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Abstract Objective: To determine whether food intake influences the pharmacokinetics of
a new, once daily, extended release (ER) capsule formulation of tolterodine in
healthy volunteers, and to compare its bioavailability with that of the existing
immediate release (IR) tablet.
Design: Open, randomised, 3-way crossover trial.
Participants: 17 healthy volunteers (3 females, 14 males) aged between 19 and
50 years. With the exception of 1 male volunteer, all participants were classified
as extensive metabolisers by cytochrome P450 2D6 genotyping.
Methods: Volunteers received single oral doses of tolterodine L-tartrate ER 8mg
(2 × 4mg capsules) on an empty stomach or with a standardised high-fat breakfast.
Reference therapy comprised tolterodine L-tartrate IR 4mg (2 × 2mg tablets),
administered in the fasting state. Serum concentrations of tolterodine, its active
5-hydroxymethyl metabolite (5-HM) and the active moiety (sum of unbound
tolterodine + 5-HM) were measured for up to 72 hours post-dose. Safety end-
points were also determined.
Results: No effect of food on the bioavailability of tolterodine ER capsules was
apparent and there was no sign of dose-dumping with meals. The geometric mean
fed : fasting ratio of area under the serum concentration-time curve to infinity
(AUC∞) of the active moiety, for all volunteers combined, was 0.95 (90% confid-
ence interval 0.88 to 1.03). Equivalence with respect to AUC∞ (dose-corrected)
was also found for the ER capsule compared with the IR tablet, although uncor-
rected maximum serum concentrations were around 50% lower despite the fact
that the capsule dose was twice as high. Seven volunteers reported adverse events,
predominantly headache. No volunteer reported dry mouth. Overall, there were
no safety concerns.
Conclusions: The new ER formulation of tolterodine shows no pharmacokinetic
interaction with food. On the basis of these results, patients with overactive blad-
der may, therefore, be advised to take the drug without regard to the timing of
meals, maximising convenience during therapy.
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Tolterodine is the first antimuscarinic agent de-
veloped specifically for the treatment of patients
with overactive bladder, a common and distressing
medical condition characterised by symptoms of
increased urinary frequency and urgency, with or
without urge incontinence.[1,2] Numerous studies
confirm the clinical efficacy and favourable toler-
ability of tolterodine in the treatment of patients
with overactive bladder (for a review see Guay[3]).
Moreover, in comparative studies, tolterodine 2mg
twice daily has proved therapeutically equivalent
to oxybutynin 5mg three times daily, but with su-
perior tolerability.[4-6] This profile is attributed to
the bladder selectivity of tolterodine observed in
preclinical studies (for review see Nilvebrant[7]).
The pharmacokinetic profile of the current im-

mediate release (IR) tablet formulation of tolterod-
ine (Detrol™ , Detrusitol®)[8] is characterised by
rapid and virtually complete absorption after oral
administration,[9] followed by high first-pass meta-
bolism. Two major hepatic metabolic pathways
have been identified: oxidation [mediated by cyto-
chrome P450 (CYP) 2D6] and N-dealkylation (me-
diated by CYP3A).[10,11] The 5-hydroxymethyl
metabolite (5-HM), produced by the CYP2D6 path-
way, has a similar pharmacological profile to tolter-
odine with equivalent antimuscarinic potency in
vitro.[12] However, since CYP2D6 is subject to ge-
netic polymorphism,[13] individuals vary in the ex-
tent to which they are able to metabolise tolterod-
ine. The majority utilises the CYP2D6 pathway
(‘extensive metabolisers’), whereas the minor pro-
portion (7% of Caucasians[14]) that lacks the
CYP2D6 enzyme (‘poor metabolisers’) instead
metabolise tolterodine via the CYP3A pathway to
N-dealkylated tolterodine.[15] The half-life of toltero-
dine in extensive metabolisers is 2 to 3 hours with
an absolute bioavailability of about 26%, com-
pared with 8 to 12 hours and 91%, respectively, in
poor metabolisers.[10] Higher serum concentrations
of tolterodine are therefore observed in poor meta-
bolisers, but 5-HM is virtually undetectable.
Even though the extensive and poor metaboliser

pharmacokinetic profiles are different, exposure to
the active moiety (sum of unbound tolterodine +

5-HM) is comparable regardless of metabolic phe-
notype. This is because tolterodine binds exten-
sively to serum proteins [mainly α1-acid glycopro-
tein (AGP)] with an unbound fraction of 3.7%.[16]
5-HM, however, has an unbound fraction of 36%,[16]
resulting in significantly higher concentrations of
unbound 5-HM compared with tolterodine in ex-
tensive metabolisers.[10] Thus, the pharmacological
effect is attributed to unbound tolterodine in poor
metabolisers whereas in extensive metabolisers it
is derived from the sum of unbound tolterodine and
5-HM, with the latter constituting the majority of
the active moiety.[10] As exposure to the pharmaco-
logically active moiety (i.e. unbound tolterodine in
poor metabolisers; unbound tolterodine + 5-HM in
extensive metabolisers) is similar irrespective of
metabolic phenotype,[17] the same dosage can be
used in all patients.
It is well established that food can affect the

bioavailability of drugs.[18] In the case of the IR
formulation of tolterodine, a previous study found
increased serum tolterodine concentrations in the
presence of food, although no clinically relevant
effects on exposure to the active moiety were ap-
parent.[19] The objective of this study was to assess
the effect of food, by estimating the fed : fasting
ratios for area under the serum concentration-time
curve (AUC) and maximum observed serum con-
centrations (Cmax) of the active moiety, after the
single dose oral administration of a new extended
release (ER) capsule formulation of tolterodine for
once daily treatment of patients with overactive blad-
der.Asecondary objectivewas to evaluate bioavail-
ability (with regard to the active moiety) of the ER
capsule relative to the existing IR tablet formula-
tion under fasting conditions, as part of an overall
pharmacokinetic assessment of the new formula-
tion. Safety and tolerability of the ER capsule for-
mulation of tolterodine were also determined.

Subjects and Methods

On the basis of an assumed intra-individual co-
efficient of variation for AUC of 10% for the ref-
erence treatment (tolterodine IR), and that the true
bioavailability for the test treatment (tolterodine
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ER) is 90%, it was estimated that a minimum of 16
participants would be required to show equivalence
for tolterodine ER under fed and fasting conditions
(α = 5%, 80% power).[20]

Study Design

This was a randomised, open, 3-way crossover
study in 17 healthy volunteers (3 females, 14 males)
aged between 19 and 50 years. All volunteers were
in good health, as judged by their medical history
and clinical, haematological and biochemical find-
ings, with a body mass index of 18 to 29 kg/m2.
Female volunteers, if premenopausal, were re-
quired to be using an adequate contraceptive
method prior to and throughout the study. The use
of oral hormonal contraceptives was permitted,
given the lack of interaction between tolterodine
and such agents.[21] Use of other concomitant med-
ication was not permitted, except at the discretion
of the investigator. Written informed consent was
obtained from all volunteers before study commence-
ment, the protocol having been approved by a local
institutional review board. The study was per-
formed in accordance with the latest revisions to
the Declaration of Helsinki.
After completing a pretrial screening visit (at

which blood samples were collected for CYP2D6
genotyping according to a modified technique of
Dahl et al.[22]), volunteers were randomly assigned
to 1 of 3 treatment sequences: a single dose of
tolterodine ER 8mg (2 × 4mg capsules), under fed
and fasting conditions, or tolterodine IR 4mg (2 ×
2mg tablets) under fasting conditions. A 7-day
washout period separated each administration. All
doses of tolterodine were given orally (at between
08.00 and 09.00), under supervision of study per-
sonnel to ensure compliance, and are expressed as
the L-tartrate salt. During the fed treatment period,
volunteers took study medication immediately af-
ter consumption of a standardised high-fat break-
fast [4255kJ (1017 kcal); 53% fat, 34% carbohy-
drate, 13% protein], which had to be eaten within
30 minutes. For the fasting treatment periods, vol-
unteers fasted from 22.00 on the evening prior to
administration and had lunch 4 hours after drug

administration. All meals given during the volun-
teers’ stay at the clinic were standardised in terms
of composition and timing of ingestion. Water
was permitted ad libitum from 2 hours post-dose
in each of the 3 treatment periods, and caffeine-
containing beverages were allowed from 4 hours
post-dose. The consumption of alcohol was not
permitted from 48 hours prior to, and throughout,
each treatment period. Volunteers were housed at
the study clinic from the morning of administra-
tion until completion of blood sampling.
Venous blood samples were collected pre-dose

and up to 72 hours post-dose to quantify tolterod-
ine and 5-HM concentrations in serum. Timing of
sampling varied according to formulation: ER
capsule, at 0.5, 1, 2, 3, 4, 6, 9, 12, 18, 24, 30, 36,
42, 48, 54 and 60 hours after administration of
tolterodine; IR tablets, at 0.25, 0.5, 0.75, 1, 1.5, 2,
3, 4, 6, 9, 12, 16, 20 and 24 hours after adminis-
tration of tolterodine.
In poor metabolisers, with a longer half-life of

tolterodine, further blood samples were drawn at
66 and 72 hours after administration of tolterodine
ER, whereas additional samples at 32, 40, 48, 56,
64 and 72 hours post-dose were drawn following
administration of the IR formulation. All blood
samples (7ml) were collected into evacuated collec-
tion tubes without additives and allowed to coagu-
late for 45 minutes to 1 hour. Serum was sub-
sequently separated by centrifugation, and samples
stored frozen at –20°C until analysis.
Serum concentrations of tolterodine and 5-HM

were determined using gas chromatography-mass
spectrometry, as described in Palmér et al.[23] The
accuracy and precision of the method were con-
tinuously determined during the study by the anal-
ysis of quality control samples. The interassay
precision, expressed as the coefficient of variation,
varied between 2.1 and 6.9% and the accuracy, ex-
pressed as the mean recovery of the theoretical
quality control concentrations, varied between 98.6
and 101% for all analytes over the concentration
range tested.
Adverse events were assessed by spontaneous

reports and investigator observations throughout
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the study. The onset and intensity (mild, moderate
or severe) of adverse events after drug administra-
tion were recorded as part of the investigator as-
sessment of possible causality. Laboratory safety
parameters (clinical chemistry and haematology)
were assessed prior to and at the end of the study
and screened for trends.

Pharmacokinetic Calculations

Pharmacokinetic calculations were performed
by noncompartmental analysis using WinNonlin
(Pharsight Corporation, Mountain View, Califor-
nia, USA). The following pharmacokinetic param-
eters of tolterodine and 5-HM were determined
from the serum concentration-time profiles: AUC
from time zero to infinity (AUC∞), Cmax, time to
Cmax (tmax), minimum serum concentration at the
end of the dosage interval (Cmin; i.e. 24 hours post-
dose for the ER capsule and 12 hours post-dose for
the IR tablet), and terminal half-life (t1⁄2z). Standard
methods were adopted for the calculation of these
parameters.[24]
Pharmacokinetic parameters were also calcu-

lated for the active moiety. The unbound fractions
(fu) of tolterodine and 5-HM were calculated for
each volunteer using the individual concentration
of AGP (Pt) in pre-dose samples, and respective
affinity constants (Ka) of tolterodine and 5-HM to
AGP, using the following relationship:

fu = 1/(1 + Ka • Pt)

The affinities of tolterodine and 5-HM for AGP
were assumed to be 2.1 × 106 L/mol and 13 × 106
L/mol, respectively.[16] The AUC∞ of the active
moiety was subsequently calculated as:

AUC∞ = (fu,tolterodine • AUC∞,tolterodine) + (fu,5-HM •
AUC∞,5-HM)

The corresponding calculation was also per-
formed for Cmax, where Cmax,unbound was determined
after calculation of unbound serum concentrations
of tolterodine and 5-HM.
For the ER formulation, relative bioavailability

(Frel) under fed versus fasting conditions and versus
the IR tablet formulation (fasting) was estimated

from AUC∞ ratios for the active moiety. Similar
calculations were performed for AUC∞ of tolterod-
ine and 5-HM. In the comparison ofAUC∞ between
ER and IR formulations, a correction was made for
differences in dose, i.e. Frel =AUC∞,capsule/(AUC∞,tab-

let × 2). No such correction was made for compari-
son of Cmax ratios, which were also calculated for
the active moiety, tolterodine and 5-HM.

Statistical Analysis

An analysis of variance (ANOVA) model was
used for the statistical analysis of the log-trans-
formedAUC∞ and Cmax data for tolterodine, 5-HM
and the active moiety. The sources of variation, in-
cluded as factors in the model, were participant,
period and formulation. No carry-over effect was
included in the model. From the ANOVA, geomet-
ric means of the fed : fasting ratio for the ER cap-
sule, with the corresponding 90% confidence inter-
val, were calculated. Similar calculations were
performed for determination of Frel for ER capsule
versus IR tablet under fasting conditions. Equiva-
lence in AUC∞ values under fed and fasting condi-
tions was assumed if the confidence interval was
completely contained within 0.80 to 1.25, and for
Cmax within 0.70 to 1.43. Descriptive statistics
were calculated for other pharmacokinetic param-
eters.

Results

A total of 17 volunteers entered and completed
the study; baseline demographics are shown in ta-
ble I. Most volunteers were Caucasian (n = 14); the
remainder were either Black (n = 2) or Oriental (n
= 1). With the exception of 1 male volunteer, all
volunteers were classified as extensive metabo-
lisers by CYP2D6 genotyping. There were no
protocol violations; all participants were therefore

Table I. Median (range) demographic characteristics at baseline

Characteristic Value
Males/females (number) 14/3
Age (y) 32 (19-50)
Height (cm) 177 (155-191)
Bodyweight (kg) 72 (63-100)
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included in the analyses of pharmacokinetic vari-
ables and safety. Two volunteers received concom-
itant medication during the study, for the relief of
cold symptoms and headache, respectively. No
effect on the study findings was assumed.

Pharmacokinetic Findings

Median pharmacokinetics for tolterodine ER
capsules and IR tablets are summarised for the ac-
tive moiety in table II. Values for Frel confirmed
equivalence in the fed and fasting state (table III).
Similarly, the 90% confidence interval for the Cmax
ratio was well within the required limits for equiv-
alence (table III).
Correcting for difference in dose, Frel values

were consistent with equivalence (with respect to
AUC∞) between the ER and IR formulations when
administered in the fasting state (table III). Relative
to the IR tablet, however, absolute Cmax values
were reduced by about 50% for the ER capsule

even though twice the dose was administered,
whereas Cmin values were nearly 2-fold higher (ta-
ble II).
Median serum concentration-time profiles for

tolterodine and 5-HM in the 16 extensive metabo-
lisers, following administration of tolterodine ER
capsules in the fed and fasting state, are shown in
figure 1. Overall, the profiles were consistent with
prolonged release of the drug over the entire 24-
hour interval, and there was no indication of dose
dumpingwith food. Asummary ofmedian pharma-
cokinetics for extensive metabolisers is provided
in table IV. For both tolterodine and 5-HM, com-
parison between the 2 formulations administered
in the fasting state showed lower median Cmax val-
ues and longer times to Cmax for the ER formulation
(see figure 1), whereas t1⁄2z was increased. Median
Cmin values were around 2- to 4-fold higher for the
ER compared with the IR formulation.

Table II. Median (range) pharmacokinetic parameters of the active moietya following single dose administration of either a new extended
release (ER) capsule formulation of tolterodine, under fed and fasting conditions, or immediate release (IR) tolterodine tablets under fasting
conditions, to 17 healthy volunteers

Parameter ER capsule 8mg IR tablet 4mg (fasting)
fed fasting

AUC∞ (nmol/L • h) 38 (14-76) 42 (16-72) 22 (14-45)
Cmax (nmol/L) 2.5 (0.66-4.8) 3.0 (0.56-4.7) 5.0 (1.9-8.1)
Cmin (nmol/L) 0.64 (<0.09-1.6) 0.67 (0.25-1.3) 0.35 (0.14-1.0)
a Defined as the sum of unbound concentrations of tolterodine and its active 5-hydroxymethyl metabolite.
AUC∞ = area under the serum concentration-time curve from zero to infinity;Cmax= maximum observed serum concentration;Cmin= minimum
observed serum concentration at the end of the administration interval (i.e. 24 hours post-dose for ER capsule, 12 hours post-dose for IR
tablet).

Table III. Geometric mean (90% confidence interval) ratios for pharmacokinetic parameters of the active moiety,a tolterodine and its active
5-hydroxymethyl metabolite. Values represent the ratios for the extended release (ER) capsule 8mg in the fed versus fasting state and relative
to the immediate release (IR) tablet 4mg in the fasting state

Drug ER capsule: fed versus fasting ER capsule versus IR tablet (fasting)
AUC∞ Cmax AUC∞

b Cmax

Active moietyc 0.95 (0.88-1.03) 0.91 (0.78-1.06) 0.87 (0.80-0.94) 0.53 (0.45-0.63)
Tolterodinec 1.00 (0.89-1.11) 0.98 (0.84-1.14) 0.98 (0.87-1.10) 0.48 (0.41-0.57)
5-Hydroxymethyl metabolited 0.94 (0.86-1.01) 0.88 (0.75-1.03) 0.90 (0.87-0.94) 0.57 (0.49-0.66)
a Defined as the sum of unbound concentrations of tolterodine + 5-hydroxymethyl metabolite.
b Corrected for difference in dose.
c Data shown are for 17 volunteers (16 extensive metabolisers and 1 poor metaboliser).
d Data shown are for extensive metabolisers only.
AUC∞ = area under the serum concentration-time curve from zero to infinity; Cmax = maximum observed serum concentration.
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Tolterodine pharmacokinetics in the 1 poor me-
taboliser were consistent with previous observations
for this genotype, i.e. tolterodine concentrations
were around 5- to 10-fold higher than in extensive
metabolisers [Cmax values for this volunteer follow-
ing administration of the ER (8mg) and IR (4mg)
formulations were 39 nmol/L (ER fed), 30 nmol/L
(ER fasting) and 118 nmol/L (IR), respectively]
whereas 5-HM was undetectable. No food effect
was apparent for this volunteer, consistent with the
findings for extensive metabolisers.

Safety and Tolerability

All participants were included in the safety eval-
uation.Overall, 7 (41%) reported a total of 14 adverse

events, all of which were of mild to moderate inten-
sity and generally not deemed to be drug-related.
The most common adverse event was headache.
There were no reports of dry mouth, and no serious
adverse events were reported. Overall, the inci-
dence of adverse events for tolterodine ER in the
fed and fasting states was similar (4 and 3 volun-
teers, respectively).
There were no trends towards clinically signif-

icant changes in laboratory safety parameters be-
tween screening and study completion.

Discussion

For any new drug formulation it is important to
determine the level of interaction with food, as this
can have a marked effect on drug bioavailability.
Such studies are particularly relevant for ER for-
mulations, as the presence of food can lead to the
phenomenon of dose-dumping, which may have
consequences for drug efficacy and safety. More-
over, the findings of such studies can have impor-
tant implications for patients and disease manage-
ment in general, as the requirement to take a
medication 1 to 2 hours before a meal (because of
a known interaction with food) can potentially lead
to compliance problems. For a drug formulation
aimed at the once daily treatment of patients with
overactive bladder, a chronic condition that re-
quires long term therapy to maintain symptom re-
lief, the demonstration of no interaction with food
would therefore allow patients to take the drug
without regard to meals. In turn, convenience is
maximised, which helps towards ensuring high
levels of patient compliance and therefore good
disease management.
The present study was therefore designed to

evaluate the effect of food on the bioavailability of
a new ER capsule formulation of tolterodine. For
comparative purposes, volunteers also received a
single oral dose of the existing IR formulation of
tolterodine under fasting conditions. The adminis-
tered doses of tolterodine (8mg ER; 4mg IR) were
twice those normally given in routine clinical prac-
tice (i.e. 2mg twice daily)[8] in order to obtain ad-
equate serum drug concentrations, especially in the
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Fig. 1. Median serum concentration-time profiles of tolterodine
and its active 5-hydroxymethyl metabolite (5-HM) in 16 exten-
sive metabolisers following an 8mg single oral dose of an ex-
tended release (ER) capsule formulation of tolterodine (given
as 2 × 4mg capsules) under fed and fasting conditions. For
comparative purposes, the median serum concentration-time
profiles for a 4mg single oral dose of conventional immediate
release (IR) tablets of tolterodine (given as 2 × 2mg tablets)
under fasting conditions is also shown.
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terminal phase after administration of the ER for-
mulation, for more accurate determination of AUC∞.
Given that the pharmacokinetics of tolterodine IR
exhibit dose proportionality in the range of 1 to
4mg,[25] and that Cmax values after 8mg ER did not
exceed those after 4mg IR, backwards extrapola-
tion of the present study findings to dosages rele-
vant to clinical practice is justified.
Overall, the ER capsule showed the desired

pharmacokinetic profile for once daily administra-
tion – prolonged release of the drug over the 24-
hour interval. No effect of food on the bioavailabil-
ity of tolterodine ER capsules was apparent, as
shown by the AUC∞ and Cmax ratios for the active
moiety (which approached unity). The absence of
an effect of food on tolterodine ER pharmacokinet-
ics contrasts with a previous food interaction study
with the existing IR formulation.[19] In that study,
a 50% increase in tolterodine concentrations was
observed in the presence of food, with no change
in 5-HM pharmacokinetics. However, the interac-
tion was not deemed to be clinically relevant, as
exposure to the activity moiety was unchanged.
This is explained by the fact that unbound 5-HM
constitutes the majority of the active moiety (in
extensivemetabolisers), such that changes in unbound

tolterodine do not influence the sum. The increase
in tolterodine concentrations when tolterodine IR
is given with food may be attributable to physio-
logical alterations induced by food, most probably
the inhibition of the intrinsic ability of the liver to
metabolise this highly extracted drug.[26] The hor-
monal response to feedingmay explain this phenom-
enon.[27] However, the ER formulation does not
show any notable differences in pharmacokinetic
profile in the presence and absence of food, which
can probably be explained by the slower and sus-
tained release of tolterodine from this formulation
coupled with the transient nature of the food effect.
Similar findings have been observed for an ER for-
mulation of the β-adrenoreceptor antagonist pro-
pranolol, in which no interaction with food was
noted[28] although earlier studies with the conven-
tional formulation had described reduction of first-
pass hepatic metabolism by food.[29]
Pharmacokinetic findings for tolterodine, 5-HM

and the active moiety were subject to pronounced
inter-individual variability under both fed and fast-
ing conditions in the present study. Such variabil-
ity, however, is in accordance with previous phar-
macokinetic studies with tolterodine.[9,10] In their
study, for example, Brynne et al.[10] reported tolterod-

Table IV. Median (range) pharmacokinetic parameters of tolterodine and its active 5-hydroxymethyl metabolite in 16 extensive metabolisers
following single dose administration of either a new extended release (ER) capsule formulation of tolterodine, under fed and fasting conditions,
or immediate release (IR) tolterodine tablets under fasting conditions

Parameter ER capsule 8mg IR tablet 4mg (fasting)
fed fasting

Tolterodine
AUC∞ (nmol/L • h) 71 (40-329) 83 (31-341) 37 (10-209)
Cmax (nmol/L) 5.5 (2.8-18) 7.1 (2.5-19) 13 (3.7-46)
tmax (h) 4 (3-12) 4 (2-6) 0.75 (0.5-1.5)
Cmin (nmol/L) 0.83 (<0.31-7.7) 1.26 (<0.25-6.8) 0.31 (<0.25-2.7)
t1⁄2z (h) 8.1 (3.3-27) 7.9 (4.0-13) 2.4 (1.6-4.6)

5-Hydroxymethyl metabolite
AUC∞ (nmol/L • h) 123 (56-258) 146 (94-255) 79 (53-146)
Cmax (nmol/L) 8.2 (4.4-12) 9.1 (5.0-15) 16 (10-22)
tmax (h) 6 (4-12) 4 (3-6) 0.75 (0.5-1)
Cmin (nmol/L) 2.1 (<1.8-5.9) 2.0 (0.76-5.0) 1.0 (0.5-3.2)
t1⁄2z (h) 8.5 (4.3-11) 7.2 (4.2-29) 3.6 (2.5-6.0)
AUC∞ = area under the serum concentration-time curve from zero to infinity;Cmax = maximum observed serum concentration;Cmin= minimum
observed serum concentration at the end of the administration interval (i.e. 24 hours post-dose for ER capsule, 12 hours post-dose for IR
tablet); t1⁄2z = terminal elimination half-life; tmax = time to Cmax.
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ine Cmax values in the range of 1.9 to 43 nmol/L
among extensive metabolisers, and 71 to 212 nmol/L
in poor metabolisers, after treatment with tolterod-
ine IR 4mg twice daily in healthy volunteers. Pro-
nounced inter-individual variability in tolterodine,
5-HM and active moiety pharmacokinetics was
therefore anticipated, and is unlikely to have af-
fected the overall study findings.
Comparison of the pharmacokinetic profiles of

the ER and IR formulations, administered at 8 and
4mg, respectively, shows major differences. For
example, median t1⁄2z values for tolterodine ER
were longer than those for the IR tablet, which can
be explained by slow, continuous release of the
drug from the new formulation. The most notable
finding was that Cmax values were about 50% lower
for tolterodine ER capsules compared with the con-
ventional IR tablet formulation, despite the fact
that the administered dose was twice as high. On
the basis of dose proportionality, this difference in
Cmax can also be expected at the regular therapeutic
doses of 4mg (ER) and 2mg (IR), respectively. The
implication of such findings is that, by decreasing
the peaks in serum concentrations of tolterodine
and 5-HM (and therefore also the active moiety)
associated with the twice daily administration of
the current IR tablet, the ER formulation may be
associated with improved tolerability. This has
been confirmed in a recent double-blind, random-
ised, placebo-controlled trial of tolterodine ER
4mg once daily in 1529 patients with overactive
bladder, in which the frequency of dry mouth was
23% lower (p < 0.05) relative to tolterodine IR ad-
ministered at 2mg twice daily.[30]
Another interesting pharmacokinetic finding

for the ER formulation was that Cmin values for the
active moiety were around 2-fold higher than those
observed for the conventional tablet formulation.
Thus, with multiple doses and the attainment of
steady state, higher Cmin values would be expected.
This has indeed been shown to occur in a repeat-
dose study of tolterodine ER 4mg once daily in
healthy volunteers.[31] Higher Cmin values appear
to result in significantly improved efficacy for
tolterodine ER 4mg once daily relative to the ex-

isting IR 2mg twice daily formulation, as observed
in a recent comparative study of the 2 formulations
in patients with overactive bladder.[30]
This study focused predominantly on extensive

metabolisers, as only 1 poor metaboliser was en-
rolled. Pharmacokinetic findings for the latter in-
dividual were consistent with previous observa-
tions.[10,17] Thus, following administration of the
IR tablet in the fasting state at a dose of 4mg, peak
tolterodine concentrations (118 nmol/L) were com-
parable with the median Cmax observed in ‘poor
metaboliser’ overactive bladder patients treated
with tolterodine IR 4mg in dose-ranging studies
[43 μg/L (132 nmol/L)].[17] Although the Cmax was
around 10-fold higher compared with the median
value for extensive metabolisers, exposure to the
active moiety (in terms of AUC∞) in the poor me-
taboliser was within the range of exposure ob-
served for those with the extensive metaboliser
genotype. As for the latter group, no food effect
was apparent for the ER formulation in the poor
metaboliser. This was anticipated, as there is no
reason to believe that conditions in the gastrointes-
tinal tract would differ according to genotype.

Conclusion

Food intake has no effect on the bioavailability
of tolterodine ER capsules, and there is no indication
of dose-dumping when the drug is administered
after a high-fat meal. The pharmacokinetic profile
of this formulation is consistent with sustained
release of the drug over a 24-hour period, thereby
permitting once daily administration. Therefore,
on the basis of these results, patients with overac-
tive bladder may be advised to take the new ER
formulation of tolterodine without regard to the
timing of meals, maximising convenience and so
improving compliance with long term therapy for
this chronic condition.
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