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Abstract

The absorption, metabolism and excretion of imidafenacin (KRP-197/0ONO-8025),
4-(2-Methyl-1H-imidazal-1-yl)-2,2-diphenylbutanamide, a new antimuscarinic  drug
developed for treatment of overactive bladder, were assessed in six hedthy male subjects
following a single ora administration of 0.25 mg [“Climidafenacin (ca. 46uCi). The
highest radioactivity in the plasmawas observed a 1.5 h after adminigtration.  The apparent
termina eimination half-life of the totd radioactivity was 72 h.  Approximatey 65.6 and
29.4% of the administered radioactivity were recovered in the urine and feces, respectively,
within 192 h after administration. The metabolite profiling by HPLC—adiodetector and
LC/MSMSS demonstrated the main component of radioactivity was unchanged imidafenacin
inthe2 h plasma.  N-glucuronide conjugate (M-9) was found as the mgjor metabolite, and
the oxidized form of 2-methyl-imidazole moiety (M-2) and the ring-cleavage form (M-4)
were detected as the minor metabolites in the 2 h plasma, but M-4 was found to be the main
component in the 12 h plasma.  Unchanged imidafenacin, M-9, M-2 and other oxidized
metabolites were excreted in the urine, but the unchanged imidafenacin and M-9 were not
found in thefeces. Two unique metabolites were found in the urine and feces, which were
identified as the interchangegble cis- and transisomers of 4,5-dihydro-diol forms of
2-methyl-imidazole moiety. These findings indicate that imidafenacin is rapidly and well
absorbed (a least 65% of dose recovered in urine) following ord administration and

circulates in human plasma as the unchanged form, its glucuronide and other metabolites,
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then excreted in urine and feces as the oxidized metabolites of 2-methyl-imidazole moiety.
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Introduction

Imidafenacin (KRP-197/ONO-8025),
4-(2-Methyl-1H-imidazol-1-yl)-2,2-diphenylbutanamide (Figure 1), is a newly synthesized
antimuscarinic drug developed for trestment of overactive bladder. Acetylchaline is well
known to play a mgor role in contracting the bladder through activation of muscarinic
receptors (Braverman et d., 1998; Wang et d., 1995; Somogyi and de Groat, 1992).
Compounds with high affinity for the muscarinic acetylcholine receptor, including
propivering, tolterodine, oxybutynin, darifenacin and solifenacin have been used in
management of overactive bladder (Andersson, 2004; Andersson and Yaoshida, 2003;
Chapple et d., 2002, Robinson and Cardozo, 2005). Imidafenacin showed high in vitro
affinity for muscarinic receptor subtypes M; and M3 on the functional assay using isolated
animal tissues and on the binding assay using recombinant human receptors (Kobayashi et d.,
2007a; Miyachi et d., 1999). In addition, imidafenacin inhibited the carbachol-induced
contraction of isolated guinea pig and human bladder mediated by M3 receptor, and the
acetylcholine release from isolated rat and human bladder mediated by prejunctional M1
receptor (Kobayashi et a., 2007a; Murakami et d., 2003). Carbachol-induced reduction in
bladder cagpacity and digention-induced rhythmic bladder contraction were prevented by
imidafenacin dose-dependently in conscious rats (Kobayashi e d., 2007b; Miyachi et d.,
1999). On the other hand, effects of imidafenacin on carbachol-induced sdivary gland

secretion mediated by M3 receptor aone were less potent than thase on bladder contraction in
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rats (Kobayashi et d., 2007b; Miyachi et d., 1999).

In the pharmacokinetic assays in the pre-clinical toxicology studies, imidafenacin was
absorbed rgpidly with absolute bioavailahility of 5.6% in ras and 36.1% in dogs after ora
administration (unpublished observation).  Orally administered [“Climidafenacin was
excreted as many metabolites in the feces, and the total recovery in the urine and feces were
more than 95% of the administered dose in rats and dogs (unpublished observation).  Inthe
phese | clinical trials, plasma concentration and urinary excretion of imidafenacin increased
dose-dependently in the range from 0.025 to 0.5 mg of single ord dose, and apparent
elimination half-life ranged from 2.6 to 3.0 h (Shimada et a., 20068). Accumulation of
imidafenacin in the plasma and urine was insignificant during multiple oral administration of
0.25 mg twice aday (Shimada et d., 2006b).

The purposes of this study were to determine the absorption and excretion kinetics of
imidafenacin in humans following ora administration of [*Climidafenacin, and to
investigate the metabolite profile of imidafenacin in the plasmaand excreta.  Imidafenacinis
supposed to be transformed to many metabolites in humans; however, clinica dosage is very
low. Inthiscase, human mass-ba ance assay using radiolabeled drugsis a vauable measure
to elucidate the fate of thergpeutic drug in the body (Minematsu et d., 2005; Lantz et d.,
2003; Patrick et d., 2002; Cox et d., 2000). Accordingly, **C-labeled imidafenacin
([*Climidafenacin, **C-labeled position is shown in Figure 1) was administered orally at a

dose of 0.25 mg (ca. 46uCi) to six healthy male subjects, and the total radioactivity and their
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metabolite profile in the plasma, urine and feces were determined by LSC or HPLC
connected to RAD and MSIMS detectors.  In addition, chemical structures of two unique
diol-metabolites found in the excreta were identified by comparing with those of the

reference product obtained from imidafenacin with the cupro-ascorbate oxidation system.
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Materialsand M ethods

Radiolabded Material and Other Materias [*C]imidafenacin (Figure 1) was
synthesized & Amersham Biosciences Corp. (Piscaaway, NJ, USA), with a certificate of
andyss of the radiochemica purity (994%) and specific activity (178uCi/mg).
[*C]Imidafenacin was stored a —80°C in the dark. The radiochemical purity (more than
99.4%) and chemicdl authenticity of [*Climidafenacin was confirmed by HPLC before the
sudy, following mock dose preparation and administration to subjects.  Authentic tandards
of imidafenacin and its metabalites M-1, M-2, M-3, M-4, M-5, M-6, M-8, M-9 and M-10
(Figure 1) were prepared by chemica synthesis or isolation from biologicd samples in our
laboratory.  All other reagents were of HPLC grade or andyticd grade and were obtained

from commercial sources.

Dose Preparation  [“C]imidafenacin was dissolved in ethanol and radioactive
concentration was determined. A certan volume of the [*Climidafenacin ethanolic
solution was digpensed into the hard gelatin capsules (equivaent to 0.25 mg and 46uCi per
cgpsule).  Ethanol was evaporated under steady stream of nitrogen.

The radicactive dose was sat according to the human dosmetry caculations
accomplished by the Nationd Radiologica Protection Board (Oxon, UK).  Administration
of [*Climidafenacin for the radioactive medicd product was aithorized by the

Adminigtration of Radioactive Substances Advisory Committee (Oxon, UK). Theradiation
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exposure in this study, ca 0.34 mSy, fell into Category Ila studies (0.1 to 1 mSv) in the
International Commission on Radiologica Protection guiddines (1992). A single oral dose
of 0.25 mg imidafenacin has been known to be well tolerated in the phase | clinica trids of

non-radiolabeled imidafenacin.

Study Design  This study was an open-labelled and non-randomised study involving six
Caucasian hedthy male subjects, dl of whom were to recelve a single oral dose of
[*Climidafenacin.  Clinica phase of this study was conducted a the clinical unit of
Inveresk Research (Edinburgh, UK). This study was performed in accordance with the
Good Clinical Practice guidelines and the Declaration of Helsinki.  Before the start of study,
the study protocol and the informed consent documents were gpproved by an independent
Ethics Review Committee.  All of the subjects provided written informed consent prior to
the study.

The subjects were screened within 21 days before administration of [**Climidafenacin.
The mean age of the subjects was 44.0 (from 32 to 53) years, the mean height was 177.7
(from 168 to 185) cm, the mean weight was 82.43 (from 71.2 to 97.1) kg and the mean BMI
was 26.08 (from 22.0 to 29.0) kg/m?.  The subjects were admitted to the clinical unit on the
day before administration of [*CJimidafenacin and a light supper was served about 22:00.
Neither food nor beverage was permitted after the supper except for water.  About 08:30 on

Day 1 each subject was administered a single ora dose of 0.25 mg [**Climidafenacin with

-10 -
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gpproximately 200 mL of water. Subjects were fasted for about 4 h after administration,
then a light lunch was sarved. Sdfety evauations including physical examination,
hematology, clinical chemistry, urindyss, 12-lead eectrocardiogram and vital signs were

meade throughout the admission period

Sample Collection Blood samples were collected from an in Situ venous cannula or by
venepuncture into lithium heparin tubes.  From 10 to 20 mL of blood samples were taken at
the following times. O (before administration), 0.5, 1, 1.5, 2, 3,4, 6, 8, 12, 24, 48, 72, 96, 120,
144 and 168 h after administration.  Blood samples were centrifuged for 10 min at ca4°C
and separated plasma was transferred into polypropylene tubes.  The total radioactivitiesin
the samples were analyzed asimmediately as possible, then the remanders were Sored & ca
—80°C for metaboalite profiling.

Urine samples were collected for the following intervas: O (before administration), 0-4,
4-8, 8-12, 12-24, 2448, 48-72, 72-96, 96-120, 120-144 and 144-168 h after
administration. For one subject, urine samples were collected until 192 h after
administration because excretion of radioactivity continued in the urine.  Aliquots of each
sample were transferred into separate polypropylene tubes for analysis of the total
radioactivity and metabolite profiling, and the samples were stored a ca —20°C and at ca
—80°C, respectively.

Fecal samples were collected for the following intervals. O (before administretion),

-11 -
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0-24, 24-48, 4872, 72-96, 96-120, 120-144 and 144168 h after adminidration. For one
ubject, fecal samples were collected until 192 h after administration because excretion of
radioactivity continued in the feces. Fecal samples were homogenized in weter, and then,
diquots of each homogenate were retained in separate closed containers for andysis of the
total radioactivity and metabolite profiling, and the samples were stored a ca—20°C and at ca

—80°C, respectively.

Analysis of Total Radioactivities in Samples Volumes or weights of dl samples were
mesasured. Duplicate portions of plasma and urine samples were diluted with water or
competible solvent and dissolved in liquid scintillation fluid, Quickszint 1 (Zinsser Anaytic,
Maidenhead, UK). Duplicate portions of fecad homogenate sample (ca 0.3 g) were
combusted using the Tri-Carb 307 automatic sample oxidizer (Packard Biosciences Ltd.,
Pangbourne, UK). The *CO, generated was collected in the absorbing fluid, Carbo-Sorb®
CO, and scintillation fluid, Permafluor® E' (Packard Biosciences Ltd.).

All of the samples in the scintillation fluid were subjected to liquid scintillation
counting for 5 min, together with representative blank samples, usng the LSC, Tri-Carb
2100TR (Packard Biosciences Ltd.) with automatic quench correction by an externa
gandard method. The limit of reiable measurement was defined as 30 dpm above the

background.

-12 -
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Calculation of Urinary and Fecal Excretion Thetota radioactivities excreted in the urine
and feces were calculated by the timepoints after administration of [*Climidafenacin, and

expressed as percentage of the administered radioactivity (% of dose).

Estimation of Pharmacokinetic Parameters  Pharmacokinetic parameters were estimated
using WinNonlin® Professional version 3.1 (Pharsight Corp., Mountain View, CA, USA).
A non-compartmenta approach was used to generale parameter estimates, using
WinNonlin® model 200 (extravascular input). All of the tota radioactivities calculated
from data below the limit of reliable detection (< 30 dpm above the background) were
considered to be zero.  The apparent termina eimination phase was identified by regression
anaysiswith WinNonlin®, using data points from 24 to 168 h after administration.

The observed Cmax of the tota radioactivity and Tmax after adminigtration were
identified by ingpection of the total radioactivity vstimedata The AUC,;, where t means
the timepoint for the last sample in which the total radioactivity was reliably quantified, was
caculated using the linear trapezoidal method. The AUC;+ was caculaed as the sum of
AUC,; and Ct/Kel, where Ct means the totd radioactivity at t hours as mentioned above and
Kel means the termind dimination rate congtant determined from the slope of the terminal

elimination phase. The Ty was caculated as 0.693/Kdl.

M etaboalite Profiling

-13-
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Pretreatment of plasma  Plasma samples & 2 h (around Tmax) and at 12 h (elimination
phase) were selected for the samples of assessng metabolic profile of imidafenacin.  The
radioectivity in the latter sample sood on the brink of the detection limit. The
cryopreserved plasma samples (2 and 12 h) were thawed, and designated amounts of the
plasma samples obtained from six subjects after administration of [**Climidafenacin were
pooled. The pooled plasma was mixed with 3-fold volume of acetonitrile containing 1%
acetic acid, sonicated for 5 min, and centrifuged a 1800 x g for 15 min a 4°C to separate
supernatant.  The residue was re-extracted with the same solvent, followed by shaking and
centrifugation.  The extraction recoveries were 84.5% for 2 h plasma and 73.5% for 12 h
plasma

Entire supernatants were combined and evaporaed to dryness under reduced pressure,
and the residue was recondtituted in 0.3% formic acid in water / acetonitrile (90:10, v/v) and
centrifuged at 1800 x g for 5 min a 4°C.  The supernatant was filtered (0.45 um), and an

diquot of thefiltrate was analyzed under the conditions described below.

Pretreatment of urine and feces The cryopreserved urine samples (0-4 and 4-24 h) were
thawed, and the samples obtained from six subjects after administration of [*C]imidafenacin
were pooled at the sample volume ratio.  The cryopreserved fecal homogenates (0-48 and
48-96 h) were thawed, and the homogenates containing radioactivity of 2% or more of the

administered dose, prepared from six subjects after administration of [“Climidafenacin, were

214 -
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pooled at the sample weight ratio.  An diquot of the pooled sample was mixed with 3-fold
volume of methanol, shaken for 10 min, and centrifuged at 1800 x g for 10 min & 4°C to
separate supernatant.  The residue was re-extracted with methanal, followed by shaking and
centrifugation.  The extraction recoveries were 93.1% for 0-4 h urine, 88.6% for 4-24 h
urine, 77.2% for 0-48 feces and 69.2% for 48-96 h feces.

Entire supernatants were combined and evaporated to dryness under reduced pressure.
The residue was recondtituted in 0.3% formic acid in water / acetonitrile (90:10, v/v), and an
diquot of the solution was analyzed under the conditions described bdow. The
recongtituted fecal solution was centrifuged a 1800 x g for 5 min a 4°C.  The supernaant
was filtered (0.45 um), and an aliquot of the filtrate was andyzed under the conditions

described below.

Analysis of metabolites in sanples Reative amounts of metabolites in the plasma, urine,
and feces were determined by HPLC connected to RAD or by LSC following collection of
HPLC duates. The metabolites were identified by comparison of retention times between
radioactive pesks and ion pesaks on the HPLC connected to MSMS.

TSKgd Octyl-80Ts (5 um, 4.6 mm 1.D. x 150 mm L, Tosoh Corp., Tokyo, Japan)
connected to a guard column was used asthe LC column.  As mobile phase, the mixture of
0.3% formic acid in water / acetonitrile (90:10, v/v) (A) and 0.7% formic acid in acetonitrile

(B), was flowed a 1 mL/min in the following linear gradient mode: starting with 0% of B

-15-
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compoasition to 5 min, increasing to 10% in 5 to 10 min, increasing to 18% in 10 to 30 min,
finaly increasing to 100% in 30 to 35 min and maintaining 100% in 35 to 40 min. The
column was maintained a room temperature.  The column duae was split in the ratio of
goproximately 4:1, and introduced to RAD, FLO-ONE/525TR (Packard Biosciences Ltd.)
and MSMS, TSQ7000 (Thermo Electron Corp., Watham, MA, USA), respectively. As
scintillation fluid for RAD, Fo-scint™ 11 (Packard Biosciences Ltd.) was ddivered to the
HPLC duate a 3-fold flow rate of the mobile phase, and the radioactivity was monitored
using the RAD with 6-sec integration.  For the sengitive detection of radioactivity in plasma,
the HPLC eluates were collected every 18 sec and dissolved in liquid scintillation fluid,
Hionic-flour™ (Packard Biosciences Ltd.), and then the radioactivity in each fraction was
detected for 2 min using the LSC, Tri-Carb 2500TR (Packard Biosciences Ltd.). Detection
limits of radioactivity in metabolite peaksin the RAD and LSC assays were defined as 3 and
2 times of the background vaues, repectively.

For ionization and detection of al andytes, the conditions of TSQ7000 equipped with
ESl interface were positive ionization mode, spray voltage at 4.5 kV, capillary temperature at
290°C, multiplier voltage a 1500 V, sheath gas pressure at 70 psi (N), auxiliary gas flow at
10 arbitrary unit (N), collision gaspressureat 2.0 mTorr (Ar) and collision energy at 18 to 30
eV. The precursor and product ions monitored in SRM, as shown in Figure 1, were m/z
322240 for [“Climidafenacin, 338— 240 for [“C]M-1, 354— 240 for [“C]M-2, 356—240

for [“CIM-3, 328—193 for [“)C]M-4, 329193 for [“C]M-5, 240—117 for [“CIM-6,

-16 -
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344—209 for [*'C]M-8, 498—240 for [**C]M-9, 298—240 for [**C]M-10 and 514— 240 for

postulated meteboalites.

Data processng The ratio of counts of each radioactive peek to the totd radioactivity
counts over run time (% on HPLC) was obtained and multiplied by the extraction recovery
through the pretreatment of samples to determine the compasitions of metabalites to the
radioactivities in the plasma, urine and feces (% in sample).  The metabolite concentration
in the plasma was cal culated from the mean value of the tota radioactivity in six subjects and
expressed as equivaents of imidafenacin (ng eg. of imidafenacin/mL).  The radioactivities
of the metabolites excreted in the urine and feces were calculated from the mean vaues of the
total radioactivities excreted in Sx subjects and expressed as percentage of the mean

radioactivity administered (% of dose).

I dentification of M-11 (M-11aand M-11b)

Synthesis and purification of reference products  Imidafenacin was chemically oxidized in
the cupro-ascorbate system to obtain the reference product for two unknown metabolites
found in the urineand feces.  To 20 mL each of 100 mM imidafenacin methanolic solution,
0.5 M L(+)-ascorbate solution and 5 mM copper chloride solution was added 2 L of 0.1 M
phasphate buffer solution (pH 7.2), and the mixture was stirred for 24 h at room temperature.

After washing thrice with 1 L of chloroform, an agueous layer was lyophilized and

-17 -
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concentrated. The reference products were semi-purified as the mgor-congtituent-rich
fraction and the minor-congtituent-rich fraction by sequentia column chromatography with
Chromatorex ODS (Fuji Silysia Chemical Ltd., Aichi, Jgpan) and Wakaosil 25C18 (Wako
Pure Chemica Industries Ltd., Osska, Jgpan), eluting with the mixture of water and

acetonitrile containing 0.05 or 0.1% formic acid.

Sructural eucidation of reference products The reference products were dissolved in
NMR grade D,O (Sigma-Aldrich Corp., &. Louis, MO, USA) spiked with 3-(trimethylsilyl)
propionic-2,2,3,3-d, acid, sodium sdt (Sgma-Aldrich Corp.) as an internd reference for
chemicd <hift. The 'H-NMR and *C-NMR spectra were measured on the INM EX-400
spectrophotometer (JEOL Ltd., Tokyo, Japan) for the structurd eucidation of the reference
products.  In addition, NOE, DEPT, *H-'H COSY, HMQC and HMBC spectra were aso
acquired for further assgnment of proton and carbon signals.

The reference products were dissolved in the mixture of water and acetonitrile or DO
and acetonitrile.  Then, the solution was injected into MS/M S system comprising API-4000
equipped with ESl interface (Applied BiosystemsMDS SCIEX, Foster City, CA, USA) at
the constant rate of 3 puL/min to determine precursor and product ion spectra of the reference

products.

Identification of M-11 in human urine Using HPLC connected to MSMS system

-18 -
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comprising AP1-4000 equipped with ES interface, the retention time and product ion spectra
of reference products were compared with those of unknown metabolites in human urine
collected a 2-4 h after single oral administration of non-radiolabeled imidafencin.  TSKgel
ODS-80Ts (5 um, 2.0 mm I.D. x 150 mm L, Tasoh Corp.) connected to a guard column was
used as the semi-micro LC column.  As mohile phase, the mixture of 0.1% formic acid in
water (A) and 0.1% formic acid in acetonitrile (B) was flowed at 0.2 mL/min in the following
linear gradient mode: starting with 10% of B composition to 5 min, increasing to 19%in 5to
10 min, increasing to 26% in 10 to 30 min, finally increasing to 91% in 30 to 35 min and

maintaining 91%in 35to 40 min.  The column was maintained at room temperature.

Sability of reference products  The reference products were dissolved in water or 100 mM
phosphate buffer (pH 7.2), and then dlowed to stand & room temperature or incubated at
50°C for 5 h. After incubation, the ratio of the mgor and minor condtituents of the
reference products or their decomposed product, amidine form M-10, was measured by
HPLC. TSKgel ODS-80Ty (5um, 4.6 mm 1.D. x 150 mm L, Tosoh Corp.) connected to a
guard column was used as the LC column.  As mobile phase, 0.1% formic acid in water /
0.1% formic acid in acetonitrile (73:27, viv) was flowed a 1 mL/min. The column was
maintained at room temperaiure.  The andytes were detected by ultraviolet absorption at

210 nm.
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Results
Safety Assessment  Six subjects were administrated a single orad dose of 0.25 mg of
[*Climidafenacin.  No serious adverse events were reported and no subjects were

withdrawn from the study because of adverse events.

Radioactivity in Plasma Thetotd radioactivity in the plasmais shown in Figure 2 and the
pharmacokinetic parameters are summarized in Table 1. Following oral administration of
0.25 mg [“Climidafenacin, Cmax, the mean of the maximum concentration of the total
radioactivity in the plasma, was 3860 pg eq./mL (from 3230 to 5210 pg eq/mL) at 1.50 h
after administration (Tmax, from 1.00 to 2.00 h). Plasma concentrations rgpidly decreased
to the mean of 598 pg eg./mL by 24 h and then gradually decreased to 133 pg eg./mL by 168
h after administration. The mean of Tyd, estimated from 24 to 168 h after administration,
was 72.11 h.  The means of AUCy; and AUC+ were 69.09 ng eg. /mL (from 60.59 to

81.11 ng eg. YmL) and 83.06 ng eg. WmL (from 73.45 to 101.2 ng eq. hVmL), respectively.

Urinary and Fecal Excretion of Radioactivity Urinary and fecd recovery of the total
radioactivity in the urine and feces is shown in Figure 3.  Following ora adminitration of
0.25 mg [“C]imidafenacin, urinary excretion accounted for 62.5% of the administered dose
by 48 h after administration and the mean of 65.6% (from 62.6 to 69.3%) of the administered

dose by the end of the collection period, 192 h after administration, demonsirating
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radioactivity was excreted primarily inthe urine.  Fecal excretion accounted for the mean of
29.4% (from 27.6 to 31.3%) of the administered dose.  Recovery of the total radioactivity
was quantitative with the mean of 95.0% (from 91.3 to 98.3%) of the administered dose by

192 h after administration.

Metabolite Profiles  HPLC radiochromatograms of imidafenacin and its metabolitesin the
plasma, urine and fecesare shownin Figures4, 5and 6. The metabolites were identified by
comparison of retention times between radioactive pegks and ion pegks on LC/IMSIMS
chromaogram. Relative amounts of metabolites in the plasma, urine, and feces are
summarizedin Table2. M-6 and M-8 were not found in al samples determined.

In the 2 and 12 h plasma (Figure 4 and Table 2), the concentrations of unchanged
imidafenacin were 1.19 ng egq./mL (equivaent to 33.3% of the radioactivity in the plasma)
and 0.12 ng eg./mL (10.7%), respectively. In the 2 h plasma, a mgjor metabolite M-9 was
detected, and then M-2 and M-4, and a minor metabolite M-3 and a mixture of a minor
metabolite M-10 and unknown metabolite HPL (identified as M-11b) were detected.  In the
12 h plasma, amgjor metabolite M -4 and minor metabolites M-2 and M-9 were detected.

In the 0-4 and 4-24 h urine (Figure 5 and Table 2), unchanged imidafenacin accounted
for 2.9% of the administered dose (equivaent to 14.2% of the radioactivity in the urine) and
5.1% (13.9%), respectively. In the 0-4 h urine, M-2, a mixture of M-9 and an unknown

metabolite HU2 (identified as M-114), and an unknown metabolite HU3 (identified as
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M-11b) were mainly detected, accounting for 2.6 to 4.8% of the dose (equivalent to 13.0 to
23.6% of the radioactivity in uring).  In the 4-24 h urine, M-2, a mixture of M-9 and HU2,
and HU3 were also mainly detected, accounting for 4.6 to 9.1% of the dose (12.4 to 24.9%).
Minor unknown metabolite HU1l detected by SRM would be a glucuronide of
mono-oxygenated imidafenacin (m/z 514—240).

In the 0-48 and 48-96 h feces (Figure 6 and Table 2), unchanged imidafenacin was not
detected. In the 0-48 h feces, M-2, M-10, an unknown metabolite HF2 (identified as
M-11a), and an unknown metabolite HF3 (identified as M-11b) were mainly detected,
accounting for 1.0 to 3.9% of the administered dose (equivaent to 5.7 to 21.9% of the
radioactivity in the feces).  In the 48-96 h feces, M-2 and HF3 accounted for 1.3 and 1.2%,
regpectively.  There were severa unknown metabolite pegks in the 0-48 and 48-96 h feces

accounting for 1.2% or less of the administered dose (9.5% or less).

I dentification of M-11 (M-11a and M-11b) Two mgor unknown metabolites at 16.8 to
17.2 min (HU2 and HF2) and 18.3 t0 18.9 min (HP1, HU3 and HF3) were found in the urine
and feces, and were detected by SRM as identicd m/z 356—240 trandition (Teble2). The
product ion (mVz 240) indicated “C-abded 2,2-diphenylbutanamide moiety, which was
identical with that of [“*Climidafenacin; therefore, according to the precursor ion (mvz 356),
2-methyl-imidazole moiety of [**Climidafenacin would be modified by adding 34 Dato form

these unknown metabolites. However, absolute amounts of these metabolites in human
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urine and feces were not enough to eucidate their chemical Structures.  Accordingly,
imidafenacin was oxidized in the cupro-ascorbate system to obtain the reference products, its
oxides of 2-methyl-imidazole moiety as reported by Ohta et d. (1998). Then, the mass
gpectra of the reference products were compared with those of the unknown metabolites in
human urine.

Structural elucidation of the reference products was achieved by analyses of one- and
two-dimensional NMR spectra including *H-'H COSY, HMQC, HMBC, DEPT and NOE.
H- and *C-NMR assignments for the reference products are shown in Table 3. Because
those reference products were mixtures of the mgor and minor constituents in each fraction,
sgnds of H-1, H-5 and H-6 protons and C-1, C-2, C-3, C-5, C-6 and C-11 carbons in the
maor and minor constituents were observed in the spectra of both fractions. The
oxygenated 2-methyl-imidazole moiety was andyzed as follows. The presence of two
oxygenated methine carbons (87.61 and 93.10 ppm) was supported by DEPT spectra.  The
proton signas (5.26 and 5.33 ppm) on these oxy-methine carbons were deduced from
HMQC analysis, and the neighboring connectivity of these two oxy-methines was analyzed
by direct coupling between protons at 5.26 and 5.33 ppm from 'H-'H COSY spectra
Furthermore, the HMBC correlaions between three protons (H-1, H-5 and H-6) and 5p°
cabon dgnad a 170.8 ppm (C-11) suggested that the presence of a 5-membered ring.
These findings corroborated that the reference products were obtained by the oxidation of

C-5 and C-6 carbonsin imidafenacin.
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Product ion spectra of reference products dissolved in water and acetonitrile or DO
and acetonitrile are shown in Figure 7. Product ion spectra of reference products (m/z 354)
and deuterium-displaced reference products (m/z 359) suggested that the reference products
had two deuterium-displaceable hydrogens, such as hydroxyl groups on C-5 and C-6 carbons
in 2-methyl-imidazole moiety of imidafenacin, asindicated in Figure 7.

H-NMR spectra showed vicind proton-proton coupling (J = 8.1 Hz) on doublet
sgnals of H-5 and H-6 protons in the minor congtituent.  According to the Karplus equation
(Karplus, 1963), the dihedrd angle between vicina protons attached to neighboring C-5 and
C-6 carbons was approximately O degree.  In contrast, H-5 and H-6 protons in the mgjor
constituent were singlet signals, indicating orthogond protons attached to C-5 and C-6
carbons.  Consequently, structures of the mgor and minor constituents of the reference
products were estimated to betarns- and cis-isomers of diol forms, respectively.

The LC/IMSMS chromatogram on SRM at m/z 354—238 of human urine and the
reference products are shown in Figure 8. Product ion spectra of m/z 354 derived from two
unknown metabolites, HU2 and HU3, in human urine, and the mgor and minor constituents
of reference products are shown in Figure 9. The LC/IMSMS retention time and product
ion spectra of HU2 and HU3 in the urine collected a 2-4 h after single oral adminigtration of
imidafenacin corresponded to thase of the minor and major constituents of reference products,
respectively.  From these results, HU2 and HF2 were identified as cis-isomer (M-11a), and

HP1, HU3 and HF3 were identified as trans-isomer (M-11b) of the diol form.
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After the reference products were dlowed to stand at room temperature for 5 hin water
or 100 mM phosphate buffer (pH 7.2), the ratio of the minor to mgor congtituent remained
unchanged, tha is gpproximately 30% based on the cdculation of pesk areas on HPLC
chromatogram.  After incubation at 50°C for 5 h, however, pesk areas of both constituents
decreased and decomposed product, amidine form M-10, increased to more than 30% of the
initiad pesk area of both congtituents.  After NMR measurements, the ratio of the mgor
constituent increased even in the minor-congtituent-rich fraction.  These findings suggested
that the mgjor and minor congtituents might be interchangesble and gradualy decomposed to

amidine form under hesting condition.
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Discussion

In the present study, absorption and excretion kinetics and metabolic profile of
imidafenacin were investigated in six hedthy mae subjects following a sngle ora
administration of 0.25 mg [*Climidafenacin.  Unknown metebolites found in the excreta
wereidentified by LC/MSMSand NMR anayses.

Thehighest total radioactivity in the plasmawas observed at 1.50 h after administration,
which was consistent with rapid absorption of the oral dose of imidafenacin in humans
(Figure 2 and Table 1). These findings are supported by the results in the pre-clinical
toxicologica studies in rats and dogs demonstrating that the total radioactivity in the plasma
pesked within 2.0 h after oral administration of [“Climidafenacin.  Furthermore, 65.6% of
the administered dose of radioactivity was detected in the urine (Figure 3), suggesting no
fewer than 65.6% dose of imidafenacin would be absorbed from the gut.  This finding is
consigent with the absolute bicavailability of 57.8% after intravenous adminigtration of
imidafenacin in humans (Ohno et d., submitted 2007).  The bioavailability of humanswas
larger than that of rat (5.3%) and dog (36.1%) (unpublished observetion).

In contrast with the rapid increese in radioactivity in the plasma, the radioactivity
gradudly decreased from 24 to 168 h after administration, with relatively long T..d, 72.11 h
(Figure 2 and Table 1). On the metabolite profiling, mgor components of radioactivity
were unchanged imidafenacin and M-9 (50.9% in total) in the 2 h plasma, and M-4 (18.0%)

in the 12 h plasma (Figure 4 and Table 2). M-4 and related minor metabolites might
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contribute to the relatively long Tyl of radioactivity in the plasma.  Approximately 65.6
and 29.4% of the administered dose of [*CJimidafenacin were excreted via urine and feces,
regpectively, within 192 h after administration (Figure 3). The totd recovery of
radioactivity reached 95.0% of the administered dose. In the pre-clinical toxicologica
studies, urinary and fecal recoveries of orally administered [“Climidafenacin were 18.2 and
77.0%, respectively in ras, and 44.8 and 51.6%, respectively in dogs (unpublished
observation). From these data, orally administered imidafenacin was thoroughly excreted
viaurine and feces in al of the species studied, in spite of difference in main excretion route
among the species.

After ord adminidration to humans, imidafenacin underwent different metabolic
transformations, including N-glucuronide conjugation (M-9), oxidation of the
2-methyl-imidazole moiety (M-1, M-2, M-11a and M-11b) or the ring cleavage (M-3, M-4,
M-5 and M-10), the metabalic activity for N-glucuronidation was, in particular, found to be
relatively high. The metabolic pathway of imidafenacin for N-glucuronidation, however,
was uncommon in ras and dogs, and rats have the unique metabolic pathway for the
oxidation on the phenyl moiety, generating M-8 and its related metabolites (unpublished
observation). Species difference concerning N-glucuronidation was aso observed in
Afloguaone in common with imidafenacin, indicating high N-glucuronidation activity in
humans compared with activity in the experimenta animas except rabbits (Kgji and Kume

2005, Green and Tephly 1998).
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Based on the metabolites found in the plasma, magor metabolites of imidafenacin were
M-2, M-4 and M-9, accounting for ca. 10% or more of the tota radioactivity inthe2 or 12 h
plasma (Figure 4 and Table 2). It has been reported that M-2, M-4 and M-9 had low
affinities for muscarinic receptors, whereas unchanged imidafenacin had high affinity for
muscarinic receptor subtypes M1 and M3 (Kobayashi e d. 20078). These findings suggest
that the in vivo antichalinergic effects of oraly administered imidafenacin would result from
unchanged form alone.  In addition, toxicologica symptoms attributable to M-2 and M-4
after oral adminigtration of imidafenacin and M-9 after intravenous administration of M-9
were insignificant in the pre-clinica studies (unpublished observation), and inhibitory
potentials of these metabolites on CY P isozymes were extremely low (Kanayamaet d. 2007).
In the meantime, because imidafenacin was metabolized by UGT1A4 to form M-9, and
CYP3A4 to foom M-2 and M-4, metabolism of imidafenacin might be inhibited by
concomitant administration of drugs with inhibitory potentid on CYP3A4 or UGT1A4
(Kanayamaet d. 2007).

We identified interchangeable diol-form metabolites, M-11a and M-11b, in the urine
and feces (Figure 7). Because the minor constituent of diol-form metabolite, ds-isomer
(M-114a), was readily interchangesble to the mgor congtituent, trans-isomer (M-11b), up to
ca. 30% of the trans-isomer was found in the minor-congtituent-rich fraction.  Furthermore,
M-11a and M-11b decompased to amidine form M-10 under heating condition. However,

M-10 was rarely detected in human plasma, urine and feces, probably because the samples
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for metabolite profiling were treated under cooling condition during storage and pretreatment
throughout the study. Similar metabolic pathway has been reported in a hypoglycaemic
argent, midaglizole. That is, midaglizoe was oxidized and hydrated at
2-subdtituted-imidazole moiety to form  4,5dihydro-diol  intermediate, though
sereochemistry was unknown, and then amidine metabolites were obtained by ring-opening
reaction (Nakaokaet al. 1987). However, this intermediate metabolite was not isolated and
identified owing to its ingability.  In contragt, 4,5-dihydro-diol metabolites of imidafenacin,
M-11a and M-11b, were rdatively steble in the biologicd samples during Sorage and
pretrestment, while their absolute amounts were too smal to isolate for structural elucidation.
Therefore, M-11a and M-11b were successfully identified by obtaining the reference product
from imidafenacin with oxidation in the cupro-ascorbate system.

In conclusion, the present sudy clarified the absorption and excretion kinetics of
imidafenacin and the characteristics of metabalites in the plasma and excreta in six hedthy
male subjects following a single oral adminigtration of 0.25 mg [“Climidafenacin.  The
results indicate that imidafenacin is rapidly and well absorbed following oral administration
and circulates in the plasma as the unchanged form, its glucuronide conjugate and other
metabolites, then excreted primarily in the urine and feces as the oxidized metabalites of
2-methyl-imidazole moiety. For treatment of overactive bladder, imidafenacin is expected
to provide suitable anticholinergic effects through the excellent pharmacokinetic propertiesin

humans verified in the present studly.
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L egendsfor Figures

Figure 1. Chemical structures of [“C]imidafenacin and postulated metabolites, and their
fragment ions.

Asterisk denotes *C labeled position.

Broken line denotes precursor and product ions obtained by callision-nduced

dissociationin LC/MSMS.

Fgure2. Tota radioactivity in plasmaafter asngle ora administration of 0.25mg

[*Climidafenacinin six healthy male subjects.

Each point represents the mean + standard deviation of Six individuals.

Figure3. Urinary and fecal recovery of totd radioactivity in urine and feces after asingle

ord administration of 0.25 mg [C]imidafenacin in six healthy male subjects.

Each point represents the mean + standard deviation of Six individuals.

Fgure4. HPLC radiochromatograms of imidafenacin and its metabolitesin pooled plasma

after asingle ora administration of 0.25 mg [*CJimidafenacinin six hedthy male subjects.

Fgure 5. HPLC radiochromatograms of imidafenacin and its metabolites in pooled urine
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after asingle oral administration of 0.25 mg [**Climidafenacin in six hedlthy male subjects.

Figure 6. HPLC radiochromatograms of imidafenacin and its metabolites in pooled feces

after asingle oral administration of 0.25 mg [“Climidafenacin in six hedlthy male subjects.

Fgure7. Product ion spectraof reference products obtained by the cupro-ascorbate

oxidation system with or without deuterium-displacement.

Fgure8. LC/MSMS chromatogramson SRM at m/z 354—238 of human urine and

reference products obtained from imidafenacin

Fgure9. Product ion spectraof m/z 354 derived from unknown metabolites, HU2 and

HU3, in human urine, and mgor and minor congtituents of reference products obtained from

imidafenacin
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Tablel  Pharmacokinetic parameters of tota radioactivity in plasmaafter asingle ora

administration of 0.25 mg [*Climidafenacin in six healthy male subjects.

Parameters Mean SD.
Cmax (pg eg./mL) 3860 723
Tmax (h) 150 0.45

Ty (h) 7211 6.54
AUC; (ng eg. /mL) 69.09 7.63
AUCq;r (ng eg. WmL) 83.06 10.18
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Table2  Compostions of imidafenacin and its metabolitesin plasma, urine and feces after

asingle oral administration of 0.25 mg [**Climidafenacin in healthy male subjects.

Mass Retention Plasma Urine Feces
Metabolites  trangtion time (ng eg./mL) (% of dose) (% of dose)
(m2) (min) 2h 12h 0-4h 4-24h 0-48h 48-96h

. . 1.19 0.12 29 51
Imidafenacin @ 322—240 21.3-21.7 (333 (10.7) (14.2) (139) - -

03 02

M1 3385240 237 _ _ -
(14 (05)

034 009 26 46 18 13

M2 3545240 269210 g5 (76) (130) (124 (99 (109
015 03 07

M3 36200 2628 o - iy 19 - -

0.34 0.21 01 13
M-4 328—193 28.7-28.8 94) (180 (05) (3.6) - B

05 18
M-5 329193 24.6-24.7 - - 26) (50) - -

063 011  48% 91°
M9 498240 168171 ;8 6o @36 (@49

b
M-10 2985240 18.7-194 ?‘72_8) - (g;g (2:;21 (é:% (2:%
H(Ll\jlzl'igz B6240 168171 - - (3'3? 6 (2211_ 9 (elsé) ((2):2)

HPL, HU3, b
(Ml_!liib) 3565240 183189 (2'72_8) - (;2'%) (ffg) (231'?9) éﬁ%
HU1 514240 152153 - - (é:é) (\3,22) - B
HF1 - 1750 - - - - (212) (2:421)
HFa - 202203 - - E - ((1):% ((6):?1)
HFS _ 215 - - - - ((3):2) (Z:g)
HFG _ 22 - - - - (gfi) &2))
HE7 - 2729 - - - - (8252;) (%é)
HFS - 23 - - - - (222) (éé)
Others (';'% (zl\;%) (12i%) (15’5.76) (2%%) (3%;)
o 357 116 20.2 36.7 179 123

(845 (735  (100) (100)  (856) (84.4)

Figuresin parentheses denote % of total radioactivity in ssmples.
4Total amount of M-9 and HU2

® Total amount of M-10 and HP1

—: not detected; NC : not calculated
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Table3  Chemicd shifts of protons and carbonsin *H-NMR and **C-NMR spectra of
magjor (M-11b) and minor (M-118) congtituents of reference products obtained from

imidafenacin

<—> I COSY correlatior

...................... > HMBC correlation

a) '"H-NMR data (in D,O)

" Maor congtituent Minor constituent
Position of proton (M-11b) (M-113)

1 2182(3H" s9 2112(3H" s9

2 282 (2H, m) 2.79 (2H, m)

3 345 (2H, m) 341 (2H,m)

5 5.26 (1H, ) 543-5.47°(1H, d, J=8.19

6 5.33(1H,9) 543-547%(1H,d,J=8.1%
8,9and 10 7.39-7.49 (10H, m) 7.40-7.48 (10H, m)

13 845 (1.3H,9) 845 (2H,s)

&Chemicd shifts arereported in ppm.

® |ntensities are represented as number of proton.
“ Multiplicity; s: singlet; d :doublet; m: multiplet.
9 These proton signals could not be distinguished.
€ Coupling constants (J) aregivenin Hz.
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b) *C-NMR data (in D;O)
Position of carbon Maor condtituent Minor congtituent
(M-11b) (M-114)

1 14612 14.482
2 30.04 3849
3 4349 42.90
4 61.9561.99° 61.95-61.99°
5 87.61 80.22 or 85.78"
6 93.10 80.22 or 85.78"
7 144.2-144.4° 144.2-144.4°

8,9and 10 130.7-131.8° 130.7-131.8°
11 170.8 169.5
12 181.9-182.2° 181.9-1822°
13 1738 1738

& Chemicd shifts arereported in ppm.
® These carbon signals could not be distinguished.
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Figure 4
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Figure 5

HU3 (M-11b)
0 \ Urine 0-4 h
Imidafenacin
M-9 + HU2 (M-11a) M1 O/ M2
762+
M-3 /
508__
M-1
HU1
\ M-5
254
M-4

g m _
L (min) 0 10 15 20 30 35
iy
2
= 1017
.:é W Urine 4-24 h
g
&

762

Imidafenacin
M-10
HU3 (M-11b)
me_.
M-9 + HU2 (M-11a) M-3
M-5
M-1 M-2
254 HU1 /
\ / M4
(min) 0 10 15 20 30 35



Figure 6
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Figure 7

a) Reference products (m/z 354)
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Figure 8

a) Human urine (2-4h)
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Figure 9

a) HU2 in human urine (2-4h)
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b) HU3 in human urine (2-4h)
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d) Major constituent of reference products
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