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Abstract

A specific, sensitive and fast method based on high performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS/MS)
was developed for the determination of olmesartan in human plasma and urine. Solid-phase extraction (SPE) was used to isolate the compounds from
biological matrix followed by injection of the extracts onto a Cyg column with isocratic elution. The method was validated over the concentration
range of 0.2—-1000 and 5-10,000 ng/mL for olmesartan in human plasma and urine, respectively. The method was applied to the pharmacokinetic
study of olmesartan medoxomil in healthy Chinese male and female subjects.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Olmesartan medoxomil (5-methyl-2-oxo-1, 3-dioxolen-
4-yl) methoxy-4-(1-hydroxy-1-methylethyl)-2-propyl-1-{4-[2-
(tetrazol-5-yl)-phenyl] phenyl} methylimidazol-5-carboxylate),
is a potent and selective angiotensin AT1 receptor blocker [1]
which has been approved for the treatment of hypertension in the
United States, Japan and European countries. The drug contains
a medoxomil ester moiety and is cleaved rapidly by an endoge-
nous esterase to release the active metabolite olmesartan [2]. Due
to the fact that hydrolysis of olmesartan medoxomil in human
plasma is extremely rapid [3], determination of olmesartan in
plasma is the only choice for the study of pharmacokinetic pro-
file of olmesartan medoxomil. Up to date, olmesartan has been
determined in plasma and other biological fluids using high per-
formance liquid chromatography (HPLC) coupled to fluorescent
detection [4,5]. However, these methods have obvious draw-
backs that they either need prolonged operating time or they
are lack of a complete validation procedure. Here, we present
a fast, robust and specific HPLC-MS/MS method to fulfill the
pharmacokinetic study.
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2. Experimental
2.1. Chemicals

Olmesartan (purity 95.5%) and internal standard (IS) RNH-
6272 (Fig. 1), an analog with olmesartan, were provided by
Sankyo Co. Ltd. (Japan). Methanol (HPLC grade) was pur-
chased from Fisher (Fair Lawn, NJ, USA). Formic acid and
ammonium acetate were both of analytical grades and purchased
from Peking Chemical Plant (Beijing, China). Drug-free human
plasma (anticoagulant: heparin lithium) used in the research
was supplied by Peking Union Medical College Hospital Blood
Bank. Drug-free human urine used in the research was supplied
by six different healthy subjects dosing no drugs in the lately 2
weeks. Distilled water was prepared by a Milli-Q water purifying
system (Millipore, Bedford, USA).

2.2. Calibration standard (CS) and quality control (QC)
samples in human plasma and urine

Stock solution of olmesartan for CS and QC were prepared
separately in methanol after correction for purity. Stock solution
of RNH-6272 was also prepared in methanol. The concentrations
of stock solution of olmesartan and RNH-6272 were both of
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Fig. 1. Structure of olmesartan (A, MW 446) and internal standard RNH-6272
(B, MW 460).

1 mg/mL. They were further diluted with methanol to obtain
working solutions at several concentration levels.

Calibration standard and QC samples in plasma and urine
were prepared by diluting corresponding working solutions with
drug-free human plasma and urine, respectively. The final con-
centrations of calibration standard in plasma and urine were
0.200, 0.500, 1.00, 5.00, 10.0, 50.0, 100, 500, 1000 ng/mL and
5.00, 10.0, 50.0, 100, 500, 1000, 5000, 10,000 ng/mL, respec-
tively. The final concentrations of QC in plasma and urine were
0.480, 8.00, 80.0, 800 and 15.0, 60.0, 600, 7500 ng/mL, respec-
tively. Internal standard working solution was prepared with
methanol.

All the plasma and urine samples were stored at —30 °C. All
preparation steps were done in subdued red light.

2.3. Extraction procedure

Calibration standard samples, QC samples, and clinical
plasma samples were extracted employing a SPE technique.
0.4 mL of a 10 ng/mL internal standard working solution was
added to 0.2 mL of plasma treated with heparin. After vortex and
centrifugation at 13,000 rpm for 10 min, the supernatant was sep-
arated and mixed with 0.8 mL of 100 mmol/L ammonium acetate
(pH 4.6). Following vortex, the mixture was loaded to Waters
Oasis HLB SPE column (30 mg) which was pretreated with 1 mL
of methanol first and followed by 1 mL of 100 mmol/L ammo-
nium acetate (pH 4.6). SPE columns were washed with 1 mL of
100 mmol/L ammonium acetate (pH 4.6) followed by 1 mL of
methanol/water (20/80, v/v). The column was vacuumed to dry-
ness and the analytes were eluted with 1 mL of methanol/water
(90/10, v/v). The elute was collected, and evaporated to dryness
under nitrogen stream at 35 °C, and reconstituted by 0.2 mL of
mobile phase.

Fifty microliters of 100ng/mL internal standard working
solution and 0.8 mL of 100 mmol/L. ammonium acetate (pH 4.6)
were added to 0.2 mL of urine sample. Following preparation
steps were same as above. Finally, the residues were reconsti-
tuted by 0.5 mL of mobile phase after evaporated to dryness.

All preparation steps were processed in subdued red light.

2.4. Liquid chromatography/mass spectrometry

HPLC was performed on Waters Alliance 2695 HPLC sys-
tem. Chromatography separation was carried out on Thermo

BDS Hypersil Cig column (50 mm x 4.6 mm, 3 um) protected
by Thermo BDS Hypersil Cig guard column (4 mm x 4.6 mm,
3 um) at 40°C. The mobile phase was composed of formic
acid/methanol/water (0.5/70/30, v/v/v). The flow rate was
0.6 mL/min and splitting ratio was set at 3:4. The injection
volume was 15 pL.

Mass chromatograms were recorded using an API
3000 triple-quadrupole mass spectrometer (Applied Biosys-
tems/MDS Sciex, Foster City, CA, USA) equipped with Turbo
IonSpray interface. Analysis was performed with an ionizing
voltage of 5000 V. Ion source temperature was set at 350 °C
with ultrahigh-purity nitrogen as curtain gas (9 L/h), nebulizer
gas (14L/h) and auxiliary gas (8 L/h). Other mass-dependent
parameters such as orifice plate voltage (OR), focusing ring volt-
age (RNG), Q2 rod offset voltage (RO;), RF-stubbies voltage
(ST3), and Q2 rod offset voltage (RO3) for each compound were
determined in positive mode using standard solutions. Multiple
reaction monitoring (MRM) was carried out using nitrogen as
collision gas (9 L/h), and with a dwell time of 200 ms for each
transition. The analytes were detected by monitoring the transi-
tions m/z 447.3 — 206.9 and 461.4 — 206.9 with the collision
energy 35 and 36eV for olmesartan and RNH-6272, respec-
tively. The analytical time for each run was 4 min in total.

2.5. Method validation

The method was validated for selectivity, matrix effect, pre-
cision, accuracy, linearity, sensitivity, recovery, and stability
according to the US Food and Drug Administration (FDA) [6]
and Chinese State Food and Drug Administration (SFDA) guide-
lines [7] for the validation of bioanalytical method.

The specificity of this method was investigated by analyzing
six individual human blank blood samples and urine samples.
Each blank sample was tested for interference using the proposed
extraction procedure and HPLC-MS/MS conditions and com-
pared with spiked sample whose concentration of olmesartan
was lower limit of quantitation (LLOQ) in plasma or urine.

Calibration standard samples in human plasma and urine
were prepared for three separate days. The lower limit of
quantitation for olmesartan in plasma and urine were all set
at the lowest concentration of non-zero calibration standard
(S/N>10:1). Intra- and inter-day precision and accuracy were
determined by determining the concentrations of olmesartan
in plasma and urine in five replicates of QC samples at four
different concentrations for three separate days.

The extraction recovery of olmesartan was determined by
comparing quantitative results of extracted QC samples at four
concentrations to unextracted QC samples at the same concen-
tration.

The matrix effect was investigated by comparing the areas of
analytes in spiked QC sample with or without biological matrix
from five drug-free volunteers, plasma and urine, at four concen-
trations. During the preparation of QCs at same concentration
level, each individual’s biological matrix was used only once.
The corresponding peak areas of compounds in spiked QCs in
plasma or urine (A) were then compared to those of the aqueous
standards in the mobile phase (B) at equivalent concentrations.
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Fig. 2. Product ion spectrum of olmesartan (A) and RNH-6272 (IS, B).

The ratio (A/B x 100) is defined as the matrix effect. The inter-
subject variability of matrix effect at every concentration level
should be less than 15% [8].

The stabilities of olmesartan and/or internal standard (IS)
in biological matrix and in working solution at different stor-
age condition were evaluated as follows and the results were
expressed as percentage recoveries. The stabilities of olmesartan
and IS working solutions were tested for 7 h at room tempera-
ture (subdued red light) The stabilities of olmesartan in plasma
and urine sample at four concentrations were examined under
different study conditions; i.e. standing at room temperature for
24h (subdued red light) and storing at —30 °C for 3 months.
The stabilities of olmesartan in plasma and urine extracts were
also tested by sitting samples at room temperature for 24 h
(away light). Freeze/thaw stability was determined after freezing
(—30°C) and thawing QC samples for three cycles.

3. Result and discussion
3.1. HPLC-MS/MS optimization

An HPLC-MS/MS method for the detection of olmesartan
in plasma and urine was firstly investigated. The analyte was
introduced into the mass spectrometer using the electrospary
interface, and the parameters such as IS, OR and RNG were
optimized to obtain protonated molecular ion [M + H]* or depro-
tonated molecular ion [M — H] ™. After comparing the response
of two scan modes, [M + H]* ion was chosen to detect the ana-

Iyte. In order to ensure high specificity of the method, MRM
scan mode was selected to assay the analytes and the most
suitable collision energy was determined when observing the
maximum response for fragment ions. The product ion mass
spectra of the compounds are depicted in Fig. 2 where [M + H]*
of each compound was selected as precursor ion, and the most
abundant fragment ion was chosen as the product ion in the
MRM acquisition with the optimized collision energy for each
compound.

For HPLC separation, the Hypersil Cig column was selected
to retain the analyte because of its low carbon content (9%),
which can provide suitable retention time for compounds and
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Fig. 3. The peak area—methanol% in water as elution solvent curve of olmesartan
in plasma.
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non-tailed peaks. 0.5% formic acid was chosen because of its
highest response.

3.2. Extraction procedure optimization

The methods of sample preparation were studied by using
precipitating protein and solid phase extraction (SPE). If the
SPE procedure was employed directly, the high extraction
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recovery will not be obtained since 99% of olmesartan in
plasma is combined with protein and may not be separated
by SPE procedure (poor peak shapes and response, data not
shown). Therefore, the procedure of precipitating protein
coupled with SPE was selected to give a high recovery and good
mass chromatograms. Furthermore, the analytes were extracted
more efficiently from plasma and urine samples under acidic
condition. Also, the percentage of methanol in water as elution
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Fig. 4. MRM chromatograms of olmesartan and RNH-6272 (IS) and in blank plasma (A and B), LLOQ (C and D) and plasma from a subject’s sample 24 h post

dose of 20 mg olmesartan medoxomil (E and F).
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solvent was investigated and the result is presented in Fig. 3. It 3.3. Validation steps
was found that if the samples were washed by methanol/water
(20/80, v/v) and eluted by methanol/water in (90/10, v/v) during 3.3.1. Specificity and sensitivity

the SPE procedure, the highest extraction efficiency could No endogenous source of interference was observed at the
be obtained. Because the analytes were sensitive to light, the  retention times of the analytes, which was approximately 1.70
samples were prepared in faint light. and 1.75 min for olmesartan and RNH-6272, respectively. Typi-
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Fig. 5. MRM chromatograms of olmesartan and RNH-6272 (IS) in blank urine (A and B), LLOQ (C and D) and urine of a subject at 24—48 h after dosing 20 mg
olmesartan medoxomil (E and F).
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Table 1

Results of extraction recovery of olmesartan in plasma (n=5)

Concentration (ng/mL) Recovery (%) CV (%)
0.480 93.9 73
8.00 80.0 32

80.0 83.2 5

800 77.9 79

cal chromatograms obtained from blank plasma, plasma sample
containing 0.2ng/mL of olmesartan (LLOQ) and a subject’s
sample 24 h post dose of 20 mg olmesartan medoxomil are pre-
sented in Fig. 4. Typical chromatograms of blank urine, a urine
sample containing 5 ng/mL of olmesartan (LLOQ) and a sub-
ject urine sample are shown in Fig. 5. Because the only notable
metabolite of olmesartan medoxomil in plasma and urine is
olmesartan, the interference from other metabolites of pre-drug
can be ignored.

3.3.2. Linearity

A calibration curve was established on each validation day.
The calibration curve was linear over the concentration range of
0.2-1000 ng/mL for plasma and 5-10,000 ng/mL for urine with
coefficient of correlation (r)>0.99. A weighting factor of 1/x>
for olmesartan in both plasma and urine was chosen. Linearity
was found to be quite satisfactory.

3.3.3. Recovery

The recoveries of the extraction method from plasma and
urine observed (value and CV %, n=35) are shown in Table 1
and Table 2, respectively. Recoveries were more than 77.9% at

Table 2

Results of extraction recovery of olmesartan in urine (n=>5)

Concentration (ng/mL) Recovery (%) CV (%)
15.0 79.1 8.7
60.0 96.0 6.4

600 99.5 1.8

7500 100.0 3.7

Table 3

different concentrations for both plasma and urine with little
variability.

3.3.4. Matrix effect

Matrix effects and inter-subject variability data from plasma
and urine of individual subjects who not receiving olmesartan
are summarized in Table 3. The inter-subject variabilities were
observed up to 9.4% in both plasma and urine. It indicated that
the analytical method could be kept free of endogenous sub-
stance in human plasma and urine, and was judged to be useful
for subject samples.

3.3.5. Precision and accuracy

Five quality control samples at each concentration level (0.48,
8, 80, 800 ng/mL for plasma and 15, 60, 600, 7500 ng/mL for
urine) were processed and calculated each batch of five for
three batches to provide precision (CV %) and accuracy of this
method. The intra- and inter-day precision and accuracy data
are summarized in Table 4 for plasma and Table 5 for urine. In
both plasma and urine, intra-day precisions were ranged from
2.3% to 10.4%, and accuracies ranged from 91.3% to 105.3%;
inter-day precisions ranged from 2.0% to 13.1% and accuracies
ranged from 88.0% to 109.9%.

3.3.6. Stability

The stability tests of the analytes were designed to cover
expected conditions of handling of clinical samples. The stabili-
ties of the analytes in human plasma and urine were investigated
under a variety of storage and processing conditions. Briefly,
three freeze/thaw cycles and ambient temperature (subdued red
light) storage of the QC samples up to 24 h appeared to have
no effect on results of quantification of olmesartan in plasma
and urine. QC samples stored in a freezer at or below —30°C
remained stable for at least 3 months. Processed samples were
allowed to stand at room temperature (away light) in reconsti-
tuted solution for 24 h prior to analysis, with no observed effect
on results of quantification. When working solution of olmesar-
tan in methanol was stored at room temperature (subdued red
light) for 7 h, the analyte were found to be stable.

Results of matrix effect and inter-subject variability for olmesartan and RNH-6272 in plasma and urine

Nominal concentration (ng/mL)

Matrix effect (mean & SD, %) Inter-subject variability® (%)

Plasma
Olme. 0.480
8.00
sar-
80.0
tan 800
(n=5)
RNH-6270 (n=5) 10.0
Urine
15.0
Olme-
e 60.0
sar-
600
tan 7500
(n=5)
RNH-6270 (n=5) 100

90.2 £ 6.3 6.9
955 £ 1.7 1.8
82.8 £ 6.1 7.4
87.1 £ 6.0 6.9
84.7 + 8.0 9.4
103.7 £ 6.7 6.4
98.1 £3.0 3.1
98.8 £5.1 5.1
98.0 £53 5.4
92.1 £2.7 29

2 Expressed as CV%.
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Table 4
Accuracy and inter, intra-precision for the detection of olmesartan in plasma
Ql Q2 Q3 Q4
Intra-batch
Nominal concentration (ng/mL) 0.480 8.00 80.0 800
Mean 0.527 8.25 85.0 832
SD (n=5) 0.020 0.200 2.44 17.0
Accuracy (%) 109.9 103.1 106.2 104.0
Precision (%) 34 2.4 2.9 2.0
Inter-batch
Nominal concentration (ng/mL) 0.480 8.00 80.0 800
Mean 0.506 8.19 82.6 833
SD (n=3) 0.030 0.260 2.55 18.9
Accuracy (%) 105.3 102.4 103.3 104.1
Precision (%) 6.3 3.1 3.1 2.3
Table 5
Accuracy and inter, intra-precision for the detection of olmesartan in urine
QCl1 QC2 QC3 QC4
Intra-batch
Nominal concentration (ng/mL) 15 60 600 7500
Mean 13.7 57.6 576 7130
SD (n=3) 0.8 2.18 59.6 327
Accuracy (%) 91.3 96 96 95.1
Precision (%) 5.8 3.8 104 4.6
Inter-batch
Nominal concentration (ng/mL) 15 60 600 7500
Mean 13.2 58.5 612 7110
SD (n=5) 0.82 2.71 80.3 218
Accuracy (%) 88 97.5 101.9 94.8
Precision (%) 6.2 4.6 13.1 3.1

3.3.7. Carryover test

The MRM chromatogram of double blank (free of olmesar-
tan and internal standard) analyzed by following the samples
with the highest concentration of olmesartan (1000 ng/mL for
plasma and 10,000 ng/mL for urine) had showed that there was
no carryover in the condition of the present method.

1000 [

900 [

Concentratioon(ng/mL)

24 36 48
Time(h)

Fig. 6. The average concentration—time curves of olmesartan in plasma from
Chinese subject after single (¢) and repeat (H) doses of olmesartan medoxomil
(Mean &+ SD, n=14).

3.4. Application of the method in pharmacokinetic studies

The HPLC-MS/MS method described in this paper was used
to investigate the plasma and urine pharmacokinetic profiles of
olmesartan in healthy Chinese subjects after single and multi-
ple doses of 20 mg olmesartan medoxomil (n=14). The mean
plasma concentration—time curve of olmesartan after single and
repeat dose is shown in Fig. 6. The cumulative amount of olme-
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Fig. 7. The cumulative amount—time curves in urine from Chinese subjects after
single (¢) and repeat (l) doses of olmesartan medoxomil (Mean & SD, n=14).
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sartan excreted in urine from the same subjects after single and
repeat dose is shown in Fig. 7.

4. Conclusion

A fast, sensitive and specific HPLC-MS/MS method based on
the procedure of precipitating protein coupled with SPE has been
developed and validated for the determination of olmesartan in
plasma and urine of Chinese subjects. The extraction proce-
dure and HPLC-MS/MS conditions were optimized in order
to improve the sensitivity and robustness of the method. The
procedure was fully validated to meet the requirements of State
Food and Drug Administration and GLP Guidelines for Industry.
This procedure was successfully applied to the determination of
olmesartan in human plasma and urine.
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