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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Rifampicin is an antibiotic that is used to treat

pulmonary tuberculosis. It induces several
cytochrome P450 (CYP) enzymes and some drug
transporter proteins; its greatest effect is as an
inducer of CYP3A4 in the liver and in the small
intestine.

• Mechanistic drug–drug interaction studies with
prototypic CYP3A4 inducers provide essential
information for clinical drug development of new
chemical entities that are metabolized by the
involved CYP450 enzymes.

• Roflumilast is a phosphodiesterase 4 (PDE4)
inhibitor being developed for the treatment of
chronic obstructive pulmonary disease.

• The pharmacological effect is based on the total
PDE4 inhibitory activity, which represents the
combined PDE4 inhibitory activity of roflumilast
and its major active metabolite, roflumilast N-oxide.

• In patients with chronic obstructive pulmonary
disease, pulmonary tuberculosis can be an
accompanying disease. Thus, the drug–drug
interaction between rifampicin and roflumilast
is of clinical relevance.

WHAT THIS STUDY ADDS
• The pharmacokinetics of roflumilast and of its major

pharmacologically active metabolite roflumilast
N-oxide is affected by co-administration of
rifampicin.

• The potent induction of CYP3A4 and other CYP450
enzymes (such as CYP2C19 and extrahepatic
CYP1A1) by rifampicin has led to a 58% decrease in
the total PDE4 inhibitory activity of roflumilast.

• Co-administration of rifampicin with roflumilast may
reduce the therapeutic efficacy of roflumilast.

AIMS
To evaluate the effect of co-administration of rifampicin, an inducer of
cytochrome P450 (CYP)3A4, on the pharmacokinetics of roflumilast and
roflumilast N-oxide. Roflumilast is an oral, once-daily phosphodiesterase
4 (PDE4) inhibitor, being developed for the treatment of chronic
obstructive pulmonary disease. Roflumilast is metabolized by CYP3A4
and CYP1A2, with further involvement of CYP2C19 and extrahepatic
CYP1A1. In vivo, roflumilast N-oxide contributes >90% to the total PDE4
inhibitory activity.

METHODS
Sixteen healthy male subjects were enrolled in an open-label,
three-period, fixed-sequence study. They received a single oral dose
of roflumilast 500 mg on days 1 and 12 and repeated oral doses of
rifampicin 600 mg once daily on days 5–15. Plasma concentrations of
roflumilast and roflumilast N-oxide were measured for up to 96 h.
Test/Reference ratios and 90% confidence intervals (CIs) of geometric
means for AUC and Cmax of roflumilast and roflumilast N-oxide and for
oral apparent clearance (CL/F) of roflumilast were estimated.

RESULTS
During the steady-state of rifampicin, the AUC0–• of roflumilast
decreased by 80% (point estimate 0.21; 90% CI 0.16, 0.27); Cmax by 68%
(0.32; CI 0.26, 0.39); for roflumilast N-oxide, the AUC0–• decreased by
56% (0.44; CI 0.36, 0.55); Cmax increased by 30% (1.30; 1.15, 1.48); total
PDE4 inhibitory activity decreased by 58% (0.42; 0.38, 0.48).

CONCLUSIONS
Co-administration of rifampicin and roflumilast led to a reduction in
total PDE4 inhibitory activity of roflumilast by about 58%. The use of
potent cytochrome P450 inducers may reduce the therapeutic effect of
roflumilast.
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Introduction

The cyclic adenosine monophosphate (cAMP)-specific
phosphodiesterase 4 (PDE4) represents a novel target for
the treatment of chronic inflammatory airway diseases
such as chronic obstructive pulmonary disease (COPD)
[1]. PDE4 catalyses the hydrolysis of intracellular cAMP, an
important second messenger for the function of inflam-
matory and airway smooth muscle cells [2]. Roflumilast is
a targeted inhibitor of PDE4. Roflumilast exerts its anti-
inflammatory properties by amplifying intracellular cAMP
signalling, which attenuates the inflammatory response
mediated by various immune-modulatory cells [3, 4]. In
clinical studies, an oral, once-daily dose of roflumilast
500 mg was shown to improve lung function, reduce
exacerbations, and to be safe in patients with COPD
[5, 6].

Roflumilast is rapidly absorbed after oral admini-
stration. The mean absolute bioavailability of a 500-mg
immediate-release tablet is 79% and the apparent
terminal plasma disposition half-life (t1/2) is about 17 h [7].
In humans, the major step in the metabolism of roflumilast
is N-oxidation by cytochrome P450 (CYP) isozymes 3A4
and CYP1A2 to the pharmacologically active metabolite
roflumilast N-oxide, which in vivo has a similar phosphodi-
esterase selectivity profile and intrinsic PDE4 inhibitory
activity as the parent drug roflumilast [4]. The t1/2 of roflu-
milast N-oxide is about 27 h and its total exposure, i.e. area
under the plasma concentration curve (AUC) exceeds that
of the parent drug by about 10-fold [7]. Roflumilast and
roflumilast N-oxide follow linear pharmacokinetics and
show a predictable and dose-proportional, intraindividual
pharmacokinetics under steady-state conditions [8]. Roflu-
milast N-oxide is the major contributor to the overall PDE4
inhibitory activity of roflumilast. After intake of roflumilast,
the mean peak plasma concentration (Cmax) of roflumilast is
reached in <1 h; the Cmax of roflumilast N-oxide is reached
in about 4 h. In vitro data suggest that roflumilast N-oxide is
metabolized by CYP3A4 with a contribution from CYP2C19
and extrahepatic CYP1A1. From previous studies, it is
known that only very small amounts (<1%) of roflumilast
and roflumilast N-oxide are excreted unchanged via the
renal route.

Results of drug–drug interaction studies with CYP3A4
inhibitors ketoconazole and erythromycin showed that the
AUC of the parent compound roflumilast changed almost
twofold, whereas the AUC of the metabolite roflumilast
N-oxide remained relatively unchanged [9, 10]. In a study
with fluvoxamine (which is a more specific CYP1A2 inhibi-
tor and an in vivo inhibitor of CYP2C19, 40-fold more
potent than in vitro [11]), a 2.5-fold increase in the AUC of
the parent compound and only 50% increase of the
metabolite were observed [12]. Collectively, it appears that
the disposition of roflumilast and roflumilast N-oxide is
susceptible to alteration by induction or inhibition of
several metabolizing enzymes.

Rifampicin is an antibiotic used frequently for the treat-
ment of pulmonary tuberculosis. Rifampicin is a potent
inducer of several CYP isoforms, including CYP3A4,CYP2B6,
CYP2C8, CYP2C9 and CYP2C19, and is a weak inducer of
CYP1A2 [13]. It has its greatest effects on the expression of
CYP3A4 in both the intestinal wall and the liver [13–17].
Furthermore, in humans rifampicin can induce the expres-
sion of some efflux transporters (e.g. P-glycoprotein and
ABCB1) as well as the glucuronidation of certain drugs,
such as S-oxazepam and rofecoxib [17–21].The mechanism
of rifampicin-mediated induction of enzymes and mem-
brane transporters is primarily through the binding to the
nuclear pregnane X receptor among other nuclear recep-
tors [22]. Due to these properties, rifampicin exhibits sub-
stantial effects on the pharmacokinetics of drugs that
undergo extensive CYP-mediated oxidative metabolism
and/or are subject to P-glycoprotein-mediated transport
[17, 23]. Overall, the effects of rifampicin on drug metabo-
lism and transport are broad and have an established clini-
cal significance.Given the complex time course of enzyme/
transporter induction by rifampicin, potential drug–drug
interactions should be considered when starting or discon-
tinuing treatment with rifampicin.

The aim of the present study was to assess the effect of
steady-state rifampicin (repeated oral dose of 600 mg for
10 days) on the pharmacokinetics of roflumilast and roflu-
milast N-oxide, after a single oral dose of roflumilast
500 mg.

Materials and methods

Subjects and study design
The study was approved by the responsible ethics
committee (Chamber of Physicians Baden-Württemberg,
Germany) and was performed at the clinical unit of AAI
Pharma Deutschland GmbH & Co. KG (Neu-Ulm, Germany).
The study conformed to the Declaration of Helsinki (Som-
erset West Amendment, 1996), Note for Guidance on Good
Clinical Practice (CGMP/ICH/135/95) and the German Drug
Law (AMG). Before the study start, each subject gave
written informed consent to participate.

A total of 16 healthy white male subjects were enrolled.
The study was performed according to an open-label,
fixed-sequence design, consisting of three time periods:
period 1, administration of a single oral dose of roflumilast
500 mg alone in the morning of study day 1,and a wash-out
period (3 days); period 2, repeated administration of oral
rifampicin 600 mg once daily alone for 7 days in the
morning of days 5–11; period 3, repeated (continuous)
once-daily, oral dose of rifampicin 600 mg for 4 days in
the morning of days 12–15 and co-administration of a
single oral dose of roflumilast 500 mg in the morning of
day 12.

The selected dose of rifampicin was based on the
reported use of the drug in clinical interaction studies [17]

Pharmacokinetic interaction between rifampicin and roflumilast

Br J Clin Pharmacol / 68:4 / 581



and on the recommendation by the Food and Drug
Administration [24]. The selected dose of roflumilast
500 mg once daily has been shown to be safe and well
tolerated in a series of clinical studies and it represents the
anticipated recommended therapeutic dose [1, 25].

Roflumilast tablets were manufactured by Nycomed
GmbH (Konstanz, Germany; formerly ALTANA Pharma
Oranienburg GmbH, Germany). Rifampicin (Eremfat® 600)
was purchased from FATOL Arzneimittel GmbH (Schiff-
weiler, Germany). Study medication was administered
orally in the morning of day 1 after an overnight fast of at
least 10 h (period 1) and days 5–15 (periods 2 and 3)
between 07.00 and 09.00 h. The tablets were swallowed
with 240 ml water.

On the days before the pharmacokinetic profiling, sub-
jects reported to the clinical ward in the evening and were
confined until completion of the 24-h blood sampling. In
the morning of the study days for pharmacokinetic profil-
ing, an indwelling cannula was inserted into a forearm vein
to allow repeated blood sampling. Two hours after the
study drug administration, decarbonated water and fruit
tea were allowed and the subjects remained fasted until
4 h post dose. Subjects received standardized meals at
specified times. During the study, the subjects were asked
to avoid strenuous physical exercise. Known dietary CYP
inhibitors and inducers such as grapefruit/pomelo, poppy
seeds, Brussels sprouts, or broccoli were not allowed from
7 days before the first drug administration until the last
blood sampling of the study [26–28]. It is known that
smoking induces the enzyme CYP1A2. According to the
study protocol, subjects smoking <10 cigarettes per day
were allowed to enter the study.There were eight smokers
enrolled and they were asked to maintain their smoking
habits throughout the study.

Blood sampling and determination of drug
concentrations
On the pharmacokinetic profiling days, serial blood
samples for measuring plasma concentrations of roflumi-
last and N-oxide metabolite were collected during periods
1 and 3: prior to dosing and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12, 14, 24, 30, 48, 54, 72 and 96 h post administration.
Predose plasma concentrations of rifampicin were deter-
mined from blood samples collected on days 5, 10 and 11
during period 2. On day 12, blood samples for rifampicin
were taken predose, 0.5, 1, 1.5, 2 and 3 h post administra-
tion. These selected time points were around the time of
the expected Cmax and were used to check for adequate
rifampicin exposure during induction (period 3). For the
analysis of roflumilast and N-oxide metabolite, blood
samples were collected for up to 96 h (time points shown
for periods 1 and 3 above). Blood samples were collected
into monovettes containing lithium-heparinate. The
samples were centrifuged within 20–30 min at 1600 g,
15 min, 4°C. Plasma was transferred into polypropylene

plastic tubes within 60 min after collection and frozen
at –20°C or below. The samples were kept frozen until
analysis.

Plasma concentrations of roflumilast and roflumilast
N-oxide were determined using a validated high-
performance liquid chromatography-mass spectrometry/
mass spectrometry (HPLC-MS/MS) method. Roflumilast
and roflumilast N-oxide were determined in the positive
ion mode using turbo ion spray HPLC-MS/MS. The assay
was linear in the range of 0.1 mg l-1 and 50 mg l-1. The
selected precursor- and product-ions for roflumilast were
at m/z 403.2 and m/z 187.2, respectively. The selected
precursor- and product-ions for the internal standard
(ISTD) (D5-roflumilast) were at m/z 408.1 and m/z 190.3,
respectively. The selected precursor- and product-ions for
roflumilast N-oxide were at m/z 419.1 and m/z 187.4,
respectively. The selected precursor- and product-ions for
the ISTD (D5-roflumilast N-oxide) were at m/z 424.1 and
m/z 190.3, respectively. The lower limit of quantification
for both compounds was 0.1 mg l-1. For roflumilast, the
interday precision (between-day coefficient of variation)
ranged between 6.6 and 7.7%. Interday accuracy ranged
between 98.0 and 100.6%. For roflumilast N-oxide, the
interday precision ranged between 5.4 and 7.3% and inter-
day accuracy ranged between 91.2 and 101.8%. Rifampicin
did not interfere with the quantification of roflumilast or
roflumilast N-oxide; this was determined before the
sample analysis.

Plasma levels of rifampicin were assayed using a vali-
dated HPLC method with ultraviolet detection. The assay
was linear in the range of 0.1 mg l-1 and 10 mg l-1.Diazepam
was used as internal standard.Rifampicin was detected at a
wavelength of 337 nm,the internal standard at 250 nm.The
interday precision ranged between 4.8 and 7.6% and inter-
day accuracy ranged from 105.1 to 108.4%.The lower limit
of quantification of rifampicin was 0.1 mg l-1.

Safety investigations
Safety investigations included monitoring of clinical labo-
ratory evaluation (blood chemistry, haematology, urine
analysis), physical examination, vital signs (blood pressure,
pulse rate, and aural body temperature) and resting stan-
dard 12-lead electrocardiogram (ECG) at the screening and
post-study examinations. Adverse events (AEs) were moni-
tored throughout the study.

Data analysis
Pharmacokinetic parameter estimates of roflumilast and
roflumilast N-oxide following oral administrations were
obtained with a noncompartmental analysis approach
using WinNonLin, version 4.0.1 (Pharsight, Mountain View,
CA, USA).

To compare the primary pharmacokinetic parameter
estimates (AUC, Cmax and CL) of the analytes between treat-
ments, an analysis of variance (ANOVA) using the 90% con-
fidence interval (CI) for the ratios of the least-square means
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was performed with WinNonLin (version 4.0.1) linear
mixed effects modelling (bioequivalence wizard). Test/
Reference ratios of geometric means for CL/F, AUC0–• and
Cmax of roflumilast, and AUC0–• and Cmax of roflumilast
N-oxide for induced phase (period 3, Test) and pre-
induction (period 1, Reference) were calculated.

Lack of a relevant pharmacokinetic alteration of
rifampicin on roflumilast and roflumilast N-oxide exposure
was concluded if the 90% CIs of the point estimates were
within the standard equivalence acceptance range of 0.80
and 1.25.

Total PDE4 inhibitory activity
To estimate the combined PDE4 inhibition of roflumilast
and roflumilast N-oxide in humans following administra-
tion of roflumilast, the parameter termed ‘total PDE4
inhibitory activity’ (tPDE4i) has been established [9, 29, 30].
This parameter represents the sum of overall PDE4 inhibi-
tory activity after exposure to roflumilast and roflumilast
N-oxide, accounting for the differences in the intrinsic
activity (IC50), free fraction (protein binding), and in vivo
exposure (AUC values) of both compounds. The tPDE4i
values are used to evaluate the pharmacokinetics of roflu-
milast in drug–drug interaction and in special population
studies, where potentially pharmacokinetic alterations
may differ greatly between roflumilast and roflumilast
N-oxide [9, 10, 12, 30].

Results

Subjects
A total of 16 healthy white male subjects were enrolled in
the study (age range 20–44 years, median 38 years; body
weight 61–88 kg, median 75 kg). One subject discontinued
the study for personal reasons during period 2. Thus, 15
subjects completed the study according to protocol.

Pharmacokinetics
After a single dose of roflumilast 500 mg alone (Reference),
the plasma concentration–time course (geometric mean
and 68% range) for roflumilast and roflumilast N-oxide was
consistently higher over the 24-h period than that after
concomitant administration of roflumilast and rifampicin
(Test) in period 3 (Figure 1a,b).

After administration of 600 mg rifampicin on day 12, all
subjects had clearly detectable plasma levels of rifampicin.
The plasma concentration profile for all subjects and the
geometric mean are shown in Figure 2. Rifampicin levels
were not detectable 24 h after administration. Our obser-
vations are consistent with data reported in other pharma-
cokinetic studies with rifampicin [31, 32].

The values for roflumilast AUC and Cmax were lower
(about 80% and 68%, respectively) following co-
administration of rifampicin (Table 1). The AUC for rof-
lumilast N-oxide AUC was also decreased (by about 56%).
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Figure 1
Plasma concentration of roflumilast (a) and roflumilast N-oxide (b) after a single oral dose of roflumilast 500 mg administered alone or concomitantly with
rifampicin. Shown are the geometric mean and 68% range. Roflumilast alone ( ); Roflumilast with Rifampicin ( )
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In contrast to roflumilast, roflumilast N-oxide Cmax was
about 30% higher and its tmax occurred distinctly earlier
with rifampicin co-administration (shift from 6.5 to 2.6 h;
Table 1); for roflumilast, the tmax remained almost
unchanged whether administered alone or with rifampicin

(shift from 0.9 to 1.0 h,Table 1).The AUCrofNO/AUCrof ratio for
roflumilast N-oxide increased about twofold from 10.8 (rof-
lumilast alone) to 23.1 (roflumilast plus rifampicin;Table 1).
The combined effect of rifampicin co-administration on
roflumilast and roflumilast N-oxide exposures led to a 58%
decrease in tPDE4i (Table 2).

Safety and tolerability
During the three study periods, 14 (88%) of the 16 subjects
reported 40 AEs. The intensity of nearly all reported AEs
(39/40) was mild or moderate. In most cases, the symptoms
subsided spontaneously after a short duration and all AEs
resolved completely. The most frequent AE was headache,
which occurred in eight subjects. None of the AEs led to
study discontinuation and no serious or unexpected AEs
were reported. Laboratory values and physical examina-
tion parameters, including electrocardiogram and vital
signs, showed no clinically relevant changes between the
screening and post-study examination. Co-administration
of oral roflumilast 500 mg and rifampicin 600 mg once daily
was well tolerated.

Discussion

The present study is part of a drug–drug interaction pro-
gramme to evaluate the sources of the pharmacokinetic
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Plasma concentration levels of rifampicin on day 12 after the administra-
tion of 600 mg rifampicin once daily for 7 days (from day 5 to day 12).
Shown are the geometric mean (Geo Mean) and the individual levels of
the healthy male subjects (n = 16). Geometric Mean shown as ( )

Table 1
Pharmacokinetic parameter estimates of roflumilast and roflumilast N-oxide after administration of a single oral dose of roflumilast 500 mg alone and after
co-administration with steady-state rifampicin

Compound Roflumilast Roflumilast N-oxide

Parameter
Roflumilast alone
(n = 16)

Roflumilast and
rifampicin
(n = 15)

Ratio
test : reference
(90% CI)

Roflumilast alone
(n = 16)

Roflumilast and
rifampicin
(n = 15)

Ratio
test : reference
(90% CI)

AUC0–• (h mg l-1)* 38.5 (24.1–61.5) 7.8 (5.4–11.4) 0.21 (0.16, 0.27)‡ 414.1 (275.6–622.2) 180.2 (141.0–230.2) 0.44 (0.36, 0.55)‡
AUC0–last (h mg l-1)* 35.1 (21.7–56.7) 6.5 (4.5–9.4) 0.19 (0.15, 0.25)‡ 368 (279.5–484.3) 177.0 (138.5–226.3) 0.49 (0.41, 0.57)‡

CL/F (l h-1)* 13.0 (8.1–20.8) 64.1 (44.0–93.4) 4.84 (3.70, 6.32)‡ NA NA NA
Cmax (mg l-1)* 6.9 (4.9–9.7) 2.2 (1.7–2.8) 0.32 (0.26, 0.39)‡ 9.5 (7.6–11.7) 12.2 (10.1–14.8) 1.30 (1.15, 1.48)‡

tmax (h)† 0.9 (0.6–1.5) 1.0 (0.7–1.3) NA 6.5 (3.5–12.2) 2.6 (1.7–4.0) NA
t1/2 (h)* 15.7 (9.4–26.3) 6.0 (3.2–11.2) 0.33 (0.23, 0.47) 24.0 (15.3–37.5) 9.9 (8.2–12.0) 0.41 (0.33, 0.51)

AUCrofNO/AUCrof NA NA NA 10.8 23.1 NA

*Geometric mean (68% range). †tmax: median (min.–max.). NA, not applicable. ‡Point estimate and 90% CI exceeding the predefined equivalence acceptance range of 0.8 to 1.25;
P > 0.05 (two one-sided t-tests).

Table 2
Total PDE4 inhibitory (tPDE4i) activity of roflumilast after administration of a single oral dose of roflumilast 500 mg alone and after co-administration with
steady-state rifampicin

Compound Roflumilast and roflumilast N-oxide
Parameter Roflumilast alone (n = 16) Roflumilast and rifampicin (n = 15) Ratio test: reference (90% CI)

tPDE4i* 0.79 0.34 0.42 (0.38, 0.48)†

*Total PDE4 inhibitory activity (tPDE4i) is expressed as the sum of the total exposure resulting from roflumilast and roflumilast N–oxide. †Point estimate and 90% CI exceeding the
predefined equivalence acceptance range of 0.8 to 1.25; P > 0.05 (two one-sided t-tests).
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variability of the PDE4 inhibitor roflumilast and to deter-
mine its proper clinical use and safety, especially for
patients who may be treated with both roflumilast and
rifampicin.

After steady-state co-administration of rifampicin, a
decrease (about 80%) in total roflumilast exposure was
observed. Co-administration of rifampicin also led to a
decrease in the roflumilast Cmax (about 68%), whereas cor-
respondingly roflumilast N-oxide Cmax increased (about
30%). In line with this observed effect of rifampicin, the
AUCrofNO/AUCrof ratio increased by about twofold from 10.8
(roflumilast alone) to 23.1 (roflumilast co-administered with
rifampicin). This result is in agreement with an increase in
the formation rate of roflumilast N-oxide from roflumilast
(CL/F), as reflected by the increase in roflumilast N-oxide
Cmax and a shift in roflumilast N-oxide tmax from 6.5 to 2.6 h
(Table 1). Moreover, such an increase in the formation rate
of roflumilast N-oxide is consistent with the observed
marked rifampicin-mediated induction of CYP3A4.

The metabolic clearance of roflumilast N-oxide (CLrofNO)
was not directly assessed in this study. However, our data
suggest that CLrofNO may have been increased upon
co-administration of rifampicin, as reflected by the 56%
decrease in the AUC of roflumilast N-oxide and a 2.5-fold
reduction of half-life [24 h (roflumilast alone) to 9.9 h (rof-
lumilast co-administered with rifampicin)], which occurred
despite an increase in the formation rate of the metabolite,
indicating an effect of rifampicin on roflumilast N-oxide
formation and clearance rates. Based on data from in vitro
studies, roflumilast N-oxide is formed from roflumilast
through the contributions of CYP1A2 as well as CYP3A4
and is metabolized by CYP3A4, CYP2C19 and extrahepatic
CYP1A1.Previous mechanistic interaction studies with pro-
totypic and specific inhibitors of CYP3A4 [9, 10] corrobo-
rate the contribution of CYP3A4 during the formation of
roflumilast N-oxide and also suggest a role of CYP3A4
during the clearance of roflumilast N-oxide. Furthermore,
the results of the study with fluvoxamine, which is a potent
CYP1A2 and CYP2C19 inhibitor, showed a 2.5-fold increase
in the AUC of the parent and 50% of the metabolite [12],
supporting the involvement of CYP1A2 in the metabolism
of roflumilast and CYP2C19 in the metabolism of roflumi-
last N-oxide. Thus, it is unlikely that the alterations in the
exposure of the roflumilast N-oxide observed in the
present study can be explained solely by the induction of
CYP3A4 through rifampicin. Recent in vitro data by Oscar-
son et al. [16] and in vivo data by Kanebratt et al. [33] show
that rifampicin induces CYP2C19 to a similar extent as
CYP3A4. We therefore suggest that the observed decrease
in roflumilast N-oxide exposure could be attributed to the
induction of CYP2C19 in addition to CYP3A4 during the
elimination of the metabolite [20].

We observed that co-administration of rifampicin
reduced the interindividual variability of roflumilast and
roflumilast N-oxide exposure. These observations are in
agreement with those of LeCluyse, who reported that

although there was marked variation in the basal activity
(10-fold) of hepatocyte preparations from the 17 liver
donors, the extent of CYP induction was dependent on
basal CYP3A4 activity [34].These authors observed that the
CYP3A4 activity at maximal induction by rifampicin tends
to be quantitatively similar among individuals, suggesting
a limit to which the CYP enzymes can be maximally
induced [34, 35].

Roflumilast and roflumilast N-oxide have similar intrin-
sic PDE4 inhibitory activity in vivo. Total PDE4 inhibition
(tPDE4i) in humans represents the combined effect of both
roflumilast and roflumilast N-oxide, whereby the active
metabolite roflumilast N-oxide accounts for about 90% of
roflumilast’s overall pharmacological effects [29].Concomi-
tant administration of rifampicin and roflumilast led to a
decrease of 58% in the tPDE4i.

Based on the present results with healthy subjects,
it can be postulated that co-administration of rifampicin,
which is used to treat pulmonary tuberculosis, may poten-
tially alter the total systemic exposure to roflumilast in
patients with COPD. This is clinically relevant because
COPD often occurs in patients who may have comorbidi-
ties, including pulmonary tuberculosis [36]. Therefore, the
intake of rifampicin has to be taken into account during
the management of patients with COPD who are treated
with roflumilast [13, 36–38].

In conclusion, co-administration of rifampicin and rof-
lumilast led to a decrease in systemic exposure to roflumi-
last and roflumilast N-oxide, translating into a decrease in
tPDE4i of roflumilast. Thus, co-administration of rifampicin
with roflumilast may reduce the therapeutic efficacy of
roflumilast.
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