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Objective: Fimasartan, an angiotensin II type 1 receptor blocker, and linagliptin,

a dipeptidyl-peptidase-4 inhibitor, are frequently coadministered to treat patients with hyper-

tension and diabetes, respectively. This study sought to evaluate the pharmacokinetic inter-

actions between fimasartan and linagliptin after co-administration in healthy Korean subjects.

Methods: The overall study was divided into two separate parts, with each part designed as

an open-label, multiple-dose, two-period, and single-sequence study. In Part A, to investigate

the effect of linagliptin on fimasartan, 25 subjects received 120 mg fimasartan alone once

daily for seven days during Period I, and 120 mg fimasartan with 20 mg linagliptin for seven

days during Period II. In Part B, to examine the effect of fimasartan on linagliptin, 12

subjects received only linagliptin once daily for seven days during Period I, followed by

concomitant administration of fimasartan for seven days during Period II, at the same doses

used in Part A. Serial blood samples were collected at scheduled intervals for up to 24 h after

the last dose to determine the steady-state pharmacokinetics of both drugs.

Results: Thirty-six subjects completed the study. The geometric mean ratio and 90%

confidence intervals for maximum plasma concentration at steady state (Cmax,ss) and area

under the concentration–time curve at steady state (AUCτ,ss) of fimasartan with or without

linagliptin were 1.2633 (0.9175–1.7396) and 1.1740 (1.0499–1.3126), respectively. The

corresponding values for Cmax,ss and AUCτ,ss of linagliptin with or without fimasartan

were 0.9804 (0.8480–1.1336) and 0.9950 (0.9322–1.0619), respectively. A total of eight

adverse events (AEs) were reported and the incidence of AEs did not increase significantly

with co-administration of the drugs.

Conclusion: Our results suggest that there are no clinically significant pharmacokinetic

interactions between fimasartan and linagliptin when co-administered. Treatments were well

tolerated during the study, with no serious adverse effects.

Clinical Trial Registry: http://clinicaltrials.gov, NCT03250052.
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Introduction
Fimasartan (Kanarb®, Boryung Pharmaceutical Co. Ltd., Seoul, Republic of Korea),

an angiotensin II receptor blocker (ARB), lowers blood pressure (BP) through the

inhibition of the vasoconstricting and aldosterone-secreting effects of angiotensin II

by selectively blocking the binding of angiotensin II to the type 1 (AT1) receptor.
1

Fimasartan, approved by the Korean Ministry of Food and Drug Safety for the

treatment of mild to moderate hypertension in 2010, is administered once daily at

doses of 30–60 mg.2 Previous randomized Phase III clinical trials showed that the

antihypertensive effect of fimasartan (60 mg/120 mg) was comparable to that of
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losartan (50 mg/100 mg) or candesartan (8 mg) in lowering

BP with a good safety profile in patients with mild to

moderate hypertension, after 12 weeks of treatment.3,4

After oral administration, fimasartan is rapidly absorbed,

with the mean time to peak concentration (tmax) of 0.5–3.0

h, and terminal half-life (t1/2) of 5–16 h.2–4 The majority of

administered fimasartan is excreted in its parent form, pri-

marily via bile, with a glucuronide conjugate (20%) trans-

formed by UDP-glucuronosyltransferases.5,6 Although

hepatic metabolism is a minor route of clearance, and CYP-

mediated metabolism of fimasartan is minimal, the major

metabolite desulfo-fimasartan is formed mainly by

CYP3A4.2,7

Linagliptin, a selective and potent dipeptidyl-peptidase

(DPP)-4 inhibitor, shows glucose-lowering efficacy through

an effect on two key incretin hormones, active glucagon-

like peptide-1 and gastric inhibitory peptide.8,9 Linagliptin

is administered once daily (5 mg) for the treatment of type 2

diabetes mellitus.8 Multi-national phase III clinical trials

conducted with linagliptin as a monotherapy, and in combi-

nation with metformin, glimepiride, pioglitazone, and/or

insulin, demonstrated the safety and efficacy of linagliptin

for the treatment of type 2 diabetes mellitus.8 Peak plasma

concentrations of linagliptin are reached in approximately

1.5–2 hours, with a long t1/2 (>100 h), after oral adminis-

tration of a single 5 mg dose in healthy subjects.8,10

Following oral administration, the majority (90%) of lina-

gliptin is excreted unchanged, via the enterohepatic system

or in urine. As such, the parent compound is pharmacolo-

gically active, and hepatic metabolism represents a minor

elimination pathway, with a small fraction of absorbed

parent drug metabolized to a pharmacologically inactive

metabolite.8,10

Hypertension and diabetes are modifiable risk factors

of cardiovascular disease and frequently coexist in the

same patients.11,12 Consequently, concomitant treatment

with ARBs and DPP-4 inhibitors is increasingly

common.13 The renoprotective effect of combined DPP-4

inhibitor and ARB treatment is superior to ARB treatment

alone in patients with type 2 diabetic nephropathy, as

evidenced by the higher proteinuria reduction and lower

eGFR decline.14 According to the report by Yang et al,

insulin secretion is increased by fimasartan treatment in

patients with type 2 diabetes and hypertension, compared

with amlodipine.15 These findings suggest that fimasartan

combined with linagliptin would be more beneficial in

such patients. However, to our knowledge, there are no

reports of studies on the interaction between fimasartan

and linagliptin. Therefore, we investigated whether there is

a potential pharmacokinetic interaction between fimasartan

and linagliptin.

Methods
Study Design and Subjects
This study was conducted at the Kyungpook National

University Hospital Clinical Trial Center (CTC), in accor-

dance with the Declaration of Helsinki and the Guidelines

for Good Clinical Practice. The study protocol was

approved by the Institutional Review Board of

Kyungpook National University Hospital (KNUH, Daegu,

Republic of Korea), and all subjects provided written

informed consent to participate in this study before entering

the study.

This study consisted of two parts: in Part A, an inves-

tigation of the effect of linagliptin on fimasartan was

performed and in Part B, an exploration of the effect of

fimasartan on linagliptin. Each part was designed as

a randomized, open-label, two-period, two treatment

study (administration of one drug in the absence or pre-

sence of the other drug). After screening, the subjects

enrolled in the trial were randomized into Part A or Part

B in the order of enrollment. In Part A of the study,

twenty-five subjects were enrolled, who were given

120 mg of oral fimasartan (Kanarb®; lot no. F017; expira-

tion date, November 2019; Boryung Pharmaceutical Co.

Ltd., Seoul, Republic of Korea) alone once daily for seven

days during the first period, followed by the concomitant

administration of fimasartan (120 mg) and 5 mg of lina-

gliptin (Tradjenta®; lot no. 661246A; expiration date,

August 2019; Boehringer Ingelheim Korea Ltd., Seoul,

Republic of Korea) once daily for seven days during

the second period. In Part B of the study, twelve subjects

received 5 mg of oral linagliptin alone once daily for seven

days during Period I, and linagliptin with 120 mg of

fimasartan once daily for seven days during Period II.

A schematic diagram of the study design is shown in

Figure 1.

In each part of the study, subjects visited the KNUH

CTC each morning on the first 6 days of the first period

(days 1–6) to receive the study drug administered orally

with 150 mL of water under supervision of the investiga-

tor. On day 6, participants were admitted to the study

center at 6 pm and were confined until 24 h after the last

dose. After an overnight fast of 10 h, subjects received the

last maintenance dose with 150 mL of water in the
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morning of day 7. After pharmacokinetic (PK) sampling

for 24 h after the last dose, subjects received the first dose

of the second period on day 8 and were discharged from

the KNUH CTC. Thereafter, the study subjects visited the

study center for 5 days (days 9–13) for drug administra-

tion. On day 13, subjects were admitted to the KNUH

CTC at 6 pm, disallowed food for at least 10 h, and held

until the completion of PK sampling. Participants received

the last maintenance dose of drug with 150 mL of water on

the morning of day 14, and serial blood samples collected

for 24 h until discharge. Subjects were required to abstain

from medication, either prescribed or over-the-counter,

vitamins or health supplements, any foods that may have

affected the metabolism of the study drugs, strenuous

physical exercise, smoking, and beverages containing

alcohol or caffeine during the study.

Eligible subjects were males between 19 and 50 years

old with body mass index of 18.5–27.0 kg/m2 and were

considered healthy as determined by medical history, phy-

sical examination, vital signs, 12-lead electrocardiogram

(ECG), and clinical laboratory tests (hematology, blood

chemistry, urinalysis, and serology) within 21 days prior

to study drug administration. Exclusion criteria included

the following: a medical history of clinically significant

hypersensitivity to study drug; any history or evidence of

clinically significant disease (hepatobiliary, renal, respira-

tory, gastrointestinal, hemato-oncology, endocrine, cardio-

vascular, central nervous system, psychiatric, and/or

musculoskeletal system); a systolic blood pressure ≥140
or <115 mmHg, or a diastolic blood pressure ≥90 or <70

mmHg; active liver disease or levels of alanine amino-

transferase, aspartate aminotransferase, or total bilirubin

>1.5 × the upper limit of normal; and creatinine clearance

<80 mL/min (calculated by the Cockcroft–Gault formula

using serum creatinine). Other circumstances for exclusion

were participation in any other study within three months

of the first administration of drug in this study (the com-

pletion date of the previous study was the day of the last

dose of any prior study drug); donation of whole blood

within two months or donation of any blood component

within one month of the first dose of drug in this study;

and/or abnormal diet that may affect the absorption,

Figure 1 (A and B) Study design.

Dovepress Kang et al

Drug Design, Development and Therapy 2020:14 submit your manuscript | www.dovepress.com

DovePress
2103

http://www.dovepress.com
http://www.dovepress.com


distribution, metabolism and excretion of drugs (eg, grape-

fruit juice ≥1 L/day within seven days prior to administra-

tion of study drug).

Determination of Fimasartan and

Linagliptin Plasma Concentrations
Serial blood samples for the determination of plasma con-

centrations were collected at the scheduled time points for

fimasartan: 0 (pre-dose), 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8,

12, and 24 h after dosing on days 7 and 14. Blood samples

were obtained for linagliptin pharmacokinetics at 0 (pre-

dose), 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10, 12, and

24 h after dosing on days 7 and 14. At each sampling

time point, five mL of blood was collected into a tube

containing sodium heparin and centrifuged at 4°C

(3500 rpm, 10 min) to obtain plasma. The plasma samples

(1.0 mL/tube) were transferred to two separate microcen-

trifuge tubes, and stored frozen at −70°C until analysis at

the Kyung Hee Drug Analysis Center of Kyung Hee

University (Seoul, Republic of Korea).

The plasma concentrations of fimasartan and linagliptin

were determined by a validated method using an Agilent

1200 series high-performance liquid chromatography

(HPLC) system (Agilent Technologies, Santa Clara, CA,

USA) coupled to an MDS SCIEX API-4000 triple quadru-

pole mass spectrometer (Applied Biosystems, Framingham,

MA, USA).

For fimasartan, chromatographic separations were per-

formed on a Luna C18 column (3.0 μm particle size,

2.0 mm i.d. x 50 mm; Phenomenex, Torrance, CA, USA)

at a flow rate of 250 μL/min. The mobile phase consisted

of a 20:80 (v/v) mixture of 0.05% formic acid in distilled

water and 0.05% formic acid in acetonitrile. Multiple

reaction monitoring (MRM) transitions were performed

at mass-to-charge ratios (m/z) of 502.252 → 207.100 and

526.354 → 207.100 for fimasartan and the internal stan-

dard (IS) BR-A-563, respectively. Frozen plasma samples

were thawed at room temperature, and vortexed for at least

10 sec or more. The IS (20 μL of BR-A-563 [1000 ng/

mL]) was added to a disposable borosilicate glass culture

tube containing a 50 μL aliquot of plasma, before the

addition of 50 μL of 1% formic acid and 1 mL of organic

solvent (ethyl acetate: hexane at a ratio of 8:2), and the

mixture vortexed for 10 min. After centrifugation of

the mixture at 3500 rpm for 10 min at 4°C, 800 μL of

the upper layer was transferred to a disposable borosilicate

glass culture tube, and dried with a stream of nitrogen gas

at 50°C. The residue was reconstituted with 1 mL of 90%

acetonitrile solution (distilled water: acetonitrile in the

ratio 1:9 [v/v]). After vortexing for 10 min, the tube was

centrifuged at 3500 rpm for 15 minutes at 4°C. A 3 μL

aliquot of the upper layer was injected into the HPLC-

coupled to tandem mass spectrometry (MS/MS) system for

analysis.

For linagliptin, chromatographic separations were per-

formed on a Halo C18 column (2.7 μm particle size, 2.1 mm

i.d. x 100 mm; Advanced Materials Technology, Inc.,

Wilmington, DE, USA) at a flow rate of 250 μL/min. The

mobile phase consisted of a 40:60 (v/v) mixture of 10 mM

ammonium formate and 100% acetonitrile. The MRM tran-

sitions were performed at m/z of 473.137 → 420.300 and

477.231 → 420.300 for linagliptin and the IS linagliptin-

13C-d3, respectively. Frozen plasma samples were thawed

at room temperature, and then vortexed for >10 sec. The IS

(20 μL of linagliptin-13C-d3 [30 ng/mL]) was then added to

the disposable borosilicate glass culture tube containing

a 200 μL aliquot of plasma, before adding 20 μL of 10%

ammonium hydroxide and 3 mL of organic solvent (ethyl

acetate: hexane in an 8:2 ratio), and vortexing for 10 min.

After centrifugation of the mixture at 3500 rpm for 10 min

at 4°C, 2400 μL of the upper layer was transferred to

a disposable borosilicate glass culture tube and dried with

a stream of nitrogen gas at 50°C. The residue was recon-

stituted with 200 μL of 50% acetonitrile solution, vortexed

for 10 min, centrifuged at 3500 rpm for 1 min at 4°C, and

transferred into an Axygen 2.0 mL microtube. After centri-

fugation of the mixture at 14,000 rpm for 10 min at 4°C,

120 μL of the upper layer was transferred to a clean vial.

A 10 μL aliquot of the upper layer was injected into the

HPLC-MS/MS system for analysis.

The calibration curves were linear (r > 0.998) over the

concentration ranges from 2 to 2000 ng/mL for fimasartan

and from 0.05 to 20 ng/mL for linagliptin. The overall

intra-day accuracy ranged from 86.8% to 109.9% for

fimasartan, and from 98.9% to 111.6% for linagliptin.

The overall inter-day accuracy ranged from 98.5% to

101.3% and 100.3% to 107.9% for fimasartan and lina-

gliptin, respectively. The intra-day precision (% coefficient

of variation, CV) ranged from 0.6% to 11.9% for fimasar-

tan and from 1.0% to 7.2% for linagliptin. The inter-day

precision (% CV) ranged from 1.4% to 12.9% and from

2.5% to 6.7% for fimasartan and linagliptin, respectively.

The lower limit of quantification was 2 ng/mL for fima-

sartan and 0.05g/mL for linagliptin.
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Pharmacokinetic Evaluations
Fimasartan and linagliptin PK analyses were performed

using non-compartmental methods with WinNonlin Pro

5.3 (Pharsight Corporation, Mountain View, CA, USA).

The area under the plasma concentration–time curve over

the dosing interval (τ) after repeated dose administration at

steady state (AUCτ,ss) was calculated using the linear

trapezoidal method. The maximum plasma concentration

of drug at steady state (Cmax,ss) and the time to reach

Cmax,ss (Tmax,ss) were taken directly from the observed

plasma concentrations over time. The apparent clearance

was calculated by dividing the dose by the AUCτ,ss.

Safety of Subjects
In all subjects who received at least one or more doses of

fimasartan and/or linagliptin, safety was assessed through-

out the study period by evaluating any undesirable signs,

symptoms, or medical conditions occurring on or after

administration of the first dose (treatment emergent

adverse event, TEAE). Subjects voluntarily reported any

subjective symptoms, and the investigators observed and

recorded any objective signs, including vital signs, physi-

cal examinations, and results from clinical laboratory tests

and from 12-lead electrocardiogram testing. All laboratory

tests were performed at an accredited laboratory

(Department of Laboratory Medicine, KNUH, Daegu,

Republic of Korea).

Statistical Analyses
The sample sizes necessary for Part A and Part B of the

trial were calculated based on the intra-subject coefficient

of variation of the PK exposure of fimasartan (24.2%) and

linagliptin (11.7%), respectively, from earlier PK

studies.2,16 In a two-way crossover design, 20 subjects

for Part A and 7 subjects for Part B were required to detect

a statistical difference of ≥20% in the log-transformed PK

parameters between the two different treatments, with

a geometric mean ratio (GMR) of 1.0, a significance

level of 0.05, and a statistical power of 80%. Therefore,

a total of 25 subjects for Part A and 12 subjects for Part

B were needed for enrollment, respectively, based on the

recorded attrition rate.

Demographic data, PK parameters, and safety data

were summarized using descriptive statistics. Results are

presented as mean ± standard deviation (SD), except for

Tmax,ss values, which are expressed as the median, mini-

mum and maximum values. Pharmacokinetic parameters

were compared between the two treatment groups (con-

comitant administration and individual administration)

using paired t-tests, or the Wilcoxon signed-rank test. To

determine the associated effect of concomitant administra-

tion of fimasartan and linagliptin on the steady-state phar-

macokinetics of each agent alone, the GMRs and 90%

confidence intervals (CIs) of log-transformed AUCτ,ss and

Cmax,ss of fimasartan and linagliptin for the two treatment

groups (concomitant administration/individual administra-

tion) in Part A or B were assessed using a linear mixed

effect model. All statistical analyses were performed using

SPSS for Windows software (ver. 18.0; SPSS Korea,

Seoul, Korea). A p-value below 0.05 was deemed to

indicate statistical significance.

Results
Subjects
In total, 37 healthy Korean male volunteers were enrolled

in this study after screening and randomly assigned to one

of two different groups (Part A, n = 25; Part B, n = 12).

The demographic characteristics of the enrolled subjects

are summarized in Table 1. In Part A, one subject with-

drew consent during Period I; therefore, 24 subjects com-

pleted the study. In Part B, two subjects who withdrew

consent before the initiation of Period I were replaced by

other subjects from the waiting list, leaving a total of

12 subjects in Part B. Accordingly, a total of 36 subjects

who completed the study were included in the PK ana-

lyses. All subjects receiving fimasartan and/or linagliptin

at least once (Part A, n = 25; Part B, n = 12) were included

in the safety assessment. The demographic characteristics

of the study subjects who completed the study are sum-

marized in Table 1.

Pharmacokinetic Properties
Effect of Linagliptin on the Pharmacokinetics of

Fimasartan

After 7-day repeated once-daily administration of fimasar-

tan alone, or the co-administration of fimasartan and lina-

gliptin, plasma fimasartan levels reached a peak at about

0.5 h (Figure 2A). The PK parameters of fimasartan with

and without linagliptin are presented in Table 2. The GMR

for Cmax,ss was 1.2633 (90% CI, 0.9175–1.7396), indicat-

ing that co-administration with linagliptin increased the

Cmax,ss of fimasartan by 1.26-fold (Table 3). The GMR for

AUCτ,ss was 1.1740 (90% CI, 1.0499–1.3126), indicating
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a similar increase in the fimasartan AUCτ,ss by 1.17-fold

when it was administered with linagliptin (Table 3).

Effect of Fimasartan on the Pharmacokinetics of

Linagliptin

After 7-day repeated once-daily administration of linaglip-

tin alone, or the co-administration of linagliptin and fima-

sartan, the linagliptin PK profiles did not significantly

differ when linagliptin was administered alone or when co-

administered with fimasartan, with the median Tmax,ss of

0.5 h (Figure 2B). The PK parameters of linagliptin with

and without fimasartan are presented in Table 2. The

GMRs for Cmax,ss and AUCτ,ss were 0.9804 (90% CI,

0.8480–1.1336) and 0.9950 (90% CI, 0.9322–1.0619),

respectively, indicating no significant differences in GMR

(linagliptin with fimasartan to linagliptin alone), as pre-

sented in Table 3.

Safety
All 37 subjects (Part A, n = 25; Part B, n = 12) who received

at least one dose of the study drugs were included in the

safety assessment. As presented in Table 4, a total of eight

TEAEs (five in Part A and three in Part B) were reported in

seven of the 37 subjects (Part A, n = 4 participants; Part B,

n = 3 participants) during our study. All AEs were thought to

be related to the medication. Most AEs were transient and

mild in intensity, with none considered serious. All AEs

spontaneously resolved without specific treatment.

Discussion
In the present study, we investigated the pharmacokinetic

interaction between fimasartan and linagliptin in healthy

male subjects. Peak plasma concentration and systemic

exposure of fimasartan and linagliptin at steady state

were compared between administration of the individual

drug and concomitant administration of both drugs after

7 days of repeated dosing. As recommended by the guide-

lines for clinical drug interaction studies, this study was

designed as parallel, two-arm studies instead of two-way

crossover studies, because linagliptin has a long (>100

hours) t1/2.
17 The doses used in this study were the max-

imum limit of the dosing regimens of the full prescribing

information for fimasartan (120 mg) and the daily recom-

mended dose for linagliptin (5 mg).2,8 Therefore, the study

design was more likely to identify any changes in PK

parameters resulting from drug–drug interactions.

Although the t1/2 of linagliptin is long and related to

the saturable binding of linagliptin to DPP-4, steady-state

plasma concentrations of linagliptin 5 mg are reached by

Table 1 Demographic Characteristics of the Subjects Who Completed the Study

Demographic Variables Overall (n=36) Part A (n=24) Part B (n=12) p value†

Age (years)

Mean ± SD 27.1 ± 4.7 26.7 ± 4.5 27.9 ± 5.1 0.3996*

Range (20–38) (21–37) (20–38)

Height (cm)

Mean ± SD 173.6 ± 5.2 173.4 ± 5.3 174.0 ± 5.0 0.7477**

Range (162.4–182.0) (162.4–181.5) (166.4–182.0)

Weight (kg)

Mean ± SD 70.3 ± 8.6 71.0 ± 9.1 68.9 ± 7.6 0.4851**

Range (55.8–88.6) (55.8–88.6) (59.2–82.1)

BMI

Mean ± SD 23.3 ± 2.3 23.6 ± 2.3 22.8 ± 2.2 0.3129**

Range (18.7–27.0) (18.7–27.0) (19.1–26.8)

Smoking (%) No 29 (80.6) 19 (79.2) 10 (83.3) 1.0000***

Yes 7 (19.4) 5 (20.8) 2 (16.7)

Drinking (%) No 21 (58.3) 13 (54.2) 8 (66.7) 0.7210***

Yes 15 (41.7) 11 (45.8) 4 (33.3)

Notes: Data are presented as mean ± standard deviation (range) for age, height, weight, and BMI, and number of subjects (%) for smoking and drinking. †Compared between

two groups by Mann–Whitney U-test*, independent t-test** and Fisher’s exact test***. Part A = fimasartan (120 mg) alone for 7 days followed by the concomitant

administration of fimasartan (120 mg) and linagliptin (5 mg) for 7 days; Part B = linagliptin (5 mg) alone for 7 days followed by the concomitant administration of linagliptin

(5 mg) and fimasartan (120 mg) for 7 days.
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the third dose after once-daily dosing.8 Accordingly, the

dosing period of 7 days for linagliptin in this study was

appropriate for providing the steady-state PK. There was

no statistically significant difference in Ctrough values

between administration of the individual drug and conco-

mitant administration of both drugs, supporting that

steady-state plasma concentrations of linagliptin are

reached in this study (Table 2).

Figure 2 Mean plasma concentration–time profiles in healthy subjects (A) for fimasartan after 7-day multiple oral administrations of fimasartan (120 mg) alone or

coadministration of fimasartan (120 mg) and linagliptin (5 mg), (B) for linagliptin after 7-day multiple oral administrations of linagliptin (5 mg) alone of coadministration of

linagliptin (5 mg) and fimasartan (120 mg).
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For fimasartan, the mean AUCτ,ss and Cmax,ss values

from our study (723.9 ng∙h/mL and 243.2 ng/mL, respec-

tively) were comparable to those of previous reports (746.-

5–813.5 ng∙h/mL, and 241.1–258.0 ng/mL, respectively)

following multiple oral doses of 120 mg fimasartan for

seven days.3,18 The intra-subject variability (% CV) values

of fimasartan obtained in this study (22.8% for AUCτ,ss and

56.7% for Cmax,ss) were analogous to earlier findings from

the literature.3,18 The respective GMRs (90% CIs) for

AUCτ,ss and Cmax,ss of fimasartan with or without linagliptin

in this study indicated that AUCτ,ss and Cmax,ss of fimasartan

increased by 17% and 26%, respectively, in the presence of

linagliptin. The systemic clearance (CLss/F) of fimasartan

was significantly decreased (p = 0.0205) after co-

administration of fimasartan and linagliptin.

For linagliptin, the mean AUCτ,ss and Cmax,ss values from

our study (90.6 ng∙h/mL and 7.5 ng/mL, respectively) follow-

ing multiple oral doses of 5 mg linagliptin for seven days were

comparable to those of previous reports (73.2–96.0 ng∙h/mL,

and 5.4–6.7, respectively).16,19 The 90% CIs of the GMRs for

AUCτ,ss and Cmax,ss from our study (0.9322–1.0619 and

0.8480–1.1336, respectively) fell within the range of 0.8–1.25,

indicating that fimasartan administered concomitantly did not

influence the rate and extent of linagliptin absorption at steady

state. The CLss/F of linagliptin was not changed (p = 0.8104).

According to several in-vitro and in-vivo studies, only

minimal amounts of fimasartan are metabolized by

CYP3A4, and fimasartan is transported by organic anion

transporter 1 (OAT1) in the kidneys, and by organic anion-

transporting polypeptide (OATP) 1B1, OATP2B1, and

OATP1B3 in the hepatobiliary system.7,20,21 Jeong et al

(2015) reported that fimasartan glucuronide is a substrate

for P-glycoprotein (Pgp) and breast cancer resistance pro-

tein (BCRP).6 In vivo studies indicated that linagliptin

showed the potential to cause drug–drug interactions

with substrates of CYP3A4, CYP2C9, CYP2C8, Pgp,

and organic cationic transporter (OCT).8 The plausible

explanation for the increased AUCτ,ss and Cmax,ss of fima-

sartan in the presence of linagliptin in our study is that

when fimasartan and linagliptin are administered conco-

mitantly, linagliptin might competitively inhibit CYP3A4-

mediated metabolism of fimasartan, and Pgp-mediated

efflux of the glucuronide conjugate of fimasartan, resulting

in significantly decreased CLss/F of fimasartan. According

Table 2 Steady-State Pharmacokinetic Parameters Following Administration of Fimasartan (120 mg) and Linagliptin (5 mg) as

Concomitant Administration versus Individual Administration Under Fasted Conditions in Healthy Male Subjects

Pharmacokinetic Parameters Fimasartan Fimasartan + linagliptin p-value†

Fimasartan (n =24) AUCτ,ss (ng∙h/mL) 723.88 ± 235.87 839.76 ± 249.18 0.0497**

Cmax, ss (ng/mL) 243.20 ± 197.16 291.82 ± 217.98 0.3676*

Ctrough, ss (ng/mL) 2.88 ± 1.64 3.01 ± 1.84 0.530**

Tmax, ss (h)
† 0.5 (0.5–6.0) 0.5 (0.5–6.0) 0.6735**

CLss/F (L/h) 186.10 ± 70.20 156.10 ± 49.65 0.0205**

Linagliptin Linagliptin + fimasartan

Linagliptin (n = 12) AUCτ,ss (ng∙h/mL) 90.55 ± 15.61 90.53 ± 18.52 0.9947*

Cmax, ss (ng/mL) 7.51 ± 2.60 7.29 ± 2.31 0.7377*

Ctrough, ss (ng/mL) 2.54 ± 0.41 2.53 ± 0.52 0.925*

Tmax, ss (h)
† 0.5 (1.0–6.0) 0.5 (1.0–4.0) 0.8957*

CLss/F (L/h) 56.72 ± 9.66 57.24 ± 10.93 0.8104*

Notes: Data are presented as mean ± SD except for Tmax, ss values as median (range)†. †p value <0.05, compared between the two groups by paired t-test* and Wilcoxon

signed-rank test**.

Abbreviations: AUCτ,ss, area under the concentration–time curve over a dosing interval τ at steady state; Cmax, ss, maximum plasma concentration at steady-state; Ctrough, ss,

trough plasma concentration at steady state; Tmax, ss, time from last dosing to maximum plasma concentration at steady-state; CLss/F, apparent clearance at steady state.

Table 3 Geometric Mean Ratio (90% CIs) for the Log-Transformed

AUC τ,ss and Cmax, ss Following Administration of Fimasartan

(120 mg) and Linagliptin (5 mg) as Concomitant Administration

versus Individual Administration in Healthy Male Subjects

Geometric Mean Ratio (90% CI)

Fimasartan (n = 24,

Part A)

Linagliptin (n = 12,

Part B)

AUC τ,ss

(ng∙h/mL)

1.1740 (1.0499–1.3126) 0.9950 (0.9322–1.0619)

Cmax, ss (ng/

mL)

1.2633 (0.9175–1.7396) 0.9804 (0.8480–1.1336)

Abbreviations: AUCτ,ss, area under the concentration–time curve over a dosing

interval τ at steady state; Cmax, ss, maximum plasma concentration at steady state.
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to the review by the Mudra et al, bioavailability and

clearance of the substrate drugs of both CYPs and Pgp

can be affected by CYP3A4/Pgp interplay in a non-linear

manner.22 Accordingly, the extent to which clearance or

bioavailability can be affected by CYP/Pgp interplay

would be more difficult to be assessed, compared to Pgp

substrate drugs without CYP metabolism.23

For the unchanged CLss/F of linagliptin, the renal

excretion of linagliptin mediated by Pgp may increase to

compensate for the competitive inhibition of the CYP3A4-

mediated metabolism by fimasartan. Further studies are

needed to investigate the exact mechanisms of the phar-

macokinetic interaction between these two drugs.

According to the investigator’s brochure, in a study to

evaluate the antihypertensive efficacy and safety of fima-

sartan at 20, 60, 120, and 240 mg doses following oral

administration for 8 weeks in patients with mild to moderate

essential hypertension, the BP-lowering effect by 240 mg

fimasartan was similar to those seen in 60 and 120 mg

doses, respectively.2 Furthermore, there were no statisti-

cally significant differences in the proportions of subjects

with AE among the dose groups. Accordingly, in spite of the

increased GMRs in AUCτ,ss and Cmax,ss of fimasartan in the

presence of linagliptin, it is unlikely that there are clinically

significant pharmacokinetic interactions between fimasar-

tan and linagliptin when co-administered.

Multiple doses of fimasartan and linagliptin, whether

administered individually or concomitantly, were well

tolerated by all subjects enrolled in this study, and coad-

ministration of fimasartan and linagliptin did not affect the

safety results in both parts (Part A, p=0.6092; Part B,

p=0.6092).

This study was conducted in a relatively small size of

healthy male Korean subjects, which limits its application.

To generalize the result clinically, studies should be eval-

uated in hypertensive patients with type 2 diabetes melli-

tus. Considering the short dosing period of 7 days in

healthy subjects, the interaction effects noted in our

study should be interpreted with caution.

Conclusions
To our knowledge, this study is the first to investigate the

pharmacokinetic interaction between fimasartan and lina-

gliptin. There are no clinically significant pharmacokinetic

interactions between fimasartan and linagliptin when co-

administered. Multiple doses of 120 mg fimasartan or

5 mg linagliptin, administered alone and in combination,

were well tolerated by healthy male Korean subjects.

Abbreviations
BP, blood pressure; tmax, time to peak concentration; t1/2,

terminal half-life; DPP-4, dipeptidyl-peptidase-4; CTC,

clinical trial center; KNUH, Kyungpook National

University Hospital; PK, pharmacokinetic; ECG, electro-

cardiogram; HPLC, high-performance liquid chromatogra-

phy; MS/MS, tandem mass spectrometry; MRM, multiple

Table 4 Adverse Events That Were Reported at Least Twice Following Multiple Oral Administration of 120 mg of Fimasartan and/or

5 mg of Linagliptin in Healthy Subjects

Adverse Event by SOC and

Preferred Term

Part A Part B

Fimasartan

(n = 25)

Fimasartan + Linagliptin

(n = 25)

Linagliptin

(n = 12)

Linagliptin + Fimasartan

(n = 12)

Number of subjects with ≥ 1 AE (number

of events)

1 (1) 3 (4) 1 (1) 2 (2)

Investigations

CPK increased 1 (1)

Bilirubin total increased 1 (1)

Triglyceride increased 1 (1)

Urinary protein present 1 (1)

Respiratory disorders

Upper respiratory infection 1 (1)

Gastrointestinal disorders

Diarrhea 1 (1)

Dyspepsia 1 (1) 1 (1)
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reaction monitoring; IS, internal standard; CV, coefficient

of variation; AUCτ,ss, area under the concentration–time

curve over a dosing interval τ at steady state; Cmax, ss,

maximum plasma concentration at steady-state; Ctrough, ss,

trough plasma concentration at steady state; Tmax, ss, time

from last dosing to maximum plasma concentration at

steady-state; CLss/F, apparent clearance at steady state;

TEAE, treatment emergent adverse event; GMR, geometric

mean ratio; SD, standard deviation; CI, confidence interval;

OAT1, organic anion transporter 1; OATP, organic anion-

transporting polypeptide; Pgp, P-glycoprotein; OCT1,

organic cation transporter 1.
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