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Abstract

An object of the present invention is to provide better formulations of
a latanoprost ophthalmic solution. The present invention provides a clear
ophthalmic solution comprising latanoprost as an active ingredient and
benzalkonium chloride as a preservative wherein white turbidity due to a change

of formulation is prevented by adding a nonionic tonicity agent as a tonicity agent.
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Specification
Clear Ophthalmic Solution Comprising Latanoprost as Active Ingredient

This is a divisional application of Canadian Patent Application
CA 2,498,233 filed September 8, 2003.

Technical Field

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.

The subject-matter of this divisional application relates to clear
ophthalmic solutions comprising latanoprost, benzalkonium chloride, and a
nonionic tonicity agent. However, it should be understood that the expression
“present invention” throughout the specification encompasses the subject-matter_s

of both the parent and divisional application.

Background Art

Latanoprost is a prostaglandin-type therapeutic agent for glaucoma
represented by a chemical name of isopropyl (£)-7[(1 R-,2R,3R,58)3,5i-dihydroxy-2-
[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5-heptanoate. Latanoprost is a
selective 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 ophthaimic solution |

containing 0.005% latanoprost (trade name: Xalatan ophthalmic solution) is

commercially available.

An object-of the present invention is to provide better formulations of
a latanoprost ophthalmic solution.
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As a preservative of the ophthalmic solution,
benzalkonium chloride (hereinafter abbreviated as “BAK”)
1s the most widely used from the standpoint of effects and
the like. However, while BAK has an excelllent
preservative effect, BAK may cause corneal disorders when
it 1S u'sed at a high concentration. AcCordingly, when BAK
1s added to the ophthalmic solution, it is desirable to lower
1ts concentration as low as possible.

BAK described in the specification means a mixture

of compounds having a chemical structure represented by

[CeHs5CH:N(CH3)2R]ICl wherein alkyl (represented by R) is
CsHi7~Ci1sHar7.

BAK is defined as follows in Japanese, United States

and European Pharmacopoeia.

Japanese Pharmacopoeia: BAK is represented by
[CeHsCH2N(CH3)2RICl wherein R is CsHi7~CisH37 and
mainly comprises Ci;3Hss and Ci14Hsg.

United States Pharmacopoeia: BAK is a mixture of

alkylbenzyldimethylammonium chloride represented by

[CeHsCH2N(CH3)2RICl wherein R is a mixture of all or

some alkyl groups which are higher than CgsH,7 and mainly

comprises Cia2Has, Ci14Hs9 and Ci16H3as.
Furopean Pharmacopoeia: BAK is a mixture of

alkylbenzyldimethylammonium chloride wherein alkyl has

chain length of Cs to C;s.
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On the other hand, a tonicity agent 1s usually added
to the ophthalmic solution in order to keep 1sotonicity and
is exemplified by inorganic salts such as alkali metal salts
such as sodium chloride and alkaline earth metal salts

such as magnesium chloride.

Further, a buffer is usually added to the ophthalmic
solution in order to prevent a change of pH and is
exemplified by 1norganic salts such as sodium phosphate
and sodium borate and organic salts such as sodium
acetate, sodium citrate and sodium carbonate.

The tonicity agent and the buffer are contained in a
commercially available latanoprost ophthalniic solution.

The present 1nventors prepared and studied

latanoprost ophthalmic solutions containing these

widely-used additives.

As a result, surprisingly it was turned out that white
turbidity is not observed at a BAK concentration of 0.015%
or h'igher, 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
1s precipitated due to a salt‘ing-out effect by salts, i.e.
additives. The present inventors discovered the fact, to
their sur.pris'e, that the complex is not precipitated until
the BAK concentration- 1S Jowered to 0.01% or lower. Since

the commercially available latanoprost ophthalmic
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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 1S the
excellent preséryative, 1t may cause the corneal disorders
when used at the high concentration. Accordingly, when

BAK 1s added to the ophthalmic solution, it 1s desirable to

lower 1ts concentration as low as possible.

Disclosure of the Invention

First Studying various additives for preventing
white turbidity, the present inventors found that white
turbidity can be prevented by adding a surfactant.

Carrying dut 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.

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 toni.cify agent. As a result, it was found that white
turbidity can be prevented by using nonionic tonicity

agents as tonicity agents.

Namely, it was found that a clear ophthalmic
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solution comprising latanoprost as an active ingredient
and benzalkonium chloride as a preservative, wherein
white turbidity due to a change of formulation 1s prevented
by at least one means selected from the following 1) to 3),
1s-obtained;

1) adding a surfactant,

2) using benzalkonium chloride represented by the formula
of [CeHsCH2N(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.

The invention comprises both the solution above and a method

of preventing white turbidity in the manner described above.

The above-mentioned three means can be used solely

or in combination.
A concentration of latanoprost, which is the active
ingredient of the ophthalmic solution 1n the . present

invention, 1s preferably 0.001 to 0.01% (W/V), particularly

preferably 0.005% (W/V).

The first means in the present invention is adding a
surfactant. When the surfactant is added, the clear
latanoprost ophthalmic solution wherein Whifé turbidity is

prevented can be obtained independently of the kind of

| - ton‘icity agent and the kipd of BAK.

Exampl'es of s‘urfactants - are Polysorbate 80,
polyo‘ﬁyethylene hydrogénated castor oil 60, polyoxyi 35
castgr o1l, polyethylene glycol monostearate, ‘mac‘rog-ol
4000, 1ecithin, s-‘ucrose ester, polyoxyethylene alkyl ether,

3
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polyoxyl stéarate, po_lyoxye.thylene polyoxypropylene
glycol and the l'ike,. preferably Polysorbate 80,
polyoxyethylene hydrogenated castor o0il 60 and polyoxyl
35 castor o1l. A concentration of the surfactant 1is
preferably 0.001 to 0.5%.

The second means in the present invention is using
benzalkonium chloride represented by the formula of
[CcHsCH:N(CH3)2RICl (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-Ci2”)
means benzalkonium chloride which has a chemical
structure represented by [CeHs5CH2N(CH3)2RICl and whose
alkyl (represented by R in the formula) is Ci;2Hoss.

The clear latanoprost ophthalmic solution wherein
white turbidity 1S prevented can be obtained
independently of the kind of tonicity agent by wusing
BAK-Ciz as a preservative.

Commercially available BAK-Ci2 can be used. A
concentration of BAK-C1‘2 is preferably 0.01% (W/V) or
lower. When the BAK concentration is too low, the
sﬁfficient preservative effect 1s not exhibited. Accordingly,

a more preferred BAK concentration is in the range of

0.003 to 0.01% (W/V).

The third means in the present invention is adding a
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nonionic tonicity agent as a tonicity agent. The clear
latanoprost ophthalmic solution wherein white turbidity 1s
prevented can be obtained independently of the kind of
BAK by using the nonionic tonicity agent. When the
nonionic tonicity agent i1s 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 1s prevented.

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.

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, potassiuﬁl phosp.hate,' potassium
dihydrogenphosphate and dipotassium
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
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carbonate and sodium hydrogencarbonate. Examples of pH adjusting agents are
hydrochloric acid, citric acid, phosphoric acid, acetic acid, sodium hydroxidé,
potassium hydroxide and the like. Examples of solubilizers are Polysorbate 80,

polyoxyethylene hydrogenated castor oil 60, macrogol 4000 and the like. Examples

5 of viscous agents are hydroxypropylmethyicellulose,
hydroxypropylceliulose,
polyvinyl alcohol, carboxyvinyl polymer,
polyvinylpyrrolidone and the like.

A salt such as sodium chloride, potassium chloride, calcium chioride or

10 magnesium chloride can be added as the tonicity agent in the means 1 and 2.

pH of the ophthalmic solution of the present invention is preferably

adjusted to 3 to 8, more preferably 4 to /.

The ophthalmic solution of the present invention can be prepared by

widely-used processes.

15 | One aspect of the invention relates to a clear ophthalmic solution
comprising latanoprost having a concentration of 0.005%(W/V) and benzalkonium
chloride having a concentration of 0.003 to 0.01%(W/V) as a preservative wherein
white turbidity due to a change of formulation is prevented by adding at least one of
glycerin, polyethylene glycol, propylene glycol and trehalose each having a

20 concentration which can be isotonic.

Another aspect of the invention relates to a method of preventing white
turbidity due to a change of formulation in an ophthalmic solution comprising
latanoprost having a concentration of 0.005%(W/V) and benzalkonium chloride
having a concentration of 0.003 to 0.01%(W/V) as a preservative wherein white

25 turbidity due to a change of formulation is prevented by adding at least one of
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glycerin, polyethylene glycol, propylene glycol and trehalose each having a
concentration which can be isotonic.

Best Mode for Carrying out the Invention
Examples according to means 1)

Example 1-1

Crystalline sodium dihydrogenphosphate (0.2 g), sodium chloride

(0.8 g), Polysorbate 80 (0.01 g) and benzalkonium chloride (0.01 g) were dissolved In
purified

8a
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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 latanopro.st (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

Crystalline sodium dihydro—genphosphate (0.2 g),
sodium chlbride (0.8 g), polyoxyethylene hydrogenated
castor oil 60 (0.01 g) and benzalkonium chloride (0.01 )
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 é 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
Crystalline sodium dihydrogenphosphate (0.2 ¢),

sodium chloride (0.8 g), polyoxyl 35 castor oil 60 (0.01 g)
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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 1in a water bath at about 80°C to
dissolve 1atanoprost 1n 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)
Examfple 2-1

Crystalline sodium dihydrogenphosphate (0.2 g),
sodium chloride (0.8 g) and BAK-Ciz (0.01 g) were
dissolved in purified Water (approximately 90 ml), pH was
adjusted to 6.7 with -a 1 N aqueous sodium hydrdxide

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

10
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Crystalline sodium dihydrogenphosphate (0.2 ¢g),
sodium chloride (0.8 g) and BAK-C;:z (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 mi to give a vehicle. The vehicle
(100 ml) was added to latanoprost (5 mg), and the mixture
was stirred while warming 1t 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 acco.rding to means 3)
Example 3-1

Crystalline sodium dihydrogenphosph‘ate' (0.2 ),
concentrated glycerin (2.3 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 t'he mixture
ﬁvas st.irred 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.

11
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Example 3-2

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 hydrbxide solution, and
purified water was added to the mixture so that tlotal
volume was 160 ml to give a vehicle. The vehicle (100 ml)
was added to' létanoprost (5 mg), and the mixture was
stirfed while warming i1t in a water bath at about 80C 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

Crystalline sodium ' dihydrogenphosphate (0.2 g),
polyethylene glycol 400 (8.0 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 vo‘1u~me was 100 ml to give a Vehi‘cle. The vehicle
(100 ml) was added to latanoprost (5 mg), an‘d. the mixture
was stirred while warming it in a water bath at about 80°C
to dissolve latanoprost in the vehicle. The -témperature of

the solution was returned to room temperature, and then

12
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pH was confirmed to be 6.7.

Example 3-4
Crystalline sodium dihydr-ogenphosphate. (0.2 ¢g),
propylene glycol (2.0 g) and BAK (0.01 ¢) 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
d1ssolve 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

Crystalline sodium d1hydrogenphosphate (0.2 g),
trehalose (9.0 g) and BAK (O 01 g) were dissolved in
purified water (approx1mately 90 ml), pH was adjusted to
6.7 with a 1 -N agqueous 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

13
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solution was returned to room temperature, and then pH

was confirmed to be 6.7.

Experiment 1: Measurement of residual ratio of
latanoprost and obseriration of appearance
1) Comparative formulations 1 to 4 were prepa‘red as
follows.

Purified water (approximately 90 ml) was placed in a
100 ml-glass beaker. Crystalline sodium
dihydrogenphosphate (0.2 g) and sodium chlorid'e (0.9 g)
were dissolved 1n the purified water, pH was adjusted to
6.7 with a 1 N aqueoﬁs 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 m1)
was added to latanoprost (5 mg), and the mixture was
stirred while warming i1t in a wate.r bath at about 80°C to
dissolve latanopros't in the vehicle. The temﬁerature of the
s\olution was retu-rned 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
tesht tube was placed precisely 10 ml of the latanoprost
solution, 50, '100, 150 or 200 ¢ 1 of a 1% BAK (a mixture of
compounds havin‘g 12, 14 and 16 carbon atoms of alkyl R 1n

the above chemical structural formula) solution was added

thereto, and they w_ére mixed. These formulations are

14
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shown in Table 1.
2) Formulations 1 to 3 were prepared as follows.

Purified water (approximately 90 ml) was placed in a
100 ml-glass beaker. Crystalline sodium
dihydrogenphosphate (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 agqueous sodium hydroxide
solution or diluted hydrochloric aclid, and purified water
was added to the mixture so that total volume was 100 ml-
to give a vehicle. Thé 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
so_lution to adjust total volume to 100 ml. In a glass test
tube was placed precisely 10 ml of the latanoprost
solution, 100 1 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 thei‘e.to,
ahd they were mixed. These formulations are shown in

Table 2.

3) Formulations 4 and 5 were prepared as follows.

Purified water (approximately 90 ml) was placed in a

1
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100 ml-glass beaker. Crystalline sodium

dihydrogenphosphate (0.2 g) and sodium chloride (0.9 g)
were diseolved 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 S0 that total
volume was 100 ml to cive a vehicle. The vehicle (1'00 nil)
was added to latanoprost (5 mg), and the mixture was
stirred while warming it in a water bath at about 80C 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 mi. In a glass
test tube was placed precisely,. 10 ml of the latanoprost
solution, 50 or 100 2«1 of a 1% BAK-Ci2 solution was

added thereto, and they were mixed. These formulations

are shown in Table 3.
4) Formulations 6 to 10 were prepared as follows.

' Purified water (approXimately 90 ml) Was placed 1n a
100 ml-glass beaker. Crystalline sodium
dihydrogenphosphate (0.2 g) and each nonionic tonicity
agent were dissolved 1n the purified water so that each
concentration Wa's the value shown in Table 4, pH was
adjust_ed 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

16
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vehicle. The vehicle (100 ml) was added to latanoprost (5
mg), and the mixture was stirred while Warming 1t 1n 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 £ 1 of a 1%
BAK (a mixture of compounds having 12, 14 and 16 carbon
atoms of alkyl R in the ébove 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
abdve-mentioned m‘ethod was observed, and precisely 1 mi
of each solution was sampled in a 25-ml messflask. Nine

milliliters of each remaining solution were filtered with a

0.22- 1 m filter.
6) Latanoprost concentrations in the solutions were
measured before and after filtration by high performance

liquid chromatography, and residual ratios were

calculated.

17
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- Table 3
Formulation | Formulation
4 5

Latanoprbst 0.005 ' 0.005

Crystalline sodium 0.2 0.2
ddihydrogenphosphate

'Sodium chloride | 0.9 0.9

| BAK C-12 . 0.01 0.005
‘{Diluted hydrochloric q.s. q.s.
[acid__ .

iSodium hydroicide . q.s. q.s.
le’urif_i(:)d water q.S. q.S.

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

20
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Results

Table 5 shows results of appearance obseryation-and
residual ratio measurement of comp arative 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 1s to say, the formulations did not
change. However, 1in comparative formulations 3 and 4
containing 0.01% or 0.005% of.BAK, white turbidity was
observed, ahd residual ratios decreased. That 1s to say,
the formulations changed.

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,
whit‘e turbidity was not obsérved, and reéidual ratios
képt high values, i.e., 97.2 to 99.8%. These results show
that when the surfactant is added to the formulations
c’omprising latanoprost énd BAK, the surfactant prevents
the formulation from changing, and thereby stable and
clear ophthalmic solutions are obtained. ‘

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
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BAK, white turbidity was observed, and the residual
ratios decreased. To the contrary, in formulations 4 and 5
containing BAK-Ci2 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-C,2 is added instead of BAK
to the formulation comprising latanoprbst, BAK-Cio
prevents the formulation from changing, and thereby
stable and clear ophthalmic solutions are obtained.
Table 8 shows results of appearance observation and
residual ratio measurement of formulations 6 to 10. In
gomparative 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 chloi‘ide, white.turbidity
was not observed, and residual ratios were 94.6 to 98 6%
That 1s to say, the formulations did not change. These
results show that when the nonion;ic tonicity agent is
added as a tonicity agent to the formulations comprising
latanoprost and BAK, the agent prevents the"formulhation

from changing, and thereby stable and clear ophthalmic

solutions are obtained.
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Experiment 2: Antimicrobial effectiveness tests

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.

Test results are shown in Table 9. In the case of
bacteria, after four weeks from inoculation, the bacteria
was nqt 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.
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Industrial Applicability

By adding a surfactant, clear latanoprost ophthalmic
solutions can be provided even 1f a BAK concentration 1S
lowered. In addition, b'y.using BAK-Ci12 as a preservative,
clear latanoprost op\hthalmic solutions can be 'proxfided
even if the BAK concentration is lowered, too. Further, by
adding a mnonionic tonicity a-gent, clear latanoprost
ophthalmic solutions can be also provided even 1f the BAK

concentration 1s lowered.
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CLAIMS:

1. A clear ophthalmic solution comprising latanoprost having a
concentration of 0.005%(W/V) and benzalkonium chloride having a concentration of
0.003 to 0.01%(W/V) as a preservative wherein white turbidity due to a change of
formulation is prevented by adding at least one of glycerin, polyethylene glycol,

propylene glycol and trehalose each having a concentration which can be isotonic.

2. A method of preventing white turbidity due to a change of formulation in
an ophthalmic solution comprising latanoprost having a concentration of
0.005%(W/) and benzalkonium chloride having a concentration of

0.003 to 0.01%(W/V) as a preservative wherein white turbidity due to a change of
formulation is prevented by adding at least one of glycerin, polyethylene glycol,

propylene glycol and trehalose each having a concentration which can be isotonic.
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