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Topical formulations of olopatadine for treatmentof allergic
or inflammatory disorders of the eye and noseare disclosed.
The aqueous formulations contain approximately
0.17-0.62% (w/v) of olopatadine and an amountof polyvi-
nylpyrrolidone or polystyrene sulfonic acid sufficient to
enhance the physical stability of the formulations.
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OLOPATADINE FORMULATIONS FOR
TOPICAL ADMINISTRATION

This application claims priority to U.S. Provisional
Application Ser. No. 60/301,315, filed Jun. 27, 2001.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to topical formulations used
for treating allergic and inflammatory diseases. More
particularly, the present invention relates to formulations of
olopatadine and their use for treating and/or preventing
allergic or inflammatory disorders of the eye and nose.

2. Description of the Related Art

As taught in U.S. Pat. Nos. 4,871,865 and 4,923,892, both
assigned to Burroughs Wellcome Co. (“the Burroughs
Wellcome Patents”), certain carboxylic acid derivatives of
doxepin, including olopatadine (chemical name: Z-11-(3-
dimethylaminopropylidene)-6,11-dihydrodibenz[b,e]
oxepine-2-acetic acid), have antihistamine and antiasthmatic
activity. These two patents classify the carboxylic acid
derivatives of doxepin as mast cell stabilizers with antihis-
taminic action because they are believed to inhibit the
release of autacoids (i.e., histamine, serotonin, and the like)
from mastcells and to inhibit directly histamine’s effects on
target tissues. The Burroughs Wellcome Patents teach vari-
ous pharmaceutical formulations containing the carboxylic
acid derivatives of doxepin, including nasal spray and oph-
thalmic formulations. See, for example, Col. 7, lines 7-26,
and Examples 8 (H) and 8 (1) of the ’865 patent.

U.S. Pat. No. 5,116,863, assigned to Kyowa Hakko
Kogyo Co., Ltd., (“the Kyowa patent”), teaches that acetic
acid derivatives of doxepin and, in particular, olopatadine,
have anti-allergic and anti-inflammatory activity. Olopata-
dine is the cis form of the compound having the formula:

CH,CH)N(CH3)2

CH,COOH

oO

Medicament forms taught by the Kyowapatentfor the acetic
acid derivatives of doxepin include a wide range of accept-
able carriers; however, only oral and injection administra-
tion forms are mentioned.

US. Pat. No. 5,641,805, assigned to Alcon Laboratories,
Inc. and Kyowa Hakko Kogyo Co., Ltd., teaches topical
ophthalmic formulations containing olopatadine for treating
allergic eye diseases. According to the °805 patent, the
topical formulations may be solutions, suspensionsorgels.
The formulations contain olopatadine, an isotonic agent, and
“if required, a preservative, a buffering agent, a stabilizer, a
viscous vehicle and the like.”See Col. 6, lines 30-43.
“[P]olyvinyl alcohol, polyvinylpyrrolidone, polyacrylic acid
or the like” are mentioned as the viscous vehicle. See Col.

6, lines 55-57.
PATANOL® (olopatadine hydrochloride ophthalmic

solution) 0.1% is currently the only commercially available
olopatadine product for ophthalmic use. According to its
labelling information, it contains olopatadine hydrochloride
equivalent to 0.1% olopatadine, 0.01% benzalkonium
chloride, and unspecified amounts of sodium chloride, diba-
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sic sodium phosphate, hydrochloric acid and/or sodium
hydroxide (to adjust pH) and purified water. It does not
contain polyvinyl alcohol, polyvinylpyrrolidone, poly-
acrylic acid or any other polymeric ingredient.

Topical olopatadine formulations that have prolonged
therapeutic activity and are effective as productsfor treating
allergic or inflammatory conditions in the eye and nose are
desirable. Topical olopatadine formulationsthat are effective
as once-a-day productsfor treating allergic conditions in the
eye are desirable.

SUMMARYOF THE INVENTION

The present invention provides topical olopatadine for-
mulations that are effective as once-a-day products for
treating allergic or inflammatory disorders of the eye and are
effective for treating allergic or inflammatory disorders of
the nose. The formulations of the present invention are
aqueous solutions that comprise approximately 0.2-0.6%
olopatadine. In addition to their relatively high concentra-
tion of olopatadine, they also contain an amountof polyvi-
nylpyrrolidone or polystyrene sulfonic acid sufficient to
enhance the physical stability of the solutions.

Amongother factors, the present invention is based on the
finding that polyvinylpryrrolidone and polystyrene sulfonic
acid, unlike polyvinyl alcohol and the polyacrylic acid
carbomer 974P, enhance the physical stability of solutions
containing approximately 0.2-0.6% olopatadine.

DETAILED DESCRIPTION OF THE
INVENTION

Unless indicated otherwise, all component amounts are
presented on a % (w/v) basis andall references to olopata-
dine are to olopatadine free base.

Olopatadine is a Known compoundthat can be obtained
by the methods disclosed in U.S. Pat. No. 5,116,863, the
entire contents of which are hereby incorporated byrefer-
ence in the present specification. The solution formulations
of the present invention contain 0.17-0.62% olopatadine.
Preferably, the solution formulations intended for use in the
eye contain 0.17-0.25% olopatadine, and most preferably
0.18-0.22% olopatadine. Preferably, the solution formula-
tions intended for use in the nose contain 0.38-0.62%

olopatadine.

Generally, olopatadine will be added in the form of a
pharmaceutically acceptable salt. Examples of the pharma-
ceutically acceptable salts of olopatadine include inorganic
acid salts such as hydrochloride, hydrobromide, sulfate and
phosphate; organic acid salts such as acetate, maleate,
fumarate, tartrate and citrate; alkali metal salts such as
sodium salt and potassium salt; alkaline earth metal salts
such as magnesium salt and calcium salt; metal salts such as
aluminum salt and zinc salt; and organic amine addition salts
such as triethylamine addition salt (also known as
tromethamine), morpholine addition salt and piperidine
addition salt. The most preferred form of olopatadine for use
in the solution compositions of the present invention is the
hydrochloride salt of (Z)-11-(3-dimethylaminopropylidene)-
6,11-dihydro-dibenz-[b,eJoxepin-2-acetic acid. When olo-
patadine is added to the compositions of the present inven-
tion in this salt form, 0.222% olopatadine hydrochloride is
equivalent to 0.2% olopatadine free base, 0.443% olopata-
dine hydrochloride is equivalent to 0.4% olopatadine free
base, and 0.665% olopatadine hydrochlorideis equivalent to
0.6% olopatadine free base.

In addition to olopatadine, the aqueous solution compo-
sitions of the present invention comprise polyvinylpyrroli-
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done or polystyrene sulfonic acid in an amountsufficient to
enhance the physical stability of the composition. Polyvi-
nylpyrrolidone and polystyrene sulfonic acid are known
polymers and both are commercially available from a vari-
ety of sources in different grades and in a number of
molecular weights. For example, polyvinylpyrrolidone is
available in many grades from International Specialty Prod-
ucts (Wayne, N.J.): Plasdone® C-15 (weight avg. MW=8K),
K-26/28 (weight avg. MW=30K), K-29/32 (weight avg.
MW>=58K), K-30 (weight avg. MW=50K)and K-90 (weight
avg. MW=1300K). Also, polyvinylpyrrolidone is available
from BASF Corporation under the Kollidon brand name. As
used herein, “polyvinylpyrrolidone” includes homopoly-
mers of vinylpyrrolidone and copolymers of vinylpyrroli-
done and vinyl acetate. Vinylpyrrolidone-vinyl acetate
copolymers are known as “copovidone” and are commer-
cially available from BASF Corporation as Kollidon VA 64.
The polyvinylpyrrolidone ingredient included in the solution
compositions of the present invention has a weight average
molecular weight of 5000-1,600,000. Most preferred is
polyvinylpyrrolidone having a weight average molecular
weight of 50,000-60,000. In general, the amountof poly-
vinylpyrrolidone contained in the compositions of the
present invention will be 0.1-3%, preferably 0.2-2%, and
most preferably 1.5-2%.

Polystyrene sulfonic acid is commercially available in
many grades, including for example the following grades
available from Alco Chemical, a division of National Starch
& Chemical Company: Versa TL-70 (weight avg. MW=75,
000), Versa TL-125 (weight avg. MW=200,000), and Versa
TL-502 (weight avg. MW=1,000,000). As used herein,
“polystyrene sulfonic acid” includes homopolymersofsty-
rene sulfonic acid andsalts, as well as copolymersof styrene
sulfonic acid and maleic anhydride. The polystyrene sul-
fonic acid ingredient included in the solution compositions
of the present invention has a weight average molecular
weight of 10,000-1,500,000, preferably 75,000 to 1,000,
000, and most preferably 75,000. In general, the amount of
polystyrene sulfonic acid contained in the compositions of
the present invention will be 0.1-1%, preferably 0.15-0.4%,
and most preferably 0.25%.

The compositions of the present invention comprise
0.17-0.62% olopatadine and a polymeric physical stability-
enhancing ingredient consisting essentially of polyvinylpyr-
rolidone or polystyrene sulfonic acid in an amountsufficient
to enhance the physical stability of the solution. The com-
positions of the present invention do not contain polyvinyl
alcohol, polyvinyl acrylic acid, hydroxypropylmethyl
cellulose, sodium carboxymethyl cellulose, xanthan gum or
other polymeric physical stability enhancing ingredient.

The compositions of the present invention have a viscos-
ity of 0.5-10 cps, preferably 0.5-5 cps, and most preferably
1-2 cps. This relatively low viscosity insures that the
productis comfortable, does not cause blurring, andis easily
processed during manufacturing, transfer and filling opera-
tions.

In addition to the olopatadine and polyvinylpyrrolidone
ingredients, the compositions of the present invention
optionally comprise one or more excipients. Excipients
commonly used in pharmaceutical compositions intended
for topical application to the eyes or nose, such as solutions
or sprays, include, but are not limited to, tonicity agents,
preservatives, chelating agents, buffering agents, surfactants
and antioxidants. Suitable tonicity-adjusting agents include
mannitol, sodium chloride, glycerin, sorbitol and the like.
Suitable preservatives include p-hydroxybenzoic acid ester,
benzalkonium chloride, benzododecinium bromide,

5

10

15

20

25

30

35

40

45

50

55

60

65

4

polyquaternium-1 and the like. Suitable chelating agents
include sodium edetate and the like. Suitable buffering
agents include phosphates, borates, citrates, acetates and the
like. Suitable surfactants include ionic and nonionic

surfactants, though nonionic surfactants are preferred, such
as polysorbates, polyethoxylated castor oil derivatives and
oxyethylated tertiary octylphenol formaldehyde polymer
(tyloxapol). Suitable antioxidants include sulfites,
ascorbates, BHA and BHT. The compositions of the present
invention optionally comprise an additional active agent.
With the exception of the optional preservative ingredient
(e.g., polyquaternium-1), the compositions of the present
invention preferably do not contain any polymeric ingredi-
ent other than polyvinylpyrrolidone or polystyrene sulfonic
acid.

Particularly for compositions intended to be administered
as eye drops, the compositions preferably contain a tonicity-
adjusting agent in an amount sufficient to cause the final
composition to have an ophthalmically acceptable osmola-
lity (generally 150-450 mOsm,preferably 250-350 mOsm).
The ophthalmic compositions of the present invention pref-
erably have a pH of 4-8, preferably a pH of 6.5—7.5, and
most preferably a pH of 6.8-7.2. Compositions of the
present invention intended for use in the nose preferably
have a pH of 3.5-8. Preferably, compositions intended to be
administered to the nose have a pH of 3.5-4.5, and most
preferably a pH of 3.8-4.4.

When the compositions of the present invention contain
polyvinylpyrrolidone, the polyvinylpyrrolidone ingredientis
preferably selected or processed to minimize peroxide con-
tent. Freshly produced batches of polyvinylpyrrolidone are
preferred over aged batches. Additionally, particularly in
cases where the composition will contain greater than 0.5%
polyvinylpyrrolidone, the polyvinylpyrrolidone ingredient
should be thermally treated (i.e., heated to a temperature
above room temperature) prior to mixing with olopatadine in
order to reduce the amountof peroxidesin the polyvinylpyr-
rolidone ingredient and minimizethe effect of peroxides on
the chemical stability of olopatadine. While thermally treat-
ing an aqueous solution of polyvinylpyrrolidone for pro-
longed periods will substantially reduce the amount of
peroxides, it can lead to discoloration (yellow to yellowish-
brown) of the polyvinylpyrrolidone solution. In order to
substantially reduce or eliminate peroxides without discol-
oring the polyvinylpyrrolidonesolution, the pH of the aque-
ous solution of polyvinylpyrrolidone should be adjusted to
pH 11-13 before it is subjected to heat. Much shorter heating
times are needed to achieve significant reductions in perox-
ide levels if the pH of the polyvinylpyrrolidone solution is
elevated.

One suitable method of thermally treating the polyvi-
nylpyrrolidone ingredient is as follows. First, dissolve the
polyvinylpyrrolidone ingredient in purified water to make a
4-6% solution, then raise the pH of the solution to pH
11-13, preferably 11-11.5, then heat to a temperature in the
range of 60-121° C., preferably 65-80° C. and most pref-
erably 70-75° C. The elevated temperature should be main-
tained for approximately 30-120 minutes (preferably 30
minutes). After the heated solution cools to room
temperature, add HCI to adjust the pH to 3.5-8, depending
upon the target pH for the olopatadine composition.

The compositions of the present invention are preferably
packaged in opaqueplastic containers. A preferred container
for an ophthalmic product is a low-density polyethylene
container that has been sterilized using ethylene oxide
instead of gamma-irradiation. A preferred container for a
nasal product is a high-density polyethylene container
equipped with a nasal spray pump.
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Certain embodimentsof the invention are illustrated in the

following examples.

EXAMPLE1

Topically Administrable Ophthalmic Solution

Ingredient Concentration (% w/v)

(Z)-11-(3-dimethylaminopropylidene)- 0.222*
6,11-dihydrodibenz[b,eJoxepin-2-aceticacid.HCl

(“Olopatadine.HC!”)
Polyvinylpyrrolidone 1.6-2.0
Sodium Chloride 0.55
Benzalkonium Chloride 0-0.02
Edetate Disodium 0.01

Dibasic Sodium Phosphate (Anhydrous) 0.5
NaOH/HC1 q.s. pH 7.0 + 0.2
Purified Water q.s. 100

*equivalent to 0.2% free base

A representative compounding procedure for the solution
composition of this Example is provided below.
Preparation of Polyvinylpyrrolidone Stock Solution
A4% stock solution of polyvinylpyrrolidone is prepared by
dissolving the polyvinylpyrrolidone in purified water, add-
ing NaOHto raise the pH to 11.5, and heating for 30 minutes
at 70-75° C. After cooling to room temperature, HCl is
added to the stock solution to adjust the pH to 7.
Compounding Procedure
Purified water, dibasic sodium phosphate, sodium chloride,
edetate disodium, benzalkonium chloride (as 1% stock
solution) and polyvinylpyrrolidone (as 4% stock solution)
are added to a container, with mixing after adding each
ingredient. NaOHis addedto adjust the pH to approximately
pH7, then the drug is added, followed by final pH adjust-
ment to pH 7.0 and the addition of the remaining amountof
purified water, with mixing after adding each ingredient. The
resulting solution is then filtered throughasterilizing filter
and transferred understerile conditions into ethylene oxide-
sterilized LDPE or polypropylene containers.

EXAMPLE 2

Topically Administrable Ophthalmic Solution

Ingredient Concentration (% w/v)

Olopatadine.HCl 0.222*
N-lauroylsarcosine 0.04
Polystyrene Sulfonic Acid 0.5
Mannitol 4.4
Benzalkonium Chloride 00.02
Boric Acid 0.45
Edetate Disodium 0.05

Tromethamine q.s. pH 6.5 + 0.2
Purified Water q.s. 100

*equivalent to 0.2% free base

A representative compounding procedure for the solution
composition of this Example is provided below.
Compounding Procedure
Purified water, mannitol, boric acid, edetate disodium, ben-
zalkonium chloride (as 1% stock solution) and polystyrene
sulfonic acid (as a powder) are added to a container, with
mixing after adding each ingredient. Tromethamineis added
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to adjust the pH to approximately pH 6.5, then
N-lauroylsarcosine and then the drug is added, followed by
final pH adjustmentto pH 6.5 and addition of the remaining
amount of purified water, with mixing after adding each
ingredient. The resulting solution is then filtered through a
sterilizing filter and transferred under sterile conditions into
ethylene oxide-sterilized LDPE or polypropylene contain-
ers.

EXAMPLE3

Topically Administrable Nasal Solution

Ingredient Concentration (% w/v)

Olopatadine.HCl 0.222*
Polyvinylpyrrolidone 1.6-2.0
Sodium Chloride 0.3-0.6
Benzalkonium Chloride 00.02
Edetate Disodium 0.01

Dibasic Sodium Phosphate (Anhydrous) 0.5
NaOH/HCl q.s. pH 3.8-7
Purified Water q.s. 100

*equivalent to 0.2% free base

A representative compounding procedure for the solution
composition of this Example is provided below.

Preparation of Polyvinylpyrrolidone Stock Solution

A4% stock solution of polyvinylpyrrolidone is prepared by
dissolving the polyvinylpyrrolidone in purified water, add-
ing NaOHto raise the pH to 11.5, and heating for 30 minutes
at 70-75° C. After cooling to room temperature, HCl is
added to the stock solution to adjust the pH to 7.

Compounding Procedure

Purified water, dibasic sodium phosphate, sodium chloride,
edetate disodium, benzalkonium chloride (as 1% stock
solution), polyvinylpyrrolidone (as 4% stock solution), and
the drug are added to a container, with mixing after adding
each ingredient. NaOH/HCIis added to adjust the pH to
approximately pH 4, and the remaining amountof purified
water is added. The resulting solutionis thenfiltered through
a sterilizing filter and aseptically transferred into high-
density polyethylene, spray-pump containers.

EXAMPLE4

Topically Administrable Nasal Solution

Ingredient Concentration (% w/v)

Olopatadine.HCl 0.443*
Polyvinylpyrrolidone 1.6-2.0
Sodium Chloride 0.3-0.6
Benzalkonium Chloride 0.01 + 3% xs
Edetate Disodium 0.01

Dibasic Sodium Phosphate (Anhydrous) 0.5
NaOH/HCl q.s. pH 3.8-4.4
Purified Water q.s. 100

*equivalent to 0.4% free base
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