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ABSTRACT
Background: Olmesartan medoxomil is an angio

tensin II-receptor antagonist used in the treatment of
hypertension. It is a prodrug and is converted to the
pharmacologically active compound on de-esterification
by arylesterase in the gastrointestinal tract.

Objective:This study investigated the relative bioavail
ability and fasting pharmacokinetic properties of olmesar
tan after single doses of a 20-mg test tablet, a 20-mg test
capsule, and a commercially available 20-mg reference
tablet in healthy Chinese male volunteers. The study
was conducted to satisfy Chinese State Food and Drug
Administration regulatory requirements for approval of
a generic formulation of olmesartan medoxomil.

Methods: This study had an open-label, randomized
sequence, single-dose, 3-treatment, 3-period crossover
design. Healthy volunteers were randomly assigned in a
1:1:1 ratio to receivea single20-mg dose of the test tablet,
test capsule, or reference tablet, each administered after
a 12-hour overnight fast, followed by a 1-week washout
period and administration of the alternate formulation.
Blood samples were obtained at baseline and at 0.5, 1,
1.5,2,2.5,3,4,6,8, 12,24,36, and 48 hours after dos
ing. Tolerability was assessed based on vital signs and
laboratory values obtained before and after administra
tion of study drug. The formulations were assumed to
be bioequivalent if the 90% CIs for the log-transformed

ratios of Cmax' AUCO_t' and AUCo_= were within the
predetermined equivalence range (70%-143 % for Cmax;

80%-125% for AUCO---t and AUCo~), as established by
the Chinese State Food and Drug Administration.

Results: Twenty-one healthy male subjects (mean
age, 21 years [range, 18-25 years]; weight, 62.1 kg
[range, 54.0-80.0 kg]) were enrolled in and completed
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the study. No period or sequence effect was observed.
The mean AUCo_=values for the test tablet, test capsule,
and reference tablet were 3993 (1070),3567 (850), and
3849 (872) ng/mLlh, respectively. The 90% CIs for the
log-transformed ratios of test tablet to reference tablet

for Cmax' AUC0-48' and AUCo~ were 103.9 to 124.9,
94.0 to 111.5, and 94.4 to 111. 7, respectively (all, P =

NS).The corresponding 90% CIs for the log-transformed
ratios of test capsule to reference tablet were 90.8 to
109.2,84.9 to 107.9, and 85.1 to 100.7 (all, P = NS).
Ten adverse events were reported during the study;
7 subjects complained of pain during blood sampling,
and 3 had a blocked venous catheter. No treatment
related adverse events were reported or observed.

Conclusions: In this single-dose crossover study in
healthy Chinese male volunteers, the test and reference
formulations of olmesartan medoxomil20-mg capsules
and tablets met the regulatory criteria for assuming
bioequivalence. The 3 formulations were well tolerated.
(Clin Ther. 2010;32:1674-1680) © 2010 Excerpta
Medica Inc.

Key words: olmesartan medoxomil, UPLC-MS/MS,
pharmacokinetics, bioequivalence.

INTRODUCTION
Olmesartan is an angiotensin II-receptor antagonist
that has been found to have a favorable safety and ef
ficacyprofile in the treatment of hypertension. 1 Olmesar-
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tan is administered in the form of a prodrug, olmesartan
medoxomil, an ester that is converted to the pharma
cologically active compound on de-esterification by
arylesterase in the gastrointestinal tract.2-4 Olmesartan
is thought to work by interfering with the binding of
angiotensin II to receptors in the vascular muscle.s This
interference leads to reduced vasoconstriction in the
vascular muscle, thus lowering blood pressure.

Olmesartan medoxomil is available in China as 20
and 40-mg tablets, with a recommended starting dose
of 20 mg/d.> Effects on blood pressure may be seen
within 2 weeks, and the dose can be increased to
40 mg/d if the response is inadequate at that time. Ad
ditional blood pressure lowering has not been observed
at doses >40 mg/d.6

Due to the widespread use of olmesartan medoxomil,
numerous pharmacokinetic studies of olmesartan have
been published.7- 19 However, only one study has inves
tigated the pharmacokinetics of olmesartan in Chinese
subjects.!? To date, published pharmacokinetic studies
of olmesartan have used HPLC-MS/MS methods to
determine olmesartan concentrations.Pv-' However,
plasma concentrations are very low after an olmesartan
dose of 20 mg, and an ultra-performance LC-MS/MS
(UPLC-MS/MS) method can provide increased signal
to-noise ratio compared with HPLC-MS/MS,23Further
more, a search of the literature found no published
studies concerning the relative bioavailability of olmesar
tan medoxomil capsules and tablets, as would be neces
sary to satisfy regulatory requirements for approval of
a generic formulation.

At the time of this study, no formulation of olmesartan

medoxomil was manufactured and approved for use
in China. The present study in healthy Chinese male
volunteers investigated the relative bioavailability and
fasting pharmacokinetics of olmesartan from 3 formula
tions of olmesartan medoxomil-a 20-mg test capsule
and 20-mg test tablet (both manufactured by TianQuan
Pharmaceutical Co., Ltd., Fujian, China) and a 20-mg
reference tablet." An UPLC-MS/MS method for the
determination of olmesartan concentrations was devel
oped for use in this study, which was conducted to
satisfy Chinese State Food and Drug Administration
(SFDA) regulatory requirements for approval of a generic
formulation of olmesartan medoxomil.

*Trademark: Aotan'" (Shanghai Sankyo Pharmaceuticals Co.,
Ltd., Shanghai, China).
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SUBJECTS AND METHODS
Subjects

Healthy male volunteers were recruited by the Phase I
trial unit at Hunan ProvincialTumor Hospital (Changsha,
Hunan, People's Republic of China) through an adver
tisement. Eligible subjects were aged 18 to 40 years, had
a body mass index between 19 and 25 kg/rn-, did not
smoke, and had an unremarkable clinical history. Those
with a history or evidence of renal, gastrointestinal, he
patic, or hematologic abnormality; any acute or chronic
disease; or any drug allergy were excluded. Eligibility
was confirmed by chest radiography, electrocardiography,
and laboratory tests (hemoglobin, red blood cell count,
white blood cell count, platelet count, neutrophil count,
hepatic transaminases, total and direct bilirubin, blood
urea nitrogen, creatinine, blood glucose, urinary protein,
ketone, pH, and glucose). Subjects were required to be
negative for HIV and hepatitis Band C virus.

Study Design
The study (registration number, 2005LOI077) had a

randomized-sequence, open-label,single-dose, 3-treatment,
3-period crossover design and was conducted from May
to August 2009. A table of random numbers was used
to assign subjects in a 1:1:1 ratio to receive single 20-mg
doses of olmesartan medoxomil as a test tablet (lot no.
070901; expiration September 2009), test capsule (lot
no. 071120; expiration November 2009), or reference
tablet (lot no. 907041; expiration April 2010).

Subjects were admitted to the hospital on the day
before the study. They were not to eat or drink anything
other than water for 12 hours before and 2 hours after
administration of study drug. Each dose of study drug
was administered with 200 mL of water after a 12-hour
overnight fast. Administration of each dose was followed
by a I-week washout period and administration of the
next assigned dose (Table I).

The protocol was approved by the ethics and research
committee of Hunan Provincial Tumor Hospital, and
the study was conducted in accordance with the current
revision of the Declaration of Helsinki-" and current
Good Clinical Practice guidelines.P Written informed
consent was obtained from all subjects. Subjects were
compensated for their time and transportation costs,
whether they completed the study or not.

Blood Sampling
In each of the 3 study periods, blood for baseline

(time 0) measurements was drawn after an overnight
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Table I. Study design.*

Group 1 Group 2 Group 3
Period (n = 7) (n = 7) (n = 7)
---_._--_._---
Period 1 Test Reference Test

capsule tablet tablet

l-Week
washout

Period 2 Test Test Reference
tablet capsule tablet

l-Week
washout

Period 3 Reference Test Test
tablet tablet capsule._._---_...~--_._-~~"-~-,-,."_.._ .._._._._._-

*The test capsule and test tablet were manufactured by
TianQuan Pharmaceutical Co., Ltd., Fujian, China.
The reference tablet was Aotan'", a product ofShanghai
Sankyo Pharmaceuticals Co., Ltd., Shanghai, China.

fast and before administration of study drug. A 20-G
catheter was placed in a forearm vein, and a 5-mL blood

sample was drawn into a vacuum tube containing
heparin sodium anticoagulant. Additional blood samples

were drawn at 0.5, 1, 1.5,2,2.5,3,4,6,8, 12,24,36,
and 48 hours after dosing. The blood samples were

centrifuged at 1500g (radius, 0.03 m) for 10 minutes.

The separated plasma was stored at-40°C until analyzed
by UPLC-MS/MS.

Analytic Method
A UPLC- MS/MS method was developed for the de

termination of olmesartan. Olmesartan standard refer
ence (96.82%, lot no. 081101) was obtained from Beijing
Lianben Pharrn-Chemicals Tech. Co., Ltd. (Beijing,

China). The internal standard candesartan (99.6%, lot

no. 20090801A) was purchased from Wuhan Yuancheng

Technology Development Co., Ltd. (Hubei, China). The

primary stock solutions of olmesartan (320.0 ug/ml.)
and candesartan (200.0 ug/ml.) were prepared by dis

solving appropriate amounts of pure substance in metha
nol. Each of the stock solutions was further diluted with
30% methanol to produce working standard solutions
of olmesartan and candesartan. All standard solutions
were stored at 4°C when not in use.

Calibration curves were prepared in drug-free plasma.
Appropriate volumes of working solutions and drug-
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free human plasma were added to each test tube to

achieve final concentrations of 2,4,8,16,32,80,160,
320, 800, and 1600 ng/mL. The quality control (QC)
samples included in each assay were prepared in the

same way to achieve final concentrations of 4,80, and
1280 ng/mL. Five calibration analyses were performed

on 5 consecutive days, and the QC values for each level

were recorded. The regression equation for the olrnesar
tan calibration curves (range, 2-1600 ng/mL) was Y =
0.00229638X + 0.000041052. The correlation coeffi

cient was 0.9993, indicating good linearity. Standard
curves were prepared daily and were checked using the
QC samples. The calibration curves exhibited linearity
within the chosen range. The QC results suggested good
day-to-day accuracy (91.3%-100.4%) and precision

(SD <7.9%). The lower limit of quantitation for this
method was 2 ng/mL (signal-to-noise ratio, 10).

Determination of Plasma
Olmesartan Concentrations

Plasma (1 mL) plus 50 ul, of candesartan (8.0 ug/ml.)

and 200 ul. of buffer solution (0.1 M ammonium acetate,
pH 4.5) were mixed for 1 minute. Strata-X solid phase
extraction cartridges (Phenomenex, Inc., Torrance,
California) were conditioned before use with 1 mL of
methanol, 1 mL of acetonitrile, and 2 mL of water. The

mixed sample was then placed in a cartridge, and the

cartridge was washed with 2 mL of 0.5% formic acid

solution and 1 mL of 5% acetonitrile. A subsequent elu

tion step was continued using 500 ul, of 80% methanol/
0.25% ammonium hydroxide solution. The eluate was
mixed with 50 ul. of 2 % formic acid solution. After
vortex-mixing, 2 ul, was injected onto the UPLC-MSI
MS system (10.0-cm column length; 2.1-mm inner di
ameter; 3.0-llm particle size; Welchrom XB-CN, Welch
Materials, Inc., Ellicott City, Maryland). The liquid
chromatography system (ACQUITY UPLC, Waters

Corporation, Manchester, United Kingdom) was coupled

to a triple quadrupole mass spectrometer (Waters Quat

tro Premier XE) with an ion-source electrospray probe.

Data acquisition and analysis were performed using

MassLynx 4.1 software (Waters Corporation).

The column was eluted with a mobile phase that was
a mixture of acetonitrile and water containing 0.1 %
formic acid (43:57 v/v) at a flow rate of 0.3 mL/min.
The column was operated at a temperature of 40°C.
Tuning the ion spray, operated in the positive-ionization
mode, for olmesartan resulted in a 3000-V spray voltage
and a capillary temperature of 400°C with cone gas
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flow and desolvation gas flow set at 50 and 750 L/h,
respectively. Multiple-reaction monitoring was used
to quantify olmesartan at 447.1 rnJz (daughter ion at
429.2 rnJz), achieved with collision energy of 13 eV, and
candesartan at 441.0 rnJz (daughter ion at 263.1 rnJz),
with collision energy of 12 eV.The 2 pairs of ions were
monitored simultaneously within the analytic procedure.
Under these conditions, the method was linear in the
range from 2 to 1600 ng/mL.

The calibration curve was prepared and assayed
along with the QC samples and each batch of clinical
plasma samples. The calibration curve and QC samples
were prepared and treated as described earlier. The
results for the QC samples provided the basis for ac
cepting or rejecting the run.

Tolerability Assessment
Tolerability was assessed by monitoring vital signs

(blood pressure, heart rate, and respiratory rate) at
baseline and at 1, 2, 3, 6, 12, 36, and 48 hours after
administration of study drug. Laboratory tests were
performed at baseline and at the end of the study. The
study physician also questioned subjects about adverse
events (AEs) occurring during the study. All tolerability
information was recorded on case-report forms.

Pharmacokinetic and Statistical Analyses
A sample-size calculation was performed according

to the methods described by Hauschke et al.26

The elimination rate constant (lez ) was calculated as
the slope of the linear regression of log-transformed
concentration-time data in the terminal phase. The
elimination half-life was calculated as 0.693/lez• Cmax

and Tmax were obtained directly from the observed
concentration-time profiles. AUC to the last measurable
concentration (AUCO_t) was calculated by the linear
trapezoidal rule. AUCo-oo was calculated as AUCO_t +
Cllez' where C, is the last measurable concentration.
The relative bioavailability of the test formulation was

calculated as (AUC0--48[testlAUC0--48[referenceJ) X 100%.
The Schuirmann two I-sided t test procedure was used
to calculate the 90% CI for the test:reference ratio of
log-transformed Cmax and AUe. Tmax was tested para
metrically using the paired Wilcoxon test for significant
differences between each pair of formulations (test
tablet/reference tablet and test capsule/reference tabletl.?
The formulations were assumed to be bioequivalent if
the 90% CI for the mean point estimators (ratio of test
to reference) of log-transformed Cmax and AUC fell
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within the appropriate acceptance ranges (70%-143%
for Cmax; 80%-125% for AUCO_t and AUCO-oo).27 The
effectsof preparation, period, and sequence were studied
by ANOVA of the log-transformed data.

Pharmacokinetic parameters were analyzed at the
Health Information Research Centre of Central South
University (Changsha, China) using the Drug and Sta
tistics Program Package version 2.0.1 (Wannan Medical
College, Wuhu, China). The staff members performing
these calculations were blinded to formulation.

RESULTS
Twenty-one healthy subjects (mean age, 21 years [range,
18-25 years]; weight, 62.1 kg [range, 54.0-80.0 kg])
were enrolled in the study. All 21 completed the study.

Pharmacokinetic Properties
The mean (SD) olmesartan Cmax was 728.6 (139.3) ng/

mL for the test tablet, 637.5 (120.7) ng/mL for the test
capsule, and 638.7 (111.5) ng/mL for the referencetablet.
The corresponding values forTmax were 1.41 (0.34),1.71
(0.44), and 1.83 (0.46) hours. Mean values for t 1/2 were
7.42 (2.29), 7.18 (1.36), and 7.02 (1.50) hours. Mean
AUCO--48 values were 3945 (1063),3528 (834),and 3811
(857) ng/mL/h. Mean AUCQ-oo values were 3993 (1070),
3567 (850), and 3849 (872) ng/mL/h. No period or se
quence effects for any pharmacokinetic property were
observed on ANOVA.The relative bioavailability of the
test tablet to the reference tablet was 102.4%, and the
relative bioavailability of the test capsule to the reference
tablet was 92.5%. Mean olmesartan concentrations over
time are illustrated in the figure.

The 90% CIs for the log-transformed ratios of test
tablet to reference tablet for Cmax' AUC0--48' and AUCo_oo

were 103.9 to 124.9,94.0 to 111.5, and 94.4 to 111.7,
respectively (all, P = NS) (Table II). The corresponding
90% CIs for the log-transformed ratios of test capsule
to reference tablet were 90.8 to 109.2,84.9 to 107.9,
and 85.1 to 100.7 (all, P =NS). The results were similar
when the data were not log-transformed.

Ten AEs were reported during the study. Seven sub
jects complained of pain during blood sampling, and
3 had a blocked venous catheter. No treatment-related
AEs were reported by subjects or observed on physical
examination or laboratory testing.

DISCUSSION
In the present study, the 90% CIs for the log-transformed
ratios of test tablet to reference tablet for AUC0--48 and
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Figure. Mean (SO) olmesartan medoxomil plasma concentrations over time after administration of single
20-mg doses of the test tablet and capsule and the reference tablet in 21 healthy Chinese male volun
teers. (The test capsule and tablet were manufactured by TianQuan Pharmaceutical Co., Ltd., Fujian,
China. The reference tablet was Aotan", a product of Shanghai Sankyo Pharmaceuticals Co., Ltd.,
Shanghai, China.) Lower limit of quantitation = 2 ng/ml.,

AUCo_oo were 84.9 to 107.9, and 85.1 to 100.7, respec
tively; the corresponding values for the log-transformed
ratios of test capsule to reference tablet were 94.0 to
111.5 and 94.4 to 111. 7. These 90% CIs were within
the acceptance range for bioequivalence (80%-125%).
The 90% CIs for the log-transformed ratios of Cmax

were within both the European Agency for the Evalu
ation of Medicinal Products acceptance range of 75%
to 133%28 and the SFDA acceptance range of 70% to
143%.27 There were no significant differences in Tmax

between the test tablet and reference tablet, or between
the test capsule and reference tablet.

This study was limited by its single-dose design,
inclusion of only healthy male volunteers, and study of
the pharmacokinetics of olmesartan in the fasted state
only.Healthy volunteers are not representative of patient
populations, and the results must be confirmed in pa
tients with hypertension. There is also a need for a larger
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study in the fed state. A study of olmesartan medoxomil
in women would also be useful.

CONCLUSIONS
In this study in healthy Chinese male volunteers, single
20-mg doses of the 2 test formulations of olmesartan
medoxomil met the criteria for assumption of bioequiva
lence to the reference formulation based on AUC, Cmax'

and Tmax' All 3 formulations were well tolerated.
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Table II. Comparison of90% Cis for the log-transformed ratios ofCmax' AUCO_48' and AUCo_oo

after administration of single 20-mg doses of 3 formulations of olmesartan medoxo
mil in healthy Chinese male volunteers (N = 21).*

Test Tablet Test Capsule

pt pt
Test:Reference Ratio Test:Reference Ratio

Parameter (90% CI) <80% >125% (90% CI) <80% >125%

<., 113.9 (103.9-124.9) <0.001 <0.001 99.6 (90.8-109.2) <0.001 <0.001
AUCO_48 102.4 (94.0-111.5) <0.001 <0.001 92.5 (84.9-107.9) 0.003 <0.001
AUCo_

oo 102.7 (94.4-111.7) <0.001 <0.001 92.6 (85.1-107.7) 0.003 <0.001

*The test capsule and test tablet were manufactured byTianQuan Pharmaceutical Co., Ltd., Fujian, China. The
reference tablet was Aotan'", a product of Shanghai Sankyo Pharmaceuticals Co., Ltd., Shanghai, China.

tp value for the probability of exceeding the limits for assumption of bioequivalence.

tan and performing statistical testing. The authors have
indicated that they have no conflicts of interest regard
ing the content of this article.
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