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Description

Technical Field

[0001] The present invention relates to a clear and stable ophthalmic solution comprising latanoprost, which is useful
as a therapeutic agent for glaucoma, as an active ingredient.

Background Art

[0002] Latanoprost is a prostaglandin-type therapeutic agent for glaucoma represented by a chemical name of isopropyl
(Z)-7[(1R,2R,3R,5S)3,5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5-heptanoate. Latanoprost is a selec-
tive FP receptor agonist and lowers intraocular pressure by promoting outflow of an aqueous humor (See, for example,
Japanese Patent No. 2721414). An administration route of latanoprost is instillation, and an ophthalmic solution containing
0.005% latanoprost (trade name: Xalatan ophthalmic solution) is commercially available.
[0003] US 2002/103255 A1(Hellberg Mark R. et al.) discloses examples of ophthalmic compositions comprising latan-
oprost, mannitol and benzalkonium chloride and an example comprising latanoprost, polysorbate 80 and benzalkonium
chloride.
[0004] EP 0 850 926 (Asahi Glass CO Ltd; Santen Pharma CO Ltd)discloses an example of an ophthalmic composition
comprising latanoprost, glycerine and polysorbate.
[0005] WO 97/23225 (Alcon Laboratories, Inc.) discloses an example of an ophthalmic composition comprising a FP-
agonist, benzalkonium chloride and polysorbate.
[0006] EP 0 603 800 (Alcon Laboratories, Inc.) discloses an example of an ophthalmic composition comprising latan-
oprost, benzalkonium chloride and polysorbate.
[0007] JP 01 246227 (Santen Pharmaceut CO Ltd) relates to the prevention of incompatibility of compounding of
aqueous preparation containing benzalkonium chloride.
[0008] An object of the present invention is to provide better formulations of a latanoprost ophthalmic solution.
[0009] As a preservative of the ophthalmic solution, benzalkonium chloride (hereinafter abbreviated as "BAK") is the
most widely used from the standpoint of effects and the like. However, while BAK has an excellent preservative effect,
BAK may cause corneal disorders when it is used at a high concentration. Accordingly, when BAK is added to the
ophthalmic solution, it is desirable to lower its concentration as low as possible.
[0010] BAK described in the specification means a mixture of compounds having a chemical structure represented
by [C6H5CH2N(CH3)2R]Cl wherein alkyl (represented by R) is C8H17∼C18H37.
[0011] BAK is defined as follows in Japanese, United States and European Pharmacopoeia.
[0012] Japanese Pharmacopoeia: BAK is represented by [C6H5CH2N(CH3)2R]Cl wherein R is C8H17∼C18H37 and
mainly comprises C12H25 and C14H29.
[0013] United States Pharmacopoeia: BAK is a mixture of alkylbenzyldimethylammonium chloride represented by
[C6H5CH2N(CH3)2R]Cl wherein R is a mixture of all or some alkyl groups which are higher than C8H17 and mainly
comprises C12H25, C14H29 and C16H33.
[0014] European Pharmacopoeia: BAK is a mixture of alkylbenzyldimethylammonium chloride wherein alkyl has chain
length of C8 to C18.
[0015] On the other hand, a tonicity agent is usually added to the ophthalmic solution in order to keep isotonicity and
is exemplified by inorganic salts such as alkali metal salts such as sodium chloride and alkaline earth metal salts such
as magnesium chloride.
[0016] Further, a buffer is usually added to the ophthalmic solution in order to prevent a change of pH and is exemplified
by inorganic salts such as sodium phosphate and sodium borate and organic salts such as sodium acetate, sodium
citrate and sodium carbonate.
[0017] The tonicity agent and the buffer are contained in a commercially available latanoprost ophthalmic solution.
[0018] The present inventors prepared and studied latanoprost ophthalmic solutions containing these widely-used
additives.
[0019] As a result, surprisingly it was turned out that white turbidity is not observed at a BAK concentration of 0.015%
or higher, while it is observed at a BAK concentration of 0.01% or lower. That is because hydrophobic latanoprost and
BAK form a complex, and the latanoprost-BAK complex is precipitated due to a salting-out effect by salts, i.e. additives.
The present inventors discovered the fact, to their surprise, that the complex is not precipitated until the BAK concentration
is lowered to 0.01% or lower. Since the commercially available latanoprost ophthalmic solution (trade name: Xalatan
ophthalmic solution) contains 0.02% of BAK, a problem of white turbidity is not caused. However, as mentioned above,
though BAK is the excellent preservative, it may cause the corneal disorders when used at the high concentration.
Accordingly, when BAK is added to the ophthalmic solution, it is desirable to lower its concentration as low as possible.
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Disclosure of the Invention

[0020] First studying various additives for preventing white turbidity, the present inventors found that white turbidity
can be prevented by adding a surfactant.
[0021] Carrying out intensive studies by focusing attention on the kind of BAK, it was found that white turbidity can be
prevented not by using a mixture of compounds represented by the above chemical structural formula wherein alkyl has
8 to 18 carbon atoms but by using BAK in which alkyl has 12 carbon atoms.
[0022] Further, the present inventors considered that use of salts as tonicity agents may be a cause of white turbidity
and carried out precise studies focusing attention on the kind of tonicity agent. As a result, it was found that white turbidity
can be prevented by using nonionic tonicity agents as tonicity agents.
[0023] Namely, it was found that a clear ophthalmic solution comprising latanoprost as an active ingredient and ben-
zalkonium chloride as a preservative, wherein white turbidity due to a change of formulation is prevented by at least one
means selected from the following 1) to 3), is obtained;

1) adding a surfactant,
2) using benzalkonium chloride represented by the formula of [C6H5CH2N(CH3)2R]Cl (wherein R is alkyl having 12
carbon atoms) as the preservative and
3) adding a nonionic tonicity agent as a tonicity agent.

[0024] The above-mentioned three means can be used solely or in combination.
[0025] A concentration of latanoprost, which is the active ingredient of the ophthalmic solution in the present invention,
is preferably 0.001 to 0.01% (W/V), particularly preferably 0.005% (W/V).
[0026] The first means in the present invention is adding a surfactant. When the surfactant is added, the clear latanoprost
ophthalmic solution wherein white turbidity is prevented can be obtained independently of the kind of tonicity agent and
the kind of BAK.
[0027] Examples of surfactants are Polysorbate 80, polyoxyethylene hydrogenated castor oil 60, polyoxyl 35 castor
oil, polyethylene glycol monostearate, macrogol 4000, lecithin, sucrose ester, polyoxyethylene alkyl ether, polyoxyl
stearate, polyoxyethylene polyoxypropylene glycol and the like, preferably Polysorbate 80, polyoxyethylene hydrogen-
ated castor oil 60 and polyoxyl 35 castor oil. A concentration of the surfactant is preferably 0.001 to 0.5%.
[0028] The second means in the present invention is using benzalkonium chloride represented by the formula of
[C6H5CH2N(CH3)2R]Cl (wherein R is alkyl having 12 carbon atoms) as a preservative. Benzalkonium chloride wherein
alkyl has 12 carbon atoms described in the specification (hereinafter abbreviated as "BAK-C12") means benzalkonium
chloride which has a chemical structure represented by [C6H5CH2N(CH3)2R]Cl and whose alkyl (represented by R in
the formula) is C12H25.
[0029] The clear latanoprost ophthalmic solution wherein white turbidity is prevented can be obtained independently
of the kind of tonicity agent by using BAK-C12 as a preservative.
[0030] Commercially available BAK-C12 can be used. A concentration of BAK-C12 is preferably 0.01% (W/V) or lower.
When the BAK concentration is too low, the sufficient preservative effect is not exhibited. Accordingly, a more preferred
BAK concentration is in the range of 0.003 to 0.01% (W/V).
[0031] The third means in the present invention is adding a nonionic tonicity agent as a tonicity agent. The clear
latanoprost ophthalmic solution wherein white turbidity is prevented can be obtained independently of the kind of BAK
by using the nonionic tonicity agent. When the nonionic tonicity agent is used, a total amount of salts in the ophthalmic
solution can be reduced. As a result, an influence of a salting-out effect is decreased, and thereby white turbidity is
prevented.
[0032] The nonionic tonicity agents can be any agents to be usually used for ophthalmic solutions and are specifically
exemplified by glycerin, mannitol, polyethylene glycol, propylene glycol, trehalose, sucrose and the like. A concentration
of the nonionic tonicity agent is adjusted to a concentration which can be isotonic for each substance.
[0033] The ophthalmic solution of the present invention can be prepared optionally by adding a pH buffer, a pH adjusting
agent, a solubilizer or a viscous agent. Examples of pH buffers are phosphates such as sodium phosphate, sodium
dihydrogenphosphate, disodium hydrogenphosphate, potassium phosphate, potassium dihydrogenphosphate and di-
potassium hydrogenphosphate; borates such as sodium borate and potassium borate; citrates such as sodium citrate
and disodium citrate; acetates such as sodium acetate and potassium acetate; and carbonates such as sodium carbonate
and sodium hydrogencarbonate. Examples of pH adjusting agents are hydrochloric acid, citric acid, phosphoric acid,
acetic acid, sodium hydroxide, potassium hydroxide and the like. Examples of solubilizers are Polysorbate 80, polyox-
yethylene hydrogenated castor oil 60, macrogol 4000 and the like. Examples of viscous agents are hydroxypropylmeth-
ylcellulose, hydroxypropylcellulose, polyvinyl alcohol, carboxyvinyl polymer, polyvinylpyrrolidone and the like.
[0034] A salt such as sodium chloride, potassium chloride calcium chloride or magnesium chloride can be added as
the tonicity agent in the means 1 and 2.
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[0035] pH of the ophthalmic solution of the present invention is preferably adjusted to 3 to 8, more preferably 4 to 7.
[0036] The ophthalmic solution of the present invention can be prepared by widely-used processes.

Best Mode for Carrying out the Invention

Examples according to means 1)

Example 1-1

[0037] Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride (0.8 g), Polysorbate 80 (0.01 g) and benza-
lkonium chloride (0.01 g) were dissolved in purified water (approximately 90 ml), pH was adjusted to 6.7, and purified
water was added to the solution so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was added to
latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve latanoprost
in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed to be 6.7.

Example 1-2

[0038] Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride (0.8 g), polyoxyethylene hydrogenated castor
oil 60 (0.01 g) and benzalkonium chloride (0.01 g) were dissolved in purified water (approximately 90 ml), pH was
adjusted to 6.7, and purified water was added to the solution so that total volume was 100 ml to give a vehicle. The
vehicle (100 ml) was added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about
80°C to dissolve latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then
pH was confirmed to be 6.7.

Example 1-3

[0039] Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride (0.8 g), polyoxyl 35 castor oil 60 (0.01 g) and
benzalkonium chloride (0.01 g) were dissolved in purified water (approximately 90 ml), pH was adjusted to 6.7, and
purified water was added to the solution so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7.

Examples according to means 2)

Example 2-1

[0040] Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride (0.8 g) and BAK-C12 (0.01 g) were dissolved
in purified water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and
purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7.

Example 2-2

[0041] Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride (0.8 g) and BAK-C12 (0.005 g) were dissolved
in purified water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and
purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7.

Examples according to means 3)

Example 3-1

[0042] Crystalline sodium dihydrogenphosphate (0.2 g), concentrated glycerin (2.3 g) and BAK (0.01 g) were dissolved
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in purified water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and
purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7.

Example 3-2

[0043] Crystalline sodium dihydrogenphosphate (0.2 g), mannitol (4.5 g) and BAK (0.01 g) were dissolved in purified
water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and purified water
was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was added to latanoprost
(5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve latanoprost in the vehicle.
The temperature of the solution was returned to room temperature, and then pH was confirmed to be 6.7.

Example 3-3

[0044] Crystalline sodium dihydrogenphosphate (0.2 g), polyethylene glycol 400 (8.0 g) and BAK (0.01 g) were dis-
solved in purified water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution,
and purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7.

Example 3-4

[0045] Crystalline sodium dihydrogenphosphate (0.2 g), propylene glycol (2.0 g) and BAK (0.01 g) were dissolved in
purified water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and purified
water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was added to
latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve latanoprost
in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed to be 6.7.

Example 3-5

[0046] Crystalline sodium dihydrogenphosphate (0.2 g), trehalose (9.0 g) and BAK (0.01 g) were dissolved in purified
water (approximately 90 ml), pH was adjusted to 6.7 with a 1 N aqueous sodium hydroxide solution, and purified water
was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was added to latanoprost
(5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve latanoprost in the vehicle.
The temperature of the solution was returned to room temperature, and then pH was confirmed to be 6.7.

Experiment 1: Measurement of residual ratio of latanoprost and observation of appearance

1) Comparative formulations 1 to 4 were prepared as follows.

[0047] Purified water (approximately 90 ml) was placed in a 100 ml-glass beaker. Crystalline sodium dihydrogenphos-
phate (0.2 g) and sodium chloride (0.9 g) were dissolved in the purified water, pH was adjusted to 6.7 with a 1 N aqueous
sodium hydroxide solution, and purified water was added to the mixture so that total volume was 100 ml to give a vehicle.
The vehicle (100 ml) was added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at
about 80°C to dissolve latanoprost in the vehicle. The temperature of the solution was returned to room temperature,
and then pH was confirmed to be 6.7. Water for injection was added to the solution to adjust total volume to 100 ml. In
a glass test tube was placed precisely 10 ml of the latanoprost solution, 50, 100, 150 or 200 m l of a 1% BAK (a mixture
of compounds having 12, 14 and 16 carbon atoms of alkyl R in the above chemical structural formula) solution was
added thereto, and they were mixed. These formulations are shown in Table 1.

2) Formulations 1 to 3 were prepared as follows.

[0048] Purified water (approximately 90 ml) was placed in a 100 ml-glass beaker. Crystalline sodium dihydrogenphos-
phate (0.2 g), sodium chloride (0.9 g) and each surfactant were dissolved in the purified water so that each concentration
was the value shown in Table 2, pH was adjusted to 6.7 with an aqueous sodium hydroxide solution or diluted hydrochloric
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acid, and purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100
ml) was added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to
dissolve latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was
confirmed to be 6.7. Water for injection was added to the solution to adjust total volume to 100 ml. In a glass test tube
was placed precisely 10 ml of the latanoprost solution, 100 m l of a 1% BAK (a mixture of compounds having 12, 14 and
16 carbon atoms of alkyl R in the above chemical structural formula) solution was added thereto, and they were mixed.
These formulations are shown in Table 2.

3) Formulations 4 and 5 were prepared as follows.

[0049] Purified water (approximately 90 ml) was placed in a 100 ml-glass beaker. Crystalline sodium dihydrogenphos-
phate (0.2 g) and sodium chloride (0.9 g) were dissolved in the purified water, pH was adjusted to 6.7 with a 1 N aqueous
sodium hydroxide solution, and purified water was added to the mixture so that total volume was 100 ml to give a vehicle.
The vehicle (100 ml) was added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at
about 80°C to dissolve latanoprost in the vehicle. The temperature of the solution was returned to room temperature,
and then pH was confirmed to be 6.7. Water for injection was added to the solution to adjust total volume to 100 ml. In
a glass test tube was placed precisely 10 ml of the latanoprost solution, 50 or 100 m l of a 1% BAK-C12 solution was
added thereto, and they were mixed. These formulations are shown in Table 3.

4) Formulations 6 to 10 were prepared as follows.

[0050] Purified water (approximately 90 ml) was placed in a 100 ml-glass beaker. Crystalline sodium dihydrogenphos-
phate (0.2 g) and each nonionic tonicity agent were dissolved in the purified water so that each concentration was the
value shown in Table 4, pH was adjusted to 6.7 with an aqueous sodium hydroxide solution or diluted hydrochloric acid,
and purified water was added to the mixture so that total volume was 100 ml to give a vehicle. The vehicle (100 ml) was
added to latanoprost (5 mg), and the mixture was stirred while warming it in a water bath at about 80°C to dissolve
latanoprost in the vehicle. The temperature of the solution was returned to room temperature, and then pH was confirmed
to be 6.7. Water for injection was added to the solution to adjust total volume to 100 ml. Into a glass test tube was placed
precisely 10 ml of the latanoprost solution, 100 m l of a 1% BAK (a mixture of compounds having 12, 14 and 16 carbon
atoms of alkyl R in the above chemical structural formula) solution was added thereto, and they were mixed. These
formulations are shown in Table 4.

5) Appearance of each solution prepared by the above-mentioned method was observed, and precisely 1 ml of each
solution was sampled in a 25-ml messflask. Nine milliliters of each remaining solution were filtered with a 0.22 - m
m filter.
6) Latanoprost concentrations in the solutions were measured before and after filtration by high performance liquid
chromatography, and residual ratios were calculated.

Table 1

Comparative 
formulation 1

Comparative 
formulation 2

Comparative 
formulation 3

Comparative 
formulation 4

Latanoprost 0.005 0.005 0.005 0.005

Crystalline sodium 
dihydrogenphosphate

0.2 0.2 0.2 0.2

Sodium chloride 0.9 0.9 0.9 0.9

BAK 0.02 0.015 0.01 0.005

Diluted hydrochloric acid q.s. q.s. q.s. q.s.

Sodium hydroxide q.s. q.s. q.s. q.s.

Purified water q.s. q.s. q.s. q.s.

(Unit in Table: % (W/V), q.s.: quantum sufficient)
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Table 2

Formulation 1 Formulation 2 Formulation 3

Latanoprost 0.005 0.005 0.005

Crystalline sodium dihydrogenphosphate 0.2 0.2 0.2

Sodium chloride 0.9 0.9 0.9

BAK 0.01 0.01 0.01

Polysorbate 80 0.01 - -

Polyoxyethylene hydrogenated castor oil 60 - 0.01 -

Polyoxyl 35 castor oil - - 0.01

Diluted hydrochloric acid q.s. q.s. q.s.

Sodium hydroxide q.s. q.s. q.s.

Purified water q.s. q.s. q.s.

(Unit in Table: % (W/V), q.s.: quantum sufficient)

Table 3

Formulation 4 Formulation 5

Latanoprost 0.005 0.005

Crystalline sodium dihydrogenphosphate 0.2 0.2

Sodium chloride 0.9 0.9

BAK C-12 0.01 0.005

Diluted hydrochloric acid q.s. q.s.

Sodium hydroxide q.s. q.s.

Purified water q.s. q.s.

(Unit in Table: % (W/V), q.s.: quantum sufficient)

Table 4

Formulation 6 Formulation 7 Formulation 8 Formulation 9 Formulation 10

Latanoprost 0.005 0.005 0.005 0.005 0.005

Crystalline sodium 
dihydrogenphosphate

0.2 0.2 0.2 0.2 0.2

BAK 0.01 0.01 0.01 0.01 0.01

Concentrated glycerin 2.5 - - - -

Mannitol - 5 - - -

PEG 400 - - 8.5 - -

Propylene glycol - - - 2.1 -

Trehalose - - - - 9.25

Diluted hydrochloric acid q.s. q.s. q.s. q.s. q.s.

Sodium hydroxide q.s. q.s. q.s. q.s. q.s.
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Results

[0051] Table 5 shows results of appearance observation and residual ratio measurement of comparative formulations
1 to 4. In comparative formulations 1 and 2 containing 0.02% or 0.015% of BAK added to latanoprost, appearance was
colorless and transparent, and residual ratios were 96.8 to 99.4%. That is to say, the formulations did not change.
However, in comparative formulations 3 and 4 containing 0.01% or 0.005% of BAK, white turbidity was observed, and
residual ratios decreased. That is to say, the formulations changed.
[0052] Table 6 shows results of appearance observation and residual ratio measurement of formulations 1 to 3 (means
1). In comparative formulations 3 and 4, white turbidity was observed, and the residual ratios decreased. To the contrary,
in formulations 1 to 3 containing the surfactant, white turbidity was not observed, and residual ratios kept high values,
i.e., 97.2 to 99.8%. These results show that when the surfactant is added to the formulations comprising latanoprost
and BAK, the surfactant prevents the formulation from changing, and thereby stable and clear ophthalmic solutions are
obtained.
[0053] Table 7 shows results of appearance observation and residual ratio measurement of formulations 4 and 5
(means 2). In comparative formulations 3 and 4 using BAK, white turbidity was observed, and the residual ratios de-
creased. To the contrary, in formulations 4 and 5 containing BAK-C12 instead of BAK, white turbidity was not observed,
and residual ratios were 97.3 to 98.2%. That is to say, the formulations did not change. These results show that when
BAK-C12 is added instead of BAK to the formulation comprising latanoprost, BAK-C12 prevents the formulation from
changing, and thereby stable and clear ophthalmic solutions are obtained.
[0054] Table 8 shows results of appearance observation and residual ratio measurement of formulations 6 to 10. In
comparative formulations 3 and 4 containing sodium chloride as the tonicity agent, white turbidity was observed, and
the residual ratios decreased. To the contrary, in formulations 6 to 10 containing the nonionic tonicity agent instead of
sodium chloride, white turbidity was not observed, and residual ratios were 94.6 to 98.6%. That is to say, the formulations
did not change. These results show that when the nonionic tonicity agent is added as a tonicity agent to the formulations
comprising latanoprost and BAK, the agent prevents the formulation from changing, and thereby stable and clear oph-
thalmic solutions are obtained.

(continued)

Formulation 6 Formulation 7 Formulation 8 Formulation 9 Formulation 10

Purified water q.s. q.s. q.s. q.s. q.s.

(Unit in Table: % (W/V), q.s.: quantum sufficient)

Table 5

Comparative 
formulation 1

Comparative 
formulation 2

Comparative 
formulation 3

Comparative 
formulation 4

Appearance Colorless and 
transparent

Colorless and 
transparent

White turbidity White turbidity

Residual 
ratio (%)

99.4 96.8 67.3 83.5

Table 6

Formulation 1 Formulation 2 Formulation 3

Appearance Colorless and transparent Colorless and transparent Colorless and transparent

Residual ratio (%) 99.8 98.0 97.2

Table 7

Formulation 4 Formulation 5

Appearance Colorless and transparent Colorless and transparent
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Experiment 2: Antimicrobial effectiveness tests

[0055] Antimicrobial effectiveness tests were carried out for the above-mentioned Examples 1-1, 2-1 and 3-1, according
to the antimicrobial effectiveness test method described in the 13th revised Japanese Pharmacopoeia.
[0056] Test results are shown in Table 9. In the case of bacteria, after four weeks from inoculation, the bacteria was
not detected in any Examples. In the case of fungus, after four weeks from inoculation, the fungus was not detected or
the number was remarkably fewer than that of inoculated fungus. Accordingly, the preservative effect was found to be
sufficiently exhibited.

Industrial Applicability

[0057] By adding a surfactant, clear latanoprost ophthalmic solutions can be provided.even if a BAK concentration is
lowered. In addition, by using BAK-C12 as a preservative, clear latanoprost ophthalmic solutions can be provided even
if the BAK concentration is lowered, too. Further, by adding a nonionic tonicity agent, clear latanoprost ophthalmic
solutions can be also provided even if the BAK concentration is lowered.

Claims

1. A clear ophthalmic solution comprising latanoprost as an active ingredient wherein white turbidity due to a change
of formulation is prevented by using as the preservative, benzalkonium chloride represented by the formula of
[C6H5CH2N(CH3)2R] Cl, wherein R is an alkyl group having 12 carbon atoms.

2. The ophthalmic solution according to claim 1, wherein a latanoprost concentration is 0.001 to 0.01 % (W/V), and a
benzalkonium chloride concentration is 0.003 to 0.01 % (W/V).

3. A method of preventing white turbidity due to a change of formulation in an ophthalmic solution comprising latanoprost
as an active ingredient using as the preservative, benzalkonium chloride represented by the formula of
[C6H5CH2N(CH3)2R] Cl, wherein R is an alkyl group having 12 carbon atoms.

(continued)

Formulation 4 Formulation 5

Residual ratio (%) 97.3 98.2

Table 8

Formulation 6 Formulation 7 Formulation 8 Formulation 9 Formulation 10

Appearance Colorless and 
transparent

Colorless and 
transparent

Colorless and 
transparent

Colorless and 
transparent

Colorless and 
transparent

Residual 
ratio (%)

98.6 96.0 94.6 98.2 96.2

Table 9

Microbe number on inoculation Microbe number after four weeks

Example 1-1 Example 2-1 Example 3-1

Bacteria E.coli 1.43106 Not detected Not detected Not detected

P.areruginosa 8.93106 Not detected Not detected Not detected

S.aureus 2.23106 Not detected Not detected Not detected

Fungus C.albicans 8.23106 Not detected Not detected 1.13103

A.niger 9.03106 Not detected 10 or fewer Not detected
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4. The method of preventing white turbidity according to claim 3, wherein a latanoprost concentration is 0.001 to 0.01
% (W/V), and a benzalkonium chloride concentration is 0.003 to 0.01 % (W/V).

Patentansprüche

1. Eine klare ophthalmische Lösung, die Latanoprost als aktiven Bestandteil enthält, wobei weiße Trübung aufgrund
einer Änderung der Formulierung verhindert wird, indem als Konservierungsmittel Benzalkoniumchlorid, dargestellt
durch die Formel [C6H5CH2N(CH3)2R] Cl worin R eine Alkylgruppe mit 12 Kohlenstoffatomen ist, verwendet wird

2. Ophthalmische Lösung nach Anspruch 1, wobei eine Latanoprostkonzentration 0,001 bis 0,01% (G / V) beträgt und
eine Benzalkoniumchloridkonzentration 0,003 bis 0,01% (G / V) beträgt.

3. Verfahren zur Verhinderung einer weißen Trübung aufgrund einer Formulierungsänderung in einer ophthalmischen
Lösung, die Latanoprost als aktiven Bestandteil enthält, wobei als Konservierungsmittel Benzalkoniumchlorid, dar-
gestellt durch die Formel von [C6H5CH2N (CH3)2R] Cl, worin R eine Alkylgruppe mit 12 Kohlenstoffatomen ist,
verwendet wird

4. Verfahren zur Verhinderung einer weißen Trübung nach Anspruch 3, wobei eine Latanoprostkonzentration 0,001
bis 0,01% (P / V) beträgt und eine Benzalkoniumchloridkonzentration 0,003 bis 0,01% (P / V) beträgt.

Revendications

1. Solution ophtalmique claire comprenant du latanoprost comme ingrédient actif dans laquelle la turbidité blanche
due à un changement de formulation est empêchée en utilisant comme conservateur, le chlorure de benzalkonium
représenté par la formule [C6H5CH2N (CH3)2R] Cl dans laquelle R représente un groupe alkyle ayant 12 atomes
de carbone.

2. Solution ophtalmique selon la revendication 1, dans laquelle une concentration en latanoprost est de 0,001 à 0,01%
(P / V), et une concentration en chlorure de benzalkonium est de 0,003 à 0,01% (P / V).

3. Procédé de prévention de la turbidité blanche due à un changement de formulation dans une solution ophtalmique
comprenant du latanoprost comme ingrédient actif en utilisant comme conservateur, le chlorure de benzalkonium
représenté par la formule [C6H5CH2N (CH3)2R] Cl dans laquelle R représente un groupe alkyle ayant 12 atomes
de carbone.

4. Procédé de prévention de la turbidité blanche selon la revendication 3, dans lequel une concentration en latanoprost
est de 0,001 à 0,01% (P / V), et une concentration en chlorure de benzalkonium est de 0,003 à 0,01% (P / V).
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