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Abstract The aim of this study was to investigate whe-

ther multiple doses of the oral and highly selective dipep-

tidyl peptidase-4 inhibitor linagliptin affect the steady-state

pharmacokinetics of the P-glycoprotein substrate digoxin.

This single-center, open-label, two-period cross-over study

involved healthy subjects (n = 20), randomized to treat-

ment sequence AB or BA, where A comprised 0.25 mg

digoxin qd for 5 days, then 0.25 mg digoxin qd plus 5 mg

linagliptin qd for 6 days, and B comprised 0.25 mg digoxin

qd for 11 days. A treatment-free period (C35 days for AB

and 14 days for BA) separated each treatment in both

sequences. There were no clinically significant changes in

steady-state pharmacokinetic parameters of digoxin when

it was co-administered with linagliptin. The ratio of the

adjusted-by-treatment geometric mean ratios and associ-

ated 90% confidence intervals for the AUCs,ss, Cmax,ss and

renal clearance (CLR,0–24,ss) of digoxin were all within the

bioequivalence range 80–125%, which is important as

digoxin has a narrow therapeutic range. There was a low

incidence of adverse events, which were randomly dis-

tributed between treatment groups. In conclusion, linag-

liptin did not alter the pharmacokinetics of digoxin in this

study, indicating that linagliptin does not inhibit P-glyco-

protein or other transporters relevant for digoxin pharma-

cokinetics. These results suggest that linagliptin and

digoxin can be co-administered without dose adjustment.

Administration of digoxin alone and with linagliptin was

well tolerated.
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1 Introduction

Linagliptin is a highly selective orally available dipeptidyl

peptidase 4 (DPP-4) inhibitor with a long terminal half-life

and high volume of distribution that leads to a potent and

long-lasting DPP-4 inhibitory effect in vivo (Eckhardt et al.

2007). The pharmacokinetics of linagliptin are non-linear as

a result of the high affinity binding to the target DPP-4 in

plasma and tissues. Results from dose-ranging studies

indicate that the therapeutic window is likely to be [100-

fold from the proposed therapeutic dose of 5 mg (Deacon

and Holst 2010). The safety and efficacy of linagliptin has

been demonstrated in healthy volunteers (Hüttner et al.

2008; Graefe-Mody et al. 2009, 2010a) and in patients with

diabetes (Graefe-Mody et al. 2010b; Heise et al. 2009; Forst

et al. 2010; Lewin et al. 2010; Barnett et al. 2010; Gomis

et al. 2010; Del Prato et al. 2011; Taskinen et al. 2011;

Owens et al. 2010). Initial results from an ongoing program

of Phase III studies show that linagliptin 5 mg once daily

significantly reduces blood glucose when administered as

monotherapy or in combination with other commonly pre-

scribed oral anti-diabetic drugs in type 2 diabetes patients

(Gomis et al. 2010; Del Prato et al. 2011; Taskinen et al.

2011; Owens et al. 2010; Kawamori et al. 2010a, b).

Modification of P-glycoprotein function is an important

underlying mechanism of drug interactions in humans

(Fromm 2000). Inhibitors of P-glycoprotein can increase
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plasma drug concentrations by enhancing intestinal

absorption and/or by reducing drug clearance in the bile or

urine. Conversely, drugs that induce P-glycoprotein can

reduce plasma concentrations by limiting drug absorption

from the gastrointestinal tract and/or by increasing the

elimination in the bile or urine (Horn and Hansten 2004).

Digoxin is well-characterized as a substrate for P-glyco-

protein and can be used as a test substance to deter-

mine whether other drugs affect P-glycoprotein activity

(Balimane and Chong 2005). In vitro studies have indicated

that linagliptin is a P-glycoprotein inhibitor with a low

inhibitory potential based on IC50 values (linagliptin-

inhibited digoxin transport in the Caco-2 cell monolayer

model with a calculated IC50 value of 55 lM; unpublished

observations).

The narrow recommended therapeutic range for digoxin

(0.5–0.8 ng/mL) reflects the significant increase in risk

of toxicity that occurs at higher serum concentrations

(Rathore et al. 2003). Toxicity is common, occurring in up

to 35% of patients receiving digoxin (Hayward 1987). It is

therefore important to establish whether new drugs that

may be co-administered with digoxin, such as linagliptin,

alter the exposure of digoxin and, if so, to determine

whether dose adjustment or contraindication is appropriate.

The objective of the present study was to investigate the

effects of multiple doses of linagliptin on the steady-state

pharmacokinetics, safety and tolerability of digoxin.

No clinically relevant effects on other drugs are

described for digoxin and it undergoes mainly renal elim-

ination (Aspen Europe GmbH 2010). Therefore, this drug

would not be expected to alter the absorption, clearance or

exposure for linagliptin, which has a predominantly non-

renal route of excretion following oral dosing (Blech et al.

2010; Graefe-Mody et al. 2010b). Consequently, while we

also report here the steady-state pharmacokinetic profile of

linagliptin when co-administered with digoxin, a detailed

evaluation of the effect of digoxin on linagliptin pharma-

cokinetics using a treatment arm where subjects receive

linagliptin only did not form part of the present study.

2 Methods

2.1 Subjects

The study enrolled 20 healthy male and female volunteers

aged C18 to B50 years. Subjects were excluded if they had

any relevant renal, hepatic, cardiovascular, gastrointestinal,

neurologic, metabolic or hormonal disorders; if they had

donated blood, participated in another clinical trial or taken

any prescription or non-prescription drugs with a long

([24 h) half-life within at least 1 month (or 10 half-lives of

the respective drug, whichever was longer) prior to study

drug administration or during the study; if they had an

alcohol or drug abuse problem; if they smoked more than

10 cigarettes, 3 cigars or 3 pipes per day; or if they could

not refrain from smoking for the duration of the trial.

Female subjects of child-bearing age were excluded unless

they and their male partners were willing and able to use

appropriate contraception.

Every subject gave written informed consent. The pro-

tocol was reviewed and approved by the local ethics

committee ‘Ethik-Kommission der Landesärztekammer

Baden-Württemberg’ and by the German Competent

Authority (BfArM). The study was conducted in compli-

ance with the guidelines on good clinical practice and with

ethical standards for human experimentation established by

the Declaration of Helsinki (1996 version) and in accor-

dance with applicable regulatory requirements. This trial

is registered in the European Union Drug Regulating

Authorities Clinical Trials database, registration number

2007-007073-23.

2.2 Study design

This was a randomized, open-label, two-period cross-over

study in healthy male and female subjects with linagliptin

(Boehringer Ingelheim Pharma GmbH; 5 mg tablet), and

digoxin (Teofarma Srl; 0.25 mg tablet). Two treatments

were investigated: 0.25 mg digoxin qd for 5 days, followed

by 0.25 mg digoxin qd plus 5 mg linagliptin qd for a fur-

ther 6 days (Treatment A) and 0.25 mg digoxin qd for

11 days (Treatment B). Subjects were randomized in a 1:1

ratio to receive treatment sequence: A–B (4 male and 6

female subjects) or B–A (5 male and 5 female subjects).

Due to the long terminal half-life of linagliptin, a wash-out

period of C35 days was used to separate each treatment in

the AB sequence, and a wash-out period of at least 14 days

was used to separate each treatment in the BA sequence

(actual wash-out was 39 days for both treatments). A

schematic diagram of the study design is shown in Fig. 1.

Following an overnight fast, study medication was

administered with approximately 240 mL of water to

subjects in the standing position between 0700 and 0800 h

to ensure a dose interval of 24 h. Subjects were not allowed

to lie down for 1 h following drug administration, and

remained under close medical surveillance on site until

24 h after final drug administration in Treatment A and B.

Medical examinations were performed at screening (within

21 days before administration of any study medication)

and at the follow-up visit (within 14 days after the last

pharmacokinetic blood drawing).

Water was allowed ad libitum except for 1 h before and

after drug administration. Standardized meals were served

at 2, 4.25, 10.5 and 13 h following drug administration on

in-house days.
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2.3 Blood and urine sampling

For pharmacokinetic profiling of linagliptin, blood samples

were collected into ethylenediaminetetraacetic acid

(EDTA) tubes at the following time points during Treat-

ment A: 30 min, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10 and 12 h post-

dose on Day 11, prior to drug administration in the morning

on Days 1, 9–11 and in the morning on Days 12–17

(following last drug administration on Day 11). For phar-

macokinetic profiling of digoxin, blood samples were

collected into heparinized tubes at the following time

points during Treatment A (digoxin plus linagliptin) and B

(digoxin alone): 30 min, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10 and

12 h post-dose on Day 11, and prior to administration of

digoxin in the morning on Days 1, 8–11 and in the morning

on Days 12–17 (following last drug administration on Day

11). Blood samples were stored on ice and centrifuged

within 30 min of collection at 2,000–4,0009g for 10 min

at ?4�C. Plasma was collected in two aliquots (each con-

taining at least 1.0 mL plasma) and frozen immediately at

or below -20�C.

For digoxin, a blank urine sample was collected 15 min

before first administration on Day 1 and two 4 mL aliquots

were retained to check for analytical interference. All urine

voided during the following sampling intervals after drug

administration on Day 11 (treatment A and B) was col-

lected: 0–2, 2–4, 4–8, 8–12, 12–24, 24–48, 48–72, 72–96

and 120–144 h. The urine weight (weight was set equal to

volume, i.e. 1 kg = 1 L, without correction for specific

gravity of urine) for each collection interval was docu-

mented. Aliquots of urine were retained for measurement

of digoxin concentrations on Days 11–17 of regimens A

and B. Urine samples were stored at or below -18�C until

analysis.

2.4 Bioanalytical methods

Plasma concentrations of linagliptin were determined using

ultra high performance liquid chromatography coupled to

tandem mass spectrometry (UHPLC–MS/MS) as described

previously (Graefe-Mody et al. 2009). Back-calculation of

calibration standard, tabulation of the standard curve fit

function parameters and measurement of quality control

samples assessed assay performance. No interference of

endogenous compounds was observed in the blank plasma

of humans. The calibration curve of undiluted plasma

samples was linear over the range of concentrations from

0.1 to 20.0 nmol/L using a plasma volume of 150 lL. In-

study assay for linagliptin validation at nominal concen-

trations of 0.25–30.0 nmol/L yielded an assay imprecision

of 2.0–4.6%, and an assay inaccuracy of 0.7–4.0%.

Plasma and urine concentrations of digoxin were

determined using HPLC-MS/MS. Back-calculation of cal-

ibration standards, tabulation of the standard curve fit

function parameters and measurements of quality control

(QC) samples were performed. No interference of endog-

enous compounds was observed in the blank plasma of

humans. The calibration curve of undiluted plasma sam-

ples was linear over the range of concentrations from

0.2–20.0 ng/mL using a sample volume of 500 lL.

In-study assay validation at nominal digoxin concentra-

tions of 0.5–16.0 ng/mL in plasma yielded an assay

imprecision of 2.7–3.9%, and an assay inaccuracy of

1.25–4.5%. The calibration curve of undiluted urine sam-

ples was linear over the range of concentrations from

1–100 ng/mL using a sample volume of 500 lL. In-study

assay validation at nominal digoxin concentrations of

3–80 ng/mL in urine yielded an assay imprecision of

2.1–4.4%, and an assay inaccuracy of -4.0 to -7.0%.

2.5 Pharmacokinetic analysis

Pharmacokinetic analyses were carried out by non-com-

partmental analysis of the plasma concentration–time data

using the WinNonlinTM software program (Pharsight Cor-

poration, Mountain View, CA, USA). Steady-state maxi-

mum concentration (Cmax,ss) and time to maximum

concentration (tmax,ss) values were obtained by inspection

of the plasma concentration data. Actual sampling times

were used for the pharmacokinetic analysis. Area under the

plasma concentration–time curve (AUC) was calculated

using the linear trapezoidal method for ascending concen-

trations and the log trapezoidal method for descending

concentrations. Area under the concentration–time curve in

Randomisation

Treatment A:
Day 1–5: 0.25 mg 

digoxin qd
Day 6–11: 0.25 mg 

digoxin + 5 mg 
linagliptin qd

Treatment B:
Day 1–11: 0.25 mg 

digoxin qd

Drug elimination  
period

At least 35 days

Treatment A:
Day 1–5: 0.25 mg 

digoxin qd
Day 6–11: 0.25 mg 

digoxin + 5 mg 
linagliptin qd

Treatment B:
Day 1–11: 0.25 mg 

digoxin qd

Drug elimination  
period

At least 14 days

Fig. 1 Schematic diagram of

trial design and dosing schedule
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plasma at steady-state over a uniform dosing interval s
(AUCs,ss) was calculated using the extra- or interpolated

concentration at time point s (24 h).

For digoxin, steady-state renal clearance (CLR;t1�t2;ss)

was determined as the quotient of the quantity of the drug

that was excreted unchanged in the urine from time t1 to

time t2 and the AUC within the same time interval; the

apparent clearance of the drug in plasma following extra-

vascular administration at steady-state (CL/Fss); the

amount of analyte eliminated from urine over the time

interval t1–t2 at steady-state (Aet1�t2;ss); the apparent vol-

ume of distribution during the terminal phase kz following

an extravascular dose at steady-state (Vz/F,ss); and the

terminal half-life of the analyte in plasma at steady-state

(t1/2,ss) were also determined.

2.6 Safety methods

Physical examinations, vital signs, 12-lead ECGs and

safety laboratory measurements comprising hematology,

clinical chemistry and urinalysis were performed prior to

the first treatment visit, at various time points post-dosing,

and at the end-of-study examination. Adverse events (AEs)

were monitored throughout the study. The investigator

evaluated all clinical AEs in terms of intensity (mild,

moderate or severe), duration, severity, outcome and rela-

tionship to study drugs. Safety data were described in their

entirety and evaluated by descriptive statistical methods;

all subjects who received one dose of study drug were

included in the safety evaluation.

2.7 Statistical methods

The inferential analysis involved log transforming (natural

logarithm) the primary pharmacokinetic endpoints AUCs,ss,

Cmax,ss and CLR,0–24,ss prior to fitting an analysis of vari-

ance (ANOVA). The difference between the expected

means for log(T)-log(R) were estimated by the difference

in the corresponding least square means (point estimate),

where T was the pharmacokinetic parameter following co-

administration and R was the parameter during digoxin

administration alone. Two-sided 90% confidence intervals

(CIs) based on the t-distribution were computed, then back-

transformed to the original scale to give the point estimator

(geometric mean) and interval estimates for the median

intra-subject ratio between response under T and response

under R. Descriptive statistics for all other pharmacokinetic

parameters were calculated.

Based on experience in similar studies (Sechaud et al.

2008; Schwartz et al. 2008), a sample size of 16 evaluable

subjects was considered adequate, and therefore the

enrolment of 20 subjects was planned in order to allow for

potential drop-outs.

3 Results

3.1 Subject characteristics

Twenty Caucasian subjects (9 male and 11 female) with

age ranging from 23 to 49 years gave written informed

consent and were entered in the study. All subjects com-

pleted the treatment and study procedures as outlined in the

study protocol. Mean (standard deviation) height of the

study population was 171.8 (8.0) cm, weight was 74.8 (9.7)

kg and body mass index was 25.4 (3.2) kg/m2. No relevant

medical history or baseline condition was recorded for any

subject.

3.2 Effects of linagliptin on the pharmacokinetics

of digoxin

The primary objective of the study was to determine if the

pharmacokinetics of digoxin were affected by the co-

administration of linagliptin. As shown in Fig. 2, digoxin

reached a steady-state on day 8 of both treatments. Steady-

state plasma concentrations increased rapidly after drug

administration in both treatments, reaching a maximum

concentration after approximately 1 h. Following maxi-

mum concentration, bi-exponential elimination profiles of

digoxin were seen, with a rapid disposition phase until

approximately 6 h after drug administration followed by a

slower disposition phase for both treatments.

The non-compartmental pharmacokinetic parameters of

digoxin at steady-state are shown in Table 1, and the

geometric mean ratios (GMRs) and 90% CIs are shown in

Table 2. These results show that the GMR between the two

treatment periods and the corresponding 90% CIs were

within the bioequivalence acceptance range 80–125%.

The Cmax,ss and AUCs,ss values were comparable for

digoxin administered alone or in combination with
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Fig. 2 Arithmetic mean (±SD) drug plasma concentration–time

profiles of digoxin per treatment after multiple oral administration

of 0.25 mg digoxin, given alone (filled circles) or in combination with

5 mg linagliptin (open squares) (semi-log scale)
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linagliptin. The Cmax,ss decreased slightly from 1.76 ng/mL

when digoxin was given alone to 1.66 ng/mL when

linagliptin was co-administered. The adjusted-by-treatment

GMR between digoxin alone and digoxin with linagliptin

was 94.2% (90% CI 86.6; 102.5%) and the difference was

not statistically significant. In addition, there was a mini-

mal increase in the AUCs,ss value from 15.4 ng h/mL for

digoxin alone to 15.6 ng h/mL when co-administered with

linagliptin. The adjusted GMR between digoxin alone and

digoxin with linagliptin was 101.5% (90% CI 96.9;

106.4%); this was also not statistically significant. Renal

clearance in the dosing interval (CLR,0–24,ss) was

130 mL/min for both digoxin administered alone and for

digoxin co-administered with linagliptin. The adjusted

GMR between digoxin alone and for digoxin with linag-

liptin was 99.5% (90% CI 91.4; 108.4%). These results

indicate that co-administration of linagliptin with digoxin

has no meaningful effect on the pharmacokinetics of

digoxin at steady-state.

3.3 Linagliptin pharmacokinetics

This study also examined the pharmacokinetics of linag-

liptin following co-administration with digoxin. Adequate

exposure of linagliptin was achieved following multiple

administration of a 5 mg dose in this study, consistent with

findings in previous studies (Graefe-Mody et al. 2009;

Heise et al. 2009).

3.4 Safety results

Digoxin was well tolerated, both when given alone or in

combination with linagliptin. In total, 17/20 subjects (85%)

reported AEs. During Treatment A, 9/20 subjects reported

an AE following digoxin administration, and 13/20 sub-

jects reported an AE during co-administration of linagliptin

and digoxin. During Treatment B (digoxin alone), 14/20

subjects reported an AE.

The most common class of AE during the study was

headache (22 cases during digoxin treatment alone and 7

cases during co-administration of linagliptin and digoxin).

There were eight cases of nausea (4 cases during digoxin

alone, 4 cases during co-administration) and four cases of

fatigue (3 cases during digoxin alone, 1 case during co-

administration). All AEs were of mild or moderate inten-

sity with the exception of one severe headache (Treatment

B group; digoxin alone). This was judged to be drug-

related, but the subject did not require therapy and recov-

ered. Indeed, all AEs resolved completely and there were

no discontinuations due to AEs. There were no episodes of

hypoglycemia and all clinical laboratory values were stable

and within the normal range.

There were no differences between treatment with

digoxin alone and treatment with linagliptin and digoxin

with regard to the distribution of AE intensities or the

distribution of the most frequently occurring AEs. Overall,

Table 1 Geometric mean (%gCV) non-compartmental pharmacoki-

netic parameters of digoxin at steady-state after multiple oral

administration of 0.25 mg digoxin once daily alone and in combi-

nation with 5 mg linagliptin once daily

Digoxin ? Linagliptin

(n = 20)

Digoxin (n = 20)

gMean (gCV) gMean (gCV)

AUCs,ss (ng h/mL) 15.6 (23.4) 15.4 (28.1)

Cmax,ss (ng/mL) 1.66 (22.8) 1.76 (28.8)

tmax,ss (h)a 1.00 (0.500–2.00) 1.00 (0.500–1.50)

CL/Fss (mL/min) 267 (23.4) 271 (28.1)

Vz/F,ss (L) 1,180 (55.0) 1,170 (52.1)

t1/2 (h) 50.9 (45.7) 49.7 (28.6)

Ae0–24,ss (lg) 122 (10.5) 120 (20.0)

CLR,0–24,ss (mL/min) 130 (20.6) 130 (20.1)

AUCs,ss area under the concentration–time curve of the analyte in

plasma over the dosing interval at steady-state, Cmax,ss maximum

measured concentration of the analyte in plasma at steady-state, tmax,ss

time from (last) dosing to the maximum measured concentration of

the analyte in plasma at steady-state, CL/Fss apparent clearance of the

analyte in plasma following extravascular administration at steady-

state, Vz/F,ss apparent volume of distribution during the terminal

phase kz following an extravascular dose at steady-state, t1/2,ss ter-

minal half-life of the analyte in plasma at steady-state, Ae0–24,ss

amount of analyte that is eliminated in urine from the time point

0–24 h under steady-state conditions, CLR,0–24,ss renal clearance of

the analyte at steady-state determined within the time interval 0–24 h,

gCV geometric coefficient of variation
a Median and range are given

Table 2 Adjusted-by-treatment geometric means and relative bioavailability of digoxin

Parameter Test (n = 20) Reference

(n = 20)

Adjusted gMean ratio

(test/reference) (%)

Two-sided 90% confidence interval Intra-individual

gCV (%)
Lower limit (%) Upper limit (%)

Digoxin

AUCs,ss (ng h/mL) Linagliptin ? Digoxin Digoxin 101.51 96.89 106.36 8.5

Cmax,ss (ng/mL) Linagliptin ? Digoxin Digoxin 94.21 86.62 102.46 15.4

CLR,0–24,ss (mL/min) Linagliptin ? Digoxin Digoxin 99.53 91.42 108.35 15.6
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administration of digoxin alone or in combination with

linagliptin was safe and well tolerated.

4 Discussion

Cardiovascular disease is the leading cause of death for

patients with diabetes (Haffner et al. 1998) and digoxin is

widely used to treat chronic cardiac failure and cardiac

arrhythmias. Consequently, linagliptin may be used in

patients who are also receiving digoxin. Previous in vitro

studies indicated that linagliptin inhibits P-glycoprotein

with low potency. Therefore, the present study evaluated

the effect of linagliptin on the steady-state pharmacoki-

netics of digoxin, which serves as both a marker of

P-glycoprotein activity and as a likely co-medication for

linagliptin.

In adults with normal renal function, a starting dose for

digoxin of 0.125–0.25 mg/day may be appropriate to reach

the currently recommended therapeutic concentration

range 0.5–0.8 ng/mL (an individual’s dosage will reflect

age, lean body weight and renal function) (Rathore et al.

2003; Aspen Europe GmbH 2010). The digoxin dose

selected for this drug interaction study (0.25 mg qd) was in

agreement with regulatory guidance for drug interaction

studies, which advocate evaluation of the highest dose

likely to be clinically used (FDA 2006). The linagliptin

5 mg qd dose studied here is the expected therapeutic dose

(Hüttner et al. 2008; Graefe-Mody et al. 2010b). A multi-

ple-dose design was chosen to investigate the pharmaco-

kinetics of digoxin under steady-state conditions of both

drugs, as this best reflects the chronic administration for

both drugs in a clinical situation.

The results of this study show that once-daily co-

administration of linagliptin 5 mg with digoxin 0.25 mg

has no significant effect on the steady-state pharmacoki-

netics of digoxin drugs in healthy male and female sub-

jects. The ratio of the adjusted-by-treatment GMRs and

associated 90% CIs for the AUCs,ss, Cmax,ss and renal

clearance (CLR,0–24,ss) of digoxin were all contained within

the bioequivalence range 80–125% and GMRs were near

unity, indicating the lack of drug-drug interaction. The lack

of an effect on renal clearance is important for digoxin as

the predominant mechanism in the excretion of this drug is

glomerular filtration in the kidneys (Aspen Europe GmbH

2010).

Many drugs are known to alter digoxin pharmacoki-

netics via their effects as P-glycoprotein inhibitors or

inducers (Horn and Hansten 2004). Inhibition of P-glyco-

protein results in greater digoxin exposure due to increased

absorption and/or decreased urinary excretion (Horn and

Hansten 2004). Although linagliptin was previously found

to be a low potency inhibitor of P-glycoprotein in vitro, the

lack of effect of linagliptin on digoxin Cmax,ss, AUCs,ss and

renal clearance of digoxin suggests that linagliptin does not

affect P-glycoprotein activity in the clinical setting. The

results further indicate that linagliptin is not an inhibitor of

other drug uptake transporters which are relevant for the

pharmacokinetics of digoxin, such as the organic anion-

transporting polypeptide family (Kim 2003).

In a previous study in healthy subjects, co-administra-

tion of digoxin with the first approved DPP-4 inhibitor,

sitagliptin (100 mg qd), resulted in a slight increase in both

the AUC (11%) and Cmax (18%) of digoxin (Deacon and

Holst 2010). No significant pharmacokinetic interactions

were observed during co-administration of digoxin with the

other DPP-4 inhibitors alogliptin (Karim et al. 2008),

vildagliptin (He et al. 2007) or saxagliptin (Tahrani et al.

2009). Non-renal excretion of the unchanged parent com-

pound is the dominant elimination pathway for linagliptin

(Blech et al. 2010). From a clinical perspective, drugs that

show an interaction with digoxin when administered con-

comitantly must be monitored for digoxin toxicity,

although this is not expected to be necessary in patients

with normal renal function co-treated with linagliptin and

digoxin.

Both treatments were well tolerated at exposure to a

total of 30 mg of linagliptin and 5.5 mg of digoxin. In

previous clinical studies, linagliptin was well tolerated,

demonstrating a wide therapeutic window and an AE

profile that was similar to placebo (Retlich et al. 2009). The

results of this study further support the promising safety

profile of linagliptin.

5 Conclusion

Linagliptin does not alter the pharmacokinetics of digoxin

in a clinically relevant way. This suggests that linagliptin

does not interact with P-glycoprotein mediated transport or

with other transporters relevant for digoxin. These results

indicate that linagliptin and digoxin can be co-administered

without the need for dose adjustment.
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