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Effect of repeated colloidal bismuth subcitrate
treatment on the response of the rat gastric mucosa to
the presence of luminal ethanol

S M Hinsull, D Bellamy

Abstract
The purpose of this study was to determine
the effects of repeated colloidal bismuth sub-
citrate administration on the cellular popula-
tions of the fundic region of the rat stomach
and to investigate the effect of such treatment,
after initial ethanol damage, on the gastric
response to a second challenge by ethanol.
The administration of 240 mg of colloidal
bismuth subcitrate per kilogram body weight,
at 12 hour intervals, for 14 days, resulted in
an increase in the density of the mucosal
epithelial cells, but a decreased rate of
epithelial cell division in the neck region.
Comparison with placebo treated animals
showed that the repeated administration of
colloidal bismuth subcitrate after an initial
ethanol challenge, decreased the degree of
damage induced by a second ethanol chal-
lenge, enhanced the rate of tissue repair and
prevented the establishment of persistent
erosions.
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Colloidal bismuth subcitrate (CBS) is an estab-
lished protective and therapeutic agent for the
treatment of a number of gastrointestinal dis-
orders. I I The protective and remedial actions of
CBS are the results of a number of its properties.
Colloidal bismuth subcitrate has been shown to
bind to and stabilise the mucus, thus increas-
ing the resistance to the back diffusion of
hydrogen ions.3 Colloidal bismuth subcitrate
also has the ability to preferentially bind to the
areas of gastric damage,4 stimulate mucus secre-

tion,5 inhibit pepsin secretion,6 actively bind bile
salts7 and inhibit pyloric Helicobacter," which
has been implicated as the causative agent in
gastritis.9 The mechanisms of action of CBS,
however, have yet to be fully elaborated, but it is
becoming increasingly obvious that a number of
biochemical events are involved in this defensive
action, with the increased production of prosta-
glandins"l'2 and glycoprotein complexes'3 con-

tributing to the protective effect.
The potential ofCBS as a protective agent has

been demonstrated by experimental work which
has shown that short term pretreatment with
CBS can prevent gastric damage by ulcerogenic
agents."'-2 There is little information, however,
on the protective action of CBS after repeated
treatment, particularly in relation to the recur-

rence of gastric damage in previously injured
tissue; although it has been shown that patients
treated with CBS have lower rates of relapse
compared with patients given H2 blockers.II15
The aim of these experiments was to investigate
the effects of prolonged CBS treatment after

ethanol damage and its ability to protect the
stomach against a second ethanol challenge.

Methods

ANIMAL TREATMENT
Forty, nine week old, male rats, of a WAB
substrain, were used throughout the following
experiments. The animals were routinely main-
tained on a standard pelleted diet and tap water
ad libitum. The animals were weight matched
and allocated to one offour experimental groups,
each containing 10 animals, one week before the
start of the experiment. The four groups con-
sisted of animals treated with: (i) ethanol alone,
(ii) CBS alone, (iii) ethanol+CBS, (iv) distilled
water.

Food, but not water, was withheld from all of
the animals for 24 hours before the experiment
began. On day 1 of the experiment, the ethanol
alone and ethanol+CBS groups were given 4 >il
of 100% ethanol/g body weight, by oral intuba-
tion. The control and CBS alone groups were
given equivalent volumes of distilled water.
Drinking water and food were withheld from all
groups for one hour after treatment.
The CBS alone and ethanol+CBS groups

received 240 mg colloidal bismuth subcitrate/kg
body weight, by oral intubation two hours after
the ethanol administration. Colloidal bismuth
subcitrate administration was repeated every 12
hours for the following seven days. The control
and ethanol alone groups were given equivalent
volumes of distilled water over the same time
course.
On day seven of the experiment, a second

instillation ofabsolute ethanol was administered,
as previously described, to the fasted, ethanol
alone group. Food and water were withheld for a
further hour thereafter, and 30% of the animals
in this group were killed at two hours and four
hours, and 20% at 24 hours and seven days after
the second dose of ethanol.
The ethanol+CBS group were treated in an

identical manner to the ethanol alone animals,
but CBS administration was continued at 12
hour intervals. Thirty per cent of the animals
from this group were killed at two hours and four
hours, and 20% at 24 hours and seven days after
the second ethanol instillation.
The CBS alone group were given 4 [tl distilled

water/g body weight on day seven of the experi-
ment. Half of the animals in this group were
killed on day 7, one hour after the final CBS dose.
The remaining animals were maintained on the
12 hour CBS regime for a further seven days and
killed after a total of 14 days of CBS treatment.
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Distilled water was used as the placebo to CBS
and ethanol in the control animals. All of the
animals were given 2 mg colchicine/kg body
weight, by intraperitoneal injection, two hours
before death in order to arrest dividing cells at
metaphase.

HISTOLOGY
The animals were killed by cervical dislocation.
The abdominal cavity was opened immediately
and ligatures applied to the oesophageal and
duodenal junctions of the stomach. 0 5 ml
fixative (consisting of nine parts buffered neutral
formalin: one part acetone) at 4°C, was injected
into the gastric lumen. The ligatured stomach
was removed entire and placed into the same
fixative for a further 30 minutes. The stomach
was opened along the greater curvature and
placed in fresh fixative at room temperature for
a further 17 hours. Tissue samples were taken
from comparable regions of each stomach. Two
8 mm horizontal strips of tissue were removed
from the upper surface of the fundic region
of each stomach, beginning 3 mm below the
squamous stomach and midway between the
greater and lesser curvature. The tissue samples
were placed into two changes of acetone for 30
minutes and embedded in a water soluble meth-
acrylate medium. Thirty sections were cut from
each tissue sample and every third section was
taken for examination, giving a total of 20
mounted sections from each experimental
animal. Sections were cut at 2 ,t and sections
from each tissue sample were stained according
to the following techniques: (1) Gordon and
Sweet's method for reticulin staining,'6 lightly
counterstained with Mayer's haemalum. (2)
Nuclear staining using a double staining method
which consisted of a prestaining with celestine
blue in order to intensify the action of Mayer's
haemalum as a nuclear stain. (3) Brucine iodine
for bismuth. Modified Castell's reagent'7 was
used, in conjunction with Mayer's haemalum
counterstain, in order to locate bismuth deposits
in the tissue.

EtOH Alone EtOH + CBS

I- Hours -I Days p

Figure 1: Epithelial cell densities in the gastric mucosa. Control l; CBS
7 days, for 14 days; Time after second ethanol administration alone 0 2
0 7 day; Time after second ethanol administration plus continuous treatm
4 h, F 24 h, 7 day. * Significantly differentfrom control values: p<0

different from values for the ethanol alone group: p<0 001.

MORPHOMETRY
All ofthe histological preparation was carried out
by one individual to ensure uniformity of proce-
dure. The sections were mounted onto coded
slides so that the two authors performing the
various morphometric analyses were unaware
of the treatment to which the tissue had been
subjected. Reticulin stained tissue sections were
used to check the vertical orientation of the
tissue. Only tissue cut in a vertical plane was
used for morphometry and cell counts. Mucosal
epithelial cell depths were determined using
nuclear stained sections. The total depth of the
mucosal cell population was measured from
the top of the mucosal surface to their furthest
limits in the neck region.

Cell counts were carried out using nuclear
stained material mounted on coded slides. Each
microscope area (170 R diam) covered three
gastric pits. The total number of epithelial cells
in the surface epithelium were counted in each
microscope area. The number of parietal,
epithelial and dividing cells, per microscope
area, were also determined in the neck region.
Two hundred microscope areas were counted for
each region in each experimental group. A two
sample t-test was used to test the significance of
the differences between the mean values of the
cell types and a X2 analysis was used to test for
significant shifts in cell distribution patterns.
Each area was also categorised according to
the degree of damage. Five categories were
recognised for this purpose: (1) Intact with no
microscopic evidence of damage. (Dl) Super-
ficial damage to the surface mucosal epithelial
cells. (D2) Destruction of all the surface
mucosal epithelial cells. (D3) Erosion into the
superficial neck region. (D4) Erosion into the
neck region. (D5) Erosion into the fundic gland
region.

Results
The administration of 240 mg of CBS/kg body
weight had no apparent ill effects on the growth
and general welfare of the animals. The use of
brucine iodide, for the detection of bismuth, on
histological sections showed discrete deposits of
bismuth over the mucosal epithelial surface at
two and four hours after CBS administration,
whereas control sections from animals not given
CBS showed no indication of such deposits when

r* 9 9 stained with brucine iodide. By six hours after
CBS administration, bismuth could not be de-

Microscopic examination of the gastric fundic

* .:. R g region indicated that CBS repeated treatment

was associated with an increase in the number

and distribution of the mucosal epithelial cells.
The total number of epithelial cells in each

microscope area, which covered three gastric
pits, was scored. The mean number of mucosal

.:.:X. W .. epithelial cell in the animals treated with CBS for

seven or 14 days were both statistically signific-
2 4 24 7 antly (p<0001) higher than control values
- Hours-I Days (Fig 1). The increase in epithelial cell numbers
treatment alone Ofor after CBS treatment was further exemplified
2h 1B4 h, 0 24 h, in the cell density distribution patterns. Each
001;

w

Significantly microscope area counted was categorised accord-
ing to cell density - that is, the number of cells
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Cell density categories
Figure 2: Frequency distribution ofmucosal epithelial cell densities. C - Control treated with distilled water placebo. CBS 7D
- Treatment with 240 mg CBS/kg body weight every 12 hfor 7 days. CBS 14D - Treatment with 240 mg CBS/kg body weight
every 12 hfor 14 days. * Significantly differentfrom the control distribution pattern: p<0 001.
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Figure 3: Epithelial mucosal depth measurements. Control 0; CBS treatment alone 0 for 7
days, for 14 days; Time after second ethanol administration alone 0 2 h, 4 h, 0 24 h,
0 7 day; Time after second ethanol administration plus continuous treatment with CBS 0 2 h,
4 h, 0 24 h, 7 day. * Significantly differentfrom control values: p<0 001; V Significantly

different from valuesfor the ethanol alone group: p<0 001.

in the area. Category 1 represented the lowest
density categories with between 0 and 10 cells in
the area. Category 13 represented the highest
density categories with 121-130 cells in each
area. Figure 2 shows the frequency distribution
of the areas counted in each of these categories.
In tissue from the control animals the majority of
the areas counted fell into category 7 (61-70 cells/
area), whereas a significant shift (p<0 001) to the
higher density categories was observed in both
of the groups treated with CBS (Fig 2). With
CBS treatment, the peak distribution occurred
in category 8 (71-80 cells/area), with fewer areas
falling into the lower density categories com-
pared with the controls. In addition to the
increase in mucosal epithelial cell density with
CBS administration, it was also found that the
depth of the epithelial cell region increased when
the animals were given CBS (Fig 3).

Colloidal bismuth subcitrate treatment also
had a significant effect on the cellular popula-

60

EtOH Alone CBS Alone EtOH + CBS

1402 25|

40

120-

*~~~~~~~~~~~~~~
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Days I--- Hours I Days Hours -I Days

Figure 4: Total cell densities and mitotic rates in the neck region. Control *; CBS treatment alone O3for 7 days, for 14 days;

Time after second ethanol administration alone 0;J2 h, 04 h, 0S24 h, 7 day; Time after second ethanol administration plus

continuous treatment with CBS 02 h,I 4 h, 024 h, 17 day. Corresponding mitotic rates indicated by accompanying

histograms; * Significantly different from control values: p<0 001; v Significantly differentfrom values for the ethanol alone

group: p'z0 001.
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Figure 5: A - Density ofepithelial cells in the neck region. B - Density ofj
neck region. Control l; CBS treatment alone 0 for 7 days, for 14 days;
ethanol administration alone 0 2 h, B 4 h, 3 24 h, 7 day; Time after seco
administration plus continuous treatment with CBS 02 h, 04 h, 0 24 h, I

* Significantly different from control values: p<0-O01; V Significantly di
for the ethanol alone group: p<OOO1.

tions of the neck region. A 200c
total cell density of the neck regii
after 14 days ofCBS administrati
significant increase (p<0001)
cause of an increase in the num
cells, with no significant change i
parietal cells per area compar(
values (Fig 5). The percentage of
however, was significantly lower
control values in the groups treat
seven or 14 days (Fig 4).
The administration of ethanc

in extensive gastric damage.
damage was categorised accordi
of the resultant gastric erosion C

each category are illustrated ii
At two hours after ethanol insti
of the areas examined showed
indication of damage and we
intact. In 63% of the areas, t
confined to the mucosal epitheli;
of the areas had severe haem4
extending into the neck region a

7). The damage was far less se
in the animals treated with CBS
32% of the areas remained u

only 10% of the areas were classified as severely
damaged (Fig 7).
The degree of damage in the animals given

ethanol alone was reflected in a significant
(p<0-001) depletion of mucosal epithelial cells
(Fig 1). Figure 8a shows that ethanol alone
resulted in a significant shift (p<0-001) in the
distribution of cell densities to the lower cate-
gories compared with the controls. At two hours
after ethanol administration more than 50% of
the areas contained fewer than 10 epithelial cells,
indicating almost complete destruction of the
surface mucosal epithelial cells in these areas

(Fig 8a). Only 5% of the areas attained cell
:: ffi 5 densities falling into categories 7 and 8, where

the peak in cell densities were found in the tissue
from control and CBS alone groups. Although
ethanol damage was observed in the CBS treated
animals, it was far less severe than that found
with ethanol administration alone. Thus the
distribution of cell densities was significantly
(p<0-001) higher in the ethanol+CBS group
than in the ethanol alone group. Only 26% of the
ethanol+CBS areas fell into category 1 and some
areas were distributed into the higher cell density
categories (Fig 9a). Correspondingly, mucosal
depth measurements were 36% lower than
control values after ethanol treatment alone
(p<0-001), whereas in the ethanol+CBS group
the mean mucosal depth was 19% lower than
control values but was significantly (p<0001)

:0:0: § | higher in the ethanol alone group (Fig 3).
Ethanol instillation resulted in a significant

(p<0001) decrease in the number of mitotic
figures recorded in the neck regions of both the

4 24 7 placebo and CBS treated animals (Fig 4). Some
EtOH + CBS depletion of the total cellular population of the
paietal cells in the neck region was found in both the ethanol alone
Time after second and ethanol+CBS groups (Fig 4). This was
and ethanol mainly the result of a significant decline
1 7 day. (p<0-001) in epithelial cell numbers, with no
fferent from values significant change in the number of parietal cells

(Fig 5).
At four hours after ethanol administration

o increase in the there were signs of initial repair to the damaged
on was observed areas. The majority of the damaged areas were
ion (Fig 4). This covered by a single layer of epithelial cells
was largely be- (Figure 10). In some cases the underlying
iber of epithelial tissue still showed signs of lesions deep into the
in the number of glandular region. Despite this initial restitution
ed with control of the epithelial layer, no significant changes in
f cells in mitosis, the mucosal depth measurements were observed
(p<0001) than in either group between two and four hours after
ted with CBS for the ethanol administration (Fig 3). There was a

significant (p<0001) increase, however, in
)I alone resulted the mean density of the mucosal epithelial cells
The severity of (Fig 1). The re-epithelialisation of the mucosal
ing to the depth surface resulted in a dramatic fall in the inci-
and examples of dence of areas containing less than 10 cells per
n Figures 6a-f. area (p<0-001), with the majority of areas falling
illation, only 9% into categories 2-4 in the ethanol alone group
no microscopic (Fig 8). In the ethanol+CBS group, recovery
re classified as was significantly (p<0-001) further advanced
he damage was than in the ethanol alone group, with the ma-
al cells, but 27% jority of areas occurring in categories 7-9 (Fig 9).
orrhagic lesions When compared with values at two hours, the
and beyond (Fig restitution of the epithelial layer at four hours
wvere (p<0001) after ethanol was correlated with a significant
5. In this group, increase (p<0O001) in mitotic rate in both the
mndamaged and ethanol alone and ethanol+CBS groups. The
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Figure 6: Categories ofgastric damage identified at two hours after ethanol administration. A -1, Intake area showing no signs
ofmicroscopic damage; B - Dl superficial damage to surface epithelial cells; C - D2, total destruction ofthe surface epithelial
cells; D - D3, erosion into the superficial neck region; E - D4, erosion deep into the neck region; F - DS, erosion into thefundic
gland region.

mitotic rate in the ethanol alone group, however,
was still 74% lower than control values
(p<OOO1), whereas in the ethanol+CBS group
the rate was 36% below that of the CBS alone
group (p<OOOl, Fig 4). The numbers of resting
epithelial cells and parietal cells in the ethanol

EtOH + CBS

v

I 1 2 3 4 5

Figure 7: Microscopic assessment ofdamage at two hours after ethanol administration.
Intact, n Dl, U D2, 0 D3, U D4, U D5. V Significantlv differentfrom ethanol alone

group: p<O0OOI.

alone and the ethanol+CBS groups were not
significantly different from their respective
control values.
At 24 hours after the second ethanol dose,

recovery was at an advanced stage. Mucosal
depths had attained levels which were compar-
able with control values in both the ethanol alone
and the ethanol+CBS groups (Fig 3). Similarly,
the number and density distribution of these
cells showed a further shift into the control range
(Figs 8c and 9c). The mucosal epithelial cell
numbers in the ethanol+CBS groups were
not significantly different from those found in
the animals treated with CBS alone, but in the
animals treated with ethanol alone the epithelial
cells numbers were still significantly lower than
control values (p<OOO1). Accordingly, the rate
of cell division in the ethanol alone group was
significantly higher than control values at this
stage (p<OOO1). In contrast, the rate of mitosis
in the ethanol+CBS group was not significantly
different from that of animals treated with CBS
alone.
At seven days after the second ethanol admini-

stration restitution of the gastric mucosa was
virtually complete (Figs 1 and 8d). The cellular

EtOH Alone

1 2 3 4 5
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Figure 8: Frequency distribution ofmucosal epithelial cells in animals given ethanol alone at: A - 2 h, B - 4 h, C - 24 h and
D - 7 days after ethanol administration. * Significantly differentfrom control values: p<0001; V Significantly differentfrom
values for the ethanol alone group: p<OOO1.

4 Hours

V

2 4 6 8 10 12

24 Hours
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0 7 Day
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Cell density categories

Figure 9: Frequency distribution ofmucosal epithelial cell densities in animals given ethanol and treated with CBS atA - 2 h,
B - 4 h, C - 24 h and D - 7 days after ethanol administration. * Significantly differentfrom control values: p<OOO1; V
Significantly differentfrom values for the ethanol alone group: p<OOOI.

populations of the mucosal and neck regions
from the ethanol alone and ethanol+CBS treated
groups were comparable with the control and
CBS alone groups respectively (Figs 1, 3, 4, 5).
In the ethanol alone group, however, there were
a few areas where erosions persisted (Fig 11). In
the ethanol+CBS group there was no indication
of erosions but there were signs of bifurcations in
the lines of epithelial cells at the tops of the pits
which is frequently observed after gastric injury
(Fig 12).

Figure 10: Epithelial cell cover atfour hours after ethanol administration.

Discussion
In a clinical situation it is usual to administer
CBS in the fasting state, but the experimental
regime used in this study, consisting of repeat-
edly administering CBS at 12 hourly intervals,
precluded the use of continuously fasted
animals. The use of brucine iodide staining
demonstrated the presence of bismuth at the
luminal surface of the stomach at two and
four hours after CBS administration, however,
suggesting that CBS was bound to the mucus
layer in the present experimental regime. The
dose of CBS used in these experiments was
higher than the standard therapeutic doses but
was comparable with the levels given to experi-
mental animals by other workers and, in par-
ticular, is known to increase gastric prosta-
glandin generation.""2
The present study shows that repeated CBS

treatment results in an increase in the density of
the mucosal epithelial cells, as well as an increase
in mucosal thickness. It is possible that these
effects of CBS on the mucosal epithelial cells
were the result of factors such as contraction of
the gastric smooth muscle. Contraction of the
smooth muscle, however, would result in an
increase in the density of all of the mucosal cell
types. As no significant change was found in the
parietal cell numbers, and the proliferative cell
numbers decreased, the suggested role ofsmooth
muscle in the effects of CBS on the mucosal
epithelial cells appears improbable.
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Figure 11: Persistent erosion at seven days after ethanol
administration alone.

The action of CBS on the mucosal epithelial
cells was associated with a decline in the rate of
cellular proliferation in the neck region, suggest-
ing that the increase in the epithelial cell popula-
tion was not the result of an increase in the rate
of proliferation of the stem cell population.
Previous reports have shown that a single dose of
CBS forms a coating which effectively protects
the stomach against damage."08 The mechanism
which mediates this protective action ofCBS has
not been fully elucidated, but it has been shown
that CBS precipitates on the mucosal surface to
form a diffusion barrier to hydrogen ions, as well
as inactivating pepsin, stimulating mucus secre-

tion, binding bile salts and inhibiting Helico-
bacter.'2I78 1921 In addition, there is an increasing

Figure 12: Bifurcation ofmucosal surface pit structure at seven days after ethanol
administration in animals treated with ethanol plus CBS.

amount of evidence to suggest that the actions of
CBS may be partially mediated via the action of
secondary agents such as prostaglandins and
epidermal growth factor. Prostaglandins are
known to be secreted by the gastric mucosa
and it has been suggested that they play an
important role in maintaining the integrity of
this tissue.22"25 Colloidal bismuth subcitrate has
been shown to stimulate the production of
prostaglandins and it has been suggested that the
efficacy of CBS as a gastroprotective agent may
be, in part, a result of increased prostaglandin
production.'"'222 The processes which may be
involved in such a system have yet to be clarified
but experiments on longterm treatment with an
analogue of PGE2 resulted in a thickening of the
mucosa which, as in the present experiments,
was not associated with an increased rate of
cellular proliferation.26

It seems improbable, however, that prosta-
glandins are the sole secondary agents involved
in mediating this action of CBS as CBS also
protects against aspirin induced gastric injury,
where PG cyclooxygenase is inhibited.'0 A more
precise assessment of the role of prostaglandins
in the present system would be gained by the
administration ofrepeated doses ofCBS together
with a cyclooxygenase inhibitor. In addition,
when gastroprotective doses of PGE2 have been
administered to both animals'0 and humans,27
they have been unsuccessful in promoting ulcer
healing. In contrast, CBS has been shown to have
both gastroprotective and ulcer healing proper-
ties. As there is substantial evidence that
epidermal growth factor is a potent growth
promoter and acts as a gastroprotective as well as
an ulcer healing agent,28"3 it has been suggested
that epidermal growth factor may be involved in
mediating the action of CBS. Recent work has
shown that the cytoprotective actions of CBS
are unimpaired by sialoadenectomy, but that
removal of the salivary glands reduced the ulcer
healing capacity of CBS.32 The same series of
experiments also showed that epidermal growth
factor is bound to CBS in a pH dependent
manner, such that epidermal growth factor
accumulates at sites of gastric damage.32 This
evidence suggests that epidermal growth factor
may be involved in the ulcer healing actions
rather than the gastroprotective actions of CBS.
In the present experiments the increased
mucosal thickness and density of epithelial
cells observed after CBS administration was not
associated with an increase in the mitotic rate
of the stem cell population. If epidermal growth
factor, a potent mitogen, is involved in this
action of CBS, an increased mitotic rate would
have been anticipated. A role for epidermal
growth factor in the repair of alcohol induced
gastric damage, however, cannot be excluded.
The restitution of the gastric mucosa after

damage induced by a single application of
ethanol, with and without the use of protective
agents, has been described by a number of
workers.3"35 In the present experiments
the stomach was challenged with ethanol for
a second time seven days after ethanol was
first administered. Colloidal bismuth subcitrate
treatment during the intervening seven days
significantly limited the degree of damage in-
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duced by the second ethanol challenge. Because
the CBS was given 12 hours before the second
ethanol dose, it seems unlikely that a protective
coating of CBS on the mucosal surface could
account for this reduction in damage. The in-
crease in epithelial cell density and mucosal
epithelial depth could render the tissue more
resistant to ethanol damage, however, and the
involvement of other protective mechanisms,
such as prostaglandins,222436 cannot be dis-
counted.
The rate of recovery was faster with CBS

treatment, which confirms the reports from
other workers,' and was to be expected when the
animals were being treated with CBS at 12 hour
intervals. The recovery was also favoured by the
initial reduction in damage in the CBS treated
rats. In the majority of cases the laminal scaffold,
which is essential for rapid tissue reorganisation
after damage,33-39 remained undamaged in the
ethanol+ CBS groups.

Although the time course of repair after the
second ethanol challenge appeared to be com-
parable with that reported after initial damage,
some of the deep erosions persisted through to
the seventh day after the second dose of ethanol
alone. In contrast, no erosions were detected in
the ethanol+CBS groups at this time, suggesting
that CBS did ameliorate the persistence of severe
damage. These findings concur with previous
reports indicating that CBS is not only successful
in promoting the healing of gastroduodenal
ulcers but also in reducing ulcer relapse
rates.'526 0I' A major implication of the present
results is that CBS can cause hypertrophy of
the gastric mucosa in experimental animals; an
action which may be involved in reducing ulcer
relapse rates. As there is little information avail-
able on the effect of chronic CBS treatment on
the cellular populations of the human stomach,
however, the importance of this trophic effect in
the human situation is difficult to assess.

This work was supported by a grant from Gist-Brocades, The
Netherlands.
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