammonia
induced effects. The median (range) gastric
juice ammonium concentration in the H pylori
positive patients with renal failure was 19
mmol/l (1I-43) compared with 5 mmoIl (1-11)
in the H pylon positive patients without renal
failure (p<0005). In the H pylori negative
patients the values were 3 mmol/l (0.5-11)
and 0.7 mmol/l (0.1-1.4) respectively in
the patients with and without renal failure
(p<O.Ol). Despite the much higher ammonia
production in the H pylon positive uraemic
patients, the nature and severity of their
gastritis was the same as that in the H pylori
positive non-uraemic patients. The median
(range) fasting serum gastrin concentration
was raised in the uraemic patients compared
with the non-uraemic patients but was similar
in the uraemic patients with (95 pmoIl
(52-333)) or without (114 pmoIIl (47-533)) H
pylori infection. The median (range) serum
pepsinogen I concentration was also high in
the uraemic compared with the non-uraemic
patients and was significantly higher in
uraemic patients with H pylon (352 ng/ml,
range 280-653) than in those without H pylori
infection (165 ng/ml, range 86-337) (p<0.01).
These findings indicate that the gastritis and
hypergastrinaemia associated with H pylori
infection are not the result of mucosal damage
induced by the organism's ammonia produc-
tion.
(Gut 1992; 33: 1612-1616)
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It is now generally acknowledged that Helico-
bacter pylori infection is the major cause of antral
gastritis.' The bacterium, however, does not
penetrate the gastric epithelium and the mecha-
nism by which it induces inflammation of the
underlying mucosa is unknown. The organism
has very high urease activity2 and it has been
suggested that the production ofhigh concentra-
tions of ammonia at the epithelial surface could
cause mucosal damage.3 Though the acidic
gastric juice will rapidly convert ammonia to less
toxic ammonium ions, the high pH at the site of
ammonia production underneath the mucus
layer could allow it to remain in its unionised
noxious state.4 It has also been postulated that
ammonia produced by H pylori predisposes to

mucosal damage by denaturing the structure of
the protective mucus layer.6
H pylori infection has also been shown to

increase the serum concentrations of gastrin7`2
and pepsinogen L' 11 Levi et al proposed that the
hypergastrinaemia was related to bacterial
ammonia production which raised the antral
surface pH,' but studies from our own group do
not support this."1'5
To investigate the role of ammonia in the

histological and biochemical changes that
accompanyHpylori infection, we have examined
patients with chronic renal failure. The high
intragastric urea concentrations in these patients
greatly increase H pylori ammonia production
which should accentuate any ammonia related
effects.

Patients and methods
Gastric juice ammonium concentration, antral
histology, and serum concentrations of gastrin
and pepsinogen I were examined in nine H pylori
positive and nine H pylori negative uraemic
patients. These results were compared with
those from age and sex matched control patients
with normal renal function with (n=9) and
without (n=9) H pyloi infection. Each of the
patients examined had been referred for upper
gastrointestinal endoscopy to investigate dys-
peptic symptoms. None was receiving anti-
biotics or had taken acid inhibitory agents within
the previous week. In addition, none of the
patients had been treated with bismuth prepara-
tions or with immunosuppressive therapy.
The median ages of the uraemic patients were

51 years (range 34-73) in those who wereH pylori
positive and 49 years (range 27-67) in those who
were H pylon negative. Three of the H pylori
positive patients were on maintenance haemo-
dialysis, four on continuous ambulatory peri-
toneal dialysis, and two had not yet begun
dialysis. One of the H pylori negative patients
was on maintenance haemodialysis and eight
were on continuous ambulatory peritoneal
dialysis. The median duration of dialysis was
similar in theH pylori positive (15 months, range
0-100) and negative (20.5 months, range 0-142)
patients.

All patients were examined between 0900
hours and 1100 hours after an overnight fast.
Upper gastrointestinal endoscopy was per-
formed after a venous blood sample had been
taken for determination of serum concentrations
of urea, gastrin, and pepsinogen I. Immediately
after passing the instrument, 10 ml of gastric
juice were collected by means of a trap in the
suction line. After inspection of the upper
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gastrointestinal tract, two biopsy specimens
were taken from the greater curvature of the
antrum, 2 cm from the pylorus.
The H pylon status of patients and controls

was determined by microscopy of antral biopsy
for Helicobacter like organisms, rapid urease
slide test (CLO test) of antral biopsy,` and
'4C-urea breath test. These tests have been
shown to be reliable in detectingHpylon infection
in patients with and without renal failure.

ANALYSES
In the patients with chronic renal failure the pH
of the gastric juice was determined using a
combined glass electrode (Radiometer ETS 822)
before storage at -20C. Gastric juice urea and
ammonium concentrations were determined in
all subjects. For this the samples were thawed
and centrifuged at 3000 g for 10 minutes to
remove the mucus. The concentration of
ammonium was measured in the supernatant
after dilution in 0.2 M phosphate buffer pH 7*4,
using an enzymatic method (Sigma, Dorset,
UK) adapted for the Cobas Bio (Roche, Welwyn
Garden City, UK) as previously described.!'
The antral biopsy specimens were fixed in

formalin and processed routinely. Paraffin
sections were cut at three levels and stained with
haematoxylin and eosin. An extra section from
level two was stained with Cresyl fast violet for
detection ofH pylori.22 They were examined by a
single pathologist (SD) who was unaware of the
patients' clinical details. The severity of antral
gastritis was scored using the method of Rauws
et al,23 which we have found to be a sensitive
method for assessing the severity of H pylori-
induced gastritis.9 1621 Chronic inflammatory
infiltrate in the lamina propria was scored as 0,
1, or 2; lamina propria polymorph infiltrate as
0, 1, 2, or 3; intraepithelial polymorph infiltrate

.
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Figure 1: Effect ofuraemia and Helicobacter pylori (HP) status on intragastric ammonium
concentrations. *Indicates higher than H pylori -ve non-uraemic patients atp<002.
**Indicates higher than the H pylori +ve non-uraemic patients at p<O 005.

as 0, 1, 2, or 3; and mucosal erosions as 0, 1, or 2.
The scores for these individual components of
H pylori related gastritis are then added to give a
cumulative gastritis score ranging from 0-10.
The intraobserver variation in the scoring of

the severity of the gastritis was assessed. This
was performed by randomly selecting 15 slides
scored by the pathologist (SD) at least one year
earlier and having him rescore them unaware
that he had previously examined them. The
mean cumulative gastritis score for the group of
15 slides was 3.2 (range 0-6) when first scored
compared with 3-3 (range 0-8) when rescored.
The mean absolute difference in the cumulative
gastritis score between the two assessments was
0-66 (range 0-2) and the coefficient of variation
was 21%. This indicates that our pathologist
would have a greater than 95% chance of detect-
ing a difference in mean cumulative gastritis
score of 1 when comparing two groups of nine
subjects.
The serum gastrin concentration was deter-

mined by radioimmunoassay using antibody
R98.'4 This detects both G17 and G34 and uses
G17 as standard. Serum pepsinogen I was
measured using commercial radioimmunoassay
kits obtained from Incstar Ltd (Berkshire).
The statistical significance of differences

between groups was assessed by the Mann-
Whitney U test.
The study was approved by the Western

Infirmary Ethical Committee and all patients
gave written, informed consent.

Results
The serum urea concentration was raised to a
similar extent in the renal failure patients with
(median 20 mmol/l, range 12-3 1) or without (23,
11-32) H pylon infection (normal range 2-5-7 5
mmol/l).
The median (range) gastric juice ammonium

concentration in the H pylon positive uraemic
patients was 19 mmol/l (11-43) which was
approximately four times greater than that in the
H pylon positive non-uraemic patients (5,
range 1-11) (p<0005) (Fig 1). Gastric juice
ammonium concentrations were similar in the
H pylon negative uraemic patients (median 3,
range 0 5-11 mmol/l) and H pylori positive non-
uraemic patients (5, range 1-11) (p=02), and
both were significantly higher than the values for
the H pylori negative non-uraemic patients (0 7,
range 0. 1-1.4) (p<0.02 for each). Intragastric
pH was similar in the H pylon positive and
negative uraemic patients, with a median value
of 3'0 (range 1 0-7 1) in the former and 2.1
(1.2-6.6) in the latter.

In spite of the marked difference in intra-
gastric ammonium concentration, the severity of
histological gastritis was similar in the H pylon
positive patients with (median cumulative
gastritis score= 5, range 3-6) or without (5, range
3-7) renal failure (Fig 2). Combining theH pylon
positive patients with and without renal failure
provided a wide range of gastric juice ammonium
concentrations (1-43 mmol/l) but there was no
correlation between this and the severity of the
H pylon related antral gastritis (Table). In spite
of the H pylon negative uraemic patients having
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Figure 2: Cumulative antral gastritis scores in patients with and without chronic renalfailure
and ofdifferent Helicobacter pylori (HP) status.

intragastric ammonium concentrations similar to
the H pylori positive non-uraemic patients, the
former had cumulative gastritis scores of 1 or less
which were equivalent to those in the H pylon'
negative patients with normal renal function.
There was no difference in the endoscopic

appearance of the upper gastrointestinal tract
in the renal failure patients with and without
H pylori infection. Of the nine H pylori positive
uraemic patients, two had oesophagitis, two had
scattered petechiae in the stomach and duo-
denum, and one had erosive duodenitis. Of the
nineH pylon negative uraemic patients, two had
oesophagitis and one had scattered petechiae in
stomach and duodenum. Endoscopy in the nine
H pylori positive non-uraemic patients showed
oesophagitis in one patient and active duodenal
ulcer in another. In the nine H pylori negative
non-uraemic patients, one had erosive duo-
denitis and another a deformed duodenum.

Gastric juice ammonium concentrations and antral gastritis scores in the Helicobacter pylori
positive subjects with (+) and without (-) chronic renalfailure. They are listed in descending
order ofgastricjuice ammonium concentration

Lamina Intra- Lamina
propna epithelial propria

Gastnrc juice Chronic chronic polymorph polymorph Epithelial Cumulative
ammonium renal infiltrate score infiltrate score infiltrate score erosions score gastritis score
(mmol/l) failure (0-2) (0-3) (0-3) (0-2) (0-10)

43 + 2 1 1 0 4
30 + 2 1 2 0 5
21 + 2 2 1 0 5
20 + 2 2 2 0 6
19 + 2 2 1 0 5
19 + 2 2 2 0 6
16 + 1 1 1 0 3
14 + 2 2 2 0 6
11 + 1 1 1 2 5
11 2 2 1 0 5
10 2 2 2 1 7
8 - 2 1 2 0 5
7 - 2 0 1 0 3
5 - 2 1 2 0 5
5 - 2 1 1 0 4
4 - 2 1 2 0 5
3 - 2 2 2 0 6
1 - 2 2 2 0 6

The median serum pepsinogen I concentra-
tion (ng/ml) was higher in the H pylon' positive
uraemic patients (352, range 280-653) than in
the H pylon negative uraemic patients (165,
range 86-337) (p<0 01) and both these groups
had higher values than the non-uraemic patients
of corresponding H pylon status (p<0 05 for
each) (Fig 3). Serum pepsinogen I values were
similar in the non-uraemic patients with (median
= 103, range 40-170) or without (92, 35-127)
H pylon infection (p=0 3). There was no
relationship between the serum pepsinogen I
concentration and type of renal replacement
treatment.
The median serum gastrin concentration

(pmol/l) in the non-uraemic patients was higher
in those with H pylon' (17, range 7-24) than in
those without the infection (10, range 7-14)
(p<0OS) (Fig 4). Compared with these non-
uraemic patients, the gastrin concentrations
were noticeably high in the uraemic patients and
there was no difference between the latter
patients with (median=95, range 52-333) or
without (114, range 47-533) H pylon' infection.
There was no relationship between the serum
gastrin concentration and type of renal replace-
ment treatment.

Discussion
This study shows that the gastric juice ammo-
nium concentration is noticeably affected by both
uraemia and H pylori infection. The extremely
high intragastric ammonium concentration in
the renal failure patients with H pylon infection
can be explained by the combination of their
high gastric juice urea concentration29 and the
high urease activity of the organism. We have
previously shown that the intragastric produc-
tion of ammonia by H pylon is controlled by the
availability of urea in gastric juice. 14
The reason for the higher gastric juice ammo-

nium concentration in the H pylon' negative
uraemic patients than in the H pylori negative
non-uraemic patients is not clear. However, a
variety of urease producing bacteria are present
in the mouth and swallowed in the saliva.2`
Though such bacteria have lower urease activity
than H pylon, they may produce significant
amounts of ammonia in the presence of high
gastric juice concentrations of urea. In addition,
it is possible that the high gastric juice urea
concentration encourages the colonisation of the
upper gastrointestinal tract by urease positive
organisms. We have previously observed that
H pylon' negative uraemic patients have higher
urease activity assessed by the '4C-urea breath
test than H pylori negative non-uraemic
patients.`2
Some in vitro and experimental animal studies

have suggested that the antral gastritis induced
by H pylon may be caused by the ammonia
produced by the organism's high urease
activity.327 29 Murakami et al showed that
ammonia produced by the administration of urea
plus urease to rats can cause microscopic injury
to their gastric mucosa.3 In vitro studies by
Smoot et al showed that ammonia produced byH
pylori is cytotoxic to cultures of human gastric
epithelial cells27 and similar studies by Xu et al
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Figure 3: Serum pepsinogen I concentrations in patients with and without chronic renalfailure
and ofdifferent Helicobacter pylori (HP) status. *Indicates higher than non-uraemic patients
ofcorresponding H pylori status atp<O OS. **Indicates higher than H pylori -ve uraemic
patients at p<O0OO1.

found that H pylon ammonia production causes
vacuolisation of Vero cell lines.28 In addition to a
direct toxic effect of ammonia, it has been
proposed that ammonium ions may interact with
neutrophil produced hypochlorous acid to
produce the highly toxic mono-N-chloramine,
NH2C1.29 It has also been proposed that H pylon
ammonia production will lead to mucosal
damage by denaturing the protective mucus
layer.6 In spite of the findings with animal
models and in vitro experiments, the present
study does not support a causal role for ammonia
production in antral gastritis in man. This was
demonstrated by the absence of any correlation
between the severity of the gastritis or epithelial
surface damage and the bacterial ammonia pro-
duction. Examining patients with and without
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Figure 4: Effect ofchronic renalfailure and Helicobacter pylori (HP) status on fasting serum
gastrin concentrations. *Indicates higher than H pylori -ve non-uraemic patients atp<O 05.

uraemia enabled us to look at the gastric mucosal
damage over a very wide range (43 fold) of in vivo
ammonia production making it unlikely that any
association was missed. The abnormalities
related to ammonia administration noted in the
earlier in vitro studies and animal models may be
explained by the high pH employed which would
have increased the proportion of unionised
ammonia.

Triebling et al have recently claimed that
ammonia production does play a pathogenic role
in the development ofH pylori related gastritis in
man.30 However, this conclusion is not sup-
ported by their own data. They measured gastric
juice ammonium and the severity of gastritis in
five patients with chronic renal failure and
H pylori, before and after treatment with
ampicillin, and in five uninfected patients with
renal failure. A positive correlation was observed
between the gastric juice ammonium and
severity of gastritis. This correlation, however,
can be explained simply by the presence of
absence of H pylon in their patient group and
does not provide evidence of a causal association
between H pylon ammonia production and
gastritis. Within their small group of five
patients with H pylon, there was no correlation
between gastric juice ammonium and severity of
gastritis, which is consistent with the findings of
our present study in which we examined 18 such
patients. Our conclusion that ammonia does not
play a pathogenic role in the development of
H pylori related gastritis in man is also consistent
with the recent ultrastructural studies by
Thomsen et al.31 They noted that there was no
correlation between the location of the organism
and the morphological damage to adjacent
epithelial cells or the degree of subjacent inflam-
matory cell infiltrate.
The noticeably high serum pepsinogen I con-

centration in the patients with chronic renal
failure is consistent with previous reports32 and
can be explained by its impaired renal clear-
ance.33 The increase in serum pepsinogen I was
particularly marked in the renal failure patients
with H pylon, with its concentration being
double that in the renal patients without the
infection. It has previously been reported that
H pylon infection raises serum pepsinogen I in
non-uraemic patients but only by about 25%.7 3

The fact that H pylon infection raises serum
pepsinogen I to a greater extent in uraemic than
non-uraemic subjects would be consistent with
bacterial ammonia production raising the serum
concentration of the zymogen. However, little is
known about the mechanism by which pepsi-
nogen I reaches the serum or about the mecha-
nism of its renal excretion.33 If it is excreted by a
saturable process then in patients with renal
failure the same degree of increased delivery of
pepsinogen I into the serum could produce a
more marked increase in its serum concentra-
tion.
As previously reported, the serum gastrin

concentration was found to be high in the renal
failure patients compared with those with
normal renal function.3"37 Serum gastrin concen-
tration is also known to be raised in patients with
H pylon infection,7'" and this is seen in the non-
uraemic patients in the present study. It has been
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suggested that the hypergastrinaemia induced
by H pylon is caused by the ammonia produced
by its urease raising antral surface pH and
thereby blocking the suppression of gastrin
release by luminal acid.8 However, we have
previously found that neither increasing,'4
inhibiting,I nor completely abolishing'6 H pylon
urease activity in man alters serum gastrin. We
have also found that H pylori related hyper-
gastrinaemia cannot be explained by ammonia
altering mucosal surface pH. '7 8 The finding that
the gastrin concentration is similar in theH pylori
positive and negative uraemic patients, despite
the much higher rate of ammonia production in
the former, is further evidence against the hyper-
gastrinaemia being due to bacterial ammonia
production.

Ala-Kaila et al recently observed that patients
with chronic renal failure could be divided into
two statistically distinct groups according to
their degree of hypergastrinaemia.37 The differ-
ences in gastrin could not be explained by
differences in acid secretion or severity of renal
failure and they postulated an unknown mecha-
nism causing enhanced synthesis of gastrin. The
present study indicates that H pylon infection is
not the unknown factor.

In conclusion, this study shows that the very
high rate of H pylon ammonia production in
uraemic patients is not associated with more
marked gastritis or hypergastrinaemia. These
findings support our previous work showing that
H pylon release of ammonia is unlikely to be
responsible for either the hypergastrinaemia or
the gastritis caused by this bacterium.
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