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Abstract Tamsulosin, a selective antagonist of the o-
adrenoceptor, is primarily metabolized by CYP3A4 and
CYP2D6, and tamsulosin exposure is significantly
increased according to the genetic polymorphism of
CYP2D6. In this study, we investigated the effects of dil-
tiazem, a moderate inhibitor of CYP3A4, on the pharma-
cokinetics of tamsulosin in subjects with different CYP2D6
genotypes. Twenty-three healthy Korean male subjects
with CYP2D6*wt/*wt (*wt = *1 or *2) and CYP2D6*10/
*]10 were enrolled in the prospective, open-label, two-
phase parallel pharmacokinetic study. On the first day of
study (day 1), each subject received a single 0.2 mg oral
dose of tamsulosin. After a washout period of 1 week, on
day 8, the subjects were given a 60 mg oral dose of dilti-
azem three times daily for four days. On day 10, 1 h after
the morning dose of diltiazem, they received a single
0.2 mg oral dose of tamsulosin. The pharmacokinetic
parameters of tamsulosin in those with and without dilti-
azem treatment were compared in subjects with different
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CYP2D6 genotypes. After diltiazem treatment, the Cp,.x
and AUC;,¢ of tamsulosin in each CYP2D6 genotype group
were significantly increased (p < 0.0001 for all). The CL/F
of tamsulosin was also significantly decreased after dilti-
azem treatment (both p < 0.0001). However, diltiazem did
not affect the t;,, of tamsulosin in each genotype group. In
conclusion, diltiazem significantly increases exposure to
tamsulosin regardless of the genotype of CYP2D6. Dose
adjustment in the daily maintenance dose of tamsulosin
may improve tolerability and safety in patients receiving
diltiazem.

Keywords Tamsulosin - Diltiazem - CYP3A4 - CYP2D6 -
Pharmacokinetics - Drug interaction

Introduction

Tamsulosin ((R)-5-(2-{[2-(2-Ethoxyphenoxy)ethyl]Jamino}
propyl)-2-methoxybenzene- 1-sulfonamide) is a selective
antagonist of the o;-adrenoceptor that has a relatively high
affinity for the oy s-subtype and, to a lesser extent, for the
o1 p-subtype adrenoceptor (Michel et al. 1998; Taguchi et al.
1998). Because the o 5-adrenoceptor is the most abundant
and functionally important subtype in the human prostate
(Michel and Vrydag 2006), tamsulosin is primarily used to
treat lower urinary tract symptoms that suggest benign pro-
static hyperplasia (BPH).

Tamsulosin is well absorbed in humans with almost
100% bioavailability when administered as a modified-re-
leased (MR) formulation under fasting conditions (van
Hoogdalem et al. 1997). It undergoes hepatic metabolism
in humans, resulting in five primary metabolites, M-1 to
M-4 and AM-1 (Soeishi et al. 1996). Among these, cyto-
chrome P450 (CYP) 3A4 and CYP2D6 form the M-1, M-2
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and AM-1 and M-3 and M-4 metabolites (Kamimura et al.
1998), respectively, which are further metabolized to glu-
curonide or sulfate conjugated forms (Soeishi et al. 1996).
Except for AM-1, all metabolites have a high affinity for
the o;-adrenoceptor, but all are less pharmacologically
active than the parent compound (Taguchi et al. 1997). In
addition, the metabolites are present in low abundance
(~ 9%) in plasma; thus, the pharmacokinetics of tamsu-
losin is responsible for the overall pharmacological effects
of the drug (Soeishi et al. 1996).

BPH is a common condition in elderly men; thus,
patients using tamsulosin may also receive concomitant
medications for other conditions including cardiovascular,
pulmonary, and/or gastrointestinal diseases (Franco-Salinas
et al. 2010). Therefore, tamsulosin may be subject to drug-
drug interactions, especially when co-administered with
CYP3A4 or CYP2D6 inhibitors or inducers. Several
in vitro and in vivo studies of tamsulosin drug-drug inter-
actions have been reported. An in vitro study with human
liver microsomes showed that ketoconazole, erythromycin,
and verapamil, which are specific inhibitors of CYP3A4,
substantially reduced the formation of the tamsulosin
metabolites AM-1, M-1, and M-2. Meanwhile, quinidine, a
specific inhibitor of CYP2D6, extensively inhibited M-3
and M-4 formation (Kamimura et al. 1998). In an in vivo
study, the CYP inhibitor cimetidine significantly altered
oral clearance and the area under the plasma concentra-
tion—time curve from time zero extrapolated to infinity
(AUC,p) for tamsulosin (Miyazawa et al. 2002). In addi-
tion, co-administration of ketoconazole (a potent CYP3A4
inhibitor) and paroxetine (a potent CYP2D6 inhibitor) were
each shown to significantly increase the mean values of
peak plasma concentration (C,,,x) and AUC;,s of tamsu-
losin. Ketoconazole increased the AUC;,¢ of tamsulosin by
almost three-fold over tamsulosin alone (Troost et al.
2011). More recently, the drug-drug interaction between
tamsulosin and two So-reductase inhibitors, finasteride
(Chu et al. 2015) and dutasteride (Li et al. 2015), were
investigated. These two drugs are both established sub-
strates for CYP3A4, but the combination did not show
significant alteration of tamsulosin pharmacokinetics.

Diltiazem, a calcium channel blocker, is widely used to
treat mild-to-moderate hypertension, chronic stable and
variant angina pectoris, supraventricular arrhythmia, and
other cardiovascular disorders (Chaffman and Brogden
1985). Previous studies have reported that diltiazem inhi-
bits the CYP3A4-dependent metabolism of drugs such as
cyclosporine, midazolam, and triazolam (Backman et al.
1994; Bleck et al. 1996; Varhe et al. 1996).

The CYP enzymes are genetically polymorphic, and
pharmacokinetics and pharmacodynamics of many sub-
strate drugs were affected in various degrees by these
genetic polymorphisms (Ma et al. 2012; Hirota et al. 2013;

Preissner et al. 2013; Chaudhry et al. 2014; Probst-
Schendzielorz et al. 2015; Byeon et al. 2015; Lee et al.
2016; Kim et al. 2017, 2018). Tamsulosin exposure is also
significantly increased based on genetic polymorphism of
CYP2D6 (Choi et al. 2012). Thus, the pharmacokinetic
drug interactions of tamsulosin can vary according to the
genetic polymorphisms of CYP2D6. In Korean population,
two functional alleles (CYP2D6*1 and *2) and one reduced
functional variant allele (CYP2D6*10) account for 93.9%
of the allele frequency (Unpublished data). In the present
study, the effects of diltiazem, a moderate CYP3A4 inhi-
bitor, on the pharmacokinetics of tamsulosin were evalu-
ated in subjects with CYP2D6*wt/*wt (*wt = *I or *2) and
*10/*10 genotypes.

Materials and methods
Subjects

Twenty-three healthy Korean male subjects with different
CYP2D6 genotypes, 13 subjects with CYP2D6*wt/*wt, and
10 with CYP2D6*10/*10, participated in this study.
Analyses of various CYP2D6 genotypes were performed by
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) and long-range PCR methods,
as previously described (Johansson et al. 1994, 1996;
Mendoza et al. 2001). Written informed consent was
obtained from all subjects prior to the study. All subjects
were in good health as determined by their medical histo-
ries, physical examinations and routine laboratory tests
(blood chemistry, hematology, and urine analysis). Sub-
jects were not permitted to take any medication, consume
alcohol or caffeine-containing beverages, or smoke for
7 days before and during the study. The study was per-
formed in accordance with the Declaration of Helsinki and
approved by the Institutional Ethics Committee of the
School of Pharmacy, Sungkyunkwan University, Suwon,
Korea.

Study protocol

Prospective, open-label, two-phase parallel pharmacoki-
netic study was performed. On the first day of study (phase
1), each subject received a single 0.2 mg oral dose of
tamsulosin (Harnal-D® 0.2 mg orally disintegrating tablet;
Astellas Pharma Inc. Korea, Seoul, Korea) with 150 ml of
water after an overnight fast. After a washout period of
1 week, in phase 2, the subjects were given a 60 mg oral
dose of diltiazem starting on day 8 (Herben® 30 mg tablet
(2 tablets); CJ Pharma, Seoul, Korea) three times daily for
4 days. This dose was previously shown to achieve full-
inhibition of intestinal or hepatic CYP3A4. On day 10, a
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single 0.2 mg oral dose of tamsulosin was administered 1 h
after the morning dose of diltiazem with 150 ml water, to
avoid competition in the intestinal absorption phase, after
an overnight fast. A fasting state was maintained for 4 h
after administering the tamsulosin. Venous blood samples
(7 ml) were obtained before and 1, 2, 3, 4, 5, 6, 8, 10, 12,
24, 36 and 48 h after tamsulosin administration. All blood
samples were collected in sodium heparin tubes and were
centrifuged immediately. The separated plasma samples
were stored at — 70 °C until needed. The blood pressure
and heart rate of each subject was measured immediately
after each blood sampling in the same arm (from O to 24 h
after tamsulosin administration) by the same investigator
using an automatic electronic manometer.

Determination of plasma tamsulosin concentrations

Plasma concentrations of tamsulosin were determined
using a validated high-performance liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS) method
(Choi et al. 2012). To each 500 pl plasma sample, 10 pl of
an internal standard solution (diphenhydramine 100 ng/ml
in methanol) was added. After vortex mixing, 2 ml of
methyl zert-butyl ether was added, and the solution was
vigorously mixed for 30 s. Each sample was centrifuged at
3000 rpm for 10 min. The organic layer was transferred to
a clean glass tube and evaporated at 50 °C under a mild
stream of nitrogen gas. The residue was reconstituted with
300 pl mobile phase and a 10 pl sample was injected for
LC-MS/MS analysis. The calibration standard curve of
tamsulosin ranged from 0.01 to 20 ng/ml, with a lower
limit of quantification (LLOQ) of 0.01 ng/ml. The accu-
racy and precision of this analytical method were deter-
mined by the replication of five sets of QC samples with
four different tamsulosin concentrations (0.01, 0.03, 0.9
and 18 ng/ml) within 1 day or on five consecutive days.
The intra-day and inter-day mean accuracy for tamsulosin
were 97.2-106.2 and 98.4-103.7%, respectively. The
coefficients of variation (intra-day and inter-day validation)
were 1.7-6.0 and 1.8-5.3%, respectively.

Pharmacokinetic analysis

The pharmacokinetic parameters were estimated using
non-compartmental methods with the BA Calc 2007 anal-
ysis program (KFDA, Seoul, Korea). Actual blood sam-
pling times were used for the analysis. Observed values
were used for C,,x and time to reach C,,, (tnax). Area
under the plasma concentration—time curve (AUC) was
calculated using the linear trapezoidal rule. The elimination
rate constant (k.) was estimated from the least-squares
regression slope of the terminal plasma concentration. The
AUC;,s was calculated by AUC;,; = AUC + C/k. (C, is

@ Springer

the last plasma concentration measured). The elimination
half-life (t;,,) was calculated as In 2/k., and the apparent
oral clearance (CL/F) of tamsulosin was calculated by CL/
F = dose/AUC;;.

Statistical analysis

The number of subjects in each treatment group was esti-
mated to be sufficient to detect a 50% difference in the
AUC;,s of tamsulosin between groups with a statistical
power of at least 80% (o level of 0.05). Power and sample
size were calculated with the Power and Sample Size
Program, PS (version 3.1.2) (Dupont and Plummer 1998).
All  pharmacokinetic data were expressed as the
mean =+ standard deviation (SD), except for t..x, which
was presented as the median value and range. Differences
in pharmacokinetic parameters of tamsulosin with and
without diltiazem treatment were assessed using paired
t test or Wilcoxon signed-rank sum test after normality and
equal variance tests. The pharmacokinetic parameters of
tamsulosin between CYP2D6*wt/*wt subjects without dil-
tiazem treatment and CYP2D6*10/*10 subjects with dilti-
azem treatment were compared using Student’s ¢ test or
Mann—Whitney rank sum test as appropriate. Data were
analyzed using the statistical program Sigmastat for Win-
dows (version 11, Systat Software Inc., Chicago, IL). The p
values of less than 0.05 were considered statistically
significant.

Results

All subjects completed the study according to the protocol,
and no clinically undesirable signs and/or symptoms that
could be attributed to the administration of tamsulosin were
observed throughout the study period. The mean age,

height, and body weight of these subjects were
22.5 £ 1.8 years, 176.5 £ 5.6 cm, and 70.1 + 7.3 kg,
respectively.

Mean plasma concentration—time profiles of tamsulosin
in two different CYP2D6 genotype groups after a single
oral 0.2 mg dose of tamsulosin with and without diltiazem
treatment were depicted in Fig. 1. In subjects with the
CYP2D6*wt/*wt genotype, the C,.x and AUC;,; of tam-
sulosin were increased by 1.7- and 1.6-fold, respectively,
and the CL/F of tamsulosin was decreased by 40% after
diltiazem treatment (p < 0.0001 for all). In subjects with
the CYP2D6*10/*10 genotype, the C,.x and AUC;,s of
tamsulosin were increased by 1.6-fold and 1.9-fold,
respectively, and the CL/F of tamsulosin was decreased by
48% after diltiazem treatment (p < 0.0001 for all). How-
ever, these changes between the two different genotype
groups were not statistically different. Changes in the t;,,
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Fig. 1 Mean plasma concentration—time profiles of tamsulosin in
a CYP2D6*wt/*wt (n = 13) and b CYP2D6*10/*10 (n = 10) geno-
type groups after a single oral 0.2 mg dose of tamsulosin with (open
symbols) and without (closed symbols) diltiazem treatment. Each
value is given as the mean + SD

of tamsulosin due to diltiazem co-administration were not
significant in either genotype group (Table 1).

The CYP2D6*10/*10 subjects with diltiazem treatment
showed 2.0-fold higher C,.x, 1.5-fold longer t;,, 68%
lower CL/F, and 3.0-fold higher AUC;,s values for tam-
sulosin than those in CYP2D6*wt/*wt subjects without
diltiazem treatment, respectively (p < 0.0001 for all)
(Table 1, Fig. 2).

Discussion

Tamsulosin is primarily indicated for treating BPH, which
occurs only in men. Thus, our study exclusively included
male subjects. Indirect comparisons of several previous
studies showed that young healthy subjects (aged
1844 years) had similar pharmacokinetics as elderly
subjects (aged > 60 years) in the fasted state (Franco-
Salinas et al. 2010). Considering these results, the ages of
the subjects (19-27 years) included in our pharmacokinetic
study were acceptable. In addition, although the recom-
mended tamsulosin dose in many Western countries is
0.4 mg/day (FLOMAX label information 2016),
0.2 mg/day is preferred in Asian countries (HARNAL-D
label information 2017). Several studies have confirmed
that 0.2 mg of tamsulosin/day is effective in treating BPH
in Asians, including Koreans, which might be due to rel-
atively small body weights compared to Caucasians (Lee
2003; Li et al. 2003; Park et al. 2004). Therefore, we used
0.2 mg/day in this study.

Table 1 Pharmacokinetic parameters of tamsulosin in CYP2D6*wt/*wt and CYP2D6*10/*10 genotype groups after a single oral 0.2 mg dose of

tamsulosin with and without diltiazem treatment

Variable CYP2D6*wt/*wt (n = 13)

CYP2D6*10/*10 (n = 10)

Tamsulosin alone With diltiazem

Tamsulosin alone With diltiazem

Cinax (ng/ml) 52+ 19 (4.2, 6.2)

tmax () 5.0 (3.0-5.0) 3.0 (2.0-5.0)
tiz (h) 7.8 £ 12 (7.1, 85) 87 + 1.9 (7.7, 9.7)
CL/F (I/h) 4.12 £ 1.22 (3.46,4.78) 2.45 & 0.59%** (2.13, 2.77)

AUC(_4g (ng h/ml)
AUC;,¢ (ng h/ml)

523 £ 16.4 (43.4,61.2)
53.1 £ 17.0 (43.9, 62.3)

8.6 & 2.2%%* (7.4, 9.8)

85.0 £ 21.7%%* (73.2, 96.8)
86.4 £ 22.3%%%* (74.3, 98.5)

6.8 £ 1.7 (5.7,7.9)

3.5 (3.0-6.0)

10.8 + 2.47 (9.3, 12.3)
248 £ 0457 (2.20, 2.76)
80.2 + 15.77" (70.5, 89.9)
83.5 &+ 17.0™ (73.0, 94.0)

10.6 £ 1.5%%=%* (97 11.5)

3.0 (2.0-5.0)

12.0 + 2.0%** (10.8, 13.2)

1.30 + 0.26%#=## (1 14, 1.46)
149.8 + 30.4%=+## (1310, 168.6)
160.2 4 34.2%## (139 0, 181.4)

Data are represented as the mean £ SD (95% CI), except for t;,x, which is represented as a median (range)

C,.ax Peak plasma concentration, t,,,, time to reach C,,.x, 1/ elimination half-life, CL/F apparent oral clearance, AUC(_4g area under the plasma
concentration—time curve from time zero to 48 h, AUC;,sarea under the plasma concentration—time curve from time zero extrapolated to infinity,

n the number of subjects

*p < 0.01, **p < 0.001, ***p < 0.0001 compared with the CYP2D6*wt/*wt subjects with tamsulosin alone group

HHH

p < 0.0001 compared with the CYP2D6*10/¥10 subjects with tamsulosin alone group
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Fig. 2 Comparisons of the individual (A) Cy.x, (B) AUC;,; and
(C) CL/F values of tamsulosin between CYP2DG6*wt/*wt without
diltiazem (n = 13) and CYP2D6*10/*10 with diltiazem treatment
(n = 10) groups. Each horizontal line indicates the mean value. TAM
tamsulosin, DIL diltiazem

Diltiazem co-administration significantly affected tam-
sulosin pharmacokinetics. Higher C,.x and AUC values
and a lower CL/F for tamsulosin were observed after dil-
tiazem treatment in each CYP2D6 genotype group
(p < 0.0001 for all). The CYP3A subfamily is mainly
expressed and localized in the liver and intestinal epithe-
lium. The total CYP3A content in the small intestine is
estimated to be ~ 1% of that in the liver. However, enteric
CYP3A is known to significantly contribute to the overall
first-pass metabolism of several drugs, such as verapamil,
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midazolam, and nifedipine (von Richter et al. 2001; Pinto
et al. 2005; Zhang et al. 2007). In addition, semiphysio-
logically-based pharmacokinetic models have shown that
five oral doses of 60 mg of diltiazem three times daily
inactivates a maximum of 55% and 90% liver and gut wall
CYP3A4, respectively (Zhang et al. 2009). Based on these
findings, we speculate that the effects of diltiazem on
tamsulosin plasma concentrations can be attributed to both
hepatic metabolism and intestinal absorption.

Although diltiazem is known to be both a substrate for
and an inhibitor of CYP3A4, diltiazem is also metabolized
by CYP2D6 isozyme (Molden et al. 2000, 2002). Because
tamsulosin is primarily metabolized via CYP3A4 and
CYP2D6 (Kamimura et al. 1998), it is possible that dilti-
azem may inhibit the biotransformation of tamsulosin via
competitive inhibition of CYP2D6. However, an earlier
in vitro study showed that the ICsy, of diltiazem for
CYP2D6 activity inhibition was above 150 uM (Ma et al.
2000). Considering the range of diltiazem (40-200 ng/ml)
for therapeutic plasma levels, it is unlikely that diltiazem
inhibits CYP2D6 significantly in clinical situations.

A previous study reported that CYP2D6 EM subjects
who administered ketoconazole (a potent CYP3A4 inhi-
bitor) or paroxetine (a potent CYP2D6 inhibitor) con-
comitantly had a 2.8- and 1.6-fold higher tamsulosin AUC,
respectively (Troost et al. 2011). The U.S. FDA stated that
patients known to be CYP2D6 poor metabolizers (PMs)
have the potential for a significant increase in tamsulosin
exposure when it is co-administered with a strong CYP3A4
inhibitor (FLOMAX label information 2016). In this study,
although diltiazem is a moderate CYP3A4 inhibitor, it may
also markedly increase tamsulosin plasma exposure in
carriers of CYP2D6*wt/*wt and CYP2D6%*10/*10. The
effects of diltiazem on the pharmacokinetics of tamsulosin
were not dependent on CYP2D6 genotype. However, it is
noted that the subjects carrying the CYP2D6*10/*10
genotype with diltiazem treatment had around three-fold
higher AUC;,; values of tamsulosin compared with the
CYP2D6*wt/*wt subjects without diltiazem treatment
(Table 1, Fig. 2c, p < 0.0001). This indicates that the
CYP2D6 genotype and diltiazem co-administration have an
additive effect on the pharmacokinetics of tamsulosin.

As mentioned above, elderly patients who are prescribed
tamsulosin may also receive concomitant drugs to treat co-
existing conditions. For example, patients suffering from
hypertension, angina, and/or arrhythmia may be prescribed
diltiazem and tamsulosin. This combination causes pro-
longed plasma exposure to tamsulosin, leading to an
increased risk of unexpected and occasionally life-threat-
ening adverse drug events including hypotension, dizzi-
ness, fainting, hepatopathy, and jaundice (HARNAL-D
label information 2017). Furthermore, caution is advised
with co-administration of tamsulosin and agents with
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vasodilating effect, such as phosphodiesterase-5 (PDES)
inhibitors, which can potentially cause symptomatic
hypotension (FLOMAX label information 2016). Addi-
tional vasodilation mediated by diltiazem may also exac-
erbate the tamsulosin-induced orthostatic hypotension and
related symptoms.

For these safety matters, the systolic blood pressure,
diastolic blood pressure, and heart rate of all subjects were
measured after every blood sample collection. Although
slight differences in the mean values for diastolic blood
pressure between subjects with and without diltiazem
treatment were observed in both genotype groups, these
were not found to be clinically important (data not shown).
However, multiple dosing of tamsulosin could lead to
much higher tamsulosin plasma concentrations due to an
accumulation effect, resulting in a greater orthostatic
response than observed after a single dose (Troost et al.
2011). Thus, a multiple-dosing study will provide clearer
information on the effects of diltiazem co-administration
on the tolerability and safety of tamsulosin.

In conclusion, this study showed that diltiazem has a sig-
nificant impact on the pharmacokinetics of tamsulosin
according to increased C,,,,x and AUC;,, and decreased CL/F
values and this effect was not affected by the genetic poly-
morphism of CYP2D6. Diltiazem likely increases the risk of
drug-induced adverse events via prolonged plasma exposure
of tamsulosin. Furthermore, significantly higher plasma
tamsulosin concentrations are predicted when diltiazem is
concomitantly administered in subjects with inherently
decreased CYP2D6 enzymatic activity. Dose adjustment in
the daily maintenance of tamsulosin may improve tolerability
and safety in patients also receiving diltiazem.
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