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Summary

Omeprazole is a specific inhibitor of H* K*-ATPase or *proton pump’ in parietal cells.
This enzyme is responsible for the final step in the process of acid secretion; omeprazole
blocks acid secretion in response to all sumuli. Single doses produce dose-dependent
inhibition with increasing effect over the first few days. reaching a maximum after about
5 davs. Doses of omeprazole 20mg daily or greater are able 1o virtually abolish intragastric
acidity in most individuals, although lower doses have a much more variable effect.
Omeprazole causes a dose-dependent increase in gastrin levels.

Omeprazole must be protected from intragastric acid when given orally, and is there-
fore administered as encapsulated enteric-coated granules. Absorption can be erratic but
1s generally rapid. and initially the drug is widely distributed. It is highly protein-bound
and extensively metabolised. Its elimination half-life 1s about 1h but its pharmacological
effect lasts much longer, since it is preferentially concentrated in parietal cells where it
forms a covalent linkage with H* K*-ATPase, which it irreversibly inhibits. Omeprazole
binds to hepatic cytochrome P450 and inhibits oxidative metabolism of some drugs, the
moslt important being phenytoin.

Omeprazole has produced short term healing rates superior to the histamine H»-
receplor antagonists in duodenal ulcer, gastric ulcer and reflux oesophagitis. It has also
been shown to be highly effective in healing ulcers which have failed 1o respond to H»-
receptor antagonists, and has been extremely valuable in treating patients with Zollinger-

Ellison syndrome.

1. Chemistry and Pharmacology of
Omeprazole
1.1 Chemistry

The molecular structure of omeprazole is com-
posed of a substituted pyridine ring linked to a
benzimidazole by a sulfoxide chain (fig. 1). Its mo-
lecular weight 1s 345 daltons. Omeprazole is a lipo-
philic weak base, and will therefore preferentially
accumulate in an acidic environment such as the
secretory membrane of the parietal cell.

1.2 Mode of Action

Omeprazole is avidly taken up by the parietal
cell. In an acidic pH it becomes converted to its
active form, a sulphenamide, by protonation. In
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Fig. 1. Chemical structure of omeprazole.

this form. the drug produces an irreversible linkage
via a disulfide bond with the enzyme H* K*-
ATPase or “proton pump’ (fig. 2) which is respon-
sible for the active secretion of hydrogen ions by
the parietal cells (Sachs & Wallmark 1989; Wall-
mark 1989) .

This action makes omeprazole unique among
existing gastric antisecretory drugs which are com-
petitive antagonists at specific cellular receptors on
the basolateral aspect of the parietal cell. Through
its irreversible inhibition of H* K*-ATPase, ome-
prazole blocks gastric acid secretion in response to
all known stimuli including agents such as dibutryl
cyclic adenosine monophosphate (db-cAMP), which
acts intracellularly (Wolfe & Soll 1988).

Omeprazole 1s degraded by acid, and so must
be protected from gastric acid when given orally;
this is achieved by the use of encapsulated enteric-
coated granules.

2. Pharmacodynamics in Humans
2.1 Effect on Basal Acid Output

Following oral administration of omeprazole in
its encapsulated enteric-coated granule formula-
tion, its maximal effect on gastric acid secretion is
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Fig. 2. Diagram of the interaction of the activated form of
omeprazole with gastric H*,K*-ATPase.

achieved after about 6 hours: in a group of 6 healthy
male subjects given omeprazole 30mg, basal acid
output measured 6 hours later was reduced by 66%
(Howden et al. 1984a). After | week of daily
administration of the same dose, the inhibition of
basal acid output had risen to almost 100%. In a

similar group of 6 subjects given omeprazole 60mg
daily, inhibition of basal acid output was 91.7%
after the first dose and 99.1% after the seventh.

In a separate study, the effects of 7 days’ admin-
istration of omeprazole 10mg daily were assessed
(Howden et al. 1985a). A single dose of 10mg did
not significantly affect basal acid output, but after
7 days of dosing mean basal acid output was re-
duced by 93%. However, there was a high degree
of interindividual variability in response to this low
dose.

These studies show a dose-dependent effect of
omeprazole on inhibition of basal acid output. They
also show variability in response to low dose ome-
prazole, and increased antisecretory effect with re-
peated dosing.

2.2 Effect on Pentagastrin-Stimulated
Acid Output

Intravenous infusion of pentagastrin 1.2 ug/kg
for 1 hour increased gastric acid secretion in a group
of 6 healthy male subjects from a mean (+ SD)
basal value of 4.3 + 3.4 mmol/h to a plateau value
of 354 + 5.4 mmol/h (Howden et al. 1984a).
Omeprazole 30mg reduced the pentagastrin-stim-
ulated plateau acid output to 10.2 + 10.1 mmol/
h (=71.2%; p < 0.05). After 7 days of dosing with
omeprazole 30mg daily, this was further reduced
to 0.6 + 1.0 mmol/h (=98.4%; p < 0.01).

In subjects given omeprazole 60mg daily, pre-
treatment plateau acid output was 37.1 + 10.6
mmol/h. After 1 dose this was reduced to 1.7 +
2.3 mmol/h (=95.3%; p < 0.01); after the seventh
dose, it was 0.4 + 0.2 mmol/h (=99%; p < 0.01).
In subjects given omeprazole 10mg daily (Howden
et al. 1985a), pretreatment plateau acid output was
23.3 + 8.2 mmol/h. Six hours after a single dose
of 10mg, the figure was 23.1 + 8.6 mmol/h (not
significant) but at a similar time after the seventh
daily dose it was 7.8 + 6.7 mmol/h (—66.5%; p <
0.01). Again, there was a high degree of interindiv-
idual variability in response to the low dose.

In a group of patients with healed duodenal
ulcer, pentagastrin-stimulated acid output after 7
days of dosing with placebo or omeprazole 5 or
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10mg daily was measured 14 hours after the final
dose (Howden et al. 1986a). Total output was 42.9
+ 4.9 mmol following placebo, and 34.5 + 9.8 and
32.3 + 8.7 following omeprazole 5 and 10mg, re-
spectively. Neither of the reductions in output pro-
duced by these low doses of omeprazole was sig-
nificant.

2.3 Effect on Insulin-Stimulated Acid Output

Omeprazole 30mg as a single oral dose reduced
the stimulated acid output induced by an intra-
venous infusion of insulin 0.03 U/kg/h (Utley et
al. 1985) from 16.8 = 2.2 10 4.3 + 1.8 mmol/h
(—=74%: p < 0.05). A similar group of subjects re-
ceived a single dose of omeprazole 60mg, and in
this group the insulin-stimulated acid output was
reduced from 123 + 2.6 t0o 3.4 = 2.1 mmol/h
(=73%: p < 0.05).

2.4 Effect on 24-Hour Intragastric Acidity

In a group of 9 patients with duodenal ulcer in
clinical remission, a regimen of omeprazole 30mg
daily for | week virtually eliminated intragastric
acidity, with mean hourly hydrogen ion activity
falling from 38.5 to 1.95 mmol/L (Walt et al. 1983).
The median intragastric pH rose from 1.4 to 5.3,
representing a much greater increase than that
achieved by conventional doses of existing hist-
amine H»-receptor antagonists.

In another study. 12 duodenal ulcer patients re-
ceived omeprazole 20mg daily for 28 days (Lan-
zon-Miller et al. 1987). At the end of that time,
median integrated 24-hour intragastric acidity had
fallen from 1148 to 36 mmol/L+h (=97%). The
same patients also received a separate course of
treatment with ranitidine 150mg twice daily: the
median integrated 24-hour intragastric acidity with
that treatment was 490 mmol/L+h (=57% com-
pared with pretreatment values).

Omeprazole 20mg daily for 8 days reduced in-
tragastric acidity by around 99% in 6 patients with
healed duodenal ulcer (Naesdal et al. 1987) but had
a much smaller effect on another 4 patients in the

same study, indicating some degree of interindiv-
idual variability in response to this dose.

Finally, a dosage regimen of omeprazole 5 or
10mg daily for 7 days did not have any significant
effect on 24-hour intragastric acidity in a group of
6 patients with healed duodenal ulcer (Howden et
al. 1986a).

2.5 Effect on Plasma Gastrin Levels

Plasma concentrations of a wide variety of gas-
trointestinal peptides were measured in 6 healthy
subjects 6 hours after a single oral dose of ome-
prazole 40mg (Allen et al. 1984). The basal level
of gastrin was significantly (p < 0.05) increased
from 13 + 6.8 to 28.2 = 8.3 pmol/L. The inte-
grated gastrin response to a meal was also in-
creased, but failed to reach statistical significance.
No significant changes were found in the concen-
trations of any of the other peptides measured.

In a group of 12 healthy volunteers given ome-
prazole 40mg daily for 9 days by Festen et al.
(1986), fasting serum gastrin levels increased from
36 + 31049 + 6 ng/L (p < 0.01) after the first
dose and to 59 + 6 ng/L after the ninth (p < 0.002).

A nonsignificant increase in serum gastrin lev-
els was found in 1| study of 10 duodenal ulcer
patients given omeprazole 20mg daily for 8 days
(Naesdal et al. 1987). Omeprazole 5 or 10mg daily
for 7 days also produced no alteration in fasting
gastrin levels in a group of 6 duodenal ulcer patients
(Howden et al. 1986a). However, the median in-
tegrated gastrin response to a meal was signifi-
cantly increased from 29.2 to 67.0 pmol/L«h (p <
0.05) following 7 days of omeprazole 10mg daily.

The median integrated 24-hour plasma gastrin
was significantly raised from 328 to 1519 pmol/
L« hin a group of 12 duodenal ulcer patients given
omeprazole 20mg daily for 28 days (Lanzon-Miller
et al. 1987). The median integrated 2-hour plasma
gastrin for the same group of patients given rani-
tidine 150mg twice daily for 28 days was 799 pmol/
L-h.

Omeprazole produces a dose-dependent in-
crease in gastrin levels. The rise in integrated 24-
hour gastrin is directly proportional to the reduc-
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tion in integrated 24-hour intragastric acidity (Lan-
zon-Miller & Pounder, personal communication).

2.6 Effect on Pepsin Secretion

Although omeprazole has a dramatic effect on
secretion of gastric acid, it does not significantly
affect that of pepsin. Such a finding is consistent
with the specific action of the drug on parietal cells
without an effect on the function of the pepsin-
secreting chief cells.

Thompson et al. (1985) found no significant al-
teration in pepsin output after 4 weeks of omepra-
zole 20 or 40mg daily in 9 patients with duodenal
ulcer disease. Omeprazole 10mg daily for 7 days
did not affect basal or pentagastrin-stimulated pep-
sin in 6 healthy volunteers (Howden et al. 1985a),
and a higher dosage of 30 or 60mg daily for 7 days
did not affect basal pepsin secretion in healthy
volunteers (Howden et al. 1984a). Similarly, 12
healthy subjects given omeprazole 40mg daily for
9 days did not display any alteration in pentagas-
trin-stimulated pepsin output (Festen et al. 1986).

2.7 Effect on Intragastric Bacteria and
Bacterial Products

Ten healthy male subjects were given omepra-
zole 30mg daily for 2 weeks in the study of Sharma
et al. (1984). Gastric juice sampled 22 hours after
the final dose of omeprazole showed a significant
(p < 0.01) rise in the concentrations of bacteria,
nitrite and N-nitrosamines and a nonsignificant re-
duction in nitrate levels. The profound inhibition
of gastric acidity had allowed proliferation of in-
tragastric bacteria with consequent reduction of
dietary nitrate to nitrite and the production of N-
nitrosamines. All these changes had resolved within
3 days of stopping omeprazole.

2.8 Effects on Endocrine Function

The effects of high dose endocrine function have
been studied in healthy male subjects (Howden et
al. 1986b; MacGilchrist et al. 1987). Omeprazole
60mg daily for 8 days had no effect on the basal

levels of thyroid-stimulating hormone (TSH), fol-
licle-stimulating hormone (FSH), luteinising hor-
mone (LH), prolactin (PRL), thyroxine (Ty), tri-
iodothyronine (T3), cortisol or testosterone. In
addition, the responses of TSH and PRL to stimu-
lation with thyrotrophin-releasing hormone and the
responses of FSH and LH to stimulation with lu-
teinising hormone-releasing hormone were unaf-
fected by omeprazole.

An initial finding of a reduction in the peak cor-
tisol level in response to stimulation with synthetic
corticotrophin (ACTH) in a group of healthy male
subjects receiving omeprazole 60mg daily for 8 days
(Howden et al. 1986¢) was not subsequently con-
firmed (MacGilchrist et al. 1987). However, in vi-
tro studies using isolated bovine adrenocortical cells
showed that incubation with omeprazole produces
a marked dose-dependent inhibition of stimulated
cortisol release (Howden et al. 1986¢). This is un-
likely to have any significance for the use of ome-
prazole in humans, since extremely high concen-
trations of omeprazole were necessary to produce
the effect.

2.9 Effects on Renal Tubular Function

Omeprazole 60mg administered daily for 7 days
did not affect 24-hour urinary electrolyte excretion
or urinary acidification in response to oral am-
monium chloride in a group of 8 healthy male sub-
jects (Howden & Reid 1984).

3. Pharmacokinetics in Humans
3.1 Absorption and Serum Concentrations

Since omeprazole is acid-labile, it must be pro-
tected from the action of acidic gastric juice when
given by mouth. In some studies, this was achieved
by administering the drug with oral sodium bi-
carbonate (e.g. Cederberg et al. 1989). Absorption
of omeprazole was rapid, with peak plasma con-
centrations being reached within 0.5h.

This drug is usually administered as encapsu-
lated enteric-coated granules. The release from this
formulation and subsequent absorption are erratic
and do not follow classic pharmacokinetic princi-
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ples. Studies have shown marked interindividual
variability in both the rate and extent of absorp-
tion.

In most healthy male subjects given omeprazole
10, 30 or 60mg daily (Howden et al. 1984b, 1985a),
peak plasma omeprazole concentrations were
achieved by 1.5 hours, although there was marked
variation in individual peak concentrations. The
ranges were 58 to 154, 223 1o 1160 and 860 to 3830
pg/L after single doses of 10, 30 and 60mg. re-
spectively. The area under the plasma omeprazole/
time curve from administration until 8 hours after
the dose (AUC(q.g)) calculated by the linear trap-
ezoidal rule also showed marked interindividual
variation: the ranges after single oral doses of 10,
30 and 60mg were 156 to 428, 338 to 2270 and
1380 to 5000 pg/L - h, respectively.

After 7 days of treatment with these doses ad-
ministered daily, the AUC(.g) had increased from
that of the first dose (Howden et al. 1984b, 1985a);
the mean increases were 45% after 10mg daily, 86%
after 30mg daily and 128% after 60mg daily. This
implies a degree of nonlinearity which has also been
noted by others. In a group of healthy volunteers
given omeprazole either 10, 20 or 40mg daily for
5 days, the increases in AUC from days | to 5 av-
eraged 21, 69 and 182%, respectively (Andersson
et al. 1989).

The most likely explanation for the observed rise
in AUC is that omeprazole absorption increases
with repeated dosing due 10 a progressive suppres-
sion of acid secretion. Less omeprazole is degraded
once acid secretion is inhibited, leaving more
available for absorption. The increase in AUC can-
not be explained by decreased elimination, since
the clearance of omeprazole does not change with
continuous treatment (Ching et al. 1990).

The true bioavailability of omeprazole has been
estimated at 35% after a single dose, increasing to
approximately 60% following repeated daily doses
(Cederberg et al. 1989). The time of administration
does not materially influence its absorption. In 8
healthy male subjects given omeprazole 40mg daily
for 5 days. the parameters of time to peak concen-
tration, peak concentration and AUC were similar

whether the doses had been taken at 0900 or 2100h
each day (Prichard et al. 1985).

3.2 Distribution

Omeprazole is, initially, rapidly distributed to
extravascular sites. The mean volume of distribu-
tion in 8 healthy volunteers given 20mg orally was
reported by Regardh et al. (1985) to be 0.31 L/kg,
with a range of 0.19 to 0.45 L/kg. This would be
compatible with localisation of the major fraction
of omeprazole within extracellular water. Pene-
tration of the drug into red blood cells is low, the
ratio between whole blood concentrations and those
in plasma being in the region of 0.6. Omeprazole
i1s more than 95% bound to plasma proteins in hu-
mans, principally albumin and «;-acid glycopro-
tein (Regardh et al. 1985). It subsequently becomes
preferentially concentrated within parietal cells.

3.3 Metabolism and Elimination

Omeprazole is almost entirely cleared by me-
tabolism, so that virtually no unchanged drug is
excreted (Clissold & Campoli-Richards 1986). Afier
oral or intravenous administration of [!4C]-ome-
prazole, more than 80% of the radioactivity was
recovered in the urine, with most of the remainder
in the faeces. No unchanged drug was found in
either urine or faeces (Cederberg et al. 1989;
Regirdh 1986). The main metabolites in humans
are the sulfone and hydroxy-omeprazole (fig. 3).
The sulfone metabolite does not possess any anti-
secretory activity, while hydroxy-omeprazole is only
weakly antisecretory (Cederberg et al. 1989).

After low dose omeprazole labelled with '4C was
given intravenously to volunteers, 16% was re-
covered in the bile within the first 4 hours (Lind
et al. 1987). Negligible amounts of drug were re-
covered from gastric juice over this time, indicat-
ing that biliary excretion is the only important gas-
trointestinal route of elimination.

Elimination half-life after oral omeprazole has
been estimated at about 1h (Cederberg et al. 1989
Regardh et al. 1985). Omeprazole is almost entirely
cleared from plasma at 4 hours after oral admin-
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Fig. 3. Metabolism of omeprazole.

istration (Cederberg et al. 1989). The antisecretory
effect of the drug, however, lasts much longer.
Omeprazole becomes selectively concentrated in
parietal cells (Cederberg et al. 1989; Wallmark 1989)
where it acts as a noncompetitive inhibitor of
H*,K*-ATPase. Suppression of acid secretion
is not correlated with plasma omeprazole concen-
trations, but there is an association between ome-
prazole AUC and antisecretory effect (Cederberg et
al. 1989; Lind et al. 1983).

3.4 Influence of Disease States on the
Pharmacokinetics of Omeprazole

3.4.1 Chronic Renal Failure

The antisecretory effect of omeprazole is main-
tained in patients with chronic renal failure under-
going regular haemodialysis (Howden et al. 1985b).
In 6 such patients given omeprazole 30mg by
mouth, time to peak plasma concentration, peak
plasma concentration and AUC did not differ be-
tween nondialysis and dialysis days. The drug was
not detected in dialysis fluid. There was marked
interindividual variability in these pharmacokin-
etic parameters. The range in AUC (138 to 3248
ug/L +h) on the nondialysis day did not differ sig-
nificantly from that in 6 healthy male subjects given
a single oral dose of 30mg (338 to 2270 pg/L-h:
Howden et al. 1984b).

In the study by Naesdal et al. (1986), 12 patients
with established chronic renal failure (creatinine

OCH3
CHj OCH3
O N
N CHy — g |
N N
I
l H
(o]
e o ! ___ Omeprazole
| | sulfone
(0]

clearance 11 to 62 ml/min) were given [!4C)-
labelled omeprazole 20mg intravenously and 40mg
orally in random order. The pharmacokinetics of
omeprazole in these patients did not differ signifi-
cantly from values previously found in healthy
subjects. Mean elimination half-life was 0.6h, and
mean systemic bioavailability was 70%.

3.4.2 Chronic Liver Disease

The oral and intravenous pharmacokinetics of
omeprazole were studied in 10 patients with cir-
rhosis (McKee et al. 1988). Patients received ome-
prazole 10mg intravenously, and a 7-day course of
10mg orally. Acid secretion was low in these
patients but omeprazole was still able to signifi-
cantly reduce pentagastrin-stimulated acid output.
The range of AUCg.g) after the seventh oral dose
was 3.97 to 10.61 pmol/L +h, again indicating a
high degree of intersubject variability. The AUCs
were higher than those recorded in a group of
healthy male subjects given omeprazole 10mg orally
for 7 days (Howden et al. 1985a). The mean elim-
ination half-life was 2.85h, which was higher than
that reported for healthy subjects. There was no
evidence of accumulation of omeprazole in the cir-
rhotic patients since no omeprazole was detectable
in plasma at the start of the study on the seventh
day of dosing. On the basis of these findings, spe-
cific dosage reduction is not necessary in patients
with chronic liver disease. Doses of more than 20mg
will not be needed in such patients.
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Other researchers have reported mean values for
ehmination half-life of 2.68h (Cederberg et al. 1989)
and 2.85h (Rondanelli et al. 1989) in cirrhotic
patients.

4. Drug Interactions

Omeprazole can bind to hepatic cytochrome
P450 and inhibit the oxidative metabolism of cer-
tain drugs. This section reviews drug-drug inter-
actions reported in the literature.

4.1 Diazepam

Diazepam was the first drug reported to interact
with omeprazole: Gugler and Jensen (1984) gave §
healthy male subjects intravenous diazepam 0.1mg
per kilogram of bodyweight before and after a 9-
day course of omeprazole 40mg daily. Following
omeprazole, the mean elimination half-life of di-
azepam was increased from 36.9 to 85.0h (p < 0.01)
and the total body clearance was reduced from 1.34
to 0.61 L/h/kg (p < 0.01).

4.2 Aminophenazone (Aminopyrine) and
Phenazone (Antipyrine)

Elimination of the 2 model drugs aminophen-
azone and phenazone was measured in a group of
healthy male subjects given omeprazole 30 or 60mg
daily for 2 weeks by Henry et al. (1984). The values
for both drugs were not significantly altered in sub-
jects receiving the lower dose. However, in 10 sub-
jects given omeprazole 60mg daily, the half-life of
aminophenazone was prolonged by 21% (p < 0.05)
and that of phenazone by 10% (p < 0.025).

4.3 Phenytoin

In 8 healthy male subjects, the pharmacokin-
etics of phenytoin were studied before and after
administration of omeprazole 40mg daily for 8 days
(Gugler & Jensen 1985). The subjects were given
phenytoin 250mg by intravenous infusion on each
occasion. Phenytoin clearance was reduced from
0.025 to 0.021 L/h/kg after omeprazole (p < 0.05),

and mean elimination half-life was increased from
20.7 to 26.3h (p < 0.01). The volume of distribu-
tion and protein binding of phenytoin were unaf-
fected.

In a separate study (Prichard et al. 1987), 10
healthy male subjects received, in random order,
placebo or omeprazole 40mg daily for 9 days.
Phenytoin 300mg was given orally on the seventh
day of each treatment. Phenytoin AUCg.72) was
significantly increased by omeprazole from 121.6
to 151.4 mg/L+h (p < 0.01), a finding which is of
potential clinical importance in view of the narrow
therapeutic index of phenytoin. There were non-
significant increases in the peak plasma phenytoin
concentrations and in the apparent elimination half-
life.

4.4 Propranolol

Omeprazole 20mg daily for 8 days did not alter
the pharmacokinetics of propranolol in a group of
8 healthy subjects taking propranolol 80mg twice
daily (Henry et al. 1987).

4.5 Warfarin

A group of 21 healthy male subjects received
warfarin for 7 weeks in doses adjusted to reduce
vitamin K-dependent clotting factors to 10 to 20%
of normal (Sutfin et al. 1989). For 2 weeks, they
were also given omeprazole 20mg daily. Omepra-
zole did not affect plasma concentrations of the
S-enantiomer of warfarin but caused a 12% in-
crease in those of the R-enantiomer. Thrombotest
values were slightly reduced during the concomi-
tantadministration, from a mean of 21.1% to 18.7%
(p = 0.04). No adjustment in warfarin dosage was
required. It appears that omeprazole inhibits the
hepatic metabolism of the pharmacologically less
active R-enantiomer of warfarin, but the effect was
not great and is unlikely to be of major import-
ance. Nevertheless, further studies are indicated.

4.6 Amoxycillin and Bacampicillin

The pharmacokinetics of oral amoxycillin 500mg
and bacampicillin 800mg were studied in 8 healthy
volunteers before and after 1 week of omeprazole
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20mg daily (Paulsen et al. 1989). Although there
was a slight delay in bacampicillin absorption, no
significant effect was found on the AUC or elim-
ination half-life of either amoxycillin or bacampi-
cillin.

4.7 Nifedipine

In 10 healthy male volunteers, omeprazole 20mg
administered daily for 7 days significantly (p < 0.02)
reduced the clearance of nifedipine from 75 to 59.4
L/h (Danhof et al. 1989). Conversely, the clearance
of omeprazole 40mg given intravenously was sig-
nificantly reduced (p < 0.03) from 28.8 10 24.9 L/
h in the same subjects when they had been pre-
treated with nifedipine 10mg 3 times daily for 5
days.

4.8 Antacids and Metoclopramide

Concomitant administration of antacids does
not affect the absorption of omeprazole (Howden
& Reid 1988; Tuynman et al. 1987). Similarly, there
is no evidence for any interaction between ome-
prazole and metoclopramide (Howden & Reid
1988).

5. Therapeutic Uses of Omeprazole
5.1 Duodenal Ulcer

Duodenal ulcer healing rates for antisecretory
drugs are directly related to their degree of suppres-
sion of 24-hour intragastric acidity (Jones et al.
1987). It is therefore not surprising that omepra-
zole has produced the highest recorded healing rates
in duodenal ulceration. The first dose-comparative
trial (Gustavsson et al. 1983) found a healing rate
of 100% after 2 weeks of treatment with omepra-
zole 60mg daily in 16 patients. A similar group of
16 patients was given omeprazole 20mg daily; after
4 weeks, the healing rate was 93%.

Omeprazole has been shown to be superior to
conventional doses of ranitidine in healing duo-
denal ulcers (Bardhan et al. 1986; Classen et al.
1985). However, a more recent multicentre clinical
trial from Canada failed to demonstrate a statis-

tically significant difference in healing rates be-
tween omeprazole 20mg daily and cimetidine in
the high dose of 600mg twice daily (Archambault
et al. 1988).

In an extensive meta-analysis of published
clinical trials of antisecretory drugs in the treat-
ment of duodenal ulcer (Jones et al. 1987), overall
healing rates after 4 weeks of treatment with ome-
prazole 60, 40, 30 and 20mg were 100% (n = 27),
98.4% (n = 126), 92.8% (n = 154) and 95.5%
(n = 177), respectively.

5.2 Gastric Ulcer

Omeprazole has been shown to be highly effec-
tive in healing benign gastric ulcers. In a detailed
meta-analysis of published controlled trials of anti-
secretory drugs in gastric ulcer (Howden & Hunt
1990), omeprazole was associated with the highest
overall healing rates. In addition, a significant re-
lationship was demonstrated between gastric ulcer
healing rates and percentage suppression of 24-hour
intragastric acidity.

Walan et al. (1989) reported that in a large
multicentre trial omeprazole 20 or 40mg once daily
was superior to ranitidine 150mg twice daily in the
treatment of ulcers of the body of the stomach or
prepyloric ulcers. Omeprazole 20mg daily for 4
weeks healed 69% of gastric ulcers in 203 patients;
a dosage of 40mg daily healed 80% of gastric ulcers
in 194 patients at 4 weeks. In 205 patients given
ranitidine 150mg twice daily, only 59% healed after
the same period. Omeprazole was also shown to be
highly effective in healing gastric ulcers in patients
receiving nonsteroidal anti-inflammatory drugs
(NSAIDs). In patients who continued to take
NSAIDs, 81% of ulcers healed within 8 weeks of
concomitant therapy with omeprazole 40mg daily.

In a smaller study from Denmark (Danish
Omeprazole Study Group 1989), omeprazole 30mg
daily was compared with cimetidine 200mg 3 times
daily and 400mg at night in 161 patients with gas-
tric ulcers. Healing rates after 4 weeks were 77% in
the omeprazole group and 58% in the cimetidine
group. The 95% confidence interval of the differ-
ence between the 2 healing rates was from +4 to
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+34%, indicating a real advantage for omeprazole.
It was also shown that omeprazole was superior to
cimetidine in healing large gastric ulcers.

5.3 Peptic Ulceration Refractory
to Treatment

A high degree of efficacy has been shown for
omeprazole in healing duodenal and gastric ulcers
which have failed to respond to administration of
H>-receptor antagonists. In 18 patients with peptic
ulcers refractory to prolonged therapy with these
agents, treatment with omeprazole 40mg once daily
led to satisfactory healing by 8§ weeks in all patients
(Tytgat et al. 1987).

Bardhan et al. (1988) studied a group of 107
patients whose ulcers had failed to heal despite daily
treatment with cimetidine 1000mg or ranitidine
300mg. Patients were randomised either to con-
tinue on their Hs-receptor antagonist or to receive
omeprazole 40mg daily: in the group receiving
omeprazole 98% of ulcers had healed within 8
weeks, whereas the healing rate in patients contin-
uing on H»-receptor antagonists was 60%. The dif-
ference between the 2 treatments was highly sig-
nificant (p < 0.01).

Brunner et al. (1988) studied the efficacy of
omeprazole in patients with unhealed gastric or
duodenal ulcers after treatment for more than 3
months with ranitidine 450 to 600mg daily. Of the
patients with gastric ulcer, 41 of 43 healed within
8 weeks on treatment with omeprazole 40mg daily.
In the patients with duodenal ulcer, all 11 healed
within 4 weeks with omeprazole 40mg daily.

5.4 Reflux Oesophagitis

Omeprazole has been shown to be highly effec-
tive in treating the symptoms of reflux oesopha-
gitis and in producing endoscopic healing of the
lesions of oesophagitis. In the countries where
omeprazole is currently licensed, reflux oesopha-
gitis is recognised as one of its principal indica-
tions. Omeprazole has been shown to dramatically
reduce oesophageal acid exposure in patients with
this disecase (Downton et al. 1987; Klinkenberg-

Knol et al. 1988). Omeprazole does not affect lower
oesophageal sphincter pressure (Dent et al. 1989;
Downton et al. 1987), indicating that its efficacy
in treating oesophagitis is due solely to its suppres-
sion of gastric acid secretion.

Omeprazole 20 or 40mg daily has been shown
1o be superior to placebo in healing reflux oeso-
phagitis (Hetzel et al. 1988) with very little differ-
ence in healing rates between the 2 dose levels. Nu-
merous trials have indicated that the drug is
superior to Ha-receptor antagonists for this appli-
cation (Blum et al. 1986; Havelund et al. 1988:
Klinkenberg-Knol et al. 1987; Vantrappen et al.
1988: Zeitoun 1989). Omeprazole has also been
shown to be particularly effective for treating the
more severe grades of oesophagitis, where its su-
periority over the H»-receptor antagonists is even
more evident (Bate et al. 1989). Unfortunately, re-
lapse of oesophagitis is very rapid after the drug is
stopped (Dent et al. 1989): in | study (Hetzel et al.
1988), 82% of patients had relapsed within 6
months of stopping omeprazole. The question of
long term maintenance treatment of these patients
with the drug has not vet been adequately ad-
dressed.

One brief report (Deviere et al. 1989) suggests
that omeprazole might induce regression of oeso-
phageal columnar epithelium in patients with Bar-
rett’s oesophagus. This very interesting and poten-
tially very important observation merits further
study, and requires careful confirmation.

5.5 Zollinger-Ellison Syndrome

Initial case reports suggested that omeprazole
might be of considerable value in the management
of patients with Zollinger-Ellison syndrome (Blan-
chi et al.1982: Oberg & Lindstrom 1983). Subse-
quently, 2 series have confirmed this view. In the
first (Lamers et al. 1984), 8 patients were studied
after single and repeated dosing with omeprazole.
Single doses of omeprazole 80mg adequately con-
trolled the gastric hypersecretion in most patients,
7 of whom were adequately controlled by contin-
ued omeprazole use and had endoscopic healing of
all peptic lesions after 4 weeks of treatment.
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In a review of the first 80 patients with Zollin-
ger-Ellison syndrome to receive omeprazole (Lloyd-
Davies et al. 1988), excellent control of basal gas-
tric acid secretion and of symptoms was demon-
strated. The median dose of omeprazole required
was 60 to 70mg daily, and over 90% of patients
were satisfactorily managed on doses below 120mg
daily. There was no tolerance or tachyphylaxis to
continued omeprazole use, no further elevations in
gastrin levels and no obvious drug-related effects
on laboratory values.
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