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Abstract

A sensitive method was developed for the simultaneous determination of omeprazole and its major metabolites 5-hydroxyomeprazole
omeprazole sulfone in human plasma by HPLC—electrospray mass spectrometry. Following liquid—liquid extraction HPLC separation was achie
on a ProntoSil AQ, C18 column using a gradient with 10 mM ammonium acetate in water (pH 7.25) and acetonitrile. The mass spectrometer \
operated in the selected ion monitoring mode using the respectiveibits, m/z 346 for omeprazolen/z 362 for 5-hydroxy-omeprazole and
omeprazol-sulfone angi/z 300 for the internal standard {¢3,5-dimethylpyridine-2-yl)methyl]thip-1H-benzimidazole-5-yl)methanol. The
limit of quantification (LOQ) achieved with this method was 5 ng/ml for 5-hydroxyomeprazole and 10 ng/ml for omeprazole and omeprazole
sulfone using 0.25 ml of plasma. Intra- and inter-assay variability was below 11% over the whole concentration range from 5 to 250 ng/ml f
5-hydroxyomeprazol and from 10 to 750 ng/ml for omeprazole and omeprazole-sulfone. The method was successfully applied to the determina
of pharmacokinetic parameters of esomeprazole and the two major metabolites after a single dose and under steady state conditions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to the overall elimination of the two enantiomers might differ
[5]. Furthermore, for both PPIs a time-dependent (nonlinear)
Second to the statins, proton pump inhibitors (PPIs) suclpharmacokinetics has been obseri{@dTo provide substantial
as omeprazole/esomeprazole, pantoprazole, lansoprazole datainterms ofthese three situations a specific analytical assay is
rabeprazole belong world-wide to the most extensively usedieeded to quantify simultaneously omeprazole or esomeprazole
drugs[1]. For the treatment of acid related gastrointestinal dis-and their two metabolites following single and repeated dosing.
orders omeprazole still represents the standard drugs but in Only a few methods exist which are capable of quantitat-
equipotent doses all PP have the same pharmacodynamic actiong all three analytes in plasma. Most HPLC methods used
and clinical efficacy{2,3]. All PPIs are metabolized towards are applied to phenotypif@—9], and are not sensitive enough
two major metabolites, 5-hydroxy-PPl and PPI-sulfdrig(1), for pharmacokinetic studies. Even if low LOQs are specified
reactions catalysed by the polymorphic CYP2C19 and the mosh the method description, validation data are shown for much
abundant CYP3A4, respectivel§]. higher concentrations. One tandem mass spectrometric method
It has been suggested that omeprazole can be used as a pralescribed already is also too insensiti¥8]. HPLC coupled to
drug for phenotyping of CYP2C19, and concerning omeprazoléandem mass spectrometry (LC—-MS—MS) has been used for the
and its S-enantiomer esomeprazole it has been claimed by getermination of omeprazole and 5-hydroxyomeprafdel 2]
vitro experiments that the relative contributions of both CYPswith high sensitivity (10 ng/ml or 0.8 ng/ml, respectively), but
the sulfone was not determined with this method.
In order to fill this methodological gap, we developed a
* Corresponding author. Tel.: +49 711 81013707; fax: +49 711 859295,  Sensitive and selective HPLC mass spectrometry (LC-MS)
E-mail address: ute.hofmann@ikp-stuttgart.de (U. Hofmann). method for the simultaneous determination of omeprazole,
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Fig. 1. Structure and metabolism of omeprazole and structure of the internal standard.

5-hydroxyomeprazole and omeprazole sulfone in humarn.4. HPLC-MS analysis
plasma. The method was applied to a pharmacokinetic study
with esomeprazole in patients with gastroesophageal reflux dis- A HP Series 1100 LC-MSD system (Agilent, Waldbronn,

ease (GERD). Germany) with binary pump, degasser, autosampler and mass
selective detector equipped with an electrospray ion source was

2. Experimental used. The mobile phases for HPLC were: (A) 10 mM ammo-
nium acetate in water and (B) acetonitrile. Chromatographic

2.1. Materials separation was achieved on a ProntoSil AQ, C18 column (3 mm

i.d. x 150 mm, particle size @m, Bischoff, Leonberg, Ger-
Solvents used were of HPLC quality and chemicals were ofnany) at a flow rate of 0.5ml/min. Gradient runs were pro-
analytical grade. Omeprazole sodium, 5-hydroxyomeprazolgrammed as shown ifable 1 Equilibration time of the column
sodium, omeprazole sulfone, and the internal standarw#as 4.5min.
H215/70  ((2{[(3,5-dimethylpyridine-2-yl)methyl]thi¢-1H- The mass spectrometer was tuned with the autotune proce-
benzimidazole-5-yl)methanol)F{g. 1) were kindly obtained dure provided by the HP Chemstation software. Electrospray
from Dr. L. Weidolf (Astra Zenea R & D, Molndal, Sweden).  parameters were as follows: capillary voltage 3000 V, drying gas
flow 10 I/min nitrogen, drying gas temperature 380 nebulizer
2.2, Standard solutions pressure 30 psig (207 kPa gauge) and fragmentor 80 V. The mass
spectrometer was operated in the selected ion monitoring mode
The stock standard solutions of omeprazole, the metaboliteS!M resolution high) using the respective Midns,m/z 346 for
and the internal standard (1 mg/ml) were prepared in methanoPmeprazolem/z 362 for 5-hydroxyomeprazole and omeprazol-
sodium carbonate buffer (0.1 M, pH 9.3) 1:4 (v/v). Calibration sulfone andn/z 300 for the internal standard. Peak width was
standards were prepared by dilution of the stock solutions witi§€t at 0.30 min.
methanol: sodium carbonate buffer 1:4 (v/v).

Table 1
2.3. Sample preparation HPLC pump gradient program
Time (min) %Mobile phase B
Plasma samples (0.25 ml) were spiked withu10f internal
standard (10 ng/l) and 100ul of 1 M NaH,PO, and extracted 2 gg
for 10 min with 5 ml of dichloromethane: acetonitrile (9:1, v/v). ¢ 45
After centrifugation, the upper phase was discarded and they 45
organic phase transferred to another vial and evaporated to dr¢e.2 50
ness in a stream of nitrogen. The residue was dissolved iptL00 11 S0
of methanol/0.1 M NgCQ; buffer, pH 9.3 (1:4, v/v), 1@l were ié‘S 52

used for LC-MS analysis.
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2.5. Standardisation and validation 3. Results and discussion

Drug-free plasma was obtained from healthy volunteers.1. Sample preparation
who had not taken any medication at least 3 days before blood
collection. Standard curves were prepared by addingl10 Liquid—liquid extraction or solid phase extraction (SPE)
of standard solutions with increasing amounts of the analytebas been described for the determination of omeprazole
to 250pl of drug-free plasma and extracting the samplesand its metabolites. We have used liquid—liquid extraction
as described above. The final concentrations obtained wesgith dichloromethane: acetonitrile 9:1 (v/v), the recovery
5, 10, 25, 50, 100 and 250 ng/ml for 5-hydroxyomeprazole(meant S.D.) was 84.% 1.9% for omeprazole, 79-04.1%
10, 25, 50, 180, 500 and 750 ng/ml for omeprazole and 10for 5-hydroxyomeprazole, 89:81.7% for omeprazole sulfone
25, 50, 175, 350 and 750ng/ml for omeprazole-sulfoneand 100.9t 2.2% for the internal standard.
Standard curves were evaluated by weightedx)(lihear
regression based on internal standard calibration and wer
obtained by plotting peak-area ratios against the amount o
the substance. The concentration of the analytes in unknown

samples was obtained from the rearession line. All standards The positive ion electrospray mass spectra of all analytes and
samp . 9 " qhe internal standard show the protonated molecular ion [MH]
isation was performed with the HP Chemstation software

(Agilent). as the base peakig. 2), m/z 346 for omeprazolen/z 362 for

The reproducibility and accuracy of the method was estab?-hydroxyomeprazole and omeprazole sulfone aAd300 for

lished by analysing quality control samples, prepared bthemternal standard. Fragment ions corresponding to loss of the

)f)enzimidazole moiety are present in the spectra of omeprazole
adding known amounts of the analytes to 10 ml of drug free Y P P P

plasma which were divided into aliquots and stored-26°C. and 5-hydroxy-omeprazolesatz 198 or 214, respectively, while

The final concentrations were 10, 50, and 250 ng/ml for 5_no fragment ions are observed for the sulfone and the internal

hydroxyomeprazole, 25, 180 and 750 ng/ml for omeprazole anatandard.
25, 175 and 750 ng/ml for omeprazole-sulfone. Quality control
samples were always extracted and analysed together with the
samples. x10°

The intra-assay precision and accuracy was assessed by me:  s{ (A) 8462
suring the concentration of the analytes in six aliquots of the
three different quality control samples extracted and analysed on’
asingle day. Inter-assay precision and accuracy was determine:
from the results of the three different quality control samples
which were extracted and analysed six-fold on three different 21
days. The limit of quantification (LOQ) was determined as the L L
lowest concentration with a coefficient of variation (CV) and a 100 150 200 250 300 350 400 450 m/z
bias of <20% £ =6).

Extraction recoveries were determined by comparing the

"2. LC-MS analysis

198.0

nsity
(=]

Inte
s

x10°

peak areas from extracted standards in human plasmatothe pez 4| (B) is0 3622
areas of unextracted standards at two different concentrations 2
10 and 100 ng/ml for 5-hydroxyomeprazole, 25 and 500 ng/ml 2 8
for omeprazole and 25 and 350 ng/ml for omeprazole-sulfone. E 2]
Concentration of the internal standard in the recovery experi-
ments was 400 ng/ml.
1) SRR . o v bow )
100 150 200 250 300 350 400 450 m/z
2.6. Pharmacokinetic study .
X
The LC-MS assay developed was used to investigate phar- © e

macokinetic parameters of esomeprazole and its metabolites 2 6
5-hydroxyomeprazole and omeprazole-sulfone in 10 patients%
with GERD. The patients received 40 mg of esomeprazole per £
day for 1 week. Blood samples were collected at different |
time points (0, 0.33, 0.5, 0.67, 1, 1.5, 2, 3, 4, 6, 8, 12h) fol-

lowing the first and last dose (steady state). The study had o ; . . . TR I ;
been approved by the local ethics committee. All patients gave ~ 100 150 200 250 300 350 400 450 m/z

their written informed consent prior to participation in the rig 2. Mass spectra of omeprazole (A); 5-hydroxyomeprazole (B) and omepra-
study. zole sulfone (C).

44
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Fig. 3. Mass chromatograms of the extracts from (A) blank human plasma; (B) the lowest quality control sample and (C) plasma from a patient 4Gngiafter a
dose of 40 mg of esomeprazole.

HPLC separation was achieved in atotal runtime of L5 minon lon suppression due to co-eluting substances was also inves-
a Prontosil AQ C18 column with an ammonium acetate buffertigated by comparing the peak areas from pure standards to the
(20mM, pH 7.25)-acetonitrile gradienfif. 3C). Because of peak areas from standards added to extracted blank plasma. No
the highly selective detection method, there were no intermatrix effect was observed for the three analytes and the internal
fering peaks present in more than 10 blank samples investandard.
tigated from patients or from healthy volunteers. An exam-
ple of a blank plasma sample is shownkig. 3A, the low-  3.3. Assay validation
est quality control sample (10 ng/ml of 5-hydroxyomeprazole
and 25 ng/ml each of omeprazole and omeprazole-sulfone) in The linearity of the standard curves showed to be good

Fig. 3B. over the entire concentration range measured: 5-250 ng/ml
Table 2
Intra-assay precision and accuracy for the determination of omeprazole and its metabolites 5-hydroxyomeprazole and omeprazole sulfon@gmtauman pl
Concentration added (ng/ml) n Concentration found meahS.D. (ng/ml) Bias (%) R.S.D. (%)
Omeprazole

10.0 6 9.98+ 0.36 —-0.2 3.7

25.0 6 25.6+ 2 2.4 7.8
180 6 186+ 10 3.2 5.6
750 6 688+ 24 -8.3 35
5-Hydroxyomeprazole

5.00 6 5.36+ 0.19 7.3 3.6

10.0 6 9.86+ 0.65 —-1.5 6.6

50.0 6 48.2+ 3.2 -3.7 6.7
250 6 233+ 13 —6.7 5.4
Omeprazole sulfone

10.0 6 9.98+ 0.38 -0.2 3.8

25.0 6 26.5+ 0.7 5.9 2.8
175 6 195+ 5 115 2.6
750 6 667+ 7 -111 1.1
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Table 3
Inter-assay precision and accuracy for the determination of omeprazole and its metabolites 5-hydroxyomeprazole and omeprazole sulfon@agmtauman pl
Concentration added (ng/ml) n Concentration found meah S.D. (ng/ml) Bias (%) R.S.D. (%)
Omeprazole
25.0 18 259+ 2.8 3.7 10.8

180 18 192+ 19 6.4 10.0

750 18 720+ 57 —4.0 7.9
5-Hydroxyomeprazole
10.0 18 102+ 1.1 2.3 10.7
50.0 18 50.1+ 5.6 0.2 111

250 18 247+ 21 -1.1 8.6
Omeprazole sulfone

25.0 18 26.4+ 1.1 55 4.3

175 18 201+ 6 14.7 3.0

750 18 682+ 24 -9.0 3.6

for are given inTable 2 inter-assay results ifable 35-  method with an intra-day R.S.D. of below 8% for all three ana-
hydroxyomeprazole and 10-750ng/ml for omeprazole andytes even at the LOQ (5ng/ml for 5-hydroxyomeprazole and
omeprazole-sulfone. The correlation coefficient$) fanged 10 ng/mlfor omeprazole and omeprazole sulfone). The inter-day
between 0.99680 and 0.99974 for 5-hydroxyomeprazole, fronR.S.D.s are somewhat higher with up to 10.8% for omeprazole,
0.99705 to 0.99975 for omeprazole and 0.99365 to 0.99878 fat1.1% for 5-hydroxyomeprazole and 4.3% for omeprazole-
omeprazole-sulfonexE 14). sulfone. Theintra-assay accuracy as expressed by the bias ranged
Accuracy and precision of the method was determined wittbetween-8.3 and 3.2% for omeprazole, betweed.7 and 7.3%
quality control samples as described in Secfidn The relative  for 5-hydroxyomeprazole and betweerll.1 and 11.5% for
standard deviation (R.S.D.) and mean values of the deviationmeprazole sulfone. For inter-assay accuracy, the bias was also
from the amount added (% bias) were calculated. Intra-assaglways below 15%.
results . The data show good precision and accuracy of the

3.4. Assay application

800

The assay was successfully applied to a pharmacokinetic
7001 :2;5:;2’:;:3:9““"" study in 10 patients with GERD. The patients received 40 mg
600

—s—omeprazole sulfone of esomeprazole daily and pharmacokinetic parameters of
esomeprazole and its metabolites were determined after the first
dose and after 1 wegk3]. Representative plasma concentration
time curves in one patient after single dose and under steady state
are shown irFig. 4 Concentrations of esomeprazole and both
metabolites — expressed as area under the plasma concentration
time profiles (AUC) — increased after multiple dosing and elim-
ination was slower if compared to single dosing as summarized

Concentration [ng/ml]

in Table 4
(A
= 14001 5 hvd | Table 4
E :%ﬂi};‘;’rﬂ:‘"ﬂme Pharmacokinetic parameters of esomeprazole and its two major metabolites in
g 1200+ —a—omeprazole sulfone patients with GERI}13]
c
2 Parameter Meatt S.D. (z=10) p-value
[1+
‘g Single dose (sd) Steady state (ss) sd vs. ss
(&)
s Esomeprazole
© AUC (pmol h/l) 8.03+ 9.51 13.8+ 9.8 0.0009
t172 (h) 1.30+ 1.03 1.70+ 1.00 <0.0001
5-Hydroxyomeprazole
AUC (umol hfl) 0.72+ 0.23 0.91+ 0.41 0.15
(B) Time [h] 112 (h) 1.61+ 0.84 2.31+ 1.36 0.0028
) . . . ~ Omeprazole sulfone
Fig. 4. Plasma concentration—time profiles of esc_)mepraz_ole and the mgtabolltesAUC (rmol h/l) 5.88+ 4.48 15.24+ 7.63 0.0003
5-hydroxyomeprazole and omeprazole sulfone in a patient after the first dose ; , () 3.87+ 4.28 7.48+ 5.50 <0.0001

(A) and after seven days (B) of 40 mg of esomeprazole daily.
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4. Conclusions The work was supported by the Robert Bosch Foundation
(Stuttgart, Germany).
A method has been developed for the simultaneous deter-
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