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Acid, pepsin, and mucus secretion in patients with
gastric and duodenal ulcer before and after colloidal
bismuth subcitrate (De-Nol)
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SUMMARY Basal and pentagastrin stimulated gastric secretion was measured in seven patients
with duodenal, and six with gastric ulcers before and after four weeks' treatment with colloidal
bismuth subcitrate (as De-Nol), one tablet four times a day. Each duodenal and all but one of the
gastric ulcers healed. After De-Nol there were no significant changes in basal, or pentagastrin
stimulated volume, acid output, or primary parietal component. There were marked decreases in
basal (duodenal ulcer -25%; gastric ulcer -16%) and pentagastrin stimulated total pepsin
outputs, (duodenal ulcer -42%, gastric ulcer -36%). There were insignificant decreases in basal
output of mucus, but postpentagastrin stimulated mucus output was significantly inhibited
(p<O0O5) in patients with duodenal (-16%) and with gastric ulcer (-27%). The drop in gastric
proteolysis after De-Nol is unlikely to be because of the healing of the ulcers and is more likely to
be because of the drug. The ulcer healing efficacy of De-Nol may be related to this decline in the
proteolytic action of gastric juice, but is unlikely to be because of a quantitative change in mucus,
or in acid secretion.

Salts of bismuth have been used to treat gastrointes-
tinal diseases for about 200 years. De-Nol is
colloidal bismuth subcitrate (tripotassium dicitrato-
bismuthate, TDB): the liquid and the newer tablets
increase the rate of healing of duodenal and gastric
ulcers with an efficacy comparable with other anti-
ulcer drugs. The mechanisms of action of bismuth
formulations are unclear, and thought to be topical. 1

It has been stated that De-Nol enhances mucosal
resistance by stimulating production of mucus.2 The
evidence is inconclusive and there have been few
studies on the effect of preparations of bismuth salts
on production of mucus in the 75 years since the
original histochemical studies in dogs using the
subnitrate,3 oxide, and carbonate.4 De-Nol, how-

ever, appears to increase intracellular levels of
neutral mucus glycoprotein during healing of gastric
ulcer,5 and during healing of duodenal ulcer
promotes ultrastructural changes in mucous cells
that are compatible with an increased synthesis of
mucus glycoprotein.6
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Animal studies7 have not shown any clear effect
of De-Nol on gastric secretion. There are no
extensive data on the effects of treatment with De-
Nol on basal and maximal acid, and pepsin secretion
in patients with gastric and duodenal ulcer. We have
therefore measured acid, pepsin, and mucus in
patients before and after De-Nol using techniques
which take into account problems of gastric
emptying and reflux.

Methods

SUBJECTS
Patients with endoscopically diagnosed peptic ulcer
were treated with De-Nol, 1 tablet four times a day
for four weeks, and then they were re-endoscoped.
There were four men and three women with
duodenal ulcer (mean age 49 years, range 28-72)
and four men and two women with gastric ulcer
(mean age 60 years, range 44-81). One gastric ulcer
was in the body of the stomach, three were on the
lesser curve of the incisura, one was antral, and one
prepyloric. The patients gave informed consent to
these studies which were approved by the District
Ethics Committees.
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DETERMINATION OF ACID, PEPSIN AND VOLUME
Secretion studies8 were performed before starting
De-Nol and 24 hours after the last dose. Gastric
secretion was aspirated continuously and collected
in 10 minute fractions for 30 minute basal and for 90
minutes during intravenous infusion of a maximal
dose of pentagastrin (6 [tg/kg/h). The volume, pH,
titratable acidity (to pH 7), sodium concentra-
tions and pepsin activity were measured in each
sample. The samples were prediluted 1 in 20 before
pepsin was assayed by an auto-analytical method.9
Pepsin was inadvertently not measured in one
patient with duodenal and in one with gastric ulcer.

Basal and plateau acid outputs were expressed in
mmol/h by doubling the basal 30 minute output and
trebling the plateau output in the highest two
consecutive 10 minute outputs during the infusion of
pentagastrin. Acid outputs were then corrected for
gastroduodenal loss by measurement of the phenol
red concentrations in relation to the amount of this
marker dye continuously infused into the stomach:
duodenal reflux was estimated from the sodium
concentration. These concentrations of phenol red
do not appreciably interfere with the pepsin assay.9
In one patient with duodenal ulcer the infusion was
irregular during the basal period so that his uncor-
rected basal output has been used. The formulae
used were those of Hobsley.1) Basal and stimu-
lated pepsin outputs were calculated similarly and
expressed in Anson units/h.

DETERMINATION OF MUCUS
Gastric mucus is a gel formed when mucus glycopro-
teins interact in the presence of a solvent system
consisting of an aqueous solution of salts. In
comparison with other gels gastric mucus has a

complex structure because it contains organic mole-
cules other than mucus glycoproteins. These include
proteins, lipids, and glycoproteins, which are sec-
reted from cells in the mucosa, or arise by transuda-
tion from the mucosal blood supply. A thin layer of
gastric mucus normally covers the gastric mucosa.
As this protective barrier breaks down, the compo-
nents of the gel are released into the lumen of the
stomach as a part of the gastric secretion. In the
present study, therefore, mucus output is repre-
sented by the combined weight of protein, lipid, and
glycoprotein that accumulates in the gastric juice
during the basal and stimulated periods of secre-
tion. The solvent system is treated as non-variable
because it accounts for over 99% of the weight of
gastric mucus.
The aqueous solution of salts constituting the

solvent system of the mucus, phenol red marker dye
and small molecular weight peptides and amino
acids (which arise from a limited acid-pepsin pro-

teolysis of the mucus during the collection period)
are removed from the protein, lipid, and glycopro-
tein components of the mucus by dialysis and
lyophilisation.

EXPERIMENTAL PROCEDURE
The sample of pooled and neutralised basal or
stimulated gastric juice was homogenised to disperse
any insoluble mucus, clarified by centrifugation at
2000 g for 10 minutes, and the volume measured.
The juice was concentrated (if necessary) to about
200 ml by evaporation in vacuo at 40°C, and dialysed
for 72 hours against 3 x 5 litres of deionised water. The
non-dialysable material, consisting of the protein,
lipid and glycoprotein components of the mucus,
was lyophilised and weighed. Mucus output was
calculated by multiplying the concentration of non-
dialysable material in the sample of gastric juice by
the corrected volume of the juice produced in the
basal period or in the 90 minutes after pentagastrin.
The mucus output in one patient with duodenal
ulcer was not measured. The corrected and aspi-
rated gastric volumes were compatible. Saliva, or
reflux from the duodenum could not, therefore, be
significant sources of error in these determinations.

STATISTICAL ANALYSIS
The differences in measurements before and after
De-Nol were calculated as mean percentage change
and compared non-parametrically by Wilcoxon's
matched pairs signed ranks test.

Results

EN DOSCOPY
After four weeks treatment with De-Nol each of the
seven duodenal ulcers, and all but one of the gastric
ulcers had healed.

GASTRIC SECRETION (Fig. 1)
After De-Nol there were slight and insignificant
changes in corrected volumes during basal and
pentagastrin periods in patients with duodenal
(-16%, -8%) and with gastric ulcer (-10%,
+2%).

GASTRIC ACID OUTPUT (Fig. 2)
After De-Nol there were slight and insignificant
decreases in corrected acid output during basal and
pentagastrin periods in patients with duodenal
(-16%, -3%) and with gastric ulcer (-15%,
-6%). Similar falls were noted when the data were
expressed in terms of primary parietal component as
Hobsley's peak VG (duodenal ulcer -14%, gastric
ulcer -4%).
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Fig. 1 Corrected gastric juice volume before and after
colloidal bismuth subcitrate (De-Nol) in 7patients with
duodenal, and 6 with gastric ulcer. 0 Basal: for all 13
patients mean percentage reduction=13%, p<O-1.
0 Pentagastrin stimulated: for all 13 patients mean
percentage reduction=3%, p> 0 1.
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PEPSIN
Basal and pentagastrin stimulated pepsin activities
fell markedly after De-Nol in patients with duodenal
ulcer (-31%, -36%) but were changed less in those
with gastric ulcer (+4%, -19%). In the whole
group of 11 patients with peptic ulcer the decrease in
basal pepsin concentration, -13%, was insignifi-
cant, but the decrease in post-pentagastrin pepsin
concentration, -26% was significant.

Basal and pentagastrin-stimulated pepsin outputs
(Figs 3 and 4) were markedly decreased, however,
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Fig. 3 Basal pepsin output. For all 11 patients mean
percentage reduction=21%, p<0 1.
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Fig. 2 Gastric acid outputs. O Basal: for all 13 patients
mean percentage reduction=9%, p> 0-1. The value below
the discontinuity is 0-02 mmollh. * Pentagastrin stimulated:
for all 13 patients, mean percentage reduction= 18%,
p> 0-1. 0 VG: for all 13 patients, mean percentage
reduction=9%, p<0-05.
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Fig. 4 Pentagastrin stimulated pepsin output. For all 11

patients mean percentage reduction=39%, p<0J01.
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Fig. 5 Mucus output. 0 Basal. For all 12 patients mean
percentage reduction= 15%, p<O-05; * Pentagastrin
stimulated. For all 12 patients mean percentage
reduction=22%, p<OO.

in patients with duodenal (-25%, -42%) and with
gastric ulcer (- 16%, -36%). These decreases were

significant after pentagastrin in patients with
duodenal ulcer and in the whole group of 11
patients.

Mucus (Fig. 5)
There were slight decreases after De-Nol in basal
output of mucus in patients with duodenal and with
gastric ulcer. Pentagastrin stimulated mucus output
was, however, significantly inhibited in patients with
duodenal (- 16%) and with gastric ulcer (-27%).

Discussion

Although there are no published data on the effects
of colloidal bismuth subcitrate on gastric secretion in
man a liquid concentrate of De-Nol 4 mg/kg for 28
days did not affect the gastric acid production of rats
with gastric fistulae.7 De-Nol did, however, show a

clear dose dependent antipeptic effect which might
have been the result of an inactivation of the pepsin
by complexation with the precipitate which De-Nol
forms at the low pH of the stomach.

This effect has also been examined by incubation
of De-Nol in different concentrations for 30 minutes
with human gastric juice at pH 4-0 with a pepsin
concentration of 20 mg/100 ml. The mean inhibition
of proteolytic activity at pH 2.0 produced by a
suspension of De-Nol at a concentration of
13-7 mmol/l (25 mg/ml) was 29%, and at a con-
centration of 27*5 mmolI (50 mg/ml) was 39%.
These in vitro concentrations would never be
achieved in vivo in human gastric juice with
therapeutic doses of De-Nol, but might conceivably
be reached in the microenvironment of an ulcer
crater lined with this bismuth salt.12 Similar in vitro

inhibition of pepsin by De-Nol (but not by other
bismuth vreparations) has been reported by
Brouwers. 3
The present studies showed decreases of different

size in most of the variables measured. With such
multiple measurements there is always the risk of
some changes achieving statistical significance
merely by chance. Moreover any changes noted
after a course of treatment may not be caused by the
treatment. Conventionally the effects of sequence
and consequence are differentiated by comparing
the results of a course of drug treatment with the
results after a course of placebo. In a country such as
Britain with very low placebo-healing rates of gastric
and duodenal ulcer, however, it is ethically un-
acceptable to treat patients suffering from active
symptomatic peptic ulcers with placebo. Compari-
sons can, however, be made with results in our
previous studies of basal and pentagastrin stimu-
lated gastric secretion in patients with peptic ulcer
treated with a different mucosal protective agent
(carbenoxoloneQ)4 15 and with an acid inhibitor
(omeprazole).'l
No significant changes were seen after De-Nol in

basal or pentagastrin stimulated acid output, or in
primary parietal component in patients with
duodenal or gastric ulcer, so that the therapeutic
efficacy of De-Nol in these diseases cannot be
mediated by inhibition of acid. Similarly, another
mucosal protective ulcer healing drug, carbenox-
olone, was shown in this department to be without
significant effect on either basal or maximal gastric
acid output. 14 The decline in gastric proteolysis
observed after De-Nol was also seen in our studies
after carbenoxolone. 15 There are no data to suggest
that diminished acid or pepsin outputs after an ulcer
healing drug are because of the healing of the ulcer.
We found no significant change in pentagastrin
stimulated pepsin output in nine patients with
duodenal ulcer, eight of whom had healed after
treatment for four weeks with omeprazole 20 or
40 mg daily.'6 It seems reasonable to suggest that
the decline in the proteolytic action of gastric juice
observed after treatment with De-Nol, or with
carbenoxolone, are caused by the drugs, especially as
these changes have been also shown in vitro. 12 13 l5
The marked drop in pepsin output demonstrated

in these studies in patients with peptic ulcer after
De-Nol may be relevant for its therapeutic action,
irrespective of whether the decrease in proteolysis is
due to a primary inhibition of chief cells, or to
inactivation of pepsin by complexation. It has been
suggested that De-Nol improves mucosal defence by
restoring the integrity of the mucus as a barrier to
acid-pepsin proteolysis.2 Clearly, any such action is
unlikely to be caused by quantitative stimulation of
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mucus, because we found significant inhibition of
gastric mucus output. The alternative, qualitative
change in the mucus, is being sought in further
studies.

We are greatly indebted to the late Dr Jacob
Schrager who initiated and inspired this study. We
are grateful to Sister Leela Francis-Reme and Mr
Kang Li for their help with the secretion tests, and
wish to thank Brocades (Great Britain) Limited and
the Schrager Trust for their financial support.
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