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Objective: This study compared the pharmacokinetic (PK) and safety profiles of a fixed-dose 

combination (FDC) formulation of telmisartan and S-amlodipine with those of concomitant 

administration of the two drugs.

Materials and methods: This was an open-label, randomized, crossover study in healthy male 

Koreans. All subjects were administered an FDC tablet containing 40 mg telmisartan and 5 mg 

S-amlodipine and were also coadministered the same dose of both drugs given separately. The 

crossover study design included a 14-day washout period between the two treatments. Blood 

samples were collected up to 168 h following drug administration. The plasma concentrations 

of telmisartan and S-amlodipine were determined by liquid chromatography tandem mass 

spectrometry. PK parameters and plasma concentration–time curves were compared. Safety 

was assessed by measuring vital signs, clinical laboratory tests, physical examinations, and 

patient interviews.

Results: The geometric mean ratios and 90% CIs for the maximum plasma concentration 

(C
max

) and area under the curve from time zero to the last sampling time (AUC
t
) were 0.8782 

(0.8167–0.9444) and 0.9662 (0.9210–1.0136) for telmisartan and 1.0069 (0.9723–1.0427) 

and 1.0324 (0.9969–1.0690) for S-amlodipine, respectively. A total of 36 adverse events 

(AEs) were reported by 23 subjects, but no statistical differences were observed between the 

two treatments. The most frequently reported AE was a mild-to-moderate headache that was 

generally self-limiting.

Conclusion: For both telmisartan and S-amlodipine, the C
max

 and AUC
t
 90% CIs were between 

ln (0.8) and ln (1.25). These results suggest that the FDC formulation is pharmacokinetically 

bioequivalent and has a similar safety profile to the coadministration of these drugs.

Keywords: bioequivalence, fixed-dose combination, pharmacokinetics, S-amlodipine, 

telmisartan

Introduction
Hypertension is a major risk factor for cardiovascular problems, including strokes, myo-

cardial infarction, and heart failure. Additionally, high blood pressure (BP) increases 

the risk of cardiovascular disease. Therefore, controlling BP is important for prevent-

ing cardiovascular disease and reducing the risk of mortality and other complications 

linked to cardiovascular disease.1,2 A systematic review by Mills et al estimated that 

the global prevalence of hypertension was 31.1% in 2010.3 The Center for Disease 

Control and Prevention reported a 29.1% prevalence among US adults between 2001 
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and 2012,4 and the results from the National Statistical Office 

in 2015 suggested that the prevalence of hypertension in 

Korea was 27.9%.5

In general, first-line treatments for hypertension include 

thiazide-type diuretics, ACE inhibitors, angiotensin receptor 

blockers (ARBs), and calcium channel blockers (CCBs). If 

these drugs fail to control BP, a combination of two or more 

treatments may be used, although combining ACE inhibitors 

and ARBs is not recommended.6,7

Angiotensin II is the principal mediator of the renin– 

angiotensin–aldosterone system and a powerful vasoconstric-

tor that sustains the elevated levels of BP in hypertensive 

patients.8,9 Angiotensin II ARBs, which antagonize the 

angiotensin II type I receptor, are widely used as antihyper-

tensive agents because they are effective in lowering BP, can 

be administered once daily, and are well tolerated.10,11 The 

efficacy of ARBs is comparable with that of ACE inhibitors, 

and ARBs also reduce the incidence of amlodipine-related 

edema.8 Telmisartan, a high-affinity ARB, lowered BP 

significantly to a level comparable with the ACE inhibitor 

lisinopril. Telmisartan caused few adverse events (AEs) 

in clinical trials and is currently used widely in clinical 

practice.12,13 The absolute bioavailability of telmisartan 

depends on the dose administered, and its terminal elimina-

tion half-life (t
1/2

) is ~24 h.14

Amlodipine, a third-generation dihydropyridine CCB, is 

used to lower BP in hypertensive patients.15–18 S-amlodipine 

is an enantiomer of amlodipine with good absorption char-

acteristics and bioavailability.15,17–19 It is slowly absorbed 

following administration and is effective over a long period, 

with a half-life of 36–45 h.19 Amlodipine is well tolerated and 

does not produce some of the undesirable effects associated 

with other cardiovascular treatments, including changes in 

serum lipid patterns, disturbances in cardiac conduction, 

or postural hypotension.20 S-amlodipine lowers BP more 

effectively than its isomer, R-amlodipine.21,22

The primary goal of treating hypertensive patients is to 

achieve the greatest possible reduction in long-term risk of 

cardiovascular disease. Most patients require therapy with 

multiple drugs to reach their target BP and reduce the risk of 

cardiovascular disease.23,24 Monotherapy only achieves the 

target BP in a minority of patients. A combination of two 

drugs at low doses is preferable as a first-line treatment when 

the initial BP is class 2 or 3, the risk of severe cardiovascular 

events is high or very high, and BP elevation is mild.24 A 

single combination pill can simplify the treatment schedule 

and promote adherence.24 The obvious benefits of combina-

tion therapy with ARBs and CCBs has led to the development 

of a fixed-dose combination (FDC) formulation of telmisartan 

and S-amlodipine for treating hypertension, and a previous 

study25 determined that there was no pharmacokinetic (PK) 

interaction between these two drugs.

The aim of this study was to compare the PK and 

safety profiles of an FDC formulation of telmisartan and 

S-amlodipine with those of coadministration of the two drugs 

(ClinicalTrials.gov: NCT01340131).

Materials and methods
The test medication was 40 mg telmisartan/5 mg S-amlodipine 

FDC tablets (Chong Kun Dang Pharmaceutical Corp., Seoul, 

Republic of Korea), and the reference tablets were 40 mg of 

telmisartan (Micardis®; Boehringer Ingelheim, Ingelheim, 

Germany) and 5 mg of S-amlodipine (Anidipine S®; Chong 

Kun Dang Pharmaceutical Corp.).

subjects
Healthy male subjects aged 20–55 years were eligible to 

participate if their weight was within 20% of ideal body 

weight in accordance with Broca’s formula. All subjects were 

considered healthy based on their medical history, physical 

examinations, 12-lead electrocardiography, and clinical labo-

ratory tests. Subjects with a medical history or diet that might 

interfere with drug absorption, distribution, metabolism, or 

excretion were excluded. Subjects were also excluded if any 

of the following applied: history of allergy or hypersensitivity 

to telmisartan or amlodipine, history of drug and/or alcohol 

abuse, systolic blood pressure (SBP) ,90 mmHg and/or 

diastolic blood pressure (DBP) ,50 mmHg, participation 

in a clinical trial within 90 d of first administration of the 

investigational product, donation of blood within 60 d of first 

administration of the investigational product; use of medica-

tion that would affect drug metabolism within 28 d of the first 

administration of the investigational product, or use of any 

medication that could affect the study results within 10 d of 

first administration of the investigational product.

study design
This open-label, randomized, crossover design study was per-

formed at the Clinical Trial Center of Inje University Busan 

Paik Hospital, Busan, Republic of Korea (ClinicalTrials.gov: 

NCT01340131). The study protocol and informed consent 

form were approved by the Institutional Review Board of Inje 

University Busan Paik Hospital, and all subjects provided 

written informed consent before participating.

We calculated that 28 subjects per treatment would 

be required to detect a 20% difference between test and 
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reference drugs with 80% statistical power at a 5% level of 

significance, assuming the interindividual variation in the 

maximum plasma concentration (C
max

) and the area under the 

curve from time zero to the last sampling time (AUC
t
) for 

telmisartan was 41%. We started the study with 68 subjects, 

which provided a contingency for patients who might drop 

out or fail to adhere to both treatments.

All subjects were administered an FDC tablet containing 

40 mg telmisartan and 5 mg S-amlodipine and were also 

coadministered the same dose of both drugs given separately. 

The crossover study design included a 14-day washout 

period between the two treatments. Subjects were randomly 

assigned to one of the two treatment sequences in a 1:1 ratio.

To measure the plasma concentration of telmisartan, 

blood samples were collected at 0 (pre-dose), 0.25, 0.5, 0.75, 

1, 1.5, 2, 4, 8, 10, 12, 24, 36, and 48 h after administration. 

To measure the plasma concentration of S-amlodipine, blood 

samples were collected at 0 (pre-dose), 1, 2, 3, 4, 5, 6, 7, 8, 

10, 12, 24, 48, 72, 120, and 168 h after administration. A total 

of 5 or 7 mL of blood was collected from each subject using 

a heparinized Vacutainer® tube (Becton Dickinson, Franklin 

Lakes, NJ, USA). The samples were centrifuged at 3,000 rpm 

for 10 min and stored at -70°C for assays.

safety assessment
A safety assessment was carried out on all subjects who took 

at least one study drug. Any AEs were reviewed by integrat-

ing data from vital signs, clinical laboratory tests, physical 

examinations, and patient interviews.

Bioanalysis
The plasma concentrations of telmisartan and S-amlodipine 

were analyzed by Seoul Pharma Laboratories (Seoul, Korea) 

using liquid chromatography tandem mass spectrometric 

method. Telmisartan and S-amlodipine were quantified using 

a mass spectrometer in the multiple reaction monitoring mode 

with positive electrospray ionization. The calibration curves 

were linear over the ranges of 2–2,000 ng/mL for telmisartan 

and 0.05–10 ng/mL for S-amlodipine in plasma, with coeffi-

cients of determination (R2) .0.996 and .0.997, respectively. 

The coefficients of variation (CV) for assay precision were 

,6.37% and  ,3.72%, and the accuracies were .92.99% and 

.88.4% for telmisartan and S-amlodipine, respectively. No 

relevant cross-talk or matrix effects were observed.

PK analysis
The PK parameters of telmisartan and S-amlodipine were 

assessed by non-compartmental analysis using WinNonlin 

software (ver 6.1; Pharsight Corp., Mountain View, CA, 

USA). The AUC
t
 was determined using the trapezoidal rule. 

The area under the plasma concentration–time curve from 

time zero to infinity (AUC
inf

) was calculated using the for-

mula: AUC
inf

 = AUC
t
 + C

t
/k, where C

t
 is the last measured 

plasma concentration and k is the terminal elimination rate 

constant. The C
max

 and the time to reach C
max

 (T
max

) were 

determined from the plasma concentration–time curve.

statistical analysis
Continuous variable data are expressed as means ± standard 

deviations (SDs), and categorical data are expressed as counts 

or percentages. To assess PK equivalence, C
max

 and AUC
t
 

were log-transformed, and geometric mean ratios (GMRs) 

and their 90% CIs were determined. McNemar test was 

conducted to compare the percentage of AE between treat-

ment groups. Statistical analysis was performed using SAS 

software (ver 9.4; SAS Institute Inc., Cary, NC, USA).

Results
subjects’ characteristics
Sixty-eight healthy male subjects were enrolled (mean age, 

24.1±1.39 years; mean weight, 70.16±8.28 kg; mean height 

175.24±5.68 cm). Eleven subjects did not complete the 

study: nine withdrew their consent, one withdrew due to 

administration of concomitant medication, and one due to 

AEs (Figure 1). Safety profiles were determined using data 

from 68 subjects who were administered study drugs. PK 

analysis was performed using data from 57 subjects who 

completed the study. The baseline characteristics of study 

subjects are shown in Table 1.

PKs
The mean plasma concentration–time profiles for the 

two drugs following administration of 40 mg telmisartan 

and 5 mg S-amlodipine or the FDC tablet are shown in 

Figures 2 and 3.

The mean C
max

 of telmisartan was 122.13±64.55 ng/mL  

after the FDC tablet and 138.52±65.45 ng/mL after concomitant 

administration. The median (range) T
max

 for telmisartan was 2.0 

(0.50–4.00) h after the FDC tablet and 1.5 (0.25–4.00) h after con-

comitant administration. The mean AUC
t
 and AUC

inf
 for telm-

isartan were 1,225.73±749.80 and 1,416.01±944.13 ng⋅h/mL, 

respectively, after administration of the FDC tablet and 

1,268.76±740.52 and 1,448.59±888.73 ng⋅h/mL, respectively, 

after concomitant administration. The mean t
1/2

 of telmisartan 

was 17.17±6.21 h for the FDC tablet and 17.73±5.43 h for 

coadministration (Table 2).
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Table 1 Baseline characteristics of study subjects (n=68)

Variables Values

SBP 129.59±7.72 (102–138)
DBP 81.18±4.87 (70–89)
creatinine 0.94±0.10 (0.74–1.26)
gOT 20.41±4.52 (14–33)
GPT 20.71±8.90 (10–47)

Note: Data are expressed as mean ± standard deviation (min–max).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; GOT, 
glutamin oxalacetic transaminase; GPT, glutamic pyruvate transaminase.

The mean C
max

 of S-amlodipine was 2.83±0.58 ng/mL 

after the FDC tablet and 2.83±0.71 ng/mL after concomitant 

administration. The median (range) T
max

 for S-amlodipine 

was 5.00 (4.00–10.00) h after the FDC tablet and 5.00 

(3.00–8.00) h after concomitant administration. The mean 

AUC
t
 and AUC

inf
 for S-amlodipine were 145.57±37.37 and 

159.08±46.60 ng⋅h/mL, respectively, after administration of 

the FDC tablet and 141.46±36.79 and 154.28±45.37 ng⋅h/mL, 

respectively, after concomitant administration. The mean t
1/2

 

of S-amlodipine was 44.20±8.62 h for the FDC tablet and 

43.85±9.67 h for coadministration (Table 2).

The GMRs (90% CIs) of C
max

 and AUC
t
 were 0.8782 

(0.8167–0.9444) and 0.9662 (0.9210–1.0136) for telmisartan 

and 1.0069 (0.9723–1.0427) and 1.0324 (0.9969–1.0690) for 

S-amlodipine, respectively (Table 3).

safety
During the study, a total of 36 AEs were reported by 23 sub-

jects. The number of subjects reporting AEs following the 

FDC tablet (n=17) and coadministration (n=19) was similar. 

The most frequently reported AE was a mild-to-moderate 

headache that was generally self-limiting. There were no sta-

tistically significant differences between the FDC tablet and 

coadministration treatments (McNemar test, p=0.9268).

Headaches were more frequent after coadministration 

of telmisartan and S-amlodipine (n=11) than following the 

FDC tablet (n=8). Drug-related AEs (FDC tablet vs co-

administration) included headaches (n=7 vs 9), dizziness 

(n=1 vs 1), increased levels of AST (n=0 vs 1), increased 

levels of ALT (n=0 vs 1), increased levels of creatinine in the 

blood (n=1 vs 0), and hypotension (n=1 vs 0). The baseline 

level of serum creatinine of one subject in the FDC group 

was 0.91, increased to 1.57, and normalized to baseline level. 

The baseline values of SBP and DBP of one subject in the 

FDC group were 113 and 74, respectively, decreased to 86 

and 45, and normalized to baseline level. Two events neces-

sitated intervention: one case of severe headache required 

administration of acetaminophen, and one case of mild 

hypotension required BP monitoring. The other AEs were 

mild and resolved spontaneously; there were no serious AEs. 

Figure 1 Disposition of volunteers.
Abbreviations: AE, adverse event; RT, reference-test; TR, test-reference.
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No clinically significant changes were observed in the vital 

signs, laboratory test results, during the physical examina-

tions, or on the electrocardiograms.

After administration of FDC tablet and coadministra-

tion, the maximum decreases in mean SDP and DBP were 

115.42±10.63 and 63.53±7.34, respectively (Figure 4).

Discussion
This study evaluated the PKs and safety profiles of an 

FDC formulation containing 40 mg telmisartan and 5 mg  

S-amlodipine, together with coadministration of the same 

doses of both drugs given separately. The 90% CIs for 

GMRs of the PK parameters C
max

 and AUC
t
 were within the 

acceptable limits of bioequivalence (0.8–1.25), indicating 

that the FDC formulation was bioequivalent to coadmin-

istration. Additionally, no statistically significant clinical 

differences were observed among the AEs that followed 

administration of the two formulations.

The 8th report of the Joint National Committee and 

guidelines from the European Society of Hypertension 

(ESH) and the European Society of Cardiology (ESC) 

2013 recommend that antihypertensive therapy should be 

provided to patients with grade 1 hypertension who have 

target organ damage, cardiovascular risk factors, or no reduc-

tion in BP despite lifestyle changes. Combination therapy is 

recommended if the target BP is not reached after 1 month 

of monotherapy. The ESH and ESC 2013 guidelines also 

explain that monotherapy successfully lowers BP in only a 

Figure 2 Mean (standard deviation) plasma concentration profiles of telmisartan after administration of FDC tablet (40 mg telmisartan/5 mg S-amlodipine) and coadministration 
of 40 mg telmisartan with 5 mg S-amlodipine in healthy male subjects.
Notes: linear scale (A); Iog scale (B).
Abbreviation: FDC, fixed-dose combination.

Figure 3 Mean (standard deviation) plasma concentration profile of S-amlodipine after administration of FDC tablet (40 mg telmisartan/5 mg S-amlodipine) and coadministration 
of 40 mg telmisartan with 5 mg S-amlodipine in healthy male subjects.
Notes: linear scale (A); log scale (B).
Abbreviation: FDC, fixed-dose combination.
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Table 2 PK properties of telmisartan and S-amlodipine following administration of an FDC tablet containing 40 mg telmisartan and 
5 mg S-amlodipine or coadministration of 40 mg telmisartan with 5 mg S-amlodipine in healthy male subjects (n=57)

Ingredient PK parameter FDC Coadministration

Telmisartan cmax (ng/mL) 122.13±64.55 138.52±65.45

aUct (ng⋅h/mL) 1,225.73±749.80 1,268.76±740.52
aUcinf (ng⋅h/mL) 1,416.01±944.13 1,448.59±888.73
t1/2 (h) 17.17±6.21 17.73±5.43
Tmax (h)a 2.0 (0.50~4.00) 1.5 (0.25~4.00)

S-amlodipine cmax (ng/mL) 2.83±0.58 2.83±0.71

aUct (ng⋅h/mL) 145.57±37.37 141.46±36.79
aUcinf (ng⋅h/mL) 159.08±46.60 154.28±45.37
t1/2 (h) 44.20±8.62 43.85±9.67
Tmax (h)a 5.00 (4.00~10.00) 5.00 (3.00~8.00)

Notes: Data are expressed as mean ± standard deviation; avalues expressed as median (range).
Abbreviations: PK, pharmacokinetic; 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 curve from time zero to the last sampling time; t1/2, terminal elimination half-life.

Table 3 Geometric mean ratios (90% CI) of the PK properties of telmisartan and S-amlodipine following administration of an FDC 
tablet containing 40 mg telmisartan and 5 mg S-amlodipine or coadministration of 40 mg telmisartan with 5 mg S-amlodipine in healthy 
male subjects (n=57)

Ingredient PK parameter Geometric mean 
ratio (90% CI)

Intra-individual
CV (%)

Telmisartan cmax (ng/mL) 0.8782 (0.8167–0.9444) 23.17
aUct (ng⋅h/mL) 0.9662 (0.9210–1.0136) 15.28

S-amlodipine cmax (ng/mL) 1.0069 (0.9723–1.0427) 11.16
aUct (ng⋅h/mL) 1.0324 (0.9969–1.0690) 11.14

Abbreviations: PK, pharmacokinetic; FDC, fixed-dose combination; CV, coefficient of variation; Cmax, maximum plasma concentration; AUCt, area under the curve from 
time zero to the last sampling time.

minority of hypertensive patients and that most require two 

or more concomitant therapies.24,26,27 Recent clinical trials 

have reported that combining ARBs and CCBs to lower BP 

can also reduce the level of cardiovascular risk.28

S-amlodipine is the most effective calcium-channel-

blocking form of amlodipine.22 The R-amlodipine isomer is 

~1,000-fold less potent as a CCB.29 Therefore, the antihyper-

tensive and anti-anginal effects of amlodipine are attributed 

to S-amlodipine, whereas R-amlodipine is considered an 

inactive or counterproductive impurity.30 Therefore, in this 

study, we used S-amlodipine as our CCB. When this study 

was planned, we had no information on the intra-individual 

variation of the primary PK parameters C
max

 and AUC
t
. We 

assumed that the intra-individual variation would be lower 

than the interindividual variation and calculated our sample 

size using the intra-individual variation information from 

other studies. The intra-individual CVs in C
max

 and AUC
t
 for 

telmisartan was 23.17% and 15.28%, respectively. The intra-

individual CVs in C
max

 and AUC
t
 for S-amlodipine was lower 

at 11.16% and 11.14%, respectively. Therefore, there were 

enough study subjects to compare the PK profiles of the FDC 

and coadministration of telmisartan and S-amlodipine.

Generally, telmisartan is absorbed rapidly and its maxi-

mum concentration occurs at 1 h (range: 0.5–2.0 h). It has 

a long t
1/2

 (range: 20–24 h) and nonlinear PK properties.31 

Telmisartan plasma concentrations also vary significantly 

among individuals, probably because of genetic variations 

in metabolic enzymes and transporters, including UGT1A3 

and SLCO1B3.32,33 The PK parameters of S-amlodipine for 

the FDC tablet and coadministration were similar. These 

results resemble those reported by Park et al.16,18

This study had several limitations. It used a single dose 

and included only healthy male participants in the fasted 

state. Because these conditions are not representative of 

the general hypertensive patient population, a further long-

term study of hypertensive patients is warranted. Also, 

because all participants were Asian (Korean) males, another 

study is needed in order to generalize this result to other 

populations.

Conclusion
This study demonstrates that the PK profile of an FDC for-

mulation of telmisartan and S-amlodipine was bioequivalent 

to the coadministration of these drugs. The corresponding 
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safety profiles were also similar, and both formulations of 

telmisartan and S-amlodipine were well tolerated.
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