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Antacid provides better restoration of glandular
structures within the gastric ulcer scar than
omeprazole

A Schmassmann, A Tarnawski, H A Gerber, B Flogerzi, M Sanner, L Varga, F Halter

Abstract
Mucosa of healed gastric ulcers displays
histological abnormalities that are poss-
ibly the basis of ulcer recurrence. The
influence of antacid and omeprazole
treatment was studied on the quality of
ulcer healing. Sixty four rats with gastric
cryoulcers were treated daily either with
placebo, antacid, omeprazole, or antacid
plus omeprazole. Ulcer size was measured
three times per week with a novel video
endoscopic method. Prostaglandin gener-
ation (day 6), cell proliferation (day 8 and
15), height and cell composition of ulcer
margin (day 8), and mucosal scar (day 15)
were quantitatively assessed. Antacid,
omeprazole, and antacid plus omeprazole
significantly accelerated ulcer healing
predominantly during days 3-8.
Compared with placebo, the height of
ulcer margin and mucosal ulcer scar was
significantly increased in antacid (+ 7 and
+9Gb respectively) and significantly
decreased in omeprazole (-33 and -22%
respectively) and antacid plus omeprazole
(-26 and - 18% respectively) treated rats.
The number. of bromodeoxyuridine
labelled cells (+42%, day 8), epithelial cell
mass (+42%, day 15), and the ratios of
epithelial cells/connective tissue (+73%,
day 15) and epithelial cells/gland lumen
(+ 100%, day 15) were significantly
increased in antacid treated rats. In con-
clusion, both antacid and omeprazole
accelerate ulcer healing but antacid
provides a better quality of healing. This
advantage is lost by cotreatment with
omeprazole.
(Gut 1994; 35: 896-904)

Antacids are effective drugs in healing
duodenall-5 and gastric6 7 ulcers. The ulcer
healing action of antacids was related to the
neutralisation of gastric luminal acid for a long
time,8 but recent studies have shown that low
dose of antacids with little acid neutralisation
are also effective.9-'2 The precise mechanism of
the ulcer healing action of antacids is unknown
but seems to be much more complex than
simple neutralisation of luminal acid. While
antacids induce acceleration of ulcer healing to
a similar extent as histamine H2 receptor antag-
onists,2-7 omeprazole induces faster healing of
duodenal and gastric ulcers compared with
histamine H2 receptor antagonists.'3 14

Assessment of gastric ulcer healing in a
clinical setting, however, is usually based on

visual endoscopic inspection that only provides
information about the absence or presence of
an ulcer crater. Recent experimental data
showed that the gastric mucosa of the re-
epithelised ulcer crater displays prominent
histological and ultrastructural abnormalities
beneath the surface epithelium for a long time
after the ulcer had healed. 15-17 Histological
analysis of healed duodenal ulcers in humans
showed that the ulcer scar remains histologi-
cally 'ill'.18 19 As gastric ulcers tend to recur
at a high frequency and usually at the same
location,20 we postulated that the abnormalities
of the ulcer scar are possibly the basis of ulcer
recurrence. In preliminary studies in the acetic
acid ulcer model, we found that the aluminium
containing antacid Maalox2l and sucralfate22
provided better restoration of glandular
structures in the scar than omeprazole.

This study was designed to compare the
effect of the antacid hydrotalcite, omeprazole,
and hydrotalcite plus omeprazole on rate
and quality of ulcer healing in the cryoulcer
model.

Methods

ULCER INDUCTION
This study was approved by the animal study
committee of Bern, Switzerland. A gastric
cannula (steel, ID: 8 mm; Band, Bern,
Switzerland) permitting video endoscopic
examination of the gastric mucosa, was placed
into the rumen of female Wistar rats (body
weight: 200-220 g). Three weeks later,
standardised gastric ulcers were produced by
cryoinjury as previously described.23 In brief,
fed animals were anaesthetised with ether and
the abdomen was opened by median incision.
A freezing injury was made on the serosal
surface of the posterior wall of the midcorpus.
A cryoprobe (diameter: 6-5 mm) cooled by
gaseous CO2 to - 60°C was pressed on the
gastric wall for 45 seconds (Cryoprobe BM
250, Erbokryo 12, Riuegge Medical, Baden,
Switzerland). After spontaneous thawing of the
lesion, the serosa was rinsed with sterile
isotonic saline solution and the abdomen
closed with catgut and silk sutures. The rats
were kept under normal laboratory conditions
with free access to water and a standard pel-
leted rat diet (Naphag, Gossau, Switzerland).
Twenty four hours after cryoinjury, the ulcer
size was measured by video endoscopy.2426
From a total of 72 rats, 64 rats that had round
ulcers with an ulcer diameter of 5-7 mm, were
allocated to the trial.
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Figure 1: Video endoscopical view of the ulcer craters during healing. The uker outline and
the calibration paper were traced. Thts permitted an objective measurement of the ulcer
diameter.

TREATMENT
Twenty four hours after cryoinjury, the rats
were randomly assigned to four groups, receiv-
ing the following treatment regimen: (a)
placebo suspension 1 ml intragastric (hydro-
talcite solvent, at 0800 and 1600) twice daily
and placebo subcutaneously (omeprazole
solvent (40% polyethylene glycol)) twice daily;
(b) hydrotalcite suspension 1 ml (100 mg
hydrotalcite) intragastric twice daily and
placebo subcutaneously twice daily; (c)
placebo suspension 1 ml intragastric twice
daily and omeprazole 40 ,umol/kg once

(0800) daily; (d) hydrotalcite suspension
1 ml (100 mg hydrotalcite) intragastric
twice daily and omeprazole 1 X40 pLmol/kg
subcutaneously once daily.
The lattice like antacid hydrotalcite (Mg6

A12 (OH)16 C03X4 H20) and placebo suspen-
sion (hydrotalcite solvent containing titanium
dioxide) was provided by Bayer, Leverkusen,
Germany.27 The neutralising capacity of
hydrotalcite is 2-78 mval per 1 ml hydrotalcite
suspension (5.56 mvallday per rat and 22-2
mval/day per kg body weight).
The volume ofeach subcutaneous treatment

was 0-25 ml. Omeprazole was provided by
AB Hassle, Molndal, Sweden. It was given
subcutaneously, once daily, in a dose of 40
,umol/kg. This dose completely inhibited basal
and gastrin induced acid secretion for 24
hours. Half of the rats of each treatment regi-
men were treated for seven days, the other half
for 14 days. The number of animals in each
treatment group was 16, eight rats per time
point.

VIDEO ENDOSCOPY
Endoscopical examinations were performed in
rats with a gastric cannula (implanted into the
rumen) through which a video endoscope
(arthroscope, OD: 4 mm, 300 sideview, Stortz,
Tuttlingen, Germany; video camera OTV-F
Olympus, Tokyo, Japan) was inserted. Video
endoscopy was performed three times per week
(on days 1, 3, 6, 8, 10, 13, and 15) without
fasting.2426 Rats were gradually conditioned to
being immobilised in Bollman cages. No anaes-
thesia was needed for endoscopy and the
animals did not show signs of discomfort during
endoscopy. Food in the stomach was washed
out through the gastric cannula. For calibration,
a round piece of calibration paper (diameter 4
mm) was placed with the tip of the endoscope
close to the ulcer crater. Ulcer and calibration
paper were recorded by video endoscopy and
the image was transferred to a personal com-
puter. The distance between the endoscope and
the ulcer was the same as that between the
endoscope and the calibration paper. Optical
axis of the endoscope, ulcer crater, and calibra-
tion paper were aligned by adjusting the angle
between the lines on the calibration paper to
900. The gastric lumen was fully distended by
air insufflation. First the ulcer outline and then
a standard square (9 mm2) on the calibration
paper was traced on the computer monitor
permitting calculation of the ulcer diameter
(2Xsquare root of (area/ir)), (Fig 1). To ensure
optimal standardisation, all ulcer measurements
were done by the same two investigators, (A S,
B F) who were unaware of the treatment
regimen. Repeated measurements of the ulcer
diameter showed a high reproducibility (inter-
observer variation <5%/O). Ulcer diameter on dif-
ferent time points was expressed in a percentage
of the ulcer diameter on day 1. Speed of ulcer
healing (ulcer size reduction per day in °/O) was
calculated from the ulcer diameter time curve;
for example, ulcer healing speed on day
2= ((ulcer diameter on day 1 in O/6)-(ulcer
diameter on day 3 in %))/2 per day; for
example, (100%-86%)/2=7% per day.

MUCOSAL PROSTAGLANDIN GENERATION
Ex vivo prostaglandin generation was measured
one hour after drug administration on day 6.
Mucosal biopsy specimens were obtained with
flexible biopsy forceps (FB-19CR Olympus)
from the non-ulcerated oxyntic mucosa
through the gastric cannula under video endo-
scopic guidance. The biopsy samples were
carefully blotted and the wet weight was
measured. The tissue specimens were then
incubated in 06 ml of oxygenated Tyrode's
solution at 37°C for 10 minutes. Release of
prostaglandin 6-keto-Fi, (stable metabolite of
prostacyclin) and prostaglandin E2 into the
incubation medium was determined using
specific radioimmunoassay as described.28 29

HISTOLOGICAL TEST OF ULCER SIZE
Two hours after the last treatment, the animals
were anaesthetised with ether and laparo-
tomised. For studies on cell proliferation, the
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Figure 2: (A) The entire uker scar was analysed by serial sections that were cut
perpendicular to the surface of the mucosa (distance between sections: 100 ,uim); (B) on

day 8, area and length of the uker margin were traced. This permitted cakulation of the
height of the uker margin defined as margin area/margin length. The margin length was
the distance between uker crater and normal mucosa (showing mature parietal cells with
the expression of the 80 kDa phosphoprotein); (C) on day 15, area and length of the
mucosal uker scar were traced. This permitted calculation of the height of the mucosal ulcer
scar defined as scar area/scar length; (D) the percentage ofglandular epithelial cells,
connective tissue (between the glands), and gland lumen was determined in the mucosal
uker margin (day 8) and scar (day 15).

rats received a single intraperitoneal injection
of 100 mg/kg bromodeoxyuridine one hour
before death. The stomach was removed,
opened along the greater curvature, and
pinned slightly stretched on a paraffin wax

panel to prevent mucosal folding. Gastric
tissue was then fixed for 16 hours in 40/o
paraformaldehyde in a 0-04 M potassium
phosphate buffer, pH 7.4. The ulcerated
mucosa and a calibration paper were

photographed. After fixation, specimens of the
entire gastric wall (25 X 25 mm) containing the
ulcer region were dehydrated and embedded in
paraffin wax. Serial sections, 5 ,um thick, were

cut perpendicularly to the surface of the
mucosa. The sections were stained with
haematoxylin and eosin and were analysed by
light microscope. Morphometric analysis was

done with a video camera (Ci-20 P Canon,
Tokyo, Japan) and a semiautomatic image
analysis system (Microvid software, Leica,
Zurich, Switzerland). Mucosal thickness,
defined as the distance from the epithelial
surface to the muscularis mucosae, and ulcer
area, defined as area of a mucosal defect
penetrating through the muscularis mucosae,
were measured. The histological ulcer diam-
eter (2x square foot of (area/kr)) was calculated
on day 8 and 15 and expressed as a percentage
of the ulcer diameter on day 1 (assessed by
video endoscopy).

BROMODEOXYURIDINE LABELLED CELIS
For bromodeoxyuridine immunostaining,
sections were deparaffinised, incubated with
0 1% pepsin solution (Serva, Heidelberg,
Germany, from swine) in 1 M HCI for 15
minutes at 37°C (to denature DNA), rinsed

in ice cold water, and immersed for one minute
in cold TRIS buffered saline, pH 7-5.
Immediately afterwards, the sections were
covered with 1:50 diluted antibody to bromo-
deoxyuridine (mouse clone Bu2Oa, Dako
M744) for 12 hours at 4°C. After washing in
TRIS buffered saline, the avidin-biotin-peroxi-
dase method (Dako, Glostrup, Denmark)
was applied using diaminobenzidine as a
chromogen.A0 31 The slides were counter-
stained briefly with Mayer's haematoxylin.
The number of in vivo bromodeoxyuridine
labelled epithelial cells located in a 600 ,um
wide region of corpus mucosa adjacent to the
mucosal defect and in non-ulcerated mucosa
on day 8 and 15 was counted.23 Labelled cells
in 10 sections (with 20 ulcer margins) per rat
were counted and the mean was calculated.

PARIETAL CELLS EXPRESSING THE 80 kDa
PHOSPHOPROTEIN
To determine the border between normal and
regenerating mucosa, mature parietal cells
were identified by immunostaining the oxyntic
mucosa for the 80 kDa phosphoprotein present
on the apical membrane of gastric parietal cell.
This 80 kDa phosphoprotein is phosphory-
lated upon cAMP mediate stimulation of
gastric acid secretion. This protein is an
important component, together with actin and
the proton pump, of the isolated apical
membrane, is closely related or identical to
ezrin, and has properties of a membrane
cytoskletal linker in the induced apical
microvilli.32 34 The monoclonal antibody was
kindly provided by Professor J G Forte,
Department of Molecular and Cell Biology,
Berkely, California, USA.32 In brief, the
sections were deparaffinised and incubated
with the mouse anti-80 kDa phosphoprotein
antibody (diluted 1:100 in TRIS buffered
saline) or buffer (negative controls) for one
hour at room temperature. After further
incubation with biotinylated antimouse
immunoglobulin (45 minutes) and washing in
TRIS buffered saline, the avidin-biotin-peroxi-
dase method (Dako, Glostrup, Denmark)
was applied using diaminobenzidine as a
chromogen.31 Finally the sections were lightly
counterstained with Mayer's haematoxylin.

QUANTITATIVE ASSESSMENT OF HISTOLOGICAL
PARAMETERS
Sixty serial sections per rat containing the total
ulcer region, were cut, 5 ,um thick, perpen-
dicular to the surface of the mucosa at a dis-
tance of 100 ,um (60 sections= 6 mm per
animal). For analysis of the ulcer margin on
day 8, all sections (20-40 sections per rat) that
showed an ulcer crater were analysed. Area
and length of the ulcer margin on both sides of
the ulcer were traced. The height of the ulcer
margin in one section was defined as: margin
area/margin length. The mean height of the
ulcer margin was averaged from all analysed
sections per rat. For analysis of the ulcer scar
on day 15, all sections that showed mucosal
ulcer scar tissue but no ulcer crater (40-60

A

Day 8:
Size of ulcer margin

Ulcer

C
Day 15:
Size and glandular structure of scar
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sections per rat) were analysed. Area and
length of the ulcer scar were traced, which
permitted calculation of the ulcer scar height
(scar height=scar area/scar length). The mean
height of the ulcer scar was averaged from all
analysed sections per rat. In addition, the per-
centage of epithelial gland cells, connective
tissue, and gland lumen was determined in the
mucosal ulcer margin and scar (Fig 2). The
epithelial cell mass was calculated in the ulcer
margin and scar by multiplying mucosal height
by the relative amount of epithelial cells.
Morphometric analysis was performed with a
video camera (Ci-20 P Canon, Tokyo,
Japan) and a semiautomatic image analysis
system (Microvid software, Leica, Zurich,
Switzerland).

PLASMA GASTRIN CONCENTRATION
To assess changes during treatment, plasma
gastrin was measured in fed animals before and
after treatment. Blood (0 7 ml) was collected
in plastic tubes containing 20 [lI of heparin

solution (corresponding to 50 IU). The blood
was centrifuged and separated plasma was
stored at -70°C. Gastrin was measured, as
previously described by radioimmunoassay
using antigastrin serum (a gift of Professor S R
Bloom, Hammersmith Hospital, London,
UK) and synthetic human gastrin I as the
standard.5 The antibody bound and free
hormone were separated by dextran coated
charcoal, counted separately, and the percent-
age binding was calculated. The intra-assay
variation was below 10%; to avoid interassay
variation, all samples were analysed in the
same run.

STATISTICS
The significance of differences was tested by
one way analysis of variance (ANOVA) and
Kruskal-Wallis analysis. Correlation analyses
were performed according to Pearson.36 Prob-
ability values of <0 05 were regarded as signifi-
cant. Results are expressed as mean (SEM).
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Figure 3: Ulcer healing speed time curve according to video endoscopical measurements.
(A) Antacid and omeprazole showed accelerated healing during days 3-8 but not during
days 8-15; (B) compared with placebo, antacid plus omeprazole showed accelerated
healing during days 3-8, identical to omeprazole. *p<0-02 v placebo andp<O O5 v
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Figure 4: Ulcer diameter time curve according to repeated video endoscopical
measurements. Compared with placebo, ulcer diameter was decreased in antacid (A) and
omeprazole (B) treated rats on days 8-15. *p<0-02 v placebo.

BODY WEIGHT AND THICKNESS OF NORMAL
MUCOSA
Animals treated for 14 days had the same
weight gain (from 240 (5) g to 263 (7) g) in all
treatment groups. The mean thickness of the
corpus mucosa outside the ulcer was 612 (14)
[um; no significant difference was found
between the groups.

SEQUENTIAL ANALYSIS OF ULCER HEALING BY
VIDEO ENDOSCOPY
Ulcer diameter on day 1 was 6-2 (0- 1) mm
(mean (SEM)). In placebo treated rats, speed
of ulcer healing expressed as daily reduction of
ulcer diameter in percentage of the diameter
on day 1, was 8-1 (0.4), 7 0 (0 4), 6-0 (0 4),
and 4 0 (0-3) % during days 1-3, 3-8, 8-10,
and 10-15 respectively (Fig 3). Antacid,
omeprazole, and antacid plus omeprazole
significantly accelerated ulcer healing during
days 3-8, but did not change healing speed
during dayE 8-15. Acceleration of healing was
significantly increased in omeprazole or
antacid plus omeprazole compared with
antacid treated rats. According to the healing
speed time curve, omeprazole plus antacid had
no additive effect on healing speed (Figs 3, 4).

PROSTAGLANDIN GENERATION EX VIVO IN

Placebo BIOPSY SPECIMENS
In placebo treated rats, prostaglandin 6-keto-
Fl,a concentration in the incubate was 2487
(204) (mean (SEM), n= 16) pg/mg and
prostaglandin E2 was 1634 (156) pg/mg biopsy
weight. Prostaglandin generation was not
significantly affected by the drugs given.

12 14

HISTOLOGICAL ULCER SIZE

Video endoscopic and histological ulcer sizes
were closely (r=0-93) correlated. In placebo
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Figure 5: Histological uker diameter on day 8 and 15. Compared with placebo, his
ulcer diameter was significantly (p<0 02) decreased in antacid, omeprazole, and a
plus omeprazole treated rats, both on days 8 and 15. Compared with antacid, histoi
ulcer diameter on day 15 was significantly (p<0-05) decreased in omeprazole and t

plus omeprazole treated rats. *p<0-02 v placebo.

treated rats, histological ulcer dig
expressed as a percentage of the initial
diameter on day 1, was 45 (1) % on day

Figure 6: (A) Sections
(Spgm) of rat gastric
oxyntic mucosa show that
the 80 kDa phosphoprotein
is restnicted to parietal cells
(original magnification
X200); (B) sections of
mucosal ulcer scar (day
15) show many panietal
cells expressing the 80 kDa
phosphoprotein in the
normal oxyntic mucosa (left
side) and a virtual absence
of these cells in the mucosal
uker scar (right side), thus
permitting an easy
distinction between normal
and remodelled gastric
mucosa (original
magnification X1oo).

,I !..a -,

-4

f r v *

.'ts .* .' <

14 (2) % on day 15. Compared with placebo,
histological ulcer diameter was significantly
decreased in antacid, omeprazole, and antacid
plus omeprazole treated rats (Fig 5).

QUANTITATIVE HISTOLOGICAL ASSESSMENT
In placebo treated rats, the number of
bromodeoxyuridine positive epithelial cells
located in a 600 ,um wide region of non-ulcer-

T ated oxyntic mucosa was 14 (1-3) (099 % of
total number of mucosal cells); no significant

+ON differences were found between the groups. In
5 placebo treated rats, the number of in vivo
E labelled bromodeoxyuridine positive epithelial<0o -cells located in a 600 ,um wide region of corpus

tological mucosa adjacent to the ulcer margin on day 8
ntacid was 83 (9), which represents a sixfold increase
logical compared with the non-ulcerated mucosa. In
antacid antacid treated rats, significantly (p<0.02 v

placebo) more labelled cells (118 (8); +42%)
were present in the ulcer margin. In contrast,

ameter no significant differences were found between
I ulcer placebo and omeprazole (81 (16) labelled
8 and cells) and antacid+omeprazole (86 (14)

labelled cells) treated rats.
Immunostaining with the anti-80 kDa

phosphoprotein antibody showed a positive
&I. reaction in parietal cells of the non-ulcerated

mucosa (Fig 6). Control staining (without
* antibody) did not show any positive reaction.

Immunostaining showed a virtual absence of
parietal cells expressing the 80 kDa phospho-
protein in the mucosal ulcer scar permitting
an easy distinction between normal and
remodelled mucosa of the ulcer scar (Fig 6).
Compared with placebo, the mean height of

the ulcer margin (day 8) and the mucosal ulcer
scar (day 15) was significantly increased in
antacid and significantly decreased in
omeprazole and antacid plus omeprazole
treated rats (Figs 7-9). The epithelial cell mass
in the mucosal ulcer margin and scar was
significantly increased in antacid group com-
pared with the other treatment groups (Fig 7).
In the mucosal ulcer scar on day 15, the ratios
of epithelial cells/connective tissue and
epithelial cells/gland lumen were significantly
increased in antacid group (+73% and
+ 100% respectively) compared with the other
treatment groups (Fig 10).

GASTRIN PLASMA CONCENTRATIONS
Gastrin plasma concentrations in fed, female
rats were 94 (13) pmol/l (n= 64) before
treatment. In rats treated for 14 days with
omeprazole, gastrin plasma concentrations
were significantly (p<0001) increased by 3-8-
fold (3-8 (0 56)) compared with placebo.
Antacid had no effect on gastrin plasma
concentrations.

Discussion
Healing of gastroduodenal ulcers in different
experimental models and in humans shows
striking similarities in the morphology of ulcer
healing. Regardless of the causes and species,
once an ulcer develops, it undergoes the same
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Figure 7: Compared with placebo, the mean height of the mucosal ulcer margin (A) and
ulcer scar (B) respectively was significantly higher in antacid and significantly lower in
omeprazole and in antacid plus omeprazole treated rats. The total mass of epithelial cells
(mucosal height multiplied by the relative amount of epithelial cells) was increased in
antacid compared with placebo treated rats (+25% on day 8 and +42% on day 15).
*p<00S, **p<000S.

D

Figure 8: Microscopic appearances ofgastric ulcer margin on day 8 (haematoxylin and
eosin, original magnification X 100, X200). In antacid treated rats, (A and B), the ulck
margin was thick and well reconstructed. In omeprazole treated rats (C and D), the ulce
margin was flat and only covered in part by one cell line.

common stages of repair and healing tl

follows some general principles of the wou
healing process.37 During the healing proce

the gastric ulcer healing time curve follows
non-linear, exponential pattern both
humans38 and in experimental ulcer models
In our rat cryoulcer model, the analysis of t

individual ulcer healing curves, assessed by
video endoscopy and quantitative histo-
logical examination showed that antacid,
omeprazole, and antacid plus omeprazole
significantly accelerate the early healing phase
between days 3-8. In contrast, ulcer healing
speed showed no significant differences
between the groups in the late phase of healing.
The finding that acid suppression accelerates
healing of experimental ulcers only in the early
healing phase is consistent with the finding that
histamine induced hyperacidity delays ulcer
healing also only in the early phase.39
Comparisons between the treatment groups
showed a significant higher speed of ulcer
healing in . omeprazole and antacid plus
omeprazole compared with antacid treated
rats. These results are in agreement with peptic
ulcer healing studies in humans. 1-4
Mucosa at the ulcer margin forms a healing

zone that undergoes striking changes in struc-
ture and cellular composition. This process is
mainly controlled by growth factors.40-42 The
dedifferentiated and proliferating cells migrate
from the ulcer margin onto the granulation
tissue to re-epithelialise the ulcer base when
the connective tissue infrastructure permits.
Bromodeoxyuridine immunostaining showed
that cell proliferation is increased by sixfold in
the ulcer margin compared with the non-
ulcerated mucosa. Immunostaining for the 80
kDa phosphoprotein present on the apical
membrane of mature stimulated parietal cells,
permits morphological quantification of dedif-
ferentiation. Gastric corpus wounds in the rat

¢ lacks mature parietal cells.'7 In this study, the
mucosal ulcer scar showed a virtual absence of
cells expressing this 80 kDa phosphoprotein.
Thus, this immunostaining technique permits
an easy and objective assessment of the border

@t between the normal and remodelled mucosa of
9 the ulcer scar. This distinction is important for

objective quantification of all measured para-
meters.
Compared with placebo, the height of the

ulcer margin and mucosal scar was significantly
increased in antacid and significantly decreased
in omeprazole treated rats. In addition, the
epithelial cell mass was profoundly increased in
the antacid group compared with the other
treatment groups. The height of the ulcer mar-
gin is influenced by cell proliferation, cell life
span, and cell migration over the ulcer crater.
Cell proliferation was significantly increased in
antacid, but not in omeprazole treated rats. The
height of the mucosal ulcer scar is predomi-
nantly influenced by cell proliferation and cell
life span while cell migration is less relevant.
Histomorphometric analysis of the mucosal

er ulcer scar showed significantly more glandular
?r epithelial cells, less connective tissue between

the glands, and less gland lumen in antacid
treated rats. These results support the con-

hat tention that antacids similar to sucralfate are
nd trophic for glandular epithelial cells in the ulcer
ss, scar by increasing cell proliferation probably
s a through enhanced expression of growth factors
in and their receptors.2' 22 43 As this trophic action
39 has only been seen so far for the two aluminium
the containing antacids hydrotalcite and Maalox
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Figure 9: Microscopic appearances ofmucosal gastric ulcer
scar on day 15 (haematoxylin and eosin, original
magnification X 100, x 200). In antacid treated rats (A
and B), the ulcer scar was thick, the epithelial glandular
structure was well remodelled, the connective tissue between
the glands was scarce, and the gland lumen was small. In
omeprazole treated rats (C and D), the ulcer scar was thin
and the connective tissue between the glands was abundant.

and the aluminium containing sucralfate,21 22
aluminium may be one of the relevant chemical
compounds for this action. Moreover, the
gastroprotective activity of antacid is predomi-
nantly related to the content of aluminium
hydroxide.44 As generation of prostaglandins is
not or only minimally affected by antacid, it
seems probable that prostaglandins are not an
important mediator of the ulcer healing action
of antacid.45 46
We have reported that sucralfate increases

expression of epidermal growth factor,
transforming growth factor oa, and their
common receptor in the gastric oxyntic
mucosa.43 Thus, the trophic action of sucral-
fate on the regenerating mucosa may be medi-
ated by growth factors that increase cell
proliferation. It has been reported that the
aluminium containing antacid Maalox, sucral-
fate, and basic fibroblast growth factor increase
angiogenesis in granulation tissue of the ulcer
base.26 47 48 It has been suggested that the
antacid and sucralfate induced enhancement

of angiogenesis is mediated by endogenous
basic fibroblast growth factor.47 48 As the
regenerating mucosa of the scar is dependent
on blood supply from the granulation tissue,
the quality of the mucosal ulcer scar is possibly
related to the trophic action of antacids both
on epithelial cells and angiogenesis.

Omeprazole accelerated ulcer healing with-
out increasing cell proliferation and without a
significant increase of epithelial cells within the
mucosal ulcer scar. Thus, it seems that the
increased speed of ulcer healing seen during

902
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Figure 1w0: Cellular composition of mucosal uler scar on da 15. The ratios of epithelial
cells/connective tissue (A) and epithelial cells/gland lumen (B) were significantly increased
in antacid treated rats compared with the other treatment groups. *pa<n0Ov placebo,
**p<O.OOS5 v placebo, ***p<.0S-0 v antacid.

omeprazole treatment is predominantly due to
accelerated migration of cells over the granula-
tion tissue of the ulcer crater and not from a
trophic effect. fhetherthis immature ulcer
scar will undergo subsequent remodelling and
whether this is also true in humans needs
further studies.
The combined treatment antacid plus

omeprazole shows no significant improvement
of ulcer healing over omeprazole treatment
alone. The trophic effect of the antacid on the
ulcer margin and scar was nearly abolished
by concomitant treatment with omeprazole.
These results show that an acid environment is
necessary for the full expression of the trophic
actions of antacid. These results are similar to
those reported in cytoprotection studies, show-
ing that acidified antacid are several fold more
effective than non-acidified antacid.45 49

We conclude that antacid, omeprazole, and
antacid plus omeprazole accelerate experimen-
tal gastric ulcer healing, but antacid provides
better quality of healing. This advantage is lost
by cotreatment with omeprazole.
This study was supported by a Swiss National Science
Foundation (grant: 32-26478 89) and Medical Research
Service of Department of Veterans Affair, USA. Parts of this
study have been presented in abstract form at the AGA, 15-21
May, 1993, Boston.
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