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Interphenotype differences in disposition and effect on
gastrin levels of omeprazole-suitability of omeprazole as
a probe for CYP2C19

M. CHANG, G. TYBRING, M.-L. DAHL, E. GOTHARSON, M. SAGAR', R. SEENSALU' & L. BERTILSSON
Departments of Clinical Pharmacology, 'Medicine, Surgery and Research Center at the Karolinska Institute,
Huddinge University Hospital, S-14186 Huddinge, Sweden

1 Fourteen healthy Swedish Caucasian subjects were given 20 mg of omeprazole

orally each morning for 8 days. The subjects included five poor metabolisers (PM)
of S-mephenytoin, four heterozygous extensive metabolisers (hetEM) and five sub-

jects with a very rapid metabolism (rapidEM).
2 After the first dose, the relative mean areas under the plasma concentration vs time

curve (AUC) of omeprazole in rapidEM, hetEM and PM were 1:3.7:20 (all differ-

ent, P < 0.001). A similar relation was seen in the AUC(0,10 h) of the sulphone
metabolite (1:3:12). Concentrations of hydroxyomeprazole were higher in EM than

in PM confirming that the hydroxy, but not the sulphone metabolite, is formed by

the S-mephenytoin hydroxylase (CYP2C19). After 8 days of treatment, the differ-

ences between groups were similar.
3 After both the first and the eighth doses, the omeprazole/hydroxyomeprazole

plasma concentration ratio, determined 3 h after drug intake, correlated with the

mephenytoin S/R ratio (rs = 0.94; P < 0.001; n = 14) suggesting that omeprazole

might be used to phenotype for CYP2C19.
4 After the first dose of omeprazole, there was no difference in the AUC(0,10 h) of

plasma gastrin between the three groups. From the first to the eighth dose, the

AUC(0,10) of gastrin increased significantly in both hetEM and PM, while there

was no change in the rapidEM. After the eighth dose, the AUC(0,10) of gastrin
correlated significantly with the AUC of omeprazole in plasma (rs = 0.79;
P < 0.01; n = 13).
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Introduction

Omeprazole is a substituted benzimidazole, which omeprazole is also related to the hydroxylation of
effectively inhibits gastric acid secretion by irrevers- S-mephenytoin [2, 8, 9]. The area under the plasma
ible binding to the proton pump (H+,K+) ATPase in concentration vs time curve (AUC) of oral omeprazole
the gastric parietal cell [1]. The drug is rapidly and is markedly lower in extensive metabolisers (EM)
completely metabolised by the liver. Hydroxyomepra- than in poor metabolisers (PM) of S-mephenytoin
zole and omeprazole sulphone are the two major both in Caucasian and Oriental subjects [2,9]. The
metabolites in plasma [2]. clearance of omeprazole is higher in Caucasian EM

Polymorphic S-mephenytoin hydroxylation [3] is compared with Korean and Chinese EM [2,9, 10]. As
catalysed by cytochrome P450 2C19(CYP2C19) the frequency of subjects with defective S-mepheny-
[4, 5], which metabolises some important drugs, e.g. toin hydroxylase activity is higher in Orientals (15%
diazepam [6] and proguanil [7]. The hydroxylation of PM in China and 13% in Korea) than in Caucasians
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(3% PM in Sweden), there is accordingly a higher
frequency of heterozygous EM among Orientals com-
pared with Caucasians [6, 10]. This might be the
reason for the slower elimination of omeprazole in
Oriental EM compared with Caucasian EM.

Gastrin is secreted from G-cells in the antral part
of the stomach. Gastrin exerts a trophic effect on the
oxyntic mucosa and stimulates the secretion from
parietal cells. High acidity in the antral part of
the stomach is known to inhibit gastrin secretion.
Inhibition of acid secretion raises the pH in the
gastric antrum and secretion of gastrin is augmented.
As the degree of acid reduction seems to be related to
the AUC of omeprazole [11, 12], it is not surprising
that treatment with omeprazole leads to a rise in
plasma gastrin level [13]. A significant increase in
fasting plasma gastrin levels was observed during
long term omeprazole treament, but not after a single
dose of the drug [14].

In the present study, we have investigated the
disposition of omeprazole and its effect on plasma
gastrin levels after single and multiple oral doses in
the three groups of S-mephenytoin hydroxylators, i.e.
very rapid EM (rapidEM, mephenytoin S/R ratio
< 0.05), heterozygous EM (hetEM) and PM. As a
genotyping technique for CYP2C19 only became
available [15] after this study was completed, we
identified heterozygous EM from family studies.

Methods

Subjects

Fourteen healthy white Swedish subjects were
recruited from a population study of the S-mepheny-
toin 4'-hydroxylation polymorphism [16]. None
consumed extensive amounts of alcohol and only one
was a light smoker. None had taken any drug 1 week
before or during the study. They were healthy as
assessed by medical history, physical examination,
and routine laboratory tests. The study was performed
according to the 'Declaration of Helsinki' and all
subjects gave their informed consent before partici-
pation. The study was approved by the Ethics Com-
mittee at Huddinge Hospital.

Five of the subjects (four males and one female;
age 23 to 32 years; weight 53 to 88 kg) were PM of
S-mephenytoin as the urinary S/R enantiomeric ratio
of mephenytoin was close to 1 in the 0-8 h urine
after the intake of 100 mg racemic mephenytoin
(range 0.91-1.10). Another five subjects (four males
and one female; age 24 to 33 years; weight 64 to
82 kg) were EM with an S/R ratio less than 0.05 in
the 0-8 h urine (rapidEM). The remaining four
subjects (three males and one female; age 24 to
33 years; weight 64 to 84 kg) had S/R ratios from
0.27 to 0.75. They were identified as obligate
heterozygous EM because each of them has one
parent who is a PM (Table 1).
The subjects took 20 mg omeprazole as encapsu-

lated enteric coated granules (Losec, Astra-Hassle) at

Table 1 Mephenytoin S/R ratio (0-8 h/24-32 h) in the four
heterozygous EM and in their PM parents

Heterozygous EM PM parent

0.75/0.29 1.08/1.06 (father)
0.28/ND 1.08/1.06 (father)
0.32/ND 1.08/1.07 (father)
0.27/ND 0.95/0.98 (mother)

ND = not determined, because the low SIR ratio in the 0-8 h
urine showed that they are EM.

08.00 h on 8 consecutive days. After an overnight
fast on the first and the eighth day, venous blood
samples were drawn before the dose at 08.00 h and
then at 1, 2, 3, 4, 6, 8 and 10 h after the intake of
omeprazole. Plasma was separated after centrifuga-
tion and stored frozen at -20°C until analysis. The
subjects fasted until the 3 h sample had been drawn
and thereafter a lunch was served.

Analysis of omeprazole and metabolites

Two assays were used for quantification of omepra-
zole and metabolites. Analysis was always performed
in duplicate.

Omeprazole and the sulphone metabolite were
assayed by the h.p.l.c. method of Lagerstrom & Pers-
son [17], with minor modifications. The chromato-
graphic separation was performed on a silica column,
11.9 cm x 4.0 mm i.d., Superspher Si 60 (E. Merck,
Darmstadt, Germany) preceded by a guard column,
1.5 cm x 3.2 mm i.d. (Brownlee Column, Applied
Biosystems Foster City, CA, USA) with a mobile
phase of dichloromethane containing 5% 2-propanol,
0.8% methanol and 0.175% ammonium hydroxide
(25%). The flow rate was 1.0 ml min-1 and the
absorbance was monitored by u.v. detection at 302
nm. Hydroxyomeprazole was analysed in a similar
way (personal communication-Dr Lagerstrom, Bio-
analytical Department, Astra Hassle, Molndal Sweden).
Briefly, 500 ,l plasma and the internal standard
H259/36 were mixed with 50 pl 1 M NaH2PO4 and
extracted for 10 min with 1.0 ml dichloromethane
containing 1% v/v 1 -butanol. After centrifugation 150

gl of the organic phase was injected into the chro-
matographic system which was the same as that
described above. The mobile phase consisted of
dichloromethane containing 0.5% 2-propanol and
5.5% methanol, which contained 2.5% ammonium
hydroxide (25%). The flow rate was 1.5 ml min-1.
On each day of analysis, standard curves were pre-

pared for both methods by adding different amounts
of respective compounds to drug-free plasma in the
range of 0-500 nM. At a concentration of 200 nM,
the interday coefficients of variation were 1.6-3.2%.
The limits of detection for omeprazole, omeprazole
sulphone and hydroxyomeprazole were 20 nM, 15 nM
and 50 nM respectively. Omeprazole, its two metabo-
lites and the two internal standards were obtained
from Astra Hassle.
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Measurement of gastrin in plasma

Gastrin was determined by radioimmunoassay
according to Nilsson [18], using antibody 4562
(generously supplied by Professor Jens Rehfeld,
Denmark) and synthetic human gastrin I (Milab,
Malmo, Sweden) was used as tracer. One of the rapid
EM had a meal-stimulated gastrin response consistent
with G-cell hyperfunction or hyperplasia. A later
follow-up with 24 h intragastric acidity measurement,
new gastrin determinations, endoscopy and biopsies
from the antral mucosa confirmed the diagnosis of
diffuse antral G-cell hyperplasia. This subject was
excluded from the study of gastrin in plasma.

Pharmacokinetic data and statistics

Cmax was noted as the maximum concentration
measured during the dosage interval. The area under
the plasma drug concentration vs time curve from 0
to 10 h (AUC(0,10)) was calculated using the linear
trapezoidal method. The AUC from 0 h to infinity
(AUC) was calculated by extrapolating the AUC to
infinity with the rate constant determined from the
terminal slope (Xz) of the log plasma concentration-
time curve. The plasma elimination half-life (ti,2) and
the oral plasma clearance (CLO) were calculated as
0.693 Xz and dose/AUC, respectively.
The AUC of gastrin was calculated from 0-3 h

(basal fasting), 3-10 h (meal stimulated) and 0-10 h
(total). The pharmacokinetic parameters in the three
groups, rapidEM, hetEM and PM, are presented as
mean ± standard deviation (s.d.). Differences between
the rapidEM and hetEM groups, and also between the
PM and hetEM groups were tested for statistical
significance by Student's unpaired t-test. Regression
analysis was performed by Spearman's rank correla-
tion. P values < 0.05 were regarded as statistically
significant.

Results

The plasma concentrations of omeprazole, hydroxy-
omeprazole and omeprazole sulphone in the three
groups after the first and the eighth omeprazole doses
are shown in Figure 1. After the single dose of
omeprazole, the AUC of the parent drug differed
significantly (P < 0.001) between the three groups
with a relative ratio of 1:3.7:20 between rapidEM,
hetEM and PM (Table 2). Also, omeprazole sulphone
kinetics were different in the three groups with
hetEM having pharmacokinetic values in between
those in rapidEM and PM. For hydroxyomeprazole,
the AUC was similar in rapidEM and hetEM, and
significantly higher than in PM (Figure 1; Table 2).
The mean values of kinetic parameters derived

after the eighth dose showed similar relationships
between the three groups as after a single dose
(Figure 1; Table 2). In the plasma drawn just before
the eighth dose of omeprazole, neither parent drug
nor hydroxyomeprazole could be detected. The

sulphone could, however, be measured in all PM
(mean 192 ± 52 nM) and in three of the four hetEM
(37, 31, 82 and < 15 nM), but in none of the rapidEM
(< 15 nM). The AUC of the sulphone increased by 42,
160 and 32% from the first to the eighth dose in
rapidEM, hetEM and PM, respectively (all P < 0.05).
The metabolic ratio of omeprazole, expressed as

the ratio between the AUCs of omeprazole and
hydroxyomeprazole, as used in two previous studies
(2,19), ranged from 0.37-0.58 in the rapidEM group,
from 1.12-2.01 in the hetEM group, and from
12.1-55.8 in the PM group. Thus, there was no over-
lap in the metabolic ratios between the three groups.
This metabolic ratio correlated significantly with the
mephenytoin S/R ratio (rs = 0.96; P < 0.001). To
define whether a single blood sample could be used
to phenotype subjects with omeprazole, we investi-
gated ratios of omeprazole to hydroxyomeprazole at
different time points after omeprazole intake. Both
compounds could be measured in all 14 subjects in
samples drawn at 3 and 4 h, but not at earlier or later
time points after drug intake. As shown in Figure 2
there was a significant correlation between the
omeprazole/hydroxyomeprazole ratio at 3 h and the
S/R mephenytoin ratio, not only after a single dose,
but also after multiple doses (both rs = 0.94; P <

0.001), with no overlap between the three groups.
The correlation using the 4 h ratio after the single
dose was almost identical to that obtained at 3 h

(rs = 0.89; P < 0.01).
There were no differences in the gastrin

AUC(0,10), AUC(0,3) and AUC(3,10) values
between the three groups after the single dose except
when comparing PM with rapidEM with respect to
AUC(3,10) (Figure 3, Table 3). After the eighth dose,
however, the three estimates of AUC of gastrin were
all about twice as high in both PM and hetEM than in
rapidEM (Table 3). In both PM and hetEM, there was
a doubling of the AUC of gastrin (all three estimates)
after the eighth compared with the first omeprazole
dose. However, there was no increase in AUC of gas-
trin during multiple dosing in rapidEM (Figure 3;
Table 3). The AUC(0,10) of gastrin correlated
significantly with the AUC of omeprazole after the
eighth dose and the first dose (rs = 0.79, P < 0.01;
Figure 4; r, = 0.68, P < 0.05).

Discussion

After the single dose, the AUC of omeprazole in
hetEM was almost four-fold higher than that in
rapidEM, and about five times lower than in PM. For
other kinetic parameters, i.e. the plasma half-life,
clearance and Cmax, there were also significant
differences between the three groups as shown in
Table 2. Earlier studies have shown that the AUC of
omeprazole was different in EM and PM in both
Orientals [2,9] and Caucasians [2]. There were also
differences between the EM groups in the two popu-
lations, i.e. the clearance in Oriental EM was half
that in Caucasian EM [10]. As the frequency of
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Figure 1 Left panel: Mean plasma concentrations of omeprazole, hydroxyomeprazole and omeprazole sulphone in rapid
extensive metabolisers (-rapidEM; n = 5), heterozygous extensive metabolisers (E: hetEM; n = 4) and poor metabolisers
(U PM; n = 5) of S-mephenytoin following administration of 20 mg omeprazole.
Right panel: As in the left panel, but the mean plasma concentrations were measured after the eighth dose following
administration of 20 mg omeprazole once daily.

mutated CYP2CJ9 alleles is higher in Oriental
populations, it has been suggested that the slower
elimination of omeprazole in the Oriental EM group

could be due to the higher proportion of heterozygous
EM in this population compared with Caucasians
[2, 10]. Our results with hetEM of S-mephenytoin
having a slower elimination of omeprazole than
rapidEM gives strong support for this hypothesis.

Andersson et al. [20] have shown a 60% increase
in AUC of omeprazole during multiple dosing in 10
non-phenotyped healthy subjects. In the present

study, the AUCs of omeprazole after 8 days were

very similar to those on the first day in PM, but in the
hetEM group, the AUCs of omeprazole and of the
sulphone increased from the first to the eighth dose

(Table 2 and Figure 1). The corresponding increase in
rapidEM was less pronounced. As shown both in vivo
[2] and in vitro [21, 22], omeprazole and the sulphone
metabolite are both metabolised mainly by CYP2Cl9.
The formation of the sulphone from omeprazole is
catalysed by CYP3A4 [22]. The reason for a more

pronounced accumulation of both omeprazole and the
sulphone during multiple dosing in hetEM compared
with rapidEM could be that less CYP2C19 is present
in heterozygous EM. Therefore, concentration depen-
dent metabolism may start at a lower concentration in
this group, than in rapidEM. Another reason for the
increase of omeprazole and sulphone in the hetEM is
that these compounds are metabolised by the same

enzyme and may therefore inhibit each other's

1995 Blackwell Science Ltd, British Journal of Clinical Pharmacology, 39, 511-518
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elimination. Such an interaction has been demon-
strated in vitro [22]. In the PM group, there was no
significant increase in AUC of omeprazole during
multiple dosing, but the AUC of the sulphone
increased by 32% (P < 0.05). This increase of the
sulphone AUC might be explained by the presence of
the sulphone in the samples drawn before the eighth
dose (Figure 1), which may be due to the long half-
life of this metabolite in PM. We can thus conclude
that there is an accumulation in hetEM and to a lesser
extent in rapidEM, possibly due to partial saturation
of CYP2C19. In PM, who lack this enzyme, there is
no accumulation of the parent drug.

In contrast to omeprazole and the sulphone, the
AUC of hydroxyomeprazole was similar in hetEM
and rapidEM both after the first and the eighth dose,
and there was no accumulation during multiple
dosing (Figure 1, Table 2). The hydroxy metabolite
formed by CYP2C19 is further metabolised by
CYP3A4 to hydroxyomeprazole sulphone [24]. The
rate of formation of the hydroxyomeprazole is differ-
ent, but the rate of elimination is probably the same
in these three groups.

Methods for determination of the CYP2D6 geno-
type have been available for many years [23-25].
de Morais et al. [15] have shown recently that the
principal defect in PM of S-mephenytoin is a single
G-*A mutation in exon 5 of the CYP2CJ9 gene
creating an aberrant splice site. This accounted for
about 75% of the mutated alleles in both Caucasian
and Japanese PM [15]. This technique was not avail-
able when the present investigation was performed.
Therefore, obligate heterozygous EM had to be
identified from family studies (Table 1). Homozygous
EM can only be identified with certainty by DNA
analysis and not by family studies. In this study we
have chosen subjects with an S/R ratio < 0.05, and
they probably represent a subgroup of very rapid
homozygous EM. It cannot be excluded, however,
that this group also includes subjects with multiple
copies of an active gene as previously demonstrated
for the CYP2D6 gene locus in ultrarapid hydroxyla-
tors of debrisoquine [26, 27].

Although mephenytoin is a widely used probe drug
for CYP2C19 activity in humans [28, 29], some con-
cern has been raised [30-32]. It has been shown
[2, 19] that the ratio of omeprazole and hydroxy-
omeprazole AUC values separates EM from PM. In
the present study we have confirmed this. Using the
omeprazole/hydroxyomeprazole ratio in the 3 h
plasma sample there was no overlap between the
three groups studied. This indicates that this ratio can
be used for phenotyping and that the rapidEM and
hetEM might possibly be separated in this way. How-
ever, to prove this, a population study needs to be
performed. There seemed to be an even better separa-
tion between hetEM and rapidEM in the 3 h sample
drawn after the eighth dose (Figure 2; right). To give
eight doses is inconvenient in healthy subjects, but
might be used in patients treated with the drug. We
suggest that one single blood sample (taken 3 h after
20 mg omeprazole) could be used for phenotyping for
CYP2Cl9.
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difference between the three groups either before or after drug administration.

b) Mean gastrin levels after the eighth dose of omeprazole (five PM, four hetEM and four rapidEM). For statistics see

Table 3.

Table 3 Mean (± s.d.) of the area under the gastrin concentration vs time curve (AUC) in the three groups
after single and multiple doses. PM and hetEM were compared with rapidEM after first and eighth dose,
respectively (left column; unpaired t-test). In the columns to the right the AUCs after first and eighth doses
are compared within each group (paired t-test)

AUC (pmh) Comparison offirst dose to eighth dose (P value)
rapidEM hetEM PM rapidEM hetEM PM

AUC(O,IO h)
lst dose 221 ± 56 254 ± 79 333 ± 85 NS < 0.05 < 0.01
8th dose 246 ± 62 555 ± 179* 621 ± 116***

AUC(O,3 h)
lst dose 43 ± 8 42 ± 11 75 ± 38 NS < 0.05 < 0.05
8thdose 47± 16 87±29 125±21***

AUC(3,10 h)
lst dose 167 ± 34 212 ± 70 259 ± 49* NS < 0.05 < 0.01
8th dose 197 ± 48 468 ± 152* 496 ± 99***

*P < 0.05; **P < 0.01; ***P < 0.001; NS = not significant.
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Figure 4 AUC(O,10 h) of gastrin vs AUC of omeprazole
after the eighth dose of omeprazole in the three groups
(rs = 0.79, P < 0.01; n = 13).
Symbols are the same as in Figure 1.

Festen et al. [14] gave 30 mg omeprazole daily and
showed that basal and meal-stimulated serum gastrin
was increased after 7 and 14 days of treatment. How-

ever, no increase was seen after a shorter period of
treatment, which is probably due to the fact that the
gastrin increase is secondary to decreased gastric
acidity. Our results are similar to those of Festen et
al. but also demonstrate that gastrin release is con-
centration dependent (Figures 3 and 4). To confirm
the shape of the concentration-effect curve, lower
(e.g. 10 mg) and higher (40 mg) doses of omeprazole
need to be given to the same subjects. A close rela-
tionship between the inhibition of pentagastrin
induced acid secretion and the AUC of omeprazole
after giving the drug at doses of 0, 20, 40, 60 and 80
mg has been documented [11]. Thus, when 20 mg
omeprazole is given daily to Swedish subjects, there
should be little effect on gastrin in the majority of
subjects, i.e. homozygous EM. In heterozygous EM
and PM, an increase of gastrin would, however, be
expected to be more pronounced. Theoretically, the
same dose of omeprazole given to Orientals should
have a more pronounced effect on gastrin as the inci-
dence of both PM and heterozygous EM is higher in
this population [16].

This study was supported by the Swedish Medical
Research Council (3902), EU Biomed (BMH I-CT94-
1622), Karolinska Institute and Astra Hassle.
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