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Introduction
Hypertension is one of the major risk factors for the development of cardiovascular disease
(CVD).1 After a reduction of 10 mmHg in systolic blood pressure (SBP) or 5 mmHg in diastolic blood pressure (DBP), incidence of coronary heart disease and stroke have been shown
to decrease by 20% and 32%, respectively, in 1 year.2 Accordingly, a reduction in blood
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Purpose: A new fixed-dose combination (FDC) formulation of telmisartan 80 mg and
S-amlodipine 5 mg (CKD-828) has been developed to increase convenience (as only one tablet
is required per day) and improve treatment compliance.
Methods: The pharmacokinetic characteristics and tolerability of an FDC of telmisartan and
S-amlodipine were compared to those after coadministration of the individual agents in this
randomized, open-label, single-dose, two-way, four-period, crossover study. To analyze the
telmisartan and S-amlodipine plasma concentrations using a validated liquid chromatography–
tandem mass spectrometry method, serial blood samples were collected up to 48 hours post-dose
for telmisartan and 144 hours post-dose for S-amlodipine, in each period.
Results: Forty-eight healthy subjects were enrolled, and 43 completed the study. The mean
peak plasma concentration (Cmax) and the area under the plasma concentration–time curve from
time 0 to the last measurement (AUC0–t) values of telmisartan were 522.29 ng/mL and 2,475.16
ng⋅h/mL for the FDC, and 540.45 ng/mL and 2,559.57 ng⋅h/mL for the individual agents
concomitantly administered, respectively. The mean Cmax and AUC0–t values of S-amlodipine
were 2.71 ng/mL and 130.69 ng⋅h/mL for the FDC, and 2.74 ng/mL and 129.81 ng⋅h/mL for
the individual agents concomitantly administered, respectively. The geometric mean ratio
(GMR) and 90% confidence interval (CI) for the telmisartan Cmax and AUC0–t (FDC of telmisartan and S-amlodipine/concomitant administration) were 0.8509 (0.7353–0.9846) and 0.9431
(0.8698–1.0226), respectively. The GMR and 90% CI for the S-amlodipine Cmax and AUC0–t
(FDC/concomitant administration) were 0.9829 (0.9143–1.0567) and 0.9632 (0.8798–1.0546),
respectively. As the intrasubject variability of the Cmax for telmisartan administered individually
was 42.94%, all 90% CIs of the GMRs fell within the predetermined acceptance range. Both
treatments were well tolerated in this study.
Conclusion: CKD-828 FDC tablets were shown to be bioequivalent to coadministration of
the individual agents with the respective strength, in healthy subjects under fasting conditions.
There was no significant difference in safety profile between the two treatments.
Keywords: fixed-dose combination, pharmacokinetics, S-amlodipine, telmisartan, safety
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pressure (BP) through effective pharmacotherapy significantly
reduces the risk of CVD and death, irrespective of the initial BP.3
Four different classes of antihypertensive drugs are recommended as first-line therapy for hypertension: calciumchannel blockers (CCBs), angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers (ARBs), and
thiazide-type diuretics.4,5 Combination therapy with two or
more agents from different drug classes is required to achieve
BP control in the majority of patients, as hypertension is not
easily controlled by monotherapy unless it is mild.6,7 Several
clinical trials have demonstrated that combination therapy
using two or more antihypertensive agents with complementary mechanisms exhibited greater efficacy in reducing BP,
with no increase in adverse events (AEs), compared to highdose monotherapy.8–12 Furthermore, fixed-dose combinations
(FDCs) of two or more antihypertensive agents in a single pill
can improve medication compliance by reducing the number
of concomitant medications, and consequently have beneficial effects on BP control, compared to free combinations or
monotherapy.13–16 In retrospective database analyses, FDCs
can decrease the cost of cardiovascular care in the hypertensive population.17,18 Among the preferred combinations of
classes of antihypertensive drugs, ARB/CCB combination
therapy is a particularly useful option, as the addition of ARBs
to CCBs has been found to reduce the incidence of peripheral
edema, the most common CCB-related adverse effect.19–21
Telmisartan is an ARB, with a selective type 1 receptor
blockade effect.22 The antihypertensive efficacy of telmisartan, administered once daily at doses of 20–160 mg in
patients with mild-to-moderate essential hypertension, has
been shown to be superior to that of placebo and comparable to that of other common antihypertensive agents, such
as losartan, amlodipine, and lisinopril.23 The peak plasma
concentration (Cmax) of telmisartan has been observed to be
reached between 0.5 and 1 hour after oral administration,
with a bioavailability of 30%–60%.22,24 Telmisartan is highly
bound (.99%) to plasma proteins, with a very high volume
of distribution (~500 L), and an elimination half-life (t1/2)
of 21–38 hours.22,24 It is not metabolized by the cytochrome
P450 system, and most of the oral dose (98%) is excreted
unaltered in feces, mainly via bile.22
Amlodipine, a third-generation dihydropyridine CCB,
is a racemic mixture consisting of the R-enantiomer and
S-enantiomer in a 1:1 ratio.25 The antihypertensive effect
of amlodipine through calcium-channel blocking properties is ascribed to S-amlodipine, while R-amlodipine may
be responsible for the side effects of racemic amlodipine,
as it has 1,000-fold lower CCB activity.26,27 Accordingly,
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an amlodipine formulation containing only S-amlodipine
is more favorable, with fewer side effects than racemic
amlodipine.27,28 Following oral administration, amlodipine
shows different pharmacokinetic (PK) characteristics (high
oral bioavailability of 60%–65%, a longer time to Cmax [tmax]
of 6–12 hours, and a longer t1/2 of 30–50 hours) compared to
other dihydropyridine CCBs.29,30 CYP3A4 plays an important
role in the metabolic clearance of amlodipine.31
The drug–drug interactions between telmisartan and
S-amlodipine have not been reported following multipledose coadministration of high doses of telmisartan and
S-amlodipine.27,32 FDC formulations of telmisartan (40 or
80 mg) and S-amlodipine besylate (2.5 mg) have been developed as antihypertensive drugs (CKD-828 40/2.5 mg or
80/2.5 mg), by Chong Kun Dang Pharmaceutical Co, Ltd
(Seoul, Republic of Korea). Recently, a new FDC formulation of telmisartan (80 mg) and S-amlodipine besylate (5 mg)
was developed. The aim of this study was to investigate the
PK profile, bioequivalence (BE), and safety of telmisartan and
S-amlodipine, administered as a CKD-828 80/5 mg FDC formulation or in corresponding doses as individual tablets.

Methods
Study subjects
The study protocol was approved by the Institutional Review
Board of Kyungpook National University Hospital (KNUH,
Daegu, Republic of Korea). The study (ClinicalTrials.gov registry no: NCT02358824) was conducted at the KNUH Clinical Trial Center, in accordance with the ethical standards of
the Declaration of Helsinki and the applicable Good Clinical
Practice guidelines. Written informed consent was obtained
from all subjects before their participation in this study.
Healthy Korean male volunteers aged $19 years, who
weighed $50 kg and were within ±20% of their ideal body
weight, were eligible to participate in this study. All subjects
had no clinically significant abnormalities as judged by
clinical history, detailed physical examination, routine clinical
laboratory tests (hematology, biochemistry, and urinalysis),
serology tests (hepatitis B surface antigens, anti-hepatitis C
virus antibody, anti-human immunodeficiency virus antibody, and the venereal disease research laboratory test), and
12-lead electrocardiography, conducted within 4 weeks prior
to study drug administration.
Exclusion criteria included a history of hypersensitivity
to any drug including telmisartan and amlodipine; history or
evidence of cardiovascular, hepatobiliary, renal, endocrine,
hematological, respiratory, gastrointestinal, central nervous
system, psychiatric, neuromuscular, or malignant disease;
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presence of hyperkalemia; presence of active hepatitis or
serum aspartate aminotransferase, alanine aminotransferase,
or total bilirubin levels .1.5× the upper limit of normal; SBP
of .150 or ,90 mmHg, or DBP of .100 or ,50 mmHg;
creatinine clearance (estimated by the Cockcroft–Gault equation using serum creatinine concentrations) ,80 mL/min;
presence of gastrointestinal disease (eg, Crohn’s disease
or peptic ulcer) or history of resection surgery (excluding
simple appendectomy or herniorrhaphy); presence or history
of major injury, operation, or acute disease within 4 weeks
prior to the first administration of the study drug; history
of alcohol abuse (.21 units/week), or subjects who could
not abstain from drinking during the study period, regular
intake of caffeine (.5 cups per day), or excessive smoking
(.10 cigarettes per day); use of any prescription medication
or herbal remedies within the previous 2 weeks, or use of
any over-the-counter remedies within 1 week prior to the first
administration of the study drug, as this could have affected
the study or the safety of the subjects in the opinion of the
investigator; use of any other investigational drug within
3 months prior to the first administration of the study drug;
donation of whole blood within 2 months or any blood
products within 1 month prior to the first administration of
the study drug; abnormal diet that could affect absorption,
distribution, metabolism, and excretion of a given drug within
7 days prior to study medication administration; positive serologic tests; or subjects who were not eligible to participate in
this study at the discretion of the study investigator.

Study design and procedure
This randomized, open-label, single-dose, two-sequence,
four-period, two-treatment crossover study was conducted
at the KNUH Clinical Trial Center. The FDC formulation of
CKD-828 (batch no QQ001; expiration date, August 2017;
Chong Kun Dang Pharmaceutical Co, Ltd) was used as
the test treatment (T), and the coadministration of telmisartan 80 mg (Micardis®; batch no 304342; expiration date,
May 2017; Boehringer Ingelheim, Ingelheim, Germany) and
S-amlodipine 5 mg (Anydipine S®; batch no QE001; expiration date, March 2016; Chong Kun Dang Pharmaceutical
Co, Ltd) was used as the reference treatment (R). Based on
a computer-generated table of randomization according to
a randomization schedule generated using SAS software
(version 9.4; SAS Institute Inc, Cary, NC, USA), a total of
48 enrolled subjects were allocated to one of two treatment
sequence groups in a 1:1 ratio: sequence A (RTRT) and
sequence B (TRTR). In each study period, the subjects were
administered a single oral dose of either T or R with a 14-day
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Figure 1 Schematic diagram of study design.
Abbreviations: CKD-828 80/5 mg, fixed-dose combination formulation of telm
isartan 80 mg and S-amlodipine 5 mg; TEL + AML, coadministration of telmisartan
80 mg and S-amlodipine 5 mg as individual agents.

washout period between treatments. A schematic diagram of
the study design is shown in Figure 1.
The subjects were admitted to the study center at 8 pm,
the day before dosing. Each study drug was administered
under fasting conditions along with 150 mL of water. Food
was restricted from 10 hours before dosing until 4 hours after
dosing. Standard meals were provided 4 and 10 hours after
dosing. Additional water intake was not permitted for 2 hours
before and 2 hours after dosing during each period.
Blood samples for the determination of telmisartan concentrations were collected before dosing and at 0.25, 0.5,
0.75, 1, 1.5, 2, 4, 8, 10, 12, 24, 36, and 48 hours after dosing.
Blood samples for the determination of S-amlodipine plasma
concentrations were collected before dosing and at 1, 2, 3,
4, 5, 6, 7, 8, 10, 12, 24, 48, 96, and 144 hours after dosing.
A 20 G, 0.75 inch indwelling intravenous catheter was placed
in either the forearm or dorsum of the hand of each subject.
After 1 mL of blood was discarded from the catheter, 6 mL
of blood was drawn into a tube containing dipotassium (K2)
EDTA and centrifuged at 3,000 rpm for 10 minutes at 4°C to
separate plasma. Following centrifugation, plasma samples
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were transferred to three tubes and stored at -70°C until
analysis by the analytical laboratory (Biocore Co Ltd, Seoul,
Republic of Korea).
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Analysis of telmisartan and S-amlodipine
concentrations in plasma
Telmisartan plasma concentrations were determined by
a validated method using high performance liquid chromatography (2795 Alliance HT HPLC system, Waters
Corporation, Milford, MA, USA) coupled to tandem mass
spectrometry (MS/MS, Quattro Premier XE, Waters Corporation). Chromatographic separations were performed on
a Unison UK-C18 column (2.0×75 mm, 3 µm particle size)
at a flow rate of 0.2 mL/min. The mobile phase consisted of
a 30:70:0.1 (v/v/v) mixture of 10 mM ammonium formate,
acetonitrile, and formic acid. Multiple reaction monitoring
transitions were performed at mass-to-charge ratios (m/z)
of 515.10→276.10 and 518.15→279.15 for telmisartan and
telmisartan-d3, the internal standard, respectively. Frozen
plasma was thawed at room temperature and vortexed for
10 seconds. After 10 μL of telmisartan-d3 (600 ng/mL) was
added to 100 μL of plasma in a polypropylene tube, 1,250 μL
of acetonitrile was then added. After mixing for 1 minute,
the tube was centrifuged at 13,000 rpm for 5 minutes.
The supernatant (100 μL) was mixed with 200 μL of 50%
acetonitrile, and a 10 μL aliquot of this solution was injected
into the LC-MS/MS system for analysis.
S-amlodipine plasma concentrations were determined
using liquid chromatography (Shiseido Nanospace SI-2;
Shiseido, Tokyo, Japan) coupled to 4000 QTRAP ®
tandem mass spectrometer operated with Analyst 1.6.2
(AB SCIEX, Foster City, CA, USA). Chromatographic
separations were performed on an Atlantis-C18 column (2.1×100 mm, 3 μm particle size) at a flow rate of
0.2 mL/min. The mobile phase consisted of a 50:50:0.1
(v/v/v) mixture of acetonitrile, deionized water, and formic acid. Multiple reaction monitoring transitions were
performed at mass-to-charge ratios (m/z) of 409.2→238.2
and 413.2→238.2 for S-amlodipine and (S)-amlodipine-d4,
the internal standard, respectively. Frozen plasma was
thawed at room temperature and vortexed for 10 seconds.
After 20 μL of (S)-amlodipine-d4 (100 ng/mL) was added
to 300 μL of plasma in a polypropylene tube, 30 μL of
1 M sodium hydroxide was then added and mixed. After
2 mL of methyl tert-butyl ether was added, the tube was
extracted for 20 minutes and then centrifuged at 2,500 rpm
for 5 minutes. The organic layer was transferred and dried
with a stream of nitrogen gas. The residue was reconstituted
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with 150 μL of the mobile phase, and filtrated with a 0.2 μm
filter. A 10 μL aliquot of this solution was then injected
into the LC-MS/MS system for analysis.
Linear calibration curves ranged between 1 and
2,000 ng/mL for telmisartan (r$0.9962), and between
50 and 20,000 pg/mL for S-amlodipine (r$0.9999). The
overall intraday accuracy ranged from 91.0% to 106.8% for
telmisartan, and from 94.0% to 111.6% for S-amlodipine. The
overall inter-day accuracy ranged from 92.2% to 101.4% for
telmisartan, and from 100.5% to 102.8% for S-amlodipine.
The intraday precision (% coefficient of variation, CV)
ranged from 0.9% to 5.4% for telmisartan and from 0.5%
to 8.0% for S-amlodipine. The inter-day precision (%CV)
ranged from 1.5% to 7.1% for telmisartan and from 1.6% to
8.5% for S-amlodipine. The lower limit of quantification was
1 ng/mL for telmisartan and 50 pg/mL for S-amlodipine.

PK analysis
PK parameters for telmisartan and S-amlodipine in plasma
were estimated by a non-compartmental method using
Phoenix WinNonlin version 6.4 software (Pharsight
Corporation, St Louis, MO, USA). Cmax and tmax were obtained
directly from the observed plasma concentration–time
data. The area under the plasma concentration–time curve
from time 0 to the last measurement (AUC0–t) was calculated using the linear trapezoidal method. The AUC from
time 0 to infinity (AUC0–∞) was calculated using the following formula: AUC0–∞ = AUC0–t + Ct/ke, where Ct is the last
measurable concentration, and ke is the terminal elimination
rate constant determined from a linear regression line of the
log-transformed plasma concentrations versus time over the
terminal log-linear portion (at least three final data points).
The terminal t1/2 was calculated to be 0.693/ke.

Statistical analysis
The sample size for the present study was calculated based
on the intrasubject variability of telmisartan Cmax (47.5%), the
largest value among AUC0–t values, and Cmax values of telmisartan and S-amlodipine in earlier PK studies. In the fourperiod replicate design, 14 subjects per group were required
to detect a difference of $20% in the log-transformed PK
parameters between the two different treatments (ie, FDC
vs individual tablets) with a geometric mean ratio (GMR)
of 0.9, a significance level of 0.05, and a power of 80%.32
Therefore, a total of 48 subjects were to be enrolled, assuming an estimated 40% dropout rate.
Demographics, safety data, and PK parameters were
summarized using descriptive statistics. All PK parameters
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are presented as means ± standard deviation (SD), except for
tmax values, which are expressed as the median, maximum,
and minimum values. To assess the bioequivalence between
T and R, the GMR and 90% confidence interval (CI) of Cmax
and AUC0–t of telmisartan and S-amlodipine were calculated
after natural logarithm transformation. The FDC formulation was considered bioequivalent if the 90% CI of Cmax and
AUC0–t for S-amlodipine fell within a predetermined range
of 0.800–1.250, according to the standard used by the Korea
Ministry of Food and Drug Safety. However, telmisartan has
been reported to be a highly variable drug; therefore, the
widening of the acceptance criteria for Cmax of telmisartan
was prospectively defined in the study protocol. This was
based on the intrasubject variability of the reference product
obtained from this replicate design study as follows: 1) if the
intrasubject variability for Cmax of the reference compound
in the study is ,30%, the acceptance criteria of the 90% CI
for BE would be the conventional BE range of 0.800–1.250;
2) if the intrasubject variability for Cmax of the reference
compound is $30%, the acceptance criteria for Cmax can be
widened to 0.732–1.367 (the criteria were calculated using
the following formula presented in the European Medicines
Agency and Korean BE study guidelines: [upper limit, lower
limit] = exp[±k*sWR], where k is the regulatory constant set to
0.760, and sWR is the intrasubject SD of the log-transformed
values of Cmax of the reference product).33–35 The conventional
acceptance limit range of 0.800–1.250 was applied to the
AUC0–t for telmisartan. All statistical analyses for GMRs
with 90% CIs were performed using Phoenix WinNonlin
version 6.4 software.

Safety and tolerability assessments
Subjects who received at least one dose of the study drugs
throughout the study period were evaluated in the safety and
tolerability analysis, based on clinical and laboratory AEs
collected after dosing, including all subjective symptoms
reported by subjects and objective signs observed by investigators. Vital signs (BP and pulse rate) of the participants were
monitored at screening, before and after administration of study
drugs for 2, 4, 6, 12, and 24 hours, and at the follow-up visit
(14±2 days after administration of the last dose). Body temperature was assessed at screening and at the follow-up visit.
Twelve-lead electrocardiograms were obtained and
routine laboratory tests (hematology, urinalysis, and serum
chemistry) were conducted at screening, before administration of the study drugs in periods 2 and 4, and at the follow-up
visit. All laboratory tests were performed at the Department
of Laboratory Medicine, KNUH.
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Results
Subject characteristics
A total of 48 healthy male subjects were enrolled in the study
and randomly assigned into each of the treatment groups.
The means (ranges) for subject age, height, and weight were
25.5 years (19–45 years), 173.7 cm (165.0–183.8 cm), and
67.8 kg (54.2–89.0 kg), respectively. Baseline demographics showed no statistical difference between the sequence
groups (Table 1). Five subjects withdrew consent during
the study. Accordingly, 43 subjects completed this study
and were included in the PK analysis. All 48 subjects who
received a study drug at least once were included in the
safety assessment.

PK data
The mean (SD) plasma concentration versus time profiles
for telmisartan and S-amlodipine, following a single oral
administration of T or R, are illustrated in Figure 2. The differences in PK parameters for telmisartan and S-amlodipine
between T and R are summarized in Table 2. All 90% CIs of
the GMRs fell within the predetermined acceptance range,
including the CI value of 0.7353–0.9846 for telmisartan Cmax,
as the intrasubject variability for telmisartan Cmax of the single
agents in this study was 42.94% (Table 3).

Safety and tolerability assessments
Single oral doses of telmisartan 80 mg and S-amlodipine 5 mg,
as an FDC tablet or as individual agents, were generally well
tolerated in healthy adult subjects in this study. In total, 11
subjects (22.9% of 48 subjects) experienced at least one of 12
reported AEs during this study. Of all 12 AEs, four events were
determined to be possibly related to the study drugs (one headache, one instance of decreased BP, and one instance of myalgia
after T treatment; and one upper respiratory infection after

Table 1 Demographics and baseline characteristics of study
subjects according to sequence groups
Demographic Overall
variables
(n=48)
Age (years)
Height (cm)
Weight (kg)
SBP (mmHg)
DBP (mmHg)

25.5±6.1
173.7±4.6
67.8±8.3
127.5±11.5
75.2±9.8

Sequence A Sequence B p-value*
(n=24)
(n=24)
25.83±7.13
172.69±4.12
65.84±8.14
127.04±10.43
73.83±9.78

25.21±4.90
174.75±4.92
69.84±8.05
128.00±12.61
76.5±9.87

Notes: Data are given as the mean ± standard deviation (SD). *Compared between
two groups by Mann–Whitney U test or paired t-test. Sequence A = RTRT;
Sequence B = TRTR; T = FDC formulation of telmisartan 80 mg and S-amlodipine
5 mg; R = coadministration of telmisartan 80 mg and S-amlodipine 5 mg.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;
FDC, fixed-dose combination.
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0.123
0.094
0.776
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Figure 2 Mean plasma concentration–time profiles for (A) telmisartan and (B) S-amlodipine, following administration of a single dose of CKD-828 () and coadministration
of telmisartan 80 mg and S-amlodipine 5 mg as individual agents () in 43 healthy subjects.
Note: CKD-828= fixed-dose combination formulation of telmisartan 80 mg and S-amlodipine 5 mg.

R treatment), and three events were determined to be probably
related (two instances of increased creatine phosphokinase
[CPK] after T treatment; and one instance of increased CPK
after R treatment). All AEs were transient and spontaneously
resolved without specific treatment, with no severe or serious AEs. No subjects withdrew from the study due to AEs.
Figure 3 illustrates the changes in mean SBP, DBP,
and pulse rate in the two groups from baseline (0 hours)
to 24 hours after administration of a single oral dose of the
FDC or the individual agents concomitantly administered.
The changes in vital signs showed no statistical difference
between the two groups.

Discussion
This randomized, open-label, two-sequence, four-period,
two-treatment crossover study demonstrated that the FDC
formulation of telmisartan 80 mg and S-amlodipine 5 mg is
bioequivalent to coadministration of the individual tablets. In
addition, both the FDC formulation and separate tablets of telmisartan and S-amlodipine were well tolerated in this study.
The mean ratio of AUC0–t for telmisartan and S-amlodipine
in our study accounted for 87.0%–89.0% of the total AUC0–∞,
indicating that the sampling schedule was appropriate to
provide a reliable estimate of the extent of exposure (AUC0–t/
AUC0–∞ ratio .80%). The washout period of 14 days in this

Table 2 Pharmacokinetic parameters (intrasubject variability CV%) of telmisartan and S-amlodipine following administration of
telmisartan 80 mg and S-amlodipine 5 mg as FDC versus individual agents coadministered under fasting conditions in healthy male
subjects (n=43)
Pharmacokinetic parameter

FDC

Coadministration

p-value*

AUC0–t (ng⋅h/mL)

2,475.16±927.42 (44.58)

2,559.57±964.06 (16.53)

0.232

AUC0–∞ (ng⋅h/mL)

2,870.93±1,140.21 (40.96)

2,918.19±1,109.91 (16.02)

0.666

Cmax (ng/mL)

522.29±350.97 (78.72)

540.45±291.43 (42.94)

0.069

t1/2 (h)

20.12±8.78 (32.20)

20.15±11.33 (36.59)

0.928

tmax (h)a

1 (0.5–8.0)

1 (0.5–4.0)

0.041

AUC0–t (ng⋅h/mL)

130.69±35.94 (53.52)

129.81±30.26 (8.93)

0.493

AUC0–∞ (ng⋅h/mL)

147.43±41.42 (40.94)

148.05±46.91 (10.10)

0.522

Cmax (ng/mL)

2.71±0.43 (41.96)

2.74±0.54 (10.06)

0.693

t1/2 (h)

45.10±8.80 (13.70)

44.40±7.87 (10.94)

0.378

tmax (h)a

5 (3–8)

5 (3–10)

0.514

Telmisartan

S-amlodipine

Notes: aData are presented as arithmetic means ± standard deviation (intrasubject CV%) except for tmax values that are given as median (range). *Compared between two
groups by mixed effect model.
Abbreviations: AUC0–t, area under the plasma concentration versus time curve from time 0 to the last quantifiable time point; AUC0–∞, area under the plasma concentration
versus time curve from time 0 to infinity; Cmax, maximum plasma concentration; t1/2, elimination half-life; tmax, time to reach Cmax; CV, coefficient of variation; FDC, fixed-dose
combination.
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Pharmacokinetics of fixed-dose combination of telmisartan and S-amlodipine

Table 3 Geometric mean ratios and 90% CIs for Cmax, AUC0–t,
and AUC0–∞ following administration of telmisartan 80 mg and
S-amlodipine 5 mg as a fixed-dose combination versus individual
agents in healthy subjects

Cmax
AUC0–t
AUC0–∞

Geometric mean ratio (90% CI)
Telmisartan

S-amlodipine

0.8509 (0.7353–0.9846)
0.9431 (0.8698–1.0226)
0.9726 (0.9050–1.0451)

0.9829 (0.9143–1.0567)
0.9632 (0.8798–1.0546)
0.9739 (0.8798–1.0780)

Abbreviations: AUC0–t, area under the plasma concentration versus time curve
from time 0 to the last quantifiable time point; AUC0–∞, area under the plasma
concentration versus time curve from time 0 to infinity; Cmax, maximum plasma
concentration; CI, confidence interval.

study based on the long t1/2 of amlodipine (30–50 hours) from
earlier PK studies was enough to ensure complete elimination
of the study drugs from the blood, as the S-amlodipine and
telmisartan plasma concentrations in the pre-dose samples
for periods 2–4 were not detectable.
The intrasubject variability %CV of telmisartan Cmax for
FDC tablets in this study was 78.72%, higher than the value

%













'%3 PP+J

$

6%3 PP+J






































7LPH K

&







7LPH K




35 EHDWVPLQ

Drug Design, Development and Therapy downloaded from https://www.dovepress.com/ by 3.237.71.23 on 27-Sep-2020
For personal use only.

Parameters

we had used to calculate the sample size (47.5%). However,
the sample size adjusted from the intrasubject variability in
our study (about 45 subjects in total) is not much different
from the number of subjects who completed this study, suggesting that the sample size was not insufficient to demonstrate the bioequivalence of telmisartan in this study.33
This four-period replicate study design enabled us to
obtain repeated measures to improve the precision of the
comparisons between the two treatments by using each
subject as their own control, and to determine the true intrasubject variability for the T and R treatments independently.
Our calculated intrasubject variability of telmisartan Cmax
(42.94%) was comparable with the value (47.5%) that had
been estimated from our earlier two-way, two-period, crossover PK study and used for the sample size calculation in
this study, and was higher than the value (30%) predefined
in this study protocol according to the Korean BE study
guideline for highly variable drug products. Accordingly,
90% CIs of the GMR for telmisartan Cmax from our study























7LPH K
Figure 3 Mean (A) SBP, (B) DBP, and (C) PR, before (0 hours) and at 2, 4, 6, 12, and 24 hours after administration of a single dose of CKD-828 () and coadministration
of telmisartan 80 mg and S-amlodipine 5 mg as individual agents () in 43 healthy subjects.
Note: CKD-828= fixed-dose combination formulation of telmisartan 80 mg and S-amlodipine 5 mg.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate.
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(0.7353–0.9846) fell within the widened acceptance limit of
0.732–1.367.34–36 Consequently, it was verified that all GMR
and 90% CI values for both telmisartan and S-amlodipine
fell within the predetermined bioequivalence range for both
Cmax and AUC0–t.
The source of the larger intrasubject variability %CV
values of telmisartan and S-amlodipine for FDC tablets than
those for individual agents coadministered in this study is
unclear, but the formulation complexities might be a plausible
explanation. Mitra and Wu concluded that the biopharmaceutical and PK behavior could be complicated by combining
multiple active ingredients in a single FDC formulation.37
High drug loading is required in the FDC tablet due to restrictions on its final size, leading to dissolution slowdown.
There were several limitations in this study. First, the
results were obtained from healthy male subjects, who
may not represent the target patients. Second, even though
long-term antihypertensive treatment is required in clinical
settings, only a single dose was administered in this study.
In conclusion, telmisartan/S-amlodipine FDC tablets
were bioequivalent to coadministration of the individual
agents with the respective strength in healthy subjects under
fasting conditions. There was no significant difference in
safety profile between the two treatments.
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