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Abstract
Previous studies have suggested that profound
inhibition of gastric acid secretion may
increase exposure to potentially carcinogenic
N-nitroso compounds. The aim of this study
was to find out if the proton pump inhibitor
omeprazole (20 mg daily) is associated with
increased concentrations of potentially
carcinogenic N-nitroso compounds in gastric
juice. The volume of gastric contents, number
of bacteria, and concentrations of nitrates,
nitrites, and N-nitroso compounds was deter-
mined in gastric aspirates obtained after an
overnight fast in 14 healthy volunteers (7M:7F)
after one week of treatment with placebo, and
one and two weeks' treatment with omepra-
zole. Median bacterial concentrations were
1*Ox 104 (range 5 0x 103-5-0x 106) colony form-
ing units (CFU)/ml after one weeks' treatment
with placebo and increased significantly to
4-OX105 (0-3.3x 107) CFU/ml after two weeks'
treatment with omeprazole (p<0.05). A similar
increase was seen in the concentration of
nitrate reducing bacteria. There was no differ-
ence in the volume of gastric aspirates after
treatment with omeprazole when compared
with placebo (65 (29-155) ml v 42 (19-194) ml).
The concentration of N-nitroso compounds
was 0-13 (0-1-0) ptmol/l after two weeks of
omeprazole, which was not significantly differ-
ent from that seen with placebo (0-15 (0-0.61)
tmol/l). There was also no increase in the
concentrations of nitrates or nitrites. It is
concluded that omeprazole (20 mg once daily)
for two weeks in healthy volunteers is associ-
ated with gastric bacterial proliferation but
does not increase concentrations of N-nitroso
compounds.
(Gut 1994; 35: 455-460)

Omeprazole has been established as an effective
treatment for peptic ulceration and reflux oeso-
phagitis, for periods of up to five years.' 5 There
are still concerns regarding the possible risks of
prolonged gastric acid suppression.6-9 Prominent
among these are uncertainties of adverse effects
consequent on bacterial proliferation and coloni-
sation of the upper gastrointestinal tract.
Decreased gastric acidity because of age,'0
antacids,"'-" H2 receptor antagonists, 'I"45 and
gastric surgery'6 has previously been reported to
increase gastric bacterial colonisation and this
has been proposed to increase the formation
of potentially carcinogenic N-nitroso com-
pounds.'7-20
A single study has reported that in healthy

subjects, 14 days' treatment with 30 mg omepra-
zole once daily leads to an increase in the number

of bacteria present in the stomach including
nitrate reducing bacteria.'9 As gastric volumes
were not assessed, however, it has been sug-
gested that this may have represented an increase
in bacterial concentration attributable to a
decrease in gastric secretion and, hence, overall
gastric volume rather than a true increase in
bacterial load - that is, the total number of
bacteria.2' In addition, samples of gastric juice
were obtained through a nasogastric tube that
had remained in situ for 10 hours, with the
attendant problems of possible contamination.
Furthermore, the method used to assess N-
nitroso compounds in this study has been shown
to be inadequate for the determination of total N-
nitroso compounds.22 23
We have therefore assessed the influence of 14

days' treatment of omeprazole, 20 mg daily, on
total gastric bacteria as well as nitrate reducing
bacterial counts by gastric juice aspiration, and
measured residual gastric volumes to determine
the total number of these organisms in the
stomach. To avoid the problems inherent in
obtaining bacteriological samples with a naso-
gastric tube, a novel sampling technique was
used to obtain uncontaminated gastric samples.24
Finally, both the concentration and total gastric
content of N-nitroso compounds (NOC) and
their precursors, nitrates and nitrites were
measured using a modified extraction procedure
to maximise the retrieval of N-nitroso com-
pounds.

Subjects and methods

SUBJECTS
Studies were performed in 14 healthy volunteers
(seven men, seven women), mean age 24 (range
20 to 46 years), who had no previous history of
gastrointestinal disease. Subjects were not per-
mitted any treatment apart from oral contracep-
tives and paracetamol as necessary. Smoking was
not prohibited during the study, but subjects
were instructed to maintain their usual smoking
habits. Helicobacter pylori infection was excluded
in all subjects by a negative '3C-urea breath test.25

Written informed consent was obtained from
all volunteers, and the study was approved by the
local ethics conunittee of the CHUV/PMU,
Lausanne.

METHODS

Study plan
Treatment was given according to a single blind
protocol. Each subject received an initial one
week treatment with placebo, followed by

455

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.35.4.455 on 1 A

pril 1994. D
ow

nloaded from
 

http://gut.bmj.com/


Verdu, Viani, Armstrong, Fraser, Siegrist, Pignatelli, Idstrom, Cederberg, Blum, Fried

omeprazole, 20 mg daily for 14 days. Gastric
aspirates were obtained after one week of treat-
ment with placebo, and after one and two weeks'
treatment with omeprazole.

Gastric aspirations
After an overnight fast, 24 hours after the last
intake of placebo or omeprazole, a nasogastric
tube (16 Fr Levine, Argyle, Tullamore, Ireland)
covered by silicone tubing, was introduced
through an anaesthetised nostril; the position of
the tip, 10 cm distal to the cardia, was verified
fluoroscopically. A double sheathed tube
(Bacteriocath-Mauch, Munchenstein, Switzer-
land) - consisting of an outer tube, capped at the
distal end, and containing an inner sterile
catheter - was passed into the stomach through
the previously inserted nasogastric tube. The
distal cap was then dislodged and samples of
gastric contents aspirated through the inner
catheter.

Bacteriological assays
One ml ofthe aspirate was placed in an anaerobic
transport medium (Port-A-Germ, Biomerieux,
France) and plated within three hours onto
aerobic and anaerobic culture media. The
samples were serially diluted with phosphate
buffer containing 1% peptone. Aerobic cultures
were performed by plating samples on the
following media: (a) 5% sheep blood agar; (b)
MacConkey agar; (c) phenylethyl alcohol agar;
(d) Sabouraud glucose agar containing genta-
micin and chloramphenicol.

Anaerobic cultures were performed by inocu-
lating the following solid media: (a) blood agar
containing 5% sheep blood supplemented with
cysteine and vitamin K1; (b) neomycin agar; (c)
vancomycin/nalidixic acid agar.
Media were incubated for a minimum of 72

hours with a first reading at 24 hours for aerobic
growth and 48 hours for anaerobes. Bacteria
were identified by standard methods26 to species
level or, where appropriate, to genus level only.
Bacterial numbers were determined by a colony
count of the individual bacterial morphologies
and expressed logarithmically as colonies/ml.

Nitrate, nitrite, andNOC assays
For the nitrate and nitrite assays, 0-6 ml of
gastric juice was added to a tube containing 0-2
ml of NaOH 0 5 N. The NOC assays were
performed on a further 2-5 ml of gastric juice,
which was placed in a Pyrex/Teflon joint stop-
pered vial containing 50 mg of solid sulphamic
acid, kept at room temperature with protection
from light for a further four minutes and then
stored in the dark at -20°C until analysis within
eight days. Nitrite was determined colorimetric-
ally by diazotisation of sulphanilic acid followed
by coupling to N-(l-napthyl)-ethylenediamine
after removal of interfering substances on an
anion exchange column. Nitrate was analysed by
the same method after reduction to nitrite on a
cadmium column.27 NOC concentrations were
determined using a previously described tech-

nique.11 Briefly the gastric juice sample was
injected directly into refluxing ethyl acetate,
containing either acetic acid -0-1% (vol/vol)
HC1 for determining thermo and acetic acid
labile thermal energy analyser responsive com-
pounds (TAC) or hydrogen bromide for the
determination of TAC plus NOC. The amount
ofnitric oxide released in each case was measured
through chemoluminescence detection using a
thermal energy analyser, with the difference
between the two determinations representing the
concentration of total NOC in the sample. The
limit of detection was 0-01 ,tmol/l.

pH measurements
Immediately after aspiration, the pH of aspirates
was determined using a combined glass electrode
(M3-440, Ingold Messtechnik AG, Urdorf,
Switzerland) and a precalibrated pH meter
(Radiometer pHM 75, Radiometer, Copen-
hagen, Denmark).

Residual gastric volume
After aspiration of the gastric samples for
determination of bacterial counts, and concen-
trations of nitrate, nitrite, and NOC, 50 ml of
polyethylene glycol solution 4000 (PEG) was
instilled through the nasogastric tube; the sub-
ject then moved around on the examination
couch over a five minute period to permit
thorough mixing of gastric contents. The
stomach was then aspirated to dryness; the
volume of aspirate was noted and two 1 ml
aliquots were stored at -20°C for subsequent
measurement of PEG concentration by turbidi-
metry28 to permit evaluation of the residual
gastric volume before insertion of nasogastric
tube.

Evaluation ofresults and statistical analysis
Statistical evaluation of paired data was per-
formed using the Wilcoxon's signed rank test.29
The Spearman rank correlation coefficient test
was used to test the relation between pH values
and bacterial counts, and concentrations ofNOC
and nitrite. The difference between bacterial
counts, nitrites, and NOC at pH values above
and below 4 were compared with the Mann-
Whitney U test.

Bacterial, nitrate, nitrite, and NOC contents
were calculated by multiplying and concentra-
tions by the calculated residual gastric volume.
All data are presented as medians (range).

Results
Fourteen subjects completed the study. One
subject withdrew from the study after the first
week for reasons unconnected with the experi-
ment and was replaced according to protocol.
Epigastric pain was reported by one subject two
days after starting omeprazole and diarrhoea was
reported by another during treatment with
placebo. Both subjects completed the study and
no other adverse events were noted.
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TABLE I Types ofbacteria culturedfrom gastric aspirates

Bacterium Placebo Omeprazole I week Omeprazole 2 weeks

Non-haemolytic Streptococcus* 7 (2) 10 (5) 8 (7)
acHaemolytic Streptococcus* 6 (0) 9 (7) 9 (6)
fi Haemolytic Streptococcus* - - 1 (1)
S epidermidis* - 2 (1) 1 (1)
S aureus* - -(6) 1 (0)
Neisseria spp* 2 (2) 6 (0) 9 (8)
Lactobacillus spp* 4 (1) 1(3) -

Corynebacterium spp* 2 (2) 4 8 (6)
Stomatococcus sp - - 1(1)
Candida albicans 3 (0) 3 (0) 2 (0)
Candida sp 1 (0) - -

Fusobacterium spp* - - 3 (2)
Peptostreptococcus sp - 1(1) 1(1)
Bacteroidesgrfragilis - 3(3) 4(4)
Bacteroides non grfragilis - 1 (1) -

Bacteroides melaninogemicus - 3 (1) 2 (2)
Bacteroides sp - 1(1) -

Enterobactrcloacae - 1(0) 1(1)
E coli* 1 (0) - -

Bacterial species during placebo and omeprazole, showing the total number of subjects from whom
the bacteria was cultured and the number of subjects with bactrial counts > 105 CFU/mI (in brackets)
after treatment with placebo and omeprazole. Nitrate reducing bacteria are shown by *.

CHARACTERISTICS OF GASTRIC JUICE

Gastric samplepH
The median pH of the samples was 1 9 (1 3-5-8)
during treatment with placebo, 3-9 (1-9-6-4)
after one weeks' treatment with omeprazole, and
4 3 ([ 3-6 8) after two weeks' treatment with
omeprazole. At weeks 1, 2, and 3, sample pH
was greater than 4, in 2, 7, and 8 volunteers
respectively.

I I I -a
01 02 m3

0)

* * 1
0

01 02
Figure 1: Concentration of(A) total bacteria, and (B) nitrate
reducing bacteria after one week ofplacebo (P) and treatment
with omeprazolefor one (01) and tWo (02) weeks. There was
a significant increase in the concentrations oftotal and nitrate
reducing bacteria after both one and two weeks ofomeprazole
treatment when compared with placebo, but no significant
difference between the concentrations after one and two weeks
ofomeprazole. (Values are logarithms ofcolonyforming units
(CFU)Iml expressed as median and interquartik range,
*p<OO-5)

Gastric volume
The median fasting gastric volume was 41-5 ml
(19-193 7) during placebo treatment. There
were no significant changes in the median gastric
volumes after either one or two weeks of
omeprazole treatment: 41-5 ml (21 9-137-7) and
64-9 ml (28 6-154-9) respectively.

BACTERIOLOGY
Table I lists the bacterial species found in gastric
juice during treatment with placebo and after
omeprazole. There was a significant increase in
the total bacterial concentration after one
(p<005) and two weeks (p<005) of omepra-
zole without a significant difference between the
first and second treatment week of omeprazole
(Fig 1). The total number of bacteria in gastric
juice also increased significantly after one and
two weeks of omeprazole (p<005 v placebo),
but there was no significant difference between
the first and second week of omeprazole (Fig 2).
There was a significant increase in the concen-

tration of nitrate reducing bacteria after one and
two weeks of omeprazole (p<005 v placebo)
without a significant difference between the first
and second week ofomeprazole (Fig 1). The total
number of nitrate reducing bacteria in gastric
juice also increased after one and two weeks of
omeprazole (p<005 v placebo) without a

B
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Figure 2: Total bacterial numbersfor (A) all bacteria, and
(B) nitrate reducing bacteria after one week ofplacebo (P) and
treatment with omeprazole for one (01) and two (02) weeks.
There was a significant increase in the numbers oftotal and
nitrate reducing bacteria after both one and two weeks of
omeprazole treatment when compared with placebo, but no
significantdifference between the total number ofbacteria after
one and two weeks ofomeprazole. (Values are logarithms of
colonyforming units (CFU)Iml expressed as median and
interquartile range, *p<OOS.)
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Figure 3: Concentration
(imol/ml) ofnitrate, nitrite,
and N-nitroso compounds
(NOC) in gastricjuice after
placebo (P), one week (01),
and two weeks (02) of
omeprazole. There was no
significant difference
between treatment weeksfor
any parameter. (Individual
values for each subject.
Horizontal bars show
medians.)
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Figure 4: Total content
(pwmol) ofnitrate, nitrite,
and N-nitroso compounds
(NOC) in gastricjuice after
placebo (P), one week (02),
and two weeks (02) of
omeprazok. There was no
significant difference

between treatment weeksfor
any parameter. (Individual
values for each subject.
Horizontal bars show
medians.)
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significant difference between the first and
second weeks of omeprazole (Fig 2).

NITRATES, NITRITES, AND N-NITROSO
COMPOUNDS (NOC)

Nitrates
The median nitrate concentrations were not
significantly different during treatment with
placebo, when compared with those after one,
and two weeks' treatment with omeprazole
(Fig 3). Similarly, the total amount of nitrates
(median) was not significantly different after
placebo treatment, when compared with the
values after one and two weeks' treatment with
omeprazole, respectively (Fig 4). There was
similarly no significant difference either in the
nitrate concentrations or total nitrate contents
between placebo and the first and second weeks'
treatment with omeprazole (p>005).

Nitrites
Nitrite concentrations during treatment with
placebo were not significantly different from
those after one and two weeks' treatment with
omeprazole (Fig 3). Total nitrite content did
not change after one and two weeks' treatment
with omeprazole when compared with placebo
(Fig 4).

N-nitroso compounds (NOC)
There was no significant difference in the con-

centrations of NOC after one and two weeks'
treatment with omeprazole compared with
placebo (Fig 3). There was also no significant
difference in the total NOC contents after one
and two weeks' treatment with omeprazole com-
pared with placebo (Fig 4).

RELATION BETWEEN pH, BACTERIAL COUNTS,
NITRATES, NITRITES, AND N-NITROSO COMPOUNDS
Total bacterial concentrations and nitrate reduc-
ing bacteria concentrations were significantly
higher when aspirate pH was >4 (Table II,
p<005). No significant relation was found
between pH values and nitrates, nitrites, or
NOC concentrations or the total amount of these
compounds.

Discussion
The results of this study show that omeprazole,
20 mg daily is associated with an increase in
the gastric concentration and total number of
bacteria, including nitrate reducing bacteria.
There was, however, no increase in the concen-
trations or total contents of nitrites or NOC for
the group as a whole although transiently raised
concentrations were noted in several subjects. It
is well established that reduced gastric acidity
leads to increased bactrial proliferation in the
gastrointestinal tract,' 131416 and there has been a
debate whether this may lead to increased forma-
tion of NOC, some of which are known to be
carcinogenic in animals.'"'333 In patients who
have had gastric surgery more than 20 years

TABLE II Relation between pH and concentrations ofbacteria (total and nitrate reducing), nitrites, and N-nitroso compounds
(NOC)

pH <4 (n=25) pH >4 (n=17) p Value

Total bacteria (CFU/ml) <-0x io (<1-Ox 104-3-3x 107) 3-1 x 105 (<1-0x 104-5-2x 107) <0-001
Nitrate reducing bacteria (CFU/mI) <1 *0x 104 (<1 *0x I04-2 x 107) 2-Ox 105 (<1 *0x 104-3-1 x 107) <0-001
Nitrite concentration (pmol/l) 5-9 (0-35-9) 9-1 (0-54-8) 0-28
NOC concentration (pmol/) 0-18 (0-068) 0-18 (0-7-6) 0-448

Values are shown as medians and range at pH less than and greater than 4. The nitrite and NOC concentrations when the aspirate was >4
pH were not significantly different from those when pH was <4 despite a significant increase in both total bacteria and nitrate reducing
bacteria when aspirate pH was >4 (p<0-001). CFU=colony forming units.

°1

NOC
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previously, an increased incidence of both
gastric and other gastrointestinal malignancies,
which has been attributed to NOC has been
reported.3"37 The comparative importance, how-
ever, of reduced acidity and the type of surgery
are not known.38 It has been hypothesised that
the increase in gastric pH is the most important
factor as it may permit the proliferation of
bacteria that can reduce dietary nitrate to nitrite
with the subsequent chemical formation of nitro-
samines and other NOC from secondary and
tertiary amines. 1839 It needs to be remembered,
however, that nitrate reduction can also occur
non-enzymatically and this reaction occurs pref-
erentially at a low pH.

In the only previous comparable study,
Sharma et al reported that 14 days of once daily
treatment with 30 mg omeprazole, led to a
reversible increase in gastric bacterial flora with a
consequent increase in nitrite and NOC produc-
tion, which was reversible when treatment
finished.'9 In this study, the total contents of
gastric bacteria, nitrates, nitrites, and NOC were
also calculated because it was suggested that the
increased concentration seen in the study by
Sharma et almay have been an artefact as a result
of the decreased volume of gastric secretion
produced by omeprazole.2' We found no reduc-
tion in gastric volume assessed 24 hours after
the last omeprazole dose, however, showing
that omeprazole. had no effect on the secretion
volume. There was thus a concordance between
the values obtained for both gastric concentra-
tions and content for all parameters.

This study also showed that reduced acid
secretion after omeprazole is associated with
proliferation ofbacteria, including nitrate reduc-
ing species but it has not confirmed a subsequent
increase in nitrite or NOC production for the
group as a whole. The most notable difference
between the two studies is that the median
bacterial counts reported by Sharma et al were
more than 100-fold greater than those seen in this
study. As omeprazole produces a dose depend-
ent increase in gastric pH,4' the lower bacterial
counts in this study could have been a result of
differences in intragastric pH because of the
lower dose of omeprazole in the study (20 mg v
30 mg). The median pH in our study after
treatment with omeprazole was 4-0, consistent
with those previously reported for healthy volun-
teers,'9 41 42 although higher pH values have been
reported in patients with duodenal ulceration
and Helicobacter pylon infection.445 In the study
by Sharma et al, however, the mean pH after 14
days of omeprazole was 3-0 and it therefore
seems that a different intragastric pH is probably
not responsible for the differences in bacterial
counts. It is possible that the overnight intuba-
tion technique used to obtain gastric aspirates
in the study by Sharma, may have led to
inadvertent colonisation of the gastric juice by
oropharyngeal organisms. Furthermore, pro-
liferation may have been promoted by the hourly
aspiration of gastric contents resulting in a
reduction in the pool of gastric acid available to
sterilise gastric contents. It is thus possible that
the increases in nitrite and N-nitrosamine con-
centrations reported by Sharma were due to the
considerably higher bacterial counts when com-

pared with this study in which a sterile sampling
technique was applied. The lower nitrite concen-
trations seen in this study could have been a
result of low initial concentrations of nitrate;
however, the nitrate concentrations reported
here are similar to those reported in other study
populations in France, Colombia, and the
United Kingdom (Pignatelli, unpublished data).
The use ofa different NOC extraction procedure
probably does not explain the difference in NOC
concentrations between the two studies.
Previous studies22 show that only about 50-60%
of the total NOC are extractable in organic
solvents such as ethyl acetate used by Sharma
et al.'9 On this basis, the NOC concentrations
reported by Sharma et al during placebo are
predictably lower than those found in this study.
This is consistent with the mean NOC concen-
tration (0 09 ,molIl) found in the study by
Sharma et al before treatment, which is about
55% of the value seen in our study. Despite the
more accurate measurement technique in our
study,23 no increase in NOC concentrations was
seen during omeprazole administration. Thus,
the absence of an increase in nitrite and NOC
concentrations for the group as a whole seen in
our study may be explained by the comparatively
small rise in bactrial proliferation.

Despite the lack of an overall effect on nitrite
and NOC concentration, transient increases
were seen in several subjects. Interestingly the
subjects with the highest NOC concentrations
were not the same as those with the highest
gastric nitrite content. The importance of these
transient increases in gastric NOC concentration
is unknown, and there was no association
between highpH values and raisedNOC concen-
trations.

In summary this study has shown that treat-
ment with omeprazole 20 mg once daily for two
weeks in healthy volunteers increases the degree
of bacterial proliferation in a manner that does
not increase with time, and does not increase
NOC concentrations. Further studies are
required, however, before these results can be
confidently extrapolated to patients with peptic
ulceration and gastritis secondary to Helicobacter
pylor infection in whom omeprazole may have a
more noticeable effect on gastric acid secretion.

We wish to acknowledge the technical assistance of Mr P
Thuillier, IARC, Lyon, France. Supported by SNF Grant Nos
32-2639.89/32-25727.88 and a grant from Astra Hassle AB,
Molndal, Sweden. Part of this study was presented in abstract
form at a symposium 'Nitrosamines and N-Nitroso Compounds:
Chemistry and Biochemistry' held in Washington in August 1991.
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