
ORIGINAL RESEARCH ARTICLE

Pharmacokinetic and Pharmacodynamic Profiles of a Fixed-Dose
Combination of Olmesartan Medoxomil and Amlodipine
in Healthy Chinese Males and Females

Xia Chen • Pei Hu • Ji Jiang • Tao Liu •

Wen Zhong • Hongzhong Liu • Qian Zhao

Published online: 17 November 2012

� Springer International Publishing Switzerland 2012

Abstract

Objectives This study investigated the pharmacokinetics

and pharmacodynamics of a fixed-dose combination (FDC)

tablet of olmesartan medoxomil 20 mg and amlodipine

5 mg (CS-8663) in healthy Chinese subjects.

Methods This single-centre, open-label study was con-

ducted in five healthy males and five females aged 18–45

years. Subjects received a single oral dose of an olmesartan

medoxomil/amlodipine 20 mg/5 mg tablet on Day 1 under

fasting conditions, and after a wash-out period they

received the same dose once daily from Day 15 to Day 24.

Serial blood samples were collected at predefined time-

points to measure the plasma concentrations of olmesartan

and amlodipine during the single-dose and the multiple-

dose period. Meanwhile, blood pressure and heart rate were

repeatedly taken to delineate the pharmacodynamic profiles.

Safety was assessed throughout the study.

Results After oral administration, the peak concentrations

of olmesartan and amlodipine were reached in a median

time of 2 and 6 h, respectively. The elimination half-life of

amlodipine is more than twice as long as that of olmesar-

tan. Steady states of both compounds were attained after

once-daily dosing for 8 days. Similar significant reductions

of systolic and diastolic blood pressure were observed after

a single dose of an olmesartan medoxomil/amlodipine

20 mg/5 mg FDC tablet. In comparison, multiple doses

of olmesartan medoxomil/amlodipine 20 mg/5 mg tablets

lowered the daily pre-dose BP level and led to smaller BP

changes after the last dose. Heart rate increments were

larger and more sustained after multiple doses than during

the single-dose period. Females showed more systolic BP

reductions than males despite inter-sex similarity in phar-

macokinetics. Treatment with olmesartan medoxomil/

amlodipine 20 mg/5 mg FDC tablets was safe and well

tolerated.

Conclusion After single and multiple doses of olmesartan

medoxomil/amlodipine 20 mg/5 mg FDC tablets the

pharmacokinetic profiles of olmesartan or amlodipine were

comparable to those reported for monotherapy with olme-

sartan medoxomil or amlodipine, except that the elimina-

tion half-life of olmesartan was longer because of the

longer time course over which pharmacokinetic blood

sampling was carried out in this study. The response pro-

files of BP indicate a concentration-dependent antihyper-

tensive effect of the olmesartan medoxomil/amlodipine

20 mg/5 mg FDC tablet after a single dose and stabiliza-

tion of such effects after multiple doses.

1 Introduction

Hypertension is one of the most important and consistent

modifiable risk factors for cardiovascular diseases and

renal disease [1–5]. The prevalence of hypertension has

increased dramatically during the past three decades, with

the estimated number of hypertensive adults in China

increasing from 59 million in 1980 to 94 million in 1990, to

129 million in 2001, and to about 200 million in 2011 [6–

8]. Although one fourth of the Chinese people with

hypertension take antihypertensive medications, more than

70 % of the treated patients are not adequately controlled

[7]. Concomitant use of two or more antihypertensives that

act through different pharmacological pathways is
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therefore recommended for patients with moderate to severe

hypertension or patients who do not reach blood pressure

(BP) goals with monoantihypertensive therapy [9].

CS-8663 is a fixed-dose combination (FDC) formulation

of olmesartan medoxomil, a potent angiotensin II type 1

receptor blocker, and amlodipine, a similarly potent but

long-acting calcium channel blocker. The combination of

olmesartan medoxomil and amlodipine was found to

induce a greater BP reduction than its component mono-

therapies in patients with mild-to-severe hypertension [10,

11]. The co-administration of olmesartan medoxomil and

amlodipine allowed up to 54 % of patients, whose previous

responses to amlodipine or olmesartan medoxomil mono-

therapy had been inadequate, to achieve their BP goals.

Moreover, this combination was safe and well tolerated

over short- and long-term treatments. The incidence of

peripheral oedema was lower after olmesartan medoxomil/

amlodipine 40 mg/10 mg FDC tablets compared with

monotherapy with amlodipine 10 mg [10].

Co-administration of olmesartan medoxomil and amlo-

dipine did not show a significant effect on the pharmaco-

kinetics of either component [12]. However, previous

studies have suggested potential ethnic differences between

Caucasian and Asian subjects in the exposure of olmesar-

tan and amlodipine after oral administration of olmesartan

medoxomil [13] and amlodipine [14, 15], respectively. In

the present study, we administered single and multiple doses

of olmesartan medoxomil/amlodipine 20 mg/5 mg FDC

tablets to healthy Chinese subjects, in order to (a) investi-

gate the pharmacokinetics of olmesartan and amlodipine;

(b) explore the response profile of BP after a single dose and

under steady state; and (c) collect information about the

safety and tolerability of the olmesartan medoxomil/amlo-

dipine 20 mg/5 mg FDC tablet in healthy Chinese subjects.

2 Methods

2.1 Study Design

This trial was performed from August through October

2010 and designed as a single-centre, open-label, sequen-

tial single- and multiple-dose study in ten healthy Chinese

subjects.

All subjects provided written informed consent prior to a

medical screening. The total study duration was approxi-

mately 8 weeks for each participant, including a screening

period of maximally 14 days, a single-dose period, a wash-

out period of 14 days, a multiple-dose period of 10 days,

and a post-treatment follow-up period of 14 ± 3 days.

The investigational medicinal product, olmesartan

medoxomil/amlodipine 20 mg/5 mg FDC tablets (batch

number: 909010), was manufactured and supplied by

Daiichi Sankyo Pharmaceutical (Shanghai) Co., Ltd. Each

tablet contained olmesartan medoxomil 20 mg and amlo-

dipine 5 mg. On the first study day, each eligible subject

received a single oral dose of an olmesartan medoxomil/

amlodipine 20 mg/5 mg tablet at fasting status. Subse-

quently, following a wash-out period of 14 days, subjects

took the olmesartan medoxomil/amlodipine 20 mg/5 mg

tablet once daily before breakfast for 10 successive days,

with the last dose administered on Day 24.

Blood samples to determine the plasma concentrations

of olmesartan and amlodipine were taken pre-dose and at

0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120 and

144 h post-dose during the single-dose period, as well as at

pre-dose from Day 15, Day 22 to Day 24 and at 0.5, 1, 1.5,

2, 2.5, 3, 4, 6, 8, 10, 12, 24, 48, 72, 96, 120 and 144 h after

the last dose of the multiple-dose period.

Sitting vital signs, including heart rate (HR) and BP, were

measured on Day 1 and Day 24 at pre-dose and 1, 3, 6, 12, 24,

48, 72, 96, 120 and 144 h post-dose, using portable bedside

monitors (TM-2562P, A&D Company, Ltd., Japan) after

resting for at least 5 minutes. Safety was assessed during the

study by monitoring of adverse events and other physical,

electrocardiogram (ECG) and laboratory examinations. This

study was approved by the Independent Ethics Committee

(IEC) of Peking Union Medical College Hospital (PUMCH)

prior to commencement of the trial and was conducted

according to the ethical principles originating from the

Declaration of Helsinki, as well as Good Clinical Practice and

applicable regulatory requirements.

2.2 Study Population

After provision of written informed consent, healthy Chinese

male and female subjects underwent medical screening in the

research unit, which includes assessments of physical exam-

inations, vital signs, ECGs and safety laboratory tests. Sub-

jects aged 18–45 years, with a body mass index (BMI) of

19–24 kg/m2, body weight C50 kg, and without clinically

significantly abnormal findings at screening, were enrolled

into the study. All subjects had a systolic BP (SBP) no less than

100 mmHg but lower than 140 mmHg, and a diastolic BP

(DBP) no less than 50 mmHg but lower than 90 mmHg.

Subjects were required to restrict their exercise level and

abstain from smoking and drinking alcohol (ethanol) during

the study.

2.3 Analytical Assays

Plasma and urine samples were analysed by a UPLC–

MS/MS (ultra performance liquid chromatography–tandem

mass spectrometry) method which was fully validated

according to the Standard Operating Procedure of PUMCH

and Good Laboratory Practice guidelines. The calibration
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curve ranged from 0.2 to 500 ng/mL and 0.1 to 50 ng/mL

for olmesartan and amlodipine in plasma, respectively, and

4 to 5000 ng/mL and 2 to 1000 ng/mL for olmesartan and

amlodipine in urine, respectively. The plasma sample

(100 lL) was mixed with 100 lL of internal standard

solution (RNH-6272, 50 ng/mL; d4-amlodipine, 10 ng/mL),

200 lL of 1 % formic acid and 1000 lL ethyl ace-

tate. The organic phase was then separated from the

aqueous phase by centrifugation at 13,000 rpm for 5 min.

800 lL of the organic phase was transferred to a clean

tube. After evaporation to dryness under nitrogen gas,

the residue was reconstituted in 200 lL of metha-

nol:water:formic acid (50:50:0.1 v/v/v), and 5 lL was

injected. Urine sample (50 lL) was mixed with 100 lL of

internal standard solution (same as plasma samples) and

200 lL of methanol:water:formic acid (50:50:0.1 v/v/v).

After centrifugation, 2 lL of the supernatant was injected

into the UPLC–MS/MS system. Following sample prepa-

ration, injection was made into an Acquity UPLC BEH C18

column (2.1 mm 9 50 mm, 1.7 lm) using 1 % formic

acid and acetonitrile as the mobile phase.

2.4 Pharmacokinetic Analysis

Pharmacokinetic analysis was performed for the per-pro-

tocol set (PPS) using Phoenix WinNonlin version 6.1

(Pharsight Corp., Mountain View, CA, USA) with the non-

compartmental model. The maximum plasma concentra-

tion (Cmax) and time to reach Cmax (tmax) were obtained

directly from the concentration-time data. The area under

the plasma concentration versus time curve from time zero

to the time of last measurable concentration (AUClast) was

calculated using the trapezoidal rule and extrapolated to

infinity for AUC?. The values of apparent total body

clearance after oral administration (CL/F) and apparent

volume of distribution during the terminal phase after non-

intravenous administration (Vz/F) and terminal elimination

half-life (t�) were also calculated. In addition to these

parameters, the pharmacokinetic parameters determined for

steady state also included minimum plasma concentration

at steady state (Cmin,ss) and average plasma concentration

at steady state (Cav,ss), observed accumulation ratio (Rac)

and degree of fluctuation (DF).

2.5 Statistical Analysis

Statistical analysis was performed using SPSS version 16.0

for Windows (SPSS Inc., Chicago, IL, USA).

Demographic variables and baseline body weights were

summarized and compared between male and female sub-

jects using a t-test for two independent samples.

Pharmacokinetic parameters were compared between

the two sexes using a t-test for two independent samples.

BP and HR, along with their changes from baseline,

were summarized and depicted with time by treatment

period. Comparisons of these parameters were performed

between the single-dose and multiple-dose period using a

mixed-effect linear model with fixed factors of treatment

period, time point and sex, and random factors of subject,

subject by period, subject by time, and the pre-dose value

(the measurement before time = 0) as covariate. The

estimates of fixed effects were calculated within the sta-

tistical model for these measurements for up to 24 h post-

dose. Differences between the single-dose versus the

multiple-dose period and male versus female subjects

were reported along with their 95 % confidence intervals

(CIs).

2.6 Safety Analysis

Adverse events were summarized by treatment period.

Parameters of 12-lead ECGs and safety laboratories were

summarized by period using descriptive statistics.

3 Results

Five male and five female healthy Chinese subjects, with a

mean ± standard deviation (SD) age of 27.1 ± 6.0 years,

were included in the trial. All subjects completed their

study per protocol. The mean ± SD body weight and BMI

of the completers was 58.8 ± 6.1 kg and 22.3 ± 1.5 kg/m2,

respectively. Age and BMI were comparable between males

and females, but a significant difference in body weight

was seen between the sexes (male vs. female, mean ± SD,

62.9 ± 5.6 vs. 54.6 ± 3.0 kg, p = 0.026).

3.1 Pharmacokinetics

After single oral administration of an olmesartan me-

doxomil/amlodipine 20 mg/5 mg tablet, olmesartan me-

doxomil was quickly absorbed and metabolized to

olmesartan. The peak plasma concentration of olmesartan

was reached inapproximately 2 h. On the other hand, the

plasma concentration of amlodipine rose to its Cmax in

about 6 h. An average of 10.9 % of olmesartan and 5.8 %

of original amlodipine were excreted into urine. Trough

mean ± SD concentrations fluctuated from Day 22 to Day

24 from 23.4 ± 6.19 ng/mL to 19.8 ± 7.35 ng/mL for

olmesartan and from 5.72 ± 0.87 ng/mL to 5.95 ± 1.13

ng/mL for amlodipine, respectively. Figure 1 demonstrates

the concentration-time profiles of both olmesartan and

amlodipine after single and multiple oral doses in all sub-

jects. The concentrations of amlodipine on Day 24 were

generally higher than those on Day 1 at corresponding time

points, suggesting moderate accumulation of this
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compound in plasma. Table 1 summarizes the pharmaco-

kinetic parameters of olmesartan and amlodipine after

single and multiple doses of olmesartan medoxomil/amlo-

dipine 20 mg/5 mg FDC tablets, respectively. The phar-

macokinetic profiles of olmesartan and amlodipine are

similar between male and female subjects with single-dose

administration and at steady state, respectively. Results of

the statistical comparisons further confirm the compara-

bility of systemic exposure between the two sexes.

3.2 Blood Pressure and Heart Rate

As shown in Fig. 2, similar reduction profiles were

observed in SBP and DBP following single oral adminis-

tration of an olmesartan medoxomil/amlodipine 20

mg/5 mg tablet in terms of extent and timing. Maximal

decrease in BPs appeared at about 12–24 h post-dose and

the values returned to their pre-dose levels at about 72 h

post-dose. During the multiple-dose period, BPs showed

less reduction after the last dose than those in the single-

dose period, and the maximal responses of SBP and DBP

appeared simultaneously in approximately 6 h after the last

dose and returned to their pre-dose levels approximately

12 h after the last dose. There was a considerable increase

in heart rate at 6 h post-dose both in the single-dose period

and in the multiple-dose period. Notably, such heart rate

increments lasted slightly longer after the last dose on Day

24.

The estimated overall changes in SBP and DBP from

baseline to 24 h post-dose were significantly larger after

the single dose than after the last dose of multiple-dose

Fig. 1 Linear plasma concentration versus time curves of olmesartan

and amlodipine after single and multiple doses of an olmesartan

medoxomil/amlodipine 20 mg/5 mg tablet. Data are mean ± SD

Table 1 Pharmacokinetic parameters of olmesartan and amlodipine

in healthy Chinese subjects after a single oral dose and under steady

state conditions

Parameter Olmesartan (n = 10) Amlodipine (n = 10)

Mean SD Mean SD

Single-dose

AUC? (ng�h/mL) 4810 1199 141 34

AUClast (ng�h/mL) 4810 1199 128 31

Cmax (ng/mL) 748 250 3.22 1.18

CL/F (L/h) 4.39 1.09 37.3 8.5

t� (h) 15.20 4.27 41.4 9.0

tmax (h)a 2 (1, 3) 6 (3, 8)

Vz/F (L) 96 41 2230 662

Excretion (%) 10.9 2.5 5.81 1.77

CLR (L/h) 0.47 0.12 2.25 0.25

Multiple-dose

AUC?,ss (ng�h/mL) 4780 1001 572 181

AUClast,ss (ng�h/mL) 4770 999 505 140

AUCs,ss (ng�h/mL) 4320 872 170 32

CL/F (L/h) 4.8 1.0 30.4 6.0

Cav,ss (ng/mL) 180 36 7.09 1.34

Cmax,ss (ng/mL) 750 178 8.43 1.60

DF (%) 404 55 45.9 19.7

Rac(AUC) 1.01 0.14 3.94 0.61

Rac(Cmax) 1.05 0.26 2.83 0.81

t� (h) 20.7 10.4 43.9 6.2

tmax (h)a 2 (1, 3) 7 (3, 10)

Vz/F (L) 138 63 1890 309

AUC area under the plasma concentration-time curve, AUC? AUC

from time zero to infinity, AUClast AUC from time zero to time of last

measurable concentration, AUClast,ss AUClast at steady state, AUC?,ss

AUC? at steady state, AUCs,ss AUC during a dosage interval (s) at

steady state, Cav,ss average steady-state plasma drug concentration

during multiple-dose administration, CL/F apparent total body

clearance from plasma after oral administration, CLR renal clearance,

Cmax maximum plasma concentration, Cmax,ss Cmax at steady state,

DF degree of fluctuation, Rac accumulation ratio, Rac(AUC) accumu-

lation ratio calculated from AUCs,ss and AUCs after single dosing,

Rac Cmaxð Þ accumulation ratio calculated from Cmax,ss and Cmax, SD

standard deviation, SS steady state, t� elimination half-life, tmax time

to reach Cmax, VzF apparent volume of distribution during terminal

phase after non-intravenous administration
a tmax is presented as median and range
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treatment (Table 2). However, the pre-dose SBP and DBP

values on Day 1 were significantly higher than their pre-

dose values on Day 24 (Day 1 vs. Day 24, mean ± SD:

[SBP] 106.7 ± 5.3 vs. 100.3 ± 7.4 mmHg, p = 0.041;

[DBP] 67.1 ± 8.8 vs. 58.2 ± 6.1 mmHg, p = 0.018). The

pre-dose level of heart rate was comparable between Day 1

and Day 24 (mean ± SD: 67.7 ± 5.7 vs. 66.5 ± 5.6

beats/min, p = 0.640). Nevertheless, a larger increment in

HR from baseline to 24 h post-dose was seen on Day 24

compared with Day 1 (Table 2).

Fig. 2 Concentration versus time profiles, BP-time profiles and HR-time profiles for olmesartan and amlodipine during the single- and multiple-

dose periods. Data are mean ± SD. BP blood pressure, bpm beats per minute, DBP diastolic BP, HR heart rate, SBP systolic BP

Table 2 Difference in results

of statistical analyses on blood

pressure and heart rate between

single-dose and multiple-dose

periods and between males and

females in each period

DSBP24 change in SBP from

baseline to 24 h post-dose,

DDBP24 change in DBP from

baseline to 24 h post-dose,

DHR24 change in HR from

baseline to 24 h post-dose,

DBP diastolic blood pressure,

HR heart rate, SBP systolic

blood pressure

* Males vs. females

Variable Single-dose [mean (range)] Multiple-dose [mean (range)] p value

DSBP24 (mmHg) -5.5 (-9.1, -1.8) 0.1 (-3.5, ?3.8) 0.034

Male -1.2 (-7.5, ?5.1) 3.6 (-1.5, ?8.7)

Female -9.8 (-16.1, -3.4) -3.4 (-8.5, ?1.8)

p = 0.057* p = 0.058*

DDBP24 (mmHg) -5.9 (-8.9, -2.9) 2.0 (-1.0, ?4.9) 0.001

Male -5.5 (-11.1, ?0.1) 2.2 (-1.3, ?5.7)

Female -6.4 (-11.9, -0.8) 1.7 (-1.8, ?5.2)

p = 0.806* p = 0.822*

DHR24 (beats/min) 1.1 (-3.3, ?5.4) 9.5 (?5.1, ?13.9) 0.008

Male -0.4 (-5.9, ?5.0) 8.2 (?0.1, ?16.3)

Female 2.5 (-2.9, ?8.0) 10.8 (?2.7, ?18.9)

p = 0.399* p = 0.615*
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Male subjects showed a marginally significantly smaller

reduction of SBP than females in both single-dose and

multiple-dose periods, but no statistical difference was

found for sex in the responses of either DBP or heart rate

(Table 2).

3.3 Safety

Single-dose and once-daily dosing of an olmesartan me-

doxomil/amlodipine 20 mg/5 mg FDC tablet for 10 days

was generally safe and well tolerated in the selected

healthy participants. A total of seven subjects (incidence

70 %) experienced 14 adverse events (AEs). The most

frequently reported AEs were laboratory abnormalities,

including two cases of ‘‘hepatic enzyme increased’’, one

case of ‘‘blood bilirubin increased’’, one case of ‘‘neutro-

phil count decreased’’, and one case of ‘‘blood creatine

phosphokinase increased’’. All of these AEs were self-

limiting and absent from clinical symptoms or signs.

Except for one subject who had moderate increases of ALT

and AST (both [3 times and \5 times the upper limits of

the normal range and involving no increase in total bili-

rubin), all other AEs were judged as mild. One female

subject reported ‘‘dizziness’’ during the single-dose period

between 10.2 h and 24.3 h post-dose. This was accompa-

nied by relatively low BP (81/52 mmHg at 12 h post-dose

and 79/46 mmHg at 24 h post-dose) compared with her

baseline value (112/62 mmHg). This AE resolved com-

pletely without additional treatment. No clinically signifi-

cant change in ECG was reported in this study.

4 Discussion

The present study investigated the pharmacokinetics and

pharmacodynamics of the combination treatment of

olmesartan medoxomil 20 mg and amlodipine 5 mg

administered as a single dose and multiple doses of a FDC

tablet in healthy Chinese subjects.

The pharmacokinetic parameters of olmesartan were

generally similar to those reported in other Chinese studies

with olmesartan medoxomil monotherapy [13] or double-

combination treatment of olmesartan medoxomil and

hydrochlorothiazide [22] (Table 3). However, the t�
obtained from this study was quite different from our

previous findings but comparable to the results of a Cau-

casian study [16] (Table 4). Considering the flowcharts of

these studies, such findings are explained by the difference

in duration of blood sampling for concentration measure-

ments: the present study took plasma pharmacokinetic

samples until 144 h post-dose; the non-Chinese study

collected pharmacokinetic blood samples until 72 h post-

dose; however, previous Chinese studies only measured

pharmacokinetic samples for up to 48 h post-dose [13]. As

can be seen from the concentration-time profile of olme-

sartan, the concentration decline of olmesartan shifted from

a fast status to a rather slow rate between 24 and 48 h post-

dose. The period before the distribution equilibrium is

regarded as the distribution phase, where changes in

plasma concentration are thought to reflect primarily

movement of olmesartan within the body, rather than loss

from the body. However, with the distribution equilibrium

Table 3 Single-dose pharmacokinetic parameters of olmesartan in different ethnic populations

Pharmacokinetic

parameter

Chinese Caucasian

Olmesartan medoxomil/

amlodipine1
Olmesartan

medoxomil2
Olmesartan

medoxomil3
Olmesartan medoxomil/

amlodipine4

(n = 10) (n = 14) (n = 7) (n = 57)

AUC? (ng�h/mL) 4810 ± 1199 4004 ± 530 4694 ± 1359 3574 ± 1013

AUClast (ng�h/mL) 4810 ± 1199 3968 ± 623 4633 ± 1330 3512 ± 984

Cmax (ng/mL) 748 ± 250 681 ± 132 724 ± 168 575 ± 160

t� (h) 15.20 ± 4.27 7.62 ± 0.97 8.25 ± 1.09 14.02 ± 6.21

tmax (h)* 2 (1–3) 1.5 (1–3) 2 (1–4) 2 (1–4)

Values are presented as mean ± SD except where indicated otherwise

AUC area under the plasma concentration-time curve, AUC? AUC from time zero to infinity, AUClast AUC from time zero to time of last

measurable concentration, Cmax maximum plasma concentration, t� elimination half-life, tmax time to reach Cmax

* tmax is presented as median and range
1 Data from the current study. Pharmacokinetic samples were taken until 144 h post-dose
2 Data from SS-866/02 study, a single- and multiple-dose study performed in Chinese healthy volunteers administered an olmesartan medoxomil

20-mg tablet [13]. Pharmacokinetic samples were taken until 48 h post-dose
3 Data from SS-866 CMB/02 study, a single-dose cross-over study performed in Chinese healthy volunteers dosed with an olmesartan me-

doxomil 20-mg tablet [22]. Pharmacokinetic samples were taken until 48 h post-dose
4 Data from CS8663-A-U112 study, a pharmacokinetic study performed in healthy volunteers with a single dose of an olmesartan medoxomil/

amlodipine 20 mg/5 mg FDC tablet [16]. Pharmacokinetic samples were taken until 72 h post-dose

788 X. Chen et al.



being established over time, eventual changes in plasma

concentration reflect the actual elimination rate of olme-

sartan from the body. Therefore, the concentration-time

curve after 48 h post-dose was used to calculate the ter-

mination half-life in the current study and a longer t� was

obtained. As for amlodipine, we found the exposure of

amlodipine after a single dose is not only similar to that

reported in other Chinese pharmacokinetic studies [17], but

comparable to those reported for Caucasian [15] and

Korean subjects [14] as well (Table 4).

In this study, a clear decline and subsequent recovery of

BP were seen during the single-dose period. The maximal

change of BP took place after the tmax of olmesartan and

amlodipine. The mean decreases were 10.8 and

14.0 mmHg for SBP and 11.9 and 11.9 mmHg for DBP

between 12 and 24 h post-dose. Such a response profile is

significantly different from that observed after multiple

doses, where peak mean responses of SBP of 5.0 mmHg

and DBP of 3.3 mmHg were observed at 6 h post-last-

dose. The lower pre-dose BPs on Day 24 are thought to

account for the smaller BP responses under steady state.

Moreover, pre-dose BPs were also significantly lower on

Day 24 than on Day 15 (i.e., baseline of the multiple-dose

period): mean SBP: 100.3 vs. 108.7 mmHg, p \ 0.0001;

mean DBP: 58.2 vs. 70.0 mmHg, p \ 0.0001. Thus BPs

were maintained at low levels with slightly fluctuated

plasma concentrations of amlodipine [18] during the once-

daily multiple-dose period, and showed small additional

reductions following each dose as were seen with olme-

sartan medoxomil monotherapy [13].

A single dose of an olmesartan medoxomil/amlodipine

20 mg/5 mg tablet resulted in a transient HR increase at

6 h post-dose, whereas multiple doses caused relatively

large and sustained increments. HR increase is a known

effect of amlodipine [19], so the observed difference in HR

profile could be attributed to differences in amlodipine

pharmacokinetics associated with single-dose versus mul-

tiple-dose treatment.

Female subjects demonstrated a greater response in

SBP than males, although their pharmacokinetic parame-

ters were comparable. This finding was in line with the

report of Kloner et al. [20]. The difference in body weight

may provide some explanation for such results; however,

the potential sex-specific effect of olmesartan and amlo-

dipine should be taken into consideration in clinical prac-

tice [21]. Moreover, the small number of subjects, the lack

of individual baseline BP profiles over 24 h, as well as the

response bias related to healthy subjects and the short

dosing duration of only 10 days, prevent us from drawing

any definitive conclusions. The same limitations also apply

to the other pharmacodynamic findings of this study.

5 Conclusion

The pharmacokinetic profiles of olmesartan and amlodip-

ine with oral administration of an olmesartan medoxomil/

amlodipine 20 mg/5 mg FDC tablet are comparable to

those reported with monotherapy of olmesartan medoxomil

or amlodipine, except that the elimination t� of olmesartan

was longer because of the longer time course over which

pharmacokinetic blood sampling was carried out in this

study. The response profiles of BP indicate a concentration-

dependent antihypertensive effect of the olmesartan me-

doxomil/amlodipine 20 mg/5 mg FDC tablet after a single

dose and stabilization of such effects with a once-daily

Table 4 Single-dose pharmacokinetic parameters of amlodipine 5 mg in different ethnic populations

Pharmacokinetic parameter Chinese1 Chinese2 Caucasian3 Korean4

(n = 10) (n = 10) NA (n = 18)

Cmax (ng/mL) 3.22 ± 1.18 3.1 ± 0.5 2.4 3.87 ± 1.04

AUClast (ng�h/mL) 128 ± 31 131 ± 22 109 164 ± 52

AUC? (ng�h/mL) 141 ± 34 154 ± 30 NA 191 ± 60

tmax (h) 5.80 ± 1.69 6.2 ± 0.6 NA 7.11 ± 2.25

t� (h) 41.40 ± 8.95 44.6 ± 8.3 NA 52.78 ± 11.53

AUC area under the plasma concentration-time curve, AUC? AUC from time zero to infinity, AUClast AUC from time zero to time of last

measurable concentration, Cmax maximum plasma concentration, NA not available, t� elimination half-life, tmax time to reach Cmax

1 Data from the current study
2 Data from a single-dose pharmacokinetic study performed in healthy Chinese volunteers administered an amlodipine/atorvastatin 5 mg/10 mg

FDC tablet [17]
3 Data from the Australian Public Assessment report for an amlodipine/valsartan 5 mg/320 mg tablet [15]. The relevant study (study code: 2311)

investigated the pharmacokinetic bioavailability of valsartan and amlodipine following fixed 5 mg/320 mg combination tablet prototypes (test)

and free combination (reference) amlodipine 5 mg and valsartan 320 mg. Pharmacokinetic parameters presented in this column are geometric

means
4 Data from a randomized, 2-way cross-over study in healthy Korean subjects administered a single dose of amlodipine nicotinate 5 mg or

amlodipine besylate 5 mg [14]
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dosing regimen. Healthy females were more sensitive to

the antihypertensive effect than males.
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