(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 0T OO O
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 0381 02 Al

01 March 2018 (01.03.2018) WIPOI|PCT

(51) International Patent Classification: TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
AG61K 47/00 (2006.01) A61K 31/4704 (2006.01) KM, ML, MR, NE, SN, TD, TG).
A61K 9/08 (2006.01) AG61K 31/5575 (2006.01)
Published:

(21) International Application Number:

PCT/IP2017/029934 with international search report (Art. 21(3))

(22) International Filing Date:
22 August 2017 (22.08.2017)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
2016-162611 23 August 2016 (23.08.2016) JP

(71) Applicant: OTSUKA PHARMACEUTICAL CO., LTD.
[JP/JP]; 2-9, Kanda Tsukasa-machi, Chiyoda-ku, Tokyo,
1018535 (JP).

(72) Inventors: NAGAHAMA, Ryoji; c/o OTSUKA PHAR-
MACEUTICAL CO., LTD., 3-2-27, Otedori, Chuo-ku,
Osaka-shi, Osaka, 5400021 (JP). KONDO, Fumio; c/o
OTSUKA PHARMACEUTICAL CO., LTD., 3-2-27, Ote-
dori, Chuo-ku, Osaka-shi, Osaka, 5400021 (JP). OYAGI,
Suguru; ¢/o OTSUKA PHARMACEUTICAL CO., LTD.,
3-2-27, Otedori, Chuo-ku, Osaka-shi, Osaka, 5400021 (JP).
HIRATA, Yuki; ¢/o OTSUKA PHARMACEUTICAL
CO., LTD., 3-2-27, Otedori, Chuo-ku, Osaka-shi, Osaka,
5400021 (JP).

(74) Agent: SAMEJIMA, Mutsumi et al; AOYAMA &
PARTNERS, Umeda Hankyu Bldg. Office Tower, 8-1,
Kakuda-cho, Kita-ku, Osaka-shi, Osaka, 5300017 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: OPHTHALMIC PHARMACEUTICAL COMPOSITION WITH IMPROVED PRESERVATIVE EFFECTIVENESS OR
LIGHT STABILITY

(57) Abstract: A problem to be solved by the present invention is the provision of an ophthalmic pharmaceutical composition with
enhanced preservative effectiveness and/or improved light stability of carteolol. The problem may be solved by combining carteolol or
O a pharmaceutically acceptable salt thereof with edetic acid or a pharmaceutically acceptable salt thereot.

2018/038102 A1 |0 0000 OO



WO 2018/038102 PCT/JP2017/029934

Description

Title of Invention: OPHTHALMIC PHARMACEUTICAL COM-
POSITION WITH IMPROVED PRESERVATIVE EFFEC-
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TIVENESS OR LIGHT STABILITY
Technical Field

The present invention relates to ophthalmic pharmaceutical compositions comprising
carteolol, which is a 3 blocker, processes for preparing the same, and medical uses of
the same. The present invention also relates to methods for enhancing preservative ef-

fectiveness, improving light stability, and/or reducing decomposition of carteolol.

Background Art

Carteolol is known as a 3 blocker with its chemical name of
5-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-3,4-dihydroquinolin-2(1H)-one,
and is known to be therapeutically effective against glaucoma and ocular hypertension
for ophthalmic use. Eye drops are usually required to contain a preserving agent or a
preservative to avoid contamination by incorporation of microorganisms in use. Such a
preserving agent or preservative usually includes benzalkonium chloride, ben-
zethonium chloride, chlorhexidine gluconate, parabens, chlorobutanol, and sorbate.
These preserving agents and preservatives may, however, negatively affect human
tissues such as cornea.

Instead of using preserving agents or preservatives, it has been known a method of
imparting preservative effectiveness to eye drops by addition of boric acid or a salt
thereof, etc. Use of boric acid, etc., however, may cause hypersensitive symptoms such
as blepharitis as side effects (see PTL 1).

Eye drops without a preserving agent or a preservative include a single-dose
packaged and single-use disposable eye drop, i.e., a unit-dose eye drop, of which a
single dose is individually packaged. For example, PTL 2 discloses bacteriostatic-
agent-free eye drops comprising carteolol hydrochloride of which a single dose is indi-
vidually packaged. Such a unit-dose eye drop, however, requires a disposable in-
dividual container for each administration, and may not be suitable for long-term
continuous administration in terms of costs and securement of storage facilities, etc.

Treatment of eye diseases that require long-term continuous administration of drugs,
such as glaucoma and ocular hypertension, has required stable eye drops with high
preservative effectiveness.

Some f3 blockers decompose under light irradiation, and carteolol is one of such f3
blockers. Thus, it has been generally necessary to prevent eye drops comprising

carteolol from light during storage and in use.
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Citation List

Patent Literature
[PTL 1] WO2011/013794 pamphlet
[PTL 2] CN101461780A

Summary of Invention

Technical Problem

One of the problems to be solved by the present invention is the provision of an
ophthalmic pharmaceutical composition with enhanced preservative effectiveness and/
or improved light stability of carteolol. Another problem is the provision of a method
for enhancing preservative effectiveness, improving light stability, and/or reducing de-

composition of carteolol.

Solution to Problem

The inventors have found through extensive studies that the problems may be solved
by combining carteolol or a pharmaceutically acceptable salt thereof with edetic acid
or a pharmaceutically acceptable salt thereof, and achieved the present invention.

One embodiment of the present invention provides an ophthalmic pharmaceutical
composition comprising carteolol or a pharmaceutically acceptable salt thereof and
edetic acid or a pharmaceutically acceptable salt thereof.

Another embodiment of the present invention also provides a method for enhancing
preservative effectiveness of carteolol or a pharmaceutically acceptable salt thereof
with edetic acid or a pharmaceutically acceptable salt thereof, comprising combining
carteolol or a pharmaceutically acceptable salt thereof with edetic acid or a pharma-
ceutically acceptable salt thereof.

Still another embodiment of the present invention also provides a method for
improving light stability or reducing decomposition of carteolol or a pharmaceutically
acceptable salt thereof with edetic acid or a pharmaceutically acceptable salt thereof
and/or a sustaining agent, comprising combining carteolol or a pharmaceutically ac-
ceptable salt thereof with edetic acid or a pharmaceutically acceptable salt thereof and/
or the sustaining agent.

Still another embodiment of the present invention also provides a process for
preparing an ophthalmic pharmaceutical composition comprising carteolol or a phar-
maceutically acceptable salt thereof and edetic acid or a pharmaceutically acceptable
salt thereof, comprising mixing carteolol or a pharmaceutically acceptable salt thereof
with edetic acid or a pharmaceutically acceptable salt thereof.

Effects of Invention
A pharmaceutical composition of the present invention may have preservative effec-

tiveness or control microbe growth without a preserving agent or a preservative. A
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pharmaceutical composition of the present invention may also improve light stability.
A pharmaceutical composition of the present invention may have enhanced
preservative effectiveness and/or improved light stability, and it may also be useful for
treatment of eye diseases that require long-term continuous administration of drugs,
such as glaucoma and ocular hypertension.

In the present invention, adding edetic acid or a pharmaceutically acceptable salt
thereof to carteolol or a pharmaceutically acceptable salt thereof, which can in-
trinsically, though weakly, control microbe growth, may enhance preservative effec-
tiveness or antibacterial effect of carteolol or a pharmaceutically acceptable salt thereof
and permit the provision of an eye drop without a preserving agent or a preservative,
resulting in improvement of light stability of carteolol which has low light stability. In
addition, addition of a tonicity agent, e.g., propylene glycol, and/or a sustaining agent,
e.g., alginic acid, may enhance preservative effectiveness or antibacterial effect or
improve light stability of carteolol or a pharmaceutically acceptable salt thereof.
Description of Embodiments

The present invention may include the embodiments illustrated as follows.

Item 1. An ophthalmic pharmaceutical composition, comprising carteolol or a phar-
maceutically acceptable salt thereof and edetic acid or a pharmaceutically acceptable
salt thereof.

Item 2. An ophthalmic pharmaceutical composition for improving preservative effec-
tiveness and/or light stability of carteolol or a pharmaceutically acceptable salt thereof,
comprising edetic acid or a pharmaceutically acceptable salt thereof.

Item 3. The composition of Item 1 or 2, further comprising a tonicity agent.
Examples of the tonicity agent include propylene glycol, glycerin, polyethylene glycol,
trehalose, maltose, sucrose, glucose, sorbitol, mannitol, sodium chloride, potassium
chloride, calcium chloride, magnesium chloride, and a combination thereof.

Item 4. The composition of any one of Items 1 to 3, further comprising a sustaining
agent. Examples of the sustaining agent include hydroxyethyl cellulose, hydroxypropyl
methylcellulose, hydroxypropyl cellulose, polyvinyl alcohol, carboxyvinyl polymer,
polyvinylpyrrolidone, carboxymethyl cellulose, polyacrylic acid, sodium polyacrylate,
alginic acid, sodium alginate, and a combination thereof.

Item 5. The composition of any one of Items 1 to 4, further comprising a buffering
agent and a pH adjusting agent.

Item 6. The composition of any one of Items 1 to 5, further comprising a
prostaglandin F2a derivative. Examples of the prostaglandin F2a derivative include la-
tanoprost, bimatoprost, travoprost, and tafluprost.

Item 7. The composition of any one of Items 1 to 6, further comprising a carbonic
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anhydrase inhibitor. Examples of the carbonic anhydrase inhibitor include dor-
zolamide, brinzolamide, acetazolamide, and a pharmaceutically acceptable salt thereof.
Item 8. The composition of any one of Items 1 to 7, further comprising another agent
having ocular hypotensive effect such as an adrenaline a2 agonist and a ROCK (Rho
kinase) inhibitor. Examples of the adrenaline a2 agonist include brimonidine tartrate,
dipivefrin hydrochloride, and clonidine. Examples of the ROCK inhibitor include
ripasudil hydrochloride hydrate and netarsudil mesylate.

Item 9. The composition of any one of Items 1 to 8, wherein carteolol or a pharma-
ceutically acceptable salt thereof is comprised in an amount ranging from 0.1 to 5 w/
v% to the total amount of the composition.

Item 10. The composition of any one of Items 1 to 9, wherein edetic acid or a pharma-
ceutically acceptable salt thereof is comprised in an amount ranging from 0.01 to 0.2
w/v% to the total amount of the composition.

Item 11. The composition of any one of Items 1 to 10, wherein edetic acid or a phar-
maceutically acceptable salt thereof is comprised in a ratio ranging from 0.002 to 2.0
w/w to the amount of carteolol or a pharmaceutically acceptable salt thereof comprised
in the composition.

Item 12. The composition of any one of Items 1 to 11, wherein pH ranges from 5.0 to
8.0.

Item 13. The composition of any one of Items 1 to 12 in the form of an eye drop.

Item 14. The composition of any one of Items 1 to 13 in the form of an aqueous eye
drop or suspended eye drop.

Item 15. The composition of any one of Items 1 to 14 for use as a multiple-dose-type
eye drop.

Item 16. The composition of any one of Items 1 to 15 for the treatment of glaucoma or
ocular hypertension.

Item 17. The composition of any one of Items 1 to 16 for use in combination with a
prostaglandin formulation. The prostaglandin formulation refers to a formulation
comprising a prostaglandin F2a derivative.

Item 18. A method for enhancing preservative effectiveness of carteolol or a pharma-
ceutically acceptable salt thereof with edetic acid or a pharmaceutically acceptable salt
thereof, comprising combining carteolol or a pharmaceutically acceptable salt thereof
with edetic acid or a pharmaceutically acceptable salt thereof.

Item 19. Use of edetic acid or a pharmaceutically acceptable salt thereof for
enhancing preservative effectiveness of carteolol or a pharmaceutically acceptable salt
thereof.

Item 20. A method for enhancing preservative effectiveness of carteolol or a pharma-

ceutically acceptable salt thereof with propylene glycol, comprising combining
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carteolol or a pharmaceutically acceptable salt thereof with propylene glycol.

Item 21. Use of propylene glycol for enhancing preservative effectiveness of carteolol
or a pharmaceutically acceptable salt thereof.

Item 22. Use of a combination of edetic acid or a pharmaceutically acceptable salt
thereof and propylene glycol for enhancing preservative effectiveness of carteolol or a
pharmaceutically acceptable salt thereof.

Item 23. A method for improving light stability of carteolol or a pharmaceutically ac-
ceptable salt thereof with edetic acid or a pharmaceutically acceptable salt thereof,
comprising combining carteolol or a pharmaceutically acceptable salt thereof with
edetic acid or a pharmaceutically acceptable salt thereof.

Item 24. Use of edetic acid or a pharmaceutically acceptable salt thereof for improving
light stability of carteolol or a pharmaceutically acceptable salt thereof.

Item 25. A method for improving light stability of carteolol or a pharmaceutically ac-
ceptable salt thereof with alginic acid, comprising combining carteolol or a pharma-
ceutically acceptable salt thereof with alginic acid.

Item 26. Use of alginic acid for improving light stability of carteolol or a pharma-
ceutically acceptable salt thereof.

Item 27. Use of a combination of edetic acid or a pharmaceutically acceptable salt
thereof and alginic acid for improving light stability of carteolol or a pharmaceutically
acceptable salt thereof.

Item 28. A process for preparing an ophthalmic pharmaceutical composition,
comprising the step of mixing carteolol or a pharmaceutically acceptable salt thereof
with edetic acid or a pharmaceutically acceptable salt thereof, optionally together with
a pH adjusting agent, or propylene glycol, alginic acid or a combination thereof,
wherein the pH adjusting agent is mixed so that pH of the resulted composition ranges
from 5.0 to 8.0, and propylene glycol, alginic acid, or a combination thereof is mixed
so that the osmotic pressure ratio of the resulted composition ranges from 0.8 to 1.2.

The present invention includes the embodiments illustrated as follows as well as any
combinations thereof. Starting materials for the ingredients used herein may be in the
form of a solvate such as a hydrate or an anhydrate as long as pharmaceutically ap-
plicable.

A pharmaceutical composition of the present invention comprises carteolol or a phar-
maceutically acceptable salt thereof and edetic acid or a pharmaceutically acceptable
salt thereof.

A pharmaceutical composition of the present invention can exert preservative effec-
tiveness without a preserving agent or a preservative. Such a preserving agent or
preservative includes, but is not limited thereto, benzalkonium chloride, benzethonium

chloride, chlorhexidine gluconate, parabens, chlorobutanol, and sorbate. One em-
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bodiment of a pharmaceutical composition in the present invention may not comprise a
preserving agent or a preservative. Another embodiment of a pharmaceutical com-
position in the present invention may not comprise boric acid or a salt thereof. Still
another embodiment of a pharmaceutical composition in the present invention may
comprise boric acid or a salt thereof.

In one embodiment, a pharmaceutical composition of the present invention may
comprise carteolol or a pharmaceutically acceptable salt thereof in an amount ranging
from 0.1 to 5 w/v% to the total amount of the composition. A preferable amount
(concentration) of carteolol or a pharmaceutically acceptable salt thereof includes the
range of 0.5 and 2.5 w/v% to the total amount of the composition. A more preferable
one ranges from 1 to 2 w/v%.

A pharmaceutically acceptable salt of carteolol includes a salt of carteolol with an
inorganic acid. A preferable one is carteolol hydrochloride.

A pharmaceutical composition of the present invention may further comprise edetic
acid or a pharmaceutically acceptable salt thereof in an amount ranging from 0.01 to
0.2 w/v% to the total amount of the composition. A preferable amount (concentration)
of edetic acid or a pharmaceutically acceptable salt thereof includes the range of 0.01
and 0.15 w/v% to the total amount of the composition. A more preferable one ranges
from 0.02 to 0.1 w/v%, further preferably from 0.03 to 0.07 w/v%.

Edetic acid or a pharmaceutically acceptable salt thereof may be comprised in the
composition in a ratio ranging from 0.002 to 2.0 w/w to the amount of carteolol or a
pharmaceutically acceptable salt thereof comprised in the composition. A preferable
ratio ranges from 0.004 to 0.3 w/w, more preferably from 0.008 to 0.2 w/w, further
preferably from 0.015 to 0.07 w/w, particularly preferably from 0.025 to 0.06 w/w.

A pharmaceutically acceptable salt of edetic acid includes a salt of edetic acid
(ethylenediamine tetracetate; EDTA) with an inorganic base. A preferable one is
disodium edetate hydrate.

Edetic acid or a pharmaceutically acceptable salt thereof may enhance preservative
effectiveness that carteolol or a pharmaceutically acceptable salt thereof itself has,
improve light stability, and/or reduce decomposition of carteolol.

A pharmaceutical composition of the present invention may optionally further
comprise an additive ingredient such as a tonicity agent, a sustaining agent, a buffering
agent, a pH adjusting agent, a solubilizing agent, and a solvent.

Such a tonicity agent includes, but is not limited thereto, propylene glycol, glycerin,
polyethylene glycol, trehalose, maltose, sucrose, glucose, sorbitol, mannitol, sodium
chloride, potassium chloride, calcium chloride, magnesium chloride, and a com-
bination thereof. A preferable one is propylene glycol or sodium chloride.

The amount (concentration) of a tonicity agent comprised in the composition
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includes, but is not limited thereto, such an amount that the osmotic pressure ratio of
the composition is in the range of 0.8 and 1.2, preferably the range of 0.9 and 1.1. Such
an amount specifically ranges from 0.5 to 2.0 w/v%, preferably 1.0 to 1.6 w/v%.

A tonicity agent may be comprised in the composition in a ratio ranging from 0.08 to
20 w/w to the amount of carteolol or a pharmaceutically acceptable salt thereof
comprised in the composition, preferably 0.16 to 4 w/w, more preferably 0.2 to 2 w/w.
A tonicity agent may be comprised in the composition in a ratio ranging from 3 to 200
w/w to the amount of edetic acid or a pharmaceutically acceptable salt thereof,
preferably 4 to 100 w/w, more preferably 6 to 70 w/w.

Such a sustaining agent includes, but is not limited thereto, hydroxyethyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl cellulose, polyvinyl alcohol, car-
boxyvinyl polymer, polyvinylpyrrolidone, carboxymethyl cellulose, polyacrylic acid,
sodium polyacrylate, alginic acid, sodium alginate, and a combination thereof. A
preferable one is alginic acid.

The amount (concentration) of a sustaining agent comprised in the composition
includes, but is not limited thereto, an amount ranging from 0.1 to 5 w/v%. A
preferable one is an amount ranging from 0.5 to 2 w/v%, more preferably from 0.8 to
1.2 wiv%.

A sustaining agent may be comprised in the composition in a ratio ranging from 0.25
to 2 w/w to the amount of carteolol or a pharmaceutically acceptable salt thereof
comprised in the composition, preferably from 0.4 to 1.2 w/w.

A sustaining agent may be comprised in the composition in a ratio ranging from 5 to
100 w/w to the amount of edetic acid or a pharmaceutically acceptable salt thereof
comprised in the composition, preferably from 10 to 40 w/w.

Such a buffering agent includes, but is not limited thereto, phosphate such as sodium
phosphate, sodium dihydrogen phosphate, disodium hydrogen phosphate, potassium
phosphate, potassium dihydrogen phosphate, and dipotassium hydrogen phosphate,
boric acid and borate such as sodium borate and potassium borate, citric acid and
citrate such as sodium citrate and disodium citrate, acetic acid and acetate such as
sodium acetate, potassium acetate, carbonate such as sodium carbonate and sodium hy-
drogencarbonate, and a combination thereof. A preferable one is phosphate. A more
preferable one is sodium dihydrogen phosphate and disodium hydrogen phosphate.

The amount (concentration) of a buffering agent comprised in the composition
includes, but is not limited thereto, an amount ranging from 0.01 to 1 w/v%, preferably
from 0.04 to 0.4 w/v%.

Such a pH adjusting agent includes, but is not limited thereto, an acid such as hy-
drochloric acid, lactic acid, citric acid, phosphoric acid, and acetic acid, and an alkali

base such as sodium hydroxide, potassium hydroxide, sodium carbonate, and sodium
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hydrogencarbonate. A preferable one is hydrochloric acid or sodium hydroxide.

The amount (concentration) of a pH adjusting agent comprised in the composition
includes, but is not limited thereto, such an amount that a pH value of the composition
is adjusted to be in the range of 5.0 and 8.5. Preferably, a pH value is adjusted to be in
the range of 5.0 and 8.0. More preferably, a pH value is adjusted to be in the range of
6.0 to 8.0, further preferably in the range of 6.2 and 7.2.

Such a solubilizing agent includes, but is not limited thereto, vegetable fat and oil
such as polysorbate 80, polyoxyethylene hydrogenated castor oil 60, macrogol 4000,
polyvinyl alcohol, tyloxapol, polyoxyethylene polyoxypropylene glycol, polyoxyl
stearate, and soy oil. A preferable one is polysorbate 80.

The amount (concentration) of a solubilizing agent comprised in the composition
includes, but is not limited thereto, an amount ranging from 0.05 to 5 w/v%, preferably
from 0.1 to 3 w/v%, more preferably from 0.1 to 2 w/v%.

Such a solvent includes, but is not limited thereto, purified water, sterile purified
water, and water for injection. A preferable one is sterile purified water or water for
injection.

A pharmaceutical composition of the present invention may further comprise a
prostaglandin F2a derivative. A prostaglandin F2a derivative may be comprised in the
composition in an amount ranging from 0.0005 to 0.1 w/v% to the total amount of the
composition. A preferable amount (concentration) of a prostaglandin F2a derivative
comprised in the composition includes an amount ranging from 0.001 to 0.05 w/v% to
the total amount of the composition, more preferably from 0.0015 to 0.03 w/v%.

A prostaglandin F2a derivative includes, but is not limited thereto, latanoprost, bi-
matoprost, travoprost, and tafluprost.

In another embodiment, the present invention may be a pharmaceutical composition
for use in combination with a formulation comprising a prostaglandin F2a derivative
(hereinafter also referred to as a "prostaglandin formulation"). A pharmaceutical com-
position of the present invention may be administered to a subject simultaneously with
or at a certain time before or after administration of a prostaglandin F2a derivative.

A pharmaceutical composition of the present invention may further comprise a
carbonic anhydrase inhibitor. A carbonic anhydrase inhibitor may be comprised in the
composition in an amount ranging from 0.1 to 5 w/v% to the total amount of the com-
position. A preferable amount (concentration) of a carbonic anhydrase inhibitor
comprised in the composition includes an amount ranging from 0.5 to 2.5 w/v% to the
total amount of the composition, more preferably from 1 to 2 w/v%.

A carbonic anhydrase inhibitor includes, but is not limited thereto, dorzolamide, brin-
zolamide, acetazolamide, and a pharmaceutically acceptable salt thereof.

A pharmaceutical composition of the present invention may further comprise another
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agent having ocular hypotensive effect. The agent having ocular hypotensive effect
may be comprised in the composition in an amount ranging from 0.1 to 5 w/v% to the
total amount of the composition. A preferable amount (concentration) of the agent
having ocular hypotensive effect comprised in the composition includes an amount
ranging from 0.5 to 2.5 w/v% to the total amount of the composition, more preferably
from 1 to 2 w/v%.

The agent having ocular hypotensive effect includes, but is not limited thereto, an
adrenaline a2 agonist and a ROCK (Rho kinase) inhibitor. Examples of the adrenaline
02 agonist include brimonidine tartrate, dipivefrin hydrochloride, and clonidine.
Examples of the ROCK inhibitor include ripasudil hydrochloride hydrate, and ne-
tarsudil mesylate.

A pharmaceutical composition of the present invention may be preferably in the form
of an ophthalmic solution. A more preferable one is an aqueous eye drop or suspended
eye drop comprising aqueous solvent such as purified water, sterile purified water or
water for injection. A pharmaceutical composition of the present invention may be also
a unit-dose-type eye drop wherein a single dose is individually packaged, or a
multiple-dose-type eye drop that can be repeatedly used. A preferable one is a
multiple-dose-type eye drop.

A pharmaceutical composition of the present invention may be useful for the
treatment of glaucoma such as primary open-angle glaucoma, primary closed-angle
glaucoma, developmental glaucoma, secondary glaucoma, normal tension glaucoma,
and eye diseases such as ocular hypertension. Carteolol can reduce intraocular
pressure, and a pharmaceutical composition of the present invention may also be useful
for the treatment of glaucoma such as primary open-angle glaucoma, primary closed-
angle glaucoma, developmental glaucoma, and secondary glaucoma, and eye diseases
such as ocular hypertension.

One embodiment of the present invention provides a pharmaceutical composition
comprising carteolol or a pharmaceutically acceptable salt thereof and edetic acid or a
pharmaceutically acceptable salt thereof, wherein weak preservative effectiveness
which carteolol or a pharmaceutically acceptable salt thereof has in addition to its main
effect is enhanced.

In another embodiment, edetic acid or a pharmaceutically acceptable salt thereof may
enhance preservative effectiveness of carteolol or a pharmaceutically acceptable salt
thereof in a mixed solution with carteolol or a pharmaceutically acceptable salt thereof.
Preservative effectiveness of carteolol or a pharmaceutically acceptable salt thereof
may be further enhanced by adding a tonicity agent to the mixed solution.

Another embodiment of the present invention provides a pharmaceutical composition

comprising carteolol or a pharmaceutically acceptable salt thereof and edetic acid or a
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pharmaceutically acceptable salt thereof, wherein low light stability of carteolol or a
pharmaceutically acceptable salt thereof is improved or its decomposition is reduced.
In another embodiment, edetic acid or a pharmaceutically acceptable salt thereof may
improve light stability of or reduce decomposition of carteolol or a pharmaceutically
acceptable salt thereof in a mixed solution with carteolol or a pharmaceutically ac-
ceptable salt thereof. Adding a sustaining agent to the mixed solution may further
improve light stability of or further reduce decomposition of carteolol or a pharma-

ceutically acceptable salt thereof.
Another embodiment of the present invention provides a process for preparing an

ophthalmic pharmaceutical composition. A process for preparation in the present
invention comprises the step of mixing carteolol or a pharmaceutically acceptable salt
thereof with edetic acid or a pharmaceutically acceptable salt thereof. Carteolol or a
pharmaceutically acceptable salt thereof and edetic acid or a pharmaceutically ac-
ceptable salt thereof may be optionally mixed with the pH adjusting agent mentioned
above so that pH of the resulted pharmaceutical composition is adjusted in the range of
5.0 and 8.5, preferably 5.0 and 8.0, more preferably 6.0 and 8.0, further preferably 6.0
and 7.2. Carteolol or a pharmaceutically acceptable salt thereof and edetic acid or a
pharmaceutically acceptable salt thereof may also be optionally mixed with the tonicity
agent, the sustaining agent mentioned above or a combination thereof. Such a tonicity
agent may be added so that the osmotic pressure ratio of the resulted pharmaceutical
composition is adjusted in the range of 0.8 and 1.2, preferably 0.9 and 1.1.

Examples

The present invention is, but is not limited thereto, illustrated with the following ex-
periments and examples in more detail. Unless otherwise specified, concentrations
herein refer to weight per volume %, i.e., "w/v%", which is synonymous with "g/100
mL".

<Preservative Effectiveness Test>

Preservative effectiveness was assessed for the test solutions in the following Ex-
periments in accordance with the test method of preservative effectiveness described in
The Japanese Pharmacopoeia 17th edition, Reference information.

Specifically, bacteria such as Escherichia coli ATCC 8739, Pseudomonas aeruginosa
ATCC 9027, and Staphylococcus aureus ATCC 6538, and/or fungi such as Candida
albicans ATCC 10231 and Aspergillus brasiliensis ATCC 16404 were used to prepare
corresponding bacterial liquids. Each bacterial liquid was inoculated into a test solution
so as to comprise 10° to 10° CFU (colony forming unit)/mL, and the resultant was
stored at 20 to 25°C. Viable bacterial counts were measured 7, 14, and 28 days after in-

oculation. Preservative effectiveness was determined on the basis of the change of
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[0037]

[0038]

[0039]

bacterial counts to the counts of bacteria inoculated. As for bacteria such as Es-
cherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus, the case was de-
termined as "adequate" where the bacterial counts were reduced in 1.0 log or more 7
days after inoculation and in 3.0 log or more 14 days after inoculation, and where the
reduction of the bacterial counts 28 days after inoculation was equal to or less than that
14 days after inoculation. As for fungi such as Candida albicans and Aspergillus
brasiliensis, the case was determined as "adequate” where the bacterial counts 7 days
after inoculation was equal to or less than the counts of bacteria inoculated and those
14 and 28 days after inoculation were equal to or less than the counts of bacteria in-
oculated.

<Experiment 1>: Preservative effectiveness test for carteolol

Preservative effectiveness was assessed for carteolol in accordance with the
following method.

<Preparation of the test solutions of Examples 1 to 10>

The components in the test solutions of Examples 1 to 10 were shown in Table 1.
Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium dihydrogen
phosphate dihydrate, and NaCl, which was added in such an amount that the osmotic
pressure ratio of the solution was adjusted to 0.9 to 1.1, were measured, and sterile
purified water was added to the mixture to be dissolved. The pH values of the solutions
were adjusted to 5.0, 6.0, 7.0, 8.0, or 8.5 by addition of SN sodium hydroxide or 1%
hydrochloric acid, and sterile purified water was added to the solutions to obtain
prescribed volumes. The solutions were filtered through a 0.22-um-membrane filter,
and 5 mL each of the solutions was loaded to a sterile glass vessel for a test solution.

<Preparation for Comparative examples 1 to 4: test solutions without carteolol hy-
drochloride>

The components in the test solutions of Comparative examples 1 to 4 were shown in
Table 1. Anhydrous disodium hydrogen phosphate, sodium dihydrogen phosphate
dihydrate, and NaCl, which was added in such an amount that the osmotic pressure
ratio of the solution was adjusted to 0.9 to 1.1, were measured, and sterile purified
water was added to the mixture to be dissolved. The pH values of the solutions were
adjusted to 5.0, 6.0, 7.0, or 8.0 by addition of 5N sodium hydroxide or 1% hy-
drochloric acid, and sterile purified water was added to the solutions to obtain
prescribed volumes. The solutions were filtered through a 0.22-um-membrane filter,

and 5 mL each of the solutions was loaded to a sterile glass vessel for a test solution.
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[Table 1-1]
Amounts
Example 1 | Exampie 2 | Example 3 | Example 4 | Example 5
{g/100 mL)
Carteolol
1.0 1.0 1.0 1.0 1.0
hydrochloride
Na,;HPO, 0.04 0.04 0.04 0.04 0.04
NaH,PO,. 2H,0 0.04 0.04 0.04 0.04 0.04
Appropriate/Appropriate/AppropriatelAppropriateAppropriate
NaCOH or HC1
amount amount amount amount amount
NaCl 0.674 0.674 0.0674 0.674 0.674
hppropriate|Appropriatel|hppropriatedppropriateAppropriate
Purified water
amount amount amount amount amount
Total amount
100 100 100 1060 100
(L)
pH 5.0 6.0 7.0 8.0 8.5
Osmotic
1.0 1.0 1.0 1.0 1.0
pressure ratio
[Table 1-2]
Amounts
Example & | Example 7 | Example 8 | Exanple 9 |Example 10
(g/100 mL)
Carteoclol
2.0 2.0 2.0 2.0 2.0
hydrochloride
Na,HPO, 0.04 0.04 0.04 0.04 0.04
i
NaH, POy . 2H,0 0.04 ! 0.04 0.04 0.04 0.04
AppropriatelppropriateAppropriateAppropriatelAppropriate
NaCH or HCI
amount amount amount amount amount
NaCl 0.564 0.564 0.564 0.564 0.564
AppropriateAppropriatelAppropriateRppropriatelAppropriate
Purified water
amount amount amount amount amount
Total amount
100 100 100 100 100
(mL)
pH 5.0 .0 7.0 8.0 8.5
Csmotic
1.0 1.0 1.0 1.0 1.1
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[Table 1-3]

Amounts Comparative | Comparative | Comparative | Comparative
(g/100 mL) example 1 example 2 example 3 example 4
Carteolol

hydrochloride
Na,HPOy 0.04 0.04 0.04 0.04

NaH,PO,. 2H,0 0.04 0.04 0.04 0.04

Appropriate | Appropriate | Appropriate | Appropriate
NaOH or HCL
amount amount amount amount

NaCl 0.843 0.843 0.843 0.843

o Appropriate | Appropriate | Appropriate | Appropriate
Purified water

amount amount amount amount
Total amount
100 100 100 100
(mL)
pH 5.0 6.0 7.0 8.0
Osmotic
1.0 1.0 1.0 1.0

pressure ratio

[0040] Preservative effectiveness was measured for the test solutions of Examples 1 to 10
and Comparative examples 1 to 4. The test results of preservative effectiveness were
shown in Table 2 for each of Examples and Comparative examples.

In view of the test results of preservative effectiveness for each bacterium, it was
demonstrated that Examples 1 to 10 were adequate for fungi in the preservative effec-
tiveness test and basically showed preservative effectiveness against bacteria as well.
All of Comparative examples 1 to 4 which did not contain carteolol hydrochloride
were inadequate in the preservative effectiveness test. The results showed that carteolol
hydrochloride has preservative effectiveness.

[0041]
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[Table 2-2]
Overall
' Candida | Aspergillus assessment of
Test strailns ]
albicans | brasiliensis preservative
effectiveness
Example 1 o) 0 Inadeqguate
Example 2 0 0 Inadequate
Example 3 0] 0 Inadequate
Example 4 o] 0 Adeguate
Example 5 0 ] Adequate
Example 6 o] 0 Inadequate
Example 7 ) 0 Inadequate
Example 8 0 o) Adequate
Example 9 O o] Adequate
Example 10 0 ] Adequate
Comparative example 1 o) o) Inadequate
Comparative example 2 0 0 Inadequate
Comparative example 3 0 @) Inadeqgquate
Comparative example 4 o) 0 Inadeguate

[0042]

O means that a test strain was adequate in
the assessment criterion of each bacterium
X means that a test strain was inadequate in

the assessment criterion of each bacterium

<Experiment 2>: Effect of addition of disodium edetate hydrate on preservative ef-
fectiveness

Enhancement in preservative effectiveness of carteolol hydrochloride by disodium
edetate hydrate was demonstrated according to the following method.

<Preparation of the test solutions of Examples 11 to 15>

The components in the test solutions of Examples 11 to 15 were shown in Table 3.
Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium dihydrogen
phosphate dihydrate, disodium edetate hydrate, and NaCl, which was added in such an
amount that the osmotic pressure ratio of the solution was adjusted to 0.9 to 1.1, were
measured, and sterile purified water was added to the mixture to be dissolved. The pH
values of the solutions were adjusted to 5.0, 6.0, or 7.0 by addition of 5N sodium
hydroxide or 1% hydrochloric acid, and sterile purified water was added to the

solutions to obtain prescribed volumes. The solutions were filtered through a
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0.22-pm-membrane filter, and 5 mL each of the solutions was loaded to a sterile glass

vessel for a test solution.

<Preparation for Comparative examples 5 to 8: test solutions without carteolol hy-

drochloride>

The components in the test solutions of Comparative examples 5 to 8 were shown in

Table 4. Disodium edetate hydrate, anhydrous disodium hydrogen phosphate, sodium

dihydrogen phosphate dihydrate, and NaCl, which was added in such an amount that

the osmotic pressure ratio of the solution was adjusted to 0.9 to 1.1, were measured,

and prescribed volumes of sterile purified water was added to the mixture. The pH

values of the solutions were adjusted to 5.0, 6.0, 7.0, or 8.0 by addition of 5N sodium

hydroxide or 1% hydrochloric acid, and sterile purified water was added to the

solutions to obtain prescribed volumes. The solutions were filtered through a

0.22-pm-membrane filter, and 5 mL each of the solutions was loaded to a sterile glass

vessel for a test solution.

[Table 3]
Amounts
Example 11 |Example 12 | Example 13 |Example 14| Example 15
(g/100 mlL)
Carteolol
1.0 1.0 1.0 2.0 2.0
hydrochloride
Disodium
edetate 0.05 0.05 0.05 0.05 0.05
hydrate
Na,HPO, 0.04 0.04 0.04 0.04 0.04
Appropriate AppropriatelAppropriatelAppropriateAppropriate
JaOH or HCI
amount amount amount amount amount
NacCl 0.660 0.660 0.6560 0.553 0.553
Appropriate AppropriateBppropriateppropriateAppropriate
purified water
amount amount amount amount amount
Total amount
100 100 100 100 100
(mL)
oH 5.0 6.0 7.0 5.0 6.0
Osmotic
1.0 1.0 1.0 1.0 1.0
pressure ratio
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[Table 4]

Amounts Comparative |ComparativelComparative|/Comparative
(g/100 mL) example 5 example 6 | example 7 | example 8
Carteolol

hydrochloride

Disodium

edetate 0.05 0.05 0.05 0.05

hydrate

Na,HPO, 0.04 0.04 0.04 0.04

NaH,PO,.2H,0 0.04 0.04 0.04 . 0.04
Appropriate AppropriatefppropriatelAppropriate
NaOH or HC1
amount amount amount amount
NaCl 0.830 0.830 0.830 0.830
Appropriate |AppropriateAppropriateAppropriate
Purified water
amount amount amount amount
Total amount
100 100 100 100
(mL)
pH 5.0 6.0 7.0 8.0
Osmotic
1.0 1.0 1.0 1.0
pressure ratio

17

[0045] Preservative effectiveness was measured for the test solutions of Examples 11 to 15
and Comparative examples 5 to § against bacteria such as Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus. The test results of preservative
effectiveness were shown in Table 5 for each of Examples and Comparative examples.

Examples 11 to 15 basically showed preservative effectiveness against bacteria, but
Comparative examples 5 to 8 were inadequate in the preservative effectiveness test.
The results showed that a combination of carteolol hydrochloride and disodium edetate
hydrate enhanced preservative effectiveness.

[0046]
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[Table 5]
Overall
assessment of
Test Escherichia | Pseudomonas | Staphylococcus
preservative
strains coli geruginosa aureus
effectiveness
against bacteria
Example 11 X 0 0 Inadeguate
Example 12 X o O Inadeguate
Example 13 ] 0 0 Adequate
Example 14 X 0 0 Inadequate
Example 15 X C O Inadeguate
Comparative
X X 0] Inadequate
example 5
Comparative
X X X Inadequate
example 6
Comparative
X X X Inadequate
example 7
Comparative
] X X Inadequate

[0047]

[0048]

example 8

0 means that a test strain was adequate 1in the assessment
criterion of each bacterium
X means that a test strain was 1nadeguate 1in the assessment

criterion of each bacterium

<Experiment 3>: Effect of addition of propylene glycol on preservative effectiveness

Effect of addition of propylene glycol on preservative effectiveness of carteolol hy-
drochloride was demonstrated at pH 5.0 and 6.0 according to the following method.

<Test solutions of Examples 16 to 19>

The components in the test solutions of Examples 16 to 19 were shown in Table 6.
Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium dihydrogen
phosphate dihydrate, disodium edetate hydrate, and propylene glycol were measured so
that the compositions shown in Table 6 were prepared. Sterile purified water was
added to the mixture to be dissolved. The pH values of the solutions were adjusted to
5.0 or 6.0 by addition of 1% hydrochloric acid, and sterile purified water was added to
the solutions to obtain prescribed volumes. The solutions were filtered through a
0.22-pm-membrane filter, and 5 mL each of the solutions was loaded to a sterile glass
vessel for a test solution.

<Preparation of the test solutions of Comparative examples 9 to 16>

The components in the test solutions of Comparative example 9 to 16 were shown in

Table 7. Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium di-
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hydrogen phosphate dihydrate, and propylene glycol (for Comparative examples 9 to

12), anhydrous disodium hydrogen phosphate, sodium dihydrogen phosphate

dihydrate, propylene glycol, and NaCl, which was added in such an amount that the

osmotic pressure ratio of the solution was adjusted to 0.9 to 1.1 (for Comparative

examples 13 and 14), or disodium edetate hydrate, anhydrous disodium hydrogen

phosphate, sodium dihydrogen phosphate dihydrate, propylene glycol, and NaCl,

which was added in such an amount that the osmotic pressure ratio of the solution was

adjusted to 0.9 to 1.1 (for Comparative examples 15 and 16) were mixed to be

dissolved. The pH values of the solutions were adjusted to 5.0 or 6.0 by addition of 1%

hydrochloric acid, and sterile purified water was added to the solutions to obtain

prescribed volumes. The solutions were filtered through a 0.22-um-membrane filter,

and 5 mL each of the solutions was loaded to a sterile glass vessel for a test solution.

[Table 6]
Amounts
Example 16| Example 17 |Example 18 |Example 19
(g/100 mL)
Carteolol
1.0 1.0 2.0 2.0
hydrochloride
Disodium edetate
0.05 0.05 0.05 0.05
hydrate
Propylene glycol 1.55 1.55 1.3 1.3
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO4.2H,0 0.04 0.04 0.04 0.04
AppropriateBppropriatelAppropriate|Appropriate
HC1
amount amount amount amount
AppropriateAppropriate|AppropriateAppropriate
Purified water
amount amount amount amount
Total amount (mL) 100 100 100 100
pH 5.0 6.0 5.0 6.0
Osmotic pressure
1.0 1.0 1.1 1.0
ratio
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[Table 7-1]

Amounts ComparativelComparativelComparativelComparative
(g/100 mL) example 9 |{example 10| example 11| example 12
Carteolol

1.0 1.0 2.0 2.0
hydrochloride
Disodium edetate
hydrate ) ) ) )
Propylene glycol 1.55 1.55 1.3 1.3
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO,.2H,0 0.04 0.04 0.04 0.04
AppropriateppropriateAppropriateAppropriate
He amount amount amount amount
AppropriateAppropriatelAppropriateAppropriate
Purified water
amount amount amount amount
Total amount 100 100 100 100
pH 5.0 6.0 5.0 6.0
Osmotic pressure
1.0 1.0 1.0 1.0

ratio
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[Table 7-2]

Amounts ComparativelComparativelComparativeComparative
(g/100 mL) example 13| example 14 |example 15|example 16
Carteolol

hydrochloride
Disodium edetate
- - 0.05 0.05
hydrate
Propylene glycol 1.55 1.55 1.55 1.55
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PQ,.2H;0 0.04 0.04 0.04 0.04
AppropriatelfppropriateAppropriatelAppropriate
HC1
amount amount amount amount
NaCl 0.217 0.217 0.205 0.205
AppropriatelAppropriatelAppropriatelppropriate
Purified water
amount amount amount amount
Total amount (mL) 100 100 100 100
pH 5.0 6.0 5.0 6.0
Osmotic pressure
1.0 1.0 1.0 1.0
ratio

[0051]

Preservative effectiveness was measured for the test solutions of Examples 16 to 19
and Comparative examples 9 to 16 against bacteria such as Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus. The test results of preservative
effectiveness were shown in Table § for each of Examples and Comparative examples.

Examples 16 to 19 wherein propylene glycol was added to the composition
comprising carteolol hydrochloride and disodium edetate hydrate met the criteria
against all of the three bacteria of Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus aureus to be adequate in the preservative effectiveness test. Com-
parative examples 9 to 12 which contained carteolol hydrochloride but did not contain
disodium edetate hydrate did not meet the criteria against Escherichia coli or
Pseudomonas aeruginosa to be inadequate. Comparative examples 13 and 14 which did
not contain carteolol hydrochloride or disodium edetate hydrate but contained
propylene glycol only were inadequate in the preservative effectiveness test. Com-
parative examples 15 and 16 which did not contain carteolol hydrochloride but
contained propylene glycol and disodium edetate hydrate did not meet the criteria to be
inadequate in the preservative effectiveness test. The results revealed that good

preservative effectiveness was shown in a combination of carteolol hydrochloride,
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[0052]

[0053]

disodium edetate hydrate, and propylene glycol.

[Table 8]
Overall
assessment of
Test Escherichia | Pseudomonas | Staphylococcus
preservative
strains coli aeruginosa aureus
effectiveness
against bacteria
Example 16 ¢] O ] adequate
Example 17 6] o] Q Adequate
Example 18 o] ] ¢} Adequate
Example 19 o] 6] o] Adequate
Comparative
X X a Inadequate
examplie 9
Comparative
X X O Inadeguate
example 10
Comparative
X O o] Inadeguate
example 11
Mbomparative
0] X 0] Inadequate
example 12
Comparative _
X X 0] Inadeguate
example 13
Comparative .
X X X Inadequate
example 14
Comparative
X X o] Inadequate
example 15
Comparative
X p:4 X Inadeguate
exanple 16

0 means that a test strain was adegquate 1in the assessment
criterion of each bacterium
¥ means that a test strain was inadequate in the assessment

criterion of each bacterium

<Experiment 4>: Effect of addition of alginic acid on preservative effectiveness

Enhancement in preservative effectiveness of carteolol hydrochloride by alginic acid
was demonstrated according to the following method.

<Preparation of the test solutions of Examples 20 and 21>

The components in the test solutions of Examples 20 and 21 were shown in Table 9.
Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium dihydrogen
phosphate dihydrate, disodium edetate hydrate, propylene glycol, and alginic acid were
measured so that the compositions shown in Table 9 were prepared, and sterile purified
water and SN sodium hydroxide were added to the mixture to be dissolved. The pH
values of the solutions were adjusted to 6.7 by addition of SN sodium hydroxide, and
sterile purified water was added to the solutions to obtain prescribed volumes. The
solutions were filtered through a 0.22-um-membrane filter, and 5 mL each of the

solutions was loaded to a sterile glass vessel for a test solution.
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[0054]  <Preparation of the test solutions of Comparative examples 17 and 18: test solutions

without alginic acid>
The components in the test solutions of Comparative examples 17 and 18 were

shown in Table 9. Carteolol hydrochloride, anhydrous disodium hydrogen phosphate,
sodium dihydrogen phosphate dihydrate, disodium edetate hydrate, and propylene
glycol were measured so that the compositions shown in Table 9 were prepared. Sterile
purified water was added to the mixture to be dissolved. The pH values of the solutions
were adjusted to 6.7 by addition of 5N sodium hydroxide, and sterile purified water
was added to the solutions to obtain prescribed volumes. The solutions were filtered
through a 0.22-um-membrane filter, and 5 mL each of the solutions was loaded to a
sterile glass vessel for a test solution.

[0055] [Table 9]

Amounts Comparative | Comparative
Example 20 |Example 21
(g/100 mL) example 17 | example 18
Carteolol
1.0 1.0 1.0 1.0
hydrochloride
Alginic acid 1.0 1.0 - -
Disodium
edetate 0.05 0.1 0.05 0.1
hydrate
Propylene
oY 1.30 1.30 1.55 1.55
glycol
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO,. 2H,0 0.04 0.04 0.04 0.04

Appropriate |Appropriate| Appropriate | Appropriate
NaOH
amount amount amount amount

Appropriate Appropriate| Appropriate | Appropriate
Purified water

amount amount amount amount
Total amount
100 100 100 100
(mL)
pH 6.7 6.7 6.7 6.7
Osmotic
1.0 1.0 1.0 1.0

Nnreganire ratrio
pPressure ratlo

[0056] Preservative effectiveness was measured for the test solutions of Examples 20 and 21
and Comparative examples 17 and 18 against bacteria such as Escherichia coli,

Pseudomonas aeruginosa, and Staphylococcus aureus. The test results of preservative
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[0057]

[0058]

[0059]

effectiveness were shown in Table 10 for each of Examples and Comparative

examples.
[Table 10]
Overall
assessment of
Test Escherichia | Pseudomonas | Staphylococcus
preservative
strains coli aeruginosa aureus
effectiveness
against bacteria
Example 20 0 o] 0 Adequate
Example 21 o} o 0 Adequate
Comparative
¢} o] 0 Adequate
example 17
Comparative
o] o] 0 Adequate
example 18

O means that a test strain was adequate 1in the assessment
criterion of each bacterium
X means that a test strain was inadequate 1in the assessment

criterion of each bacterium

<Experiment 5>: Effect of addition of disodium edetate hydrate on light stability

Improvement in light stability of carteolol hydrochloride by disodium edetate hydrate
was demonstrated according to the following method.

<The test solutions of Examples 22 to 25>

The components in the test solutions of Examples 22 to 25 were shown in Table 11.
Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium dihydrogen
phosphate dihydrate, and disodium edetate hydrate were mixed so that the com-
positions shown in Table 11 were prepared. Sterile purified water was added to the
mixture to be dissolved. The pH values of the solutions were adjusted to 6.7 by
addition of 5N sodium hydroxide, and sterile purified water was added to the solutions
to obtain prescribed volumes. The solutions were filtered through a
0.22-pm-membrane filter, and 5 mL each of the solutions was loaded to a sterile glass
vessel for a test solution.

<Preparation of the test solutions of Comparative examples 19 and 20: test solutions
without disodium edetate hydrate>

The components in the test solutions of Comparative examples 19 and 20 were
shown in Table 12. Carteolol hydrochloride, anhydrous disodium hydrogen phosphate,
and sodium dihydrogen phosphate dihydrate were mixed so that the compositions
shown in Table 12 were prepared. Sterile purified water was added to the mixture to be

dissolved. The pH values of the solutions were adjusted to 6.7 by addition of 5N
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sodium hydroxide, and sterile purified water was added to the solutions to obtain

prescribed volumes. The solutions were filtered through a 0.22-um-membrane filter,

and 5 mL each of the solutions was loaded to a sterile glass vessel for a test solution.

[Table 11]
Amounts
Example 22 | Example 23 | Example 24 | Example 25
{g/100 mL)
Carteclol
1.0 1.0 2.0 2.0
hydrochloride
Disodium edetate
0.05 0.10 0.05 0.10
hydrate
Na,HPO, 0.04 0.04 0.04 0.04
NaH,P0,. 2H,0 0.04 0.04 0.04 0.04
Appropriate|Appropriate | Appropriate | Appropriate
NaOH
amount amount amount amount
Appropriate| Appropriate | Appropriate | Appropriate
Purified water
amount amount amount amount
Total amount (mL) 100 100 100 100
pH 6.7 6.7 6.7 6.7
[Table 12]
Amounts Comparative | Comparative
(g/100 mL) example 19 | example 20
Carteolol
1.0 2.0
hydrochloride
Disodium edetate
hydrate
Na,HPO, 0.04 0.04
NaH,PO4. 2H,0 0.04 0.04
LAppropriate | Appropriate
NaOH
amount amount
Appropriate| Appropriate
Purified water
amount amount
Total amount (ml) 100 100
PH 6.7 6.7

Light stability was measured for the test solutions of Examples 22 to 25 and Com-

parative examples 19 and 20. White light with the illuminance of 3000 Lx from a white




26

WO 2018/038102 PCT/JP2017/029934

[0063]

[0064]

[0065]

[0066]

lamp and ultraviolet light with the light intensity of 50 wW/cm? from a chemical lamp
were irradiated for 400 hours. Each sample solution after light irradiation was
compared with a sample solution which was stored in a dark place at 4°C without light
irradiation, and in each sample solution, the amount of 3,4-dehydrocarteolol among the
decomposed products that were generated under photolysis of carteolol hydrochloride
and the total amount of the decomposed products were measured. These are shown in
Table 13. The decomposed products of carteolol hydrochloride were analyzed in high
performance liquid chromatograph (HPLC).

(HPLC condition for measurement of the amount of 3,4-dehydrocarteolol)

Column: 5 um of octadecylsilylated silica gel for liquid chromatography was loaded
in a stainless tube with the inner diameter of 4.6 mm and the length of 15 cm.

Mobile phase: To sodium 1-hexane sulfonate (1.51 g) were added acetic acid (100; 3
mL) and water (1000 mL), and the mixture was dissolved. To the solution (830 mL)
was added acetonitrile (170 mL).

Detector: Ultraviolet absorptiometer

[Table 13]
Decomposed Total amount of
product (%) decomposed
products (%)
Example 22 1.369 3.31
Example 23 0.939 2.48
Example 24 1.605 3.62
Example 25 1.451 3.28
Comparative
1.720 3.97
example 19
Comparative
1.841 4.34
example 20

The amount of 3,4-dehydrocarteolol which was a photolysis product of carteolol hy-
drochloride and the total amount of the decomposed products were concentration-de-
pendently decreased by addition of disodium edetate hydrate to a carteolol solution.
The results showed that disodium edetate hydrate improved light stability of carteolol
hydrochloride.

<Experiment 6>: Effect of addition of alginic acid on light stability

Improvement in light stability of carteolol hydrochloride by alginic acid was
demonstrated according to the following method.

<Test solutions of Examples 26 to 29, 60, and 61>
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[0067]

[0068]

The components in the test solutions of Examples 26 to 29, 60, and 61 were shown in
Table 14. Carteolol hydrochloride, anhydrous disodium hydrogen phosphate, sodium
dihydrogen phosphate dihydrate, disodium edetate hydrate, propylene glycol, and
alginic acid were measured so that the compositions shown in Table 14 were prepared.
Sterile purified water was added to the mixture. SN sodium hydroxide was added to the
mixture with being stirred to be dissolved. The pH values of the solutions were
adjusted to 6.7 by addition of SN sodium hydroxide, and sterile purified water was
added to the solutions to obtain prescribed volumes. The solutions were filtered
through a 0.22-um-membrane filter, and 5 mL each of the solutions was loaded to a
sterile glass vessel for a test solution.

<Preparation of the test solutions of Comparative examples 21 to 28: test solutions
without disodium edetate hydrate and/or alginic acid>

The components in the test solutions of Comparative examples 21 to 28 were shown
in Table 15. Carteolol hydrochloride, anhydrous disodium hydrogen phosphate,
sodium dihydrogen phosphate dihydrate, disodium edetate hydrate, propylene glycol,
and NaCl, which was added in such an amount that the osmotic pressure ratio of the
solution was adjusted to 0.9 to 1.1, were measured so that the compositions shown in
Table 15 were prepared, and sterile purified water was added to the mixture to be
dissolved. Then, for Comparative examples 21 and 25, alginic acid was added to the
solutions with being stirred, and SN sodium hydroxide was added to the mixture to
dissolve alginic acid. The pH values of the solutions were adjusted to 6.7 by addition
of 5N sodium hydroxide, and sterile purified water was added to the solutions to obtain
prescribed volumes. The solutions were filtered through a 0.22-um-membrane filter,

and 5 mL each of the solutions was loaded to a sterile glass vessel for a test solution.
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[Table 14]
Amounts
Example 26|Example 27|Example Z8|Example 2% Example 6C|Example €1
(g/100 mL)
Carteolol
1.0 1.0 2.0 2.0 1.0 2.C
hydrcchloride
Alginic acid 1.0 1.0 1.0 1.0 2.0 2.0
Disodium
edetate .05 0.1 0.05 0.1 0.1 0.1
hydrate
Propylene
1.3 1.3 1.0 1.0 1.0 C.7
glycol
Na,HPC, 0.04 0.04 0.04 .04 0.04 0.04
NaH,PO,.2H,0 .04 0.04 0.04 0.04 0.04 0.04
NacH Rppropriate | Appropriate | Appropriate | Appropriate | Appropriate | Appropriate
alk
arount amount amount amount anmount amount
Purified Rppropriale | Appropriate | Appropriate | Rppropriate | Appropriate | Appropriate
water armount amount amount amount amount amount
Total amount
100 100 100 100 100 100
(mL)
pH 6.7 6.7 6.7 6.7 6.7 6.7
Osmotic
pressure 1.0 1.0 1.C 1.0 1.0 1.0
ratic

[0069]
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[Table 15-1]

Amounts Comparative|ComparativelComparative/Comparative
(g/100 mL) example 21 example 22 |example 23| example 24
Carteolol

1.0 1.0 1.0 1.0
hydrochloride
Alginic acid 1.0 - - -
Disodium edetate
- - 0.05 0.10
hydrate
Propylene glycol 1.3 1.3 1.3 1.3
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO, . 2H,0 0.04 0.04 0.04 0.04
AppropriatelppropriateRppropriateAppropriate
NaOH
amount amount amount amount
AppropriateAppropriateAppropriateAppropriate
Purified water
amount amount amount amount
Total amount
100 100 100 100
(mL)
PH 6.7 6.7 6.7 6.7
Osmotic pressure
1.0 1.0 1.0 1.0
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[Table 15-2]

Amounts ComparativelComparativeComparative|Comparative
(g/iOO mL) example 25| example 26| example 27 | example 28
Carteolol
L 2.0 2.0 2.0 2.0

hydrochloride
Alginic acid 1.0 - - -
Disodium edetate
- - 0.05 0.10
hydrate
Propylene glycol 1.0 1.3 1.3 1.3
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO,. 2H,0 0.04 0.04 0.04 0.04
AppropriatelAppropriateAppropriateAppropriate
NaOH
amount amount amount amount
AppropriatelAppropriatelppropriate/Appropriate
Purified water
amount amount amount amount
Total amount
100 100 100 100
(L)
pH 6.7 6.7 6.7 6.7
Osmotic pressure
1.0 1.0 1.0 1.0
ratio

[0070]

[0071]
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Light stability was measured for the test solutions of Examples 26 to 29, 60, and 61
and Comparative examples 21 to 28. White light with the illuminance of 3000 Lx from
a white lamp and ultraviolet light with the light intensity of 50 uW/cm? from a
chemical lamp were irradiated for 400 hours. In each sample solution after light ir-
radiation, the amount of 3,4-dehydrocarteolol among the decomposed products that
were generated under photolysis of carteolol hydrochloride and the total amount of the
decomposed products were measured. These are shown in Table 16. The decomposed
products of carteolol hydrochloride under photolysis were analyzed in high per-
formance liquid chromatograph (HPLC).

(HPLC condition for measurement of the amount of 3,4-dehydrocarteolol)

Column: 5 um of octadecylsilylated silica gel for liquid chromatography was loaded
in a stainless tube with the inner diameter of 4.6 mm and the length of 15 cm.

Mobile phase: To sodium 1-hexane sulfonate (1.51 g) were added acetic acid (100; 3
mL) and water (1000 mL), and the mixture was dissolved. To the solution (830 mL)
was added acetonitrile (170 mL).

Detector: Ultraviolet absorptiometer
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[0072] [Table 16]
Decomposed Total amount of
product (%) decomposed
products (%)

Example 26 0.038 0.53
Example 27 0.043 0.57
Example 28 0.050 0.52
Example 29 0.055 0.65
Example 60 0.009 0.6l
Example 61 0.018 0.50
Comparative

0.836 2.57
examplie 21
Comparative

1.838 4.01
example 22
Comparative

1.554 3.48
example 23
Comparative

1.129 2.57
example 24
Comparative

1.233 2.28
example 25
Comparative

1.989 4.54
example 26
Comparative

1.813 3.95
example 27
Comparative

1.501 3.24

[0073]

example 28

PCT/JP2017/029934

Addition of alginic acid to a sample solution comprising carteolol hydrochloride and

disodium edetate hydrate significantly reduced photolysis of carteolol hydrochloride,

and the amount of 3,4-dehydrocarteolol which was a decomposed product under

photolysis of carteolol hydrochloride increased when either of alginic acid or disodium

edetate hydrate or both of them were not added. The amount of 3,4-dehydrocarteolol

and the total amount of the decomposed products significantly increased in Com-

parative examples 22 and 26 where neither alginic acid or disodium edetate hydrate

was contained, compared to those in the samples where either of alginic acid
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[0074]

[0075]

[0076]

(Comparative examples 21 and 25) or disodium edetate hydrate (Comparative

examples 23, 24, 27, and 28) only was added. The results suggested that alginic acid

and disodium edetate hydrate reduced photolysis of carteolol hydrochloride and

improved its light stability. It was also suggested that a combination of alginic acid and

disodium edetate hydrate improved light stability of carteolol hydrochloride.
<Assessment of test results>

The results revealed that a pharmaceutical composition in the present invention was
adequate in the preservative effectiveness test described in The Japanese Phar-
macopoeia 17th edition, Reference information, and reduced photolysis of carteolol
hydrochloride, resulting in stabilization under light.

In the present invention, it was revealed that addition of disodium edetate hydrate,
optionally a tonicity agent, e.g. propylene glycol, and/or a sustaining agent, e.g. alginic
acid, to a [3 blocker allows to keep preservative effectiveness of the 3 blocker without a
preservative such as benzalkonium chloride and boric acid that causes a concern about
side effects even in the case where a conventional eye-drop bottle that allows for
multiple doses is used. It was also revealed that a pharmaceutical composition in the
present invention has so good light stability that the active ingredient may not be de-
composed under light even when the composition is stored without protection from
light.

<Formulation example 1>: Formulation examples of formulations comprising
prostaglandin F2a derivatives

Examples 30 to 39 and Comparative example 29 were prepared according to the
following methods.

<Example 30>

Latanoprost (0.005 g), polysorbate 80 (0.1 g), and purified water (80 g) were
measured to be mixed, and the mixture was warmed to 60°C to be dissolved. Then, the
mixture was cooled to room temperature. To this solution were added carteolol hy-
drochloride (2.0 g), alginic acid (1.0 g), boric acid (1.0 g), and disodium edetate
hydrate (0.1 g). The mixture was dissolved by addition of sodium hydroxide, and the
pH value of the mixture was adjusted to 6.5. Then, to the mixture was added purified
water so as to be the total amount of 100 g. The solution was filtered through a
membrane filter with the pore diameter of 0.2 um to prepare Example 30.

<Example 31>

Latanoprost (0.005 g), polysorbate 80 (0.1 g), and purified water (80 g) were
measured to be mixed, and the mixture was warmed to 60°C to be dissolved. Then, the
mixture was cooled to room temperature. To this solution were added carteolol hy-
drochloride (2.0 g), alginic acid (1.0 g), sodium chloride (0.4 g), sodium dihydrogen
phosphate dihydrate (0.04 g), anhydrous disodium hydrogen phosphate (0.04 g), and
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[0077]

[0078]

[0079]

[0080]

[0081]

disodium edetate hydrate (0.1 g). The mixture was dissolved by addition of sodium
hydroxide, and the pH value of the mixture was adjusted to 6.5. Then, to the mixture
was added purified water so as to be the total amount of 100 g. The solution was
filtered through a membrane filter with the pore diameter of 0.2 um to prepare
Example 31.

<Example 32>

Latanoprost (0.005 g) and purified water (80 g) were measured to be mixed, and the
mixture was warmed to 60°C to be dissolved. Then, the mixture was cooled to room
temperature. To this solution were added carteolol hydrochloride (2.0 g), alginic acid
(1.0 g), sodium chloride (0.4 g), sodium dihydrogen phosphate dihydrate (0.04 g),
anhydrous disodium hydrogen phosphate (0.04 g), and disodium edetate hydrate (0.1
g). The mixture was dissolved by addition of sodium hydroxide, and the pH value of
the mixture was adjusted to 6.5. Then, to the mixture was added purified water so as to
be the total amount of 100 g. The solution was filtered through a membrane filter with
the pore diameter of 0.2 wm to prepare Example 32.

<Examples 33, 36, and 39>

Examples 33, 36, and 39 were prepared according to the method described in
Example 30.

<Examples 34, 35, 37, and 38>

Examples 34, 35, 37, and 38 were prepared according to the method described in
Example 31.

<Comparative example 29>

Latanoprost (0.005 g), polysorbate 80 (0.2 g), and purified water (80 g) were
measured to be mixed, and the mixture was warmed to 60°C to be dissolved. Then, the
mixture was cooled to room temperature. To this solution were added alginic acid (1.0
2), boric acid (1.5 g), and disodium edetate hydrate (0.2 g). The mixture was dissolved
by addition of sodium hydroxide, and the pH value of the mixture was adjusted to 6.5.
Then, to the mixture was added purified water so as to be the total amount of 100 g.
The solution was filtered through a membrane filter with the pore diameter of 0.2 um

for Comparative example 29.
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[Table 17-1]

Amounts Example Example Example Example Example
(g/100 mL) 30 31 32 33 34
Carteolol

hydrochloride 2.0 2.0 2.0 2.0 2.0
Latanoprost 0.005 0.005 0.005 0.005 0.065
Alginic acid 1.0 1.¢C 1.0 1.0 1.0
Boric acid 1.0 - - 1.0 -
NaCl - 0.4 0.4 - 0.4
NaH,PO4.2H,0 - 0.04 0.04 - 0.04

Na;HPOy - 0.04 0.04 - 0.04
Disodium

edetate 0.1 0.1 0.1 0.05 0.03

hydrate

Polysorbate 0.1 0.1 - 0.1 0.2
80
NaoH Approprialte Appropriate Lppropriate Appropriate Appropriate
o amount amcunt amount amount amount
Purified Appropriate | Appropriate | Appropriate | BAppropriate | Appropriate
water amounrt amount amount amount amount
rH 6.5 6.5 6.5 6.5 6.5
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[Table 17-2]

Amounts Example Example Exzmple Example Example
(g/10 mL)~ 35 36 37 38 39
Carteolol

hydrochloride 2.0 2.0 2.0 2.0 2.0
Latanoprost 0.005 0.005 0.005 0.005 0.005
Alginic acid 1.0 1.0 1.0 1.0 1.0
Boric acid - - 1.0 - 1.0
NaCl 0.4 0.4 - 0.4 -
NaH;PO,. 2H,0 0.04 0.04 - 0.04 -

Na,HPO, 0.04 0.04 - 0.04 -
Disodium

edetate 0.02 0.07 0.1 0.15 0.2

hydrate

Polysorbate 0.2 0.2 0.2 0.1 0.1
80
NaOH Appropriate Appropriate Appropriate Appropriate Appropriate
arouant amcunt amount amount amount
Purified Nppropriate | Appropriate | Appropriate | Appropriate | Appropriate
water amount: amount amount amount amount
pH 6.5 6.5 6.5 6.5 6.5
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[Table 17-3]

Amounts Comparative
(g/100 mL) example 29
Carteolol B

hydrochloride
Latanoprost 0.005
Alginic acid 1.0
Boric acid 1.5
NaCl ~

NaH,PO;. ZHZO -

Na,HPO, -
Discdium
edetate 0.2
hydrate
Polysorbate
.2
80 0
NaOH Appropriate
amount
Purified Appropriate
water amount
pH 6.5

[0082] <Formulation example 2>
Examples 40 to 47 which did not contain benzalkonium chloride were prepared

according to the following methods.
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<Example 40>
Purified water (80 g), carteolol hydrochloride (1.0 g), alginic acid (1.0 g), propylene
glycol (1.3 g), sodium dihydrogen phosphate dihydrate (0.04 g), anhydrous disodium
hydrogen phosphate (0.04 g), and disodium edetate hydrate (0.01 g) were measured to
be mixed. The mixture was dissolved by addition of sodium hydroxide while being
stirred and the pH value of the mixture was adjusted to 6.7. Then, to the mixture was
added purified water so as to be the total amount of 100 g. The solution was stirred and
filtered through a membrane filter with the pore diameter of 0.2 um to prepare
Example 40.
[0083]  <Examples 41 to 47>
Examples 41 to 47 were prepared according to the method described in Example 40.
[0084] [Table 18-1]

Amounts
(g/100 mL) Example 40 | Example 41 | Example 42 | Example 43
Carteolol
hydrochloride 1.0 1.0 1.0 2.0
Alginic acid 1.0 1.0 1.0 1.0
Disodium
edetate 0.01 0.03 0.2 0.01
hydrate
Propylene 1.3 1.3 1.3 1.0
glycol
Na,HPO, 0.04 0.04 0.04 0.04
NaH,PO,.2H,0 0.04 0.04 0.04 0.04
Appropriate | Appropriate | Appropriate | Appropriate
NaOH
amount amount amount amount
Purified water Appropriate | Appropriate |Appropriate | Appropriate
amount amount amount amount
Total amount 100 100 100 100
(mL)
pH 6.7 6.7 6.7 6.7
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[Table 18-2]

Amounts T mrnon T o A A Fo el o AG Fonmenla AC Pwamnle A7
(g/]_OO mL) E.;Aouu[_de: e A4 Laallipie 39 Lisamplc 320 LiAcuip/ Lo 1
Carteoclol

hydrochloride 2.0 2.0 2.0 2.0
Alginic acid 1.0 1.0 1. 1.0

Disodium

edetate 0.03 0.05 0.1 0.2

hydrate
Propylene 1.0 1.0 1.0 1.0

glycol

Na,HPOQ, 0.04 0.04 0.04 0.04

NaH,PO,.2H,0 0.04 0.04 0.04 0.04
NaOH Appropriate | Appropriate | Appropriate | Appropriate
amount amount amount amount
Purified water Appropriate | Appropriate | Appropriate | Appropriate
amount amount amount amount
Total amount 100 100 100 100
(mL)
pH 6.7 6.7 6.7 6.7

[0085]

[0086]

[0087]

[0088]

<Formulation example 3>: Formulation examples of formulations comprising

carbonic anhydrase inhibitors

Examples 48 to 59 were prepared according to the following methods.

<Example 48>

Carteolol hydrochloride (2.0 g), dorzolamide hydrochloride (1.113 g), disodium
edetate hydrate (0.01 g), D-mannitol (2.0 g), and sodium citrate hydrate (0.3 g) were

measured and dissolved in water. The resulted solution was sterilized by filtration

through a membrane filter with the pore diameter of 0.2 um. The solution was

combined with a solution obtained by the steps of dissolving hydroxyethyl cellulose

(0.5 g) in water and being sterilized by steam under high pressure. The pH value of the

combined solution was adjusted to 5.7 by addition of sodium hydroxide. Then, purified

water was added to the solution to prepare Example 48 with the total amount of 100 g.

<Examples 49 to 51>

Examples 49 to 51 were prepared according to the method described in Example 48.

<Example 52>

Purified water (80 g), carteolol hydrochloride (2.0 g), dorzolamide hydrochloride

(1.113 g), disodium edetate hydrate (0.01 g), propylene glycol (0.7 g), and sodium

citrate hydrate (0.3 g) were measured to be dissolved. The pH value of the solution was

adjusted to 5.7 by addition of sodium hydroxide. Then, purified water was added to the

solution so as to be the total amount of 100 g. The solution was stirred and filtered

through a membrane filter with the pore diameter of 0.2 um to prepare Example 52.

<Examples 53 to 55>
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Examples 53 to 55 were prepared according to the method described in Example 52.

<Example 56>

Tyloxapol (0.025 g) was measured to be loaded to a cylindrical glass vessel and
dissolved by addition of purified water (6 g) heated to 60°C. To the solution were
added brinzolamide (1.0 g) and zirconia yttria beads (12 g), and the vessel was sealed
and heated at 121°C for 20 minutes. The mixture was cooled, and then, rotated at 50
rpm for 20 hours to be a brinzolamide suspension. Carteolol hydrochloride (2.0 g),
disodium edetate hydrate (0.01 g), and propylene glycol (1.0 g) were separately
measured and dissolved in purified water (50 g). To the solution was added a solution
wherein carbopol (0.4 g) was homogeneously dispersed in purified water (25 g) at
60°C. The resulted solution was heated at 121°C for 20 minutes, and then, the pH
value of the solution was adjusted to 7.2 by addition of sodium hydroxide to be used as
a solvent. The brinzolamide suspension was filtered to remove zirconia yttria beads
and combined with the solvent, and purified water was added to the mixture so as to be

100 g to prepare Example 56.

<Examples 57 to 59>

Examples 57 to 59 were prepared according to the method described in Example 56.

[Table 19-1]

Amounts . ' )
ie 4 E le 50 JE le 51
(g/100 mL) Example 48 |Example 49 |Example Xamp
Carteolol 5
hydrochloride 2.0 2.0 2.0 2.0
Dorzolamide . ;
. . 1.113 1.113
hydrochloride 1.113 to1l3
Hydroxyethyl cellulose 0.5 0.5 0.5 0.5
Disodium edetate 0.01 0.03 0.05 0.1
hydrate
D-mannitol 2.0 2.0 2.0 2.0
Propylene glycol - - - -
Sodium citrate hydrate 0.3 0.3 0.3 0.3
AppropriateAppropriateAppropriatefpppropriate
NaOH
amount amount amount amount
i i i iate
purified water Apgii?iiéteApgff?iiéteApgfggiiéteApgﬁigiié e
Al kflllL allliiJidii e allivuiic alnoulic
Total amount (mL) 100 100 100 100
pH 5.7 5.7 5.7 5.7
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[Table 19-2]

Amounts Example 52 {Exanple 53 {Example 54 | Example 55
{g/100 mL) = ¥
Carteolol

hydrochloride 2.0 2.0 2.0 2.0
Dorzolamide
. 1.11 1.113 1.113 1.113
hydrochloride 3
Hydroxyethyl cellulose - - - -
Disodium edetate 0.01 0.03 0.05 0.1
hydrate
D-mannitol - - - -
Propylene glycol 0.7 Cc.7 0.7 0.7
Sodium citrate hydrate 0.3 0.3 0.3 0.3
NaOH AppropriateAppropriateAppropriateAppropriate
amount amount amount amount
purified water AppropriateppropriateRppropriateAppropriate
amount amount amount amount
Total amount (mL) 100 100 100 100
PH 5.7 5.7 5.7 5.7
[Table 19-3]

AmOuntS Ty ameml A K& T amnla K77 Twammrla RO Twamnlaa RO
M A~ e LAadilplc o0 DAadinpac J/ DAdilllLE J0o LiAadlip LS o
(g7 1LUU ML)

Carteolol
. . 2.0
hydrochloride 2.9 2.0 2.0
Brinzolamide 1.0 1.0 1.0 1.0
Carbopol 0.4 0.4 .4 0.4
Disodium edetate 0.01 0.03 0.05 0.1
hydrate
Tyloxapol 0.025 0.025 0.025 0.025
Propylene glycol 1.0 1.0 1.0 1.0
Appropriate|Appropriate|Appropriate|Appropriate
NaOH
amount amount amount amount
X ; X . ot
purified water Appropriatel|Appropriate Apgroprlgte Appropriate
amount amount amount amount
Total amount (mlL) 100 100 100 100
pH 7.2 7.2 7.2 7.2

[0092]  <Experiment 7>: Preservative effectiveness tests for the formulations of Examples 30
to 39 and Comparative example 29
According to the Preservative Effectiveness Test, preservative effectiveness was
assessed for the formulations of Examples 30 to 39 and Comparative example 29. The

results are shown below.
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[Table 20]

Overall assessment of
preservative
effectiveness

Example 30 : Adequate
Example 31 Adequate
Example 32 Adequate
Example 33 Adequate
Example 34 Adequate
Example 35 Adequate
Example 36 Adeqguate
Example 37 Adequate
Example 38 Adequate
Example 39 Adequate
Comparative example 29 Inadequate

[0093]

Industrial Applicability

A pharmaceutical composition in the present invention may have enhanced

preservative effectiveness and/or improved light stability, and it may be useful for

treatment of eye diseases such as glaucoma and ocular hypertension.
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Claims

An ophthalmic pharmaceutical composition, comprising carteolol or a
pharmaceutically acceptable salt thereof and edetic acid or a pharma-
ceutically acceptable salt thereof.

The composition of claim 1, further comprising a tonicity agent.

The composition of claim 1 or 2, further comprising a sustaining agent.
The composition of any one of claims 1 to 3, further comprising a
buffering agent and a pH adjusting agent.

The composition of any one of claims 1 to 4, further comprising a
prostaglandin F2a derivative.

The composition of any one of claims 1 to 5, further comprising a
carbonic anhydrase inhibitor.

The composition of any one of claims 1 to 6, further comprising
another agent having ocular hypotensive effect.

The composition of any one of claims 1 to 7, wherein carteolol or a
pharmaceutically acceptable salt thereof is comprised in an amount
ranging from 0.1 to 5 w/v% to the total amount of the composition.
The composition of any one of claims 1 to 8, wherein edetic acid or a
pharmaceutically acceptable salt thereof is comprised in an amount
ranging from 0.01 to 0.2 w/v% to the total amount of the composition.
The composition of any one of claims 1 to 9, wherein pH ranges from
5.0 to 8.0.

The composition of any one of claims 1 to 10 in the form of an eye
drop.

The composition of any one of claims 1 to 11 in the form of an aqueous
eye drop or suspended eye drop.

The composition of any one of claims 1 to 12 for use as a multiple-
dose-type eye drop.

The composition of any one of claims 1 to 13 for the treatment of
glaucoma or ocular hypertension.

A method for enhancing preservative effectiveness of carteolol or a
pharmaceutically acceptable salt thereof with edetic acid or a pharma-
ceutically acceptable salt thereof, comprising combining carteolol or a
pharmaceutically acceptable salt thereof with edetic acid or a pharma-
ceutically acceptable salt thereof.

A method for improving light stability of carteolol or a pharma-

ceutically acceptable salt thereof with edetic acid, alginic acid or a
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pharmaceutically acceptable salt thereof, comprising combining
carteolol or a pharmaceutically acceptable salt thereof with edetic acid

or a pharmaceutically acceptable salt thereof.
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