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Aims To investigate the change in disposition of tolterodine during coadministration
of the potent cytochrome P450 2D6 (CYP2D6) inhibitor fluoxetine.
Methods Thirteen patients received tolterodine l-tartrate 2 mg twice daily for
2.5 days, followed by fluoxetine 20 mg once daily for 3 weeks and then concomitant
administration for an additional 2.5 days. They were characterized as extensive
metabolizers (EM1 with one functional CYP2D6 gene, EM2 with two functional
genes) or poor metabolizers (PM).
Results Nine patients, three EM2 and four EM1 and two PM, completed the trial.
Following tolterodine administration, the area under the serum concentration–time
curve (AUC) of tolterodine was 4.4-times and 30-times higher among EM1 and
PM, respectively, compared with EM2. The AUC of the 5-hydroxymethyl
metabolite (5-HM) was not quantifiable in PM. Fluoxetine significantly decreased
(P<0.002) the oral clearance of tolterodine by 93% in EM2 and by 80% in EM1.
The AUC of 5-HM increased in EM2 and decreased in EM1. However, the
exposure to the active moiety (unbound tolterodine +5-HM) was not significantly
increased in the two phenotypes. The subdivision of the EM group showed a 2.1-
fold increase in active moiety in EM2 but the exposure was still similar to EM1
compared with before the interaction.
Conclusions The study suggests a difference in the pharmacokinetics of tolterodine
and its 5-hydroxymethyl metabolite depending on the number of functional
CYP2D6 genes. Fluoxetine significantly inhibited the hydroxylation of tolterodine.
Despite the effect on the pharmacokinetics of tolterodine in extensive metabolizers,
the clinical effect is expected to be within normal variation.

Keywords: antimuscarinic, CYP2D6, CYP3A4, drug interaction, drug metabolism,
PNU-200577, tolterodine, urinary incontinence

Two different oxidative metabolic pathways, hydroxyl-
Introduction

ation and N-dealkylation, have been identified in man
(Figure 1) [5]. Hydroxylation to the pharmacologi-Tolterodine (R)-N,N-diisopropyl-3-(2-hydroxy-5-methyl-

phenyl)-3-phenylpropanamine, is a new antimuscarinic cally active 5-hydroxymethyl metabolite (5-HM) (PNU-
200577) is catalysed by cytochrome P450 (CYP) 2D6 [6,drug for the treatment of patients with overactive bladder

presenting with urinary frequency, urgency and urge 7], while the N-dealkylation pathway is catalysed by
CYP3A [7]. Preclinical studies have shown that 5-HM isincontinence [1–3]. In vitro, tolterodine has high affinity

and specificity for muscarinic receptors and shows a equipotent compared with tolterodine in vitro, and has
similar functional bladder selectivity in vivo [8]. Furtherselectivity for the urinary bladder over salivary glands

in vivo [4]. In humans, tolterodine is rapidly absorbed, oxidation of 5-HM yields the carboxylic acid of
tolterodine and its N-dealkylated form, along with N-exhibits high first-pass extraction and the systemically

available drug is mainly eliminated by metabolism [5]. dealkylated 5-HM. Following oral administration of
tolterodine, the majority of the administered dose is

Correspondence: Dr N. Brynne, Department of Clinical Pharmacology, excreted renally as the two carboxylic acids [5]. The
Pharmacia & Upjohn AB, SE-112 87 Stockholm, Sweden.
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Figure 1 Metabolic pathways of
tolterodine (R)-N,N-
diisopropyl-3-(2-hydroxy-5-
methylphenyl)-3-

5-hydroxymethyl tolterodine
(5-HM)
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of other metabolites of tolterodine have yet to be with subjective symptoms of urinary incontinence after
coadministration of fluoxetine, and to quantify N-characterized.

It is well established that CYP2D6 is subject to genetic dealkylated and carboxylic metabolites of tolterodine in
serum and urine.polymorphism [9], with important implications for drugs

that are metabolized by this enzyme. In extensive This study was presented in part at the Second
European Association of Clinical Pharmacology andmetabolizers (EM) of debrisoquine, a probe drug for

CYP2D6 activity, the mean systemic clearance of Therapeutics Meeting, Berlin, Germany, September
21–25, 1997.tolterodine was found to be 44 l h−1 yielding a half-life

of 2–3 h [6]. In contrast, PM have 5-times lower
clearance and a mean half-life of 9 h, which results in a Methods
7-fold higher maximum serum concentration of tolterod-

Subjectsine at steady-state. The levels of 5-HM are similar to
those of tolterodine in EM and not quantifiable in PM Thirteen female patients with depression and/or anxiety
[6]. However, while large differences in pharmacokinetics syndrome and subjective symptoms of urinary inconti-
exist between EM and PM, this is of minor importance nence were included in the study. All patients were
for the antimuscarinic effect because of additive action of medically investigated and healthy according to laboratory
parent drug and active metabolite, along with a 10-fold tests, ECG, and blood pressure. The mean (±s.d.)
difference between tolterodine and 5-HM in terms of demographic characteristics were as follows: age,
protein binding [6, 10]. 63±9.4 years; body weight, 70±9.6 kg; and height,

The selective serotonin re-uptake inhibitors (SSRIs) 1.65±0.05 m. Each patient was genotyped with respect
comprise a relatively novel class of compounds with to CYP2D6 (*1, *3 and *4 alleles) during the study. The
antidepressant properties. Fluoxetine is world-wide the study was approved by the ethics committee of the
most used of these agents and is prescribed for a va- Karolinska Hospital, and each patient gave written
riety of psychopathological conditions including mood informed consent before the study.
and eating disorders, obsessive-compulsive disorders,
depression and dysthymia [11–14]. Among the SSRIs,

Study design
fluoxetine, its active metabolite (norfluoxetine) and
paroxetine are the most potent, albeit not selective, The study had an open and non-randomised crossover

design. Patients were treated with tolterodine l-tartrateinhibitors of CYP2D6 activity in vitro [15, 16].
Pharmacokinetic interactions with the SSRIs have been (DetrusitolA [DetrolA], Pharmacia & Upjohn) 2 mg twice

daily (12 h apart) for 2.5 days. Thereafter, patientsdescribed to lead frequently, but not generally, to adverse
effects [17]. Since the prevalence of urinary incontinence commenced treatment with fluoxetine (FontexA

[ProzacA], Eli Lilly) 20 mg once daily orally for 3increases with age and is highest among women [18],
populations frequently treated with antidepressants, the weeks, following which fluoxetine and tolterodine were

given concomitantly for an additional 2.5 days. Eachpotential exists for drug–drug interaction between toltero-
dine and fluoxetine. patient fasted overnight before the tolterodine and

tolterodine+fluoxetine steady-state assessment days (DaysThe objectives of the present study were to determine
the pharmacokinetics of tolterodine in psychiatric patients 3 and 27, respectively). Intake of alcohol-containing
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beverages around the study period was not allowed. 0.1% formic acid in distilled water. Aliquots of 5 ml were
injected into the high performance liquid chromatographyAdministration of all drugs known to be potent inhibitors

of CYP2D6 (e.g. antidepressants and neuroleptic agents) system. Separation was achieved on a 5 mm 2.1×50 mm
Zorbax SB-CN column (Rockland Technologies Inc.,was strictly forbidden during the study period.
Newport, USA) and a CN opti-guard guard column
(Optimize Technologies Inc., Oregon City, USA) at a

Assessment temperature of 30° C, using a mobile phase consisting of
a mixture of 10 mm ammonium acetate, methanol and

On the two tolterodine steady-state days (Days 3 and 27)
acetonitrile (65351 v/v) and 0.1% (v/v) formic acid. The

venous blood samples were drawn before administration
flow rate was 0.2 ml min−1. Detection was performed

of tolterodine and at 10, 20, 30 and 45 min and at 1, 1.5,
with a Micromass Quattro II mass spectrometer using

2, 4, 6, 8, 10 and 12 h post dose. An additional blood
multiple reaction monitoring. Aliquots of 0.05–0.2 ml of

sample was drawn for the determination of a1-acid
urine samples were extracted on C2 columns (Isolute

glycoprotein (AGP) levels, since this is the major binding
IST, Hengoed, UK) and the analytes eluted from the

protein of tolterodine and 5-HM in serum [10]. Venous
column with the mobile phase. Separation and detection

blood samples were also drawn before administration and
were performed as for serum analysis. Calibration curves

at 1 and 2 h after the fluoxetine dose on Day 24. On
prepared in serum and urine were linear over the range

Days 3 and 27 each patient emptied the bladder before
1.6–125 nm and 16–950 nm, respectively. The limit of

the administration of tolterodine. Urine was subsequently
quantification was set to 1.6 nm for serum (1 ml sample

collected quantitatively during the 12 h dose interval.
volume) and 16 nm for urine (0.1 ml sample volume).

Adverse events were assessed by spontaneous reports,
The accuracy and precision of the method were

observations and questioning at regular intervals. Labor-
continuously examined during the study by analysing

atory parameters and vital signs were assessed prior to and
spiked quality control samples. The accuracy for all

at the end of the study.
analytes varied between 96 and 106% for serum over the
range 3–100 nm and for urine between 94 and 108%
over the range 110–670 nm. Precision was better than

Analytical methods
15% and 6% for serum and urine, respectively.

Plasma concentrations of fluoxetine and norfluoxetineQuantification of tolterodine and 5-HM in serum and
urine was performed using a specific and sensitive capillary were determined using a high performance liquid

chromatography system and u.v.-detection [20]. Thegas chromatography-mass spectrometry assay [19]. The
limit of quantification was set to 0.4 and 1.5 nm for limit of quantification was approximately 20 nm. The

interassay accuracy for the analytes varied from 95% toserum and urine, respectively. The accuracy and precision
of the method were continuously examined during the 110% over the 50–1600 nm range. The precision was

better than 8.0%.study by analysing spiked quality control samples. The
interassay accuracy for both analytes varied between 97 Genotyping was performed by means of polymerase

chain reaction followed by cleavage with restrictionand 101% for serum over the range 0.9–60 nm and for
urine between 91 and 107% over the range 1.5–135 nm. enzymes and polyacrylamide electrophoresis [21]. The

wild-type CYP2D6*1 allele and the mutated CYP2D6*3Precision was better than 10% and 11% for serum and
urine, respectively. and CYP2D6*4 alleles were determined to characterize

the patients as homozygous or heterozygous EM (EM2Serum and urine samples were assayed for dealkyl and
carboxyl tolterodine using a liquid chromatography- and EM1, respectively) or homozygous PM.
electrospray ionization-mass spectrometry/mass spec-
trometry (LC-ESI-MS/MS) technique. The metabolites

Data analysis
were extracted from the matrix by solid phase extraction.
Deuterium-labelled 5-HM was used as internal standard. Non-compartmental analysis based on serum concen-

trations of tolterodine and its metabolites was performedUrinary concentrations of the metabolites were also
assessed following incubation of samples with b- using PCNonlin (version 4.2) [22]. The area under the

serum concentration–time curve (AUC) was obtained byglucuronidase (Sigma Chemical Company, St Louis,
USA). The metabolites were synthesized by the linear trapezoidal approximation [23] with extrapolation

to 12 h by dividing the last calculated data point by theDepartment of Medicinal Chemistry, Pharmacia &
Upjohn AB, Uppsala, Sweden. The analytes in serum terminal slope (lz) derived from concentrations obtained

at 1.8–12 h for tolterodine and 5-HM, and at 3–12 h forwere extracted from a volume of 0.05–1.0 ml, using C18

columns (Isolute IST, Hengoed, UK). After evaporation the remaining metabolites. Concentrations below the
limit of quantification at early time points ( lag-time)of the eluent, the residue was reconstituted in 0.5 ml
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were treated as zero. Terminal concentrations and functional genes (EM2), four were heterozygous EM
with one functional gene (EM1) and the remaining twoconcentrations in the middle of the serum concentration–

time profile below the limit of quantification were patients were PM with no functional gene of CYP2D6.
The individual plasma concentrations of fluoxetine andomitted from the analysis. Oral clearance (CL/F, where

F indicates bioavailability [i.e. dose/AUC]) and terminal norfluoxetine for the three time points (0, 1 and 2 h
postdose), taken in absence and in presence of tolterodine,half-life (t1/2,z [i.e. ln 2/terminal slope]) were estimated

according to standard formulae [23, 24]. are presented in Figure 2. The two PM had higher
plasma concentrations of fluoxetine, and lower plasmaThe effects of fluoxetine on tolterodine pharmaco-

kinetics were analysed by sign test using all three levels of norfluoxetine, compared with EM. One EM1
patient (number 3) had similar plasma levels of norfluoxe-genotypes. The separation between the three genotypes,

prior to the interaction, was analysed by Exact Kruskal tine to those of PM.
Wallis permutation tests. The separation between EM2
and EM1 was tested by Exact Wilcoxon. Differences
were considered to be significant at P<0.05. Tolterodine

The unbound fractions (fu) of tolterodine and 5-HM
The individual serum concentration–time profiles ofwere calculated for each patient using the individual
tolterodine, 5-HM and the other metabolites duringconcentration of AGP (Pt) and the respective affinity
tolterodine treatment are shown in Figure 3. There wasconstants (Ka) of tolterodine and 5-HM to AGP using
a distinct difference in serum tolterodine concentrationsthe following relationship [25].
between EM and PM although one EM1 patient (number
3) showed levels of tolterodine similar to PM. The

fu=
1

1+KaΩPt

(1) pharmacokinetic parameters of tolterodine in the absence
and presence of fluoxetine are given in Table 1. A
significant (P<0.02) separation between the three pheno-The affinities of tolterodine and 5-HM to AGP, the

major binding protein in serum, are 2.1×106
m
−1 and types was apparent for both AUC and CL/F, but not for

t1/2,z. The Exact Wilcoxon test between EM2 and EM113×106
m
−1, respectively [10]. A good correlation has

been reported between observed mean fu and the mean was almost significant (P<0.06) although the number of
subjects was only 7. The median AUC of tolterodinepredicted value for both tolterodine and 5-HM based on

AGP concentrations and Ka values [10]. The active was 4.4 times larger in EM1 and 30 times larger in PM,
respectively, compared with the value in EM2.moiety after tolterodine administration, defined as the

sum of unbound tolterodine+5-HM, were calculated on The individual serum concentration–time profiles of
tolterodine, 5-HM and the other metabolites duringDays 3 and 27 using the AGP levels for these particular

days. coadministration of tolterodine and fluoxetine are shown
in Figure 4. Fluoxetine significantly inhibited (P<0.005)
the metabolism of tolterodine in EM and the difference

Results
between the three genotypes in terms of serum tolterodine
levels almost disappeared. CL/F values decreased by 93%Thirteen patients entered the study; three were withdrawn

due to adverse events (headache) during the fluoxetine in EM2, 81% in EM1 and by 18% in PM during
fluoxetine coadministration, resulting in a 1.5-foldtreatment period and one patient completed the study at

a reduced fluoxetine dosage because of headache. These increase in t1/2,z in EM2 and a 1.9-fold increase in EM1
while no apparent effect on t1/2,z was seen in PM. Thefour patients were omitted from the analysis. Of the nine

evaluable patients, three were homozygous EM with two median AUC of tolterodine was 1.7 times larger in EM1

Figure 2 Plasma concentration–
time profiles of fluoxetine (a) and
norfluoxetine (b) taken before, 1
and 2 h after administration of
fluoxetine and during
coadministration of tolterodine in
extensive (EM2[G]; EM1
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Figure 3 Serum concentration–time profiles of tolterodine and its metabolites after treatment with tolterodine (2 mg twice daily) for
2.5 days in EM2 [———]; EM1 [#]) and PM ($). 5-HM, 5-hydroxymethyl tolterodine; LOQ, limit of quantification; PM, poor
metabolizers; EM, extensive metabolizers.

and 2.5 times larger in PM, respectively, compared with respectively, in t1/2,z. The median AUC of 5-HM was
20% smaller in EM1 compared with the value in EM2.the value in EM2. The mean excretion of unchanged

drug in urine (b-glucuronidase-treated samples) was <5% The median amount excreted as 5-HM in urine increased
from 8.0% to 12% in EM2 during fluoxetine coadminis-in all evaluable patients, irrespective of concomitant

treatment with fluoxetine. tration, while a decrease from 9.8% to 4.3% was observed
in EM1. In PM, the excretion of 5-HM was <1.5%
irrespective of concomitant treatment with fluoxetine.

5-hydroxymethyl tolterodine

During tolterodine treatment the median AUC of 5-HM
Other metabolites

was 2.0 times larger in EM1 compared with the value in
EM2 (P<0.02), while the levels of 5-HM were below The pharmacokinetic parameters of N-dealkylated tolter-

odine, tolterodine acid and N-dealkylated tolterodinethe limit of quantification in PM. The pharmacokinetic
parameters of 5-HM in the absence and presence of acid, in the absence and presence of fluoxetine, are given

in Table 3. The flat serum concentrations time curvesfluoxetine are given in Table 2. The t1/2,z was longer in
the EM1 group compared with the EM2 group. of N-dealkylated tolterodine were only seen in PM

(Figure 3). During coadministration with fluoxetine,Fluoxetine did not significantly change the AUC of 5-
HM for all EM combined, since an increase was seen in similar levels of N-dealkylated tolterodine to those of

PM were seen in most EM (Figure 4). N-dealkylatedEM2 while a decrease was seen in EM1. Serum 5-HM
levels in the two PM were still below the limit of tolterodine was the major metabolite in urine (b-

glucuronidase-treated samples) in PM and EM duringquantification. A significant (P<0.005) decrease in peak
5-HM serum concentration (Cmax) was observed in both fluoxetine treatment. The serum concentration of N-

dealkylated 5-hydroxymethyl tolterodine was below theEM2 and EM1 patients (decreases of 20% and 60%,
respectively) along with 1.3-fold and 1.9-fold increases, limit of quantification in all patients. Tolterodine acid

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 553–563 557
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Table 1 Pharmacokinetic parameters of tolterodine following treatment with tolterodine [as l-tartrate salt] 2 mg twice daily for 2.5 days
in the absence and presence of fluoxetine (20 mg once daily for 27 days).

Patient Genotype tmax (h) Cmax (nM) t1/2,z (h) AUCt (NM·h) CL/F ( l h−1)

Tolterodine
1 EM2 0.78 7.4 2.1 18 230
2 EM1 0.50 13 4.1 39 109
3 EM1 1.0 25 8.1† 185 23
4 PM 2.0 18 14† 179 23
6 PM 1.5 56 9.1† 485 8.6

10 EM2 1.0 2.4 3.7 11 389
11 EM2 0.75 2.3 3.1 7.4 569
12 EM1 0.75 13 2.7 40 104
13 EM1 1.0 14 2.3 55 76
Mean (s.d.) EM 0.83 (0.19) 11 (2.6) 3.7 (2.1) 51 (62) 214 (198)
Median (range) EM2 0.78 (0.75–1.0) 2.4* (2.3–7.4) 3.1 (2.1–3.7) 11* (7.4–18) 389* (230–569)
Median (range) EM1 0.88 (0.5–1.0) 14* (13–25) 3.4 (2.3–8.1) 48* (39–185) 90* (23–109)
Range PM 1.5–2.0 18–56* 9.1–14 179–485* 8.6–23*

Tolterodine+fluoxetine
1 EM2 1.0 58 4.2 291 14
2 EM1 0.75 53 6.8 362 12
3 EM1 1.5 24 8.8† 202 21
4 PM 1.0 26 12† 226 19
6 PM 0.75 75 11† 598 7.0

10 EM2 1.5 26 4.7 153 27
11 EM2 1.0 27 4.5 164 26
12 EM1 1.5 35 4.8 193 22
13 EM1 1.5 52 6.1 367 11
Mean (s.d.) EM 1.2 (0.32) 39 (15) 5.7 (1.7) 247 (91) 19 (6.6)
Median (range) EM2 1.0 (1.0–1.5) 27** (26–58) 4.5** (4.2–4.7) 164** (153–291) 26** (14–27)
Median (range) EM1 1.5 (0.75–1.5) 43** (24–53) 6.5** (4.8–8.8) 282** (193–367) 17** (11–22)
Range PM 0.75–1.0 26–75** 11–12 226–598** 7.0–19**

AUCt, area under the serum concentration–time curve during one dose interval; CL/F, apparent total body clearance where F represents
bioavailabilty; Cmax, maximum serum concentration; EM, extensive metabolizer; EM1, extensive metabolizer with 1 functional CYP2D6 gene;
EM2, extensive metabolizer with two functional CYP2D6 genes; n.d., not determined; PM, poor metabolizer; t1/2,z, terminal half-life.
†Estimated half-life.
*P<0.02; separation between genotypes (Exact Kruskal-Wallis).
**P<0.005 in extensive and poor metabolizers compared with tolterodine alone (Sign test).

and N-dealkylated tolterodine acid were only found in significant change in AGP level during treatment with
fluoxetine. One PM (number 4) had a very lowserum of EM. The median AUC of tolterodine acid was

18-fold larger than tolterodine in EM2 and 3.1-fold concentration of AGP (close to pathological) that resulted
in a higher clearance and lower levels of tolterodine. Thehigher in EM1. The corresponding relationship between

N-dealkylated tolterodine acid was similar to that of AUC of the active moiety was similar in EM2 and PM,
while the values were 2.0-fold higher in EM1 comparedtolterodine acid. The two metabolites decreased by

50–70% during fluoxetine treatment. The amount of with EM2. Concomitant treatment with fluoxetine
increased the AUC value 2.1-fold in EM2 without anytolterodine metabolites and parent tolterodine excreted

in urine was lower in EM1 and PM, respectively, apparent difference in EM1. Fluoxetine increased the
unbound AUC of tolterodine in PM by 25%.compared with EM2. These amounts decreased in EM2

and EM1 during the interaction with fluoxetine.

Discussion
Active moiety

This study confirms that tolterodine shows a high
CYP2D6 specificity and that approximately 85% of theThe AGP levels, along with Cmax and AUC values for

the active moiety (unbound tolterodine +5-HM) in the systemic clearance of tolterodine in EM is due to the
biotransformation of tolterodine to 5-HM [6]. Despitethree genotypes are given in Table 4. There was no

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 553–563558
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Figure 4 Serum concentration–time data of tolterodine and its metabolites after treatment with tolterodine (2 mg twice daily) for
2.5 days in EM2 [———]; EM1 [#]) and PM ($) during coadministration of fluoxetine (20 mg once daily for 27 days). 5-HM,
5-hydroxymethyl tolterodine; LOQ, limit of quantification; PM, poor metabolizers; EM, extensive metabolizers.

the limited number of patients the present study, by EM1, respectively, implying that most of the inhibition
occurred during first-pass.analysing CYP2D6*3 and *4, expands the isozyme

specificity, and suggests a separation between EM with Several indications of a CYP2D6 dependent clearance
of 5-HM (to some extent) were also revealed when theone or two functional CYP2D6 genes in terms of the

serum levels of both tolterodine and 5-HM. Thus, number of functional genes was taken into account in
the analysis. Lower Cmax levels of 5-HM in combinationcontribution of the CYP2D6*5 allele which was not

analysed can not be excluded. However, if the high with a shorter t1/2,z among EM2 compared with EM1
were observed. The t1/2,z of 5-HM was 1.1-fold to 1.2-frequency of mutated alleles in the 9 subjects (8 out 18)

are considered it seems unlikely that additional mutated fold longer among EM1 than in EM2 and this difference
increased during fluoxetine treatment to 1.6-fold to 1.7-alleles should be present. The 4-fold difference in CL/F,

without overlap between EM2 and EM1, was almost fold. The AUC differences between EM1 and EM2 was
2-fold higher prior to the interaction, indicating thatexpected considering the 38-fold difference between a

panel of EM, proposed to be EM1 (metabolic ratio lower CYP2D6 activity increases the 5-HM levels.
Further despite the large decrease in CL/F of tolterodinedebrisoquine <1.0), and a panel of PM [6]. The potent

inhibition of CYP2D6 activity by fluoxetine and nor- in EM2 in the presence of fluoxetine, the AUC of 5-
HM increased by 37% while a 45% decrease was seen influoxetine decreased CL/F by 81% in EM1 and 93% in

EM2 without total inhibition of 5-HM formation, which EM1. Preclinical in vitro studies of the metabolism of 5-
HM in microsomes, containing an overexpressed humanalso supports the suggested difference between genotypes.

Previously it has been concluded that at least 80% of the CYP2D6, have shown a correlation between CYP2D6
activity and the formation of the tolterodine aldehydebiotransformation of tolterodine occurs in the liver during

first-pass [6]. In the present study, the reduction in CL/F (Postlind H., personal communication) an intermediate
metabolite, prior to tolterodine acid formation, which isduring fluoxetine coadministration was associated with

only a 1.5-fold to 1.9-fold increase in t1/2,z, in EM2 and not quantifiable in serum.
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Table 2 Pharmacokinetic parameters of the 5-hydroxymethyl metabolite of tolterodine following treatment with tolterodine [as l-
tartrate salt] 2 mg twice daily for 2.5 days in the absence and presence of fluoxetine (20 mg once daily for 27 days).

Patient Genotype tmax (h) Cmax (nM) t1/2,z (h) AUCt (nM·h) Ae (%)

Tolterodine
1 EM2 1.0 9.4 2.8 34 6.7
2 EM1 0.50 12 4.3 55 9.5
3 EM1 1.5 5.0 13† 43 9.8
4 PM n.d. n.d. n.d. n.d. <1.0
6 PM n.d. n.d. n.d. n.d. <1.0

10 EM2 0.77 4.1 3.4 21 8.5
11 EM2 0.75 6.1 3.4 25 8.0
12 EM1 0.75 9.4 3.5 40 10
13 EM1 1.0 14 3.8 77 n.d.
Mean (s.d.) EM 0.90 (0.32) 8.6 (3.7) 4.9 (3.7) 42 (19) 8.8 (1.3)
Median (range) EM2 0.77 (0.75–1.0) 6.1 (4.1–9.8) 3.4 (2.8–3.4) 25* (21–34) 8.0 (6.7–8.5)
Median (range) EM1 0.88 (0.5–1.5) 11 (5.0–14) 4.1 (3.5–13) 49* (40–77) 9.8 (9.5–10)
Range PM n.d. n.d. n.d. n.d. <1.0

Tolterodine+fluoxetine
1 EM2 1.0 7.0 6.9† 51 12
2 EM1 0.75 3.2 13† 27 4.3
3 EM1 0.70 3.2 15† 29 3.8
4 PM n.d. n.d. n.d. n.d. <1.0
6 PM n.d. n.d. n.d. n.d. <1.5

10 EM2 1.0 3.5 8.5† 26 9.9
11 EM2 1.0 5.0 7.3† 35 12
12 EM1 1.5 2.1 8.2† 17 4.9
13 EM1 1.5 5.3 13† 48 n.d.
Mean (s.d.) EM 1.1 (0.32) 4.2 (1.7) 10 (3.2) 33 (12) 7.7 (3.8)
Median (range) EM2 1.0 (1.0–1.0) 5.0** (3.5–7.0) 7.3** (6.9–8.5) 35 (26–51) 12 (9.9–12)
Median (range) EM1 1.1 (0.70–1.5) 3.2** (2.1–5.3) 13** (8.2–15) 28 (17–48) 4.3 (3.8–4.9)
Range PM n.d. n.d. n.d. n.d. <1.5

Ae, amount excreted in urine; AUCt, area under the serum concentration–time curve during one dose interval; Cmax, maximum serum
concentration; EM, extensive metabolizer; EM1, extensive metabolizer with 1 functional CYP2D6 gene; EM2, extensive metabolizer with 2
functional CYP2D6 genes; n.d., not determined; PM, poor metabolizer; t1/2,z, terminal half-life.
†Estimated half-life.
*P<0.02; separation between genotypes (Exact Kruskal-Wallis).
**P<0.02 in extensive metabolizers compared with tolterodine alone (Sign test).

The present data show that N-dealkylation of tolterod- the metabolism of tolterodine in subjects with deficient
CYP2D6 activity. That study showed a significantine is an important metabolic pathway in PM and

contributes to the elimination of tolterodine in EM inhibition of the metabolism of tolterodine, resulting in
an approximate 2.5-fold increase in AUC [30].during inhibition of CYP2D6. The extremely flat serum

concentration–time curves for N-dealkylated tolterodine, The serum levels of the two tolterodine acids were
higher than both tolterodine and 5-HM (Figure 4) andwith similar levels predose and at 12 h, suggest formation

rate-limited elimination kinetics, i.e. the serum curve were measurable soon after the parent compound was
administered, consistent with the high rate of biotrans-show the formation of the metabolite rather than the

elimination. Fluoxetine has been shown to inhibit the formation. Tolterodine acid and its N-dealkylated form
are the two major metabolites in urine, accounting formetabolism of alprazolam and carbamazepine [26, 27], a

substrate and a substrate/inducer of CYP3A4, respectively. approximately 60% of the excretion of a given tolterodine
dose [5]. In combination with fluoxetine the AUC valuesThe approximate 22% decrease in CL/F of tolterodine

during fluoxetine treatment in the two PM is in of the two acid metabolites decreased by 62–63%,
resulting in a corresponding decrease in the amount inagreement with the in vitro observation that CYP3A4 is

involved in the N-dealkylation of tolterodine [7]. This urine. In the view of the 6- and 15-fold increase of
tolterodine AUC, an additional inhibitory effect ofwas confirmed in a recently performed study of the effect

of ketoconazole, a potent CYP3A4 inhibitor [28, 29], on fluoxetine on CYP3A4 activity in EM cannot be
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Table 3 Pharmacokinetic parameters of tolterodine metabolites following treatment with tolterodine [as l-tartrate salt] 2 mg twice daily
for 2.5 days in the absence and presence of fluoxetine (20 mg once daily for 27 days).

Metabolite tmax (h) Cmax (nM) AUCt (nM·h) t1/2,z (h) Ae (%)

Tolterodine
N-dealkylated tolterodine (Ib)

Median EM2 n.d. n.d. n.d. n.d. <1.5
Median (range) EM1 n.d. n.d. n.d. n.d. 2.1 (1.3–15)
Range PM 6.0–8.0 2.7–5.3 30–57 n.d. 23–29

Tolterodine acid (IVa)
Median (range) EM2 2.0 (1.5–2.0) 38 (25–52) 203 (136–301) 3.1 (3.1–3.5) 42 (33–51)
Median (range) EM1 2.0 (1.5–2.0) 21 (5.3–28) 152 (53–201) 4.9 (3.8–24) 25 (14–28)

N-dealkylated tolterodine acid (IVb)
Median (range) EM2 2.0 (2.0–2.0) 21 (20–29) 144 (126–178) 4.5 (4.3–4.7) 24 (23–26)
Median (range) EM1 2.0 (2.0–2.0) 19 (17–20) 149 (132–168) 6.7 (5.2–6.8) 16 (3.6–24)

Tolterodine+fluoxetine
N-dealkylated tolterodine (Ib)

Range (n=2) EM2 1.5–4.1 2.4–4.2 19–34 n.d. 16 (13–17)
Median (range) (n=3) EM1 2.0 (1.5–6.0) 4.2 (2.6–4.2) 43 (22–43) n.d. 17 (13–19)
Range PM 6.0 3.5–7.4 37–78 n.d. 33–38

Tolterodine acid (IVa)
Median (range) EM2 2.0 (2.0–2.0) 8.4 (8.4–12) 73 (67–113) 11 (7.8–14)† 16 (15–17)
Median (range) EM1 1.5 (1.0–6.0) 3.9 (2.7–8.4) 42 (24–77) 14 (12–60)† 6.7 (5.9–10)

N-dealkylated tolterodine acid (IVb)
Median (range) EM2 1.5 (0.0–2.0) 7.0 (5.7–8.3) 66 (59–80) n.d. 12 (10–13)
Median (range) (n=3) EM1 1.5 (1.0–1.5) 4.5 (2.5–7.0) 46 (24–67) n.d. 5.7 (1.5–6.6)

Ae, amount excreted in urine; AUC∞, area under the serum concentration–time curve during one dose interval; Cmax, maximum serum
concentration; EM, extensive metabolizer; EM1, extensive metabolizer with 1 functional CYP2D6 gene; EM2, extensive metabolizer with 2
functional CYP2D6 genes; PM, poor metabolizer; n.d.=not determined; t1/2,z, terminal half-life.
†Estimated half-life.
Patient 13 has been omitted since most of the sample was spilled out during tolterodine administration.

Table 4 Pharmacokinetic parameters of the active moiety (unbound tolterodine+the 5-hydroxymethyl metabolite) following treatment
with tolterodine [as l-tartrate salt] 2 mg twice daily for 2.5 days in the absence and presence of fluoxetine (20 mg once daily for
27 days).

Tolterodine Tolterodine+fluoxetine
AGP ( g l−1) Cmax (nM) AUCt (nM·h) AGP ( g l−1) Cmax (nm) AUCt (nm·h)

Mean (s.d.) EM 0.64 (0.17) 3.1 (0.95) 15 (5.4) 0.62 (0.12) 2.6 (0.63) 19 (4.2)
Median (range) EM2 0.51 (0.43–0.80) 2.5 (1.9–2.9) 10 (9.5–11) 0.51 (0.47–0.80) 3.1 (2.3–3.4) 21 (16–21)
Median (range) EM1 0.63 (0.57–0.94) 3.7 (2.6–4.7) 20 (15–22) 0.63 (0.60–0.74) 2.3 (1.8–3.0) 19 (12–24)
Range PM 0.36–0.71 0.92–1.5 9.4–13 0.36–0.71 1.4–2.1 12–16

AGP, a1-acid glycoprotein; AUC, area under the serum concentration–time curve during one dose interval; Cmax, maximum serum
concentration; EM, extensive metabolizer; EM1, extensive metabolizer with one functional CYP2D6 gene; EM2, extensive metabolizer with
two functional CYP2D6 gene; PM, poor metabolizer.

excluded. However, the relative importance is difficult to CYP2D6 inhibitors, the active moiety was calculated
using AGP levels to derive the unbound fraction. Weinterpret since the total amount of tolterodine-derived

metabolites in urine closely followed the decreased have reported that most of the antimuscarinic activity
in EM (presumably EM2 genotype) correlates to theCYP2D6 activity. This indicates a change in the route of

elimination in favour of biliary excretion depending on unbound concentrations of tolterodine +5-HM, while a
similar effect is obtained in PM due to higher unboundthe number of functional genes.

To estimate the clinical importance of inhibition of concentrations of the parent compound [6]. Studies in
vitro have shown that AGP is the determinant for thetolterodine disposition during coadministration of
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3 Van Kerrebroeck PEVA, Amarenco G, Thüroff JW, et al.unbound fraction and that there is a good correlation
Dose-ranging study of tolterodine in patients with detrusorbetween unbound fraction determinations in vitro and
hyperreflexia. Neurourol Urodyn 1998; 17: 499–512.ex vivo [10]. Further the low molar concentrations of

4 Nilvebrant L, Andersson K-E, Gillberg P-G, Stahl M,tolterodine, its metabolites, fluoxetine and norfluoxetine
Sparf B. Tolterodine—a new bladder-selective

relative the total amount of AGP does not suggest antimuscarinic agent. Eur J Pharmacol 1997; 327: 195–207.
saturation of the protein. 5 Brynne N, Stahl MMS, Hallén B, Edlund PO, Palmér L,

Using genotyping to differentiate EM2 from EM1 Gabrielsson J. Pharmacokinetics and pharmacodynamics of
tolterodine in man: a new drug for the treatment of urinarymakes it possible to explain the variability among EM.
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into phenotypical PM, who are receiving a similar mephenytoin in European populations. Eur J Clin Pharmacol
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