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Objective: The aim of this study was to compare the pharmacokinetic (PK) and safety

profiles of a fixed dose combination (FDC) formulation and co-administration of amlodipine,

olmesartan, and rosuvastatin.

Materials and methods: This study was an open-label, randomized, cross-over design

conducted in healthy male volunteers. All subjects received either a single FDC tablet

containing amlodipine 10 mg/olmesartan 40 mg/rosuvastatin 20 mg, or were

co-administered an FDC tablet containing amlodipine 10 mg/olmesartan 40 mg and

a tablet containing rosuvastatin 20 mg, for each period, with 14-day washout periods.

Plasma concentrations of amlodipine, olmesartan, and rosuvastatin were measured by liquid

chromatography tandem mass spectrometry. Safety was evaluated by measuring vital signs,

clinical laboratory parameters, physical examinations, and medical interviews.

Results: Sixty-four subjects were enrolled, and 54 completed the study. The geometric mean

ratios and 90% CI for the maximum plasma concentration (Cmax) and area under the curve

from time zero to the last sampling time (AUCt) were 1.0716 (1.0369,1.1074) and 1.0497

(1.0243,1.0757) for amlodipine, 1.0396 (0.9818,1.1009) and 1.0138 (0.9716,1.0578) for

olmesartan, and 1.0257 (0.9433,1.1152) and 1.0043 (0.9453,1.0669) for rosuvastatin.

Fourteen cases of adverse events occurred in 12 subjects. There was no statistically sig-

nificant clinical difference between the formulation groups.

Conclusion: The 90% CI of the primary PK parameters were within the acceptance

bioequivalence criteria, which is ln (0.8) and ln (1.25). These results indicate that the FDC

formulation and co-administration of amlodipine, olmesartan and rosuvastatin are pharma-

cokinetically bioequivalent and have similar safety profiles.
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Introduction
Cardiovascular disease (CVD) accounts for about 34.3% of all deaths, and the

total cost of CVD is 503.2 billion USD, causing serious social and economic

impact on individuals and governments.1 According to the annual report on

causes of death, released by the National Statistical Office of Korea, the

Korean CVD mortality rate decreased by 0.4 (−0.4%) to 113.1 per 100,000, in

2013. In Korea, CVD was ranked second leading cause of death in 2013, after

cancer (149.0 per 100,000).2
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Amlodipine and olmesartan are antihypertensive agents

with different mechanisms. Amlodipine is a dihydropyridine

calcium channel blocker that blocks Ca2+ from entering the

cell membrane of the heart and vascular smooth muscle,

which directly relaxes the smooth muscle to lower blood

pressure. Olmesartan, is an angiotensin II receptor blocker

that blocks the binding of angiotensin II to the receptor that

contracts the blood vessels. Together, they are often used as

a combination therapy for the treatment of hypertensive

patients who are unresponsive to single therapy.3,4

Hyperlipidemia is a CVD that is characterized by an

increase in serum concentrations of cholesterol, triglycerides,

or both, resulting from a metabolic lipoprotein abnormality.

It is a major risk factor for arteriosclerosis and increases the

risk of coronary artery disease. Rosuvastatin is widely used

to treat hyperlipidemia. It lowers the concentration of total

cholesterol and LDL-cholesterol in serum by inhibiting

3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA)

reductase which inhibits the synthesis of mevalonate.

Compared to other hyperlipidemic agents, rosuvastatin, in

particular, has a high affinity for HMG-CoA reductase and

a high inhibitory effect, which effectively reduces LDL cho-

lesterol and increases HDL cholesterol.5

Hypertension is often associated with increased blood

lipids that cause arteriosclerosis. Hypertension and hyper-

lipidemia are synergistic at the onset and exacerbation of

CVD, so treatment should address both morbidities.6 In

addition, hypertension and dyslipidemia are more likely to

occur in patients with chronic illnesses. As the combined

use of therapeutic agents increases, so too does the number

of separate medications the patient is required to take,

which can reduce medication compliance, leading to poor

treatment outcomes. Therefore, reducing the number of

separate medications taken by the patient can importantly

contribute to good therapeutic results.7,8 The aim of this

study was to compare the PK profile and safety of an FDC

formulation and co-administration of amlodipine, olmesar-

tan and rosuvastatin in healthy male subjects.

Materials and methods
The study protocol was approved by the Institutional

Review Board of Inje University Busan Paik Hospital and

the Korean Ministry of Food and Drug Safety (KMFDS)

(ClinicalTrials.gov: NCT03753477). All procedures were

conducted in compliance with the Declaration of Helsinki,

the International Conference on Harmonization of Good

Clinical Practice, and the current guidelines of the KMFDS.

Subjects
All subjects signed an informed consent before participat-

ing in this study. Healthy male subjects, aged 19–50 years

old, with a body mass index between 18 and 27 (kg/m2)

were enrolled in this study. All subjects were evaluated as

healthy based on their medical history and results of

a physical examination which included electrocardiograph

(ECG), vital sign measurements, and clinical laboratory

tests. The exclusion criteria were as follows: medical

history that may affect the absorption, distribution, meta-

bolism and excretion of a drug; sitting position systolic

blood pressure (SBP) >140 or <100 mmHg, diastolic

blood pressure (DBP) >90 or <65 mmHg, or pulse rate

>100 beats/min; history of allergy or hypersensitivity to

amlodipine, olmesartan or rosuvastatin; history of drug

and/or alcohol abuse; taking any medication that induces

or inhibits drug-metabolizing enzymes; blood donation

within 30 days of the first day of study drug administration

or whole blood donation within 60 days; and participation

in other clinical trials within three months.

Study design
This study was a randomized, open-label, 2×2 cross over

study with 14-day wash-out periods. The sample size was

calculated at 64 subjects for the 90% confidence interval

of the geometric mean ratio of the Cmax for rosuvastatin

to fall within 0.8–1.25, assuming a significance level of

5%, a power of 90%, and a true geometric mean ratio of

0.95, based on the literature.9–11

All subjects were administered a single FDC tablet

containing amlodipine 10 mg/olmesartan 40 mg/rosuvas-

tatin 20 mg (Daewoong Co., Ltd., Seoul, Korea) or co-

administered an FDC tablet containing amlodipine 10 mg/

olmesartan 40 mg (Daiichi Sankyo Korea Co., Ltd., Seoul,

Korea) and a tablet containing rosuvastatin 20 mg

(AstraZeneca Korea, Seoul, Korea) for each period, in

the fasting state. A 14-day wash out period was deter-

mined to be sufficient because it is over five times the

elimination half-life of amlodipine (38~45 hrs12), which

has the longest elimination time of the three study drugs.

Blood samples for pharmacokinetic (PK) analysis of amlo-

dipine and rosuvastatin were collected at baseline and 1, 2,

3, 4, 5, 6, 8, 10, 12, 24, 48, 72 hrs post administration.

Blood samples for PK analysis of olmesartan were col-

lected at baseline and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12,

24, 48 hrs post administration. Blood was collected in

EDTA K2 tubes and centrifuged at 2,000 g for 10 mins.
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Plasma samples were removed and transferred to tubes and

stored at −70 °C until bioanalysis.

Safety assessment
Vital signs, physical examination results, diagnostic tests,

adverse reaction confirmations, combined drug identifica-

tion, and ECGs of each subject who received at least one

does of study drug were evaluated. The occurrence, sever-

ity, and frequency of adverse events (AE) and/or adverse

drug reactions were compared between treatment groups.

Bioanalysis
Concentrations of amlodipine, olmesartan, and rosuvastatin in

plasma samples were measured using LC-MS/MS by BioInfra

(Suwon, Republic of Korea). Calibration curves were estab-

lished in the concentration range of 0.05–50 ng/mL for amlo-

dipine, and 10–2,000 ng/mL for olmesartan, and 0.4–100 ng/

mL for rosuvastatin; these had coefficients of determination

(R2) greater than 0.9992, 0.9990 and 0.9989, respectively. The

CVs for assay precision were less than 15%, 15% and 8.5%,

respectively and the accuracy values were greater than 95.5%,

97.1% and 95.9%, respectively. There was no relevant cross-

talk or matrix effect.

Pharmacokinetic analysis
Pharmacokinetic analysis was performed with a non-

compartmental method using the Pheonix WinNonlin soft-

ware package version 8.0 (Pharsight, CA, USA). Actual

blood sampling time of each subject was used for analysis.

The Cmax and Tmax were obtained directly from the

time-concentration curves, and the elimination rate con-

stant (k) was obtained by using the least squares method of

regression for the log concentration value of the terminal

disappearance part of the plasma concentration. The term-

inal elimination half-life (t1/2β) was calculated by using

the equation t1/2β=0.693/k. Linear up/linear down trape-

zoidal method was used for AUC calculation.

Statistical analysis
Means and standard deviations are presented for continu-

ous variables and the counts and percentages are shown

for categorical variables. For PK parameters, Cmax and

AUCt, the point estimator of the geometric mean ratio

(GMR) (test drug/reference drug) between treatment

groups after natural logarithm transformation was esti-

mated and the 90% of confidence interval of this was

yield. Statistical analysis was conducted using SAS soft-

ware version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Subjects characteristics
Sixty-four healthy male subjects participated in this

study. The mean age was 25.63±5.07 years, weight was

71.61±8.10 kg, and height was 174.22±5.98 cm. Two

subjects did not complete the study because of investiga-

tor judgment and eight subjects withdrew consent.

Pharmacokinetic analysis was conducted on all 54 sub-

jects who completed the entire study schedule, and safety

analysis was performed on the 62 subjects who were

administered at least one dose of study drug.

Pharmacokinetics
The mean plasma concentration of amlodipine, olmesartan,

and rosuvastatin over time are presented in Figures 1–3,

respectively. Descriptive statistics of the PK parameters for

amlodipine, olmesartan, and rosuvastatin in the FDC and

co-administration groups are summarized in Table 1.

Pharmacokinetic parameters were similar between treatment

groups. ANOVA analysis showed no statistically significant

difference in treatment, period, or sequence.

The GMRs (90% CI) of Cmax and AUCt were 1.0716

(1.0369, 1.1074) and 1.0497 (1.0243, 1.0757) for amlodi-

pine, 1.0396 (0.9818, 1.1009) and 1.0138 (0.9716, 1.0578)

for olmesartan, and 1.0257 (0.9433, 1.1152) and 1.0043

(0.9453, 1.0669) for rosuvastatin, respectively (Table 2).

The 90% CI of the primary PK parameters such as Cmax

and AUCt fell within the equivalence criteria of 0.80–1.25.

Safety
Fourteen AEs were observed in 12 subjects who were

administered at least one dose of study drug (n=62).

There were 11 mild AE cases and three moderate cases.

In the co-administration group (n=58), there were six cases

of AEs in six patients, one of which (bronchitis) was

evaluated as not related to the study drug. There were

eight cases of AEs in seven of the subjects who received

the FDC formulation (n=59), three of them were evaluated

as unrelated to the study drug (tendonitis, gastroenteritis,

and urinary tract infection). There were no deaths during

the study. One serious adverse event (bronchitis) occurred,

and one subject dropped out due to AE (urinary tract

infection). In both cases, the cause of the AEs was eval-

uated as unrelated to the study drug. There were no statis-

tically significant differences in the number of subjects

with AE or adverse drug reaction between the treatment

groups (p=0.7630).
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Discussion
The purpose of this study was to evaluate the PK and

safety profiles of FDC and co-administration of amlodi-

pine, olmesartan, and rosuvastatin. The results of statistical

analysis for PK parameters demonstrated that the 90% CIs

for GMRs of Cmax and AUCt were within the acceptance

equivalence limit (0.8–1.25). This indicates that the FDC

formulation was bioequivalent to co-administration, and

that there was no statistically significant clinical difference

between the formulations.

Essential hypertension is a condition in which arterial

blood pressure is consistently high. High blood pressure

is defined by the WHO (World Health Organization) as

resting SBP equal to or anove 140 mmHg and./or DBP

equal to or above 90 mmHg.13,14 A new 2017 AHA/ACC

(American Heart Association/American College of

Cardiology) guideline defines high blood pressure to be

SBP ≥130 mmHg or DBP ≥80 mm Hg.15 According to

the 2012 Korean National Health and Nutrition

Examination Survey (KNHANES V-S), one in three
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Figure 1 Mean (SD) plasma concentration profiles of amlodipine following administration of a single oral administration of a fixed-dose combination (FDC) tablet

formulation or separate formulations of amlodipine/olmesartan 10/40 mg FDC tablet and rosuvastatin 20 mg tablet in healthy male subjects. Linear scale (A), log scale (B).
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Figure 2 Mean (SD) plasma concentration profiles of olmesartan following a single oral administration of a fixed-dose combination (FDC) tablet formulation or co-

administration of amlodipine/olmesartan 10/40 mg FDC tablet and rosuvastatin 20 mg tablet in healthy male subjects. Linear scale (A), log scale (B).
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men and one in four women over 30 years old are suffer-

ing from hypertension.16,17

One in ten Koreans over 30 years old have hyperlipide-

mia, and the prevalence is steadily increasing.16,17

Hyperlipidemia is characterized by elevated serum choles-

terol or triglycerides caused by metabolic abnormalities of

lipoprotein, and is a major risk factor for atherosclerosis and

increases the risk of coronary artery disease. Hypertension

and hyperlipidemia are significant risk factors for CVD.

They increase the risk of coronary artery disease synergisti-

cally, and are commonly co-morbid. A retrospective study of

371,221 patients who visited six hospitals of the US Veterans
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Figure 3 Mean (SD) plasma concentration profiles of rosuvastatin following a single oral administration of a fixed-dose combination (FDC) tablet formulation or separate

formulations of amlodipine/olmesartan 10/40 mg FDC tablet and rosuvastatin 20 mg tablet in healthy male subjects. Linear scale (A), log scale (B).

Table 1 Pharmacokinetic properties of amlodipine, olmesartan, and rosuvastatin following single oral administration of FDC tablet or

co-administration, in healthy male subjects (n=54)

Parameter Test Reference

Amlodipine Cmax (ng/mL) 7.28±1.44 6.78±1.26

AUCt (ng·h/mL) 223.87±48.12 213.59±45.61

AUCinf (ng·h/mL) 341.64±102.41 328.78±89.27

t1/2β (h) 47.19±12.45 48.06±12.13

Tmax
a(h) 5.00(3.00–8.00) 5.00(2.00–8.00)

Olmesartan Cmax (ng/mL) 937.56±245.27 890.00±195.16

AUCt (ng·h/mL) 6225.70±1327.78 6135.13±1331.99

AUCinf (ng·h/mL) 6503.47±1329.48 6415.00±1375.92

t1/2β (h) 6.71±1.84 6.76±1.75

Tmax
a(h) 2.50(1.00–4.00) 2.00(1.00–4.00)

Rosuvastatin Cmax (ng/mL) 26.29±14.35 24.65±12.15

AUCt (ng·h/mL) 235.50±106.40 230.92±101.11

AUCinf (ng·h/mL) 246.96±106.67 243.72±103.39

t1/2β (h) 10.30±3.10 11.11±4.44

Tmax
a(h) 3.00(1.00–6.00) 3.00(1.00–6.00)

Notes: Data are expressed as mean ± SD; values expressed as median (range); test, amlodipine/olmesartan/rosuvastatin 10/40/20 mg FDC tablet; reference, co-

administration of amlodipine/olmesartan 10/40 mg FDC tablet and rosuvastatin 20 mg tablet.

Abbreviations: FDC, fixed-dose combination; Cmax, maximum plasma concentration; Tmax, time to reach Cmax; AUCinf, area under the plasma concentration-time curve

from time zero to infinity; AUCt, area under the plasma concentration-time curve from zero until last measurable concentration; t1/2β, elimination half-life.
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Administration for three years from 1998 to 2001 found that

30.4% had both hyperlipidemia and hypertension.18

The guidelines from the 2018 European Society of

Hypertension and European Society of Cardiology recom-

mend hypertension treatment with two or more concomitant

therapies rather than monotherapy. They also advise the use

of FDC formulation rather than a co-administration.19

Amlodipine, olmesartan, and rosuvastatin are very likely

to be used in combination long-term therapy for treatment of

hyperlipidemia and hypertension. These increasingly preva-

lent chronic illnesses are often treated with multiple therapeu-

tic agents which often decreases medication compliance.

Changing from co-administration of amlodipine, olmesartan,

and rosuvastatin to a single FDC formulation may be more

convenient for the patient and result in greater medication

compliance which may lead to better treatment outcomes.

Conclusion
This study demonstrated that the PK profile of an FDC

formulation of amlodipine, olmesartan and rosuvastatin was

bioequivalent to the co-administration of these drugs. The

safety profiles were similar and there were no statistically

significant clinical differences between the two formulations.
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AUCt (ng·h/mL) 1.0043 (0.9453,1.0669)
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