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DESCRIPTION
Title of Invention: INJECTABLE PREPARATION

Technical Field

" The present invention relates to an injectable
preparation comprising a composition comprising a drug that is
poorly soluble in a dispersion medium, such as aripiprazole or a
sait thereof, a specific suspending agent, and a dispersion
medium, and to a prefilled syringe containing the injectable
preparation.

Background Art
. Aripiprazole used as an active ingredient of a
pharmaceutical composition is a compound represented by the
following structural fbrmula:
cl ,/\N/\/\/o

cn\©/n\)

o ..
A pharmaceutical composition comprising aripiprazole is known as
an atypical antipsychotic useful for the treatment of
schizophrenia.

A pharmaceutical composition comprising aripiprazole as
an active ingredient is known to be‘used, for example, in the
following form. A cake-like composition, which is prepared by
suspending aripiprazole and a vehicle therefor in a dispersion
medium and freeze-drying the suspension, is mixed with a desired
dispersant (preferably water for injection) before use and
resuspended, and the resuspension (injectable preparation) is
intramuscularly or subcutaneously injected into a patient (see,
for example, Patent Literature 1 and 2).

The form of using the pharmaceutical composition as
disclosed in Patent Literature (PTL) 1 and 2 requires a vial

containing a cake-like composition, a container containing a
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dispersion medium, and a syringe for use at the time of
administration to a patient. Accordingly, a pharmaceutical
preparation that can simplify the structure of the medical
instruments used and reduce size and weight and that is more

convenient for use is desired.

Citation List
Patent Literature
PTL 1: U.S. Patent No. 5,006,528
PTL 2: JP2007-509148A

Summary of Invention
Technical Problem

To obtain such a pharmaceutical preparation that can
simplify the structure of the medical instruments used and reduce
size and weight and that is more convenient at the time of use,
the development of, for example, a prefilled syringe produced by
f£illing a suspension (injectable preparation) as is into a
syringe can be considered. However, in the case of a suspension’
containing, as an active ingredient, a drug that is poorly
soluble in water as a dispersion medium (hereinafter also
referred to as a “poorly soluble drug”), such as aripiprazole or
a salt thereof, particles of the active ingrédient precipitate
over time, which results in caking and makes it difficult to
redisperse the suspension. Even if the suspension can be
redispersed, the redispersion requires wvigorous shaking, for
example, by using a device or the like, which is clinically
inconvenient. Therefore, a storage-stable injectable preparation
that comprises a poorly soluble drug as an active ingredient and
that is prevented from caking due to the precipitation of
particles over time has been desired.

An object of the present invention is to provide a
highly storage-stable injectable preparation comprising a
composition comprising a poorly soluble drug as an'active

ingredient and a dispersion medium. More specifically, an object
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of the present invention is to provide an injectable preparation
that can easily provide a suspensién in which an active
ingredient is well dispersed at the time of use (administration
to a patient), without caking due to precipitation of a poorly
soluble drug even after prolonged storage.

Another object of the present invention is to provide a
more compact, lightweight prefilled syringe by filling a syringe
with the above-mentioned injectable preparation. More preferably,
an object of the present invehtion is to provide a more compact,
lightweight prefilled syringe that allows administration of a
suspension with low viscosity by simply pressing the plunger rod
of the syringe to eject an injectable preparation through a
syringe needle after gently shaking'the syringe or without
shaking.

Solution to Problem
To achieve the above objects, the present inventors
conducted extensive research. As a result, the inventors found
that when an injectable preparétion comprising a poorly soluble
drug as an active ingredient further comprises a dispersion
medium and a specific suspending agent (hereinafter also referred
to as suspending agent A), caking due to precipitation of the
active ingredient is prevented even when stored for a long period
of time after production (for example, until it is administered
to a patient). The inventors conducted further research and
accomplished the present invention. |
The present invention includes the subject matfer

presented in the following items.
Item 1. An injectable preparation comprising a composition
comprising a poorly soluble drug, a dispersion medium, and a
suspending agent,
the suspending agent being at least one member selected from the
group consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
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the composition having a viscosity of 40 Pa‘s or more in at least
one point in the shear rate range of 0.01 to 0.02 s and having
a viscosity of 0.2 Pa‘s or less in at least one point in the
shear rate range of 900 to 1,000 s, as measured by a rheometer.
Ifem 2. An injectable preparation comprising a composition
comprising a poorly soluble drug, a dispersion medium, and a
suspending agent,
the suspending agent being at least one member selected from the
group consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt

thereof,
the composition having a viscosity of 40 Pa*s or more in at least
one point in the shear rate range of 0.01 to 0.02 s™! and having a
viscosity of 0.2 Pa*s or less in at least one point in the shear
rate range of 900 to 1,000 s!, as measured by a rheométer at 25°C.
ITtem 3. The injectable preparation according to Item 1 or 2
comprising a composition comprising at least water as a
dispersion medium.
Item 4. The injectable preﬁaration according to any one of Items
1 to 3 wherein the poorly soluble drug is aripiprazole or a salt
thereof, or 7-[4-(4~benzo[b]thiophen—4-yl-piperazin-1-yl)butoxy]-
1H-~-quinolin-2-one or a salt thereof.
Item 4a. The injectable preparation according to any one of Items
1 to 4 wherein the poorly soluble drug has a mean primary
particle diameter of 0.5 to 100 um.
Item 4b. The injectable preparation according to any one of Items
1 to 4 and 4a wherein the poorly soluble drug has a mean
secondary particle diameter that is up to but not exceeding three
times the mean primary particle diameter thereof.
Item 5. A gel composition comprising

a poorly soluble drug which is aripiprazole or a salt thereof,
or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1l-yl)butoxy]-1H- ‘

quinolin-2-one or a salt thereof,
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at least one suspending agent selected from the group
consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, '
wherein the poorly soluble drug has a mean primary particle
diameter of 0.5 to 30 pm and is contained in a concentration of
200 to 600 mg/mL.
Item 5a. The gel composition according to Item 5 comprising

aripiprazole or a salt thereof,

water, and |

at least one suspending agent éelected from the group
consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
wherein the aripiprazole or a salt thereof has a mean primary
particle diameter of 0.5 to 30 uym and is contained in a
concentration of 200 to 600 mg/mL.
Item 5b. The gel composition according to Item 5 comprising

7-14-(4-benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt theréof,

water, and _

at least one suspending agent selected from the group
consisting of (i) and (dii):

(1) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
wherein the 7-[4-(4-benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-
1H~-quinolin-2-one or a salt thereof has a mean primary particle
diameter of 0.5 to 30 ym and is contained in a concentration of
200 to 600 mg/mlL.
Item 6. The composition éccording to Item 5, 5a, or 5b wherein
(i) polyvinylpyrrolidone is contained as a suspending agent in a
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concentration of 0.1 to 100 mg/mL.

Item 7. The composition according to any one of Items 5 to 6
wherein (ii) polyethylene glycol and carboxymethyl cellulose or a
salt thereof are contained as suspending agents,

the concentration of polyethylene glycol being 0.05 to 2 mg/ml,
and the concentration of carboxymethyl cellulose or a salt
thereof being 0.5 to 50 mg/mL.

{The above phrase “any one of Items 5 to” includes Items 5, 5a,
and 5b. The same applies hereinafter.)

Item 8. The composition according to any one of Items 5 to 7
wherein (i) polyvinylpyrrolidone and (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof are contained as
suspending agents.

Item 8a. The composition according to Items 5 or 6 wherein (i)
polyvinylpyrrolidone and (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof are contained as
suspending agents, the concentration of polyethylene glycol'béing
0.05 to 100 mg/mL. |

Item 9. The composition according to any one of Items 5 to 8 and
8a wherein the poorly soluble drug has a mean secondary particle
diametexr that is up to but not exceeding three times the mean
primary particle diameter thereof.

Item 10. The compositibn according to any one of Items 5 to 9
which has a viscosity of 40 Pa's or more in at least one point in
the shear rate range of 0.01 to 0.02 s™ and which has a viscosity
of 0.2 Pa's or less in at least one point in the shear rate range
of 900 to 1,000 s, as measured by a rheometer.

Item 11. The composition according to any one of Items 5 to 9
which has a viscosity of 40 Pa*s or more in at least one point in
the shear rate range of 0.01 to 0.02 s™' and which has a viscosity
of 0.2 Pa*s or less in at least one point in the shear rate range
of 900 to 1,000 s, as measured by a rheometer at 25°C.

Item 12. An injectable preparation comprising the composition
according to any one of Items 5 to 11.

Item 13. A method for producing a gel composition comprising
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aripiprazole or a salt thereof, or 7-[4—(4-benzo[b]thiopben-4—yl-
piperazin-1l-yl)butoxy]-1H-quinolin-2-one or a salt thereof, the
method comprising
allowing a liquid mixture to stand at 5 to 70°C for 5 minutes or
more, the liquid mixture comprising aripiprazole or a salt
thereof, or 7-[4-(4-benzo[blthiophen-4-yl-piperazin-1-yl)butoxy]-
1H-quinolin-2-one or a salt thereof in a concentration of 200 to
600 mg/mL, water, and at least one suspending'agent selected from
the -group consisting of (i) and (1ii):
(i) polyvinylpyrrolidone, and
(ii) ﬁolyethylene glycol and carboxymethyl cellulose or a salt
thereof, and
the aripiprazole or a salt thereof, or the 7-{4-(4-~
benzo[blthiophen-4-yl-piperazin-1-yl)butoxy]-1H~-quinolin-2-one or
a salt thereof having a mean primary particle diameter of 0.5 to
30 pm.
Item 13a. The method for producing a gel composition comprising
aripiprazole or a salt thereof according to Item 13, the method
comprising
allowing a liquid mixture to stand at 5 to 70°C for 5 minutes or
more, the liquid mixture comprising aripiprazole or a salt
thereof in a concentration of 200 to 600 mg/mL, water, and at
least one suspending égent selected from the group consisting of
(i) and (ii):
(1) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, and
the aripiprazole or a salt thereof having a mean primary
particle diameter of 0.5 to 30 um.
Item 13b. The method for producing a gel composition comprising
7-{4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-
2-one or a salt thereof according to Item 13, the method
comprising |
allowing a liquid mixture to stand at 5 to 70°C for 5 minutes or
more, the liquid mixture comprising 7-[4-(4-benzo[b]}thiophen-4-
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yl—piperazin-14yl)butoxy]¥1H-quinolin-2-one or a salt_thereof'in
a concentration of 200 to 600 mg/mL, water, and at least one
suspendihg agent selected from the group consisting of (i) and
(ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, and

the 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof having a mean primary ﬁarticle

diameter of 0.5 to 30 pm.
Item 14. The method according to Item 13 comprising pulverizing

‘aripiprazole or a salt thereof, or 7-[4-(4-benzo[b]thiophen-4-yl-

piperazin-1-yl)butoxy]-1H-quinolin-2-one or a salt thereof to a
mean primary particle diameter of 0.5 to 30 pm in a liquid
mixture comprising the aripiprazole or a salt thereof, or the 7-
[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H~quinolin-2-
one or a salt thereof in a concentration of 200 to 600 mg/mL,
water, and at least one suspending agent selected from the group
consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

{ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, '

and allowing the pulverized liquid mixture to stand at 5 to
70°C for 5 minutes or more.
Item l4a. The method for producing a gel composition comprising
aripiprazole or a salt thereof according to Item 14 comprising
pulverizing aripiprazole or a salt thereof to a mean primary
particle diameter of 0.5 to 30 pym in a liquid mixture comprising
the aripiprazole or a salt thereof in a concentration of 200 to
600 mg/ml., water, and at least one suspending agent selected from
the group consisting of (i) and (ii):

(i) polyvinylpyrrolidone; and v

(i1) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,

and allowing the pulverized liquid mixture to stand at 5 to
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Item 14b. The method for producing a gel composition comprising
7-{4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-
2-one or a salt thereof according to Item 14 comprising
pulverizing 7-[4~(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-
1H-quinolin-2-one or a salt thereof to a mean primary particle
diameter of 0.5 to 30 pum in a liquid mixture comprising the 7-[4-
(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy}-1H-quinolin-2-one
or a salt thereof in a concentration of 200 to 600 mg/mL, water,
and at least one suspending agent selected from the group
consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,

and allowing the pulverized liquid mixture to stand at 5 to
70°C for 5 minutes or more.
Item 15. The method according to Item 13, 13a, 13b, 14, l1l4a, or
14b wherein the liquid mixturelcomprises (1) polyvinylpyrrolidone
in a concentration of 0.1 to 100 mg/mL.
Item 16. The method according to Item 13, 13a, 13b, 14; l4a, 14b,
or 15 wherein the liquid mixture comprises (ii) polyethylene
glycol and carboxymethyl cellulose or a salt thereof,
the concentration of polyethylene glycol being 0.05 to 2 mg/mL,
and the concentration of carboxymethyl cellulose or a salt
thereof being 0.5 to 50 mg/mL.
Item 17. The method according to any one of Items 13 to 16
wherein the liquid mixture comprises (i) polyvinylpyrrolidone and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof.
Item 17a. The method according to any one of Items 13 to 15
wherein the liquid mixture comprises (i) polyvinylpyrrolidone and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
the concentration of polyethylene glycol being 0.05 to 100 mg/mL.
(The above phrases “Items 13 to 15” and “Items 13 to 16” include
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Items 13a, 13b, l4a, and 14b.)

- Item 18. A gel composition comprising aripiprazole or a salt

thereof, or 7—[4—(4—benzo[b]thiophen-4-yl—piperazin—1-yl)butoxy]—
1H-quinolin-2-one or a salt thereof, the composition being
obtained by the method according to any one of Items 13 to 17.
(The above phrase “Items 13 to 177 also includes Items 13a, 13Db,
l4a, 14b and 1l7a.)
Item 19. A method for producing a prefilled syringe that is
prefilled with a gel composition comprising aripiprazole or a
salt thereof, or 7-[4-(4-benzo[b]thiophen-4-yl—piperazin—1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof,
the method comprising:
filling into a syringe a liquid mixture comprising aripiprazole
or a salt thereof, or 7—[4—(4-benzo[b]thiophen-4—yl—piperazin—l-
yl)butoxy]-1H~quinolin-2-one or a salt thereof in a concentration
of 200 to 600 mg/mL, water, and at least one suspending agent
selected from the group consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, |
wherein the aripiprazole or a salt thereof, or the 7-[4-(4-
benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or
a salt thereof has a mean primary particle diameter of 0.5 to 30
um; and |
allowing the liquid mixture to stand at 5 to 70°C for 5 minutes
or more.
Item 19a. The method for producing a prefilled syringe that is
prefilled with a gel composition comprising aripiprazole or a
salt thereof according to Item 19, '
the method comprising:
filling into a syringe a liquid mixture comprising aripiprazole
or a salt thereof in a concentration of 200 to 600 mg/mL, water,
and at least one suspending agent selected from the group
consisting of (i) and'(ii):
(i) polyvinylpyrrolidone, and
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(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,

wherein the aripiprazole or a salt thereof has a mean primary

‘particle diameter of 0.5 to 30 um; and

allowing the liquid mixture to stand at 5 to 70°C for 5 minutes
or more. |
Item 19b. The method for producing a prefilled syringe that is
prefilled with a gel composition comprising 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or
a salt thereof according to Item 19,
the method comprising:
filling into a syringe a liquid mixture comprising 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxyl]-1H-quinolin-2-one or
a salt thereof in a concentration of 200 to 600 mg/mL, water, and
at least one suspending agent selected from the group consisting
of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, |
wherein the 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-l-yl)butoxy]-
1H-quinolin-2-one or a salt thereof has a mean primary particle
diameter of 0.5 to 30 pum; and
allowing the liquid mixture to stand at 5 to 70°C for 5 minutes
or more.
Item 20. The method according to Item 19 comprising:
pulverizing aripiprazole or a salt thereof, or 7—[4-(4—
benzo[b]thiophen-4-yl-piperazin-1l-yl)butoxy]-1H-quinolin-2-one or
a salt thereof to a mean primary particle diameter of 0.5 to 30
um in a liquid mixture comprising the aripiprazole or a salt
thereof, or the 7-[4-(4-benzo{b]thiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof in a concentration
of 200 to 600 mg/mlL, water, and at least one suspending agent
selected from the group consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
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thereof; and
filling the pulverized liquid mixture into a syringe and
allowing the pulverized liquid mixture to stand at 5 to 70°C for 5

minutes or more.

- Ttem 20a. The method for producing a prefilled syringe that is

prefilled with a gel composition comprising aripiprazole or a
salt thereof according to Item 20,
the method comprising:

pulverizing aripiprazole or a salt thereof to a mean primary
particle diameter of 0.5 to 30 um in a liquid mixture comprising
the aripiprazole or a salt thereof in a concentration of 200 to
600 mg/mL, water, and'at least one suspending agent selected from
the group consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof; and

filling the pulverized liquid mixture into a syringe and
allowing the pulverized liquid mixture to stand at 5 to 70°C for 5
minutes or more.
Item 20b. The method for producing a prefilled syringe that is
prefilled with a gel composition comprising 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or
a salt thereof according to Item 20,
the method comprising:

pulverizing 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof to a mean primary
particle diameter of 0.5 to 30 pm in a liquid mixture comprising
the 7-[4-(4-benzo(blthiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof in a concentration of 200 to 600
mg/mL, water, and at least one suspending agent selected from the
group consisting of (i) and (ii):

(1) polyvinylpyrrolidone, and

(ii) polyethylene lecol and carboxymethyl cellulose or a salt
thereof; and

filling the pulverized liquid mixture into a syringe and
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allowing the pulverized liquid mixture to stand at 5 to 70°C for 5

minutes or more.

' Ttem 21. The method according to Item 19, 19a, 19b, 20, 20a, or

20b wherein the liquid mixture comprises (i) polyvinylpyrrolidone,
the concentration of (i) polyvinylpyrrolidone being 0.1 to 100
mg/mL.
Item 22. The method according to any one of Items 19 to 21
wherein the liquid mixture comprises (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof, the concentration of
polyethylene glycol being 0.05 to 2 g/mL, and the concentration
of carboxymethyl cellulose or a salt thereof being'o.s to 50
mg/mL.
Item 23. The method according to any one of Items 19 to 22
wherein the liquid mixture comprises (i) polyvinylpyrrolidone and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof.
Item 23a. The method according to any one of Items 19 to 21
wherein the ligquid mixture comprises (i) polyvinylpyrrolidone and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof, the concentration of polyethylene glycol being 0.05 to
100 mg/mL.
(The above phrases “Items 19 to 21” and “Items 19 to 22”7 also
include Items 19a, 19b, 20a, and 20b.)
Item 24. A prefilled syringe that is prefilled with a gel
composition comprising aripiprazble or a salt thereof, or 7-[4-
(4-benzo{b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one
or a salt thereof, the syringe being obtained by the method
according to any one of Items 19 to 23 and 23a.
Item 25. A kit comprising the prefilled syringe according to Item
24.
Item 26. A sustained release injectable preparation comprising a
composition comprising

a poorly soluble drug which is aripiprazole or a salt thereof,
or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-

quinolin-2-one or a salt thereof,
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water, and
at least one suspending agent selected from the group
consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a
salt thereof,
wherein the poorly soluble drug has a mean primary particle
diametexr of 1 to 10 ym and is contained in a concentration of 200
to 400 mg/mL,
the composition being in the form of a gel.when allowed to
stand, and changing to a sol when subjected to an impact, and
the preparation being administered once per month.
Item 27. The injectable preparation according to Item 26 wherein
the poorly soluble drug has a mean primary particle diameter of 2
to 7 pm. ,
Item 28. A sustained release injectable preparation comprising a
composition Eomprising
a poorly soluble drug which is aripiprazole or a salt thereof,
or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof,
water, and
at least one suspending agent selected from the group
consisting of (i) and (ii):
(1) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a
salt thereof,
wherein the poorly soluble drug has a mean primary particle
diameter of 4 to 30 uym and is contained in a concentration of 300
to 600 mg/ml,
the composition being in the form of a gel when allowed to
stand, and changing to a sol when: subjected to an impact, and
the preparation being administered once every two or three
months. ,
Item 29, The injectable preparation according to Item 28 wherein
the poorly soluble drug has a mean primary particle diameter of 5
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to 20 um.
Item 30. The injectable preparation according to any one of Items

26 to 29 wherein (i) polyvinylpyrrolidone is contained as a
suspending agent in a concentration of 0.1 to 100 mg/mL.

Item 31; The injectable preparation according to any one of Items
26 to 30 wherein (ii) polyethylene’glycol and carboxymethyl
cellulose or a salt thereof are contained as suspending agents,
the concentration of polyethylene glycol being 0.05 to 2 mg/mL,
and the concentration of carboxymethyl cellulose or a salt
thereof being 0.5 to 50 mg/mL. ,
Item 32. The injectable preparation according to any one of Items
26 to 31 wherein (i) polyvinylpyrrolidone and (ii) polyethylene
glycol and carboxymethyl cellulose or a salt thereof are
contained as suspending agents.

Item 33. The injectable preparation according to any one of Items
26 to 32 wherein the poorly soluble drug has a mean secondary
particle diameter that is up to but ndt exceeding three times the
mean primary particle diameter thereof.

Item 34. The injectable preparation according to any one of Items
26 to 33 wherein the composition has a viscosity of 40 Pa‘*s or
more in at least one point in the shear rate range of 0.0l to
0.02 s and a viscosity of 0.2 Pa‘s or less in at least ome point
in the shear rate range of 900 to 1,000 s™, as measured by a
rheometer. |

Item 35. The injectable preparation according to any one of Items
26 to 33 wherein the compoéition has a viscosity of 40 Pa's or
more in at least one point in the shear rate range of 0.01 to
0.02 s and a viscosity of 0.2 Pa-s or less in at least one point
in the shear rate range of 900 to 1,000 s™, as measured by a
rheometer at 25°C.

Item 36. A method for treating or preventing a recurrence of
schizophrenia, bipolar disorder, or depression, the method
comprising administering the injectable preparation according to
any one of Items 1 to 4, 12, and 26 to 35.

Item 37. The method according to Item 36 wherein the injectable
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preparation is administered intramuscularly or subcutaneously.
Item A-1. A storage-stable aqueous suspending injectable
preparation comprising a poorly soluble drug., a specific
suspending agent (suspending agent A), and a dispersion medium;
the suspension having a high viscosity upon standing and a low
viscosity upon shaking orAejection thereof through a syringe
needle. |

Item A-2. The injectable preparation according to Item A-1, which
has a viscosity of 1,000 mPa‘*s or more upon standing and a
viscosity of 300 mPa‘*s or less upon shaking or ejection thereof
through a syringe needle.

Item A-3. The injectable preparation according to Item A-1 or A-2,
which has a viscosity of 5,000 mPa's or more upon standing and a
viscosity of 300 mPa*s or less ﬁpon shaking or ejection thereof
through a syringe needle.

Item A-4. The injectable preparation according to any one of
Items A-1 to A-3, which has a viscosity of 10,000 mPa*s or more
upon standing and a viscosity of 300 mPa*s or less upon shaking
or ejection thereof through a syringe needle.

Item A-5. The injectable preparation according to Item A-1 or A-2,
which has a viscosity of 1,000 mPa‘*s or more upon standing and a
viscosity of 200 mPa‘*s or less upon shaking or ejection thereof
through a syringe needle. |

Item A-6. The injectable preparation according to Item A-1, A-2,
A-3, or A-5, which has a viscosity of 5,000 mPa‘s or more upon
standing and a viscosity of 200 mPa‘'s or less upon shaking or
ejection thereof through a syringe needle.

Item A-7. The injectable preparation according to any one of
Items A-1 to A-6, which has a viscosity of 10,000 mPa*s or more
upon standing and a viscosity of 200 mPa‘*s or less upon shaking
or ejection thereof through a syringe needle.

Item A-8. The'injectable preparation according to any one of
Items A-1 to A-7, which contains the poorly soluble drug in a
concentration of 100 to 500 mg/mL.

Item A-9. The injectable preparation according to any one of
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Items A-1 to A-8, which contains the poorly soluble drug in a
concentration of 200 to 480 mg/mL.
Item A-10. The injectable preparation according to any one of

Items A-1 to A-9, which contains the poorly soluble drug in a

concentration of 250 to 450 mg/mL.

Item A-11. The injectable preparation according to any one of
Items A-1 to A-10, which contains the poorly soluble drug in a
concentration of about 300 mg/mL or more and becomes a gel upon
standing, the gel composition becoming a fluid sol upon stirring,
shaking, external shock, or the like. ‘

Item A-12. The injectable preparation according to any one of
Items A-1 to A-11, wherein the poorly soluble drug has a mean
primary particle diameter of about 0.5 to 30 um.

Item A-13. The injectable preparation according to any one of
Items A-1 to A-12, wherein the poorly soluble drug has a mean
primary particle diameter of about 1.0 to 10 pm.

Item A-14. The injectable preparation according to any one of
Items A-1 to A-13, wherein the poorly soluble drug has a mean
primary particle diameter of about 1.0 to 5 um. .

Item A-15. The injectable preparation according to any one of
Items A-1 to A-14, wherein the poorly soluble drug is
aripiprazole or a salt thereof, the preparation comprising a
composition comprising a dispersion medium and at least one
suspending agent selected from the group consisting of
polyvinylpyrrolidone and polyethylene glycol.

Item A-16. The injectable preparation according to Item A-15,
wherein the poorly soluble drug is aripiprazole monohydrate.
Item A-17. The injectable preparation according to Item A-15 or
A-16, wherein the poorly soluble drug is aripiprazole or a salt
thereof, the preparation being storage-stable and‘comprising a
composition 6omprising sodium carboxymethyl cellulose, a
dispersion medium, and at least one suspending agent selected
from the group consisting of polyvinylpyrrolidone and
polyethylene glycol.

Item A-18. A prefilled syringe comprising the injectaﬁle
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preparation according to any one of Items A-1 to A-17.
| The expression “to comprise” used herein also includes

the meanings of “to essentially consist of” and “to consist of.”

Advantageous Effects of Invention

The injectable preparation of the present invention has
excellent storage stability with no caking caused by
precipitation of the particles of a poorly soluble dfug (i.e.,
active ingredient).

' Therefore, it is unnecessary to prepare a suspension at
the time of use, and syringe needle clogging is less likely to
occur. | A '

More specifically, because (a) the injectable
preparation of the presént invention becomes a gel upon standing,
precipitation and caking of the particles of the poorly soluble
drug can be inhibited, thereby providing excellent storage
stability. Furthermore, because (f§) the injectable preparation of
the present invention even in the form'of a gel can easily gain
fluidity when subjected to a mild impact, the preparation can be
easily injected at the time of use (at the time of injection). In

- particular, because the gelled injectable preparation (gel

composition) gains fluidity (forms a sol state) by simply
pressing the plunger of a syringe and ejecting the preparation
through a syringe needle, the preparation can be smoothly ejected
through the needle as is. Therefore, the preparation can be well
dispersed intramuscularly or subcutaneously with relatively less
local disturbance and pain at the time of injection.

As described above, the injectable preparation of the
present invention has éxcellent storage stability. This allows
the injectable preparation to be filled as is into a syringe to
prepare a prefilled syringe, thus providing a medical instrument

with reduced size and weight.

Brief Description of Drawings
Fig. 1 shows a photograph of the injectable preparation
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obtained in Example 1 immediately after production.

Fig. 2 shows a photograph of the injectable preparation
obtained in Example 1, which was slowly tilted after standing for
a certain period.

Fig. 3 shows a photograph of the injectable preparation
obtained in Example 1 having stood for a certain period, after
which the container was tapped and tilted.

Fig. 4a shows photographs of the injectable
preparations of Production Examples Al to A6 each stored in a
transparent container and allowed to stand at 5°C for five days,
after which the container was slowly tilted and laid horizontally.

Fig. 4b shows photographs of the injectable
preparations of Production Examples Al to A6 each stored in a
transparent container and allowed to stand at 25°C for five days,
after which the container was slowly tilted and laid horizontally.

Fig. 4c shows photographs of the injectable
preparations of Production Examples Al to A6 each stored in a
transparent container and allowed to stand at 40°C for five days,
after which the container was slowly tilted and laid horizontally.

Fig. 5a shows the viscosities of the injectable
preparations of Production Examples Al to Aé measured using a
rheometer (measuring temperature: 5°C).

Fig. 5b shows the viscosities of the injectable

preparations of Production Examples Al to A6 measured using a

' rheometer (measuring temperature: 25°C).

Fig. 5c shows the viscositiles of the injectable
preparations of Production Examples Al to A6 measured using a
rheometer (measuring temperature: 40°C).

Fig. 6 shows the viscosities of the injectable
preparation of Production Example B measured using a rheometer at
5°C, 25°C, or 40°C.

Fig. 7 shows the viscosities of the injectable
preparation of Productidn Example C measured using a rheometer at
5°C, 25°C, or 40°C.

Fig. 8 shows the viscosities of the injectable
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preparation of Production Example D measured using a rheometer at
5°C, 25°C, or 40°C.

'~ Fig. 9a shows the viscosities of the injectable
preparation of Production Example E measured using a rheometer at
5°C, 25°C, or 40°C. In the Figure, 54, 25d and 404 respectively
indicate the measuring temperatures at 5°C, 25°C, and 40°C.

Fig. 9b shows the injectable preparation of Production
Example E stored in a still condition at 5°C, 25°C, or 40°C for
five days.

Fig. 9c¢ shows the injectable preparation of Production
Example E stored in a still condition at 5°C, 25°C, or 40°C for
five days (i.e., each shown in Fig. 9b), after which the
container was slowly tilted and laid horizontally.

Fig. 10a shows the viscosities of the injectable
preparations of Production Example F1 (Povidone K17, 0.1 mg/mL)
and Production Example F2 (Povidone K17, 4 mg/mL) measured using
a rheometer at 5°C or 25°C. In the Figure, 5d and 254 indicate
the measuring temperatures at 5°C and 25°C, respectively.

Fig. 10b shows the injectable preparations of
Production Example F1 (Povidone K17, 0.1 mg/mL) and Production
Example F2 (Povidone K17, 4 mg/mL) stored in a still condition at
5°C, 25°C, or 40°C for five days.

Fig. 10c shows the injectable preparations of
Production Example F1 (Povidone K17, 0.1 mg/mL) and Production
Example F2 (Povidone K17, 4 mg/mL) stored in a still condition at
5°C, 25°C, or 40°C for five days (i.e., each shown in Fig. 10b),
after which the container was slowly tilted and laid horizontally.

Fig. 11 shows the injectable preparations of Production
Example G (containing 400 mg/mL of ethyl 4-aminobenzoate),
Production Example H (containing 300 mg/mL of probucol) and
Production Example I (containing 300 mg/mL of cilostazol) each
stored in a transparent container and allowed to stand at 5°C,
25°C, or 40°C for five days, after which the container was slowly
tilted and laid horizontally.

Fig. 12 shows the viscosities of the injectable
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preparation of Production Example G measured using a rheometer at
5°C, 25°C, or 40°C.

Fig. 13 shows the viscosities of the injectable
preparation of Production Example H measured using a rheometer at
5°C, 25°C, or 40°C.

Fig. 14 shows the viscosities of the injectable
preparation of Production Example I measured using a rheometer ét
5°C, 25°C, or 40°C,

Fig. 15 shows the viscosities of the injectable
preparation of Production Example J measured using a rheometer at
5°C, 25°C, or 40°C. In the Figure, 5d, 254 and 404 indicate the
measuring temperatures at 5°C, 25°C, and 40°C, respectively.

Fig. 16 is a graph showing the mean serum
concentration-time pfofiles after administration of injectable
preparations of Production Example K, Production Example L,
Comparativg Example 200, and Comparative Example 400 to the
crural muscle of rats (n=4, mean tstandard deviation).

Fig. 17 shows the viscosities of the injectable
preparations of Pioduction Examples A3 to A6 measured after being
allowed to stand at 40°C for five minutes in a rheometer and
returned to 25°C. ‘

Fig. 18 shows the viscosities of the injectable
preparations of Production Examples B and C measured after being
allowed to stand at 40°C for five minutes in a rheometer and
returned to 25°C. Fig. 18 aiso shows the viscosities measured in
Test Example 2 at 5°C or 25°C.

Fig. 19a shows the viscosities of the injectable
preparations of Production Example E and Production Example E’
measured after being allowed to stand at 40°C for five minutes in
a rheometer and returned to 25°C. Fig. 19a also shows the
viscosities of the injectable preparation of Production Example
E’ measured at 5°C or 25°C in the same manner as in Test Example
3. Fig. 19a further shows the viscosities of the injectable -
preparation of Production Example E measured at 5°C or 25°C in
Test Example 3.
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Fig. 19b shows the injectable preparation of Production
Example E’ (Povidone K17, 4 mg/mL) stored in a still condition at
5°C, 25°C, or 40°C for five days, after which the container was
slowly tilted and laid horizontally. Only the injectable
preparation stored at 40°C gelled.

Fig. 20a shows the viscosities of the injectable
preparations of Production Example M1 and Production Example M2
measured using a rheometer at 5°C, 25°C, or 40°C.

‘Fig. 20b shows the injectable preparations of
Production Example M1 and Production Example M2 stored in a still
condition at 5°C, 25°C, or 40°C for five days, after which the

container was slowly tilted and laid horizontally.

Description of Embodiments

The injectable preparation of the present‘invention
comprises a composition comprising a poorly soluble drug, a
specific suspending agenf {suspending agent (A)), and a
dispersion medium. Therefore, hereinafter, an explanation
regarding the injectable preparation of the presént invention is
equivalent to an explanation regarding the composition. For
example, when it is explained that the injectable preparation of
the present invention comprises a certain component, it means
that the injectable preparation of the present invention
comprises a specific composition that comprises a specific
component. The “poorly soluble drug” as used herein refers to a
drug that is poorly soluble in water, and corresponds to “very
slightly soluble” or “hardly soluble” drugs according to The
Japanese Pharmacopoeia Sixteenth Edition. Specifically, after a
drug is placed in water (a drug, 1if in the form of a solid, is
pulverized and then placed in water) and wvigorously shaken at
20+5°C for 30 seconds, the degree of dissolution within 30 minutes
is investigated. When not less than 1,000 mlL and less than 10,000
mlL of water is required to dissolve 1 g or 1 mL of a drug, the
drug is “very slightly soluble”. When 10,000 ml. or more of water
is required, the drug is “hardly soluble.”
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The poorly soluble drug contained in the injectable
preparation of the present invention includes, for example,
aripiprazole or a salt thereof. Other examples of poorly soluble
drugs include 7-[4-(4—benzo[b]thiophen—4-y1-pipérazin-1-
ylbutoxy)-1H~quinolin-2-one (hereinafter also referred to as
“brexpiprazole®) or a salt thereof. Other examples thereof
include rebamipide, cilostazol, probucol, ethyl 4-aminobenzoate,
and the like. Such compounds may be in the form of a salt.
Aripiprazole or a salt thereof, or 7-[4-(4-benzo[b]lthiophen-4-yl-
piperazin-l-yl)butoxyl-1H-quinolin-2-one or a salt thereof are
particularly preferable.

When the poorly soluble drug is in the form of a salt,
the salt is not particularlyvlimited insofar as it is a
pharmaceutically acceptable salt. Examples thereof include alkali
metal salts (e.g., sodium salts and potassium salts); alkaline
earth metal salts (e.g., calcium salts and magnesium salts), and
like metdl salts; ammonium salts; alkali metal carbonates (e.g.,
lithium carbonate, potassium'carbonate,ksodium carbonate, and
cesium carbonate); alkali metal hydrogen carbonates (e.g.,
lithium hydrogen carbonate, sodium hydrogen carbonate, potassium
hydrogen carbonate); alkali metal hydroxides (e.g., lithium
hydroxide, sodium hydroxide, potassium hydroxide, and cesium
hydroxide), and like salts of inorganic bases:;
tri(lower)alkylamines (e.g., trimethylamine, triethylamine, and
N-ethyldiisopropylaminé), pyridine, quinoline, piperidine,
imidazole, picoline, dimethylaminopyridine, dimethylaniline,
N-{lower)alkyl-morpholines (e.g., N-methylmorpholine),
1,5-diazabicyclo[4.3.0]nonene-5 (DBN),
1,8-diazabicyclo[5.4.0]undecene-7 (DBU),
1,4-diazabicyclo[2.2.2]octane (DABCO), and like salts of organic
bases; hydrochloride, hydrobromate, hydroiodide, sulfate, nitrate,
phosphate, and like salts of inbrganic acids; formate, acetate,
propionate, oxalate, malonate, succinate, fumarate, maleate,
lactate, malate, citrate, tartrate, carbonate, picrate,

methanesulfonate, ethanesulfonate, p-toluenesulfonate, glutamate,
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pamoate, and like salts of organic acids. The term “(lower)
alkyl” as used herein refers to an “alkyl having 1 to 6 carbon
atoms.” |

When the poorly soluble drug contained in the
injectable preparation of the present invention is aripiprazole
or a salt thereof, the crystalliné form of aripiprazole or a salt
ﬁhereof is not particularly limited. Aripiprazole or a salt
thereof may be in a monohydrate form (aripiprazole hydrate A) or
in various anhydrous forms, which are known to exist in the form
of anhydrous crystal B, anhydrous crystal C, anhydrous crystal D,
anhydrous crystal E, anhydrous crystal F, and anhydrous crystal G.
All of these crystalline forms may be used as aripiprazole or a
salt thereof in the injectable preparation of the present
invention. Among these, a monohydrate form is preferable.

Such poorly soluble drugs are known compounds, and can
be easily manufactured by known methods, or commercially '
available products can also be used.

‘ The injectable preparation of the present invention
preferably comprises at least water as a dispersion medium. Water,
or an agueous solvent comprisihg water and an organic solvent can
be preferably used as a dispersion medium comprising at least
water. Usable organic solvents are thosevthat are miscible with
water, such as methanol, ethanol, propanol, isopropanol, and like
alcohols; acetone and like ketones; tetrahydrofuran ahd like
ethers; dimethylformamide; and mixtures thereof. Among these,
alcohols are preferable and ethanol is particularly preferable.
Although not particularly limited, the amount of water in the
aqueous solvent is preferably, for example, about 50 wt.% or more.

As thé dispersion medium, water is preferable, and
sterile water for injection ig particularly preferable.

The specific suspending agent (suspending agent 3)
contained in the injectable preparation of the present invention
comprises at least one suspending agent selected from the group
consisting of (i) and (ii): |

(i) polyvinylpyrrolidone, and
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(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof. .

The polyvinylpyrrolidone for use preferably has a K
value (Fikentscher K value) of about 10 to 90, more preferably
about 12 to 30; and even more preferably about 12 to 20. The
polyvinylpyrrolidone for use preferably has an average molecular
weight of about 2,000 to 700,000, more preferably about 2,000 to
40,000, and even more preferably about 2,000 to 10,000. The use
of a poly#inylpyrrolidone having a K value and an average
molecular weight within the aforementioned ranges is advantageous
in terms of gelling the suspension of a poorly soluble drug upon
standing, inhibiting caking due to the precipitation of particles,

and providing an injectable preparation with excellent storage

"stability. Examples of polyvinylpyrrolidones include povidone K12,

povidone K17, povidone K25, povidone K30, and the like. Povidone
K17 is the most preferable. Such various polyvinylpyrrolidones
can be used singly or in a combination of two or more.

Polyethylene glycols (macrogols) for use as suspending
agent A preferably have an average molecular weight of about 100
to 10,000, more preferably about 150 to 8,000, and even more
preferably about 200 to 5,000. The use of a polyethylene glycol
having an average molecular weight within the aforementioned
ranges can inhibit caking due to precipitation of particles and
provide an injectable preparation with excellent storage
stability. Examples of polyethylene glycols include commercially
available polyethylene glycol 200, polyethylene glycol 300,
polyethylene glycol 400, polyethylene glycol 600, polyethylene
glycoi 4000, polyethylene glycol 6000, polyethylene glycol 8000,
and the like. Polyethylene glycol 400 is the most preferable.
Such polyethylene glycols can be used singly or in a combination
of two or more.

Examples of carboxymethyl cellulose or a salt thereof
include carboxymethylcellulose and salts of

" ‘carboxymethylcellulose, preferably such as alkali metal salts of

carboxymethylcellulose and ammonium salts of
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carboxymethylcelluiose. Specific examples thereof include sodium
carboxymethylcellulose, potassium carboxymethylcellulose, lithium
carboxymethylcellulose, ammonium carboxymethylcellulose, and the
like. Among these, carboxymethylcellulose and sodium
carbvoxymethylcellulose are preferable and sodium
carboxymethylcellulose is particularly preferable. Such
carboxymethylcellulose or salts thereof can be used singly or in
a combination of two or more.

When allowed to stand for some time after production,
the injectable preparation of the present invention has a high
viscosity and loses fluidity (i.e., gels). However, having once
gelled, the injectable preparation regains fluidity when
subjected to a slight impact (for example, stirring, shaking,
tapping, external impact, or pressure from being ejected through
a syringe needle). Although a restrictive interpretation is not
desired, the injectable preparation of the preéent invention is
considered to exhibit structural viscosity. Structural viscosity
is a type of non-Newtonian flow and refers to the following
property: as an increasing shear stress is applied, weaker bonds
in the internal strudture of the liquid are broken and apparent
viscosity decreases, so that the flow behavior becomes closer to
Newtonian flow.

When such a fluid injectable preparation is allowed to
stand again for some time, it returns to a gel state:; upon mild
impact (e.g., stirring, shaking, etc.), the gelled injectable
preparation becomes fluid; and when allowed to stand again, the
preparation becomes a gel. Thus, the injectable preparation is
considered to exhibit a thixotropic property (thixotropy).

This property can be confirmed by measuring the
viscosity of the injectable preparation with a rheometer. The
rheometer is an advanced viscometer that can use various
parameters and accurately measure viscosity under the conditions
of each parameter. When the viscosity of the injectable
preparation of the present invention is measured by a rheometer

while gradually increasing the shear rate, the viscosity tends to
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gradually lower. A rotary rheometer is preferably used as the
rheometer. Such rheometers include, for example, Discovery Hybrid
Rheometer-2- (DHR-2) and Discovery Hybrid Rheometer-3 (DHR-3)
(manufactured by TA Instruments).

In particular, becausei(a) the injectable preparation
of the present invention becomes a gel upon standing,
precipitation and caking of the particles of the poorly soluble
drug can be inhibited, thereby providing excellent storage
stability. Furthermore, because (f) the injectable preparation of
the present invention even in the form of a gel can easily gain
fluidity when subjected to a mild impact, the preparation can be
easily injected at the time of use (at the time of injection). In
particular, because the gelled injectable preparation (gel
composition) gains fluidity (forms a sol state) by simply
pressihg the plunger of a syringe and ejecting the preparation
through a syringe needle, the preparation can be smoothly ejected
through the needle as is. Therefore, the preparation can be well
dispersed intramuscularly or subcutaneously with relatively less
local disturbance and pain at the time of injection.

Whether the injectable preparation is gelled or not
(i.e., whether the preparation provides the above effect (a) or
not) can be confirmed by whether or not the preparation exhibits
a viscosity of about 40 Pa°*s or more in at least one point in the

shear rate range of 0.01 to 0.02 s™

, as measured by a rheometer.
Specifically, having a viscosity of abouf 40 Pa*s or more in the
shear rate range of 0.01 to 0.02 s™' indicates that the injectable
preparation being measured has lost fluidity-and is in the form
of a gel. In particular, having a viscosity of about 100 Pa‘s or
more in the shear rate range of 0.01 to 0.02 s™ indicates that
the injectable preparation being measured has surely lost

fluidity and is in the form of a gel. The measured viscosity

~value is preferably about 40 to 20,000 Pa‘s, more preferably

about 50 to 10,000 Pa's, even more preferably about 75 to 5,000
Pa*s, and particularly preferably about 100 to 3,000 Pa°*s, in at
least one point in the shear rate range of 0.01 to 0.02 s,
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Further, in the shear rate range of 0.01 to 0.02 s, the
viscosity is preferably about 40 Pa°s or more (particularly about
100 Pa's or more), more preferably about 40 to 20,000 Pa‘'s, even
more preferably about 50 to about 10,000 Pa‘s, still'more
preferably about 75 to 5,000 Pa*s, and particularly preferably
about 100 to 3,000 Pa‘s.

Whether the injectable preparation provides the above
effect (f) or not can be confirmed by whether or not the
preparation exhibits a viscosity of 0.2 Pa's or less in at least
one point in the shear rate range of 900 to 1,000 s, as measured
by a rheometer. Specifically, having a viscosity of about 0.2
Pa*s or less in at least one point in the shear rate range of 900
to 1,000 s! indicates that the injectable preparation being
measured has acquired fluidity and is in the form of a sol. The
measured viscosity value is preferably about 0.1 Pa‘'s or less,
and more preferably about 0.05 Pa‘*s or less in at least one point
in the shear rate range of 900 to 1,000 s™>. Further, in the
shear rate range of 900 to 1,000 s™, the viscosity is preferably
about 0.2 Pa‘'s or less, more preferably about 0.1 Pa*s or less, |
and even more preferably about 0.05 Pa's or less.

Whether the injectable preparatibn is gelled or not
(i.e., whether the preparation provides the above effect (a) or
not) can be confirmed particularly by whether or not the
preparation exhibits a viscosity of about 40 Pa‘*s or more in at
least one point in the shear rate range of 0.01 to 0.02 s, as
measured by a rheometer at 25°C. Specifically, having a viscosity
of about 40 Pa‘*s or more in at least one point in the shear rate
range of 0.01 to 0.02 s indicates that the injectable
preparation being measured has lost fluidity and is in the form
of a gel. In particular, having a viscosity of about 100 Pa‘s or
more in the shear rate range of 0.01 to 0.02 s™' indicates that
the injectable preparation being measured has surely lost
fluidity and is in the form of a gel. The measured viscosity
value is preferably about 40 to 20,000 Pa‘*s, more preferably V
about 50 to 10,000 Pa°s, even more preferably about 75 to 5,000
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Pa's, and particularly preferably about 100 to 3,000 Pa‘s, in at
least one point in the shear rate range of 0.01 to 0.02 s,
Further, in the shear rate range of 0.0l to 0.02 s}, the
viscosity is preferably about 40 Pa‘s or more (particﬁlarly about
100 Pa*s or more), more preferably about 40 to 20,000 Pé's, even
more preferably about 50 to about 10,000 Pa*s, still more
preferably about 75 to 5,000 Pa*s, and particularly preferably
about 100 to 3,000 Pa‘s.

Whether the injectable preparation provides the above
effect (B) or not can be confirmed particularly by whether or not
the preparation exhibits a viscosity of 0.2 Pa's or less in at
least one point in the shear rate range of 900 to 1,000 s, as‘
measured by a rheometer at 25°C. Specifically, having-a Viscosity
of about 0.2 Pa‘*s or less in the shear rate range of 900 to 1,000
s’! indicates that the injectable preparation being measured has
acquired fluidity and is in the form of a sol. The measured
viscosity value is preferably about 0.1 Pa‘*s or less, and more
preferably about 0.05 Pa*s or less in at least one point in the
shear rate range of 900 to 1,000 s'. Further, in the shear rate
range of 900 to 1,000 s}, the viscosity is preferably about 0.2
Pa*s or less, mbre preferably about 0.1 Pa‘*s or less, and even
more preferably about 0.05 Pa's or less.

The viscosity measurement in these shear rate ranges
(0.01 to 0.02 s and 900 to 1,000 s') is preferably performed by
sequentially measuring the viscosity while starting at the lowest
shear rate and gradually increasing the shear rate. Preferably,
for example, the Viscosity is sequentially measured in the shear
rate range of 0.001 to 1,000 s™! using a rheometer.

When the results of the sequential viscosity
measurement of the gel composition are plotted with the shear
rate (s™!) on the abscissa (x-axis) and the viscosity (Pa‘*s) on
the ordinate (y-axis), a roughly decreasing graph is obtained.
Using this graph, the above content can be re-explained as
follows. As an éxample, having a viscosity of 40 Pa‘s or more in
at least one point in the shear rate range of 0.01 to 0.02 s’
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means that at least a part of the graph in the shear rate range
of 0.01 = x < 0.02 satisfies y 2 40. As another example, having a
viscosity of 40 Pa's or more in the shear rate range of 0.01 to
0.02 s means that the entire graph in the shear rate range of
0.01 < x < 0.02 satisfies y 2 40. As another example, having a
viscosity of 0.2 Pa's or less in at least one point in the shear
rate range of 900 to 1,000 s’ means that at least a part of the
graph in the shear rate range of 900 = x < 1,000 satisfies y <
0.2. And as another example, having a viscosity of 0.2 Pa's or
less in the shear rate range of 900 to 1,000 s™ means that the
entire graph in the shear rate range of 900 < x = 1,000

satisfies y < 0.2.
As the rheometer, for example, the Discovery Hybrid

Rheometer-2 (DHR-2) or Discovery Hybrid Rheometer-3 (DHR-3)
(produced by TA Instruments) can‘be used.

The use of the above specific suspending agent
(suspending agent A) in combination with the poorly soluble drug
is one of the main reasons why the injectable preparation of the
present invention can provide the above effects (o) and (). More
specifically, although a very wide variety of suspending agents
for poorly soluble drugs are known, most of the suspending agents
fail to provide a composition that can produce the above effects
(o) and (B); the above suspending agent A is highly suitable for
obtaining an injectable preparation that has the above effects
(o) and (B). Accordingly, the injectable preparation of the
present invention can be obtained by preparing a suspension using
a poorly soluble drug and a dispersion medium in combination with
suspending agent A, measuring the viscosity, and selecting the
suspension that satisfies the above conditions.

Other important factors for obtaining the above effects
(o) and (B) are, for example, the particle diameter and
concentration of the poorly soluble drug.

The poorly soluble drug contained in the injectable
preparation of the present invention typically has a mean primary
particle diameter of about 0.5 to 100 um, preferably about 0.5 to
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50 pm, more preferably about 0.5 to 30 pm, even more preferably
about 1 to 20 pym, still even more preferably about 1 to 10 um,
yet more preferably about 1 to 5 um, and particularly preferably
about 2 to 5 ym. The mean secondary particle diameter of the
poorly soluble drug is preferably up to but not exceeding three
times, and more preferably up to but not exceeding twice, the
mean primary particle diameter thereof.

The term “primary particle diameter” refers to the
diameter of individual particles that are not aggregated but are
separate from each other. “Mean primary particle diameter” is
calculated from the volume mean diameter calculated from a mean
primary particle size distribution measured by a laser
diffraction scatterihg method. In the present invention, the mean
primary particle diameter is measured while circulating the
injectable\preparation in a water medium with ultrasonic
irradiation. “The secondary particle diameter” refers to the
diameter of particles that are aggregated. “Mean secondary
particle diameter” is calculated from the volume mean diameter
calculated from a mean secondary particle size distribution
measured by a laser diffraction scattering method. In the present
invention, the mean secondary particle diameter is measured while
circulating the injectable preparation in a water medium without
ultrasonic irradiation.

For example, the SALD-3000J (manufactured by Shimadzu
Corporation) can be used to measure the mean particle diameter by
the laser diffraction scattering method.

The mean secondary particle diameter is not smaller
than the mean primary particle diameter (excluding the
measurement error range). Injectable preparations comprising a
poorly soluble drug whose mean primary particle diameter and mean
secondary particle diameter are almost the same (i.e., whose
particles hardly aggregate) are also included within the scope of
the injectable preparation of the present invention. Preferable
are poorly soluble drugs that have a mean secondary particle
diameter that is larger than the mean primary particle diameter
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thereof unless a specific operation (an operation for pulverizing
secondary particles into primary particles) such as ultrasonic
irradiation is performed.

. When the mean primary particle diameter of the poorly
soluble drug is set to 1 um or more and used as an injection,
long-term sustained release properties can be advantageously
obtained. The mean primary particle diameter of the poorly
soluble drug is preferably set to about 100 pym or less, more
preferably about 50 um or less, even more preferably about 30 um
or less, still more preferably 10 ym or less, and particularly
preferably about 2 to 5 pm, because it inhibits the precipitation

»of the poorly soluble drug during the production of the

composition of the present invention or during the period from
the production thereof until administration to a patient, and
also prevents clogging of the syringe needle at the time of
injection.

As a method for preparing a poorly soluble drug having
the above-mentioned mean primary particle diameter, a wet milling
process is preférably used. The wet milling procesé is preferably
wet ball milling, high-pressure homogenization, high-shear
homogenization, or the like. In addition to such pulverizatioh
methods, other low- and high-energy miils {such as roller mills)
can also be employed.

Controlled crystallization, etc., can be mentioned as
other usable methods.

Further, as a method for producing a poorly soluble
drug having the above-mentioned mean primary particle diameter,
an impinging jet crystallization method (see JP2007-509153A) for
which a patent application has been filed by Bristol-Myers Squibb

Corp., or a wet milling process using a high-pressure homogenizer

(see JP2007-200088A) for which a patent application has been

-filed by Otsuka Pharmaceutical Co., Ltd. can be used. The wet

milling process (in particular, a two-step wet milling process)
using a high-pressure homogenizer for which a patent application

has been filed by Otsuka Pharmaceutical Co., Ltd. is more
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preferable. A

The injectable preparation of the present invention
preferably contains the poorly soluble drug in a concentration of
about 200 to 600 mg/mL, more preferably about 200 to 500 mg/mL,
even more preferably about 200 to 480 mg/mL, and still more
preferably about 250 to 450 mg/mL.

The injectable preparation comprising the above
suspending agent A and a poorly soluble drug that meets the
aforementioned mean particle diameter and concentration
conditions can more advantageously provide the above effects (a)
and (f).

The concentratibn of suspending agent A (the above
suspending agent (i) or (ii)) in the injectable preparation of
the present invention is preferably about 0.05 to 150 mg/mL, more
preferably about 0.1 to 100 mg/mL, and still more preferably
about 0.2 to 50 mg/mL.

When the injectable preparation of the present
invention comprises the above suspending agents (i) and (ii) as
suspending agent A, the total concentration thereof is preferably
about 0.05 to 150 mg/mL, more preferably about 0.1 to about 100
mg/mL, and further preferably about 0.2 to 50 mg/mlL.

In addition to the poorly soluble drug, suspending
agent A, and dispersion medium, the injectable preparation of the
present invention may further contain a suspending agent other

than suspending agent A (hereinafter also referred to as

- “suspending agent B”), a buffer, a pH adjuster, an excipient, a

Jubricant, a plasticizer, a disintegrator, a binder, a surfactant,
a preservative, a flavoring agent, a perfuming agent, a tonicity
agent, and like additives.

. For example, the additives disclosed in JP2007-509148A
may be used as such additives.

Examples of other suspending agents that can be

suitably used as suspending agent B include various polymers, low
molecular weight oligomers, natural products, and surfactants

(including nonionic and ionic surfactants). Specific examples
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thereof include cetyl pyridinium chloride, gelatin, casein,
lecithin (phosphatides), dextran, glycerol, gum acacia,
cholesterol, tragacanth, stearic acid, benzalkonium chloride,
calcium stearate, glycerol monostearate, cetostearyl alcohol,
‘cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene
alkyl ethers (e.g., macrogol ethers such as cetomacrogol 1000),
polyoxyethylene castor oil derivatives; dodecyl trimethyl
ammonium bromide, polyoxyethylene stearate, colloidal silicon
dioxide, phosphate, sodium dodecyl sulfate, methylcellulose,
hydroxyethylcellulose, hydroxypropylmethylcellulose phthalate,
non-crystalline cellulose, aluminum magnesium silicate,
triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-
tetramethylbutyl)-phenol polymer with ethylene oxide and
formaldehyde (also known as tyloxapol, supérione, and triton),
poloxamines (e.g., Tetronic 908 (registered trademark), also
known as Poloxamine 908 (registered trademark), which is a
tetrafunctional block copolymer derived from the sequential
addition of propylene oxide and ethylene oxide to ethylenediamine
(BASF Wyandotte Corporation, Parsippany, N.J.)); charged
phospholipids, such as dimyristoyl phosphatidyl glyterol and
dioctylsulfosuccinate (DOSS); Tetronic 1508 (registered
trademark) (T-1508) (BASF Wyandotte Corporation), dialkylesters
of sodium sulfosuccinic acid (e.g., Aerosol OT (registered
trademark), which is a dioctyl ester of sodium sulfosuccinic acid
(American Cyanamid)); Duponol P (registered trademark), which is

»sodium lauryl sulfate (DuPont):; Tritons X-200 (registered

trademark), which is an alkyl aryl polyether sulfonate (Rohm and
Haas); Crodestas F-110 (registered trademark), which is a mixture
of sucrose stearate and sucrose distearate (Croda Inc.): p-
isononylphenoxypoly-(glycidol), also known as 01lin-10G
(registered trademark) or Surfactant 10-G (registered trademark)
(Olin Chemicals, Stamford, Conn.); Crodestas SL-40 (Croda, Inc.);
and SA90HCO, which is C;gH3;CH2(CON(CH;) ) ~CH,(CHOH),(CH,0H), (Eastman
Kodak Co.); decanoyl-N-methylglucamide; n-decyl-p-D-
glucopyranoside; n-decyl-f-D-maltopyranoside; n-dodecyl-f-D-
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glucopyranoside; n-dodecyl-p3-D-maltoside; heptanoyl-N-
methylglucamide; n-heptyl-f-D-glucopyranoside; ﬁ-heptyl-B-D—
thioglucoside; n-hexyl-p-D-glucopyranoside; nonanoyl-N-
methylglucamide; n-nonyl-f-D-glucopyranoside; octanoyl-N-
methylglucamide; n-octyl-f-D-glucopyranoside; octyl-{3-D-
thioglucopyranoside; and the like.

Such suspending agents B are known pharmaceutical
excipients, and are described in detail in the Handbook of
Pharmaceutical Excipients, published jointly by the American
Pharmaceutical Association and The Pharmaceutical Society of
Great Britain (The Pharmaceutical Press, 1986), which is herein
specifically incorporated by reference. Such suspending agents B
are commercially available or can be prepared by technigues known
in the art.

The concentration of suspending agent B is preferably
about 0.1 to 50 mg/mlL, more preferably about 0.1 to 20 mg/mL, and
more preferably about 0.3 to 15 mg/mL. |

In addition to (i) polyvinylpyrrolidone, polyethylene
glycol is preferably used in admixture therewith. In this case,
the concentration of polyvinylpyrrolidone is preferably about 0.1
mg/mL or more, and more preferably about 0.1 to 100 mg/mL,
whereas the concentration of polyethylene glycol is preferably
about 0.05 to 100 mg/mlL, and more preferably about 0.1 to 50
mg/mL. When polyethylene glycol 400 is used as a polyethylene
glycol, the concentration of polyethylene glycol 400 is
preferably about 0.1 to 100 mg/mL, more preferably about 0.1 to
10 mg/mL, and even more preferably about 0.5 to 5 mg/mL. When
polyethylene glycol 4000 is used as a polyethylene glycol, the
concentrafion of polyethylene glycol 4000 is preferably about 0.1
to 40 mg/mL.

When (ii) polyethylene glycol and carboxymethyl
cellulose or a salt thereof are used as suspending agents A, the
concentration of polyethylene glycol is preferably about 0.05 to
2 mg/mL, and more preferably about 0.1 to 1 mg/mL.

When carboxymethyl cellulose or a salt thereof is used
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in admixture with (i) polyvinylpyrrolidone or (ii) polyethylene
glycol and carboxymethyl cellulose or a salt thereof are used as
suspending agents A, the concentration of carboxymethyl cellulose
or a salt thereof is preferably about 0.5 to 50 mg/mL, more
preferably 1 to 30 mg/mlL, and even more preferably 2 to 20 mg/mL.

By containing carboxymethylcellulose or a salt thereof,
an increase in viscosity during production can be suppressed.
This allows a poorly soluble drug such as aripiprazole or a salt
thereof to be pulverized into a desirable particle size in an
efficient manner, thus preferable. Furthermore, by containing
polyethylene glycol, syneresis can be preferably prevented even
when the resulting injectable preparation is stored for a long
period of time.

The dispersion medium is incorporated in an amount
suitable for the poorly soluble drug content to fall within the
above-mentioned range. For example, the dispersion medium is
added in such an amount as to make a final injectable preparation
volume of about 0.2 to 5.0 mL, more specifically about 0.4 to 3.0
mL, and even more preferably about 0.5 to 2.0 mL.

When the composition (injectable preparation) produced
using the poorly soluble drug, the dispersion medium, and
suspending agent A does not gel upon standing, it can be gelled
by heat treatment (aging). Even in this case, as long as the
effects of the present invention are advantageously provided, the
resulting preparation can be preferably used as the injectable
preparation of the present invention. Specifically, as long as
the injectable preparation gelled in such a manner meets the
above conditions, and, in particular, has a viscosity of 40 Pa‘s
or more in at least one point in the shear rate range of 0.01 to
0.02 s and has a viscosity of 0.2 Pa‘*s or less in at least one
point in the shear rate range of 900 to 1,000 s™, as measured by
a rheometer at 25°C, the preparation can be suitably used as the
injectable preparation of the present invention. For example, by
setting the temperature conditions upon standing to a higher
temperature or by temporarily allowing the preparation to stand
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at a higher temperature and then allowing it to stand at ambient
temperatures (about 25°C), the gelling of the injectable
preparation can be preferably promoted, thus producing the
injectable preparation of the present invention.

The aging is performed by heating, for example, at
about 30°C or higher (preferably about 30°C to 70°C, more
preferably about 40°C to 60°C, and even more preferably about 45°C
to 55°C) for several minutes to séveral days (for example,
preferably for about 5 minutes to 5 days, more preferably for
about 1 hour to 3 days, and evén more preferably about 12 to 24
hours). However, heating at a temperature of 90°C or higher is
undesirable because it would cause water to evaporate. The aging

tends to increase the secondary particle diameter of the poorly

- soluble drug. However, even when aging is performed, the mean

secondary particle diameter of the poorly soluble drug is
preferably up to but not exceeding three times, and more
preferably up to but not exceeding twice, the mean primary
particle diameter thereof, as described above. It is also
undesirable to allow the injectable preparation to stand at a
temperature as low as the temperature at which the injectable
preparation freezes.

As can be understood from the above, when the
injectable preparation is allowed to stand to gel the preparation,
the standing temperature is preferably about 5°C to 70°C, more |
preferably about 20°C to 70°C, and even more preferably about 25°C

to 65°C.
The standing time depends on the amount of the

injectable preparation to be gelled and the standing temperature,
and may be any length of time as long as it is not less than the
time required to gel the preparation. For éxample, the standing
time is preferably 5 minutes or more, more preferably 10 minutes
or more, even more preferably 30 minutes or more, and still more

preferably 1 hour or more. When the standing time is 1 hour or

“mére, “a préferablé standing time is 4 hours or ‘more, more

preferably 12 hours or more, and even more preferably 24 hours or
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more. There is no particular upper limit for the standing time,
either, and the time may be, for example, about several days (2,
3, 4, or 5 days).

As described above, aging can be incorporated during
standing (prefefably at the beginning of standing).

The injectable preparation of the present invention may
contain a tonicity agent. Examples of the tonicity agent include,
but are not limited to, sodium chloride, potassium chloride,
mannitol, glycerol, sorbitol, glucose, xylitol, trehalose,
maltose, maltitol, and the liké. Such tonicity agents can be used
singly or in a combination of two or more. Sodium chloride is
more preferable. Such a tonicity agent is added in an amount to
render the composition isotonic.

The buffer is used to adjust the pH of the suspension
to about 6 to 8, and preferably about 7. To achieve such a pH,
the concentration of the buffer can be suitably set according to
the type of buffer. The concentration of the buffer is preferably
about 0.02 to 2 mg/mL, and more preferably about 0.03 to 1 mg/mL.

Specific examples of buffers 1ndlude, but are not
limited to, sodium phosphate, monosodium hydrogen phosphate,
disodium hydrogen phosphate, potassium phosphate, hydrates
thereof, TRIS buffer, and the like. Such buffers can be used
singly or as a mixture of two or more. Sodium phosphate,
monosodium hydrogen phosphate, disodium hydrogen phosphate, and
hydrates thereof are preferable. ' '

The pH adjuster is used in an amount to adjust the
aqueous suspension of the poorly soluble drug to a pH of about 6
to 7.5, and preferably about 7. An acid or a base is used
depending on the pH of the injectable preparation of the present
invention. When the injectable preparation is to be adjusted to a
lower pH, an acidic pH adjuster, such as hydrochloric acid or
acetic acid, can be used. Hydrochloric acid is preferably used.
When the injectable preparation needs to be adjusted to a higher
pH, a basic pH adjuster, such as sodium hydroxide, potassium

hydroxide, calcium carbonate, magnesium oxide, or magnesium
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hydroxide, can be used. Sodium hydroxide is preferably used.
Such pH adjusters can be used singly or in a combination of two
or more.

Although the method of preparing the injectable
preparation of the present invention is not particularly limited,
the injectable preparation is prepared by mixing a poorly solubleA
drug, suspending agent A, and a dispersion medium optionally with
additives. More specifically, after suspending agent A and a
dispersion medium are mixed 6ptiona11y with additives, the
obtained.vehicle solution is mixed with a poorly soluble drug,
and the resulting mixture is subjected to wet milling by the
above method, thus providing thé injectable preparation of the
present invention. To prevent gelling of the injectable |
preparation, the injectable preparation is preferably produced at
a low temperature (for example, about 2 to 10°C, particularly

about 5°C).
.A storage-stable injectable preparation comprising a

poorly soluble drug having a desired mean particle diameter can
be obtained by the above method.

The injectable preparation of the present invention is
suitably formulated into a dosage form that can be administered
once per month, once every two months, or once every three months.
Although the injectable preparation is preferably administered
intramuscularly, subcutaneous injection is also acceptable.

In particular, when the poorly soluble drug contained
in the injectable preparation of the present invention is
aripiprazole or a salt thereof, the injectable preparation is
preferably used to treat schizophrenia and associated disorders
(such as bipolar disorder, depression, and dementia) in human
patients or to prevent the recurrence of symptoms of such
diseases. |

As described above, the injectable preparation of the
present invention, which contains a specific suspending agent A,
inhibits caking due to the precipitation of a poorly soluble drug

during the period from the production thereof until the
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administration to a patient and thus has excellent storage
stability, and can be smoothly ejected from a syringe through a
thin syringe needle at the timé of injection.

In particular, when the injectable preparation of the
present invention has structural viscosity, the injectable
preparation is in a sol state exhibiting fluidity immediately
after the preparation thereof (see Fig. 1). When the sol
injectable preparation is allowed to stand, the injectable
preparation becomes a gel and no longer flows even when tilted
slowly (see Fig. 2). The injectable preparation in the form of a
gel is so stable that the caking of particles of a poorly soluble
drug due to the precipitation of the particles does not occur
even when allowed to stand for a long period of time. The gelled
injectable preparation guickly forms a sol state due to stirring,
shaking, tapping. external impact, or the pressure from being
ejected through a syringe needle (see Fig. 3). In the sol-state
injectable preparation, the poorly soluble drug does not cake due
to precipitation but is uniformly dispersed to reproduce the
injectable preparation immediately after production.

Although a restrictive interpretation is not desired,
it is hypothesized that the following mechanism causes the
structural viscosity and thixotropy of such an injectable
preparation. '

The injectable preparation is considered to have a
structure such that part of suspending agent A is attached to the
particles of a poorly soluble drug in a dispersion medium;
therefore, the attached suspending agent A causes an interaction
between the particles of the poorly soluble drug.

Presumably, there is an intermolecular and

interparticle interaction between the molecules of the suspending

'ageht A attached to the particle surface of the poorly soluble

drug, or between the molecules of the suspending agent A attached
to the particle surface of the poorly soluble drug and those of
the suspending agent A that is present in an unattached state in

the dispersion medium, or between the particles of the poorly
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soluble drug, thus forming a network structure. It is assumed
that the injectable preparation becomes a gel due to this network
structure. _

The intermolecular interaction due to suspending agent
A that forms the network structure is a weak binding force.
Therefore, due to stirring, shaking, tapping, external impact,
the pressure from being ejected through a syringe needle, etc.,
the network structure collapses, with the result being that the
gelled injectable preparation changes into a sol. When the
injectable preparation is in a sol state, the network structure
is reconstructed and the injectable preparation becomes a gel
again upon standing. |

The injectable preparation of the present invention is
also advantageous in that it can be filled into a'vial or a
syringe as is.

One example of a conventional dosage form of
éripiprazole or a salt thereof is such that a suspension
comprising aripiprazole or a salt thereof as an active ingredient
is prepared, and the suspension is freéze dried in a vial. Before
use, water for injection is added into the wvial, and the
resulting formulation is drawn into a syringe and then
administered to a patient.

According to a usage form of the present invention, the
injectable preparation is filled as is into a vial or a syringe
and used. Thus, the injectable preparation of the present
invention can be easily obtained without the need for freeze-
drying in the production process.

In particular, the injectable preparation of the
present invention can be filled as is into a syringe for use as a
prefilled syringe. This simplifies the structure of the syringe
and reduces size and weight. When the injectable preparation of
the present invention is filled into a syringe, in a preferred
embodiment, a sol suspension can be administered by simply
pressing the plunger rod of the syringe and ejecting the
injectable préparation of the invention through a syringe needle
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without the need to shake the syringe. This provides a prefilled
syringe that offers clinical convenience ahd operability, thus is
highly useful medically and industrially. A preferable example of
producing such a prefilled syringe is such that an injectable
preparation is produced in the manner as described above, the
preparation is prefilled into a syringe, and then left to stand
in the manner as described above to cause the injectable
preparation to gel. The present invention also includes a kit
equipped with the above-described prefilled syringe.

Aripiprazole or a salt thereof, or 7-[4-(4-
benzo[b]thiophen—4-yl-piperazin-l-yl)butoxy]—1H—quinolin—2-bne or
a salt thereof is particulafly préferable for use as the poorly
soluble drug cOntainedbin the injectable preparation of the
present invention. Therefore, more preferable embodiments of the
injectable preparation containing aripiprazole or a salt thereof
as a poorly soluble drug, or those of the injectable preparation
containing 7~-[{4~(4-benzo[blthiophen-4-yl-piperazin-1-yl)butoxy]-
1H-quinolin-2-one or a salt thereof as a poorly soluble drug are
explained below. However, unless otherwise defined below, the
above explanations are also applicable to the injectable
preparation containing an aripiprazole or a salt thereof, or 7;
[4-(4-benzo[b]thiophen-4—yl—pipérazin-1-yl)butoxy]-1H—quinolin—2-
one or a salt thereof as a poorly soluble drug.

The injectable preparation of the present invention
that contains aripiprazole or a salt thereof preferably comprises
aripiprazole or a salt thereof, water, and at least one
suspending agent selected from the group consisting of (i) and
(ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethylcellulose or
a salt thereof,

| wherein aripiprazole or a salt thereof has a mean
primary particle diameter of about 0.5 to 30 um and the
concentration of aripiprazole or a salt thereof is 200 to 600

mg/mL.
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In particular, when the injectable preparation of the
present invention comprises aripiprazole or a salt thereof (which
hereunder may be referred to as “the aripiprazole injectable
preparation of the present invention”), the concentration of
aripiprazole or a salt thereof is important. When the
concentration thereof falls outside the range of 200 to 600 mg/mL,
it is difficult to obtain an injectable preparation that achieves
both of the effects (o) and (f) described above. In particular,
when the concentration thereof is 100 mg/mL or below, the
production of an injectable preparation that can form a gel is
difficult even if the suspending agent A is used (or an aging
treatment is further performed). Therefore, when the injectable
preparation of the present invention comprises aripiprazole or a
salt thereof, a combination of the use of a specific suspending
agent (suspending agent A) and a specific concentration of
aripiprazole or a salt thereof (200 to 600 mg/mL and more
preferably 250 to 450 mg/mL) is particularly important. When the
injectable preparation of the present invention comprises a salt

of aripiprazole, the concentration described above is preferably

" that calculated as aripiprazole.

The 1njectable preparation containing 7-[4-(4-
benzo[{b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or
a salt thereof of the present invention comprises 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or
a salt thereof, water, and at least one suspending agent selected
from the group consisting of (i) and (ii):

{i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethylcellulose or
a salt thereof,

wherein 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof has a mean primary
particle diameter of about 0.5 to 30 um, and the concentration of
7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy}-1H-quinolin—
2-one or a salt thereof is 200 to 600 mg/mL. |

In particular, when the injectable preparation of the
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present invention comprises 7-[4-(4-benzo[b]thiophen-4-yl-
piperazin-1-yl)butoxy]-1H~-quinolin-2-one or a salt thereof (which
hereunder may be referred to as “the brexpiprazole injectable
preparation of.the present invention”), the concentration of 7-
[4-(4-benzo[b]thiophen-4-~yl-piperazin-1-yl)butoxy]-1H-quinolin-2-
one or a salt thereof is important. When the concentration
thereof falls outside the range of 200 to 600 mg/mL, it is
difficuit to obtain an injectable preparation that achieves both
of the effects (o) and (B) described above. In particular, when
the concentration thereof is 100 mg/mL or below, the production
of an injectable preparation that can form a gel is difficult
even if the suspending agent A is used (or an aging treatment is
further performed). Therefore, when the injectable preparation of
the present invention comprises 7-{4-(4-benzo[b]thiophen-4-yl-
piperazin-1-yl)butoxyl-1H-quinolin-2-one or a salt thereof, a
combination of the use of a specific suspending agent (suspending
agent A) and a specific concentration of 7-[4-(4-
benzo[b]thiophen-4-y1—piperazin-l-yl)butoky]-lH-quinolin-z—one or
a salt thereof (200 to 600 mg/mL and more preferably 250 to 450
mg/mL) is particularly important. When the injectable preparation
of the present invention comprises a salt of brexpiprazole, the
concentration described above is preferably that calculated as
brexpiprazole.

In the aripiprazole injectable preparation of the
present invention or the brexpiprazole injectable preparation of
the present invention, when (i) polyvinylpyrrolidone is contained
as suspending agent A, the concentration of polyvinylpyrrolidone
is preferably 0.1 to 100 mg/mL, more preferably 1 to 50 mg/mL,
and even more preferably 2 to 20 mg/mL.

When the aripiprazole injectable preparation of the
present invention or the brexpiprazole injectable preparation of
the preéent invention comprises (i) polyvinylpyrrolidone as
suspending agent A, and further comprises one or more other
suspending agents, it is preferable that at least one member

selected from the group consisting of polyethylene glycol and
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carboxymethylcellulose or a salt thereof be contained as the one
or more other suspending agents. More specifically, these
injectable preparations of the present invention comprise (i)
polyvinylpyrrolidone as suspending agent A, and when they further
comprise one or more other suspending agents, they preferably
comprise suspending agents of any combination of (i-1) to (i-3)
shown below. | |

(i-1) polyvinylpyrrolidone and polyethylene glycol

(i-2) polyvinylpyrrolidone and carboxymethylcellulose
or a salt thereof, and

(i~3) polyvinylpyrrolidone, polyethylene glycol, and
carboxymethylcellulose or a salt thereof

Regardless of which combination of (i-1) to (i-3) these
injectable preparations of the present invention comprise, the
concentration of polyvinylpyrrolidone is, as described above,
preferably 0.1 to 100 mg/mL, more preferably 1 to 50 mg/mL, and
even more preferably 2 to 20 mg/mL. In (i-1l) or (i-3), the
concentration of polyethylene glycol is preferably about 0.05 to
100 mg/mL and more preferably about 0.1 to 50 mg/mL. In (i-2) or
(i~3),vthe concentration of carboxymethylcellulose or a salt
thereof is preferably about 0.5.to 50 mg/mL, more preferably 1 to
30 mg/mL, and even more preferably 2 to 20 mg/mL.

By containing carboxymethylcellulose or a salt thereof,
an increase in viscosity during production can be suppressed.
This allows aripiprazole or a salt thereof, brexpiprazole or a
salt thereof to be pulverized into a desirable particle size in
an efficient manner, thus preferable. Fufthermore, by containing
polyethylene glycol, syneresis can be preferably prevented even

when the resulting injectable preparation is stored for a long

. period of time. Among (i-1) to (i-3), (i-3) is particularly

preferable as both effects described above can be achieved.

| When the aripiprazole injectable preparation of the
present invention or the brexpiprazole injectable preparation of
the present invention comprises (ii) polyethylene giycol and

carboxymethylcellulose or a salt thereof as suspending agent A,
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the concentration of polyethylene glycol is preferably about 0.05
to 2 mg/ml. and more preferably about 0.1 to 1 mg/mL. The
concentration of carboxymethylcellulose or a salt thereof is
preferably about 0.5 to 50 mg/mL, more preferably 1 to 30 mg/mL,
and even more preferably 2 to 20 mg/mL.

| When the aripiprazole injectable preparation of the
present invention or the brexpiprazole injectable preparation of
the present invention comprises (ii) polyethylene glycol and
carboxymethylcellulose or a salt thereof as suspending agent A,
and further comprises one or more other suspending agents,
polyvinylpyrrolidone is breferably contained as the one or more
other suspending agents. Specifically, the injectable preparation
of the present invention comprises, as suspending agent A, (ii)
polyethylene glycol and carboxymethylcellulose or a salt thereof,
and when it further comprises one or more other suspending agents,
it is more preferable that the suspending agents of (i-3) are
contained. In this case, the concentration of polyethylene glycol,
carboxymethylcellulose or a salt thereof, and
polyvinylpyrrolidone are the same as described in (i-3) above.

In the aripiprazole injectable preparation of the
present invention or the brexpiprazole injectable preparation of
the present invention, when the suspending agents of (i-3) are
used, the particularly preferable composition contains 0.5 to 20
mg/mL of polyvinylpyrrolidone, 0.1 to 100 mg/mL of polyethylene
glycol, 0.5 to 50 mg/mL of carboxymethylcellulose or a salt
thereof, and 250 to 450 mg/mL (more preferably 300 to 400 mg/mL)
of aripiprazole or a salt thereof. 1In this case, it is more
preferable that the polyethylene glycdl be polyethylene glycol
400 or polyethylene glycol 4000. Even more preferably, the
polyvinylpyrrolidone has a K value of about 12 to 20. Still more
preferably, the aripiprazole or a salt thereof has a mean primary
particle diameter of about 1 to 10 pm.

Because an unduly large mean primary particle diameter
of the aripiprazole oxr a salt thereof, or 7-[4-(4-
benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2~-one oxr
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a salt thereof may cause precipitation, the mean primary particle
diameter is preferably about 0.5 to 30 um and more preferably
about 1 to 20 pm; In order to maintain the sustained release
effect, when the injectable preparation of the present invention
is in a dosage form that is administered once a month, the
aripiprazole or a salt thereof, or 7-[4-(4-benzo[b]thiophen-4-yl-
piperazin-1-yl)butoxyl]-1H-quinolin-2-one or a salt thereof has a
mean primary particle diameter of preferably about 1 to 10 um,
and more preferably 2 to 7 um, and even more preferably 2 to 4 um.
When the injectable preparation of the present invention is in a
dosage form that is administered once every two or three months,
the aripiprazole or a salt thereof, or 7-[4-(4-benzo[b]thiophen-
4-yl-piperazin-l-yl)butoxy]-1H-quinolin-2-one or a salt thereof
has ‘a mean primary particle diameter of preferably about 1 to 50
um, more preferably 4 to 30 pm, and even more preferably 5 to 20
um. The mean secondary particle diameter is preferably up to but
not exceeding three times and more preferably up to but not
exceeding twice the mean primary particle diameter.

The aripiprazole injectable preparation of the present
invention is explained in further detail below. The concentration
of aripiprazole or a salt thereof in the injectable preparation
of the present invention that is administered once per month is
preferably, calculated as aripiprazole, about 200 to 600 mg/mL,
more preferably about 200 to 400 mg/mL,‘and even more preferably
about 300 mg/mL. In the injectable preparation of the present
invention that is administered once per month, the aripiprazole
or a salt thereof has a mean primary particle diameter of
preferably about 1 to 10 um, more preferably 1 to 5 um, and even
more preferably 2 to 4 um. The dosage volume is preferably 0.3 to
3 mL, more preferably 0.6 to 2 mL, and even more preferably 1 to
1.5 mL,

The concentration of aripiprazole or a salt thereof in
the injectable preparation of the present invention that is
administered once every two or three months, is preferably,

calculated as aripiprazole, about 300 to 600 mg/mL, more
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preferably about 350 to 500 mg/mL, and even more preferably about
400 mg/mL. In the injectable preparation of the present invention
that is administered once every two or three months, the
aripiprazole or a salt thereof has a mean primary particle
diameter of preferably about 1 to 30 um, more preferably 4 to 20
um, and even more preferably 5 to 10 um. When the injectable
preparation is administered once every two months, the dosage
volume is preferably 0.5 to 5 mL, more preferably 1 to 3 mL, and
even more preferably 1.5 to 2.5 mL. When the injectable
preparation is administered once every three months, the dosage
volume is preferably 0.7 to 8 mL, more preferably 1.5 to 4.5 mL,
and even more preferably 2 to 4 mL. »

| The brexpiprazole injectable preparation of the present
invention is explained in further detail below. The concentration
of brexpiprazole or a salt thereof in the injectable preparation
of the present invention that is administered once per month is
preferably, calculated as brexpiprazole, about 200 to 600 mg/mL,
more preferably about 200 to 400 mg/mL, and even more preferably
about 300 mg/mL. In the injectable preparation of the present
invention that is administered once per month, the brexpiprazole
or a salt thereof has a mean primary particle diameter of
preferably about 1 to 10 um, more preferably 1 to 5 um, and even
more preferably 2 to 4 um. The dosage volume is preferably 0.3 to
3 mL, more preferably 0.6 to 2 mL, and even more preferably i to
1.5 mL.

The concentration of brexpiprazole in the injectable
preparation or a salt thereof of the present invention that is
administered onde‘every two or three months, is preferably,
calculated as brexpiprazole, about 300 to 600 mg/mlL, more
preferably about 350 to 500 mg/mL, and even more preferably about
400 mg/mL. In the injectable preparation of the present invention
that is administered once every two or three months, the
brexpiprazole or a salt thereof has a mean primary particle
diameter of preferably about 1 to 30 im, more preferably 4 to 20
um, and even more preferably 5 to 10 um. When the injectable
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preparation is administered once every two months, the dosage
volume is preferably 0.5 to 5 mL, more preferably 1 to 3 mL, and
even more preferably 1.5 to 2.5 mL. When the injectable
preparation 1is administered once every three months, the dosage
volume is preferably 0.7 to 8 mL, more preferably 1.5 to 4.5 mL,
and even more preferably 2 to 4 mL. ’

The aripiprazole injectable preparation of the present
invention or the brexpiprazole injectable preparation of the
present invention achieves the effects (o) and (f) described
above. They may be in the form of a gel or they may have fluidity
(i.e., they may be in the form of a sol). As described above, the
achievement of the effects of the effects (o) and (B) can
objectively confirmed by the use of a rotary rheometer.

A preferable method for producing the aripiprazole
injectable preparation or brexpiprazole injectable preparation
according to the present invention comprises preparing a liquid
mixture of the starting materials and pulverizing aripiprazole or
a salt thereof, or 7-{4-(4-benzo(blthiophen-4-yl-piperazin-1-
yvl)butoxy]-1H-quinolin~2-one or a salt thereof, contained in the
liquid mixture to a‘desired mean primary particle diameter,
optionally followed bj aging.

A particularly preferable method for prodhcing the gel
aripiprazole injectable preparation according to the present
invention comprises allowing a liguid mixture to stand at 5 to
70°C for 5 minutes or more, the liquid mixture comprising
aripiprazole or a salt thereof with a mean primary particle
diameter of 0.5 to 30 pm in a concentration of 200 to 600 mg/mL,
water, and at least one suspending agent selected from the group
consisting of (i) and (ii): | ‘

(i) polyvinylpyrrolidone and

(ii) polyethylene giycol and carboxymethyl cellulose or
a salt thereof.

For example, a production method comprising the
following steps can be preferably used; pulverizing aripiprazole
or a salt thereof to a mean primary particle diameter of 0.5 to
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30 pm in a liquid mixture comprising the aripiprazole or a salt
thereof in a concentration of 200 to 600 mg/mL, water, and at
least one suspending agent selected from the group consisting of
(i) and (ii):

(i) polyvinylpyrrolidone and

(ii) polyethylene glycol and carboxymethyl cellulose or
a salt thereof; and

allowing the pulverized liquid mixture to stand at 5 to
70°C for 5 minutes or more. ,

A particularly preferable method for producing the gel‘
brexpiprazole injectable preparation according to the present
invention comprise allowing a liquid mixture to stand at 5 to 70°C
for 5 minutes or more, the liquid mixture comprising 7-[4-(4-
benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1B-quinolin-2-one or
a salt thereof with a mean primary particle diameter of 0.5 to 30
um in a concentration of 200 to 600 mg/mL, water, and at least
one suspending agent selected from the group consisting of (i)
and (ii): _

(i) polyvinylpyrrolidone and

(ii) polyethylene glycol and carboxymethyl cellulose or
a salt thereof.

For example, a production method comprising the
following steps can be preferably used: pulverizing 7-[4-(4-
benzo{b]lthiophen-4-yl-piperazin-1l-yl)butoxy]-1H-quinolin-2-one or
a salt thereof to a mean primary particle diameter of 0.5 to 30
pm in a liquid mixture comprising the 7-[4-(4-benzo[b]thiophen-4-
yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or a salt thereof in
a concentration of 200 to 600 mg/mL, water, and at least one
suspending agent selected from the group consisting of (i) and
(ii):

(i) polyvinylpyrrolidone and

(11) polyethylene glycol and carboxymethyl cellulose or
a salt thereof; and .

.. allowing the pulverized liquid mixture-to-stand at 5 to-

70°C for 5 minutes or more.
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In the production of these injectable preparations, it
is preferable to allow the injectable preparations to stand at 5
to 70°C for five minutes or more as described above, and more
preferably, to conduct an aging treatment. By conducting an aging
treatment, a gel composition can be more reliably produced
compared to the case where, for example, an injectable
preparation is allowed to stand at a low temperature or placed
under the condition where én impact is applied intermittently.
The above agiﬁg treatment conditions are less likely to cause .
problems, such as the evaporation of water, the firm gelling of
the injectable preparation, and the inability of the injectable
preparation to easily return to a sol even when an impact is
applied thereto.

The concentration of the suspendihg agent contained in
the liquid mixture is preferably the same as that of the
suspending agent contained in the injectable preparation. This is
because the concentration of the suspending agent in the liquid
mixture will directly become the concentration thereof in the
resulting injectable preparation. |

As described above, the aripiprazole or a salt thereof
added to the liquid mixture used for producing the aripiprazole
injectaﬁle preparation of the present invention may be, for
example, in the form of a monohydrate (aripiprazole hydrate A)
and various anhydrous forms, i.e., anhydrous crystal B, anhydrous
crystal C, anhydrous crystal D, anhydrous crystal E, anhydrous
crystal F, or anhydrous crystal G. Preferably, the aripiprazole
or a salt thereof is in the form of a monohydrate, and
particularly preferably in the form of aripiprazole hydrate A.
These may be used singly or in a combination of two or more.

The 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof added to the
liquid mixture used in producing the brexpiprazole injectable
preparation of the present invention is not limited, and may be,
for example, in the form of an anhydride or dihydrate, and
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preferably in the form of a dihydrate. These may be used singly
or in a combination of two or more.

The method for pulverizing aripiprazole or a salt
thereof, or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1l-yl)butoxy]-
1H-quinolin-2-one or a salt thereof contained in the liquid
mixture is not particularly limited and any known methods can be
employed. For example, the methods described above may be used.
More specifically, a wet milling process is preferably used. As
for the wet milling process, wet ball milling, high pressure
homogenization, high shear homogenization and the like are
preferably used. In addition to the aforementioned pulverization
methods, qther low- and high-energy mills (such as roller mills)
can also be employed. Controlled crystallization and other
methods may also be used. Further, an impinging jet
crystallization method (see JP2007-509153A), for which a patent
application has been filed by Bristol-Myers Squibb Corp., or a
wet milling process using a high-pressure homogenizer (see
JP2007-200088A), for which a patent application has been filed by
Otsuka Pharmaceutical Co., Ltd., can be used. Among these, a wet
milling process using a high-pressure homogenizer (in particular,
a two-step wet milling process), fof which a patent application
has been filed by Otsuka Pharmaceutical Co., Ltd. is more
preferable.

In the production of the gel aripiprazole injectable
preparation or gel brexpiprazole injectable preparation, by
filling the liquid mixture into a syringe and allowing it to
stand therein, a prefilled syringe containing a gel aripiprazole
injectable preparation or gel brexpiprazole injectablé
preparation prefilled therein can be obtained.

In the prefilled syringe thus obtained, the injectable
preparation (gel composition) contained therein gains fluidity
(becomes a sol) by simply pressing the plunger rod of the syringe
and ejecting it through a syringe needle. This allows the
injectable preparation of the present invention to be smoothly
ejected from the syringe needle as is (i.e., achieving the effect
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(B} described above). Furthermore, the precipitation and caking
of aripiprazole or a salt thereof, or 7-[4-(4-benzo[b}thiophen-4-
yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one or a salt thereof,
can be suppressed, thus attaining excellent storage stability
(i.e., achieving the effect (o) described above). This makes the
injectable preparation of the present invention highly useful in
clinical sites. ‘

The present invention encompasses a kit comprisiné the

prefilled syringe.

Examples

The present invention is more specifically explained
below. The present invention is, however, not limited to these
examples. The abbreviation “g.s.” stands for “quantum sufficiat”,

which means “sufficient quantity”.

Examples 1 to 7

The suspending agent, sodium chloride, and sodium
dihydrogenphosphate monchydrate shown in Table 1 were dissolved
in water (water for injection). The solution was adjusted to a pH
value of 7.0 using sodium hydroxide to prepare a vehicle solution.
An active ingredient (aripiprazole monohydrate) was suspended
into the resulting vehicle solution. The resulting suspension was
preliminarily pulverized using a CLEARMIX S1.5 (manufactured by M
Technique Co., Ltd.) and finely pulverized using a high-pressure
homogenizer (Panda model NS1001L2K, manufactured by Niro Soavi)
to prepare injectable preparations. After the step of suspending
the active ingredient into the vehicle solution, all of the steps
for producing the injectable preparations were conducted at a
temperature of 10°C or lower.

Immediately after production, all of the injectable
preparations were in the form of a sol-like suspension having
fluidity. Fig. 1 shows a photograph of the injectable preparation
of Example 1 immediately after production. When each of the

resulting injectable preparations was placed in a transparent
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container and allowed to stand at 25°C for one hour, all of the
injectable preparations lost fluidity, thereby becoming gel-like
injectable preparations. Fig. 2 shows a photograph of the

container holding the injectable preparation of Example 1 therein,

which was slowly tilted and l1aid horizontally after being allowéd
to stand. Furthermore, when gently shaken, all of the gelled
injectable preparations returned to a sol state and re-exhibited
fluidity. Fig. 3 shows a photograph of the container holding the
injectable preparation of Example 1 therein after being allowed
to stand, followed by tapping the container (i.e., a weak impact
was applied to the gelled preparation), and laying the container
horizontally.

After the injectable preparations produced in Examples
1 to 7 were gelled, the preparations were stored at 40°C for one
week and then shaken. Table 1 shows the mean particle diameter
(mean secondary parficle diameter) of each of the resulting
preparations. Table 1 also shows the mean particle diameters
{mean primary particle diameter) when ultrasonic treatment was
applied while shaking. The particle diameters were measured by a
laser diffraction scattering method using an SALD-3000J
(manufactured by Shimadzu Corporation). The mean particle
diameters of drugs contained in the injectable preparations
(Production Examples) described below were also measured By the
laser diffraction scattering method using an SALD-3000J.

After shaking the injectable preparations of Examples 1
to 7, 1.0 to 1.2 mL of each sample was collected. The viscosity
was measured using a B-type rotational viscometer (TVE-30H, model
name of a.cone-and-plateArotational viscometer manufactured by
Tokimec Inc.) under the conditions of 25°C, 50 rpm, and 120
seconds. Table 1 shows the evaluation results. The viscosity was
measured according to Method 2, Viscosity Determination defined

by the Japanese Pharmacopoeia.
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Test Example 1

The injectable preparations having the compositions
shown in Table 2 below (Production Examples Al to A6) were
produced in the same manner as in Examples 1 to 7 described above
(i.e., mixing the compohents other than the active ingredient,
adjusting the pH value of the mixture to 7.0 to prepare a vehicle
solution, suspending the active ingredient into the wvehicle
solution, and then pulverizing the suspension). The mean primary
particle diameter and the mean secondary particle diameter of
aripiprazole monohydrate in each Production Example were measured
immediately after production. The results revealed that all
Production Examples had a mean primary particle diameter of about
2.0 to 4.0 pm and a mean secondary particle diameter of about 2.0
to 7.5 um (Table 2).

Table 2
Production | Production | Production | Production | Production | Production
_ Bunpe | Eampke | Exampe | Bumpe | Example | Example
Componert Function Al A2 A3 A AS Ab
Quantity (mgfml)
Aipiprazole monohydrate Active ingredient 312 312 37 vy 317 317
Povidane K17 Suspending agent 01 1 4 10 50 100
Sochum diydrogaphosplate Buffer 074 074 074 074 074 074
Sodium chioride Tonicity agent 70 70 70 70 79 70
Sodium hydroxide pH Adjuster gs qs. gs. qs. qs qs.
‘Water for injection qs gs. qs. gs. qs gs.
Mean paricle diameter Secondary particle diameter” 73 28 23 25 23 23
(um) Primary particle dizmeter ™ | 36 22 22 22 23 23

*

: Concentration of aripiprazole monohydrate (300 mg/mlL as an anhydride)
**: In Production Examples Al to A6, the measurement was performed in a
circulating water medium without ultrasonic irradiation.

L2

: In Production Examples Al to A6, the measurement was performed in a

circulating water medium with ultrasonic irradiation.

After production, each preparation of the Production
Examples was placed in a transparent container, and then stored

in a still condition at 5°C, 25°C, or 40°C for five days. Fig. 4a
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(stored at 5°C), Fig. 4b (stored at 25‘6), and Fig. 4c (stored at
40° C) show photographs of the injectable preparations each held
in a container which was slowly tilted and laid horizontally
after storage. In the explanation of Test Example 1 (in
particular, in the Figures and Tables), Prodﬁction Example Al,
Production Example A2, Production Example A3, Production Example
A4, Production Example A5, and Production Example A6 may
respectively be referred to as “Povidone K17 0.1 mg/mL,"
“Povidone K17 1.0 mg/mL," “Povidone K17 4.0 mg/mL," “Povidone K17
10.0 mg/mL," “Povidone K17 50.0 mg/mL," and “Povidone K17 100
mg/mL.”

From the results shown in Figs. 4a to 4c, it was
confirmed that the gelling tendency'increases with a lower
concentration of polyvinylpyrrolidone (Povidone K17), and that
the gelling tendency increases with a higher standing temperature.
However, when the sample was left standing at 90°C, water
evaporated, making the sample unsuitable as an injectable
preparation.

Each preparation of the Production Examples was stored
at 5°C. After sufficiently shaking the preparations by hand to
return them to a sol state (any preparation that remained in a ‘
sol state even after standing was also shaken to confirmm that it
was in a sol state), the viscosity of each preparation was
measured using a rheometer. The viscosity measurements were

conducted under the following conditions.

+ Measuring instrument: Rheometer (Discovery Hybrid Rheometer-2.
(DHR-2) or Discovery Hybrid Rheometer-3 (DHR-3) (manufactured by
TA Instruments) ’

Shear rate: 10 - 1,000 (1/s)
+ Measuring temperature: 5, 25, or 40°C
- Concentric cylinder
- After being stored at 5°C, each preparation of the Production
Examples was shaken by hand to form a sol, and 10 mL of each was

placed in the measuring instrument. After being placed in the
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measuring instrument, each preparation was allowed to stand at
the measuring temperatures for 5 to 10 minutes, and then the
measurement was started (the intention being to form a gel in the
measuring instrument by allowing it to stand in the measuring
instrument, in the case where an injectable preparation can form
a gel).

Hereunder, the viscosities of the injectable
preparations (Production Examples) were measured using the same
measuring instrument with the same range of shear rate change as
described above, wherein a concentric cylinder was also used.
Furthermore, the measufement was also started after the samples
were allowed to stand for 5 to 10 minutes at the measuring
temperaturés after being placed in the measuring instrument as
described above.

Fig. 5a (measuring temperature: 5°C), Fig. 5b
{(measuring temperature: 25°C), and Fig. 5c¢ (measuring
temperature: 40°C) show the results of the viscosity measurement.
Note that these Figures show the results measured at a shear rate
in the range of 10" to 1,000 (1/s). Tables 3 to 5 summarize the
data of specific viscosities obtained in each measurement, in
terms of the viscosity measured at the shear rate in the range of
0.01 to 0.02 (1/s) and the viscosity measured at the shear rate
in the range of 900 to 1,000 (1/s). Table 3 corresponds to the
data of Fig. 5a, Table 4 corresponds to the data of Fig. 5b, and
Table 5 corresponds to the data of Fig. 5c.

Table 3
(Measuring temperature: 5°C) »
Povidone K17 (mg/mL) o1 | 1 | a4 | 10 | s | 100
Shear rate (1/s) Viscosity (Pa * s)
0.01-0.02 12036 | 1556 148 833 137 25
900-1,000 0.024 0.012 0.009 0.010 0.015 0.024
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Table 4 ‘
(Measuring temperature: 25°C)
Povidone K17 (mg/mL) o1 | 1 | 4 | 10 | s0 | 100
Shear rate (1/s) , Viscoslty (Pa " s)
0.01-0.02 34165 938.6 1094 1714 1659 2258
900-1,000 0.034 0.012 0.008 0.009 0.011 0.016
Table 5
(Measuring temperature: 40°C)
PovidoneK17mgmb) | o1 | 1 | a4 | 10 | so | 100
Shear rate (1/s) Viscosity (Pa - s)
0.01-0.02 3777.0 21450 11529 10532 987.1 11930
900-1,000 0.042 0018 0.011 0.011 0.013 0.018

The results, in particular those in Fig. 5b and Table 4
{measurement results at 25°C), indicate that when the
concentration of polyvinylpyrrolidone is about 2 to 50 mg/mL, the
lowest viscosity was attained at any shear rate, and also gelling
was achieved. A tendency was confirmed such that the lower the
concentration of polyvinylpyrrolidone, the higher the viscosity.
At high concentrations of polyvinylpyrrolidone, the viscosity
tended to become low until the concentration of
polyvinylpyrrolidone reached about 20 to 50 mg/mL, and the
viscosity tended to become high again when the concentration of

polyvinylpyrrolidone reached as high as about 100 mg/mlL or more.

Test Example 2
The injectable preparations (Production Examples B, C

and D) having the compositions shown in Table 6 were produced in

the same manner as in Examples 1 to 7 (i.e., mixing the
components other than the active ingredient, adjusting the pH
value of the mixture to 7.0 to prepare a vehicle solution,
suspending the active ingredient into the vehicle solution, and
then pulverizing the suspension). These injectable preparations
gelled after standing at 25°C or 40°C. These injectable
preparations returned to a sol state when gently shaken by hand,
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even after they had once gelled. The measurement results of the

aripiprazole monohydrate mean particle diameter were as follows.

Production Example B had a mean primary particle diameter of 2.2

um and a mean secondary particle diameter of 2.4 pm. Production

Example C had a mean primary particle diameter of 4.2 um and a

mean secondary particle diameter of 4.3 um. Production Example D

had a mean primary particle diameter of 3.9 ym and a mean
secondary particle diameter of 3.9 um.

Table 6
Producion | Production | Production
Component " Function ExampieB | ExampieC | EampieD
~ Quentity (mg/mt)

_ Ariplprazole monohydrate Active ingredient 312" 416" 624™

Carboxymethylcellulose sodium Suspending agertt 5 5

Povidone K17 Suspending agent 4 4

Polyethyiene glycol 400 Suspending agent 1

Sodium dihyrirogenphosphate monohydrate Bufier 074 074 074

Soclium chioride Tonicity agent 61 54 35

Sodium hydroxide pH Adjuster > 95 qs qs.

Water {or injection qs. g8 qs

Mean particle diameter Secondary particle diameter™ 24 43 39

() Primary particle diameter 22 42 39

*: Concentration of aripiprazole monohydrate (300 mg/mL as an anhydride)

**: Concentration of aripiprazole monohydrate (400 mg/mlL as an anhydride)

**. Concentration of aripiprazole monohydrate {600 mg/mL as an anhydride)

hd

circulating water medium without ultrasonic irradiation.

e

c¢irculating water medium with ultrasonic irradiation.

: In Production Examples B to D, the measurement was performed in a

: In Production Examples B to D, the measurement was performed in a

After being stored at 5°C, the injectable preparations

of Production Examples B to D were shaken by hand to form a sol

state, and placed in a rheometer to measure the viscosity of each

preparation at 5°C, 25°C, or 40°C (measuring temperature).

After

being stored at 5°C, the injectable preparations of Production

Examples B and C were in a form of sol. After being stored at 5°C,
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the injectable preparation of Production Example D was in a form
of gel.
Figs. 6 to 8 show the measurement results. Tables 7 to

9 show the specific viscosities measured at a shear rate in the
5 range of 0.01 to 0.02 (1/s) and those measured at a shear rate in

the range of 900 to 1,000 (1/s). (Fig. 6 and Table 7 show the

measurement results of Production Example B, Fig. 7 and Table 8

show the measurement results of Production Exampie C, and Fig. 8

and Table 9 show the measurement results of Production Example
10 D.)

Table 7
(Production Example B)

15 Measuring temperature 5C 25C 40C
Shear rate (1/s) Viscoslty (Pa-s)
0.01-0.02 169 2458 15273
900-1,000 0.021 0.015 0.018
20
Table 8
(Production Example C)
Measuring temperature 5C 25C 40°C
Shear rate (1/s) Viscoslty (Pa-s)
* 001002 129 157 16454
900-1,000 0.030 0.018 0.019
Table 9
30 (Production Example D)
| Measuring temperature 5C 25C a0C
Shear rate (1/s) Viscosity (Pa-s)
0.01-0.02 266.6 2007.0 92319

35 900-1,000 0118 0.084 0.093
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Test Example 3
The injectable preparation (Production Example E)
having the composition shown in Table 10 was produced in the same

manner as in Examples 1 to 7 (i.e., mixing the components other
than the active ingredient, adjhsting the pH value of the mixture
to 7.0 to prepare a vehicle solution, suspending the active
ingredient into the vehicle solution, and then pulverizing the
suspension). The preparation of Production Example E returned to

a sol upon being gently shaken by hand even if it had once gelled.
The measurement results of the aripiprazole monohydrate mean
particle diameter were as follows. Production Example E had a

mean primary particle diameter of 5.4 ym and a mean secondary
particle diameter of 9.5 pm.

Table 10
- Production Example E
Component runction Quantity (mg/mi)
Aripiprazole monohydrate Active ingredient 208"
Povidone K17 Suspending agent 0.1
Sodium dihydrogenphosphate Buffer 0.74
Sodium chioride Tonicity agent 70
Sodium hydroxide pH Adjuster q.s.
Water for injection q.S.
Mean particle diameter Secondary particie dlameter 95
(pm) Primary particle diameter” 54

*: Concentration of aripiprazole monohydrate (200 mg/mL as an anhydride)

**: In Production Example E, the measurement was performed in a circulating
water medium without ultrasonic irradiation.

**: In Production Example E, tﬁe measurement was performed in a circulating

water medium with ultrasonic irradiation.

After being stored at 5°C, the injectable preparation
of Production Example E was shaken well by hand to form a sol

state, and placed in a rheometer to measure the viscosity thereof
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at 5°C, 25°C, or 40°C (measuring temperature). Fig. 9a shows the
results. Table 11 shows the specific viscosities measured at a
shear rate in the range of 0.01 to 0.02 (1/s) and those measured

at a shear rate in the range of 900 to 1,000 (1/s).

Table 11
(Production Example E)
Measuring temperature 5C 25°C 40°C
Shear rate (1/s) Viscoslty (Pa-s)
0.01-0.02 452 170.5 3764
900-1,000 0.008 0.007 0.008

After production, the injectable preparation of
Production Example E was stored in a still condition at 5°C, 25°C
or 40°C for five days. The injectable preparation of Production
Example E gelled under all conditions (Fig. 9b shows photographs
of the injectable preparations each stored in a container in a
still condition for five days, and Fié. 9¢ shows photographs of

the containers each holding an injectable preparation therein,

which were slowly tilted and laid horizontally after storage.)

The viscosity measurement results of Production
Examples Al to E indicate that when an injectable preparation has
a viscosity measured at a shear rate in the range of 0.01 to 0.02
(1/s) of about 40 (Pa's) or higher, the preparation is in a gel
state, and when the shear rate becomes large, the preparation
forms a.sol. In particular, the results indicate that when an
injectable preparation has a viscosity measured at a shear rate
in the range of 900 to 1,000 (1/s) of about 0.2 Pa's or lower,
the preparation can be injected as is.

Test Example 4
'~ The injectable preparations (Production Examples F1 and
F2) having the compositions shown in Table 12 were produced in

the same manner as in Examples 1 to 7 (i.e., mixing the
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components other than the active ingredient, adjusting the pH
value of the mixture to 7.0 to prepare a vehicle solution,
suspending the active ingredient into the vehicle solution, and
then pulverizing the suspension). The injectable preparations of
Production Examples F1 and F2 did not gel. The measurement
results of the aripiprazole monohydrate mean particle diameter
were as follows. Production Example F1 had a mean primary
particle diameter of 3.2 um and a mean secondary particle
diameter of 5.6 pym. Production Example F2 had a mean primary
particle diameter of 2.7 um and a mean secondary particle

diameter of 2.7 um.

Table 12
Production Production
Component Function Example F1 Example F2
‘ Quantity  (mg/mL) | Quantity (mg/ml)
Aripiprazole . .
monohydrate Active ingredient 104 104
Povidone K17 Suspending agent 0.1 4
Sodium
dihydrogenphosphate Buffer 0.74 0.74
monohydrate
Sodium chloride Tonicity agent 8.0 8.0
Sodium hydroxide pH Adjuster q.s. qQ.s.
Water for Injection a.s. q.s.
Secondary particle 56 27
Mean particie diameter diameter )
(um) Primary particle
dia ot = 32 27

*: Concentration of aripiprazole monohydrate (100 mg/mL as an anhydrate)
#: In Production Examples F1 and F2, the measurement was performed in a
circulating water medium without ultrasonic irradiation.

***: In Production Examples F1 and F2, the measurement was performed in a

circulating water medium with ultrasonic irradiation.

After being stored at 5°C, the injectable preparations
of Production Examples F1 and F2 were well shaken by hand, and
placed in a rheometer to measure the viscosity thereof at 5°C or

25°C (measuring temperature). Fig. 10a shows the results.
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Table 13 shows the specific viscosities measured at a
shear rate in the range of 0.01 to 0.02 (1/s) and those measured
at a shear rate in the range of 900 to 1,000 (1/s).

Table 13
(Production Examples F1 and F2)
Povidone K17 (mg/mL) 0.1 40
Measuring temperature 5C | 25¢C 5C | 25C
Shear rate (1/s) Viscosity (Pa-s)
0.01-0.02 134 204 052 117
900-1,000 0.010 0.006 0.009 0.005

After production, the injeétable preparations of
Production Examples F1 and F2 were stored in a still condition at
5°C, 25°C or 40°C for five days. As a result, the preparations of
Production Examples F1 and F2 did not gel under any conditionmns.
Fig. 10b shows photographs of the injectable ﬁreparations each
stored in a container in a still condition for five days, and Fig.
10c shows photographs of the containers each holding an
injectable préparation therein, which were slowly tilted and laid
horizontally after storage. In the explanation of Test Example 4
(in particular, in the Figures and Tables), Production Example Fl
and Production Example F2 may respectively be referred to as
“Povidone K17 0.1 mg/mL" and “Povidone K17 4.0 mg/mL.” In
particular, Fig. 10b shows that preciﬁitation of particles
occurred both in Production Examples F1 and F2. This indicates
that Production Examples F1 and F2 are unsuitable for the
injectable preparation of the present invention that maintains

uniform dispersion of particles by forming a gel.

The results of Test Examples 1 to 4 revealed that when
an inJectable preparation comprising a poorly soluble drug is
produced using polyvinylpyrrolidone as a suspending agent, an
injectable preparation that gels by standing and returns to a sol
upon applying a mild impact (e.g., shaking by hand) can be
obtained.
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It was also revealed that, in particular, when

aripiprazole is used as a poorly soluble drug, an injectable
preparation that gels by standing and returns to a sol upon
applying a mild impact (e.g.., shaking by hand) can be produced by
forming the preparation in such a manner that it has a specific
mean primary particle diameter of aripiprazole and a
concentration of aripiprazole in the range of 200 mg/mL to 600
mg/mL. It was further revealed that the preparation preferably .
gels by being stored in a still condition at a temperature of

about 20 to 70°C and returns to a sol when a slight impact is

applied thereto.

Test Example 5

The injectable preparations (Production Examples G, H
and I) having the compositions shown in Table 14 were produced in
the same manner as in Examples 1 to 7 (i.e., mixing the
components other than the active ingredient, adjusting the pH
value of the mixfure to 7.0.to prepare a vehicle solution,
suspending the active ingredient into the vehicle solution, and
then pulverizing the suspension). In the Production Examples,
poorly soluble drugs other than aripiprazole were used (Table 14).
After production, the viscqsities of the injectable preparations
of Production Examples G, H and I and the mean particle diameters
of the poorly soluble drugs were measured in the same manner as
in the Production Examples described above. The preparations of
Production Examples G, H and I returned a sol state when gently
shaken by hand even if they had once gelled.
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Table 14
Production Production Production
- Component Function Example G Example H Example |
Quantity (mg/mL)
4-
Active Ingredient Ethyl Probucol | Cilostazol
Poorly soluble drug aminobenzoate
Amount 400 300 300
Carboxymethyicellulose
sodium Suspending agent 5 5
Povidone K17 Suspending agent 4 50 4
Polyethylene glycol 400 Suspending agent 1 1 1
Sodium
dihydrogenphosphate Buffer 0.74 0.74 0.74
monohydrate
Sodium chloride Tonicity agent 54 6.1 6.1
Sodium hydroxide pH Adjuster qs. q.8. a.s.
Water for injection g.s. q.s. q.s.
Secondary particle
Mean particle diameter diameter’ ns 5.7 62
) Primary particle 405 33 36

*: In Production Examples G to I, the measurement was performed in a circulating

water medium without ultrasonic irradiation.
**: In Production Examples G to I, the measurement was performed in a

circulating water medium with ultrasonic irradiation.

After production, each preparation of the Production
Examples was placed in a transparent container and stored in a
still condition at 5°C, ZSJC, or 40°C for five days. Fig. 11
shows photographs of the containers each holding an injectable
preparation, which were slowly tilted and laid horizontally after
storage.

After being stored at 5°C, each preparation of the
Production Examples was shaken well by hand, and placed in a
rheometer to measure the viscosity thereof at 5°C, 25°C, or 40°C
(measuring temperature) in the same manner as described above.
Fig. 12 shows the viscosity measurement results of Production
Example G. Fig. 13 shows the results of Prdduction Example H. Fig.

14 shows the results of Production Example I. Tables 15 to 17
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summarize the data of the specific viscosities measured at a
shear rate in the range of 0.0l to 0.02 (1/s) and those measured
at a shear rate in the range of 900 to 1,000 (1/s). Table 15
corresponds to the data of Fig. 12, Table 16 corresponds to the
data of Fig. 13, and Table 17 corresponds to the data‘of Fig. 14.

Table 15

-(Production Example G)

Measuring temperature 5C 25'C 40°C
Shear rate (1/s) Viscosity (Pa-s)
0.01-0.02 11.6 181.0 611.7
900-1,000 0.053 0.032 0.033
Table 16

(Production Example H)

Measuring temperature 5C 25C 40C
Shear rate (1/s) Viscosity (Pa-s)
0.01-0.02 57 163 46.2
900-1,000 0.052 0.028 0.020
Table 17

(Production Example I)

Measuring temperature 5C 25C 40°C
Shear rate (1/s) Viscosity (Pa*s)

0.01-0.02 733 218.0 1430.8

900-1,000 0.048 0.029 0.027

Test Example 6

The injectable preparation (Production Example J)
having the composition shown in Table 18 was produced in the same
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manner as in Examples 1 to 7 (i.e., mixing the components other
than the active ingredient, adjusting the pH value of the mixture
to 7.0 to prepare a vehicle solution, suspending the active
ingredient into the vehicle solution, and then pulverizing the
suspension). The injectable preparation of Production Example J
had gelled after standing at 5°C, 25°C, or 40°C and it returned

" to a sol when gently shaken by hand even if it had once gelled.

The measurement results of the aripiprazole monohydrate mean
particle diameter were as follows. Production Example J had a
mean primary particle diameter of 5.5 ym and a mean secondary
particle diameter of 6.9 um.

Table 18

Component Function n ple J
Quantity. (mg/mL)
Aripiprazole monohydrate Active ingredient 416’
Carboxymethyiceliulose
sodium Suspending agent 5
Polyethylene glycol 2000 Suspending agent 0.1
Sodium
dihydrogenphosphate Buffer 0.74
monohydrate
Sodium chiloride Tonlcity agent 57
Sodium hydroxide pH Adjuster a.s.
Water for injection qs.
Mean particle diameter | Secondary particle diameter 69
(um) Primary particle diameter ~ 55

*: Concentration of aripiprazole monohydrate (400 mg/mL as an anhydride)

*: In Production Example J, the measurement was performed in a circulating
water medium without ultrasonic irradiation.

**. In Production Example J, the measurement was performed in a circulating

water medium with ultrasonic irradiation.

After being stored at 5°C, the injectable preparation of
Production Example J was shaken well by hand to form a sol state,
and placed in a rheometer to measure the viscosity thereof at 5°C,

25°C, or 40°C (measuring temperature). Fig. 15 shows the results.
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Table 19 shows the specific viscosities measured at a shear rate
in the range of 0.01 to 0.02 (1/s) and those measured at a shear
rate in the range of 900 to 1,000 (1/s). The injectable
preparation of Production Example J gelled after being stored in
a still condition at 5°C for five days.

Table 19
{(Production Example J)
Measuring temperature 5C 25'C 40°C
Shear rate (1/s) ' Viscoslty (Pa-s)
0.01-0.02 187.2 3583.0 10666.7
900-1,000 0.029 0.027 0.044

Test Example 7

The injectable preparations (Production Examples K and
L) having the compositions shown in Table 20 below were produced
in the same manner as in Examples 1 to 7 (i.e., mixing the
components other than the active ingredient, adjusting the pH
value of the mixture to 7.0 to prepare a vehicle solution,
suspending the active ingredient into the vehicle solution, and
then pulvérizing the suspension). After production, an aging
treatment was conducted by allowing the injectable preparations
to stand at 60°C for 12 hours. Freeze-dried injectable
preparations containing aripiprazole in an amount of 200 mg/mL or
400 mg/mL (Comparative Example 200 or Comparative Example 400)
were prepared in the same manner as disclosed in the Examples of
W02005/041937. The measurement results of the aripiprazole
monohydrate mean particle diameter were as follows. Production
Example K had a mean primary particle diameter of 2.8 um and a

" mean secondary particle diameter of 4.3 ym. Production Example L

had a mean primary particle diameter of 6.1 um and a mean
secondary particle diameter ofA7.9 um, Comparative Example 200
had a mean primary particle diameter of 2.1 pm and a mean
secondary particle diameter of 2.1 pym. Comparative Example 400
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had a mean primary particle diameter of 2.0 um and a mean
secondary particle diameter of 2.1 um.

These injectable preparations were injected into the

crural muscle of male rats at a dose of 50 mg/kg (Production

Example K and Comparative Example 200) and at a dose of 100 mg/kg

(Production Example L and Comparative Example 400). To evaluate
the transfer of aripiprazole into the blood after administration,
blood samples were collected 0.25, 1, 3, 6, 9, 14, 21, 28, 42,
and 56 days after administration, and the concentration of
aripiprazole in the serum of each sample was measured. The
injectable preparations of Production Examples K and L were each
packed into a vial after production and gelled by allowing them
to stand therein. Before administration, the injectable
preparations were gently shaken to turn the gel into a sol state,
and then they were. administered. The injectable preparations of
Comparative Example 200 and Comparative Example 400 were once
freeze dried, then reconstituted using water before
administration.

Fig. 16 shows the obtained results in the form of a graph.
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Table 20
Pmﬁm&: Production Comparative Comparative
o ' Funct Example BExamplelL Example 200 Example 400
Quantity (mg/mL)
Asipiprazole monohydrate Active ingredient 312’ 416" 208" 416"
c”“”ﬂ:ﬂﬁ”““* Suspending agent 5 5 832 8
Povidone K17 Suspending agent 4 4 . -
Polyethylene glycol 400 Suspending agent 10 10 - -
Sodium
diydrogenphasphate . Bufter 0.74 074 074 074
monohydrate
Sucrose Tonicity agent 505 46 - .
Mannitol , Tonicity agent . - 416 3
Sodium hydroxide pH Adjuster qs. qs. qs. 98
Water for Injoction q.s qs. q.s. q.s.
oot Secondary particle 43 79 21 21
Primary particle diameter 28 &1 21 20

*: Concentration of aripiprazole monohydrate (300 mg/mL as an anhydride)
**: Concentration of aripiprazole monohydrate {400 mg/mlL as an anhydride)
***. Concentration of aripiprazole monohydrate (200 mg/mlL as an anhydride)
“**: The measurement was performed in a circulating water medium without
ultrasonic irradiation.

*****: The measurement was performed in a circulating water medium with

ultrasonic irradiation.

' Production Example K showed a pharmacokinetic (PK)
profile of almost the same level as that of Comparative Example
200. The PK profile of Production Example K was desirable for a
sustained-release injectable preparation that is administered
once per month. Production Example L showed a lower Cp,, than
Comparative Example 400 and an equal or better sustained-release
property. In other words, the PK profile of Production Example L
is more preferable for a sustained-release injéctable preparation

that is administered once every two to three months.

Test Example 8
The viscosities of the injectable preparations
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{Production Examples A3 to A6) that were stored at 5°C in Test
Example 1 were re-measured. Specificélly, the viscosity
measurement was conducted in the same manner as in Test Example 1
except for the following steps. The injectable preparations of
Production Examples A3 to A6 after being allowed to stand at 5°C
were in a sol state; howevér, before being placed in a rheometer, .
they were shaken by hand to confirm that they were in a sol state.
Thereafter, they were allowed to stand at 40°C for five minutes
and returned to 25°C in the rheometer to measure the viscosity
thereof.

Fig. 17 shows the viscosity measurement results. Table
21 summarizes the data of specific viscoéities measured at a
shear rate in the range of 0.01 to 0.02 (1/s) and those measured

at a shear rate in the range of 900 to 1,000 (1/s).

Table 21
(Production Examples A3 to A6: After being allowed to stand at

40°C for five minutes, the measurement was conducted at 25°C)

PVP-17PF (mg/mL) 4 10 50 100
SHu#nnsﬁﬁ» Viscoslty (Pa-s)
0.01-0.02 875.9 955.8 768.1 1020.6
900-1000 0.011 0.012 0.017 0.024
Test Example 9

The viscosities of the injectable preparations
(Production Examples B and C) that were stored at 5°C in Test ,
Example 2 were re-measured. Specifically, the viscosity
measurement was conducted in the same manner as in Test Example 2
except for the following steps. The injectable preparations of
Production Examples B and C after being allowed to stand at 5°C
were in a sol state; however, before being placed in a rheometer,
they were shaken by hand to confirm that they were in a sol state.
Thereafter, they were allowed to stand at 40°C for five minutes

and returned to 25°C in the rheometer to measure the viscosity
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thereof.

Fig. 18 shows the viscosity measurement results. Fig.
18 also shows the viscosities measured at 5°C and 25°C in Test
Example 2. Among the results shown in Fig. 18, Table 22
summarizes the data of specific viscosities measured at a shear
rate in the range of 0.01 to 0.02 (1/s) and those measured at a
shear rate in the range of 900 to 1,000 (1l/s). In Table 22,
“40-25” indicates that the viscosity was measured after the
preparation was allowed to stand at 40°C for five minutes in the
rheometer and returned to 25°C (this also applies to the

following Tables).

Table 22
Pm‘(’A“,;‘:l"“ Cpmple Production Example B Production Example C

concentratil on) (300 mg/mL) (400 mg/ml)
Measuring 5 25 4025 5 25 4025

temperature (°C)

Shear rate (1/s) Viscosity (Pa's)
0.01-0.02 16.9 2458 413 129 115.7 11895
900-1,000 0.021 0.015 0.017 0.030 0.018 0.027

Test Example 10

The injectable preparation (Production Example E’) was
produced in the same manner as in producing Production Example E
in Test Example 3 except that the concentration of Povidone K17
was changed from 0.1 mg/mL to 4 mg/mL. Thereafter, the
preparation of Production Example E’ was stored at 5°C, 25°C or
40°C. The viscosities of the preparations of Production Examples
E and E’ after being allowed to stand at 5°C were measured in the
same manner as in Test Example 3. Specifically, the injectable
preparation of Production Example E’ after being allowed to stand
at 5°C was in a sol state; however, before being placed in a
rheometer, the preﬁarations of Production Examples E and E’ were
shaken by hand to confirm that they were in a sol state.
Thereafter, they were allowed to stand at 40°C for five minutes
and returned to 25°C in the rheometer to measure the viscosity

thereof. The preparation of Production Example E’ was also
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subjected to the viscosity measurement conducted in the same
manner as in Test Example 3 (measuring temperatures: 5°C and
25°C). ‘

Fig. 19a shows the viscosity measurement results. Fig.
19a also shows the viscosities of Production Example E measured
at 5°C and 25°C in Test Example 3. Among the results shown in Fig.
19&, Table 23 summarizes the data of specific viscosities
measured at a shear rate in the range of 0.01 to 0.02 (1/s) and

those measured at a shear rate in the range of 900 to 1,000 (1/s).

Table 23 ‘
Production Example Production Example E Production Example E’
(Povidone concentration) 0.1 mg/mL) 4.0 mg/mL)
Measuring 5 25 4025 5 25 4025
temperature (°C)
Shear rate (1/s) Viscosity (Pa*s)
0.01-0.02 452 170.5 179.8 7.02 251 1773
900-1,000 0.008 | 0.007 0.008 0.007 | 0.006 0.008

The injectable preparation of Production Example E’ was
stored in a still condition at 5°C, 25°C or 40°C for five days.
Only the preparation stored at 40°C gelled (Fig. 19b shows
photographs of the containers each holding an injectable
preparation, which were slowly tilted and laid horizontally after
storage. In the Figure, Production Exémple E’ may be referred to

" as “Povidone K17 4.0 mg/mL”).

Test Example 11
Using 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-

yl)butoxy]-1H-quinolin-2-one dihydrate as an active ingredient,
the injectable preparations having the compositions shown in
Table 24 below (Production Examples M1 and M2) were produced in
the same manner as in producing Production Examples Al ahd A2 in
Test Example 1. The 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-
yl)butoxy]-~1H~-quinolin-2-one dihydrate was obtained in Synthesis
Example 1 described below.
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Even éfter having once gelled, the injectable

preparations of Production Examples M1l and M2 became a sol by
being gently shaken by hand. The measurement results of the 7-[4-
(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one
dihydrate mean particle diameter were as follows. Production
Example M1 had a primary mean particle diameter of 8.8 um and a
secondary mean particle diameter of 10.8 pm. Production Example
M2 had a primary mean particle diameter of 8.3 um and a secondary
mean particle diameter of 10.2 um.,

Table 24
Production Production
Example M1 Example M2
Functi
Component ction tity Quantity
(mg/mL) (mg/mL)
. 7-14-(4-
Benzo{b]thiophen-4-
yl-piperazin-1- Active 324" 324*
yl)butoxy]}-1H- ingredient
quinolin-~2-one
dihydrate
Povidone K17 Suspending 0.1 1.0
agent
Sodium
dihydrogenphosphate Buffer 0.74 0.74
monohydrate .
Sodium chloride Tonicity agent 7.0 7.0
Sodium hydroxide pH Adjuster q.s. qg.s.
water for injection g.s. g.s.
Secondary
Mean particle parti?l?. 10.8 19.2
diameter : i'E'", eter
(um) Primary
particle 8.8 8.3
diameter *™*

*: Concentration of 7-[4-(4-benzo(b]lthiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one dihydrate (300 mg/mlL as an anhydride)

**: The measurement was performed in a circulating water medium without
ultrasonic irradiation. .

***: The measurement was performed in a circulating water medium with ultrasonic

irradiation.

The viscosities of the injectable preparations of
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Production Examples M1 and M2 after being allowed to stand at 5°C
were measured. Specifically, the preparation of Production
Example M2 after being allowed to stand at 5°C was in a sol
state; however, before being placed in a rheometer, both the
préparations of Production Examples M1 and M2 were shaken by hand
to confirm that they were in a sol state, and the viscosities
thereof were measured at 5°C, 25°C, or 40°C (measuring
temperature) in the same manner as in Test Example 1. '

Fig. 20a shows the viscosity measurement results. Among
the results shown in Fig. 20a, Table 25 summarizes the data of
specific viscosities measured at a shear rate in the range of
0.01 to 0.02 (1/s) and those measured at a shear rate in the
range of 900 to 1,000 (1/s).

Table 25
Production Example Production Example M1 Production Example M2
(Povidone concentration) (0.1 mg/mL) 1 mg/mL)
Measuring temperature ('C) 5 | 25 | a0 5 25 | 40
Shear rate (1/s) Viscosity (Pa-s)
0.01-0.02 176.7 8166 | 17915 19.0 63.7 2088
900-1,000 0.031 0030 | 0.038 0.009 0.008 0.008

After production, the injectable preparations of
Production Examples M1 and M2 were stored in a still condition at
5°C, 25°C or 40°C for five days. All of them gelled except the
preparation of Production Example M2 stored at 5°C (Fig. 20b
shows photographs of the containers each holding an injectable
preparation, which were slowly tilted and laid horizontally.after
being allowed to stand for five days. In the explanation of Test
Example 11, Production Example M1 and Production Example M2 may
respectively be referred to as “Povidone K17 0.1 mg/mL" and
“Povidone K17 1.0 mg/mL”).

Synthesis Example 1
Methanol (149 L), 7-hydroxy-1H~-quinolin-2-one (14.87
kg), and potassium hydroxide (6.21 kg) were mixed in a reaction
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vessel, and the resulting mixture was stirred. After dissolution,
1-bromo—4—chlorobutahe (47.46 kg) was added thereto, and the
resulting mixture was stirred under reflux for seven hours.
Thereafter, the mixture was stirred at 10°C for one hour. The
precipitated crystal was centrifuged and washed with methanol (15
L). The wet crystal was collected and placed in a tank. Water
(149.L) was added thereto, followed by stirring at room
temperature. After centrifugation, the result was washed with
water (30 L). The wet crystal was collected and placed in a tank.
After adding methanol (74 L), the mixture was stirred under
reflux for one hour, cooled to 10°C, and then stirred. The
precipitated crystal was centrifuged and washed with methanol (15
L). The separated crystal was dried at 60°C to obtain 7-(4-
chlorobutoxy)~1H-quinolin-2-one (15.07 kg).

Thereafter, water (20 L), potassium carbonate (1.84 kg),
1-benzo[b]thiophen-4-yl-piperazine hydrochloride (3.12 kg), and
ethanol (8 L) were mixed in a reaction vessel, and then stirred
at 50°C. 7-(4-Chlorobutoxy)-1lH-quinolin-2-one (2.80 kg) was added
to the mixture, and stirred under reflux for nine hours. After
concentrating the solvent to 8 L under ordinary pressure, the
mixture was stirred at 90°C for one hour, and then cooled to 9°C.
The precipitated crystal was centrifuged, and then sequentially
washed with water (8 L) and ethanol (6 L). The separated crystal
was dried at 60°C to obtain a crude product. The crude product
(4.82 kg) and ethanol (96 L) were mixed in a reaction vessel, and
acetic acid (4.8 L) was introduced into the reaction vessel. The
mixture was stirred under reflux for one hour to dissolve the |
crude product. After introducing hydrochloric acid (1.29 kg). the
mixture was cooled to 10°C. The mixture was heated again,
refluxed for one hour, and cooled to 7°C. The precipitated
crystal was centrifuged and washed with ethanol (4.8 L). The
separated crystal was dried at 60°C to obtain 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one
hydrochloride (5.09 kg). The resulting 7-[{4-(4-benzo[b]thiophen-
4-yl-piperazin-1l-yl)butoxyl-1H-quinolin-2-one hydrochloride (5.00
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kg), ethanol (45 L), and water (30 L) were mixed in a reaction
vessel. The mixture was stirred under reflux to dissolve the 7-

[4-(4-benzo[blthiophen-4-yl-piperazin-1-yl)butoxyl]-1H-quinolin-2-

‘one hydrochloride. Activated carbon (500 g) and water (5 L) were

added thereto, and an activated carbon treatment was conducted
under reflux for 30 minutes. After performing hot filtration, a
solution containing sodium hydrate (511 g) dissolved in water

(1.5 L) was flowed into the reaction vessel while stirring the
filtrate under reflux. After stirring under reflux for 30 minutes,
water (10 L) was introduced thereto, and the mixture was cooled

to approximately 40°C. The precipitated crystal was centrifuged
and washed with water (125 L). The separated crystal was dried at
80°C to obtain 7-[4-(4-benzo[b]thiophen-4—yl—piperaz;n—1-
yl)butoxyl-1H-quinolin-2-one (3.76 kg).

The 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one (3.2 kg) obtained above, ethanol (64
L), water (74 L), and acetic acid (1.77 kg) were mixed in a
reaction vessel to prepare an acid liquid mixture. The liquid
mixture was stirred under reflux to dissolve the 7-[4-(4-
benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-quinolin-2-one
(reflux temperature: 84°C). After cooling to -5°C, the solution
obtained above was introduced, over a period of 30 minutes, into
a solution containing 25% sodium hydroxide (5.9 kg) and water (54
L) that was cooled to 0°C, to prepare a liquid mixture with pH10.
After stirring at 5°C or below for one hour, the mixture was
heated to 20 to 30°C and further stirred for seven hours to
conduct solid-liquid separation. Washing with water (320 L) was
performed until alkali in the solid component disappeared (i.e.,
until the pH value of the filtrate became 7). The solid component
was then air-dried until its weight became constant (i.e., until
there was no longer any change of weight observed) to obtain a
white solid 7-[4-(4-benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxy]-
1H-quinolin-2-one dihydrate (unground, 3.21 kg).
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CLAIMS

[Claim 1]
An injectable preparation comprising a composition comprising a
poorly soluble drug, a dispersion medium, and a suspending agent,
the suspending agent being at least one member selected from the
group consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
the composition having a viscosity of 40 Pa‘*s or more in at least
one point in the shear rate range of 0.0l to 0.02 s™ and having
a viscosity of 0.2 Pa‘s or less in at least one point in the

shear rate range of 900 to 1,000 s™, as measured by a rheometer.

[Claim 2]
An injectable preparation comprising a composition comprising a
poorly soluble drug, a dispersion medium, and a suspending agent,
the suspending agent being at least one member selected from the
group consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
the composition having a viscosity of 40 Pa*s or more in at least
one point in the shear rate range of 0.0l to 0.02 s™! and having a
viscosity of 0.2 Pa°s or less in at least one point in the shear

rate range of 900 to 1,000 s!, as measured by a rheometer at 25°C.

[Claim 3] v
The injectable preparation according to claim 1 or 2 comprising a

composition comprising at least water as a dispersion medium.

[Claim 4]

The injectable preparation according to. any one of claims 1 to 3
wherein the poorly soluble drug is aripiprazole or a salt thereof,
or 7-[4-(4—benzo[b]thiophen—4-yl—piperazin—1~yl)butoxy]—1H-
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guinolin-2-one or a salt thereof.

[Claim 5]
A gel composition comprising

a poorly soluble drug which is aripiprazole or a salt thereof,
or 7-[4-(4-benzolb]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof,

water, and

at least one suspending‘agent selected from the group
consisting of (i) and}(ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
wherein the poorly soluble drug has a mean primary particle
diameter of 0.5 to 30 um and is contained in a concentration of
200 to 600 mg/mL. | ' |

[Claim 6]

The composition according to claim 5 wherein (i)
polyvinylpyrrolidone is contained as a suspending agent in a
concentration of 0.1 to 100 mg/mL.

[Claim 7]

The composition according to claim S or 6 wherein (ii)
polyethylene glycol and carboxymethyl cellulose or a salt thereof
are contained as suspending agents,

the concentration of polyethylehe glycol being 0.05 to 2 mg/mL,
and the concentration of carboxymethyl cellulose or a salt
thereof being 0.5 to 50 mg/mL.

[Claim 8]

The composition according to any one of claims 5 to 7 wherein (i)
polyvinylpyrrolidone and (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof are contained as

suspending agents.
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[Claim 9]

The composition according to any one of claims 5 to 8 wherein the
poorly soluble drug has a mean secondary particle diameter that
is up to but not exceeding three times the mean primary particle

diameter thereof.

[Claim 10]

The composition according to any one of claims 5 to 9 which has a
viscosity of 40 Pa‘*s or more in at least one point in the shear
rate range of 0.01 to 0.02 s™' and which has a viscosity of 0.2
Pa*s or less in at least one point in the shear rate range of 900

to 1,000 s, as measured by a rheometer.

[Claim 11]

The composition according to any one of claims 5 to 9 which has a
viscosity of 40 Pa's or more in at least oné point in the shear
rate range of 0.01 to 0.02 s and which has a viscosity of 0.2

Pa's or less in at least one point in the shear rate range of 900

to 1,000 s™!, as measured by a rheometer at 25°C.

[Claim 12]
An injectable preparation comprising the composition according to
any one of claims 5 to 11.

[Claim 13]
A method for producing a gel composition comprising aripiprazole
or a salt thereof, or 7-[4-(4-benzo[b]lthiophen-4-yl-piperazin-1-
yl)butoxy]-1H~quinolin-2-one or a salt thereof, the method
comprising ,

allowing a liquid mixture to stand at 5 to 70°C for 5 minutes or
more, the liquid mixture comprising aripiprazole or a salt
thereof, or 7-[{4-(4-benzo{b]thiophen-4-yl-piperazin-1-yl)butoxy]-
1H~-quinolin-2-one or a salt thereof in a concentration of 200 to

600 mg/mL, water, and at least one suspending agent selected from
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the group consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyi cellulose or a salt
thereof, and

the aripiprazole or a salt thereof, or the 7-[4-(4-
benzo{blthiophen-4-yl-piperazin-1-yl)butoxyl}-1H-quinolin-2-one or
a salt thereof having a mean primary particle diameter of 0.5 to

30 ym.

- {Claim 14]

The method according to claim 13 comprising pulverizing
aripiprazole or a salt thereof, or 7-[4-(4-benzo[b]lthiophen-4-yl-
piperazin-l-yl)butoxy]-1H-quinolin-2-one or a salt thereof to a
mean primary particle diameter of 0.5 to 30 um in a liquid
mixture comprising the aripiprazole or a salt thereof, or the 7-
[4-(4-benzo[b]thiophen-4-yl—piperazin-1~yl)butoxy]—1ﬁ—quinolin—2-
one or a salt thereof in a concentration of 200 to 600 mg/mL,
water, and at least one suspending agent selected from the group
consisting of (i) and (ii):

(i) polyvinylpyrrolidone, and

(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,

and allowing the pulverized liquid mixture to~stand‘at 5 to‘

70°C for 5 minutes or more.

[Claim 15]

The method according to claim 13 or 14 wherein the liquid mixture
compriées (i) polyvinylpyrrolidone, the concentration of (i)
polyvinylpyrrolidone being 0.1 to 100 mg/mL.

[Claim 16] |
The method according to any one of claims 13 to 15 wherein the
liquid mixture comprises (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof,

the concentration of polyethylene glycol being 0.05 to 2 mg/mL,
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and the concentration of carboxymethyl cellulose or a salt
thereof beihg 0.5 to 50 mg/mL.

[Claim 17]

The method according to any one of claims 13 to 16 wherein the
liguid mixture comprises (i) polyvinylpyrrolidone and (ii)
polyethylene glycol and carboxymethyl cellulose or a salt thereof.

[Claim 18]
A gel composition comprising aripiprazole or a salt thereof, the
composition being obtained by the method according to any one of

claims 13 to 17.

[Claim 19]
A method for producing a prefilled syringe that is prefilled with
a gel composition comprising aripiprazole or a salt thereof, or
7-[4-(4~-benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxyl-1H-quinolin-
2-one or a salt thereof,
the method comprising:
filling into a syringe a liquid mixture comprising aripiprazole
or a salt thereof, or 7-[4-(4—benzo[b]thiophen—4-yl-piperazin-l-
yl)butoxy]-1H-quinolin-2-one or a salt thereof in a concentration
of 200 to 600 mg/mL, water, and at least one suspending agent
selected from the group consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof,
wherein the aripiprazole 6r a salt thereof, or the 7-[4-(4-
benzof{b]thiophen-4-yl-piperazin-1-yl)butoxyl]-1H-quinolin-2-one or
a salt thereof has a mean primary particle diameter of 0.5 to 30
pum; and
allowing the liquid mixture to stand at 5 to 70°C for 5 minutes

or more.

[Claim 20]
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The method according to claim 19 comprising:

pulverizing aripiprazole or a salt thereof, or 7-[4-(4-

benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxyl]-1H-quinolin-2-one or

a salt thereof to a mean primary particle diameter of 0.5 to 30
pm in a liquid mixture comprising the aripiprazole or a salt
thereof, or the 7-{4-(4-benzo[b]lthiophen-4-yl-piperazin-1-
yl)butoxy]-1H-quinolin-2-one or a salt thereof in a concentration
of 200 to 600 mg/mL, water, and at least one suspending agent
selected from the group consisting of (i) and (4ii):

(i) polyvinylpyrrolidone, and

{ii) polyethylene glycol and carboxymethyl cellulose or a salt
thereof; and

filling the pulverized liquid mixture into a syringe and
allowing the pulverized liquid mixture to stand at 5 to 70°C for 5

minutes or more.

[Claim 21]

The method according to claim 19 or 20 wherein the liquid mixture
comprises (i) polyvinylpyrrolidone, the concentration of (i)
polyvinylpyrrolidone being 0.1 to 100 mg/mL.

[Claim 22]

The method according to any one of claims 19 to 21 wherein the
liquid mixture comprises (ii) polyethylene glycol and
carboxymethyl cellulose or a salt thereof, the concentration of
polyethylene glycol being 0.05 to 2 g/mL, and the concentration
of carboxymethyl cellulose or a salt thereof being 0.5 to 50
mg/mL.

[Claim 23]

The method according to any one of claims 19 to 22 wherein the
liquid mixture comprises (i) polyvinylpyrrolidone and (ii)
polyethylene glycol and carboxymethyl cellulose or a salt thereof.

[Claim 24]
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A prefilled syringe that is prefilled with a gel composition
comprising aripiprazole or a salt thereof, or 7-[4-(4-
benzo[b]lthiophen-4-yl-piperazin-1-yl)butoxyl]-1H-quinolin-2-one or
a salt thereof, the syringe being obtained by the method
according to any one of claims 19 to 23.

[Claim 25]
A kit comprising the prefilled syringe according to claim 24.

[Claim 26]
A sustained release injectable preparation comprising a
composition comprising
a poorly soluble drug which is aripiprazole or a salt thereof,
or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof,
water, and
at least one suspending agent selected from the group
consisting of (i) and (ii):
(i) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a
salt thereof, |
wherein the poorly soluble drug has a mean primary particle
diameter of 1 to 10 um and is contained in a concentration of 200
to 400 mg/mL,
the composition being in the form of a gel when allowed to
stand, and changing to a sol when subjected to an impact, and

the preparation being administered once per month.

[Claim 27]
The injectable preparation according to claim 26 wherein the

poorly soluble drug has a mean primary particle diameter of 2 to
7 m.

[Claim 28]

A sustained release injectable preparation comprising a
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composition comprising
a poorly soluble drug which is aripiprazole‘or a salt thereof,
or 7-[4-(4-benzo[b]thiophen-4-yl-piperazin-1-yl)butoxy]-1H-
quinolin-2-one or a salt thereof,
water, and
at least one suspending agent selected from the group
consisting of (i) and (ii):
(1) polyvinylpyrrolidone, and
(ii) polyethylene glycol and carboxymethyl cellulose or a
salt thereof, 4
wherein the poorly soluble drug has a mean primary particle
diameter of 4 to 30 um and is contained in a concentration of 300
to 600 mg/mL, '
the compoSition being ih the form of a gel when allowed to
stand, and chénging to a sol when subjected to an impéct, and
the preparation being administered once every two or three

months.

[Claim 29]

The injectable preparation according to claim 28 wherein the

poorly soluble drug has a mean primary particle diameter of 5 to
20 m‘

[{Claim 30]

The injectable preparation according to any one of claims 26 to
29 wherein (i) polyvinylpyrrolidone is contained as a suspending
agent in a concentration of 0.1 to 100 mg/mL.

[Claim 31]
The injectable preparation according to any one of claims 26 to
30 wherein (ii) polyethylene glycol and carboxymethyl cellulose

or a salt thereof are contained as suspending agents,

' the concentration of polyethylene glycol being 0.05 to 2 mg/mL,

and the concentration of carboxymethyl cellulose or a salt
thereof being 0.5 to 50 mg/mL.
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[Claim 32]

The injectable preparation according to any one of claims 26 to
31 wherein (i) polyvinylpyrrolidone and (ii) polyethylene glycol
and carboxymethyl cellulose or a salt thereof are contained as

suspending agents.

[Claim 33]

The injectable preparation according to any one of claims 26 to
32 wherein the poorly soluble drug has a mean secondary particle
diameter that is up to but not exceeding three times the mean
primary particle diameter thereof.

[Claim 34]

The injectable preparation according to any one of claims 26 to
33 wherein the composition has a viscosity of 40 Pa°s or more in
at least one point in the shear rate range of 0.01 to 0.02 s! and
has a viscosity of 0.2 Pa*s or less in at least one point in the

shear rate range of 900 to 1,000 s™!, as measured by a rheometer.

[Claim 35]

The injectable preparation according to any one of claims 26 to
33 wherein the composition has a viscosity of 40 Pa*s or more in
at least one point in the shear rate range of 0.01 to 0.02 s™ and
has a viscosity of 0.2 Pa*s or less in at least one point in the

shear rate range of 900 to 1,000 s™!, as measured by a rheometer

at 25°C.

[Claim 36]

A method for treating or preventing a recurrence of schizophrenia,
bipolar disorder, or depression, the method comprising
administering the injectable preparation according to any one of

claims 1 to 4, 12, and 26 to 35.

[Claim 37]
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The method according to claim 36 wherein the injectable

preparation is administered intramuscularly or subcutaneously.





