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Omeprazole inhibits colorectal carcinogenesis
induced by azoxymethane in rats

I D Penman, E El-Omar, J R McGregor, K J Hillan, P J O'Dwyer, K E L McColl

Abstract
Numerous clinical and experimental studies
suggest that gastrin plays an important part in
the development of colorectal cancer in
humans. This study was done to assess the
influence of omeprazole induced hyper-
gastrinaemia on the development of colorectal
tumours in an experimental animal model.
Forty female Sprague-Dawley rats received
either omeprazole (40 ,umol/kg) or vehicle
(0.25% methylcellulose) by once daily oral
gavage throughout the experiment. Ali animals
received 12 consecutive weekly subcutaneous
injections of azoxymethane (10 mg/kg/week)
beginning at week 6. Serum gastrin concentra-
tions were measured during weeks 1 and 5 and
at death (week 27). Chronic omeprazole treat-
ment resulted in appreciable hypergastri-
naemia during the study, mean gastrin con-
centrations in omeprazole treated rats being
raised by up to nine to 10 fold, compared with
vehicle treated control rats (p<0-001). Despite
this, tumour incidence in the omeprazole group
was significantly lower at 63%, compared with
95% in the vehicle only group (p<002). The
median number of tumours in the omeprazole
group (1) compared with the vehicle group (3)
was also significantly lower (p=0 02). Average
tumour size, site distribution, and the compar-
ative frequencies of adenomas and adenocar-
cinomas were similar in the two groups. This
study shows that omeprazole protects against
colorectal carcinogenesis in this model despite
causing appreciable hypergastrinaemia. The
mechanism by which this occurs is unclear and
merits further investigation. Because of the
compounding protective effects of ome-
prazole, this model is not a suitable one for
studying the longterm trophic effects ofgastrin
on the colon.
(Gut 1993; 34: 1559-1565)
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Several lines of investigation suggest that gastrin
may have important growth stimulating roles in
human colorectal cancer. The hormone is trophic
for the colonic epithelium in rodents' and also
stimulates proliferation of normal and malignant
colonic epithelial cells in vitro.23 In addition,
gastrin enhances the growth of colonic tumour
xenografts in nude mice resulting in their
reduced survival,4 an effect which can be in-
hibited by the gastrin receptor antagonist pro-

glumide.' Subsequently, newer and more

specific antagonists have been developed and
these can also inhibit the trophic effects ofgastrin
on colorectal tumour cells.6 7 Furthermore,
specific, high affinity gastrin receptors have been
shown on both normal and malignant colonic
epithelium" as well as on a significant proportion

of primary human colorectal tumours." In
animal models of colorectal cancer, hyper-
gastrinaemia produced endogenously by either
antral exclusion or small bowel resection, or by
pentagastrin injections, has been found to
enhance the development oftumours induced by
either azoxymethane or dimethylhydrazine."-` It
has to be stated, however, that not all authors
have been able to show a trophic effect of gastrin
in the colon, either in vitro'415 or in vivo'" and
others have found gastrin to have no promoting
effect on chemical carcinogenesis in rodents.'7 In
addition, Graffner et al 1 found that omeprazole
induced hypergastrinaemia had no promoting
effect on the growth of established colonic
tumours growing as xenografts in mice. Thus, in
vitro studies and animal models ofcolonic cancer
have not yet conclusively shown an important
role for gastrin.
Numerous studies have reported raised gastrin

concentrations in patients with colonic tumours,
compared with control patients'"2' and the con-
centration may fall after successful treatment,22
suggesting that the tumour secretes either gastrin
or a gastrin releasing peptide. In addition, some
human tumours synthesise gastrin mRNA23 or
contain immunoreactive gastrin,24 and it is there-
fore possible that gastrin may possess autocrine
as well as endocrine trophic roles in this condi-
tion.

Hypergastrinaemia also occurs during treat-
ment with the now widely used H+/K+ ATPase
inhibitor omeprazole.2' The hypergastrinaemia is
thought to be secondary to its profound inhibi-
tory effects on gastric acid secretion and is
probably the mechanism underlying the develop-
ment of enterochromaffin like cell (ECL cell)
carcinoid tumours seen in rats after prolonged
treatment with omeprazole and other acid inhibi-
tory drugs.26 Omeprazole induced hypergastri-
naemia has also been shown to stimulate
proliferation of rat colonic mucosa in vivo27 and
for these reasons, concerns have been raised over
the longterm safety of this drug.
To assess further the role of gastrin in colorec-

tal carcinogenesis we have examined the effect of
endogenous hypergastrinaemia produced by
omeprazole on the development of colorectal
tumours induced in rats by azoxymethane.

Materials and methods

ANIMALS
Forty five week old female Sprague-Dawley rats
(Harlan OLAC Ltd, UK) weighing 125-150 g
were used. The animals were housed in cages
with controlled temperature ((SD) 21 (1)°C),
humidity (50 (5)%) and light cycle (12 hour).
Normal tap water and standard laboratory diet
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(Bantin and Kingman Ltd, Hull, UK) were fed
ad libitum.

EXPERIMENTAL DESIGN
After one week of acclimatisation, animals were
randomly divided into two groups and dosed
once daily by oral gavage with either omeprazole,
40 umol/kg (at a volume of 5 ml/kg) or vehicle
(buffered methylcellulose) for the entire 27
weeks of the study. In addition all animals
received 12 weekly subcutaneous injections of
azoxymethane 10 mg/kg (total dose= 120 mg/kg)
beginning in week 6. Food intake for each group
was calculated during weeks 10, 14, 16, 21, and
24. Animals were inspected and weighed three
times weekly after carcinogen treatment and
killed if they showed signs of tumour develop-
ment such as abdominal distension, rectal bleed-
ing, or weight loss of 10% or more. All other
survivors were killed in week 27, by exsanguina-
tion under CO2 anaesthesia.

GASTRIN ANALYSIS
Samples of tail vein blood (0 7 ml) were taken
and serum separated for gastrin measurement in
six freely fed rats from each group at the start of
the study (before beginning treatment with
either omeprazole or vehicle) and in all animals at
death. At the end of the study, blood was taken
from omeprazole treated rats either four hours
(n=6) or 24 hours (n= 13) after the last dose of
omeprazole. All blood sampling was done
between 1200 and 1600 to minimise the possible
effects of diurnal variation in gastrin concentra-
tions. Additionally, in week 5, before starting
azoxymethane injections, blood was taken from
three animals in each group at four hour intervals
throughout a 24 hour period to assess not only the
degree but also the duration of hyper-
gastrinaemia (different rats were bled at each
time point).

Gastrin was measured in 200 ul of serum by
radioimmunoassay using antibody R98, as previ-
ously published.28 This antibody recognises the C
terminal end of both human and rat gastrin and
has a sensitivity of 5 ng/l.

NECROPSY ANALYSIS
All animals were killed between 1200 and 1600.
At death, all animals had a necropsy and the
viscera were carefully examined. After divi-
sion of the pubic symphisis the entire colon
from anorectal junction to caecum was
excised, opened lengthwise, and pinned flat
on a cork mat. Colon length was measured
and the number, position (in mm from the
anorectal junction), and volumes (product of

TABLE I Calculatedfood consumption per group measured atfive time points duringthe
experimental period

Group Wk 10 Wk 14 Wk 16 Wk21 Wk24

Omeprazole 18-2 (0 9)* 19-8 (1-4)** 19-0 (1-4) 19-7 (1-0) 19 5 (2-0)
Vehicle 17-1 (1-2) 16-6 (0 8) 19-9 (0 7) 22-8 (1-6)** 18-7 (2-5)

*p<0-05, **p<O-OOl. Results are expressed as grams/rat/day (mean (SD)).

lengthxwidthx depth in mm3) of all macro-
scopically visible lesions recorded. The liver was
sliced at 2-3 mm intervals to assess the presence
of metastasis. After overnight fixation in 10%
neutral buffered formalin, all lesions were
removed, individually coded, processed, and
embedded in paraffin wax. In addition, samples
of liver as well as macroscopically normal ascend-
ing and descending colon (from 25% and 75%
along the length of the colon) were taken for
detailed histopathological analysis. Sections
(4 ,um thick) were stained with haematoxylin and
eosin and examined without knowledge of their
group of origin. All neoplastic lesions were
classified as either benign adenomas or
adenocarcinomas.29

CHEMICALS
Pure omeprazole (Dr H Mattsson, Astra Hassle)
was suspended in 0-25% methylcellulose (Dow
Chemicals), buffered with 2 mg/ml sodium bicar-
bonate, and adjusted to pH 9 0 with sodium
hydroxide. The solution was stored at -20°C
before use and fresh aliquots thawed for use
every four to five days and kept at 4°C. Azoxy-
methane (Sigma Chemical Co, Dorset, UK) was
dissolved in sterile 0-9% sodium chloride, kept
as a stock solution of 100 mg/ml at 4°C and
further diluted to a final concentration of 10 mg/
ml with sodium chloride immediately before use.

Statistical analysis
All statistical testing was performed using the
statistical software package MINITAB 8-0
(Minitab Inc, USA). Tumour incidence was
analysed by Fisher's exact test and tumour
distribution and multiplicity by the Mann-
Whitney U test. Correlations between animal
weight and tumour development were assessed
using Spearman's rank correlation coefficient.
Student's unpaired t test was used for all other
tests including tumour volumes after logarithmic
transformation of the data. Statistical signifi-
cance was taken as a value of p<0 05 in all tests.

Results

ANIMAL GROWTH AND WELLBEING
Both groups of animals grew at similar rates,
although by the end of the study the omeprazole
treated rats were on average 12% lighter, with a
mean weight (SD) of 343 (42) g compared with
391 (48) g in the placebo group (p<0005).
Despite this, calculated food consumption
(Table I) was found to be significantly higher in
weeks 10 (p<0 05) and 14 (p<0-001) in the
omeprazole group, similar in weeks 16 and 24,
and only higher in the vehicle group during week
21 (p<0-001).

All animals surviving beyond week 21 (when
the first tumour developed) were included in
effective numbers for analysis. One rat in the
omeprazole group died during week 10 after
oesophageal perforation at oral gavage and was
therefore excluded. Two rats in the vehicle
treated group developed tumours in week 25 but
all other animals survived until the end of the
study in week 27.
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n = 6

0
*0

the gastrin concentrations 24 hours after the last
dose (range 200-600 ng/l).
The serum gastrin profiles performed during

week 5 of the study confirmed that omeprazole
treatment resulted in raised gastrin concentra-
tions throughout most of the 24 hour period (Fig
2). Peak values occurred two hours after dosing
(1700 ng/l, about ninefold increase) and even 24
hours after omeprazole (that is, before the next
dose), the mean gastrin value was about twice
that in the vehicle group (383 ng/l and 184 ng/l,
respectively).

* n = 11
0

0

Vehicle Omeprazole Vehicle Omeprazole Omeprazole
I (4 h) (24h)

Week 1 Week 27
Figure 1: Serum gastrin concentrations during week I and week 27 in both groups. Horizontal
bars and numbers represent mean values. Note that they axis is interrupted between 500 and
1500 ngll. Values for only 11 omeprazole rats are shown 24 hours after the final dose, two
samples being unsuitable for analysis. *p=0-001, **p<0-05 compared with vehicle treated
rats.

SERUM GASTRIN CONCENTRATIONS
Figures 1 and 2 show gastrin concentrations in
the two groups. There was no significant differ-
ence between the groups in week 1 (Fig 1), before
starting omeprazole treatment, the mean (SD)
values being 204 (57) ng/l (omeprazole) and 220
(61) ng/l (vehicle). At the end of the study, mean
gastrin values both four hours (mean 2470 (796)
ng/l, p=0Q001) and 24 hours (331 (113) ng/l,
p<0 05) after the last dose of omeprazole were
significantly higher than in vehicle treated
animals (mean 245 (72) ng/l). Figure 1 also shows
the considerable variation in gastrin concentra-
tions in response to omeprazole with values four
hours after dosing ranging from 1360-3520 ng/l.
There was also a threefold variation among rats in

TUMOUR DEVELOPMENT
Significantly fewer rats in the omeprazole treated
group (12/19, 63%) developed histologically con-
firmed tumours, compared with the rats treated
with vehicle only (19/20, 95%); p<O0O2 (Table
II). Furthermore, in the omeprazole group, both
the total number of tumours (28) and the median
number of tumours per rat (1 0, range 0-5) were
significantly lower (p=002) than in the vehicle
treated group (59 tumours, median 3-0, range
0 1O). Close examination of sections taken from
samples of macroscopically normal ascending
and descending colon did not show any early or
microscopic lesions. Liver metastases were not
found in either group but deposits of tumour
were seen in the omentum of one rat in the
vehicle treated group. The comparative numbers
of benign adenomas and adenocarcinomas were
similar in both groups and there was no signifi-
cant difference between the groups in the site
distribution of the tumours, most occurring in
the distal colon and rectum in each group (Fig 3).
There was no significant difference in average

tumour size in the two groups as measured by the
median tumour volume (Fig 4), the results being
30 mm3 (vehicle) and 27 mm3 (omeprazole).
There was, however, a preponderance of small
tumours (< 10 mm3) in the vehicle group (22/59,
37%), compared with the omeprazole group
(4/28, 14%) although the reason for this is unclear
(see Discussion).

O Omeprazole
Vehicle

* n -__n_ ,

Dark cycle )k

r
1200 1400 1600 2000 2400

t Time
Dosing

Figure 2: Serum gastrin concentrations (mean (SD)) throughout a
5. Gastrin was measured in three rats from each group atfour hour
dosing with either omeprazole or vehicle.

Discussion
The aim of this study was to assess whether
persistent endogenous hypergastrinaemia
secondary to prolonged omeprazole treatment
would enhance colorectal carcinogenesis induced
in rats by azoxymethane. Despite causing appre-
ciable hypergastrinaemia (concentrations raised
up to 10-fold) the results show that, contrary
with our hypothesis, chronic omeprazole treat-
ment significantly inhibited tumour formation.
There are several possible explanations for our
findings.

_ _ . ~o Firstly, it is possible that omeprazole treated
rats developed tumours with similar frequency
but that the drug inhibited their growth, result-
ing in many microscopic lesions being missed in

0400 0800 1200 the omeprazole group. We feel this is unlikely
because the samples of normal flat colon taken
from all rats failed to show any early microscopic
lesions. Furthermore, if omeprazole inhibited

24 hour period during week the growth oftumours once they developed, then
intervals before and after one would have expected this group to have on

average smaller tumours, but this was not the
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TABLE II Tumour development

Total
Tumour Tumoursi tumoursl Adeno- Rats with

Group No +ve rats ratt group Adenomas carcinomas metastasis

Omeprazole 19 12* 1-0 (0-5)*. 28** 6 22 0
Vehicle 20 19 3 0 (0-10) 59 11 48 1

*p<0-02, **p=0-02, compared with vehicle treated rats. tResults are medians (ranges).

case. It is possible to speculate, however, that
omeprazole may have exerted its effects on
tumour initiation by the mechanisms discussed
below but that once tumours developed the
trophic effects of the raised gastrin concentra-
tions in this group resulted in more rapid tumour
growth with the final result being an overall
similarity in the measured tumour volumes in the
two groups. Further experiments using antrec-
tomised rats or doses of omeprazole that do not
significantly raise gastrin concentrations would
be needed to dissociate the effects of the drug
itself from those resulting from gastrin. Finally,
Graffner et al did not find any effect of
omeprazole on the growth of colonic tumour
xenografts in mice,18 and so inhibitory effects of
omeprazole on tumour growth seem unlikely.

Secondly, underfeeding or calorie restriction,
or both with reduced weight gain and growth
have been shown to inhibit the development of
tumours at various sites, including the colon, in
animals.'s In this study, the omeprazole treated
animals did grow more slowly than the vehicle
treated rats and were, on average, 12% lighter at
the end of the study. Calculated food intake,
measured frequently throughout the experiment
(Table I) did not show that rats in the omeprazole
group consumed less - in fact food intake was
either similar or greater in the omeprazole group
at four of five time points measured. These
findings of increased food intake but slightly
reduced weight gain are consistent with what was
noted during the development and testing of
omeprazole32 although it is not known why it
occurs. When the 19 omeprazole rats included in
effective numbers for analysis are subdivided
into those with tumours (n= 12) and those with-
out tumours (n=7) there is no significant differ-
ence between their mean weights (Mann-
Whitney U test). Using Spearman's rank correla-
tion coefficient, there is no correlation between
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Figure 3: Site distribution ofcolorectal tumours. Tumour positions are expressed as per4
distance along the length ofthe colon, from the anal margin (0%=anal margin,
100%=caecum).
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Figure 4: Tumour volumes (mm3). Horizontal bar represents
the median value in each group.

final weight and the number of tumours per rat
(r,=0O 195; p>0 2) or between animal weight and
the total tumour 'burden' per rat, 'burden' being
the total volume of all lesions in that rat
(r= -0 149; p>0 2). Furthermore, the study of
Kumar et al found significant inhibition of
azoxymethane induced tumours only at values of
calorie restriction of 20% or more33 and from
other published data on calorie restriction and
experimental carcinogenesis,30"3 we feel the small
weight difference in this study is unlikely to have
made more than a minor contribution to our
results.
A further possibility for the reduced tumour

incidence in the omeprazole group is that the
gastrin concentrations were excessively high and
may even have inhibited cell growth. The values
of gastrin reported to stimulate colonic epithelial
proliferation vary greatly. While modest two-
threefold rises in gastrin have been found to be
trophic, even G-17 concentrations as high as
1600 pmol/l (equivalent to 3200 ng/l) stimulated
a colorectal cancer cell line in vitro, although
maximum stimulation occurred at lower doses
(400 pmol/ - that is, 800 ng/1).34 Durrant et al
also found that the optimum concentration of
gastrin for several cell lines was 3 ng/ml (3000
ng/l) when testing gastric and colorectal cancer
cell lines for their trophic responses to added
gastrin.35 The maximum stimulation of HT29
colon cancer cells in one study occurred in
response to 400 pmol/l of G-17 (equivalent to
800 ng/l) but even a dose of 4000 pmol/l (8000
ng/l) stimulated growth, albeit to a lesser
degree.36 In addition, the same authors found
that very high doses of pentagastrin (500 and
1000 ,ug/kg) stimulated the growth of colonic
cancer xenografts in mice. In a study of 31 fresh
human colorectal tumours, screened in vitro for
their trophic responsiveness to gastrin,37 17 of 31
tumours were found to be gastrin responsive,

n
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most responding maximally to high concentra-
tions of gastrin (2-50 ,ug/l - that is, 2000-50 000
ng/l). Normal rat colonic epithelium in vivo has
been found to respond trophically to doses of
pentagastrin ranging up to 1000 ,tg/kg with a
significant quadratic dose response relation,38
and a similar dose response relation for gastrin on
gastric ECL cells has also been found.39 In this
study, constant infusions of gastrin were trophic
to the ECL cells with the maximum effect
occurring at circulating gastrin concentrations of
250-400 pmol/l (equivalent to 500-800 ng/l, a
seven to 11-fold rise in gastrin concentrations
compared with control animals). Furthermore,
even the highest infusion dose of gastrin, which
resulted in a 14-fold rise in serum gastrin concen-
trations, was trophic to the cells. Thus, the
concentrations of gastrin we obtained are similar
to those that have previously been shown to be
trophic for rat gastrointestinal epithelium.
The gastrin concentrations in our rats were

also similar to those that may be seen during
chronic omeprazole treatment in humans. While
most patients have three to fourfold rises in
serum gastrin, in the study by Jansen et al 8 of 32
patients during longterm omeprazole treatment
had fasting gastrin values of over 500 ng/l, which
was more than 10 times the median value.40
Bearing in mind that the postprandial rise in
gastrin is maintained during omeprazole treat-
ment, their postprandial values would be more
than 1000 ng/l. Furthermore, pernicious
anaemia patients may have gastrin concentra-
tions of around 2000-4000 ng/l.4' Thus, we feel
that the hypergastrinaemia produced in. this
study is relevant to the values seen clinically in
patients with pernicious anaemia and also during
omeprazole treatment.
As none of the above explanations satisfac-

torily accounts for the reduced tumour preva-
lence in the omeprazole group, an effect of
omeprazole itself on the carcinogenic process
must be considered. Longterm treatment with
acid inhibitory drugs has been shown to result in
bacterial overgrowth in the upper gastrointes-
tinal tract,42 changing the composition of the
intestinal microflora. Such bacteria may be
important in colonic carcinogenesis and con-
tribute to the tumourigenicity of azoxy-
methane,43 possibly by participating in
metabolism of the carcinogen in the colon. It is
conceivable that the omeprazole effect on colonic
carcinogenesis was secondary to the drug affect-
ing the composition and enzymatic activity of the
intestinal microflora and thereby changing the
metabolism of the carcinogen.

Alternatively, omeprazole may have exerted
its effects by modifying the metabolism of
azoxymethane by the liver or intestinal mucosa.
Most known carcinogens exist as procarcinogens
and require metabolic activation, usually by
hydroxylation, in the liver to exert their
genotoxic effects" 45 and these reactions are
carried out by members of the cytochrome P450
supergene family of enzymes.' Cytochromes
P450 IAl and IA2 have been found to be the
main ones participating in the metabolic activa-
tion of a variety of carcinogens including
numerous heterocyclic amines commonly
present in cooked food47 48 and polycyclic

aromatic hydrocarbons. The levels of expression
of these enzymes, and their activities, both in the
liver and also in extrahepatic tissues such as small
intestine and colon can be modified by various
factors. These include dietary lipid,49 extracts of
cruciferous vegetables,50 and xenobiotics includ-
ing other carcinogens.5' 52 It is possible that the
comparative expressions of these, and other,
P450 enzymes in different tissues may be impor-
tant in determining the overall balance between
activation and detoxification of a given xeno-
biotic and its carcinogenic effectiveness. Cyto-
chrome P450 enzymes capable of metabolising
azoxymethane have also been found in the colon
of humans and animals.5"55 While cytochrome
P450 IIEI seems to be important in the activa-
tion of azoxymethane," the full pathway of
azoxymethane metabolism has not been eluci-
dated and the role of other cytochrome P450
enzymes, notably cytochrones P450 IA1 and IA2
remains to be determined.
Omeprazole has been shown to interact with

the cytochrome P450 system. In 1990, Diaz
et al57 showed that omeprazole was a potent
inducer of both cytochromes P450 IAl and IA2
in human hepatocytes in vitro (although no effect
with cytochrome P450 IIEI was noted) and
raised fears that this may result in increased
activation of carcinogens metabolised by these
enzymes. Subsequently the newer H+/K+
ATPase inhibitors, pantoprazole and lanso-
prazole, have also been found to modulate cyto-
chrome P450 enzyme activity in animals.58
Furthermore, in biopsy specimens from human
volunteers, McDonnell et al59 have shown very
recently that omeprazole treatment for seven
days induced cytochrome P450 IAl gene expres-
sion and enzyme activity in vivo in the gastro-
intestinal mucosa with the most noticeable
effects seen in the duodenum. These are prob-
ably direct effects of the drug or a metabolite
rather than the resulting hypergastrinaemia as
continuous infusions ofpentagastrin do not seem
to affect cytochrome P450 enzyme activity, at
least in the small intestine.'
These findings and the concerns expressed

about omeprazole have proved controversial and
stimulated much debate.6"' While it seems logi-
cal to assume that induction of cytochrome P450
IA proteins, with increased activation of hetero-
cyclic amines and increased mutagenicity, would
result in enhanced carcinogenicity, this has not
been found to be the case when studied in animal
models of cancer development. Indeed the con-
trary has been found to be the case, with
induction of IA proteins being repeatedly shown
to be associated with protection against tumour
formation.65"7 Similarly, inhibition of these
enzymes is associated with enhanced carcino-
genesis in animals,68 despite the reduced activa-
tion of the carcinogens under study. Thus,
showing increased carcinogen activation and
mutagenicity in vitro on the one hand does not
necessarily correlate with increased tumour
formation. In fact, the opposite seems to apply,
highlighting our relative lack ofunderstanding of
this extremely complex subject.
The reduced carcinogenic activity of azoxy-

methane during omeprazole treatment may be
related to omeprazole modifying the metabolism
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of the carcinogen in the colon or liver or affecting
P450 isoenzymes differentially at these two sites.
Further studies on both the pathway of azoxy-
methane metabolism and the effects of
omeprazole on this pathway are obviously
needed before conclusions can be made regard-
ing the mechanism(s) by which omeprazole
exerts its protective effects. For instance, it is not
known whether the omeprazole inducible
enzymes, IAI and IA2, are important in
azoxymethane metabolism.

Because ofthe unexpected inhibitory effects of
omeprazole on colorectal carcinogenesis, the
present model is unsuitable for assessing the
effect of chronic hypergastrinaemia on colonic
carcinogenesis. Chronic hypergastrinaemia as a
result of other causes, however, cannot be
excluded from having an important part in
colorectal cancer development. This study does
suggest that fears regarding the potential dele-
terious effects of omeprazole on carcino-
genesis" 5 may be unfounded. Further studies on
the mechanism(s) by which omeprazole protects
against chemical colorectal tumourigenesis and
the doses at which this occurs are merited and
may shed light on the pathogenesis of this
common disease.
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