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ABSTRACT
Amultiple-unit oral sustainedreleasepreparationisprovided

which allows controlled release of imidafenacin

[4- (2-methyl-1-1imidazolyl) -2, 2-diphenylbutylamide]}. The

p— —
p—

preparation serves to ensure a prolonged effect of imidafenacin

and prevent rapid elevation 1in the blood levels of i1midafenacin.

Specifically, granules or powders comprising imidafenacin

dispersed in a water-insoluble poclymer or a higher alcohol are used
in the preparation. These preparations achieve sustalned release
of 1midafenacin since the molecular network structure that the
water—-i1nsoluble polymer or the higher alcohol forms during the
preparation of the granules or powders serves to control the rate

pr——

of diffusion of Imidafenacin in water. Granules comprising a core

P

granule having two layers of an inner imidafenacin coating and an

outer water-insoluble polymer coating are used in the preparation.

The water-insoluble polymer coating serves to control the rate of

diffusion of 1midafenacin in water and ensure sustalined release

of i1midafenacin. The multiple-unit oral sustalned release

F

preparation 1s provided 1n the forms of capsules and tablets

contalning the granules or powders that allow controlled release

of 1midafenacin. The preparation achieves controlled release of

imidafenaclin over a prolonged period of time.

31
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DESCRIPTION

MULTIPLE UNIT ORAL SUSTAINED RELEASE PREPARATION AND PRODUCTION

METHOD THEREOF

TECHNICAL FIELD

(0001]
Thepresent inventionrelatestoamultiple-unitoral sustained
release preparation containing imidafenacin

[4- (2-methyl-1-imidazolyl)-2,2-diphenylbutylamide] that 1is

expected tobe useful 1n the treatment of 1ncreasedurinary frequency
and urinary incontinence. The present 1nventlon also relates to

a method for producing the same.

BACKGROUND ART

[0002]

Urinary incontinence of elderly people has recently become

an important publicconcernandsignificant efforts havebeen devoted

to developling therapeutic products for increased urinary frequency

and urinary incontinence. Imidafenacin, anovel compound developed

by Kyorin Pharmaceutical Co., Ltd. (Patent Document 1), isaselective

muscarinic antagonist and 1s considered as a medicinal candidate

compound for increased urinary frequency and urinary lncontinence

(Non-Patent Document 1). An oral solid preparation has been

p—

disclosed as a dosage form of imidafenacin (Patent Document 2).

[0003]

While imidafenacin i1s rapidly absorbed after ingestion, the

drug has a relatively short half-life and requires multiple daily
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administrations by the conventional oral solid preparation.

[Patent Document 1] Japanese Patent Laid-Open Publication No. Hei

1-215943

[Patent Document 2] WO 01/34147 Al pamphlet

[Non-Patent Document 1] Bioorg. Med. Chem., 1997. 7. 1151-116.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

P4

(0004}

Sufferers of increased urinary fregquency and urinary

incontinence often have difficulty 1in leaving home for a long time

or have anxiety that comfortable nighttime sleeping would be

impaired. Thus, 1f a dosage form is developed that ensures a

prolonged effect of a drug and can be taken less frequently, it

would not only improve the quality of life of patients, but also

helpdecreasethechanceof patients forgettingtotake themedication,

thereby ensuring proper use of the drug. In addition, in case of

dosage of medications having muscarine antagonistic activity , they
are known to cause side effects by rapid elevation in their blood
levels. Thus, to prevent rapid elevation in their blood levels is

considered as means for avoiding these side effects. Oral sustained

release preparations that allow controlled release of a drug are

divided into two major types: single-unit type and multiple-unit

type. A typical oral sustained release preparation of single-unit

type 1s tablets. Tablets are characteristic in that they gradually

dissolve to release drugs in a sustained manner without



10

15

20

25

CA 02596548 2007-07-30

disintegrating. Incomparison, oral sustainedreleasepreparations

P

of multiple-unit type are formed of small particles each capable

-

of controlled release of a drug. Aside from granules, capsules and
tablets may also be prepared as a multiple-unit type preparation.
When drugs are administered by multiple-unit preparations, their

absorption varies less and their release is highly reproducible.

Further, 1t 1s known that drugs remain longer 1n the body when
administered by multiple~unit preparations than when administered
by single-unit preparatlons. For these reasons, multiple-unit
preparations are consldered more desirable dosage form as oral
sustalined release preparation. Accordingly, the present invention

provides a multiple-unit oral sustained release preparation that

*

1s provided in the form of capsules or tablets containing granules

or powder that allows control release of i1midafenacin. The

preparation of the present invention not only ensures a prolonged

effect of 1midafenacin, but also can prevents rapid elevation in

the blood levels of imidafenacin.

MEANS TO B SOLVE THE PROBLEM

[0005]

The present 1inventors prepared granules and powders that allow

controlled release of imidafenacin and used them to make capsules

and tablets that served as themultiple-unit oral sustained release

preparation of the present invention. Specifically, capsule

preparations were made by filling capsules with the granules or

powders and tablet preparations were made by mixing the granules
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or powders with pharmaceutically acceptable additives and

compressing themixture into tablets. The granules and powders were

r—

prepared by any of the following processes (1), (2) and (3):

(1) Imidafenacin, a water-insoluble polymer and

pharmaceutically acceptable additives were kneaded together and

the kneaded mixture was extruded i1nto spherical particles, which

were then dried.

(2) Imidafenacinwas addedtcaheatedandmeltedhigheralcohol.

The mixture was kneaded and cooled to harden. The hardened product

was pulverized.

(3) Core granules were coated with imidafenacin and the coated

granules were further coated with a water-insoluble polymer.

[0006]

Accordingly, the present invention concerns the following:

1) A multiple-unit oral sustained release preparation,

comprising a granule or powder that allows controlled release of

imidafenacin, the granule or powder serving as a constituting unit,

2) The multiple-unit oral sustained release preparation

accordingtol), whereinthe granule or powder comprises imidafenacin
dispersed 1n a water-insoluble polymer and a pharmaceutically
acceptable additive,

3) The multiple-unit oral sustained release preparation

accordingtol), whereinthegranule or powder comprises imldafenacin

dispersed 1n a higher alcohol,

4) The multiple-unit oral sustalined release preparation
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according to 1), wherein the granule comprises a core granule,

imidafenacin applied over the core granule, and a water-insoluble

polymer applied over the imidafenacin,

5) The multiple-unit oral sustained release preparation

according to 2) or 4), whereln the water-insoluble polymer is ethyl

cellulose or aminoalkyl methacrylate copolymer RS,

6) The multiple-unit oral sustained release preparation
according to 3), wherein the higher alcohol is stearyl alcohol,

7) The multiple-unit oral sustained release preparation

according to 1) to 6), wherein the preparation 1s in the form of

a capsule or a tablet,

8) A method for producing a multiple-unit oral sustained

P
P

release preparatlion, comprising the steps of: kneading imidafenacin

with a water-insoluble polymer; and forming 1t i1nto granules,

9) A method for producing a multiple-unit oral sustained

release preparation, comprising the steps of: coatinga core granule

with imidafenacin; and coating the imidafenacin-coated granule with

)
3
()

ter-i1nsoluble polymer,

10) The method for producing a multiple-unit oral sustained

release preparation according to 8) or 9), wherein the
water-insoluble polymer is ethyl cellulose or aminoalkyl

methacrylate copolymer RS,

11) A method for producing a multiple-unit oral sustained

release preparation, comprising the steps of: adding imidafenacin

to a higher alcohol which i1s molten by heating, and kneading it;
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cooling the kneadedmixture tohardenit; andpulverizingthe hardened

mixture,

12) The method for producing a multiple-unit oral sustained

release preparation according to 11), wherein the higher alcohol

1s stearyl alcohol.

EFFECTS OF THE INVENTION

(0007]

The granules or powders comprising imidafenacin dispersed in

a water-insoluble polymer or a higher alcohol achieve sustained

release of 1midafenacin since the molecular network structure that

the water-insoluble polymer or the higher alcohol forms during the

preparation of the granules or powders serves to control the rate

ghm— ] e gr—
—

of diffusion of i1midafenacin in water. Likewise, the granules

comprising a core granule having two layers of an inner imidafenacin

coatling and an outer water-insoluble polymer coating achieve

sustalined release of imidafenacin since the water-insoluble polymer

- —~

cocating serves to control the rate of diffusion of imidafenacin

in water. Capsules or tablets containing the granules or powders

that allow controlled release of imidafenacin also allow controlled

release of i1midafenacin over a prolonged period of time and

continuously.

BRIEEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 1s a graph showing the dissolution curves for Examples

1, 2 and 3 and Comparative Example.
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[0009]

Fig. 2 is a graph showing the dissolution curves for Examples

4, 5 and o6 and Comparative Example.

10010]

Fig. 3 1s a graph showing the dissolution curves for Examples

7, 8 and 9 and Comparative Example.

10011}

Fig. 4 1s a graph showing the dissolution curves for Examples

10, 11 and 12 and Comparative Example.

(0012 ]

F1g. 5 1s a graph showing the gastrointestinal absorption

property of imidafenacin in rats obtained in Experiment Example

2. Each number indicates average + SD for n = 3.

BEST MODE FOR CARRYING OUT THE INVENTION

[(0013]

Imidafenacin, the active ingredient of themultiple-unit oral

sustained release preparation of the present invention, also known
as 4-(z-methyl-l-i1midazolyl)-2,2-diphenylbutylamide, is an

anticholinergic agent selective for the bladder and is effective

1n the treatment of increased urinary frequency and urinary
incontinence.

[0014]

The multiple-unit oral sustained release preparation of the

present invention is characterizedinthat it usesgranules or powders,

F
p—

as a constituting unit, that allows controlled release of
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imidafenacin.

[0015]

Specifically, the multiple-unit oral sustained release

preparation of the present 1nvention 1s constituted by either

P

5 granules or powders comprising imidafenacin dispersed in a

water-insoluble polymer or a higher alcohol, or granules comprising

"

a core granule having two layers of an inner imidafenacin coating

t
()

and an outer water-insoluble polymer coating.

[0016]

10 The water-insoluble polymer for use in themultiple-unit oral

sustained release preparation of the present 1nvention 1s a polymer
material that can form a water-insoluble polymer network (matrix)
structure or a strong dense membrane. Such polymers are commonly

used 1n pharmaceutical products as a sustalned release base,

15 enteric-coated base or gastric-coated base. Examples of the

water-insoluble polymer for use 1n the present invention include

purlfied shellac, white shellac, carboxymethylethylcellulose,

hydroxypropyl methylcellulose acetate phthalate,

hydroxymethylcellulose acetate succinate, cellulose acetate

20 phthalate, ethyl cellulose and aminocalkyl methacrylate copolymer

RS. Of these, ethylcelluloseandaminoalkyl methacrylate copolymer

RS are particularly suitable for use in the present invention.

10017]

Ethyl cellulose 1s commercially available from Dow Chemical

25 Company under the trade name of ETHOCEL. The product is available
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1in different particle sizes and viscosities. Ethyl cellulose with

average viscosity of 7 or 10cps 1s particularly suitable for use

1n the present invention.
[0018]

Aminoalkyl methacrylate copolymer RS 1is commercially

P
—

avallable from Degussa under the trade name of EUDRAGIT RS100.

[0019]

The higher alcohol for use in themultiple-unit oral sustained

P

release preparation of the present i1nvention 1s a material that

melts at 100°C or a lower temperature, and can dissolve or disperse
a drug 1n 1t upon melting and can form a water-insoluble molecular
network (matrix) when cooled and hardened. Such higher alcohols

are commonly used 1n pharmaceutical products as an ointment base

Or sustained release base. Examples of the higher alcohol for use

LD

in the present 1nvention i1nclude cetanol and stearyl alcohol. O:

these, stearyl alcohol 1s more suitable for use in the present

invention.

10020 ]

The granules of the present invention comprising imidafenacin

dispersed 1n the above-described water-insoluble polymer can be

obtained by kneading the water-insoluble polymer with imidafenacin
py a known kneading means, such as MECHANOMILL, and extruding the

kneaded mixture 1into granules. Further, the granules may be

pulverized to form a powder comprising imidsz

fenacin dispersed 1n

-

the water-insoluble polymer.
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[0021]

The granules or powders of the present invention comprising

imidafenacin dispersed in the above-described higher alcohol can

be obtained by adding imidafenacin to a higher alcohol molten by

heating, kneading them, cooling the kneaded mixture to harden it,

and forming or crashing the hardened mixture.
[0022]

The granules comprlising a core granule having two layers of

an inner imidafenacin coating and an outer water-insoluble polymer

P
P

coating can be obtained, for example, by spraying a solution of

imidafenacin in an ethanol/water mixture onto the core granule to

coat the core granule with imidafenacin, and further coating the

imidafenacin-coated granule with the water-insoluble polymer.

10023]

The core granule for use 1n the multiple-unit oral sustained

release preparation of the present invention 1s a granule having

a shape, slze and composition suitable for imidafenacin coating.

—
pu

For example, the core granule may be a spherical particle made of

crystallinecellulose, aspherical granulemade of purified sucrose,

a spherical granule made of amixture of purified sucrose and starch,

or spherical particle made of a mixture of lactose and crystalline

cellulose. Spherical granules made of lactose, crystalline

cellulose and polyvinylpyrrolidone are particularly preferred for

use 1n the present invention.

10024 ]

10
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The multiple-unit oral sustained release preparation of the

present 1nvention may contain any pharmaceutically acceptable

#

additive. Examples of the pharmaceutically acceptable additive

include exciplents, binders, disintegrating agents, coating aids,

lubricantsandcapsule shells that arecommonlyusedinthe production

-

of pharmaceutical products. Examples of the excipient include

sugars such as lactose and glucose, sugar alcohols such as D-sorbitol

andmannitol, celluloses suchascrystallinecellulose, and starches

such as corn starch and partly pregelatinized starch. Lactose and

crystalline cellulose are particularly suitable for use in the

F

present invention. Examples of the binder include crystalline

cellulose, sugars, dextrin, hydroxypropylcellulose,

hydroxypropylmethylcellulose, polyvinylpyrrolidone, macrogol,

powdered acacia, gelatin and pullulan. Of these,

hydroxypropylcellulose and polyvinylpyrrolidone are particularly

P

sultable for use 1in the present invention. Examples of the

disintegrating agent include corn starch, carboxymethylcellulose,
carboxymethylcellulose calcium, low-substituted
hydroxypropylcellulose, croscarmellose sodium,

carboxymethylstarch sodium and crosslinked polyvinylpyrrolidone.

Of these, croscarmellose sodium is particularly suitable for use

F

in the present invention. Examples of the coating aid include

hydrogenated oil, stearic acid, cetanol, medium-chain fatty acid

triglyceride, triacetin, polyethylene glycol and triethyl citrate.

Of these, polyethylene glycol and triethyl citrate are particularly

11
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preferredforuseinthepresent invention. Examplesofthelubricant

include magnesium stearate, calciumstearate, talc and hydrogenated

v

oil. Of these, magnesium stearate is particularly preferred for

use 1n the present 1nvention. Examples of the capsule shell include

gelatin, hydroxypropylmethylcellulose andpullulan. Ifnecessary,

other pharmaceutically acceptable additives may also be added to

themultiple-unit oral sustained release preparation of the present

invention.

[0025]

The multiple-unit oral sustained release preparation of the

present i1nventlon 1s preferably provided in the dosage forms of

capsules and tablets.

[0020]

T'he capsules may be produced by using any suitable technique.

For example, granules or powders containing imidafenacin may be

filled in capsules either directly or as a mixture with wvarious

pharmaceutically acceptable additives.

10027]

The tablets may be produced by using any suitable technique.

For example, granules or powders containing imidafenacin may be
compressed 1nto tablets either directly or as a mixture with various

pharmaceutically acceptable additives.

10028 ]

If necessary, the compressed tablets may be coated with a film

by using common techniques. Any coating agent commonly used in

12
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pharmaceutical products may be used for this purpose.
[0029]
The present invention will now be described with reference

to examples, which are not intended to limit the scope of the present

5 1nvention 1n any way.

Example 1

[0030]

F

1.0 gof imidafenacin, 195.0 g of ethyl cellulose (trade name:

F
—

ETHOCEL (Standard 10cps Premium) Dow Chemical Company), 51.0 g o:

—

10 crystalline cellulose (trade name: AVICEL PH-101, Asahi Kasel

Chemicals Corporation) and 12.0 g of hydroxypropylcellulose (trade

name: HPC L, Nippon Soda Co., Ltd.) were placed i1n a Mechanomill

(trade name: MECHANOMILL MM-10N, Okada Seiko Co., Ltd.) and were

mixed for 10 min at 400 rpm. 19.4 gof triethyl citrate (trade name:

15 Citroflex 2 (5C-60), Morimura Shoji Co., Ltd.) was then added and

the mixture was further stirred for 2 min at 400 rpm. Subsequently,
water and ethanol (95) were added in appropriate amounts and the

mixture was kneaded for 1 min at 400 rpm. Using a Domegran (trade

name: DOMEGRAN DG-L1, equipped with a 0.7¢*0.7T screen, Fuji Paudal

20 Co., Ltd.), the kneaded product was extruded at a screw revolution

number of 20 rpm. The extrusion was then formed into spheres on

a Mechanomill equipped with a rotary disc (crosshatch type) for

10 min at 1000 rpm. The resulting spheres were dried at 50°C for

120 min on an air drier (trade name: AIR DRIER 30C, Fuji Paudal

25 Co., Ltd.). The dried product was sieved through a Bo50um-aperture

13
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stainless sieve. To 40 g of the sieved product, 0.23 g of hydrated

silicon dioxide (trade name: CARPLEX #67, Shionogi Pharmaceutical

Co., Ltd.) was added and 140 mg of this mixture was filled in

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,

Shionogil Qualicaps Co., Ltd.). This gave capsules each containing

0.5 mg i1midafenacin.

Example 2

[0031]

0.5 gof imidafenacin, 195.0 g of ethyl cellulose (trade name:

ETHOCEL (Standard 10cps Premium) Dow Chemical Company), 25.5 g of

crystalline cellulose (trade name: AVICEL PH-101, Asahi Kasei

Chemicals Corporation) and 6.0 g of hydroxypropylcellulose (trade

name: HPC L, Nippon Soda Co., Ltd.) were placed in a Mechanomill

(trade name: MECHANOMILL MM-10N, Okada Seiko Co., Ltd.) and were

mixed for 10 min at 400 rpm. 9.7 g of triethyl citrate (trade name:

Citroflex 2 (SC-60), Morimura Shoji Co., Ltd.) was then added and

the mixture was further stirred for 2 min at 400 rpm. Subsequently,

water and ethanol (95) were added and the mixture was kneaded for

1 min at 400 rpm. Using a Domegran (trade name: DOMEGRAN DG-L1,

equippedwitha 1.0¢°1.0T screen, Fuji Paudal Co., Ltd.), the kneaded

product was extruded at a screw revolution number of 20 rpm. The

extrusion was then formed into spheres on a Mechanomill equipped

with a rotary disc (crosshatch type) for 5 min at 1000 rpm. The

resulting spheres were dried at 50°C for 120 min on an air drier

(trade name: ATRDRIER 30C, Fuji Paudal Co., Ltd.). Thedriedproduct

14
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was sieved through a 1400um-apreture stainless sieve and the sieved

product was further sieved through a 850um-aperture stainless sieve.

To 40 g of the granules remaining on the 850um-aperture stainless

sieve, 0.135 g of hydrated silicon dioxide (trade name: CARPLEX

#67, Shionogl Pharmaceutical Co., Ltd.) was added and 237.5 mg of

—

this mixture was filled in hydroxypropylmethylcellulose capsules

(trade name: QUALI-V, Shionogi Qualicaps Co., Ltd.). This gave

capsules each containing 0.5 mg imidafenacin.

Example 3

10032 ]

_

40 g Qf stearyl alcohol (trade name: STEARYL ALCOHOL NAA-45,

NOF Corporation) was stirred and melted in a water bath at

approximately 90°C. To the molten alcohol, 5 g of imidafenacin was

added and themlixturewas stirred todisperse imidafenacinuniformly.

The mixture was transferred to a stainless tub to allow the mixture

to quickly spread over the floor of the tub. The spread product

was left at room temperature for approximately 24 hours. Once

hardened completely, the product was scraped off the floor by a

spatula and thoroughly pulverized in a mortar. 10 mg of the
pulverized product was filled in hydroxypropylmethylcellulose

capsules (trade name: QUALI-V, Shionogi Qualicaps Co., Ltd.). This

gave capsules each containing 0.5 mg imidafenacin.
Example 4

[ 0033]

700 g of spherical granules composed of lactose, crystalline

15



10

15

20

2D

CA 02596548 2007-07-30

cellulose and polyvinylpyrrolidone (to serve as core granules) was

placed 1n a tumbling fluidized bed granulator (trade name: NEW

MARUMERIZER NQ-1060, Fuji Paudal Co., Ltd.). A solution o:

« N

imidafenacin in a 1:1 mixture of ethancl (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

F

pase granules was composed of 50 mg of spherical granules o:

3

')

lactose/crystalline cellulose and 0.5mg of imidafenacin. 700qg of

the above base granules was placed in a tumbling fluidized bed

granulator and was coated with a sustained release coating solution

having a composition shownbelowto form56.08mgof sustained release

granules. The resulting sustained release granules were filled in

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,

Shionogl Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1mlidafenacin.

Composition of sustained release coating solution:

EUDRAGIT RS100 6.93 mg

Polyethylene glycol 6000 0.43 mg

Sodium chloride 0.22 mg

Ethanol (95) 46.52 mg

Purified water 18.08 mg

Total 7.58 mg (solid component)
Example 5

(0034 ]

700 g of spherical granules composed of lactose, crystalline

cellulose and polyvinylpyrrolidone (to serve as core granules) was

16
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placed in a tumbling fluidized bed granulator (trade name: NEW

I

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

imidafenacin 1n a 1:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

5 Dbase granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g

of the base granuleswasplacedinatumbling fluidizedbed granulator

and was coated with a sustained release coating solution having

F
pp—

a composition shown below to form 63.12 mg of sustalned release

10 granules. The resulting sustained release granules were filled 1n

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,
Shionogl Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1lmidafenacin.

[0035]

H

15 Composition of sustained release coating solution:

EUDRAGIT RS100 1.54 mg
Polyethylene glycol 6000 0.72 mg
Sodium chloride 0.36 mg
Ethanol (95) 77.47 mg
20 Purified water 30.12 mg
Total 12.62 mg (solid component)
Example ©

(0036}

700 g of spherical granules composed of lactose, crystalline

25 cellulose and polyvinylpyrrolidone (to serve as core granules) was
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placed 1n a tumbling fluidized bed granulator (trade name: NEW

B—

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

1lmidafenacin 1n a 1l:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

pase granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g

of the base granuleswasplacedinatumbling fluidizedbedgranulator

and was coated with a sustalned release coating solution having

p—

a composition shown below to form 65.15 mg of sustained release

granules. The resulting sustained release granules were filled in
hydroxyprogpylmethylcellulose capsules (trade name: QUALI-V,

Shionogl Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1midafenacin.

(0037 ]

Composition of sustained release coating solution:

EUDRAGIT RS100 13.39 mg

Polyethylene glycol 6000 0.84 mg

Sodium chloride 0.42 mg

Ethanol (95) 89.88 mg

Purified water 34.93 mg

Total 14.65 mg (solid component)

Example 7/

4

[0038]

700 g of spherical granules composed of lactose, crystalline

cellulose and polyvinylpyrrolidone (to serve as core granules) was

18
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placed 1n a tumbling fluidized bed granulator (trade name: NEW

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

imidafenacin in a 1:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

P

> base granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g

of the basegranuleswasplacedinatumbling fluidizedbedgranulator

and was coated with a sustained release coating solution having

a composition shown below to form 52.51 mg of sustained release

10 granules. The resulting sustained release granules were filled in

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,

Shionogl Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1mlidafenacin.
[0039]

15 Composition of sustained release coating solution:

ETHOCEL (Std 7cps premium) 1.86 mg
CITROFLEX 2 (SC-60) 0.10 mg
Sodium chloride 0.05 mg
Ethanol (95) 40.59 mg
20 Purified water 9.06 mg
Total 2.0l mg (solid component)

Example 8

10040 ]

F

/00 g of spherical granules composed of lactose, crystalline

25 cellulose and polyvinylpyrrolidone (to serve as core granules) was

19
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placed 1n a tumbling fluidized bed granulator (trade name: NEW

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

imidafenacin in a 1:1 mixture of ethanol (95) and water was then

n

sprayed onto the granules to form base granules. 50.5 mg of the

L

5 base granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g

of the base granuleswas placedinatumbling fluidizedbedgranulator
and was coated with a sustalned release coating solution having

a composition shown below to form 53.02 mg of sustained release

10 granules. The resulting sustained release granules were filled 1n

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,

Shionogil Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1lmidafenacin.
(0041]

15 Composition of sustained release coating solution:

ETHOCEL (Std 7cps premium) 2.33 mg
CITROFLEX 2 (SC-60) 0.13 mg
Sodium chloride 0.06 mg
Ethanol (95) 50.85 mg
20 Purified water 11.35 mg
Total 2.52 mg (solid component)

| —1

Fxample O

10042 ]

700 g of spherical granules composed of lactose, crystalline

25 cellulose and polyvinylpyrrolidone (Lo serve as core granules) was

20
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placed 1n a tumbling fluidized bed granulator (trade name: NEW

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

r—

imlidafenacin in a 1:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

base granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g

of the base granuleswasplacedinatumbling fluidizedbed granulator

and was coated with a sustained release coating solution having

p

a composition shown below to form 53.54 mg of sustained release

granules. The resulting sustained release granules were filled in

hydroxypropylmethylcellulose capsules (trade name: QUALI-V,

Shionogil Qualicaps Co., Ltd.) to give capsules each containing 0.5

mg 1midafenacin.

(004 3]

Composition of sustained release coating solution:

ETHOCEL (Std 7cps premium) 2.80 mg

CITROFLEX 2 (SC-60) 0.16 mg

Sodium chloride 0.08 mg

Ethanol (95) 02.41 mg

Purified water 13.93 mg

Total 3.04 mg (solid component)

Example 10
(0044 ]

0.5 gof imidafenacin, 195.0 g of ethyl cellulose (trade name:

ETHCCEL (Standard 10cps Premium) Dow Chemical Company), 25.5 g of
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crystalline cellulose (trade name: AVICEL PH-101l, Asahi Kasel

Chemicals Corporation) and 6.0 g of hydroxypropylcellulose (trade

name: HPC L, Nippon Soda Co., Ltd.) were placed in a Mechanomil]

(trade name: MECHANOMILL MM-10N, Okada Seiko Co., Ltd.) and were

5 mixed for 10 min at 400 rpm. 9.7 g of triethyl citrate (trade name:

Citroflex 2 (SC-60), Morimura Shoji Co., Ltd.) was then added and

the mixture was further stirred for 2 min at 400 rpm. Subsequently,

water and ethanol (95) were added and the mixture was kneaded for

1 min at 400 rpm. Using a Domegran (trade name: DOMEGRAN DG-L1,

10 equippedwitha 1.00°1.0T screen, Fuji Paudal Co., Ltd.), the kneaded

product was.extruded at a screw revolution number of 20 rpm. The

extrusion was then formed into spheres on a Mechanomill equipped

with a rotary disc (crosshatch type) for 5 min at 1000 rpm. The

resulting spheres were dried at 50°C for 120 min on an air drier

15 (trade name: AIRDRIER 30C, Fuji Paudal Co., Ltd.). Thedriedproduct

was sieved through a 850uymmeshstainless sieve and the sieved product

was further sieved through a 590um-apreture stainless sieve. To

40 g of the granules remaining on the 590um mesh stainless sieve,

0.135gofhydratedsilicondioxide (tradename: CARPLEX #67, Shionogil

20 Pharmaceutical Co., Ltd.) was added to form sustalned release

granules. On the other hand, 162.5 g of direct-tabletting lactose

(trade name: DILACTOSE S, Freund Corporation) was mixed with 0.4

—

g of magnesium stearate in a bag to form a mixed powder. Using a

single-action tabletting machine with a 2.5 mm¢, 12R punch, 23.75

25 g of the mixed powder and 16.25 g of the sustained release granules
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were compressed into tablets each weighing 400 mg and containing

0.5 mg imidafenacin.

Example 11

(0045

700 g of spherical granules composed of lactose, crystalline

cellulose and polyvinylpyrrolidone (to serve as core granules) was

placed in a tumbling fluidized bed granulator (trade name: NEW

MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

imidafenacin in a 1:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

o

base granules was composed of 50 mg of spherical granules of

lactose/crystalline celluleose and 0.5 mg of imidafenacin. 700 g

of the base granules was placedina tumbling fluidizedbedgranulator

and was coated with a sustained release coating solution having

*

form 58.08 mg of sustailned release

A

a composition shown below to

granules. On the other hand, 81.22 g of direct-tableting lactose

(trade name: DILACTOSE S, Freund Corporation), 38.00gofcrystalline

cellulose (trade name: CEOLUS KG-802, Asahl Kaseili Chemicals

Corporation), 12.70 g of croscarmellose sodium (trade name:

Ac-Di-Sol SD-711, FMC Corporation), 0.19 g of hydrated silicon

dioxide (trade name: CARPLEX #67, Shionogi Pharmaceutical Co., Ltd.)

and 0.19 g of magnesium stearate were mixed together i1in a bag to

form a mixed powder. Using a single-action tableting machine with

a 7.5 mm¢p, 9R punch, 131.92 g of the mixed powder and 58.08 g of

the sustained release granules were compressed 1nto tablets each
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weighing 190 mg and containing 0.5 mg imidafenacin.

(004 06]

P

Composition of sustained release coating solution:

FEUDRAGIT RS100 6.93 mg
5 Polyethylene glycol 6000 0.43 mg
Sodium chloride 0.22 mg
Ethanol (95) 16.52 mg
Purified water -~ 18.08 mg
Total 7.58 mg (solid component)

10 Example 12

(0047 ]

700 g of spherical granules composed of lactose, crystalline

cellulose and polyvinylpyrrolidone (to serve as core granules) was

placed in a tumbling fluidized bed granulator (trade name: NEW

15 MARUMERIZER NQ-160, Fuji Paudal Co., Ltd.). A solution of

imidafenacin in a 1:1 mixture of ethanol (95) and water was then

sprayed onto the granules to form base granules. 50.5 mg of the

ﬁ

base granules was composed of 50 mg of spherical granules of

lactose/crystalline cellulose and 0.5 mg of imidafenacin. 700 g
20 of thebasegranuleswasplacedinatumbling fluidizedbedgranulator

and was coated with a sustained release coating solution having

a composition shown below to form 53.54 mg of sustained release

granules. Ontheotherhand, 79.91gofcrystallinecellulose (trade

name: AVICEL PH-302, Asahi Kasei Chemicals Corporation), 45.30 g

25 of crystalline cellulose (trade name: CEOLUS KG-802, Asahili Kaseil
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Chemicals Corporation), 11.25 g of croscarmellose sodium (trade

name: Ac-Di-Sol SD-711, FMC Corporation), 0.19 gof hydrated silicon

dioxide (trade name: CARPLEX #67, Shionogl Pharmaceutical Co., Ltd.)

and 0.19 g of magnesium stearate were mixed together in a bag to

—de

form a mixed powder. Usling a single-actlon tabletting machine with

a 7.5 mm¢, 9R punch, 136.46 g of the mixed powder and 53.54 g of

the sustained release granules were compressed 1nto tablets each

~

weighing 190 mg and containing 0.5 mg imidafenacin.

[0048]

Composition of sustalned release coating solution:

ETHOCEL (Std 7cps premium) 2.80 mg

CITROFLEX 2 (SC-60) 0.16 mg

Sodium chloride 0.08 mg

Ethanol (95) 62.41 mg

Purified water 13.93 mg

Total 3.04 mg (solid component)

Comparative Example

[10049]

243.2 g of partly pregelatinized starch (trade name: STARCH

1500G, Colorcon Inc.) and 970.8 g of crystalline cellulose (trade

name: AVICEL PH-301, Asahi Kasei Chemicals Corporation) were placed

in a flow coater FBG-5 (Freund Corporation). A solution of 2 g

imidafenacinand 12.8 gpolyvinylpyrrolidone (trade name: POVIDONE,

BASF Co., Ltd.) in a 1:1 mixture of ethanol (95) and water was then

sprayed to form granules. The granules were sieved through a 850um
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mesh sieve and 3.2 g of magnesium stearate was added to the sorted

granules to obtailn granules for tabletting. Using a rotary

tabletting machine HT-P18SSII (Hata Iron Works Co., Ltd.), the

granules were compressed into simple tablets with a diameter of

ity

5 7.5 mm and a weight of 154 mg. The resulting tablets were coated

with OPADRY 03A45009 (Colorcon Inc.) (6 mg per tablet), and a small

amount of carnauba wax (trade name: POLISHING WAX 103, Freund

Corporation) was added to make film-coated tablets each containing

0.25 mg imidafenacin.

10 0050 ]

Experiment Example 1

—

According to the method 2 of the dissolution test described

vy

in Japanese Pharmacopoeia Fourteenth Edition, the preparations of

Examples 1 through 12 and Comparative Example were each tested at

15 50 rpmin 900 mL purified water at 37°C (n =6 for Comparative Example

and n = 3 for all Examples. A sinker was used). The results are

shown 1n Figs. 1 through 4.

t

As can be seen from the figures, each of the preparations of

Examples 1 through 12 showed sustalned drug release properties as

20 compared to the preparation of Comparative Example.
[0051]

Experiment 2

V1

In designing oral sustained release preparations o:

imidafenacin, it 1s necessary to know the absorption properties

25 of imidafenacin in the gastrolintestinal tract. We therefore
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examined the gastrointestinal absorptionpropertiesof imidafenacin

in rats using the in-situ loop technique. The specific procedures
were as follows: Male Wistar rats (aged 7 to Y weeks) were dissected

under anesthesia with pentobarbital sodium and the common blle duct

was ligated. Loopswerepreparedfromthe stomach, duodenum, jejunumn,

ileum and colon. 0.2 mL each of an isotonic solution (500 ng/mL)

of imidafenacin was injected into the loops in tripricate. After
1 hour, the lumen of the loops was washed sequentially with water
and 0.01 mol/L hydrochloric acid and the wash was collected from

o

each loop. The concentration of imidafenacin in the wash was

determined by high performance liguid chromatography. The standarad

curve was determined by applying the least squares method to the

g~

ratio of the peak areas between the imidafenacin concentration for

« T

a similarly treated standard specimen and the concentration o:

internal standard of imidafenacin determined by chromatography.

The concentration of imidafenacin in the wash for a specimen was

determinedbysubstitutingtheratioof thepeakareaintothestandard

curve. The absorption of imidafenacin for each loop was calculated

by the equations (1) and (2) below. The results are shown in Fig.

5.
% Remalning imidafenacin in a loop = (Conc. of imidafenacin 1in the
wash for the loop) x 25 (1)

%> Absorptionof imidafenacinina loop=100-%Remaining imidafenacin

in that loop (2)

The results indicate that imidafenacin was effectively
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absorbed 1n any part of the small intestine while the absorption

was less significant in the stomach. Some absorption was also
observed 1n colon.

INDUSTRIAL APPLICABILITY

0052 ]

As set forth, the present 1nvention provides capsules and

tablets that allow controlled release of imidafenacin. Analysis

gp—

of the gastroilintestinal absorption properties of imidafenacin in

r—
pre

rats indicates that the compound 1s effectively absorbed in any

part of the small 1ntestine with some being absorbed in colon. The

results suggest that a simllar absorption pattern 1s likely to be
observed 1n humans. Studies have shown that themultiple-unit oral

sustalned release preparation, when administered to human patients,

passes the stomachandsmall 1intestine 1n 5 to 6 hours and subsequently

remains 1n the colon for as long as 20 hours. This observation

F

suggests that the capsules and tablets of the present invention,

prepared as multiple-unit oral sustalned release preparations that

g
.

allow sustained release of imidafenacin, can serve to effectively

F
—

prevent the rapid elevation 1n the blood levels of i1midafenacin.
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CLAIMS

1. A multiple-unit oral sustalined release preparation,

H

comprlsing a granule or powder that allows controlled release o:

imidafenacin, the granule or powder serving as a constituting unit.
2. The multiple-unit oral sustained release preparation

according to claim 1, whereln the granule or powder comprises

imidafenacin dispersed in a water-insoluble polymer and a
pharmaceutically acceptable additive.
3. The multiple-unit oral sustained release preparation

according to claim 1, wherein the granule or powder comprlses

imidafenacin dispersed 1in a higher alcohol.

4. The multiple-unit oral sustalned release preparation

according to claim 1, whereln the granule comprises a core granule,

imidafenacin applied over the core granule, and a water-insoluble

polymer applied over the i1midafenacin.

5. The multiple-unit oral sustalned release preparation
according to claim 2 or 4, wherein the water-insoluble polymer 1s
ethyl cellulose or aminocalkyl methacrylate copolymer RS.

6. The multiple-unit oral sustained release preparation
according to claim 3, wherein the higher alcohol 1s stearyl alcohol.

/. The multiple-unit oral sustalned release preparation

P

according to any one of claims 1 to 6, wherein the preparation 1s

p—

in the form of a capsule or a tablet.

8. A method for producing a multiple-unit oral sustained

release preparation, comprising the steps of: kneading imidafenacin
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with a water-insoluble polymer; and forming 1t 1nto granules.

9. A method for producing a multiple-unit oral sustailned

P

release preparation, comprising the steps of: coatinga core granule

with imidafenacin; and coating the imidafenacin-coated granule with

0 a water—-insoluble polymer.

10. The method for producing a multiple-unit oral sustained
release preparation according to claim 8 or 9, whereln the

water—-insoluble polymer is ethyl cellulose or aminoalkyl

methacrylate copolymer RS.

10 11. A method for producing a multiple-unit oral sustalned

F

release preparation, comprising the steps of: adding imidafenacin

to a higher alcohol which is molten by heating, and kneading it;
cooling the kneadedmixturetohardenit; andpulverizing the hardened
mixture.

15 12. The method for producing a multiple-unit oral sustalned

releasepreparationaccordingtoclaimll, whereinthehigheralcoho.

1s stearyl alcohol.
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