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Effect of cimetidine and omeprazole on aspirin- and
taurocholate-induced gastric mucosal damage in the rat
R J UTLEY, A S M SALIM, AND D C CARTER

From the University Department of Surgery, Royal Infirmary, Glasgow

SUMMARY The effect of varying doses of cimetidine and omeprazole, on acute gastric mucosal
lesions produced by topical aspirin (200 mg/kg; 1 ml/100 g) in 0*175 M HCl or topical sodium
taurocholate (40 mM; 1 ml/100 g) in 04175 M HCl was studied in the pylorus ligated rat.
Preliminary studies revealed dose dependent inhibition of acid secretion with both cimetidine and
omeprazole. Intraperitoneal cimetidine 50 mg/kg and 100 mg/kg given before topical acidified
aspirin reduced mucosal lesions from a control score of 23-7±3-5 (mean±SEM) in which 83% of
stomachs contained lesions, to 6*9±2*2 and 3*5±2-1 respectively (p<005), 36% and 27% of
stomachs containing lesions. A dose of 250 mg/kg failed to reduce lesion score significantly
(17.8±4.9) and 64% of stomachs contained lesions. Taurocholate-induced lesion score was

reduced from a control value of 32-7±4-3 in which 97% of stomachs contained lesions to
10*8±3*3 and 15-5±3-8 by cimetidine 10 mg/kg and 25 mg/kg respectively (p<005), 62% and
68% of stomachs containing lesions. Cimetidine 50 mg/kg and 100 mg/kg failed to significantly
reduce mucosal damage. Intraduodenal omeprazole (1 25 to 50 ,mol/kg) given before topical
acidified aspirin or taurocholate failed to reduce mucosal lesions, as did intragastric omeprazole 5
,umol/kg and 50 ,umol/kg given before acidified aspirin. Cimetidine showed cytoprotective
properties over a specific dose range beyond which the effect was lost despite continuing
suppression of acid secretion. Omeprazole exhibited no cytoprotective activity.

Prostaglandins can protect the gastric mucosa
against experimental injury by a mechanism inde-
pendent of inhibition of acid secretion that has been
termed 'cytoprotection'. l Cytoprotective activity
has also been claimed for other antisecretory com-
pounds such as the histamine H2-receptor antagon-
ist, but the cytoprotective properties of cimetidine
remain controversial. Carmichael et a12 found that
cimetidine did not significantly reduce the incidence
of gastric mucosal erosions induced in rats by topical
aspirin and HCl, while Robert et a!3 found that
cimetidine was protective only near antisecretory
doses and in the presence of physiological concen-
trations of exogenous HCl. Guth et al,4 however,
found that cimetidine given parenterally in doses
which did not affect acid secretion, protected
pylorus-ligated rats against gastric erosions induced
by topical aspirin in 0-15 N HCI. Kauffman and
Grossman5 found that in the pylorus-ligated rat
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parenteral cimetidine prevented dose dependent
antral ulceration induced by intravenous administra-
tion of acetylsalicylic acid during gastric perfusion
with 0*15 N HCl. Although histamine H2-receptor
antagonists do not affect net transmucosal ion flux
across mammalian gastric mucosa under basal con-
ditions or during damage by agents such as sodium
taurocholate,6 O'Brien and Silen7 showed that
inhibition of acid secretion by these compounds
significantly decreased the tolerance of amphibian
gastric mucosa exposed in vitro to exogenous H+ on
its luminal aspect.
The aim of the present study was to re-examine in

more than one model, the relationship between
antisecretory activity and any gastric protection
afforded by cimetidine, and to determine whether
the new potent antisecretory agent, omeprazole
possesses cytoprotective properties.

Methods

ANIMALS
Sprague-Dawley rats weighing 125-250 g were
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fasted for 48 hours before study. They were allowed
free access to water and were housed in cages with
wide mesh wire bottoms to prevent coprophagy.

SOURCE AND PREPARATION OF DRUGS
The doses of cimetidine were prepared from
ampoules containing 200 mg/2 ml (Smith Kline &
French Laboratories Ltd., England) by dilution with
distilled water. Omeprazole (Hassle AB, Sweden)
was prepared daily by dissolving 68-8 mg of omepra-
zole in 5 ml 100% polyethylene glycol 400 (PEG)
which was then diluted with 5 ml of distilled water
containing 0*56 mg NaHCO3/ml. Subsequent
dilutions were prepared by adding 50% PEG
solution containing 0-56 mg NaHCO3/ml.

Acidified aspirin suspension was prepared by
adding 2 g of aspirin (Evans Medical Ltd.,
Liverpool), 2 g of methylcellulose 20 (BP), and 1.5
ml 11*7 M HCl to 100 ml 0 9% NaCl. Acidified
sodium taurocholate solution was prepared by
dissolving 1 07 g sodium taurocholate (Koch-Light
Laboratories Ltd, England) in 50 ml 0-9% NaCl
containing 0.75 ml 11-7 M HCl. In preliminary
studies these doses of acidified aspirin or tauro-
cholate produced greater than 85% incidence of
gastric erosions and were considered a suitable basis
from which to show inhibition.

SECRETORY STUDIES
Rats were anaesthetised with ether and pyloric
ligation was done through a midline abdominal
incision, care being taken not to interfere with the
blood supply of the stomach or duodenum. The
abdomen was closed and 2 ml 0*9% NaCl were
instilled into the stomach by orogastric intubation
and the animals allowed to recover from anaes-
thesia. Two hours later they were killed by ether
overdose, the stomachs removed, the gastric con-
tents carefully collected and measured, and H+
concentration determined by titration to pH 7-0 with
0-1 N NaOH using an automatic titrator (Radio-
meter, Copenhagen). Gastric acid secretion was
calculated for each animal and expressed as ,mol/h.
The study evaluated the antisecretory effect of

intraperitoneal cimetidine (2, 10, 25, 50, 100, and
250 mg/kg) or intraduodenal injection of omepra-
zole (1-25, 2*5, 5, 10, and 50 ,umol/kg) administered
immediately after pyloric ligation, and of intragas-
tric omeprazole (5 and 50 Amol/kg) given 30 minutes
before pyloric ligation. Control animals received the
vehicle solution alone.

CYTOPROTECTIVE STUDIES
Pyloric ligation was done through a midline abdo-
minal incision under ether anaesthesia. The abdo-
men was closed and acidified aspirin suspension (200

mg/kg in 0.175 M HCl; 1 ml/100 g) or acidified
sodium taurocholate solution (40 mM in 0*175 M
HCl; 1 ml/100 g) was instilled into the stomach by
orogastric intubation. Two hours later the rats were
killed by ether overdose and the stomachs were
removed and opened along the greater curvature.
After washing with a direct stream of cold water the
stomachs were pinned out and examined for the
presence of mucosal lesions by a person unaware of
the type and dose of agent administered. A x2 hand
lens was used to locate and score the lesions. Each
lesion was measured in maximum length and width
and the surface area (mm2) calculated. The total
lesion score was obtained for each animal and the
mean lesion score calculated for each study group.
The study evaluated the cytoprotective effect of

intraperitoneal cimetidine (2, 10, 25, 50, 100, and
250 mg/kg) or intraduodenal omeprazole (1.25, 2 5,
5, 10, and 50 ,mol/kg) administered immediately
after pyloric ligation, and of intragastric omeprazole
(5 and 50 Amol/kg) given 30 minutes before pyloric
ligation. Control animals recieved the vehicle solu-
tion alone. In order to minimise day-to-day varia-
tion in response to treatment, animals were allo-
cated to the control and all of the treatment groups
within the individual experiment on each experi-
mental day.

STATISTICAL ANALYSIS
Results are expressed as mean±SEM. Data were
analysed using analysis of variance. The Mann-
Whitney test was used to determine whether results
in a particular group were significantly different
from those in the corresponding control group.
Statistical significance was claimed when p<0.05.

Results

SECRETORY STUDIES
Dose dependent inhibition of H' secretion was
produced by cimetidine; a maximum of 90% inhibi-
tion relative to control values was noted with 50
mg/kg. Individual Mann-Whitney tests between the
control group and each treatment group showed that
all but the 2 mg/kg group differed significantly from
controls in terms of acid output (Table).

Intraduodenal omeprazole inhibited H+ secretion
when doses greater than 1 25 ,umol/kg were used. A
maximum reduction of 94% relative to control
values was obtained with 50 ,umol/kg of omeprazole.
Only the effect of the 10 and 50 ,umol/kg doses
reached statistical significance on individual
Mann-Whitney testing (Table).
The results of intragastric omeprazole given 30

minutes before pyloric ligation are presented in the
Table. Fifty micromoles per kilogram of omeprazole
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Table Effect ofcimetidine and omeprazole on gastric acid output (,umol/h) in the pylorus-ligated rat. Results are expressed
as the mean SEM and n indicates the number of rats in each group.

Intraperitoneal cimetidine (mg/kg)
Control 2 10 25 50 100 250

n 8 10 10 10 10 7 8
H+(,umol/h) 113+9 89+12 61 ± 10* 28±9* 11±6* 11±3* 12±2*

Intraduodenal omeprazole (p.mollkg)
Control 125 2-5 5 10 50

n 11 9 9 9 9 10
H (,umol/h) 62±17 62+7 41±11 43+15 21+7* 4±3*

Intragastric omeprazole (A.mollkg)
Control 5 50

n 7 8 8
H+(,umol/h) 131+37 96+30 1±1*

* p<0-05 Mann-Whitney test comparing control group with treatment group.

produced almost total inhibition of acid secretion
but the effect of the 5 Amol/kg failed to reach
statistical significance on Mann-Whitney testing.

CYTO PROTECTIVE STUDIES

Intraperitoneal cimetidine (after pyloric ligation)
The effect of intraperitoneal cimetidine on acute
gastric mucosal lesions produced by topical acidified
aspirin suspension is shown in Figure la. Progressive
reduction in mean lesion score was produced by
doses ranging from 2 mg/kg to 100 mg/kg of
cimetidine. Eighty three per cent of the stomachs in
the control group contained one or more lesions and
mean lesion score was 23-7±3-5. Individual Mann-

Whitney tests between the control group and each
treatment group showed that only the 50 mg/kg and
100 mg/kg groups differed significantly from the
controls. Mean lesion scores of these two treatment
groups were 6-9±2-52 and 3-5±2-1 respectively with
36% and 27% of the stomachs containing lesions.
Two hundred and fifty milligrams per kilogram of
cimetidine failed to reduce mean lesion score
significantly from control values, despite a max-
imum effect on acid secretion in the secretory
studies. Analysis of variance showed that the seven

groups differed significantly (p<0-005) in terms of
lesion scores.
The effect of intraperitoneal cimetidine on mucos-

al lesions produced by topical acidified sodium
taurocholate solution is shown in Figure lb. Ninety
seven per cent of the stomachs in the control group
contained lesions and mean lesion score was
32-7±4 3. Significant reductions in lesion scores
were produced by 10 mg/kg and 25 mg/kg of
cimetidine resulting in mean scores of 10-8±3-3 and
15*5±3 8 respectively with 62% and 68% of the
stomachs containing lesions. Increasing doses of
cimetidine resulted in a progressive loss of cyto-
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Fig. la, b Effect of intraperitoneal cimetidine on gastric
mucosal lesions produced by (a) topical acidified aspirin,
and (b) topical acidified sodium taurocholate in the pylorus
ligated rat. Results are illustrated as the mean+SEM, the
number in parentheses represent the number of rats in each
group, and the asterisks representp<0 05 (Mann-Whitney
test comparing control group with treatment group).
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protection from 10 mg/kg to 100 mg/kg despite an
increasing antisecretory effect. Analysis of variance
showed that the six groups differed significantly
(p<0-01) in terms of lesion scores.

Intraduodenal omeprazole (after pyloric ligation)
The effect of intraduodenal omeprazole on aspirin-
induced mucosal lesions is shown in Figure 2a. None
of the treatment groups differed significantly from
the control group and analysis of variance showed
no significant difference. In the control group 87%
of the stomachs contained lesions and in the
treatment groups the incidence ranged from 90% to
78%.
The effect of intraduodenal omeprazole on tauro-

cholate-induced mucosal lesions is shown in Figure
2b. Mean lesion scores in the treatment groups did
not differ significantly from the control value and
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analysis of variance showed no significant differ-
ence. In the control group 100% of the stomachs
contained lesions and in the treatment groups the
incidence ranged from 93% to 77%.

Intragastric omeprazole (30 minutes before pyloric
ligation)
The effect of intragastric omeprazole on aspirin
induced mucosal lesions is shown in Figure 3.
Omeprazole failed to reduce mean lesion score
significantly from a control value of 27-4±7-8 and an
incidence of 100%. Five micromoles per kilogram
and 50 gmol/kg of omeprazole resulted in mean
lesion scores of 31-0±6.3 and 25-1±6-6 respectively
with 100% and 90% of the stomachs containing
lesions.

Discussion

The results of the present study confirm previous
reports that cimetidine protects against mucosal
ulceration in experimental models.4 5 8 9 Guth et
al,4 however, showed cytoprotection in that mean
lesion scores were significantly reduced by doses of
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Fig. 2a, b Effect ofintraduodenal omeprazole on gastric
mucosal lesions produced by (a) topical acidified aspirin,
and (b) topical acidifed sodium taurocholate in the pylorus
ligated rat. Results are illustrated as the mean±SEM and the
number in parentheses represent the number of rats in each
group.
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Fig. 3 Effect ofintragastric omeprazole administered 30
minutes before pyloric ligation on gastric mucosal lesions
produced by topical acidified aspirin in the rat. Results are
illustrated as the mean±SEM and the numbers in
parentheses represent the number of rats in each group.
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cimetidine with and without antisecretory activity
(50 mg/kg and 2-5 mg/kg). In the present study 2
mg/kg cimetidine had no significant effect on acid
secretion or on mucosal injury induced by either
topical acidified aspirin or taurocholate. Mucosal
protection was shown only by doses of cimetidine
that significantly reduced acid secretion, a finding
similar to that of Robert et al.3 With increasing
doses of cimetidine, however, this protective effect
was lost, despite continuing antisecretory activity.

Pylorus ligation is a known stimulus for acid
secretion in the rat and although the mechanism is
uncertain it probably involves a vagovagal reflex.'0
After pyloric ligation, Hakanson et al" were unable
to produce further stimulation of H+ secretion with
doses of pentagastrin up to 250 ,ug/kg. In the present
study exogenous acid was given intragastrically to
ensure that any observed 'cytoprotection' was not
merely a consequence of cimetidine's ability to
suppress endogenous H+ secretion. The loss of
protection with increasing antisecretory doses of
cimetidine confirms the independence of acid secre-
tion and cytoprotective activity of this experimental
model. The reason for this loss of protection is
unclear but possible mechanisms include a non-
specific toxic action of cimetidine, an influence on
gastric mucosal blood flow, or alteration in the
mucus-bicarbonate barrier with reduction in the pH
gradient across the surface mucus layer.

Recent experimental evidence suggests that the
gastric mucosa may be protected against injury by
maintaining a pH gradient across an 'unstirred layer'
of mucus. Using an antimony microelectrode
Takeuchi et al'2 have measured the pH gradient and
thickness of the mucus gel layer in amphibian gastric
fundic mucosa in vitro and have studied the effect of
luminal pH, nutrient [HCO3-1 and a variety of drugs
on the pH gradient and mucus thickness. 16,16-
dimethyl prostaglandin E2 increased the thickness of
the mucus gel and a similar study by Ross and
Turnberg13 showed that pretreatment of the rat
mucosa with 16,16-dimethyl prostaglandin E2 signi-
ficantly increased maximum pH within the mucus
layer, suggesting stimulation of HCO3- production
by the underlying epithelium. The effect of increas-
ing doses of cimetidine on the mucus bicarbonate
barrier has not been studied in this experimental
model but Kenyon et al'4 were unable to show
siginificant net flux of Na+ and H+ ions in vagally-
denervated pouches of antrectomised dogs,
although the doses of cimetidine were much small
than those used in the present study. Further studies
are required to examine the effect of increasing
doses of cimetidine on the mucus-bicarbonate bar-
rier.

O'Brien and Silen7 have suggested that the

secretory status of the mucosa, and hence its
acid-base status, are important determinants in the
tolerance of the tissue to exogenous back diffusion
of H+. By inducing back diffusion of H+ into
burimamide-inhibited amphibian gastric mucosa, a
marked depression of the potential difference,
electrical resistance, and short circuit current was
observed indicating severe compromise of active
transport processes and increased permeability. The
results were similar whether H+ back diffusion was
induced by an electric current, a concentration
gradient, or by topical sodium taurocholate. Spon-
taneous secretion appeared to increase the tolerance
of the mucosa to H+ back diffusion.

In the present study the effect of cimetidine on
taurocholate-induced mucosal lesions support the
findings of O'Brien and Silen7 in the sense that
progressive loss of mucosal protection was observed
with doses of cimetidine that caused increasing
inhibition of acid secretion. Maximal protection
against aspirin-induced mucosal injury, however,
was achieved with doses of cimetidine (50 mg/kg and
100 mg/kg) which also showed maximal inhibition of
H+ secretion.
Omeprazole, a substituted benzimidazole, is a

new long acting, potent, and highly specific inhibitor
of gastric acid secretion. Unlike cimetidine it
appears to act by specific non-competitive interac-
tion with the gastric 'proton-pump', blocking
(H++K+) ATPase located in the secretory mem-
brane of the parietal cell.15 Its antisecretory action
has been confirmed'6$9 and the compound has been
shown to prevent ulcer formation by a variety of
methods, including pylorus ligation and exposure to
aspirin solution.2 Inhibition of acute ulcer forma-
tion and accelerated ulcer healing, however, are
thought to be due mainly to omeprazole's potent
and sustained antisecretory activity,20 and any
cytoprotective properties have yet to be confirmed.
Contrary to the preliminary reports by Konturek et
a12' and Kollberg et al,22 the present study did not
show a cytoprotective effect of omeprazole given
either intraduodenally at the time of instillation of
acidified aspirin or taurocholate, or when given
intragastrically 30 minutes before aspirin. Konturek
et a12' reported that intragastric omeprazole
afforded dose dependent protection against the
production of gastric lesions produced by acidified
aspirin in the rat. This prevention was achieved with
a dose of omeprazole which did not affect acid
secretion and which was given 30 minutes before
aspirin. Omeprazole given intragastrically in doses
ranging from 0*2 ,umol/kg to 20 gmol/kg failed to
affect the formation of gastric lesions induced by
topical absolute ethanol. Kollberg et al,22 however,
showed that dose-dependent protection against
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topical ethanol induced damage could be conferred
by intragastric omeprazole given five minutes prior
to ethanol. The doses of omeprazole used were
greater than those used by Konturek et al,21 and
statistical significance was achieved only at doses of
40 ,umol/kg and 100 ,umol/kg omeprazole. Intra-
peritoneal omeprazole failed to cytoprotect in doses
of 10 ,umol/kg and 40 ,Amol/kg.

In conclusion, the results of the present study
suggest that H2 receptor antagonist, cimetidine, can
protect the pylorus ligated rat against mucosal injury
induced by topical aspirin or taurocholate. Although
this protective effect of cimetidine was observed
only with doses that were antisecretory, they were
observed in the presence of exogenous H+ and the
dose response curves show that the antisecretory
and cytoprotective activity are independent mechan-
isms. In this experimental model omeprazole failed
to exhibit cytoprotective effect despite its antisecre-
tory activity.
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