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ABSTRACT

A high interindividual variability of pharmacokinetic pa-
rameters is often associated with the properties of many
therapeutic drugs and may create a major problem in the
assessment of bioavailability. Therefore, appropriate measu-
res should be taken to reduce this kind of effects to lowest
possible minimum.

Like other compounds of this drug class, the proton pump
inhibitor omeprazole is one of those drug compounds that
exhibit high interindividual variability in pharmacokinetic
parameters. Therefore, this paper describes a collection of
prerequisites and during-study standardizations that suc

cessfully keep variability at a minimum. These include the
exclusion of slow metabolizers by genotyping, the satura-
tion of the proton pump by multiple dosing, and a close
supervision and monitoring of subjects.

Thirtytwo subjects participated in a clinical bioavailability
study using a randomized crossover design in order to
examine the biocequivalence of two 20 mg omeprazole
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formulations under fasting conditions. In addition, both
drugs were administered with a standard high-fat FDA
(Food and Drug Administration) breakfast at the end of
the study in order to assess the effect of food on bioavaila-
bility.

Both omeprazole products were shown to be bivequivalent
under fasting conditions. The point estimate for the Area
Under the Plasma Concentration versus Time Curve (extra-
polated from zero to infinity, AUCo.ing) ratio (lest/reference)
was 98.4% with a 90% confidence interval of 84.9% to
114.1%. For the Maximal Plasma Concentration (Cigs)
ratio, the point estimate was 92.5% with a 90% confidence
interval of 80.0 to 107.0%. The relatively narrow confidence
intervals which remained well within the accepted range of
80-125% support the strict standardization in the study
conduct which minimized variability. Food reduced the rate
and extent of bioavailability of both formulations whereas
the magnitude of food effect was similar for both drugs.

» Key words: Omeprazole, bivavailability, point estimate,
standardization. Nobel Med 2006; 2 (2): 15-21
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OZET

AYNI PROTON POMPASI INHIBITORUNDU
iCEREN iKi FORMULASYONUN GORECELI
BIYOYARARLANIMI VE YUKSEK BiREYLERARASI
DEGISKENLIK GOSTERDIGI BILINEN
iLACLARLA ULASILAN TEPE NOKTA
DEGERLERI

Farmakoldinetik parametrelerin bireyleraras: yiiksek de-
Fiskenlik gostermesi genellikle ilaglann ozellikleri ile il-
gilidir ve biyoyararlanimlanmn degerlendirilmesinde
biiyiik sorunlara yol agabilir. Bu ylizden bu tiir etkdleri
en aza indirecek uygun dnlemler alinmalidir,

Simifmdakai diger bilegikler gibi bir proton pompasi inhi-
bitéril olan omeprazol de farmakokinetik parametreler
acisindan bireylerarasi yiitksek defiskenlik gdsterir. Bu
nedenle, bu yayin defiskenlifi en aza indirmek igin ge-
rekli olan calisma dncesi kosullan ve ¢alisma sirasindaki
standartlan tammlamaktadir. Bu standartlar, genotipleme
calismas ile yavas metabolize eden bireylerin ¢alisma
cdisinda birakalmasi, ¢oklu dozlama ile proton pompasi-
nin doygunluga ulastinlmasi ve deneklerin yakindan
denetimi ve gdzetimini igerir.

INTRODUCTION

The proton pump inhibitors such as omeprazole have
set a new standard for speed and eflectiveness in the
first-line treatment of many acid-related gastrointesti-
nal disorders compared to other available therapies. 13
Omeprazole is therapeutically used in gastric disor-
ders including duodenal ulcer, ulcus ventriculi, gas-
trooesophageal reflux disease (GORD), as well as in
long-term treatment of pathological hypersecretory
conditions such as Zollinger-Ellison syndrome. The
safety profile of omeprazole has been well defined
after many years of experience *+7 and has led to an
FDA (Food and Drug Administration) approval as a
non-prescription drug in the United States for all of
the above indications.

Proton pump inhibitors such as omeprazole and ot-
her compounds of this drug class are well known to
display a large interindividual variance in their phar-
macokinetics, particularly with regard to the Area
Under the Plasma Concentration versus Time Curve
(AUC) and Cmax, probably also due to different dispo-
sition kinetics and metabolism.®® Therefore, the pre-
sent paper critically appraises the pharmacokinetic
properties of the originator and a generic omeprazole

Otuz iki denegin katldig bu klinik biyoyararlamm
calismasinda, 20 mg omeprazol igeren iki ayn formii-
lasyonun biyoesdegerlifii, achik kosullarinda rando-
mize ¢apraz tasarm ile arastinlmistir. Aynca gidamn
biyoyararlanim {izerindeki etkisini degerlendirmek
amactyla her iki ilag standart ytiksek yag iceren FDA
{(Food and Drug Administration) kahvaltisi ile ve-
rilmistir,

Omeprazol igeren iki driiniin aghk kogullannda bi-
yoesdeger oldugu gosterilmistir. AUCo.inf igin %90
gliven aralifn %84.9 ile %114,1 olup, nokta degeri
(test/referans) 9%98,4 hesaplanmistir. Cipay orani
icin, %90 giiven aralifi %80 ile %107 arasinda olup,
nokta deferi %92,5'dir. %80 - %125 kabul simirlan
icinde bulunan ve nisbeten dar giiven araliklarinda
ulasilan sonuglar, bu ¢alismada, degiskenligi en aza
indirmek igin uygulanan kat standardizasyonun
gerekliligini desteklemektedir. (hda ahmimin etkisi,
miktar olarak her iki formiilasyonda ayniyken; bivo-
yararlanimin hizimi ve oramim azaltrstir.

¢ Anahtar Kelimeler: Omeprazol, biyoyararlanim,
nokta deferi, standardizasyon. Nobel Med 2006;
2(2):15-21

as revealed after conducting a clinical bio-availability
study under optimally controlled conditions in order
to minimize as many factors as possible that could
have an influence on variability.

Considerable interindividual variability in the kinetics
of omeprazole may partly be attributed to pharmaco-
genetic differences. There is strong evidence that the
AUC of omeprazole is heavily dependent on the geno-
type for the cytochrome P450 enzyme CYP2C19, the
principal determinant for omeprazole elimination.
An ethnic variability in the absorption or metabolism
of omeprazole has been observed in Asian subjects
compared to Caucasians? related to the fact that ap-
proximately 95% of a Caucasian population but only
80% of an oriental population is considered to be
extensive metabolizers of omeprazole.!? Patients with
mutated alleles for CYP2C19 (approximately 5% of
a Caucasian population) are profound outliers with
respect to the pharmacokinetic properties of omepra-
zole with as much as three to eight times the AUC for
any given dose. Therefore, subjects enrolled in bio-
equivalence studies with omeprazole have been geno-
typed as described by A. S. Aynacioglu et al.1! and
only subjects with the extensive metabolizer genotype

included in the study in order to minimize variability -

in key parameters such as AUC and Cpax.

The half-life (T1,) of omeprazole is very short in extensive
metabolizers (mean Tu,: 0.6 hours) so that there is no
measurable concentration of the drug substance in the
plasma at 24 hours after dosing and no carry over effects
beyond this time 1212 In extensive metabolizers, plasma
concentrations fall below 5 ng/ml within 12 hours, i.e.
below the limit of quantification as has also been
described elsewhere 1212 Because of the short hall-life,
a washout period of longer than 24 hours is not
required, 115

Chronic treatment with omeprazole causes changes in
the AUC of this drug over time.*? Various authors observed
a substantial increase in AUC by the administration of the
same dose at 24 hour intervals for 4 to 7 days.1213.1517
However, AUC increased only during the first 4 days
of treatment. No further increase has been observed
during continued treatment.'® Also, the inhibitory effect
of omeprazole on acid secretion increases with repeated
once daily dosing, reaches a plateau after 4 days,'® and
decreases gradually on drug discontinuation over 3 to
5 days.

A saturable first pass hepatic metabolism has been
proposed as an explanation for this effect.? In addition,
since omeprazole is rather acid labile and chronic treat-
ment substantially increases gastric pH, the increase in
AUC may in part result from the decreased degradation
of drug in the stomach because ol its enteric coating,
associated with the much higher gastric pH attained
after several days of treatment.5 20.21

Irrespective of the underlying mechanism, there is
evidence that AUC and Cmax substantially increase after
chronic dosing & 2! which resembles typical therapeutic
conditions (the usual administration time is at least 2

weeks).
MATERIAL AND METHODS

Omeprazole is a substituted benzimidazole, INN:
Omeprazole (IUPAC-name: 5-methoxy-2-|[(4-methoxy-
3,5-dimethylpyridinyl) methyl] sulfinyl] 1H-benzimi-
dazole) and constitutes the active ingredient of both the
originator Mopral® (AstraZeneca, France, batch no:
EG5370) and the generic Omeprazid® (Nobel llac,
Turkey, batch no: 3K007) 20 mg capsule formulation.
Since omeprazole is acid-labile, slow-release micropellet
capsules contain an enteric-coated granule formulation
ensuring that the active drug is only released after sto-
mach passage. Chemical-pharmaceutical investigations
along with a variety of analytical test programs demon-
strate that the generic 20 mg entirely correspond to the
originator’s 20 mg capsules.2? The active ingredient of

Omeprazid® corresponds to the overall quality stan-
dards as set forth by granting a Certificate of Suitability.
Omeprazid® has been demonstrated to be stable over
a time period of at least 36 months. During its shell lile,
the product maintains its identity, strength, purity and
quality. Both drug products used in this study are consi-
dered pharmaceutically equivalent due to comparable
analytical test results such as stability and disintegration
time, gastric acid resistance, dissolution profiles, as well
as chromatographical and microbiological purity
patterns. 2

An open, comparative, randomised, 2-way crossover
bioavailability study was performed under fasting condi-
tions in 32 healthy, non-smoking male volunteers aged
18 to 45 years alter having obtained written informed
consent and Ethics Review Committee approval. A total
of 40 subjects were genotyped prior to entry and only
those with the extensive metabolizer genotype were inc-
luded in the study. This was followed by a study on the
interaction of food on pharmacokinetic parameters of
both test and reference drug.

After pre-study screening and CYP2CI19 genotyping,
each subject was hospitalized for a total of 9 days to un-
dergo well controlled study conditions. In the moming
of study day 1 through to day 5, after an overnight fast,
subjects swallowed on an empty stomach one capsule
of the investigational drug. Subjects were randomly as-
signed to the two treatments: Treatment A, (generic test
product) and Treatment B, (originator reference product).
On study days 6 to 8, each subject received under the
same conditions the other study medication following
the cross-over design.

Both products containing enteric coated micropellets
clearly represent a modified drug release formula. There-
fore, it was essential to investigate a potential food effect
and to demonstrate that both test and reference drug
behave in a comparable manner when administered
with food. Therefore, the effect of food on the bioavaila-
bility of both formulations was tested on the last day of
this study (day 9) with subjects receiving a standar-
dized high fat FDA breakfast of 30 minutes duration
prior to drug administration .

A multiple dose design was used for this study since the
variability in omeprazole concentrations is reduced as
a result of saturation of the H*-K*- ATPase system with
an increase of gastric pH. Moreover, higher drug plasma
concentrations that result from multiple dosing allow
a more accurate AUC determination.

During the course of the study, subjects were required
to remain in the intensive care unit for a total of nine
days ensuring strict compliance with key protocol para-
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meters: no other medications with the sole exception
of treating adverse events were allowed and alcohol was
prohibited throughout the study and for 3 days prior
to study. Subjects were allowed to drink water ad libitum
except for one hour before and after drug intake. There
was no special diet on the day prior to study start.

A total of eight nurses/physicians were available through-
out the study in order to ensure that there were a maxi-
mum of 4 subjects per nurse or study physician through-
out the blood sampling period. Subjects were kept under
observation in order to ensure that they maintained a sit-
ting position at drug intake and for at least three hours
thereafter. No standing, lying or walking was permitted
during this time period.

Pharmacokinetic blood sampling was done on study
days 5, 8 and 9 exactly at the following time intervals
(no time window allowed): At O (pre-dosing), 0.5, 1.0,
1.5,2.0,2.5,3.0,3.5,4.0,4.75,5.25, 6.0, 8.0, 10.0, 12.0,
16.0, and at 23.5 hours post drug administration. In
addition, pre-dose blood samples were drawn on study
days 1, 2,3, 4, and 7. Blood samples were obtained by
venipuncture and placing an indwelling catheter in the
subject’s arm. Five ml of blood were collected into EDTA
Vacutainer® tubes (pale violet) and cooled on ice until
centrifugation at 2000 x g for 20 minutes at 4°C. Plasma
was transferred into labeled stoppered polypropylene
tubes avoiding carry-over of erythrocytes. In order to
stabilize omeprazole in the plasma, 10 ul of 1M sodium
carbonate solution was added per 2.5 ml of plasma.
Samples were immediately stored at —20°C.

Omeprazole concentrations were determined by HPLC
employing reversed phase chromatography on Nucleodur
C-18ec (5 pm) with isocratic elution and UV detection
at 302 nm (using a solid phase extraction to isolate omep-
razole from plasma). The mobile phase consisted of a p-
hosphate buffer (pH 8.1) -acetonitrile mixture. Quantifica-
tion was accomplished by means of the inter-

safety, AUCo.inf and Cmax for bioequivalence. The time
to maximum plasma concentration (Tmax), and half-life
(Tyy,) for omeprazole were considered as secondary pa-
rameters. Cmax and Tmax were obtained directly from
the plasma concentration- time curve for each subject.
The elimination rate constant (k) was obtained from the
slope of a plot of natural logarithm of concentration vs.
time. Only concentrations that were clearly postab-
sorption were used to estimate k. The hall-life (Ty,) was
calculated as 0.693/k. The area under the plasma concen-
tration-time curve from 0 to the last quantifiable concen-
tration (AUCp.) was calculated using the linear trape-
zoidal rule. The area under the plasma concentration
time curve from 0 to infinity (AUCq.inf) was calculated
according to the following formula:

AUCo. it = AUC o+ + % with Ct being the lowest quantifiable
plasma concentration.

The log-transformed AUCo.inf and Cmax for each subject
with both treatments were used to calculate the ratio of
the test (Treatment A) and reference formulation (Tre-
atment B). A standard bicequivalence data analysis was
done based on the two one-sided t-test procedure for
the log-transformed Cmax and AUCo.inf values (90%
confidence interval approach). The bicequivalence limits
for AUCo.inf were set to 80 and 125%, those for Cmax
to 70 and 143% of the reference formulation. The paired
L-test was used to assess the elfect of [ood on the Crax,
AUC.inf and Tmax for both formulations. The statistical
analysis of the data was carried out using the computer
program SYSTAT [or Windows, Version 5 (SYSTAT
Inc., Evanston, IL, USA).

RESULTS

A comprehensive overview of the results obtained for
key pharmacokinetic parameters are presented in
Table 1.

nal standard procedure, calibration was done
by calculating weighted (1/y) linear regression

Table 1: Mean values for primary pharmacokinetic parameters

from peak height ratios versus nominal con-
centrations. The limit of quantification was

PARAMETER

GENERIC | ORIGINATOR | T/R | 90% CONFIDENCE LIMITS
ﬂ-ES‘t} {EETE[E”[:E} Hﬂtllﬂ mr u-ur

determined to be 5 ng/mL (lowest calibrator)

AUG i (ng”hr/mL) | BB4.7 8324 984 B4.9 41

as determined during pre-study validation. Cnax (ng/mL) 209 5 490.6 97 § 0.0 107.0
The precision of the assay, as determined Taux (1) 999 948 - - .
from the analysis of quality control samples, e 017 078 B 5 5
was within 5% of nominal values at all con- '

Tuy (R) 1.01 0.98 - - =

centrations. Calibration curves were prepa-
red daily over a concentration range from
5 to 1000 ng/mL. Accuracy of the assay was
within + 5% of the nominal value for all qu-

Tlnmfnunﬁmuwmm:m mmﬁmhﬂummﬁmwm
Time Curve extrapalated from zem to infinity; Gr: Maximal cancentration |n the plasma; Tem: Time to
raach maximal plasma concentration; : Elimination rate constant, Tye: Terminal half life

ality control samples.

Primary parameters included adverse events for drug

18

After administration of both formulations, plasma levels

of omeprazole started to rise in most subjects after 0.5 -
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Figure 1. Mean plasma concentrations of emeprazole after administration
of the generic and originator product under fasting conditions.
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Figure 2. Mean plasma concentrations of omaprazole after administration of the
generic and originator product under fasting conditions and with food,

h and reached peak values between 2 and 3 hours. In
29 out of 32 subjects, they declined to undetectable
levels within 12 hours; in all subjects within 24 hours.
The interindividual variability (CV) for pharmacokinetic
key parameters was low for omeprazole. The CV for
AUCp.inf was 34.64% and 34.50% for Cmax. Although
the interindividual variability in omeprazole kinetics
are known to be high, the mean plasma levels during
the 24 hour period after administration of the test and
reference products were quite similar (see Figure 1).
Since both, test and reference formulations display quite
a similar plasma concentration profile, it was not surp-
rising that the mean values for the primary pharmaco-
kinetic parameters were similar as well. Therefore, the
bio-availability of the reference (R) and test (T) product
was compared by using the ratios of their log-transformed
AUCp.1 values by using the [ollowing data:

Treatment A: Reference (R) for the initial 5 days (analysis at day ) =R b
Test (T) for the subsequent 3 days (analysis at day 8) =T 3d.

Treatment B: Test (T) for the initial 9 days (analysis at day 5) =T od;

Reference (R) for the subsequent 3 days (analysis at day 8) =R 3d.

The terms Rr and Tr indicate groups of subjects with
additional [ood intake.

In addition to the comparison of all reference and test
product values, an analysis of the sub-groups was perfor-
med as well in order to demonstrate any potential time-
dependent changes in the absorption of omeprazole
which might have aflected either AUCqp.inf o Crax.

Table 2: Impact of Time on the absorption of omeprazole (fasting conditions)

AUGy-int RATIO Crmax RATIO
Mean! Range2 Mean! Ranpe3
T ad/R 5d 95.6 B0.6 - 100.6 924 874 -974
T ad/R 3d 101.3 B8.3 - 104.3 99,1 95.1-103.
T 3d/R 5d 99.1 B6.1 - 1021 98.2 95.2 - 103.2
T 3d/R 3d 107.5 37.5- 1175 109.1 98.1-1291
T 5+3d/R b+3d 1002 37.2-103.2 94.1 5.1 -103.1

‘wetrapolated from zero to infinity; Cy: Maximel mﬂmnmmnm

" Ratios of In-transformed vahues x100; 2 Accapted range B0-125%: 3 Accapted range 701430,
T: Test drug; B: Reference drug, HHMHMIWFMWMW'HMM

As shown in Table 2, all calculated ratios of AUCpand
Cmax values are within the acceptable range without
any difference between the test and reference formula-
tion. All calculated data were within the acceptable ran-
ge. Comparing AUCp.inf and Cmax, these values corres-
pond well to those published by Sohn et al.?

As shown in Figure 2, the intake of food decreased the
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Cmax values measured after application of both formu-
lations. The use of the Analysis of Variance (ANOVA)
as well as the determination of the ratios of the log-
transformed values showed that food intake significantly
reduced the Cmax values within the same formulation.
Figure 2 also indicates that a similar effect was observed
for the reference as well as for the test product. When u-
sing paired values, the mean decrease in Ciax was 46.7%
for the reference and 52.1% for the test formulation.

Tmax was significantly delayed (p<0.05) for both for-
mulations after food intake which decreased AUCo1 of
the reference from 1013.5 to 791.2 ng*hr/mL (the mean
decrease of the paired values was 16.6%, p=0.09). The
concomitant application of food and the test product
decreased AUCp.1 from 791.9 to 594.4 ng*hr/ml. (mean
decrease of the paired values was 21.0%, p<0.05).

Table 3 summarizes these results and supports a compa-
rable decrease in pharmacokinetic parameters for both
formulations indicating that both formulations were
affected in a similar way by food.

Table 3: Comparable Impact of food on the absorption of test and reference drug -
Cmax (ng/mL) AUCq-ins (ng"hr/mL)
Mean Gl (35%) Mean Gl (35%)
T 3d 479 129.0 10134 4064
Tedd 197 84.0 7912 3817
R 3d a7h 10.7 7918 J88.0
Re 3d 176 4.0 094.5 23).2
Cmax RATIO AUCq-int RATIO
~ Mean! |  Rangez | Mean! | Ranged
T 3d/R; 3d 1135 B6.6 - 1602 1066 046-11886
I¢ 3d/T 3d B3 489-1113 942 f9.2 - 38.8
Ry 3d/R 3d 32.3 19-454 %3 925-981
%mrﬁ n-transformed values x100; 2 Accepted range 70-143%; 3 Accepted range 80-125%;
ol L A e H
Gz Maximal concentration i the plasma
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DISCUSSION

The results of this study indicate that the pharmacoki-
netic properties of omeprazole are almost exactly the
same [ollowing an administration of either the generic
or the originator product. The point estimate of close
to 100% for the AUC ratio along with the relatively nar-

row confidence intervals that lie within the generally
accepted range of 80-125% not only leads to the conclu-
sion that these products are bicequivalent, but the almost
identical bicavailability profile of the generic and the
originator product also indicates that the high-quality
generic formulation exhibits a therapeutic potential con-
siderably comparable with the originator. Moreover, a
significantly reduced interindividual variability (CV)
for key pharmacokinetic parameters such as AUCp.inf
(34.64) and Cmax (34.50) can only be achieved with this
drug class by a strict standardization of as many study
conditions as possible. Importantly, such results are
considered achievable only by adhering particularly to
the following conditions:

* Hospitalization of subjects during the entire course
of the study which prevents uncontrolled events
such as additional food intake that may have an
influence on study results.

¢ Close monitoring of subjects to ensure the same
prerequisites at drug intake and during drug
absorption.

¢ Genotyping of subjects in order to detect and exclude
slow metabolizers.

e Using a multiple dose regimen which saturates the

H*-K"- ATPase proton pump.

In detail, the results of this study indicate that the generic
formulation is bioequivalent to the originator when both
products are administered under fasting conditions.
The 90% confidence interval for the AUCo.inf ratio
(test/reference) was 84.9-114.1% with a point estimate
of 98.4%. In addition, both the point estimate (92.5%)
and the 90% confidence interval (80.0-107.0%) for
the Cmax ratio are within the predetermined limits of
70-143% although the Cinax ratio is known to constitute
an inherently more variable parameter than AUC. In
addition, since there was no detectable omeprazole in
any sample collected 24 hours after dosing, the clear
absence of any carry-over effect between treatments
could be well documented.

Food appears to slow down and reduce the absorption
of both products to a similar extent. Cmax was lower for
both products when given with food and Tmax was sig-
nificantly prolonged. AUCp.1 was reduced as well by
food but to a less pronounced extent than Ciax. Although
the magnitude of the effect of food on AUCq.inf was simi-
lar for both products (mean decrease of 16.6% with the
generic versus 21.0% with the originator), the diffe-
rence was statistically significant only with the originator.
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