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HIGH CONCENTRATION OLOPATADINE

OPHTHALMIC COMPOSITION

Cross-Reference to Related Application

The present application claims priority based on U.S. Provisional Patent

Application Serial No. 61/487,789 filed May 19, 2011 and U.S. Provisional Patent

Application Serial No. 61/548,957 filed October 19, 2011.

Technical Field of the Invention

The present invention relates to an ophthalmic composition containing a
relatively high concentration of olopatadine. More particularly, the present

invention relates to an ophthalmic aqueous solution containing a relatively high
concentration of solubilized olopatadine wherein the solution is capable of

providing enhanced relief from symptoms of ocular allergic disorders (e.g.,
conjunctivitis) in the early phase, the late phase or preferably both phases.

Backgroundof the Invention

Individuals suffering from allergic conjunctivitis experience symptoms such
as ocular irritation, itchiness, redness and the like. It has been found that these

symptoms are significantly reduced using topical ophthalmic solutions containing
olopatadine. Such solutions are sold under the tradenames PATANOL® and

PATADAY®, which are both commercially available from Alcon Laboratories,

Inc., Fort Worth, TX.

These marketed solutions were generally believed to be the most efficacious

products known for addressing symptoms ofallergic conjunctivitis. Surprisingly,
and as discussed further below, it has been discovered that relatively high
concentration solutions of olopatadine provide significantly improved reduction of

late phase ocular allergic conjunctivitis symptoms in addition to relief from early
phase symptoms. Even more surprising, it has been discovered that such high
concentrations of olopatadine also provide significantly improved reduction of

redness in the early phase. Further, it has been discovered that enhanced relief

from these early and late phase symptoms can be achieved through once a day
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dosing of relatively high concentration olopatadine solution as opposed to greater
dosing frequencies.

The discovery of improved reduction of early and late phase symptomsis

quite significant and desirable for individuals suffering from allergic conjunctivitis.

Generally, these discoveries can provide patients greater relief from itching and
provide better aesthetic appearance to the eye. Further, avoiding more frequent

dosing is more convenient for patients and helps assure better compliance. Further
yet, improved early prevention and/or reduction of redness is particularly desirable

since patients generally have a desire to keep as much rednessout of their eyes as
possible.

The discovery that relatively high concentration solutions of olopatadine can

relieve late phase ocular allergic conjunctivitis symptoms provides hope to

sufferers of ocular allergic conjunctivitis that a single dose of olopatadine per day
could provide a substantial degree of full day relief from their symptoms.
However, the development of a multi-dose ophthalmic solution that includes high
concentrations of olopatadine necessary to achieve desired levels of efficacy is
extremely difficult and complex.

Solubilizing high concentrations of olopatadine in a stable manner has

provendifficult by itself. Olopatadine, by itself, is only soluble in water (pH about

7.0) at room temperature up to a concentration of about 0.18 w/v%. However,it is

desirable to achieve solubilization of much higher concentrations of olopatadine in

an effort to treat late phase allergic conjunctivitis.

Solubilizing such higher concentrations of olopatadine has proven difficult.

As one example, excipients such as polyethylene glycol (PEG) 400 and

polyvinylpyrrolidone (PVP), when used at reasonably desirable concentrations,

have proven incapable, alone or in combination, of solubizing sufficient

concentrations of olopatadine in compositions having approximately neutral pH.

Thus, innovation is required to solubilize a sufficient concentration of olopatadine.

In the process of such innovation, is has been discovered that higher
molecular weight PEGs such as PEG 6000 can significantly enhance solubility of
olopatadine. However, such PEGs cause risk of discomfort when administered to

humans. It has also been discovered that cyclodextrins, such as hydroxypropyl-y-
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cyclodextrin, hydroxypropyl-B-cyclodextrin and sulfoalkyl ether-B-cyclodextrin,

have the ability to solubilize significantly higher concentrations of olopatadine.

However, use of undesirably high concentrations of cyclodextrins has been found

to reduce olopatadine efficacy and/or preservation efficacy of solutions. As such,

still further innovation was needed to create a desirable olopatadine formulation

that not only solubilized sufficient amounts of olopatadine, but also allowed the

formulation to achieve other desirable pharmaceutical characteristics.

Thus, the present invention is directed at an ophthalmic composition that can

provide high concentrations of olopatadine topically to the eye. Further, the present

invention is directed to such a composition wherein the olopatadine is solubilized in

solution in a stable manner, the composition exhibits consistent efficacy against late

phase symptoms of allergic conjunctivitis, the composition exhibits sufficient

antimicrobial activity to provide desired levels of preservation efficacy or any
combination thereof.

Summaryofthe Invention

The present inventionis directed to an ophthalmic composition for treatment

of allergic conjunctivitis. The composition will include a relatively high

concentration of olopatadine, preferably at least 0.67 w/v % olopatadine, preferably

dissolved in solution. The composition will typically include a cyclodextrin, and

more particularly, a y-cyclodextrin derivative and/or a B-cyclodextrin derivative to

aid in solubilizing the olopatadine. The cyclodextrin derivative is preferably

hydroxypropyl-y-cyclodextrin (HP-y-CD), hydroxypropyl- B-cyclodextrin (HP- B-

CD), sulfoalkyl ether B-cyclodextrin (SAE- B-CD)(e.g., sulfobutyl ether B-

cyclodextrin (SBE-B-CD)), or a combination thereof. The composition will

typically include a lactam polymer(e.g., polyvinylpyrrolidone (PVP)) to aid in the

solubilization of the olopatadine. The composition will also typically include a

polyether (e.g., polyethylene glycol (PEG)) for enhancing solubility and/or aiding

in achieving the desired tonicity. It is generally desirable for the composition to be

disposed in an eyedropper, have a pH of 5.5 to 8.0, to have an osmolality of 200 to

450, to have a viscosity of 10 to 200 cps or any combination thereof. The

composition will also typically include a preservative to allow the composition to

achieve United States and/or European Pharmacopeia preservation standards.

Preferred preservatives include a polymeric quaternary ammonium compound, such
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as polyquaternium-1, and benzalkonium chloride. The composition also typically

includes borate and/or polyol to aid in achieving desired preservation.

The present invention also contemplates a method of treating ocular allergy

symptoms. The method will include topically applying a composition having a

defined combination of the characteristics described above to an eye of a human.

This step of topically applying the composition preferably includes dispensing an

eyedrop from an eyedropper.

Brief Description of the Drawings

FIG. 1 is a graph of mean conjunctival redness determined by a conjunctival

allergen challenge (CAC)at 27 minutes.

FIG.2 is a graph of mean conjunctival redness determined by a conjunctival

allergen challenge (CAC) at16 hours.

FIG. 3 is a graph of mean total redness determined by a conjunctival

allergen challenge (CAC)at 24 hours.

FIG. 4 is a graph of mean ocular itching determined by a conjunctival

allergen challenge (CAC) at 24 hours.

FIG. 5 is a graph of mean conjunctival redness determine by a conjunctival

allergen challenge (CAC)at 24 hours.

Detailed Description of the Invention

The present invention is predicated upon the provision of an ophthalmic

composition for treatment of allergic conjunctivitis. The ophthalmic composition is

preferably an aqueous solution. The ophthalmic composition includes a relatively

high concentration of olopatadine solubilized in aqueous solution. The ophthalmic

composition also includes a unique set of excipients for solubilizing the olopatadine

while maintaining comfort of the composition and/or efficacy of the composition 1n

treating symptoms associate with allergic conjunctivitis, particularly symptoms

associated with late phase allergic conjunctivitis. Preferably, the composition
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exhibits improved late phase efficacy in reducing ocular itching, ocular redness or

both. The composition also preferably exhibits improved early phase efficacy in

reducing ocular redness relative to vehicle and/or relative to lower concentrations

of olopatadine. In a preferred embodiment, the ophthalmic composition is a multi-

dose ophthalmic composition that also exhibits a required degree of preservation

efficacy.

Unless indicated otherwise, all component amounts (i.e., concentrations) are

presented on a weight volume percent (w/v%) basis and all references to

concentrations of olopatadine are to olopatadinefree base.

Olopatadine is a known compound that can be obtained by the methods

disclosed in U.S. Pat. No. 5,116,863, the entire contents of which are hereby

incorporated by reference in the present specification for all purposes. ‘The

formulation of the present invention contains at least 0.50%, more typically at least

0.55%, moretypically at least 0.6% or 0.65%, even more typically at least 0.67% or

0.68%, still more typically at least 0.7%, possibly at least 0.75% and even possibly

at least 0.85% but typically no greater than 1.5% more typically no greater than

1.0%, still more typically no greater than 0.8%, possibly no greater than 0.75% and

even possibly no greater than 0.72% of olopatadine where concentrations of

olopatadine typically represent concentrations of olopatadine in free base form if

the olopatadine is added to the composition as a salt. These lower limits of

concentrations of olopatadine are particularly important since it has been found that

efficacy of olopatadine in aqueous ophthalmic solutions in reducing late phase

allergy symptoms and enhanced reduction of early phase redness begins to show

improvement at concentrations greater than 0.5 w/v% ofolopatadine and begins to

show statistically significant improvements in reducing late phase allergy

symptomsat concentrations of about 0.7 w/v% olopatadine and above(e.g., at least

0.65 w/v%, at least 0.67 w/v% or at least 0.68 w/v%). Most preferably, the

concentration of the olopatadine in the composition is 0.7 w/v%.

Generally, olopatadine will be added in the form of a pharmaceutically

acceptable salt. Examples of the pharmaceutically 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
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zine 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-G-

dimethylaminopropylidene)-6,11-dihydro-dibenz-|[b,e Joxepin-2-acetic acid. When

olopatadine is added to the compositions of the present invention in this salt form,

0.77% olopatadine hydrochloride is equivalent to 0.7% olopatadine free base,

0.88% olopatadine hydrochloride is equivalent to 0.8% olopatadine free base, and

0.99% olopatadine hydrochloride is equivalent to 0.9% olopatadine free base.

Generally, it is preferred that the entire concentration of olopatadine is

dissolved in the composition as a water based or aqueous solution. However,it is

contemplated that olopatadine could be only partially dissolved. For example, a

portion of the olopatadine could be in solution with the remainder being in

suspension.

The composition of the present invention also preferably includes

cyclodextrin derivative and more preferably B-cyclodextrin derivative,

y-cyclodextrin derivative or both to aid in solubilizing the olopatadine (i.e., as a

solubilizer). The -cyclodextrin derivative, y-cyclodextrin derivative or

combination thereofis typically present in the composition at a concentration that is

at least 0.5% w/v, more typically at least 1.0% w/v and even possibly at least 1.3%

w/v, but is typically no greater than 4.0% w/v, typically no greater than 3.2% w/v

and even possibly no greater than 2.8% w/v. Preferably, the total concentration of

cyclodextrin is from 0.9 w/v% to 3.2 w/v%.

The specific amount of B-cyclodextrin derivative, y-cyclodextrin derivative

or combination thereof in a particular composition will typically depend upon the

type or combination of types of derivatives used. One particularly desirable

B-cyclodextrin derivative is a hydroxy alkyl-B-cyclodextrin such as hydroxypropyl-

B-cyclodextrin (HP-B-CD). Oneparticularly desirable y-cyclodextrin derivative is a

hydroxy alkyl-y-cyclodextrin such as hydroxypropyl-y-cyclodextrin (HP-y-CD).

Another particularly desirable B-cyclodextrin derivative is sulfoalkyl ether-B-

cyclodextrin (SAE-B-CD), particularly sulfobutyl ether-B-cyclodextrin (SBE-B-

CD). It is contemplated that a combination of hydroxypropyl-B-cyclodextrin,

hydroxypropyl- y -cyclodextrin and/or sulfoalkyl ether-B-cyclodextrin derivative

may be employed in a single composition, but it 1s typically desirable to use only
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one of the three as the sole or substantially the sole (i.e., at least 90% by weight of

the cyclodextrin component) cyclodextrin derivative.

When HP-B-CD is employed as the sole or substantially sole B-cyclodextrin

derivative, it is typically present in the composition at a concentration that is at

least 0.5% w/v, more typically at least 1.0% w/v and even moretypically at least

1.3% w/v, but is typically no greater than 3.0% w/v, typically no greater than 2.2%

w/v and is typically no greater than 1.7% w/v. When HP-y-CD is employed as the

sole or substantially sole y-cyclodextrin derivative, it is typically present in the

composition at a concentration that is at least 0.5% w/v, more typically at least

1.0% w/v and even moretypically at least 1.3% w/v, but is typically no greater than

3.0% w/v, typically no greater than 2.2% w/v and is typically no greater than 1.7%

w/v. When SAE-B-CD is employed as the sole or substantially sole B-cyclodextrin

derivative, it is typically present in the composition at a concentration that is at

least 0.3% w/v, more typically at least 0.7% w/v and even moretypically at least

0.9% w/v, but is typically no greater than 2.4% w/v, typically no greater than 1.5%

w/v and is typically no greater than 1.1% w/v.

HP-B-CD is a commodity product and pharmaceutical grades of HP-B-CD

can be purchased from a variety of sources, for example, from SIGMA ALDRICH,

which has its corporate headquarters in St. Louis, Missouri or ASHLAND

SPECIALTY INGREDIENTS, headquartered in Wayne, New Jersey. HP-y-CD is

a commodity product and pharmaceutical grades of HP-y-CD can be purchased

from a variety of sources, for example, from SIGMA ALDRICH, which hasits

corporate headquarters in St. Louis, Missouri or ASHLAND SPECIALTY

INGREDIENTS, headquartered in Wayne, New Jersey. SAE-B-CD can be formed

based upon the teachings of U.S. Patent Nos. 5,134,127 and 5,376,645, which are

incorporated herein by reference for all purposes. It is generally preferred,

however, to use purified SAE-B-CD. Purified SAE-B-CD is preferably formed in

accordance with the teachings of U.S. Patent Nos. 6,153,746 and 7,635,773.

Purified SAE-B-CD is commercially available under the tradename CAPTISOL®

from CyDex Pharmaceuticals, Inc., Lenexa, KS.

With regard to y-cyclodextrin derivative and B-cyclodextrin derivative in the

composition of the present invention, it has been found that undesirably high

concentrations of y-cyclodextrin derivative and/or B-cyclodextrin derivative can

significantly interfere with preservation efficacy of the compositions, particularly
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when benzalkonium chloride and/or polymeric quaternary ammonium compound

are employed as preservation agents. Thus, lower concentrations of y-cyclodextrin

derivative and/or  f-cyclodextrin derivative are typically preferred.

Advantageously, it has also been found, however, that the ability of the y-

cyclodextrin derivative and B-cyclodextrin derivatives in solubilizing olopatadineis

very strong and relatively low concentrations of y-cyclodextrin derivative and/or B-

cyclodextrin derivative can solubilize significant concentrations of olopatadine in

aqueous solution. As such, more desirable and reasonable concentrations of

additional solubilizing agent can be used to aid in solubilizing the desired amounts

of olopatadine.

Further, it has been found that a composition formed using a combination of

solubilizing agents such as polyvinylpyrrolidone, tyloxapol, polyethylene glycol

and others to solubilize relatively high concentrations of olopatadine in the absence

of y-cyclodextrin derivative and/or B-cyclodextrin derivative will typically lack

long term stability or shelf life. It has been found that such a composition will

typically begin to precipitate after undesirably short periods of time. Thus, it is

important to employ the y-cyclodextrin derivative and/or B-cyclodextrin derivative
in combination with one or more additional solubilizers.

As such, the ophthalmic composition of the present invention includes at

least one solubilizing agent (i.e., solubilizer), but possibly two or more solubilizing

agents, in addition to cyclodextrin. The additional solubilizing agents can include

surfactants such as castor oil, polysorbate or others. Preferably, the additional

solubilizing agent[s] includes one or more polymers. One preferred polymer for

aiding in solubilizing the olopatadine is lactam polymer. Another preferred

polymerfor aiding in solubilizing the olopatadine is polyether.

As used herein, the phrase “lactam polymer” refers to any polymer formed

from more than one lactam monomer. The lactam polymeris typically present in

the composition at a concentration that is at least 1.0% w/v, more typically at least

3.0% w/v and even more typically at least 3.7 % w/v, but is typically no greater

than 8.0% w/v, typically no greater than 5.0% w/v and is typically no greater than

4.3% w/v. Polyvinylpyrrolidone (PVP) is the most preferred lactam polymer and

can be the only or substantially the only lactam polymer. Thus, in a preferred

embodiment, the lactam polymer consists or consists essentially of only PVP. The

average molecular weight of the lactam polymer, particularly when it is PVP, is at
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least 20,000, more typically at least 46,000 and even moretypically at least 54,000

but is typically no greater than 90,000, more typically no greater than 70,000 and

still more typically no greater than 62,000. One preferred PVP is sold under the
tradenames PLASDONE® K29/32 or K30, which have an average molecular

weight of approximately 50,000 and are commercially available from ASHLAND

SPECIALTY INGREDIENTS, headquartered in Wayne, NJ, USA.

The polyether can aid in the solubility of olopatadine in the composition

and/or can provide tonicity to the composition (i.c., act as a tonicity agent). The

polyether is typically present in the composition at a concentration that is at least

1.0% w/v, more typically at least 3.0% w/v and even more typically at least 3.7 %

w/v, but is typically no greater than 8.0% w/v,typically no greater than 5.0% w/v

and is typically no greater than 4.3% w/v. Polyethylene glycol (PEG) is the most

preferred polyether and can be the only or substantially the only polyether polymer.

Thus in a preferred embodiment, the polyether consists or consist essentially of

only PEG. The average molecular weight of the PEG will typically depend upon

the particular solubility and particular tonicity desired for the composition. In a

preferred embodiment, the average molecular weight of the polyether, particularly
whenit is PEG, is at least 200, more typically at least 320 and even more typically

at least 380 but is typically no greater than 800, more typically no greater than 580

and still more typically no greater than 420. One preferred PEG is PEG400.

It may also be desirable for the ophthalmic composition of the present
invention to include a viscosity enhancing agent in order to enhance residence time

of the composition upon the cornea when the composition is topically administered.

Examples of potentially suitable viscosity enhancing agent include, without

limitation, carboxyvinyl polymer, galactomannan, hyaluronic acid, cellulosic

polymer, any combination thereof or the like. In a preferred embodiment, the

ophthalmic composition includes hydroxyethy! cellulose (HEC),

hydroxylpropylmethy] cellulose (HPMC) or both. One preferred HECis sold under
the tradename NASTROSOL® 250HX, which is commercially available from

Hercules Incorporated, Aqualon Division, Argyle, TX. One preferred HPMC is
sold under the tradename E4M 2910 and is commercially available from Dow

Chemical, Midland, MI.

The amounts and molecular weights of HPMC and/or HEC used in the

composition will depend upon the viscosity, osmolality and other attributes to be
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achieved for the composition. As used herein, viscosity is measured by a

Brookfield viscometer (LVDVI+, CP-42, 12 RPM and a temperature of 25 °C). In

a preferred embodiment, the viscosity of the composition is at least 2.0 centipoise

(cps), more typically at least 15 cps, even more typically at least 21 cps and even

possibly at least 27 cps, but is typically no greater than 65 cps, typically no greater

than 40 cps, more typically nor greater than 33 cps and even possibly no greater

than 30 cps. Advantageously, and as further discussed below, viscosity within

these ranges has been discovered to be more desirable for producing desired droplet

sizes when the composition of the present invention is topically delivered from an

eye dropper.

The preferred average molecular weight of HEC, when used, is typically in

the range of 90,000 to 1,300,000 (e.g., approximately 1,000,000). The preferred

average molecular weight of HPMCis typically in the range of 10,000 to 1,500,000

and more typically in the range of 189,000 to 688,000).

When HPMCis used alone, it is typically present in composition at a

concentration that is at least 0.15% w/v, more typically at least 0.3% w/vand even

more typically at least 0.5% w/v, but is typically no greater than 1.5% w/v,

typically no greater than 1.0% w/v and 1s typically no greater than 0.7% w/v.

When HEC is used alone, it is typically present in the composition at a

concentration that is at least 0.1% w/v, more typically at least 0.25% w/v and even

more typically at least 0.45% w/v, but is typically no greater than 1.4% w/v,

typically no greater than 0.9% w/v and is typically no greater than 0.65% w/v.

Advantageously, when TIPMC and HEC are used to together, they may produce a

synergistic viscosity effect which allows the use of low concentrations of these

excipients to produce the desired viscosity of the compositions. When HPMC and

HEC are used in combination, HPMC is typically present in composition at a

concentration that is at least 0.05% w/v, more typically at least 0.1% w/v and even

more typically at least 0.2% w/v, but is typically no greater than 1.0% w/v,

typically no greater than 0.55% w/v andis typically no greater than 0.4% w/v.

When ITIPMC and HEC are used in combination, IIEC is typically present in

composition at a concentration that is at least 0.02% w/v, more typically at least

0.06% w/v and even more typically at least 0.09% w/v, but is typically no greater

than 0.6% w/v, typically no greater than 0.3% w/v andis typically no greater than

0.17% w/v. Notably, in at least some embodiments of the present invention,
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HPMCis a preferred viscosity enhancing agent since, as the data present below

shows, it can also aid in solubilizing the olopatadine.

The composition can also include buffering agents and/or tonicity agents.

Suitable tonicity-adjusting agents and/or buffering agents include, but are not

limited to, mannitol, sodium chloride, glycerin, sorbitol, phosphates, borates,
acetates and thelike.

Borate is a highly preferred buffering agent and will typically be included in

the composition of the present invention. As used herein, the term "borate" shall

refer to boric acid, salts of boric acid, borate derivatives and other pharmaceutically

acceptable borates, or combinations thereof. Most suitable are: boric acid, sodium

borate, potassium borate, calcium borate, magnesium borate, manganese borate,

and other such borate salts. Typically, when used, the borate is at least about 0.05

w/v %, more typically at least about 0.18 w/v % and even possibly at least about

0.27 w/v % ofthe ophthalmic composition andis typically less than about 1.0 w/v

%, more typically less than about 0.75 w/v % andstill more typically less than

about 0.4 w/v %, and even possibly less than about 0.35 w/v % of the ophthalmic

composition.

The composition of the present invention can also include polyol. As used

herein, the term “polyol” includes any compound having at least one hydroxyl

group on each of two adjacent carbon atoms that are not in frans configuration

relative to each other. The polyol can be linear or cyclic, substituted or

unsubstituted, or mixtures thereof, so long as the resultant complex is water soluble

and pharmaceutically acceptable. Examples of such compounds include: sugars,

sugar alcohols, sugar acids and uronic acids. Preferred polyols are sugars, sugar

alcohols and sugar acids, including, but not limited to: mannitol, glycerin, xylitol,

sorbitol and propylene glycol. It is contemplated that the polyol may be comprised

of two or more different polyols.

Whenboth borate and polyol are present in the composition, borate typically

interacts with polyol, such as glycerol, propylene glycol, sorbitol and mannitol, or

any combination thereof to form borate polyol complexes. The type and ratio of

such complexes depends on the number of OH groups of a polyol on adjacent

carbon atomsthat are not in trans configuration relative to each other. It shall be

understood that weight/volume percentages of the ingredients polyol and borate
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include those amounts whether as part of a complex or not. Advantageously, the

borate and polyol can act as buffers and/or tonicity agents and can also aid in

enhancing preservation efficacy of the composition.

In a preferred embodiment of the invention, the composition includes

propylene glycol, glycerine or both. It has been found that y-cyclodextrin

derivatives and/or B-cyclodextrin derivatives tend to inhibit preservation efficacy

within the formulations of the present invention, however, propylene glycol in the

presence of borate appears to significantly limit this inhibition. Moreover, it has

been found that glycerine often acts in a manner very similar to propylene glycol

when used for aiding preservation. When used, propylene glycol, glycerine or a

combination thereofis typically present in the composition at a concentration that is

at least 0.4 w/v%, more typically at least 0.65 w/v% and even possibly at least 0.85

w/v% but is typically no greater than 5.0 w/v%, more typically no greater than 2.2

w/v% and even more typically no greater than 1.7 w/v%.

In a same or alternative preferred embodiment of the invention, the

composition includes mannitol, sorbitol or both. Mannitol may also aid

preservation of the composition of the present invention when used in the presence

of borate. Moreover, it has been found that sorbitol often acts in a manner very

similar to mannitol when used for aiding preservation. When used, mannitol,

sorbitol or a combination thereof is typically present in the composition at a

concentration that is at least 0.05 w/v%, more typically at least 0.2 w/v% and even

possibly at least 0.4 w/v% but is typically no greater than 3.0w/v%, more typically

no greater than 1.0 w/v% and even moretypically no greater than 0.5 w/v%.

The composition of the present invention typically includes a preservative.

Potential preservatives include, without limitation, hydrogen peroxide,

benzalkonium chloride (BAK), polymeric quaternary ammonium compound

(PQAM), biquanides, sorbic acid, chlorohexidine or others. Of these,

benzalkonium chloride and polymeric quaternary ammonium compound such as

polyquaternium-! have proven quite desirable.

The polymeric quaternary ammonium compounds useful in the compositions

of the present invention are those which have an antimicrobial effect and which are

ophthalmically acceptable. Preferred compoundsof this type are described in U.S.

Pat. Nos. 3,931,319; 4,027,020; 4,407,791; 4,525,346; 4,836,986; 5,037,647 and
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5,300,287; and PCT application WO 91/09523 (Dziaboet al.). The most preferred

polymeric ammonium compound is polyquaternium-1, otherwise known as

POLYQUAD® with a number average molecular weight between 2,000 to 30,000.

Preferably, the number average molecular weight is between 3,000 to 14,000.

When used, the polymeric quaternary ammonium compound is generally

used in the composition of the present invention in an amount that is greater than

about 0.00001 w/v %, more typically greater than about 0.0003 w/v % and even

more typically greater than about 0.0007 w/v % of the ophthalmic composition.

Moreover, the polymeric quaternary ammonium compoundis generally used in the

composition of the present invention in an amount that is less than about 0.01 w/v

%, more typically less than about 0.007 w/v %, even moretypically less than 0.003

w/v%,still more typically less than 0.0022 w/v% and even possibly less than about

0.0015 w/v % of the ophthalmic composition.

BAK is generally used in the composition of the present invention in an

amount that is greater than about 0.001 w/v %, more typically greater than about

0.003 w/v % and even more typically greater than about 0.007 w/v % of the

ophthalmic composition. Moreover, BAK is generally used in the composition of

the present invention in an amountthat is less than about 0.1 w/v %, more typically

less than about 0.03 w/v % and even more typically less than about0.020 or 0.015

w/v % of the ophthalmic composition.

It is also contemplated that the composition of the present invention may

benefit from the use of two different polyols, borate and a preservative (e.g., BAK

or polymeric quaternary ammonium compound)to provide enhanced preservations

efficacy. Examples of such systems are disclosed in U.S. Patent Publication Nos.

2009/0232763 and 2010/0324031, which are expressly incorporated herein in their

entirety for all purposes.

Notably, it has been found that polymeric ammonium compound is

particularly desirable for preserving compositions containing SAE-B-CD while

BAK is. particularly desirable for preserving compositions containing

hydroxypropyl beta or gamma cyclodextrin derivatives. It has also been found that

filtration (e.g., micron filtration) of the preservative followed by aseptic addition of

the preservative to the sterile composition can aid preservation efficacy.
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It is contemplated that the composition ofthe present invention can include a

variety of additional ingredients. Such ingredients include, without limitation,

additional therapeutic agents, additional or alternative antimicrobial agents,

suspension agents, surfactants, additional or alternative tonicity agents, additional

or alternative buffering agents, anti-oxidants, additional or alternative viscosity-

modifying agents, chelating agents any combinations thereofor the like.

The compositions of the present invention will generally be formulated as

sterile aqueous solutions. The compositions of the present invention are also

formulated so as to be compatible with the eye and/or other tissues to be treated

with the compositions. The ophthalmic compositions intended for direct

application to the eye will be formulated so as to have a pH andtonicity that are

compatible with the eye. It is also contemplated that the compositions can be

suspensions or other types of solutions.

The composition of the present invention will typically have a pH in the

range of 4 to 9, preferably 5.5 to 8.5, and most preferably 5.5 to 8.0. Particularly

desired pH ranges are 6.0 to 7.8 and more specifically 6.4 to 7.2. The compositions

will have an osmolality of 200 to 400 or 450 milliosmoles per kilogram

(mOsm/kg), more preferably 240 to 360 mOsm/kg.

It is generally preferred that the composition of the present invention be

provided in an eye dropper that is configured to dispense the composition as

eyedrops topically to the cornea of the eye. However, desired size of a single

eyedrop (i.e., droplet size) for the ophthalmic composition can be difficult to

accomplish. It has been discovered that the cyclodextrin in the composition

imparts a relatively high surface energy to the composition. In turn, droplet size

tends to be relatively high. It has been discovered, however, that by dispensing

droplets through a relatively small orifice and/or by maintaining the viscosity ofthe

composition within the ranges discussed above, desired droplet size can be

achieved. Desired droplet size is typically at least 10 ul, more typically at least 18

ul and even more typically at least 23 pl, but is typically no greater than 60 ul,

typically no greater than 45 wl and is typically no greater than 33 ul.

Advantageously, this droplet size for the composition with the concentrations of

olopatadine specified herein allows an individual to dispense one droplet per eye

once a day and receive relief from symptoms of ocular allergic conjunctivitis
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generally, but particularly receive relief from late phase symptoms ocular allergic

conjunctivitis.

In a preferred embodiment, the composition of the present invention is a

multi-dose ophthalmic compositions that have sufficient antimicrobial activity to
allow the compositions to satisfy the USP preservative efficacy requirements, as
well as other preservative efficacy standards for aqueous pharmaceutical

compositions.

The preservative efficacy standards for multi-dose ophthalmic solutions in

the U.S. and other countries/regions are set forth in the following table:

Preservative Efficacy Test (‘PET’) Criteria

(Log Order Reduction of Microbial Inoculum Over Time
     

Bacteria Fungi 

USP 27 A reduction of 1 log (90%),|The compositions must demonstrate over
by day 7; 3 logs (99.9%) by|the entire test period, which means no
day 14; and noincrease after|increases of 0.5 logs or greater, relative to
 day 14 the initial inoculum

Japan 3 logs by 14 days; and no|No increase from initial count at 14 and 28
increase from day 14 through|days
day 28 

Ph. Eur. A!|A reduction of 2 logs (99%) | A reduction of 2 logs (99%) by 7 days, and
by 6 hours; 3 logs by 24|no increase thereafter
hours; and no recovery after
28 days 

Ph. Eur. B A reduction of 1 log at 24} A reduction of | log (90%) by day 14, and
hours; 3 logs by day 7; and no|no increase thereafter

increase thereafter L    FDA/ISO A reduction of 3 logs from|No increase higher than the initial value at
14730 initial challenge at day 14;|day 14, and no increase higher than the

and a reduction of 3 logs from|day 14 rechallenge count through day 28
rechallenge

  
  

©

'There are two preservative efficacy standards in the European Pharmacopoeia
“A” and “RR”.
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The standards identified above for the USP 27 are substantially identical to

the requirements set forth in prior editions of the USP, particularly USP 24, USP 25
and USP 26.

Advantages and Problems Overcome

The olopatadine ophthalmic composition of the present invention can

provide multiple advantages over the olopatadine compositions that came beforeit.

The composition disclosed herein provides an aqueous ophthalmic composition

having a relatively high concentration of olopatadine that provides enhanced relief

from late phase allergic conjunctivitis and early phase allergic conjuctivitis.

Surprisingly and advantageously, preferred compositions of the present invention,

as shown in FIGs. | through 5 and tables K through O, showed improved reduction

in early phase redness, in late phase redness and in late phase itching. It is

surprising that the enhanced concentration of olopatadine showed such significant

reduction in late phase symptoms. It is even more surprising that the enhanced

concentration of olopatadine showed enhanced reduction of early phase redness

since it was generally believed that itching and redness would show similar

responses to different concentrations of olopatadine.

Further, the composition can solubilize the relatively high concentration of

olopatadine in solution form suitable as an eyedrop where other formulations have

failed. Further yet, the composition can solubilize the higher concentrations of

olopatadine while maintaining efficacy in treatment of the symptoms ofallergic

conjunctivitis where other efforts to develop such a solution have failed. Still

further, the compositions can, when in multi-dose form, pass preservation efficacy

standards where other compositions have failed.

As an additional advantage, it has been discovered that, for the particular

composition of the present invention, composition containing HP-y-CD have

unexpectedly been found to be more susceptible to preservation. It has also

unexpectedly been found to have solubility characteristics similar to the other beta

cyclodextrin derivative discussed herein. ‘This discovery has been particularly

advantageous in providing a composition that is capable of solubilizing relatively

high concentrations of olopatadine, capable of being stable for extended time

periods and capable of robust preservation relative to both European and United

States preservation efficacy standards.
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It is still further advantageous that the cyclodextrin does not appear to

interfere with the efficacy of the olopatadine. In particular, cyclodextrins have

been found to entrap other drugs in a manner that does not allow those drugs to

later release and show efficacy. However, this was not the case for olopatadine and

was particularly not the case for HP-y-CD.

Applicants specifically incorporate the entire contents ofall cited references

in this disclosure. Further, when an amount, concentration, or other value or

parameter is given as either a range, preferred range, or a list of upper preferable

values and lower preferable values, this is to be understood as specifically

disclosing all ranges formed from any pair of any upper range limit or preferred

value and any lowerrangelimit or preferred value, regardless of whether ranges are

separately disclosed. Where a range of numerical values is recited herein, unless

otherwise stated, the range is intended to include the endpoints thereof, and all

integers and fractions within the range. It is not intended that the scope of the

invention be limited to the specific values recited when defining a range.

Other embodiments of the present invention will be apparent to those skilled

in the art from consideration of the present specification and practice of the present

invention disclosed herein. It is intended that the present specification and

examples be considered as exemplary only with a true scope and spirit of the

invention being indicated by the following claims and equivalents thereof.

Table A below provides a listing of exemplary ingredients suitable for an

exemplary preferred formulation of the ophthalmic composition of the present

invention and a desired weight/volume percentage for those ingredients. It shall be

understood that the following Table A is exemplary and that certain ingredients

may be added or removed from the Table and concentrations of certain ingredients

may be changed while the formulation can remain within the scope of the present

invention, unless otherwise specifically stated.
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TABLE A

Ingredient w/v percent

Olopatadine (Olopatadine HCI) 0.7

Polyether (PEG) 4.0

Lactam Polymer (PVP) 4.0

Viscosity Agent (HEC) 0.1 Gf used w/ HPMCorother viscosity agent)

0.3 Gf used w/o HPMCorother viscosity agent)

Viscosity Agent (HPMC) 0.15 (if used w/ HECorother viscosity agent)

0.35 (if used w/o HECorother viscosity agent)

Chelating agent (Disodium 0.005
EDTA)

Borate (Boric Acid) 0.3

y-cyclodextrin derivative and|1.0 for SAE-B-CD or 1.5 HP-B-CD or 1.5 HP-y-

or B-cyclodextrin derivative CD ;
Polyol (Mannitol) 0.3

Polyol (Propylene Glycol) 1.0

Tonicity Agent (Sodium 0.35
Chloride)

Preservative 0.01 for BAK or 0.0015 PQAM

pH adjusting agents (NaOH or sufficient to achieve pH = 7.0
HCl)

purified water Q.8S. 100

 
  

The following examples are presented to further illustrate selected

embodiments of the present invention. The formulations shown in the examples

were prepared using procedures that are well-known to persons ofordinary skill in

the field of ophthalmic pharmaceutical compositions.
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EXAMPLES

Preparatory Example 1

Ingredients Composition (w/w)

Olopatadine hydrochloride 0.77 g

 Hydroxypropyl-B-Cyclodextrin(HP-B-CD) 152

PEG400(Polyethylene glycol 400) 4.028   
 

PVP(Polyvinylpyrrolidone K30) 4.02

HPMC(Methocel E4m Premium) 0.6 g

HEC(Natrosol 250HX) 0.3 g

Disodium EDTA 0.01 g

Mannitol 0.6g

Boric Acid | 0.3 g
Benzalkonium Chloride

HCl / NaOH q.s. to pH 7.0

Purified water q.s. to 100 g

    
    

In a clean suitable and tared glass bottle, add and dissolve HPMC with an
amount of purified water at 90-95°C equivalent to about 15% of the required batch

size. Mix bystirring until homogenization. Bring to the 35% of the final weight

with purified water and mix by stirring with propeller until complete dispersion.

Add HEC and mix bystirring until homogenization. Steam sterilize the solution

(122°C/20 min) and cool afterwards (Part A).In a separate vessel with a stir bar, add

an amount of purified water equivalent to about 40%of the required batch size.

Add and dissolve batch quantities of weighed PEG400, PVP, IHIP-B-CD,

Olopatadine HCl, Boric Acid, Mannitol, EDTA and BAC, allowing each

componentto dissolve before adding the next component. Check the pH and adjust

to 7.0 + 0.1 with the required amount of NaOH 2N (Part B). In a laminar flow

hood (sterile conditions), filter the solution Part B into the glass bottle containing

the autoclaved fraction (Part A), using GV PVDF membrane, 0.22 jimfilter unit

and stir until homogenization. Mix by stirring with propeller for 15 min. Check
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the pH and adjust to 7.0 + 0.1 with the required amount of NaOH 1IN/HCI IN,if

necessary. Bring to final weight with sterile purificd water and stir until

homogenization.

 Preparatory Example 2
      

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Ingredients Composition (w/w)

Olopatadine hydrochloride 0.77 g

Hydroxypropy!-B-Cyclodextrin (HP-B-CD) 15g

PVP(Polyvinylpyrrolidone K30) 40¢

PEG400(Polyethylene glycol 400) 40¢

HPMC(Methocel E4m Premium) 0.2 g

HEC(Natrosol 250HX) 0.125 g

Disodium EDTA 0.01 g

Boric Acid 0.3 g ]
Benzalkonium Chloride 0.01 or 0.015 g

NaOH IN 0.83 ml

HCL1N 0.58 ml

HCl / NaOH q.s. to pH 7.0

Purified water q.s. to 100 g

   
  

In a clean suitable and tared glass bottle, add and dissolve HPMC with an

amount ofpurified water at 90-95°C equivalent to about 15% of the required batch

size. Mix bystirring until homogenization. Bring to the 30% ofthe final weight

with purified water and mix by stirring with propeller until complete dispersion.

Add HEC and mix by stirring until homogenization (Part A). In a clean beaker

with stir bar, weigh an amount of purified water equivalent to about 40% ofthe

required batch size. Heat and maintain this water around 70-75°C. Add NaOH IN

and mix by moderate stirring. Add PVP and dissolve under agitation during 20

minutes. Add HCl 1N, mix and quickly cool down to 30-40°C. Add and dissolve

batch quantities of PEG400, HP-B-CD, Olopatadine HCl, Boric Acid, EDTA and

BAC, allowing cach component to dissolve before adding the next component.

Check the pH ofthe solution and adjust to 6.8 + 0.1 with the required amount of
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NaOH 2N (Part B). Transfer Part B to Part A and stir the batch until it is

homogenous. Bring to the 85% of the final weight with purified water andstir until

homogenization. Steam sterilize the solution (122°C/20 min) and cool afterwards.

In a laminar flow hood (sterile conditions), check the pH and adjust to 7.0 + 0.1

with the required amount of NaOH1N/HCI IN,if necessary. Bring to final weight

with sterile purified water and stir until homogenization.

Formulary Examples A through I in Table B below 

Formulary Examples A through I show the solubility of olopatadine in
different formulations.

         

 

 

 

 

 

 

 

 

 

  
 

 

 

 

  
 

 

 

   
  

 
Ingredients | A _[ B Cc D | E

PEG 400 _4 4 4 4 | 3.8
Dibasic Sodium Phosphate,|0.15 | - ; ; 0.5

anhydrous

Hydroxypropyl-B-Cyclodextrin - 1.5 1.5 | 1.5 1
Sulfobutyl ether B > 7 _ _ -

Cyclodextrin

PVP K29/32 5 5 3 4 1.5

Polysorbate 80 0.) - - - -

Tyloxapol - - - - -

Natrosol 250HX 0.3 0.3 0.3 | 0.3 -
HPMC 2910 0.6 0.6 0.6 | 0.6 -
Boric Acid - | 0.3 0.3 0.3 -

Sodium Chloride 0.15 - - - -

Mannitol - 0.6 0.6 0.6 - |
Benzalkonium Chloride 0.01 0.01 0.01 0.01 0.01

Disodium EDTA 0.01 0.01 0.01 0.01 0.01

Sodium Hydroxide/ Hydrochloric Acid quantity sufficient to achieve pH of 7.4

Purified water quantity sufficient to 100%

Olopatadine Solubility (%) | 1.064 | 0.901 | 0.725 | 0.811 | 0.461
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Dibasic Sodium Phosphate,

anhydrous 

Hydroxypropyl-B-Cyclodextrin - i l 1

Sulfobutyl ether 8

Cyclodextrin 

0

PVP K29/32 1.5 - 1.5 1.5

Polysorbate 80

Ingredients F G H I

PEG 400 6 6 6 6

5

Tyloxapol 

Natrosol 250HX - - - - 

HPMC 2910 - - - - 

Boric Acid - - - - 

  
Sodium Chloride - - - - 

 
Mannitol - - - - 

Benzalkonium Chloride 0.01 | 0.0] 0.01 0.01 
Disodium EDTA 0.01 | 0.01 0.01 0.01 t

Sodium Hydroxide/ Hydrochloric Acid quantity sufficient to achieve pH of 7.4 

Purified water quantity sufficient to 100%

Olopatadine Solubility (%) | 0352. | 0.450 | 0.513 | 0.494
 

    
  

As can be seen, cyclodextrin can significantly enhance the solubility of

olopatadine in aqueous solution. Moreover, it will be understood that the

formulations of lower solubility, particularly those without cyclodextrin, will also

typically exhibit worse solubility characteristics over time and tend to form

precipitates.

Formulary Example J through M in Table C below

Formulary Examples J through M show the preservation efficacy of

olopatadine containing formulations both with and without B-cyclodextrin.
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Ingredients J ik L | M
Olopatadine HCL 0.77 0.77 0.77 0.77 |

PEG 400 - 4 - -

| Sodium Pyruvate - - -Dibasic Sodium Phosphate, anhydrous | 0.15 r 0.15 0.15 0.1
Purified Guar | - - - 0.17

Hydroxypropyl-B-Cyclodextrin 1.5 | - - 5
PVP K30 2 3 3 -

Tyloxapol - - 0.2 -

Polysorbate 80 - LL 0.1 - ~

Natrosol 250HX 0.3 0.3 ~ |

| HPMC 2910 _ - 0.6 0.6 -

Boric Acid - - - | 0.17
Sodium Borate, decahydrate - - - 0.5

Propylene Glycol : - ~ -
Sodium Chloride - 0.15 0.55 0.1

Mannitol 2.5 - - | -
Sorbitol ; - - - 1 |

Sodium Citrate, dihydrate - - - 0.35

Benzalkonium Chloride | 0.01 0.01 0.01 0.01Polyquaternium-| | - 1 - - -
_ Disodium EDTA | 0.01 0.01 0.01 -

Sodium Hydroxide/ q.s. to q.s. to q.s. to q.s. to

Hydrochloric Acid pH7.0 pH 7.0|pH 7.0 pH 7.0
Purified water q.s. to q.s. to q.s. to q.s. to

100% 100% 100% 100%

PET Logi Unit Reduction

S. aureus 0.1/1 9 | 5.0/5.0/|1.5/5.0/|0.0/0.0/
6 h/24h/7 a/14d/28d /5,0/5.|5.0/5.0/|5.0/5.0/|0.9/3.3/

0/5.0 5.0 5.0 5.0

P. acrugin 4.9/4.9|4.9/4.9/|4.9/4.9/|0.3/0.5/

6 h/24h/7 d/14d/28d /4,9/4,|4,9/4.9/|4.9/4.9/|0.0/0.0/
- 9/4.9 4.9 4.9 0.5

E. coli 2.8/4.9|4.9/4.9/|4.9/4.9/|0.1/0.2/

6 h/24h/7 d/14d/28d /4.9/4.|4.9/4.9/|4,9/4.9/|1.4/3.3/
9/4.9 4.9 4.9 5.0
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C. albican 4.3/5.1|S.A/S.1/|2.5/5.1/|0.7/2.7/

7 d/14d/28d /5.1/4.)5.1/5.1/ 5.1 3.2
L 1/4.1 5.1

A. niger 0.8/0.9|2.1/4.2/|O.7/1.7/|1.2/1.1/

7 d/14d/28d /1.3 - 4.9 2.3 1.5
  
 

 
  

As can be seen, cyclodextrin derivatives can significantly inhibit the ability

of a preservative to provide desired preservation to an aqueous formulation.

As an added advantage,it has also been discovered that HPMCcan aid in

solubilizing olopatadine. This effect is shown in Table D below.

      

  
 

 

 

 

 

  
 

 

 

 

  
TABLE D

% PVP % SBE- % PEG % HPMC Concentration Final pH ]
K29/32 cD 400 (mg/mL)

4 1.5 L 4 - 6.13 6.97
4 2.0 4 - 6.74 6.97

4 |
4 2.2 4 - 6.97 7.01

4 2.3 4 - 7.16 7.02

4 2.5 4 - 7.34 6.98

—.

4 1.5 4 0.6 7.46 | 6.96
4 2.0 4 0.6 8.11 7.06

4 2.2 4 0.6 8.62 7.02

4 2.3 4 | 0.6 8.66 7.01
4 2.5 4 | 0.6 9.04 7.04

    
  

Table E below presents several formulations (N through Q) that can

solubilize a high concentration of olopatadine using PVP in combination with a

relatively low amount of HP-B-CD and that show desirable preservation using a

combination of BAK and Boric Acid. Notably, PEG and HPMCare also believed

to be aiding in the solubility of olopatadine.

- 24 -

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 24



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 25

Atty. Docket No.: 3988 US

        

 

 

 

 

 

 
 

 

 

 
 
 

  

 

 
 

 

 

 

 

 

  
TABLE E

Ingredients N oO P| Q
Olopatadine HCL 0.77 0.77 0.77 | 077

PEG 400 4 4 4 4 |
Hydroxypropyl-B- 1.5 1.5 1.5 1.5

Cyclodextrin

PVP K29/32 4 4} 4 4
Natrosol 250HX 03 | 03 | 03 | 0.125

HPMC 2910 0.6 06 | 06 | 02
Boric Acid 0.3 0.3 03 | 03 |

Disodium EDTA 0.01 0.01 0.01 0.01

Benzalkonium Chloride 0.01 | 0.01 0.01 0.01

Polyquaternium-| - - - _-
Sodium Hydroxide/ q.s. to pH|q.s. to pH|q.s. to pH q.s. to pH 7

Hydrochloric Acid _ 7 ; 7 7
Purified water q.s. to q.s. to q.s. to q.s. to 100%

100% 100% 100% L

- PETResult ; Log 19 Unit Reduction
S. aureus 0.4/3.6/4.|0.2/1.4/5.|0.3/2.9/4.|0.4/3.2/5.0/5.0

6 h/24h/7 d/14d/28a 9/4.9/4.9 0/5.0/5.0|9/4.9/4.9 L /5.0
P. aerugin 5.0/5.0/5.|5.1/5.1/5.|5.0/5.0/5.|5.2/5.2/5.2/5.2

6 h/24h/7 d/14d/28d 0/5.0/5.0|1/5.1/5.1|0/5.0/5.0 /5,2

E. coli 4.9/4.9/4.|2.7/5.1/5. | 2.1/5.1/5.|2.3/5.1/5.1/5.1
6 h/24h/7 d/14d/28a 9/4.9/4.9|1/5.1/5.1 1/5.1/5.1 /5.]

C. albican 4.9/4.9/4.|2.5/4.8/4.|1.6/4.1/5. 2.4/4.6/4.6

7 d/14d/28d 9 | 8 0
A. niger 3.8/5.2/5.|3.6/5.1/5.|4.3/5.2/5. 3.9/4.7/5.2

7 d/14d/28d 2 2 | 
    
  

Tables I’ and G below showthe difficulty associated with preservation of

formulations (R through X) containing SBE-B-CD.
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Ingredient

Olopatadine HCI

Sulfobutylether-B-Cyclodextrin

PVP K29/32

PEG 400

Natrosol 250HX

HPMC2910

Boric Acid

Mannitol

Disodium EDTA

Polyquaternium- 1

BAC

Benzododecinium Bromide

Sorbic Acid

Thimerosal

Chlorhexidine Digluconate

NaOH/HC1

Purified water

PET RESULTS

S. aureus

6 h/24h/7 d/t4d/28d

P. aerugin

6 h/24h/7 d/14d/28d

E. coli

6 h/24h/7 d/14d/28d

C, albicans  

 
  

   

TABLEF

U

Sa
poe|Tt

q.s. to pH 7.0 q.s. to pH 7.0 q.s. to pH7.Oo q.s. to pH 6.0

q.s. to 100 q-s. to 100 q.s. to 100 q-s. to 100

1.8/2.8/5.0/5.4/ 0.0/0.5/4.7/ 0.0/0.4/4,7/ 0.1/0.1/4.7/

0.6/0.8/5.4/5.4/ 5.0/5 .0/5.0/ 5.0/5.0/5.0/ 5.0/5.0/5.0/

1.2/3.2/5.4/5.4/ 1.4/3.1/5.1/ 1.7/3.2/5.1/

me om os

 
0.2/0.3/5.1/

 
  
  

0.1/
7 d/14d/28d

A. Niger
0.7/0.7/ 2.1/ 1.2 Ll/

7 d/14d/28d

- 26 -
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Ingredients Vv

Sulfobutylether-B-Cyclodextrin

Natrosol 250HX

0.77 0.77

0.75 0.75
  

So anLIPMC 2910 0 o

4

2

6

0.3 0.3

Ol

02

Disodium EDTA 0 0

Polyquaternium- 1

BAC

Benzododecinium Bromide

Sorbic Acid

0

‘Thimerosal

Chlorhexidine Digluconate

NaOH/HCI q.s. to pH 7.0 q.s. to pH 7.0

Purified water q.s. to 100 q.s. to 100

 PET RESULTS

S. aureus
0.0/0.1/4,7/ 0.0/0.0/4.7/

6 h/24h/7 d/14d/28d

 P. aerugin
§.0/5.0/5.0/ 5.0/5.0/5.0/

6 h/24h/7 d/14d/28d  
E. coli

0.6/1.3/5.1/ 1.1/5.0/5.0/
6 h/24h/7 d/14d/28d 
 C. albicans

5.8/
7 d/14d/28d

A, Niger
1,.2/ 5.0/

7 d/14d/28d

    

0.77

0.75

0.6

0.3

0.01  
q.s. to pH 7.0

q.s. to 100

0.0/0.4/4.7/

5.0/5.0/5.0/

1.0/3.9/5.0/
   

  

-27-
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Tables H and I show the achievementof significantly improved preservation

of formulations (Y through IT), which also contain SBE-B-CD.
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TABLE H

Ingredients Y | zZ AA BB i cc DD
++ 4 ++ - “bak oo

Olopatadine HCI 0.77 0.77 0.77 0.77 0.77 0.77

Sulfobutylether- 15 5 1 \ 1 0.75
6-Cyclodextrin

PVP K29/32 4 4 4 4 4 4

PEG 400 4 4 2 2 2 2
“~~ ~|

Natrosol 250HX 0.3 0.3 ~ - - -

HPMC 2910 0.6 0.6 0.6 0.6 0.6 0.6

Boric Acid 0.3 0.3 | 0.3 te 0.3 0.3 | 0.3
Mannitol 0.6 - - - - | -i ee

Propylene glycol - 1 1 0.5 | 0.5
[

Pol ternium-

°“_ 0.001 0.001 0.002 0.002 | 0.001 0.002
Sodium Hydroxide and/or Hydrochloric acid Qs to pH 7.2

Purified Water Qs to 100

PET DATA

S. aureus 0.9/1,7/4,9/
1.2/1.6/4.9/|1.6/2.2/4.7/|1.6/2.4/4.7/|1.8/2.0/4.7/|2.1/2.9/5.05

6 h/24n/7 4.9/4.9 4.9/4.9 4.7/4.7 4.7/4.7 4.7/4.7 .O/
d/14d/28d

P. aerugin 3.4/4.9/4.9/
0.3/1.4/5.2/|0.0/1.0/4.6/|0.2/1.2/5,.1/|0.1/1.0/5.1/|0.6/1.5/5.45

6 h/24h/7 4.9/4.9
5.2/5.2 5.1/5.1 5.1/5.1 5.1/5.1 4/

d/14d/28d +
E. coli 1.9/4,2/4.9/

1.0/2.7/5.2/|0.3/1.6/4.8/|1.7/4.8/4.8/|0.3/1.2/4.8/|2.2/4.9/5.45
6 h/24h/7 4.9/4.9 5.2/5.2 4.8/4.8 4.8/4.8 4.8/4.8 A/

d/14d/28d

C. albican 0.1/0.4/0.4
0.9/1.1/2.1 1.2/2.5/ 1.0/2.2/ 0.8/2.3/ 0.9/2.7/

7 d/14d/28d

A. niger 3.6/3.6/3.1
1.0/1.0/1.0 0.6/0.7/ 0.2/0.8/ 0.2/0.8/ 0.6/0.8/

7 d/t4d/28d |
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TABLEI

FID | EE FF GG HH If
| att aa ene at NA

Olopatadine HCl 0.77 0.77 0.77 0.77 0.77 ;
If ~Sulfobutylether 0.75 0.75 i 0.75 0.75

B-Cyclodextrin

PVP K29/32 4 | 4 4 4 4
PEG 400 2 2 | 2 2 2

Natrosol 250HX - - - - -

HPMC2910 | 0.6 0.6 0.6 0.6 Z 0.6
Boric Acid | 0.3 0.3 0.3 0.3 0.6
Mannitol | - | - - - -

Propylene glycol 1 | 0.5 0.5 1 -

Polyauaterntume 0.002 L 0.001 0.001 0.001 0.001
t |

Sodium Hydroxide and/or Hydrochloric acid Qs to pH 7.2

Purified Water Qs to 100

PET DATA

S. aureus
2.0/3.1/4.7/|0.7/1.2/4.7/|1.5/48.8/4.7/|2.0/2.9/5.05|1.8/2.8/5.05

6 h/24h/7 4.7/4.7 4.7/4.7 4.7/4.7 0/ Al
d/14d/28d

P. acrugin
0.5/1.4/5.1/|0.0/0.4/2.0/|0.4/1.1/5.1/|0.6/6.3/5.45|0.6/0.8/5.45

6 h/24n/7 5.1/5.1 1.2/0.2 5.1/5.1 Al A!
d/14d/28d

E. coli
1.6/4.6/4.8/|0.0/0.0/0.00}0.2/0.8/4.8/|2.4/5.2/5.45|1.2/3.2/5.45

6 h/24h/7 4.8/4.8 0/2.6 4.8/4.8 A/ A/
d/14d/28d

€.albican
1.1/2.7/ 0.6/1.9/ 0.7/1.9/ 0.3/2.4/ 0.3/1.5/

7 d/14d/28d

A. niger
0.7/0.8/ 0.7/0.9/ 0.7/0.8/ 0.7/0.8/ 0.7/0.7/

7 d/14d/28d

      
       

 
 

Table J illustrates that formula preservation can best be achieved using HP-

y-CD. In particular, formulas JJ through TT in Table J exhibit robust preservation
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relative to both European and United States preservation standards.

particularly surprising when the data in Table J is compared with the data in ‘Tables

A, B and E since there is no readily identifiable reason that the formulations

containing HP-y-CD should exhibit greater preservation cfficacy relative to the

formulations containing HP-B-CD.

This is
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TABLE J

Formula JJ KK LL MM | NN 0o
Batch # 11-63920 11-6392] 11-63900 11-63901 | 11-63902 11-63922
Component

Olopatadine 0.77 0.77 0.77 0.77 0.77 0.77

Hydrochloride ; ;

HP-y-CD 1.5 1.5 1.5 1.5 1.5 | 1.5
Povidone K29/32, 4 4 [4 4 4 | 4
PEG 400 4 4 4 4 | 4 4
HPMC 2910 E4M 0.4 0.4 0.4 0.4 | 0.4 0.4
Boric acid 0.3 0.3 0.3 0.3 | 0.3 0.3
Mannitol 0.2 0.2 0.2 0.2 0.2 0.2

Disodium EDTA - - - - - 0.005

Benzalkonium 0.015 0.0125 0.01 0.0075 0.005 0.015

Chloride

Sodium Hydroxide

and/or Hydrochloric

acid Qs to pH 7.2

Purified Water Qs to

|100
PET DATA

S.aureus 4.9/4.9/4.9/4|4.9/4.9/4.9/4|4.8/4.8/4.8/4|4.8/4.8/4.8/ 4.8/4.8/4.8/ 4,9/4.9/4.9/

6h/24h/7d/t4d/28d 9/4.9 .9/4,9 -8/4.8 4.8/4.8 A8/4.8 4.9/4.9

P.aeruginosa 4,9/4.9/4.9/4|4.9/4.9/4.9/4|4.9/4.8/4.9/4|4.9/4.9/4.9/ 4.9/4.9/4.9/|4.9/4.9/4.9/

6h/24h/7d/14d/28d 9/4.9 9/4.9 -9/4.9 4.9/4.9 4.9/4.9 4.9/4.9

E.coli §.0/5.0/5.0/5|2.6/5.0/5.0/5|1.1/3.0/4.9/4|0.9/1.8/4.9/ 0.4/1.2/4,9/ 5.0/5.0/5.0/

6h/24h/7d/14d/28d .0/5.0 .0/5.0 .9/4.9 4.9/4.9 4.9/4.9 5.0/5.0

C.albican 4,8/4.8/4.8 4.8/4.8/4.8 4.9/4.9/4,9 4.9/4.9/4.9 4.9/4. 9/4.9 4.8/4.8/4.8

|Oh/24h/7d/14d/28d |

A.niger S.1/S5.1/5.1 5.1/5.1/5.1 5.4/5.1/5.1 5.1/5.1/5.1 5.1/5.1/5.1 5.1/5.1/5.1

6h/24h/7d/1 4d/28d _
Test Results

pHInitial 731 7.25 7.25 7.20 7.29 7.25

- 30 -



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 31

TABLE J CONTINUED

Atty. Docket No.: 3988 US

   

ss 
 

 

 

 

 

 
 

 

 

 

 

  
  
 

 

 

 

 

 

 

   
  

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 31

FID PP EQ RR TT

L. Batch # 11-63923 11-63899 11-63905 | 11-63908 11-64011
Component .
Olopatadine 0.77 0.77 0.77 0.77 0.77

Hydrochloride

tP-y-CD 1.5 1.5 15 15 1.5
Povidone K29/32 4 4 4 4 4

PEG 400 4 4 4 4 4

|HPMC 2910 E4M 0.4 0.4 0.4 0.4 0.4

Boric acid 0.3 0.3 0.3 0.3 [03
Mannitol 0.2 0.2 0.2 0.2 0.2

Disodium EDTA 0.005 0.005 | 0.005 | 0,005 | 0.005
Benzalkonium 0.0125 0.01 0.0075 0.005 0.01

Chloride

Sodium Hydroxide

and/orIydrochloric

acid Qs to pH7.2

Purified Water Qs to
100

PET DATA

S.aureus 4.9/4.9/4.9/ 4,8/4.8/4.8/ 4.8/4.8/4.8/ 4.9/4.9/4.9/|3.0/5.0/5.0/5

ohi24h/7d/14d/28d 4.9/4.9 4.8/4.8 4.8/4.8 4,9/4.9 -0/5.0

P.acruginosa 4.9/4.9/4.9/|4.9/4.9/4.9/4 4.9/4.9/4.9/ 4.9/4.9/4.9/|5.0/5.0/5.0/5

6h/24h/7d/14d/28d 4.9/4.9 9/49 4.9/4.9 4.9/4.9 .0/5.0

E.coli 5.0/5.0/5.0/5|4.9/4.9/4.9/|4.9/4.9/4.9/ 5.0/5.0/5.0/|5.1/5. 1/5.1/5

6h/24h/7d/14d/28d .0/5.0 4.9/4.9 4.9/4.9 5.0/5.0 A/5.1

C.albican 4.8/4.8/4.8 4,9/4,9/4.9 4.9/4. 9/4.9 4.8/4.8/4.8 4.9/4.9/4.9

6h/24h/7d/14d/28d

A.niger 4. AIS A/5.1 S./S.1/4.9 S.A/S.1/5.1 4.4/5.4/5.1 $.3/5.3/5.3

6h/24h/7d/14d/28d _
Test Results

pHInitial 7.24 7.24 7.23 7.28 7.29

-~ 31.
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Tables K through O below corresponding to graphs in FIGS. 1 through 5,

provide results from a conjunctival allergen challenge (CAC) study of a high

concentration olopatadine composition as compared to a marketed lower

concentration olopatadine composition (marketed as PATADAY® by Alcon

Laboratories, Inc., a Novartis Company). The CAC study was performed

according to a standard CAC modelthat instills allergen in the eye (the challenge)

and then makes determinations of ocular redness and ocular itching at time points

(determination times) after the challenge. The CAC study was performed by ORA,

Inc., Andover, Massachusetts, United States, 01810, which uses a model accepted

by the food and drug administration (FDA). It is noted that in tables K through O

and FIGs. 1 through 5, the references to 0.77% olopatadine are references to

olopatadine HCL and actually represent 0.7% olopatadine as base and the

references to 0.2% olopatadine are references to 0.22% olopatadine HCL and 0.2%

olopatadineas base.

In the CAC model, each patient is dosed with drug or vehicle and exposed to

allergen at specific challenge times. The challenge times for the study were 27

minutes, 16 hours and 24 hours after dosing. Thereafter, itching is determined at

determination times of 3, 5 and 7 minutes after challenge times and redness is

determined at determination times of 7, 15 and 20 minutes after the challenge

times. Therefore, patients received three doses of drug or vehicle and each dose

was followed by an allergen challenge and then the itching and redness
determination are made as discussed. Results from the determination times are

provided in Tables K through O and the graphs of FIGS.1 through 5.

Redness scores are determined on a scale of 0 to 4 by visual observation and

the patient is asked to rate their ocular itching on a scale of 0 to 4 to attain itching

scores and in each score O is the least and 4 is greatest. The results of those

determinations at those time points are provided in Tables K through O and the

graphs of FIGS. 1 through 5. Each of Tables K through O provide a mean score

(Mean), a standard deviation (Std) to that score, a number (N) ofpatients, a

minimum (Min) score determined for any of the patients, a maximum (Max) score

determined for any of the patients and p-values for indications ofstatistical

significance with a p-value ofless than 0.05 indicating statistical significance.

~ 3).
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Table K below provides data relative to mean conjunctival redness as

determined by the conjunctival allergen challenge (CAC) study 27 minutes after

challenge and that data is provided as a graph in FIG 1.

TABLE K

Conjunctival Redness
(Onset-of-Action CAC)

By
Time Overall

Mean_ Std N Min Max p-value p-value 

7min Olopatadine 0.77% 0.8 0.7 63
Olopatadine 0.2% 13 0.8 63

Vehicle 2.1 0.7 60

15min Olopatadine 0.77% 1.1 0.9 63
Olopatadine 0.2% 1.9 0.8 63

Vehicle 23 0.6 60

20min Olopatadine 0.77% 1.1 0.8 63
Olopatadine 0.2% 1.9 0.8 63

Vehicle 2.3 0.7 60

Main Effect of Treatment p-value=<.0001
Treatment by TimeInteraction p-value=0.0036

3

<0001 <.0001

<.0001 <.0001

3

3

3

3. <.0001

4  <.0001

3

3 =<.0001

4 <0001

gqQoeoocorocooccc©:
  

As can be seen in Table K and FIG. 1, olopatadine at a concentration of

0.7% (note that the 0.77% above is for olopatadine HCl and represents 0.7%

olopatadine) providesstatistically significant (i.e., p < 0.05) relief of redness at

onset-of-action relative to both vehicle and olopatadine 0.2%. Further, olopatadine

at a concentration of 0.7% provides more that a 1.0 unit difference relative to

vehicle in relief of redness. Olopatadine at this concentration is believed to be the

first antihistamine/mast cell stabilizer to provide such a difference. This data is

particularly surprising since, prior to this CAC study, there was no indication that a

high concentrations olopatadine composition would provide any additional
reduction in redness at onset-of-action.

Olopatadine’s ICs value or half maximal inhibitory concentration (ICs59) for

inhibition of human conjunctival mast cell degranulation is in the 500 to 600 uM

range. Olopatadine’s binding affinity (Ki) value for histamine binding to the H1

receptor is in the 30 to 50 nM range. The molar concentration of olopatadine in a

0.1% solution of olopatadine is approximately 2.5 mM. These values suggest that a
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0.1% solution of olopatadine should have more than a sufficient quantity of

olopatadine to provide maximal inhibition of human conjunctival mast cell

degranulation and maximal fully histamine binding.

In particular, for inhibition of mast cell degranulation, these values indicate

that when a 0.1% solution of olopatadine is dosed onto the eye, there is exposure to

5 times the [C59 value for mast cell degranulation (500 uM vs 2.5 mM). When a

0.2% olopatadine solution is dosed to the eye, the exposure increases from

approximately 2.5 mM (for a 0.1% solution) to 5 mM or about 10 times excess

drug for inhibition of mast cell degranulation. Because olopatadine does not have

any vasoconstrictive effect, which would typically reduce redness, this inhibition of
redness is believed to result from inhibition of the release of the mast cell mediators

brought about by the mast cell degranulation. As such, a 0.1% or 0.2% solution of

olopatadine should provide full inhibition of redness at onset of action since both of

these solutions provide excess olopatadine for inhibiting mast cell degranulation.

Surprisingly, however, the data in Table K and FIG. 1 show that a 0.7%
solution of olopatadine prevents redness even better than a 0.2% solution of

olopatadine at onset of action. Even more surprising, it provides a statistically

significant difference in redness inhibition relative the 0.2% solution at onset of
action.

In contrast to this surprising discovery relative to redness, a similar finding

was not made for itching (see Table KK below), which is believed to be avoided

through histamine binding.

34 -
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TABLE KK

OcularItching
(Onset-of-Action CAC)

By
Time Overall

Mean Std N Min_Max p-valucp-value
3min Olopatadine 0.77% 0.4 0.7 63 0 3

Olopatadine 0.2% 04 06 63 0 3 0.8434
Vehicle 19 61.1 (60 0 4 <0001

5min Olopatadine 0.77% 0.6 08 63 0 3
Olopatadine 0.2% 0.7 0.7=63 0 3. 0.5341

Vehicle 21 1 60 0 4 <0001

7Tmin Olopatadine 0.77% 0.5 0.7 63 0 3
Olopatadine 0.2% 0.7 O08 63 0 4 0.3667 0.5441

Vehicle 2.0 1.1 60 0 4 <0001 <.0001   

Main Effect of Treatment p-value=<.0001
Treatment by TimeInteraction p-value=0.4025

The similarity in itching values for olopatadine 0.7% and olopatadine 0.2%

for itching at onset of action are to be expected since 0.2% olopatadine and 0.7%

olopatadine both provide enough olopatadine to provide maximal inhibition of

itching at onset of action. Thus, the above discussed finding relative to redness at

10=onset of action is quite unique.

Table L below provides data relative to mean conjunctival redness

determined by the CAC study 16 hours after challenge and that data is provided as

a graph in FIG2.
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TABLE L

Conjunctival Redness
(16hrs Duration CAC)

By
Time Overall

 Mean Std  N Min Max p-value p-value
7min Olopatadine 0.77% 13 0.8 65 0 3

Olopatadine 0.2% 16 0.7=65 l 30.0123 0.0056
Vehicle 18 08 65 1 3. <,0001 0.0001

15min Olopatadine 0.77% 1.5 0.8 65 0 4
Olopatadine 0.2% 1.9 0.7 65 | 4 0.006!

Vehicle 19 08 65 1 4 0.0013

20min Olopatadine 0.77% 1.5 0.8 65 0 4
Olopatadine 0.2% 1.9 0.7 65 1 4 0.0061

Vehicle 19 09 65 I 4 0.0015  

Main Effect of Treatment p-value=0.0004
Treatment by Time Interaction p-value=0.0077

As can be seen in Table L and FIG. 2, olopatadine at a concentration of

0.7% provides statistically significant relief of redness at 16 hours relative to both

vehicle and olopatadine 2%.

10 Table M below provides data relative to mean total redness determined by

the CAC study 24 hours after challenge and that data is provided as a graph in FIG

3. Mean total redness is a summation three redness determinations: i) conjunctival;

ii) episcleral; and iii) ciliary, each taken on a scale of 1 through 4.
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TABLE M

Total Redness

(24hrs Duration CAC)
By

Time Overall

Mean Std N Min Max p-value p-value
7min Olopatadine 0.77% 4.1 2.6 66 0

Olopatadine 0.2% 54 2.4 66 1 11 0.0022 0.0073
Vehicle 6.1 2.3 68 1 10 <0001 <0001

15min Olopatadine 0.77% 5.0 2.9 66 0 10
Olopatadine 0.2% 62 23 66 1 11 0.0086

Vehicle 6.7 23 68 I 11 <.0001

20min Olopatadine 0.77% 54 2.9 66 1 11
Olopatadine 0.2% 63 23 66 2 11 0.0383

Vehicle 6.6 2.6 68 1 11 0.0040   

Main Effect of Treatment p-value=0.0003
Treatment by Time Interaction p-value=0.0136

As can be seen in Table M and FIG. 3, olopatadine at a concentration of

0.7% providesstatistically significant relief of total redness at 24 hours relative to

both vehicle and olopatadine 2%.

10 Table N below provides data relative to ocular itching determined by the

CACstudy 24 hours after challenge and that data is provided as a graph in FIG 4.
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TABLE N

OcularItching
(24hrs Duration CAC)

By
Time Overall

Mean Std=N Min Max p-value p-value
3min Olopatadine 0.77% 0.9 0.8 66 0 3

Olopatadine 0.2% 14 0.8 66 0 30.0010
Vehicle 25 0.8 68 1 4 <,0001

Smin Olopatadine 0.77% 1.1 0.9 66 0 3
Olopatadine 0.2% 15 09 66 0 4 0.0107

Vehicle 2.6 0.8 68 0 4 <0001

7min Olopatadine 0.77% 1.1 0.9 66 0 3
Olopatadine 0.2% 15 1.0 66 0 4 0.0149 0.0034

Vehicle 2.9 0.9 68 0 4 _<0001 <0001  

Main Effect of Treatment p-value=<.0001
Treatment by TimeInteraction p-value=0.3221

As can be seen in Table N and FIG. 4, olopatadine at a concentration of

0.7% provides statistically significant relief of ocular itching at 24 hours relative to

both vehicle and olopatadine 2%.

10 Table O below provides data relative to ocular itching determined by the

CACstudy 24 hours after challenge and that data is provided as a graph in FIG 5.
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TABLE O

Conjunctival Redness

Atty. Docket No.: 3988 US

By
Time Overall
 

7Tmin Olopatadine 0.77%
Olopatadine 0.2%

Vehicle

15min Olopatadine 0.77%
Olopatadine 0.2%

Vehicle

20min Olopatadine 0.77%
Olopatadine 0.2%

Vehicle

(24hrs Duration CAC)

Mean Std N_ Min

15 08 66 0

19 08 66 0

2.1 0.8 68 1

18 0.9 66 0

2.1 0.7 66 0

2.3 0.7 68 !

18 09 66 0

2.1 07 66 1

2.3 0.9 68 l

paHPPBHPhfFWwW
0.0016 0.0075

<.0001 <.0001

0.0131

<.0001

0.0402

0.0024        

Main Effect of Treatment p-value=0.0002
Treatment by Time Interaction p-value=0. 1540

As can be seen in Table O and FIG. %, olopatadine at a concentration of

0.7% provides statistically significant relief of conjunctival redness at 24 hours
relative to both vehicle and olopatadine 2%.
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WeClaim:

1. An ophthalmic composition for treatment of ocular allergic conjunctivitis,

the composition comprising:

at least 0.67 w/v % olopatadine; and
water.

2. A composition as in claim | wherein the concentration of olopatadineis at
least 0.7 w/v% and is dissolved in solution.

3. A composition as in claim 1 further comprising a y-cyclodextrin derivative,

a B-cyclodextrin derivative or both to aid in the solubility of the olopatadine.

4, A composition as in claim 1 further comprising a lactam polymerto aid in

the solubility of the olopatadine.

5. A composition as in claim 4 wherein the lactam polymer is

polyvinylpyrrolidone.

6. A composition as in claims 1 further comprising a polyether.

7. A composition as in claim 6 wherein the polyether is polyethylene glycol.

8. A composition as in claim 1 wherein the composition is disposed in an

eyedropper, has a pH of 5.5 to 8.0 and an osmolality of 200 to 450.

9. An ophthalmic composition for treatment of ocular allergic conjunctivitis,

the composition comprising:

at least 0.67 w/v % olopatadine dissolved in solution;

PEG having a molecular weight of 300 to 500;

polyvinylpyrrolidone; and

cyclodextrin derivative selected from  f-cyclodextrin derivative,

y-cyclodextrin or both.

10. A composition as in claim 9 further comprising a preservative selected from

a polymeric quaternary ammonium compoundand benzalkonium chloride.

- 40-
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11. A composition as in claim 10 wherein the cyclodextrin derivative is

hydroxypropyl- B-cyclodextrin or sulfoalkyl ether B-cyclodextrin.

12. <A composition as in claim 11 wherein the B-cyclodextrin derivative is

hydroxypropyl- B-cyclodextrin when the preservative is the benzalkonium chloride

and the B-cyclodextrin derivative is sulfoalkyl ether B-cyclodextrin when the

preservative is the polymeric quaternary ammonium compound.

13. A composition as in claim 10 wherein the preservative is benzalkonium

chloride and the cyclodextrin derivative is hydroxypropyl-y-cyclodextrin.

14. A composition as in claim 9 further comprising borate.

15. A composition as in claim 14 further comprising polyol.

16. An ophthalmic composition for treatment of ocular allergic conjunctivitis,

the composition comprising:

at least 0.67 w/v % but no greater than 1.0 w/v% olopatadine dissolved in

solution;

PEG having a molecular weight of 300 to 500 wherein the concentration of
the PEG in solution is from about 2.0 w/v % to about 6.0 w/v%;

a lactam polymer wherein the lactam polymer is polyvinylpyrrolidone and

the concentration of the polyvinylpyrrolidone in solution is from about 2.0 w/v %

to about 6.0 w/v%:;and

a B-cyclodextrin derivative or a y-cyclodextrin derivative selected from

SAE-B-cyclodextrin, HP-y-cyclodextrin and HP-B-cyclodextrin wherein the

concentration of the B-cyclodextrin derivative or the y-cyclodextrin derivative is at

least 0.5 w/v%but no greater than 2.0 w/v%.

17. A composition as in claims 16 further comprising borate at a concentration
of at least about 0.18 w/v % but less than about 0.5 w/v%.

18. A composition as in claim 17 further comprising polyol.

19. A composition as in claim 18 wherein the polyol include polyethylene

glycol at a concentration of at least 0.4 w/v% but no greater than 2.2 w/v%.

-4] -
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20. An ophthalmic composition for treatment of ocular allergic conjunctivitis,

the composition comprising:

at least 0.67 w/v % but no greater than 1.0 w/v% olopatadine dissolved in

solution;

PEG having a molecular weight of 300 to 500 wherein the concentration of

the PEG in solution is from about 2.0 w/v % to about 6.0 w/v%;

a lactam polymer wherein the lactam polymer is polyvinylpyrrolidone and

the concentration of the polyvinylpyrrolidone in solution is from about 2.0 w/v %

to about 6.0 w/v%; and

hydroxypropyl-y-cyclodextrin in the composition at a concentration of at

least 0.5 w/v% but no greater than 2.0 w/v%.

21. A composition as in claims 20 further comprising borate at a concentration
of at least about 0.18 w/v % but less than about 0.5 w/v%.

22. Acomposition as in claim 21 further comprising polyol.

23. A composition as in claim 22 wherein the polyol include polyethylene

glycol at a concentration of at least 0.4 w/v% but no greater than 2.2 w/v%.

24. A method of treating ocular allergy symptoms, the method comprising:

topically applying the composition of claim 20 to an eye of a human.

25 A method as in claim 24 wherein the step of topically applying the

composition includes dispensing an eyedrop from an eyedropper.
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Abstract

The present invention is an ophthalmic composition containing a relatively

high concentration of olopatadine. The composition is typically an ophthalmic

aqueous solution containing relatively high concentrations of olopatadine

solubilized within the solution. The composition is preferably capable of providing

enhanced relief from symptoms of ocular allergic conjunctivitis, particularly late

phase symptomsof ocular allergic conjunctivitis.
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DECLARATION AND POWER OF ATTORNEY

As a below named inventor, we hereby declare that:

Our residence, post office address and citizenship are as stated below next to our
Hames.

Webelieve we are the original, first and joint inventors of the subject matter whichis

claimed and for which a patent is sought on the invention entitled:

HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

described and claimed herewith and further identified as Attorney Docket No. 3988 US the

specification of which (check one)

(X} is attached hereto.

{ ) was filed byan authorized person on my behalfonssa8 Application
Serial No. and was amended on Gifapplicable} 

We herebystate that we have reviewed and understand the contents of the above-
identified specification, including the claims as amended by any amendment referred to
above.

We acknowledge the duty to disclose information which is known to me to be

material to patentability as defined in Section 1.56.

We herebyclaim foreign priority benefits under Title 35, United States Code, Section

119(a)-(d) or Section 365(b) of any foreign application(s) for patent or inventor's certificate,
or Section 365(a) of any PCT international application which designated at least one country
other than the United States, listed below and have also identified below any foreign

application for patent or inventor’s certificate having a filing date before that of the
application on which priority is claimed:

Prior Foreign Application(s):

| Application Number Country Filed Yes | No
 | Priority Claimed t5
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We hereby claim the benefit under 35 USC §119fe) of any United States provisional

application(s) listed below.

Prior Provisional Applcation(s}: | Priority Claimed
FReeeeeeeevee: sandineeneenneeeeennareconatatasnnnannennen

Application Number Filed | Ves | No
(Month/Day/Year) |

¢

annette 

 a -4/487,789 05/19/2011 i, |
61/548,957 40/99/2014 x 

We hereby claim the benefit under Title 35, United States Code, Section 120 of any

United States application(s), or Section 365(c) of any PCT international application designating
the United States, listed belowand, insofar as the subject matter of cach of the claims of this

application is not disclosed in the prior United States or PCT international application in the
manner provided by the first paragraph of Title 35, United States Code, Section 112. We

acknowledge the duty to disclose material information as defined in Title 37, Code of Federal

Regulations, Section 1.56 which occurred between the filing date of the prior application and the

national or PCT international filing date of this application:

 

 

z nnntitttSARSnneeentehnANTALASASRARRASSSSSeSnanaaananananaaang

: Status: Patent, |
ute Te «at PendinPrior U.S. Application(s): Bs :

Abandoned i
=eeeeeeeeee~~rreccennnannaeenereeemoe

Application Number Filed
i (Month/Day/Year) |

 

We hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful faise statements and the like so made are

punishable byfine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any

patent issued thereon.

We hereby appoint those patent practitioners associated with Customer No. 26336 as

myattorneys, with full power of substitution and revocation, to prosecute this application and
to transact all business in the United States Patent and Trademark Office connected therewith.
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41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

 
 
   

13/475,607 05/18/2012 1629 1800 3988 US 25 4

CONFIRMATION NO.4130

26356 FILING RECEIPT
ALCON

IP LEGAL, TB4-8 AC000000054601503
6201 SOUTH FREEWAY

FORT WORTH, TX 76134

Date Mailed: 06/04/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Daniel A. Gamache, Arlington, TX;
LamanAlani, Fort Worth, TX;

Malay Ghosh,Fort Worth, TX;
Francisco Javier Galan, Barcelona, SPAIN;

Nuria Carreras Perdiguer, Barcelona, SPAIN;
Onkar N. Singh, Arlington, TX;

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This appin claims benefit of 61/487,789 05/19/2011
and claims benefit of 61/548,957 10/19/2011

Foreign Applications (You may beeligible to benefit from the Patent Prosecution Highway program atthe
USPTO.Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 06/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/475,607

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents”(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://“www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USAoffers tremendous
resources and advantagesfor those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USAis the best
country in the world to develop technology, manufacture products, and grow your business,visit SelectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450 

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

13/475,607 05/18/2012 Daniel A. Gamache 3988 US

CONFIRMATION NO.4130

26356 FORMALITIES LETTER

ALCON

IP LEGAL, TB4-8 INOUEA
6201 SOUTH FREEWAY 000000
FORT WORTH, TX 76134

Date Mailed: 06/04/2012

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER37 CFR1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number andfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Notice within whichtofile all
required items below to avoid abandonment. Extensions of time may be obtainedbyfiling a petition accompanied
by the extension fee underthe provisions of 37 CFR 1.136(a).

« The oath or declaration is unsigned.

The applicant needs to satisfy supplemental fees problems indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

« A surcharge (for late submissionoffiling fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted.

SUMMARYOF FEES DUE:

Total fee(s) required within TWO MONTHSfrom the date of this Notice is $130 for a non-small entity
* $130 Surcharge.

page 1 of 2
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Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyofthis notice.

/kung/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Inte: Daniel A. Gamacheet al.

U.S. Serial No.: 13/475.607 CERTIFICATE OF FILING VIA EES-WEBM3 ee en 3 é

i hereby certify that this oorrespandence is being

. - at oy submitied to the Mail Stop Missing Parts;Confirmation No.: 4136 Commissioner for Patents, PG. Box 1456,
Alexandria, VA. 22313-1450 via EPS-Web on
this date:

Fuled: May 18, 2012

Examiner: ” Barbara MoWencie
 

Group Art Unit: 11629

For: HIGH CONCENTRATIONOLOPATADINE OPHTHALMIC COMPOSITION

RESPONSE TONOTICE TO FILE MISSING PARTS

OF NONPROVISIONAL APPLICATION  

Mail Stop Missing Parts
Commissioner for Patents

BO. Box 1440

Alexandria, VA 22313-1450

Dear Sir:

This paper is submitted in response to the Notice To File Missing Parts of

Nonprovisional Application — Filing Date Granted mailed June 4, 2012. Applicants submit

berewith a fully executed Declaration And Power Of Attorney. Applicants respectfully

submit that no additional parts are required to be filed in the above-referenced application,

and, therefore, the application should be processed accordingly.

The Commissioner is hereby authorized to charge payment of the following fee and

any additional fees which may be required associated with this communication to Deposit

Account No. 010682 of Alcon Research, Lid.
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LSVETS.6
wy 1S, 2012

b

{. The fee amount of$130.00for late submission of an executed Oath orDechiration

SOF (Conf. 84130)

under 37 CPR1.16(f).

Adidas far orrespencee
Alsen I
Sesatt A.

SAO) 8. Prec
Fart Worth, ~ f
PReie) S2T-895-3

 

 
 

 
 

 

Aiturmey Docket: £os

 

Respeetfully submitied,

Alcon Research, Lid,
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DECLARATION AND POWER OF ATTORNEY

As a below named inventor, we hereby declare that:

Our residence, post office address and citizenship are as stated below next to our
names.

We believe we are the original, first and joint inventors of the subject matter whichis

claimed and for which a patent is sought on the invention entitled:

HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

described and claimed herewith and further identified as Attorney Docket No. 3988 US the

specification of which (check one)

(XX) is attached hereto.

( } was filed by an authorized person on my behalfon _ , as Application
Serial No. | and wasamendedonsiGF applicable)

We hereby state that we have reviewed and understand the contents of the above-
identified specification, including the claims as amended by any amendment referred to
above.

We acknowledge the duty to disclose information which is known to me to be
material to patentability as defined in Section 1.56.

We hereby claim foreignpriority benefits under Title 35, United States Code, Section
119(a}-(D or Section 365(b) of any foreign application(s) for patent or inventor’s certificate,

or Section 365(a) of any PCT international application which designated at least one country

other than the United States, listed below and have also identified below any foreign

application for patent or inventor’s certificate having a filing date before that of the

application on whichpriority is claimed:

Prior Foreign Application(s): . | Priority Claimed
| Application Number == Country Filed | Yes No

; | (Month/Day/Year)

 3
:3
3}
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We hereby claim the benefit under 35 USC §119(e) of any United States provisional
application(s) listed below.

ESRE ninnnennEE

Prior Provisional|Application(s): ' Priority Clabned 

 
 SSSAPSESSSy

“Application Number Filed Yes Ne 
_ (Month/Day/Year)

_61/487,789_ _osnee

| _S1/548,957 / 19n92011 on

We hereby claim the benefit under Title 35, United States Cade, Section 120 of any

United States application(s), or Section 365(c) of any PCTinternational application designating
the United States, listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States or PCT international application in the

manner provided by the first paragraph of Title 35, United States Code, Section 112. We

acknowledge the duty to disclose material information as defined in Title 37, Code of Federal

Regulations, Section 1.56 which occurred between the filing date ofthe prior application and the
national or PCTinternational filing date ofthis application:

2SRRRRAENTREEEEREEE EE LOL eee wnat ena tenonnASERENAAAAS

Status: Patent,

 

   5 or i Pending.
P SS. AL : ?rior U.S. Application(s) i_Abandonea

Application Number Filed
__(Month/Day/Year)|

_woe . re

We hereby declare that all statements made herein of my own knowledge are true and

that all statements made on information and belief are believed to be true; and further that these

statements were made with the knowledge that willful false statements and the like so made are

punishable byfine or imprisonment, or both, under Section 1001 of Title 18 of the United States

Code and that such willful false statements mayjeopardize the validity of the application or any
patent isstied thereon.

We hereby appoint those patent practitioners associated with Customer No. 26356 as

my aitomeys, with full power of substitution and revocation, to prosecute this application and
to transact all business in the United States Patent and Trademark Office connected therewith.
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Full name of Inventor:

Address:

Inventor’s Signature:

Date:

Citizenship: |

Full name of Inventor:

Address:

inventor's Signature:

Date:

Citizenship:

Full name of Inventor:

Address:

Inventor’s Signature:

Date:

Citizenship:

IPR2018-01020 and IPR2018-01021

Daniel A. Gamache

5610 Humterwood Lane

Arlington, Texas 76017

 

United States of America |

Laman Alani

6809 Shadow Creek Court

Fort Worth, Texas 76132

nnnlefADf QABette

United States of America

Malay Ghosh

422) Kirkland Court

Fort Worth, Texas 76109

amAhn
6)9peoire
United States of America

 

, Exhibit 1008, Page 73



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 74

Full name of Inventor:

Address:

Tnventor’s Signature:

Date:

Citizenship:

Full name of Inventor:

Address:

Inventor's Signature:

Date:

Citizenship:

Full name of Inventor:

Address:

iiventor’s Signature:

Date:

Citizenship:

Francisco Javier Galan

c/ Dels Pins, 19

08329 Teia

Re Bee SCRE ais aan 7oF clone. pain)
SSE

  
cates...Eas2a2

Spain

Nuria Carreras Perdiguer

Ametiler, 9

O8146 Calades de Montbui

Barcelona (Spain)

att  
Cy

Spain

Onkar N. Singh

3606 Rachel Court

Arlington, Texas 76017

 
ae
Nace

United States of America
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Address for Correspondence:
Alcon Research, Ltd.
Scott A. Chapple, IP Legal
6201 South Freeway, TH4-3
Port Worth, Texas 76134
Phone: 817-615-5288
Docket No.: 3988 US

Customer No.: 263456
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Electronic Patent Application Fee Transmittal

Title of Invention: HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

a

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

USD(S$)
Description Fee Code Quantity

Basic Filing:

Miscellaneous-Filing:

Late filing fee for oath or declaration 1051

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Total in

Description Fee Code Quantity USD(S)

Miscellaneous:

Total in USD (S$)
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Electronic AcknowledgementReceipt

a

eine

Title of Invention: HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

ee

Paymentinformation:

 
Submitted with Payment yes

RAM confirmation Number 384

Deposit Account 010682

Authorized User

TheDirector of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

 Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document gs File Size(Bytes)/ Multi PagesD tD t : . :

Applicant Response to Pre-Exam 3988_US_MissingPartsRespons
Formalities Notice e_062612.pdf bcch6ee4fef3e3 127d88a0d3b77e84c1 19a3

9e8a

Information:

299206

Oath or Declarationfiled 3988_US_Decl-POA_signed.pdf
79b623 effb9a545 143941 0d96b2c5b944d 1

67291

Fee Worksheet (SB06) fee-info.pdf
55 1f9acef6a7aecOabc1 858095 3e24d9e68ch

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

25 413/475,607 05/18/2012 1629 1930 3988 US

 
 
   

CONFIRMATION NO.4130

26356 UPDATED FILING RECEIPT
ALCON

IP LEGAL, TB4-8 IMAC000000095125577
6201 SOUTH FREEWAY

FORT WORTH, TX 76134

Date Mailed: 07/05/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Daniel A. Gamache, Arlington, TX;
LamanAlani, Fort Worth, TX;

Malay Ghosh,Fort Worth, TX;
Francisco Javier Galan, Barcelona, SPAIN;

Nuria Carreras Perdiguer, Barcelona, SPAIN;
Onkar N. Singh, Arlington, TX;

Powerof Attorney: The patent practitioners associated with Customer Number 26356

Domestic Priority data as claimed by applicant
This appin claims benefit of 61/487,789 05/19/2011
and claims benefit of 61/548,957 10/19/2011

Foreign Applications (You may beeligible to benefit from the Patent Prosecution Highway program atthe
USPTO.Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 06/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/475,607

Projected Publication Date: 11/22/2012

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

HIGH CONCENTRATION OLOPATADINE OPHTHALMIC COMPOSITION

Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewith its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents”(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
can be viewed on the USPTO website at http://“www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USAoffers tremendous
resources and advantagesfor those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USAis the best
country in the world to develop technology, manufacture products, and grow your business,visit SelectUSA.gov.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to makethe appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[_] from a foreign patent office in a counterpart foreign application not more than three months prior to thefiling of the

information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[-] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[_] See attached certification statement.

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Name/Print Registration Number 46,287 
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public whichis to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

 

 
The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1} the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonmentof the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Departmentof Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counselin the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
requestinvolving an individual, to whom the record pertains, whentheindividual has requested assistance from the
Memberwith respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSAaspart of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any otherrelevant(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record wasfiled in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency,if the USPTO becomes awareof a violation or potential violation of law or regulation.
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EP 0 862 414 B1

Description

[0001] The present invention describes a pharmaceutical composition, in particular a preserved ophthalmic compo-
sition, comprising a cyclodextrin, a quaternary ammonium salt, an alkylene glycol and a pharmaceutically active com-
pound.
[0002] Numerous ophthalmic compositions have been describedin prior art. The majority of the prior art ophthalmic

compositions are dealing with those properties which characterize the humantears and whichare e.g. the osmolality,
the viscosity or the pH. Other publications related to such compositions are directed towards the preservation of oph-
thalmic compositions. The addressed topics can be approached with different solutions. A few of these proposed
solutions are shortly reviewedinfra.
[0003] EP 349 487 describes an antimicrobial ophthalmic solution comprising a quaternary ammonium salt, namely
Bradosol ® , as the microbicide and methods of using the same.
[0004] Ophthalmic solutions containing hydroxyethyl cellulose are described in GB 2 169 508, which solutions may
serve asartificial tears.

[0005] EP 76 136 describes an aqueousdisinfecting solution for contact lenses, which solutions contain certain
polymeric quaternary ammonium compounds, such as e.g. Onamer M™,
[0006] DE2 839752 (Toko) discloses an ophthalmological gel, which is a homogenous mixture of an aqueoussolution
of a carboxy vinyl polymer with a polymer contentof 0.05 to 5 % by weight, a water-soluble basic compound,a ther-

apeutically effective amount of a common ophthalmological drug, having a pH in the range of 5 to 8 and a viscosity of
1000 to 100'000 mPasat 20°C, characterizedin that it comprises 0.001 to 0.5 % weight NaCl.
[0007] GB2196 265 (Resdevco)discloses eye drops consisting of an essentially isotonic solution of a physiologically
acceptable organic humectantin combination with required adjuvants or auxiliaries, containing less than 1.5 millimol/
liter inorganic salt.
[0008] EP 37 043 (Wellcome) describes an isotonic liquid pharmaceutical formulation comprising trimethoprim and

polymyxin, a vehicle therefor, a mercury containing preservative and an isotonic agent, characterizedin that the isotonic

agent comprises a non-ionic polyhydroxy compound.
[0009] Cyclodextrins have been proposed in several applications which are dealing with ophthalmic compositions.
WO 94/15582 (Javitt et al.) describes e.g. an ophthalmic composition comprising an effective amountof a carbonic
anhydrase inhibitor and an amount of an amorphous(B-cyclodextrin effective in increasing the bioavailability of the
carbonic anhydraseinhibitor when coadministeredtopically.
[0010] §- and y-cyclodextrins, in particular partially etherified derivatives thereof, have been proposed in EP 149 197
and EP 197 571 (both to Janssen) for pharmaceutical preparations comprising inclusion complexes of medicinal sub-
stances which are sparingly soluble in water or instable in water.
[0011] It is also knownto preserve eye medicaments by means of quaternary ammonium salts (see, for example,
EP-A-306,984). Only a very few quaternary ammonium salts have found practical application for the preservation of
eye medicaments- evidently because of the multifarious requirements which mustbefulfilled - these are, in particular,

the three substances mentioned explicitly in EP-A-306,984, cetyltrimethylammonium bromide, cetylpyridinium chloride

and benzalkonium chloride (cf. also EP-A-242,328). A preferred preservative for eye medicamentsat the present time
is typically benzalkonium chloride (see, for example, EP-A-306,984, page 2, lines 31-33), which has the following

structure: N-benzyl-N-(C,-C, galkyl)-N,N-dimethylammonium chloride.
[0012] In another publication ophthalmic solutions are reviewed, which solutions comprise cyclodextrins and pre-
servatives such as benzalkonium chloride (see Karl-Heinz Fromming and Josef Szejtli in Cyclodextrins in Pharmacy,

1994 Kluwer Academic Publishers, page 181, lines 10 - 21). The authors point out that the cyclodextrins may have a
positive impact e.g. on the drug solubility or on the improvementof drug bioavailability. In contrast to this the same
authors teach, that the cyclodextrins may also have a negative impact on such ophthalmic compositions, namely a
decreaseof the bioavailability of a drug, if the stability constant of the drug/cyclodextrin complex is very large, and in
particular a loss of the preservative efficacy for certain preservatives such as e.g. benzalkonium chloride.
[0013] Therefore the problem to be solved consists of providing a preserved aqueous ophthalmic solution with good

ocular tolerability, further comprising a pharmaceutically active compound having a high bioavailability when adminis-

tered topically to the eye. In other words the problem to be solved consists of (1) maintaining the positive effects of
both a cyclodextrin and of an ophthalmically acceptable quaternary ammonium salt within an ophthalmic composition
designated for topical administration, and of (2) eliminating the negative impact of a cyclodextrin in particular with
respect to a quaternary ammoniumsalt preservative.
[0014] Surprisingly it has been found, that a carefully balanced composition fulfills in fact all the criteria mentioned

abovefor ophthalmic preparations. Accordingly a first aspect of the present invention is a preserved ophthalmic com-
position, comprising a cyclodextrin, a quaternary ammonium salt, an alkylene glycol and a pharmaceutically active
compound.
[0015] In moredetail, it has been found, that an alkylene glycol in accordance with the present invention exhibits a
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particular function whichis different from ist known tonicity enhancing property. While an alkylene glycol maystill act

as tonicity and/or solubility enhancing agent, it has been found, that an alkylene glycol may enhance(orat least main-
tain) both the efficacy of a quaternary ammonium salt in its function as a preservative as well as the bioavailability
enhancing efficacy of a cyclodextrin on a pharmaceutically active compound. In other words,all the effects known from
a cyclodextrin itself on a pharmaceutically active compound or from a quaternary ammoniumsalt itself are typically
enhancedin a synergistic fashion. An ophthalmic composition manufactured in accordance with the present invention

will usually contain much lower concentrations of a preservative or of an ophthalmic drug as comparedto a prior art
composition. Accordingly such an ophthalmic composition will typically exhibit an excellent ophthalmic tolerability. In
addition to this, an ophthalmic composition in accordanceto the present invention will typically impart improved stability
to a pharmaceutically active drug used.
[0016] Another aspect is a preserved ophthalmic composition, comprising a cyclodextrin, a quaternary ammonium
salt, an alkylene glycol, a pharmaceutically active compound and a carrier.
[0017] The present invention also relates to a preserved ophthalmic composition, comprising a cyclodextrin, a qua-

ternary ammonium salt, an alkylene glycol, a pharmaceutically active compound, a carrier and one or more of an
excipient selected from the group consisting of buffers, solubilizers, complexing agents, stabilizers, preservatives dif-
ferent from quaternary ammonium salts, tonicity enhancing agents andfillers.
[0018] Another aspect is a preserved ophthalmic composition, comprising a cyclodextrin, a quaternary ammonium
salt, an alkylene glycol, a pharmaceutically active compound,a carrier and a solubilizer.

[0019] Still another aspectis a preserved ophthalmic composition, comprising a cyclodextrin, a quaternary ammo-
nium salt, an alkylene glycol, a pharmaceutically active compound,a carrier, a solubilizer and a complexing agent.
[0020] According to the invention an ophthalmic composition is advantageously applied topically to the eye, especially
in the form of a solution, a suspension, an ointment, a gel or a solid insert. Such compositions comprise a pharmaceu-
tically active ingredient, for example, in a range of from approximately 0.000001 to approximately 10.0% by weight,
preferably from approximately 0.001 to approximately 1.0% by weight, or more preferably in the range of from approx-

imately 0.01 to approximately 0.5% by weight and mostpreferably in the range of from 0.025 to 0.1% by weight. The

dose of the active ingredient may depend on various factors, such as mode of administration, requirement, age and/
or individual condition.

[0021] There are used for a corresponding ophthalmic composition other customary pharmaceutically acceptable
excipients and additives knownto the personskilled in the art, for example thoseof the type mentioned below, especially
carriers, stabilizers, solubilizers, tonicity enhancing agents, buffer substances, preservativesdifferent from quaternary
ammonium salts, thickeners, complexing agents and other excipients. Examples of such additives and excipients can

be found in U.S. Patents Nos. 5134124 and 4906613. Such compositions are prepared in a manner knownper se, for
example by mixing an active ingredient with the corresponding excipients and/or additives to form corresponding oph-
thalmic compositions.
[0022] Carriers used in accordanceto the present invention are typically suitable for topical or general administration,

and are for example water, mixtures of water and water-miscible solvents, such as C,- to C7-alkanols, vegetable oils
or mineral oils comprising from 0.5 to 5% by weight hydroxyethylcellulose, ethyl oleate, carboxymethyl-cellulose, pol-

yvinylpyrrolidone and other non-toxic water-soluble polymers for ophthalmic uses, such as, for example, cellulose
derivatives, such as methylcellulose, alkali metal salts of carboxymethylcellulose, hydroxymethylcellulose, hydrox-
yethylcellulose, methylhydroxypropylcellulose and hydroxypropylcellulose, acrylates or methacrylates, such as salts
of polyacrylic acid or ethyl acrylate, polyacrylamides,natural products, such as gelatin, alginates, pectins, tragacanth,
karaya gum, xanthan gum, carrageenin, agar and acacia, starch derivatives, such as starch acetate and hydroxypropyl

starch, and also other synthetic products, such as polyvinyl alcohol, polyvinylpyrrolidone, polyvinyl methyl ether, pol-
yethylene oxide, preferably cross-linked polyacrylic acid, such as neutral Carbopol, or mixtures of those polymers.
Preferred carriers are water, cellulose derivatives, such as methylcellulose, alkali metal salts of carboxymethylcellulose,
hydroxymethylcellulose, hydroxyethylcellulose, methylhydroxypropylcellulose and hydroxypropylcellulose, neutral
Carbopol, or mixtures thereof. The concentration of the carrier is, for example, from 1 to 100000 times the concentration
of the active ingredient.

[0023] The solubilizers used for an ophthalmic composition of the present invention are, for example, tyloxapol, fatty

acid glycerol polyethylene glycol esters, fatty acid polyethylene glycol esters, polyethylene glycols, glycerol ethers or
mixtures of those compounds.A specific example of an especially preferred solubilizer is a reaction product of castor
oil and ethylene oxide, for example the commercial products Cremophor EL® or Cremophor RH 40® . Reaction prod-
ucts of castor oil and ethylene oxide have proved to be particularly good solubilizers that are tolerated extremely well
by the eye. Anotherpreferred solubilizer is tyloxapol. The concentration used depends especially on the concentration

of the active ingredient. The amount addedis typically sufficient to solubilize the active ingredient. For example, the
concentration of the solubilizer is from 0.1 to 5000 times the concentration of the active ingredient.
[0024] Buffers, tonicity enhancing agents and preservatives different from quaternary ammonium salts may be used
in an ophthalmic composition of the present invention as well.
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[0025] Examples of buffer substances are acetate, ascorbate, borate, hydrogen carbonate /carbonate,citrate, glu-

conate, lactate, phosphate, propionate and TRIS (tromethamine)buffers. Troomethamine and borate buffer are preferred
buffers. The amountof buffer substance addedis, for example, that necessary to ensure and maintain a physiologically
tolerable pH range. The pH range is typically in the range of from 5 to 9, preferably from 6 to 8.5 and morepreferably
from 6.5 to 8.2.

[0026] Tonicity enhancing agents are, for example, ionic compounds, such asalkali metal or alkaline earth metal

halides, such as, for example, CaCl5, KBr, KCI, LiCl, Nal, NaBr or NaCl, or boric acid. Non-ionic tonicity enhancing
agents are, for example, urea, glycerol, sorbitol, mannitol, propylene glycol, or dextrose. For example, sufficient tonicity
enhancing agentis addedto impart to the ready-for-use ophthalmic composition an osmolality of approximately from
50 to 1000 mOsmol, preferred from 100 to 400 mOsmol, more preferred from 200 to 400 mOsmol and even more
preferred from 250 to 350 mOsmol.
[0027] Examples of preservativesdifferent from quaternary ammoniumsalts are alkyl-mercury salts of thiosalicylic
acid, such as, for example, thiomersal, phenylmercuric nitrate, phenylmercuric acetate or phenylmercuric borate, pa-

rabens, such as, for example, methylparaben or propylparaben, alcohols, such as, for example, chlorobutanol, benzyl
alcohol or phenyl ethanol, guanidine derivatives, such as, for example, chlorohexidine or polyhexamethylene biguanide,
or sorbic acid. Preferred preservatives are alkyl-mercury salts and parabens. Where appropriate, a sufficient amount
of preservative is added to the ophthalmic composition to ensure protection against secondary contaminations during
use caused by bacteria and fungi.

[0028] The ophthalmic compositions may comprise further non-toxic excipients, such as, for example, emulsifiers,
wetting agentsor fillers, such as, for example, the polyethylene glycols designated 200, 300, 400 and 600, or Carbowax
designated 1000, 1500, 4000, 6000 and 10000. Other excipients that may be usedif desired are listed below but they
are not intendedto limit in any way the scope of the possible excipients. They are especially complexing agents, such
as disodium-EDTA or EDTA,antioxidants, such as ascorbic acid, acetylcysteine, cysteine, sodium hydrogensulfite,
butyl-hydroxyanisole, butylhydroxytoluene or alpha-tocopherol acetate; stabilizers, such thiourea, thiosorbitol, sodium

diocty! sulfosuccinate or monothioglycerol; or other excipients, such as, for example, lauric acid sorbitol ester, triethanol

amine oleate or palmitic acid ester. Preferred exipients are complexing agents, such as disodium-EDTA. The amount
and type of excipient addedis in accordance with the particular requirements and is generally in the range of from
approximately 0.0001 to approximately 90% by weight.
[0029] The pharmaceutically active compounds useful in accordance with the present invention may be selected
from a widevariety of especially ophthalmically acceptable agents, including beneficial pharmaceutical agents, diag-
nostic agents, vitamins, nutrients, lubricants, and the like. The pharmaceutically active compounds mayinclude,without

limitation thereto, 3H-thymidine, acetylcholine chloride, acyclovir, adrenaline, amethocaine, aminocaproic acid, anta-
zoline phosphate, arachidonic acid, atropine, benoxinate hydrochloride, betaxolol hydrochloride, bupivacaine, carba-
chol, carteolol, chloramphenicol, chlortetracycline hydrochloride, chymatrypsin, clonidine, cocaine, corynanthine,cro-
molyn sodium, cyclopentolate, demecarium bromide, dexamethasone, dibutoline, dichlorphenamide, diclofenac,
dipivefrin hydrochloride, echodtiophate iodide, ephedrine, epinephrine bitartrate, erythromycin, ethambutol, etidocaine,

eucatropine, fluoromethalone, fluorometholone, gentamycin sulfate, gramicidine, H-thymidine, homatropine hydrobro-

mide, hyaluronic acid, hydrocortisone, idoxuridine, indomethacin, inositol triphosphate, inositol phosphates, iso-
flurophate, isosorbide, lachesine, levobunolol, levocabastine, lidocaine, lignocaine, medrysone, mepivacaine, metha-
choline, methazolamide, naphazoline hydrochloride, natamycin, neomycin sulfate, neostigmine, noradrenaline,
ofloxacin, oxybuprocaine, oxymetazolin, oxyphenonium, pheniramine maleate, phenylephrine hydrochloride, phos-
phatidylinositol phosphates, physostigmine, pilocarpine hydrochloride, polymyxin B sulfates, prednisolone sodium
phosphate, proparacaine hydrochloride, proxymethacaine, pyrilamine maleate, scopolamine hydrobromide, sorbinil,

sulfacetamide, sulfisoxazole disolamine, tamoxifen, tetracaine hydrochloride, tetracycline, tetrahydrozoline hydrochlo-
ride, timolol maleate and hemihydrate, trifluridine, tropicamide, vidarabine, and salts and other ophthalmically accept-
able salts, and mixtures thereof.

[0030] Preferred pharmaceutically active compounds are selected from the group of betaxolol hydrochloride, chlo-
ramphenicol, diclofenac, dipivefrin hydrochloride, ephedrine, epinephrine bitartrate, erythromycin, gentamycin sulfate,

indomethacin, levobunolol, levocabastine, ofloxacin, pilocarpine hydrochloride, polymyxin B sulfates, prednisolone so-

dium phosphate, tetracycline and other ophthalmically acceptable salts thereof.
[0031] More preferred pharmaceutically active compounds are selected from the group of, betaxolol hydrochloride,
chloramphenicol, diclofenac, dipivefrin hydrochloride, levobunolol, levocabastine, pilocarpine hydrochloride and other
ophthalmically acceptable salts thereof.
[0032] Acyclodextrin as is referred to within the present invention is either an «-, B- or y-cyclodextrin itself, a derivative
thereof, e.g. a partially etherified derivative as e.g. a hydroxyalkyl ether or a mixture thereof. A random cyclodextrin

does not automatically form an inclusion complex with any random pharmaceutical compound. Therefore the present
invention relates preferably to such a cyclodextrin that meets the cavity needs of a pharmaceutical compound used.
This may typically be accomplished by using either an o-, B- or y-cyclodextrin itself or an appropriately substituted, «-,
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B- or y- cyclodextrin or a mixture of the aforementioned cyclodextrins.

[0033] Appropriately substituted a-, B- or y-cyclodextrins are e.g. alkylated, hydroxyalkylated, carboxyalkylated or
alkyloxycarbonyl-alkylated derivatives. Other typical examples are carbohydrate derivatives of cyclodextrins such as
mono-or diglycosyl-a-, B- or y-cyclodextrin, mono- or dimaltosyl-a-, B- or y- cyclodextrin or panosyl-cyclodextrin. An-
other parameter which describes the substitution pattern of a cyclodextrin is the degree of substitution (d.s.). The d.s.
is another parameter in the determination of the cavity size of a cyclodextrin. A cyclodextrin is composed of several

glucose units which havethree free hydroxy groups per glucose. Accordingly the d.s. may vary from 0.125 up to 3. In
the latter case all free (y-cyclodextrin has 24) hydroxy groups maybe substituted, while in the former case only 1 may
be substituted. A minimal d.s. is preferred when y-cyclodextrin is used as a solubilizer of a pharmaceutically active
drug (see EP 197 571). A higherds.is e.g. preferred in technical applications and e.g. enzymes. In the latter instance,
the higher d.s. causes that also those hydroxy groupsare functionalized which are located in the cavity of the y-cyclo-
dextrin. Consequently the diameterof the cavity is decreased. By selecting the appropriate d.s. and the appropriate
substituents the size of the cavity can be adapted in order to obtain the optimum space required for a certain molecule

to appropriatelyfit into the cavity of the cyclodextrin. Preferably the d.s. may vary from 0.125 to 1.5 and more preferably
from 0.125 to 0.5.

[0034] Preferred cyclodextrins are a-, B- and y-cyclodextrin, derivatives and mixtures thereof.
[0035] Other preferred cyclodextrins are mono-, diglycosyl-B- cyclodextrin, mono- and dimaltosyl-B-cyclodextrin.
[0036] Strongly preferred cyclodextrins are hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, dimethyl-B-
cyclodextrin and dimethyl-y-cyclodextrin.
[0037] The amountof a cyclodextrin used in accordance with the present invention may range from 0.01 - 20 % by
weight, preferably from 0.1 - 15 % by weight and morepreferably from 1 - 10 % by weight.
[0038] The verysmall number of quaternary ammonium salts useful in eye medicamentsfor preservationis in contrast
with the large number of Known quaternary ammonium salts ("quats") which are employed for preservation in other
fields. This is clearly restricted by the ocular tolerability of an addressed preservative. Accordingly in the presentin-

vention quaternary ammonium salts with excellent ocular tolerability are highly preferred.

[0039] The quaternary ammonium salts useful in accordancewith the present invention may be selected from a wide
variety of especially ophthalmically acceptable salts and are in particular selected from sepazonium chloride, cetyltri-
methylammonium bromide (cetrimide), cetylpyridinium chloride, benzoxonium chloride, benzethonium chloride, domi-
phen bromide (Bradosol® ) and benzalkonium chloride
[0040] A preferred preservative useful in accordance with the present invention is benzalkonium chloride which has

the following structure: N-benzyl-N-(Cg-C, galkyl)-N,N-dimethylammonium chloride.
[0041] The amount of a quaternary ammonium salt used in accordancewith the present invention may range from
0.00001 %by weight to 0.5 % by weight, preferably from 0.0001 % by weight to 0.1 % by weight and more preferably
from 0.001 % weight to 0.05 % by weight.
[0042] Alkylene glycol useful in accordance with the present invention may be selected from a widevariety of alkylene
glycols wherein alkylene has up to and including 18 C-atomsandis linear, cyclic or branched.

[0043] Examplesoflinear alkylene are methylene, 1,2-ethylene, 1,3-propylene, 1,4-butylene, 1,5-pentylene,1,6-hex-

ylene, 1,7-heptylene or 1,11-undecylene.
[0044] Examples of cyclic alkylene groups are 1,2-cis or trans cyclopropylene,1,2- or 1,3- cis or trans cyclobutylene,
the regio- and stereo-isomers of cyclopentylene, cyclohexylene or cycloheptylene.
[0045] Branched alkylene groups are for example 2-methyl-1,3-propylene, 2,2-dimethyl-1,4-butylene, 3-ethyl-
2,4-butylene, 2, 3, 4-trimethyl-1,5-pentylene, 3-isopropy-1,6-hexylene or 3-methyl-1,7-heptylene.

[0046] A preferred alkylene glycol in accordance with the present invention is selected from an alkylene glycol with
up to and including 7 C-atomsandis either linear, branched or cyclic. A more preferred alkylene glycol is selected from
linear, branched and cyclic alkylene glycol having 3 to 7 C-atoms.
[0047] Highly preferred alkylene glycols are for example 1,2- or 1,3-propylene glycol, 1,2-, 1,3-, 2,3- or 1,4-butylene
glycolor all isomers of pentylene, hexylene and heptylene glycol. Most preferred is propylene glycol.
[0048] The amountof an alkylene glycol used in accordance with the present invention may range from 0.01 - 20%

by weight, preferably from 0.1- 15 % by weight and more preferably from 1 - 10 % by weight.

[0049] Alkyl means throughout this invention an alkyl group having up to and including 18, more preferably 12 and
even more preferably 7 C-atoms,and is either a linear or a branched alkyl group.
[0050] Examples for alkyl are methyl, ethyl, propyl, butyl, iso-propyl, t-butyl, neo-pentyl, octyl or dodecyl.
[0051] The term weight % used herein refers to the weight % of the total weight of an addressed composition or object.
[0052] The expression propylene glycol as used herein refers to 1,2-propylene glycol, unless specified differently.
[0053] Typical experimental procedures whichillustrate the present invention, are described below.
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Example 1, eve drop formulations

diclofenac potassium [100mg[05mg|- f-
diclofenac sodium F-|1.00mg|0.5 mg
tyloxapol USP 1.00 mg 1.00 mg

tromethamine 1.00 mg 1.00 mg

propylene glycol 19.0 mg 19.0 mg

hydroxypropyl-y-cyclodextrin|20.0 mg 20.0 mg

disodium edetate 1.00 mg 1.00 mg

benzalkonium chloride 0.05 mg 0.05 mg

hydrochloric acid 1N qs qs qs qs 

waterfor injections ad 1.00 ml 1.00 ml 1.00 ml 1.00 ml

osmolality (mOsmol) 305 303 305 303

Example 2, eye gel formulations

diclofenac potassium 1.00 mg

diclofenac sodium 1.00 mg

tyloxapol USP 1.00 mg|1.00 mg

tromethamine 6.50 mg|6.50 mg

propylene glycol 19.0 mg|19.0 mg

hydroxypropyl-y-cyclodextrin|20.0 mg|20.0 mg

disodium edetate 1.00 mg|1.00 mg

benzalkonium chloride 0.05 mg|}0.05 mg

carbopol 980 3.50 mg|3.50 mg 

waterfor injections ad 1.00 ml 1.00 ml

osmolality (mOsmol)

 
viscosity (mPa s) 380 380 

Example 3, eye drop formulations

diclofenac potassium 1.00 mg fosmg|-|
diclofenac sodium - 1.00 mg|0.5 mg 

tromethamine 1.00 mg|1.00 mg|1.00 mg|1.00 mg

propylene glycol 20.5mg|}20.5mg|20.5mg|20.5 mg

hydroxypropyl-y-cyclodextrin|20.0 mg|20.0 mg|20.0 mg|20.0 mg

disodium edetate 1.00 mg|1.00 mg|1.00 mg|1.00 mg

benzalkonium chloride 0.06 mg|0.06 mg|0.06 mg|0.06 mg 

hydrochloric acid 1 N qs qs qs qs
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(continued)

Example 3, eye drop formulations

water for injections ad 1.00 ml 1.00 ml 1.00 ml 1.00 ml

A

osmolality (mOsmol) 296 296 296 296

 |
 

 

Example 4; comparison of eye drop compositions with respect to their preservative efficacy according to the
recommendations of the European Pharmacopoeia (Ph. Eur.).

propylene 20.0 mg
glycol

0.5 mg

NaH,PO, 2
HzO

NaHPO, 12
HzO

hydroxypropyl- 20.0 mg

B-cyclodextrin

disodium 1.00 mg
edetate

benzalkonium 0.1 mg
chloride 

sodium

chloride

hydrochloric 0.6 mg
acid 10%

waterfor 1.00 ml

injections ad

pH

osmolality 308
(mOsmol)

preservative
efficacy Ph.
Eur.

N iN co 
A: Meets the criteria A recommendedin the Eurapean Pharmacopoeia
B: Meets the criteria B recommended in the European Pharmacopoeia
r.n.m.: Recommendations of the European Pharmacopoeia not met.

[0054] The European Pharmacopoeia (Ph. Eur.) describes an efficacy test for antimicrobial preservation. Accordingly

a preserved solutionis inoculated with micro-organisms, characterizedin that 105 to 106 micro-organisms are contained
in one milliliter of the challenged preparation. The inoculum used does not exceed 1% of the total volume of said
preparation. Five micro-organisms are used for the challenge, each separately namely, pseudomonas aeruginosa,

staphylococcus aureus, candida albicans and aspergillus niger. The challenged solutions are kept at room temperature
and protected from light. At regular time intervals samples are removed and the numberof viable micro-organismsis
determined either by plate count or by membrane filtration. For ophthalmic preparations the European Pharmacopoeia
recommendscriteria "A", which require e.g. that the bacterial micro-organisms are reduced by a factor of 1000, 24
hours after the challenge. Criteria "B" are still acceptable according to the recommendations of the European Phar-
macopoeia, and require e.g. that the bacterial micro-organisms are reduced bya factor of 10, 24 hours after the chal-

lenge (for details refer to the European Pharmacopoeia, 1994). Accordingly, whenever the preservative efficacy rec-
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ommendations of the European Pharmacopoeiaare referred to herein, this relates to the 1994 version.
 

Example 5, eye drop formulations containing a pharmaceutically active compound. Preservative efficacyis
determined as in example 4.

cyclodextrin

hydroxypropyl-y-

cyclodextrin 

a-cyclodextrin

preservative efficacy Ph. A A
Eur

Example 6, eye drop formulation

water for injections ad 1.00 ml

[presewaiveeeasyPh.Eur[B

Example 7; eye drop formulations, not meeting the criteria as recommended in the European Pharmacopoeia.
Preservative efficacy is determined as in example 4.

diclofenac 1.00 mg 1.00 mg 1.00 mg 1.00 mg 1.00 mg
potassium

Cremophor EL 20.0 mg 20.0 mg 20.0 mg 20.0 mg 20.0 mg
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(continued)

Example 7; eye drop formulations, not meeting the criteria as recommended in the European Pharmacopoeia.
Preservative efficacy is determined as in example 4.

hydroxypropyl- 20.0 mg
B-cyclodextrin

hydroxypropyl- 20.0 mg

oFcyclodextrina-|-cyclodextrin|200mg|0|200mg|B-cyclodextrin -—__Omg
y-cyclodextrin 20.0 mg

disodium 1.00 mg 1.00 mg 1.00 mg 1.00 mg 1.00 mg
edetate

benzalkonium 0.1 mg 0.1 mg 0.1 mg 0.1 mg 0.1 mg
chloride

 

sodium 8.00 mg 8.00 mg 8.00 mg 8.00 mg 8.00 mg
chloride

hydrochloric 0.4 mg 0.4 mg 0.3 mg 0.2 mg
acid 10 %

waterfor 1.00 ml 1.00 ml 1.00 ml 1.00 ml 1.00Nom|injections ad 7.44 7.44 7.49 7.47 a44
preservative
efficacy Ph.
Eur

  
Claims

1. Apreserved ophthalmic composition, comprising a cyclodextrin, a quaternary ammonium salt, an alkylene glycol
and a pharmaceutically active compound.

2. A preserved ophthalmic composition according to claim 1, further comprising a carrier.

3. Apreserved ophthalmic composition according to claim 1, further comprising one or more of an excipient selected

from the group consisting of buffers, solubilizers, complexing agents, stabilizers, preservatives different from qua-
ternary ammonium salts, tonicity enhancing agents andfillers.

4. Apreserved ophthalmic composition according to claim 1, further comprising a carrier and a solubilizer.

5. A preserved ophthalmic composition according to claim 1, further comprising a carrier, a solubilizer and a com-

plexing agent.

6. A preserved ophthalmic composition according to claims 1 to 5, wherein the composition meets the preservative
efficacy recommendations of the European Pharmacopoeia (1994 version).

7. Apreserved ophthalmic composition according to claims 1 to 5, wherein the quaternary ammoniumsalt is selected

from sepazonium chloride, cetyltrimethylammonium bromide (cetrimide), cetylpyridinium chloride, benzoxonium
chloride, benzethonium chloride, domiphen bromide (Bradosol® ) and benzalkonium chloride.
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8. A preserved ophthalmic composition according to claims 1 to 5, wherein the cyclodextrin is selected from a-, B-

and y-cyclodextrin, derivatives and mixtures thereof.

9. Acomposition according to claim 8, wherein the cyclodextrin is selected from mono-, diglycosyl-B- cyclodextrin,
mono-, dimaltosyl-B-cyclodextrin, hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, dimethyl-B- cyclo-
dextrin and dimethyl-y-cyclodextrin.

10. Apreserved ophthalmic composition according to claims 1 to 5, wherein the alkylene glykol is selected from linear,
branched and cyclic alkylene glycol having up to 7 C-atoms.

11. A composition according to claim 10, wherein the alkylene glykol is selected from linear, branched and cyclic
alkylene glycol having 3 to 7 C-atoms.

12. A preserved ophthalmic composition according to claim 2, wherein the carrier is selected from water, cellulose
derivatives, such as methylcellulose, alkali metal salts of carboxymethylcellulose, hydroxymethylcellulose, hydrox-
yethylcellulose, methylhydroxypropylcellulose and hydroxypropylcellulose, neutral Carbopol and mixtures thereof.

13. A preserved ophthalmic composition according to claims 3 or 4, wherein the solubilizer is selected from tyloxapol,

fatty acid glycerol polyethylene glycolesters, fatty acid polyethylene glycol esters, polyethylene glycols, glycerol
ethers and mixtures of those compounds.

14. Apreserved ophthalmic composition according to claims 3 or 5, wherein the complexing agent is EDTA or disodium
EDTA.

15. A preserved ophthalmic composition according to claim 1, wherein the pharmaceutically active compound is se-

lected from the group of betaxolol hydrochloride, chloramphenicol, diclofenac, dipivefrin hydrochloride, levobu-
nolol, levocabastine, pilocarpine hydrochloride and salts or other ophthalmically acceptable salts thereof.

Patentanspriiche

1. Konservierte ophthalmische Zusammensetzung, die ein Cyclodextrin, ein quarternares Ammoniumsalz, ein Alky-
lenglykol und eine pharmazeutisch wirksame Verbindung umfasst.

2. Konservierte ophthalmische Zusammensetzung nach Anspruch1, die zusatzlich einen Trager umfasst.

3. Konservierte ophthalmische Zusammensetzung nach Anspruch1, die einen oder mehrere Zuschlagstoffe umfasst,

ausgewahlt aus Puffern, L6severmittlern, Komplexbildnern, Stabilisatoren, anderen Konservierungsmitteln als
quarternare Ammoniumsaize, tonizitatserhéhenden Mitteln und Fullstoffen.

4. Konservierte ophthalmische Zusammensetzung nach Anspruch 1, die zusatzlich einen Trager und einen Lésever-
mittler umfasst.

5. Konservierte ophthalmische Zusammensetzung nach Anspruch 1, die zusatzlich einen Trager, einen L6severmitt-
ler und einen Komplexbildner umfasst.

6. Konservierte ophthalmische Zusammensetzung nach Anspruch 1 bis 5, deren Zusammensetzung den Empfeh-
lungen Uber die Konservierungswirkung der Europaischen Pharmacopoeia (Version 1994) entspricht.

7. (Konservierte ophthalmische Zusammensetzung nach Anspruch 1 bis 5, in der das quarternare Ammoniumsalz
aus Sepazoniumchlorid, Cetyltrimethylammoniumbromid, (Cetrimid), Cetylpyridiniumchlorid, Benzoxoniumchlo-
rid, Benzethoniumchlorid, Domiphenbromid (Bradosol® ) und Benzalkoniumchlorid ausgewahltist.

8. Konservierte ophthalmische Zusammensetzung nach Anspruch 1 bis 5, in der das Cyclodextrin aus a-, B- und y-
Cyclodextrin, Derivaten und Gemischen davon, ausgewahltist.

9. Zusammensetzung nach Anspruch 8, in der das Cyclodextrin aus Mono-, Diglycosyl-$-cyclodextrin, Mono-, Di-
maltosyl-B-cyclodextrin, Hydroxypropyl-B-cyclodextrin, Hydroxypropyl-y-cylodextrin, Dimethyl-B-cyclodextrin und

10

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 105



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 106

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

EP 0 862 414 B1

Dimethyl-y-cyclodextrin ausgewahltist.

Konservierte ophthalmische Zusammensetzung nach Anspruch 1 bis 5, in der das Alkylenglykol aus linearen,
verzweigten und zyklischen Alkylenglykolen mit bis zu 7 C-Atomen ausgewahltist.

Zusammensetzung nach Anspruch10, in der das Alkylenglykol aus linearen, verzweigten und zyklischen Alkylen-

glykolen mit 3 bis 7 C-Atomen ausgewahltist.

Konservierte ophthalmische Zusammensetzung nach Anspruch 2, in welcher der Trager aus Wasser, Cellulose-
derivaten, wie Methylcellulose; Alkalimetallsalzen von Carboxymethylcellulose; Hydroxymethylcellulose, Hydro-
xyethylcellulose, Methylhydroxypropylcellulose und Hydroxypropylcellulose; neutralem Carbopol und Gemischen
dieser Verbindungen ausgewahltist.

Konservierte ophthalmische Zusammensetzung nach Anspruch 3 oder4, in welcher der Lésevermittler aus Tylo-
xapol, Fettsaure-Glycerin-Polyethylenglykolester, Fettsaure-Polyethylengylkolester, Polyethylenglykolen, Glyce-
rinethern und Gemischen dieser Verbindungen ausgewahltist.

Konservierte ophthalmische Zusammensetzung nach Anspruch 3 oder5, in welcher der Komplexbildner EDTA
oder Dinatrium-EDTAist.

Konservierte ophthalmische Zusammensetzung nach Anspruch1, inder die pharmazeutisch wirksame Verbindung
aus Betaxololhydrochlorid, Chloramphenicol, Diclofenac, Dipivefrinhydrochlorid, Levobunolol, Levocabastin, Pilo-
carpinhydrochlorid und Salzen oder anderen ophthalmisch vertraglichen Salzen davon ausgewahltist.

Revendications

10.

Une composition ophtalmique conservée, comprenant une cyclodextrine, un sel d'ammonium quaternaire, un alk-
yléneglycol et un composé pharmaceutiquementactif.

Une composition ophtalmique conservée selon la revendication 1, comprenant en outre un véhicule.

Une composition ophtalmique conservée selon la revendication 1, comprenant en outre un ou plusieurs excipients
choisis parmi le groupe comprenant des tampons, des solubilisants, des agents complexants, des stabilisants,
des conservateurs différents des sels d'ammonium quaternaires, des agents augmentantla tonicité et des charges.

Une composition ophtalmique conservée selon la revendication 1, comprenant en outre un véhicule et un solubi-
lisant.

Une composition ophtalmique conservéeselon la revendication 1, comprenanten outre un véhicule,un solubilisant
et un agent complexant.

Une composition ophtalmique conservée selon les revendications 1 a 5, ou la composition est conforme aux re-

commandationsd'efficacité de conservation de la Pharmacopée européenne(version de 1994).

Une composition ophtalmique conservée selon les revendications 1 a 5, ou le sel d'ammonium quaternaire est
choisi parmi le chlorure de sépazonium, le bromure de cétyltriméthylammonium (cétrimide), le chlorure de cétyl-
pyridinium, le chlorure de benzoxonium, le chlorure de benzéthonium, le bromure de domiphéne (Bradosol®) et
le chlorure de benzalkonium.

Une composition ophtalmique conservée selon les revendications 1 a 5, ou la cyclodextrine est choisie parmi I'a-,
la B- et la y-cyclodextrine, leurs dérivés et leurs mélanges.

Une composition selon la revendication 8, ot la cyclodextrine est choisie parmi la mono-, diglycosyl-B-cyclodex-
trine, la mono-, dimaltosy|-B-cyclodextrine, I'hydroxypropyl-B-cyclodextrine, I'hydroxypropyl-y-cyclodextrine, la di-
méthyl-B-cyclodextrine et la diméthyl-y-cyclodextrine.

Une composition ophtalmique conservée selon les revendications 1 a 5, ou l'alkyleneglycol est choisi parmi un
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alkyléneglycol linéaire, ramifié et cyclique ayant jusqu'a 7 atomes de carbone.

Une composition selon la revendication 10, ou l'alkyleneglycol est choisi parmi un alkyléneglycol linéaire, ramifié
et cyclique ayant de 3 a7 atomes de carbone.

Une composition ophtalmique conservéeselonla revendication 2, ot le véhicule est choisi parmi l'eau, les dérivés

de la cellulose tels que la méthylcellulose, les sels de métaux alcalins de la carboxyméthylcellulose,de I'hydroxy-
methylcellulose, de I'hydroxyéthylcellulose, de la méthylhydroxypropylcellulose et de I'hydroxypropylcellulose, le
Carbopol neutre et leurs mélanges.

Une composition ophtalmique conservée selon les revendications 3 ou 4, ou le solubilisant est choisi parmi le
tyloxapol, les esters d'acides gras du glycérol et du polyéthyléneglycol, les esters d'acides gras du polyéthyléne-
glycol, les polyéthyléneglycols, les éthers du glycérol et les mélanges de ces composés.

Une composition ophtalmique conservée selon les revendications 3 ou 5, ou l'agent complexantest I'—EDTA ou
EDTA disodique.

Une composition ophtalmique conservée selon la revendication 1, ou le composé pharmaceutiquementactif est

choisi parmi le groupe du chlorhydrate de bétaxolol, le chloramphénicol, le diclofénac, le chlorhydrate de dipivé-
frine, le lévobunolol, la lévocabastine, le chlorhydrate de pilocarpine et leurs sels ou d'autres de leurs sels ophtal-
miquement acceptables.
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Description

[0001] This invention relates to pharmaceutical compositions and dosage forms providing improved drug release
and uptake on administration into externally voiding body cavities (e.g. the gi tract) or on topical administration, for
acid solubilized basic drug compounds.
[0002] Many drug compounds, while possessing desired therapeutic properties, are used inefficiently due to their

poor water solubilities. Thus for example where such compoundsare administeredorally, only a small fraction of the
drug is taken up into the blood during transit of the gi tract. As a result, to achieve adequate drug uptake it may be
necessary to administer high doses of the drug compound, to prolong the period of drug administration or to make
frequent administrations of the drug compound. Indeed, the poor solubility and hence poor bioavailability of a drug
may causean alternative drug, perhaps one with undesired side effects or one which requires invasive administration
(e.g. by injection or infusion), to be used in place of the poorly soluble drug.
[0003] One approachto poor solubility is to derivatise the drug molecule to introduce water solubilizing groups, e.g.

ionic groups such as carboxyl groups or non-ionic groups such as polyhydroxyalkyl groups, so as to produce a more
soluble derivative. This approach however is not always successful as it may not be possible to maintain adequately
high therapeutic efficacy and adequately low toxicity or other side effects. Thus one example of a poorly water soluble
drug which has not been superseded by a solubilized derivative is the antifungal agent itraconazole.
Attempts have therefore been made to enhance the uptake of drugs such asitraconazole by increasing the surface

area of the drug compound exposedto saliva or gastric fluid, and hence promote dissolution of the drug compound,
by thinly coating the drug compoundonto essentially inert carrier particles, e.g. sugar beads. This however has the
drawbackthat the volumeof solid composition required to administer a given quantity of the drug compoundis quite
high since the carrier contributes significantly to the overall administration volume. Since administration of large volume
capsulesor tablets, or of large quantities of smaller volume capsules or tablets, providesdifficulties for the patient, the
drawbacks of this approach are obvious.

[0004] Yet another approach has beento administer the drug compoundin the form of a solution of the drug compound

and a drug complexing agent such as a cyclodextrin. This approachhaslimitations also in that the dosage volumeis
constrained by the solubilizing power of the complexing agent, readily unitized solid dosage forms can not be used,
and there is no gradual release of the drug compoundfor biological uptake.
[0005] EP-A-0,689,844 describes complexes of vinpocetine formed with cyclodextrin and pharmaceutical composi-
tions containing them.
[0006] WO 94/12217 relates to pharmaceutical compositions comprising a therapeutic agent, a carboxy-containing

polymer and cyclodextrin in an aqueous medium.
[0007] However, we have now found that by combining such drug compoundswith a cyclodextrin, a water-soluble
acid from 35 to 95 % by weight and a water-soluble organic polymer, an administration form may be produced which
surprisingly improves the biological uptake of the drug compound, in particular a form which cansurprisingly improve
the time profile for the drug content of the plasma of the patient (i.e. the pharmacokinetic profile defined by such

parameters as AUC, tray, Cmax, ete.).
[0008] Thus viewed from one aspect the invention provides a pharmaceutical composition comprising a no more
than sparingly water-soluble basic drug compound, a cyclodextrin, a physiologically tolerable water-soluble acid, and
a physiologically tolerable water-soluble organic polymer characterized in that it comprises from 35 to 95 % by weight
of acid relative to the total weight of cyclodextrin, drug compound, organic polymerand acid.
Viewed from a further aspect the invention provides the use of a no more than sparingly water-soluble basic drug

compound,a cyclodextrin, a physiologically tolerable water-soluble acid from 35 to 95 % by weight(relative to the total
weight of cyclodextrin, drug compound, organic polymer and acid), and a physiologically tolerable water-soluble organic
polymer for the manufacture of a pharmaceutical composition according to the invention for use in a method of therapy
or diagnosis of the human or non-human animal(e.g. mammalian, reptilian or avian) body.
[0009] The compositions of the invention may if desired be aqueous, but in generalwill preferably be substantially
water-free, e.g. containing up to 3% by weight, preferably less than 1% by weight water, and most preferably less than

0.5% water, but may be mixed with water immediately before administration or may be coated and dispersed in an

aqueous medium whereby the coating is only broken down after administration. Such aqueous compositions are
deemedto fall within the scope of the invention.
[0010] Depending on the selection of components, the compositions of the invention may be liquid, solid or semi-
solid - e.g. gel-like. Preferably the compositions are non-freeflowing at ambient temperature (e.g. 21°C), other than as
free flowing particulates. Thus the compositions at ambient temperature are preferably solids or semi-solids or, less

preferably, highly viscous fluids.
[0011] Inthe compositions of the invention the drug compound,acid, cyclodextrin and organic polymerare intimately
admixed.

[0012] Thus where the composition is particulate, the acid, drug compound,cyclodextrin and organic polymer are
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mixed together within the particles (e.g. at the molecular level following solvent removal from a solution of these com-

ponents). Granulate mixtures where individual particles do not contain all four components, or have cores of one or
more components coated with other components are not preferred. This intimate admixture is important since the
effects of the components are complimentary at the microscopic level during dissolution of the compositions of the
invention.

[0013] Preferably, all components are dispersed so as to form a system that is chemically and physically uniform or

homogenousthroughout, or consists of one phase as defined in thermodynamics; such a dispersion will be called a
glass thermoplastic phase or system hereinafter. The components of the glass thermoplastic system are readily bio-
avalaible to the organisms to which they are administered. This advantage can probably be explained by the ease with
which said glass thermoplastic system can form liquid solutions when contacted with a body liquid such as gastric
juice. The caseof dissolution maybeattributed at least in part to the fact that the energy required for dissolution of
the components from a glass thermoplastic system is less than that required for the dissolution of components from a
crystalline or microcrystalline solid phase.

[0014] As the cyclodextrin in the compositions of the invention, there may be used anyof the physiologically tolerable
water-soluble substituted or unsubstituted cyclodextrins or physiologically tolerable derivatives thereof, e.g. a-, B- or
y-cyclodextrins or derivatives thereof, in particular derivatives wherein one or more of the hydroxy groups are substi-
tuted, e.g. by alkyl, hydroxyalkyl, carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl, alkylcarbonyloxyalkyl, alkoxycarbo-
nylalkyl or hydroxy-(mono or polyalkoxy)alkyl groups, wherein each alkyl or alkylene moiety preferably contains up to
six carbons.

[0015] Substituted cyclodextrins which can be usedin the invention include polyethers, e.g. as described in US
Patent 3,459,731. In general, to produce these, unstibstituted cyclodextrins are reacted with an alkylene oxide, pref-
erably under superatmospheric pressure and at an elevated temperature, in the presenceof an alkaline catalyst. Since
a hydroxy moiety of the cyclodextrin can be substituted by an alkylene oxide whichitself can react with yet another
molecule of alkylene oxide, the average molar substitution (MS) is used as a measure of the average numberof moles

of the substituting agent per glucose unit. The MS can be greater than 3 and theoretically has no limit. In the cyclodextrin

derivatives for use in the compositions according to the present invention the M.S. is conveniently in the range of 0.125
to 10, in particular of 0.3 to 3, or from 0.3 to 1.5. Preferably the M.S. ranges from about 0.3 to about 0.8, in particular
from about 0.35 to about 0.5 and mostparticularly it is about 0.4. M.S. values determined by NMR orIR preferably
range from 0.3 to 1, in particular from 0.55 to 0.75.
[0016] Further examples of substituted cyclodextrins include ethers wherein the hydrogen of one or more cyclodextrin

hydroxy groupsis replaced by C,_,alkyl, hydroxyC, _.-alkyl, carboxy-C,_galkyl or C,_,alkyloxycarbonyl-C,_,alkyl groups
or mixed ethers thereof. In particular such substituted cyclodextrins are ethers wherein the hydrogen of one or more

cyclodextrin hydroxy groupsis replaced by C,_,alkyl, hydroxy-C.,alkyl or carboxy-C,_»alkyl or more particularly by
methyl, ethyl, hydroxyethyl, hydroxypropyl, hydroxybutyl, carboxymethyl or carboxyethyl.

[0017] In the foregoing definitions, the term "C,_,alkyl" is meant to include straight and branched saturated hydro-
carbon radicals, having from 1 to 6 carbon atoms, such as methyl, ethyl 1-methylethyl, 1,1-dimethylethyl, propyl,

2-methylpropyl, butyl, pentyl, hexyl and the like.

[0018] Such ethers can be preparedby reacting a cyclodextrin with an appropriate O-alkylating agent or a mixture
of such agents in a concentration selected such that the desired cyclodextrin ether is obtained. The reaction is preferably
conducted in a solvent in the presence of a base. With such ethers, the degree on substitution (DS) is the average
numberof substituted hydroxy functions per glucose unit, the DS being thus 3 or less.
[0019] In thecyclodextrin derivatives for use in the compositions according to the present invention, the DS preferably

is in the range of 0.125to 3, in particular 0.3 to 2, more particularly 0.3 to 1, and the MSis in the range of 0.125 to 10,
in particular 0.3 to 3 and moreparticularly 0.3 to 1.5.
[0020] Of particularutility in the present invention are the B-cyclodextrin ethers, e.g. dimethyl-B-cyclodextrin as de-
scribed in Drugs of the Future, Vol. 9, No. 8, p. 577-578 by M. Nogradi (1984) and polyethers, e.g. hydroxypropyl-B-
cyclodextrin and hydroxyethyl-B-cyclodextrin. Such alkyl ethers may for example be methyl ethers with a degree of
substitution of about 0.125 to 3, e.g. about 0.3 to 2. Such a hydroxypropyl cyclodextrin may for example he formed

from the reaction between B-cyclodextrin and propylene oxide and may have a MS value of about 0.125 to 10, e.g.
about 0.3 to 3.

[0021] Especially suitable cyclodextrins are B-CD, 2,6-dimethyl-B-CD, 2-hydroxyethyl-B-CD. 2-hydroxyethyl-y-CD,
2-hydroxypropyl-y-CD and (2-carboxymethoxy)propyl-B-CD, and in particular 2-hydroxypropyl-B-CD.
[0022] Besides simple cyclodextrins, branched cyclodextrins and cyclodextrin polymers may also be used.

[0023] Other cyclodextrins are described for example in Chemical and Pharmaceutical Bulletin 28: 1552-1558 (1980),
Yakugyo Jiho No. 6452 (28 March 1983), Angew. Chem. Int. Ed. Engl. 19: 344-362 (1980), US-3,459,731, EP-A-
0,149,197. EP-A-0,197,571, US-4,535,152, WO-90/12035 and GB-2,189,245. Other references describing cyclodex-
trins for use in the compositions according to the present invention, and which provide a guide for the preparation,
purification and analysis of cyclodextrins include the following: "Cyclodextrin Technology" by Jézsef Szejtli, Kluwer
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Academic Publishers (1988) in the chapter Cyclodextrins in Pharmaceuticals; "Cyclodextrin Chemistry" by M.L. Bender

et al., Springer-Verlag, Berlin (1978); "Advances in Carbohydrate Chemistry", Vol. 12, Ed. by M.L. Wolfrom. Academic
Press, New York in the chapter The Schardinger Dextrins by Dexter French at p. 189-260: "Cyclodextrins and their
Inclusion Complexes" by J. Szejtli, Akademiai Kiado, Budapest, Hungary (1982): |. Tabushi in Acc. Chem. Research,

1982, 15, p. 66-72; W. Sanger, Angewandte Chemie, 92, p. 343-361 (1981): A.P. Croft and R.A. Bartsch in Tetrahedron,
39. p. 1417-1474 (1983); Irie et al. Pharmaceutical Research, 5, p. 713-716, (1988): Pitha et al. Int. J. Pharm. 29, 73,
(1986); DE 3,118.218; DE-3,317,064: EP-A-94,157; US-4,659,696; and US-4,383,992.
[0024] More recent examples of substituted cyclodextrins include sulfobutylcyclodextrins (US-5,134,127-A). Their
use is also envisagedin the present invention.
[0025] The cyclodextrin used is preferably a B-cyclodextrin, in particular hydroxypropyl-B-cyclodextrin. The most
preferred cyclodextrin derivative for use in the compositions of the present invention is hydroxypropyl-B-cyclodextrin
having a M.S. in the rangeof from 0.35 to 0.50 and containing less than 1.5% unsubstituted B-cyclodextrin. M.S. values
determined by NMR orIR preferably range from 0.55 to 0.75.

[0026] Nevertheless, the choice of cyclodextrin may be directed by the ability of the selected drug compound to be
complexed by a particular cyclodextrin - thus the cyclodextrins with greater affinity for the particular drug compound
may be preferred.
[0027] Inthe compositions of the invention, the cyclodextrin is preferably present at 5 to 70% by weight, more pref-
erably 8 to 55%, mostpreferably 10 to 45% by weight(relative to the total weight of cyclodextrin, acid, organic polymer

and drug). The quantity of cyclodextrin used however will generally be dependenton the quantity of drug and the molar
ratio of cyclodextrin to drug will preferably lie in the range 100:1 to 1:5, especially 50:1 to 1:2, more especially 10:1 to 1:1.
[0028] The acid used in the compositions of the invention may be anyof the water-soluble physiologically tolerable
acids, in particular any of the inorganic or, more preferably, organic acids conventionally used in the preparation of
acid salts of drug compounds,e.g. citric, fumaric, tartaric, maleic, malic, succinic, oxalic, malonic, benzoic, mandelic
and ascorbic acids.

[0029] Tartaric acid and more especially citric acid are preferred since the salts they form with drug compounds

usually have a reduced tendencyto precipitate from aqueoussolutions. In general however, any acid which is not so
strong as to cause degradation of the cyclodextrin and yet which is capable, on the addition of water, of generating a
low pH environment, preferably lower than pH 4 and ideally about pH 2, may be used. The acid maybein liquid (e.g.
solution) or solid form; however acids which are solid at ambient conditions in their anhydrous or hydrate formswill
generally be preferred.
[0030] In the compositions of the invention, the acid is present from 35 to 95%by weight, preferably 35 to 60% by

weight(relative to the total weight of cyclodextrin, drug compound, organic polymer and acid). The amountof acid
used will be dependent upon the selected acid and drug compound,but in general an increasein the relative proportion
of acid will result in an acceleration of drug dissolution on contact with water. The amount of acid used will normally
be at least the amount necessary to form a 1:1 salt with the drug compound.
[0031] In general, the acid will form a significant proportion of dosage forms that dissolve rapidly in body fluids.

Typically, they will comprise from 50 to 95% by weight of acid, preferably 50 to 90% by weight, more preferably 55 to

60% by weight. Thus viewed from a further aspect the invention provides a pharmaceutical composition comprising
an organic drug compound, a water-soluble physiologically tolerable acid, a water-soluble physiologically tolerable
cyclodextrin and a water-soluble physiologically tolerable organic polymer, characterised in that the weight ratios of
drug compoundto acid and of drug compoundto cyclodextrin are no more than 2:1, preferably no more than 1.5:1,
especially preferably no more than 1:1, and particularly preferably no more than 0.9:1, especially no more than 0.5:1.
[0032] The organic polymer used in the compositions of the invention may be any of the physiologically tolerable

water soluble synthetic, semi-synthetic or non-synthetic organic polymers.
[0033] Thus forexample the polymer may be a natural polymer such as a polysaccharide or polypeptide or a derivative
thereof, or a synthetic polymer such as a polyalkylene oxide (e.g. PEG), polyacrylate, polyvinylpyrrolidone, etc. Mixed
polymers,e.g. block copolymers and glycopeptides may of course be used.
[0034] It is believed that the effect of the organic polymer arises from an enhancementin viscosity which serves to

stabilize supersaturated solutions of the drug compound on dissolution of the composition of the invention. Thus the

polymer conveniently has a molecular weight in the range 500D to 2 MD, and conveniently has an apparentviscosity
of 1 to 100 mPa.s when in a 2% aqueoussolution at 20°C. For example, the water-soluble polymer can be selected
from the group comprising

-  alkylcelluloses such as methylcellulose,
-  hydroxyakylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose and hy-

droxybutylcellulose,
- hydroxyalkyl alkylcelluloses such as hydroxyethyl methylcellulose and hydroxypropyl methylcellulose,
-  carboxyalkylcelluloses such as carboxymethylcellulose,
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- alkali metal salts of carboxyalkylcelluloses such as sodium carboxymethylcellulose,

-  carboxyalkylalkylcelluloses such as carboxymethylethylcellulose,
-  carboxyalkylcellulose esters,
- starches,

-  pectins such as sodium carboxymethylamylopectin,
-—chitin derivates such as chitosan,

- heparin and heparinoids,
- polysaccharides such as alginic acid, alkali metal and ammonium salts thereof, carrageenans, galactomannans,

tragacanth, agar-agar, gum arabic, guargum and xanthan gum,
- polyacrylic acids and the salts thereof,
-  polymethacrylic acids and the salts thereof, methacrylate copolymers,
-—polyvinylalcohol,
-  polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl acetate,

-  polyalkylene oxides such as polyethylene oxide and polypropylene oxide and copolymers of ethylene oxide and
propylene oxide, e.g. poloxamers and poloxamines.

[0035] Non-enumerated polymers which are pharmaceutically acceptable and have appropriate physico-chemical
properties as defined hereinbefore are equally suited for preparing compositions according to the present invention.

[0036] Particularly preferably the organic polymeris a cellulose ether, e.g. methyl cellulose, hydroxyethylmethylcel-
lulose, or hydroxypropylmethylcellulose (HPMC), for example a Methocel® (available from Colorcon, England) such
as Methocel A, Methocel E, Methocel F, Methocel K, Methocel J or Methocel HB or a Metolose® such as Metolose

SM, Metolose SH or Metolose SE. Especially preferably the organic polymer is a hydroxypropylmethylcellulose, e.g.
from 5 cps Methocel E to 15000 cps Methocel K15M.
[0037] Even very small quantities of the organic polymer serve to achieve a beneficial effect in the compositions of

the invention. Thus in the compositions of the invention the organic polymer is conveniently present at 0.05 to 35%by

weight, preferably 0.1 to 20%, more preferably 0.5 to 15%, and mostpreferably 2 to 11% by weight(relative to the total
weight of drug compound,acid, cyclodextrin and organic polymer). The content and viscosity grade of the organic
polymerboth affect the dissolution profile for the drug compoundin the compositions of the invention, with increased
organic polymer content and/or increased viscosity grade (e.g. 15000 mPa.s in place of 5 mPa.s (mPa.s values being
at 2% aqueoussolution at 20°)) both tending to decelerate drug compounddissolution). Accordingly the selection of
the identity and quantity of the organic polymer will generally depend upon the dissolution profile that is desired. For

example, a composition that provides sustained release of the drug, will comprise a water soluble polymer having an
apparentviscosity of more than 1,000 mPa.s when dissolved in a 2% aqueoussolution at 20°C.
[0038] The drug compoundusedin the compositions of the invention may be any organic or inorganic basic material
whichis no more than sparingly soluble, i.e. which is sparingly soluble, slightly soluble, very slightly soluble, or practically
insoluble in pure water at 21°C (ie. requiring from 30, from 100, from 1000 or from 10000 parts water to put 1 part by

weight drug compoundinto solution).

[0039] Examples of such poorly water-soluble compounds that may be used in the compositions of the invention
include nifedipine, itraconazole (described in EP-A-6711), saperconazole (see US-A-4916134), (-)-[2S-[20,4a(S*)]]-
4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-3-yl)thio]methyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-
1-piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one (Compound 40 in WO96/13499), cis-
apride (described in EP-A-76530), (B)-N-[4-[2-ethyl-1-(1H-1,2,4-triazol-1-yl)butyl]phenyl]-2-benzothiazolamine (de-
scribed in WO-97/49704); methyl 6,11-dihydro-11 -[1-[2-[4-(2-quinolinylmethoxy)phenylJethy|]-4-piperidinylidene]-5H-

imidazo[2, 1-b][3]benzazepine-3-carboxylate (described in WO-97/34897):
4-[[4-amino-6-[(2,6-dichlorophenyl)methyl]-1 ,3,5-triazin-2-yl]amino]benzonitrile (described in EP-0,834,507);
(B-cis)-1 -[4-[4-[4-[[4-(2,4-difluorophenyl)-4-(1 H-1 ,2,4-triazol-1-ylmethyl)-1,3-dioxolan-2-yl]methoxy]phenyl]-1 -piper-
azinyl]jphenyl]-3-(1-methylethyl)-2-imidazolidinone;
(28-cis)-1-[4-[4-[4-[[4-(2,4-difluorophenyl)-4-(1 H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-2-yl]methoxy]phenyl]-1 -piper-

azinyl]ohenyl]-3-(1-methylethyl)-2-imidazolidinone;

3-[2-[3,4-dihydrobenzofuro[3,2-c]pyridin-2 (1 H)-yljethyl]-2-methyl-4 H-pyrido-[1 ,2-a]pyrimidin-4-one;
N-[2-[4-(4-chlorophenyl)-1-piperazinyl]ethyl]-2-benzothiazolamine;
(B1)-N-[4-[2-(dimethylamino)-1-(1 H-imidazol-1-yl)propyl]phenyl]-2-benzo-thiazolamine (described in WO-97/49704)
(B)-6-[amino(4-chlorophenyl)(1-methyl-1 H-imidazol-5-yl)methyl]-4-(3-chlorophenyl)-1-methyl-2(1 H)-quinolinone;
(B)-N-[4-[2-ethyl-1-(1 4-1,2,4-triazol-1-yl)butyl]phenyl]-2-benzothiazolamine; 3-[6-(dimethylamino)-4-methyl-3-pyridi-
nyl]-2,5-dimethyl-N, N-dipropylpyrazolo-[2,3-a]pyrimidin-7-amine monohydrochloride;

(S)-[1 -[2-[3-[(2,3-dihydro-1H-inden-2-yl)oxy]-4-methoxyphenyl|]propyl]-1 H-imidazol-2-yl]cyanamide; and
(+)-(B-trans)-4-[1 -[3,5-bis (trifluoromethyl)benzoyl]-2-(phenylmethyl)-4-piperidinyl]-N-(2,6-dimethylphenyl)-1 -pipera-
zineacetamide (S)-hydroxybutanedioate (1:1).
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[0040] Further suitable basic active ingredients are those which exert a local physiological effect, as well as those

which exert a systemic effect, either after penetrating the mucosaor- in the case of oral administration - alter transport
to the gastro-intestinal tract with saliva. The dosage forms prepared from the compositions according to the present
invention are particularly suitable for active ingredients which exert their activity during an extended period of time, i.
e. drugs having a half-life of at least several hours. Examples thereof include those of the following active agents that
have basic character:

analgesic and anti-inflammatory drugs (celecoxib, MK966, L-745,337, NSAIDs, fentanyl, indomethacin, ketoprofen,
nabumetone, oxyphenbutazone, paracetamol. phenylbutazone, piroxicam, tramadol) ; anti-arrhythmic drugs (gal-
lopamil, procainamide, quinidine, verapamil) ; antibacterial and antiprotozoal agents (amoxicillin, ampicillin, benzathine
penicillin, benzylpenicillin, cefaclor, cefadroxil, cefprozil, cefuroxime axetil, cephalexin, chloramphenicol, chloroquine,
ciprofloxacin, clarithromycin, clavulanic acid, clindamycin, doxyxycline, erythromycin, flucloxacillin, halofantrine, isoni-
azid, kanamycin, lincomycin, mefloquine, minocycline, nafcillin, neomycin, norfloxacin, ofloxacin, oxacillin, pbhenoxyme-
thyl-penicillin, pyrimethamine-sulfadoxime, quinine, streptomycin); anti-coagulants (warfarin) ; antidepressants (am-

itriptyline, amoxapine, butriptyline, clomipramine, desipramine, dothiepin, doxepin, fluoxetine, fluvoxamine, gepirone,
imipramine, lithium carbonate, mianserin, milnacipran, nortriptyline, paroxetine, sertraline ; 3-[2-[3,4-dihydrobenzofuro
[3,2-c]pyridin-2(1 H)-yljethyl]-2-methyl-4H-pyrido[1 ,2-a]pyrimidin-4-one); anti-diabetic drugs (glibenclamide,
metformin) : antiepileptic drugs (carbamazepine, clonazepam, ethosuximide, phenobarbitone, phenytoin, primidone,
topiramate, valpromide) ; antifungal agents (amphotericin, clotrimazole, econazole, fluconazole, flucytosine, griseof-

ulvin, itraconazole, ketoconazole, miconazole nitrate, nystatin, terbinafine, voriconazole) ; antigout (benzbromarone,
probenecid); antihistamines (astemizole, cinnarizine, cyproheptadine, decarboethoxyloratadine, fexofenadine, fluna-
rizine, levocabastine, loratadine, norastemizole, oxatomide, promethazine, terfenadine) : anti-hypertensive drugs (cap-
topril, clonidine, cyclizine, diazoxide, dihydralazine, enalapril, fosinopril, guanethidine, ketanserin, lisinopril, minoxidil,
prazosin, ramipril, rescinnamine, reserpine, terazosin) ; anti-muscarinic agents (atropine sulphate, hyoscine); antivirals
(acyclovir, AZT, ddC, ddl, ganciclovir, loviride, tivirapine, 3TC, delavirdine, indinavir, nelfinavir, ritonavir, saquinavir);

antineoplastic agents and antimetabolites (adriamycine, cladrihine, dactinomycin, daunorubicin, doxorubicin, etopo-

side, mitomycin, mitoxantrone, paclitaxel, taxol, taxotere, trimetrexate, vincristine, vinblasline) ; anti-migraine drugs
(alniditan, naratriptan, sumatriptan); anti-Parkinsonian drugs (bromocryptine mesylate, carbidopa, levodopa,
selegiline) : antipsychotic, hypnotic, anxiolylic and sedating agents (alprazolam, buspirone, chlordiazepoxide, chlo-
rpromazine, chlorprothixene, clozapine, diazepam, flupenthixol, fluphenazine, flurazepam, haloperidol, 9-hydroxyris-
peridonc, lorazepam, mazapertine, melperone, methaqualone, olanzapine, oxazepam, pimozide, pipamperone,pira-
cetam, promazine, risperidone, selfotel, seroquel, sertindole, sulphide, temazepam, thioridazine, thiothixene, triazolam,

trifluoperazine, trifluperidol, triflupromazine, ziprasidone, zolpidem) ; anti-stroke agents (lubeluzole, lubeluzole oxide,
riluzole, aptiganel, eliprodil, remacemide); antitussive (dextromethorphan, laevodropropizine, noscapine) ; beta-
adrenoceptor blocking agents (atenolol, bupranolol, carvedilol, labetalol, metipranolol, metoprolol, nebivolol, oxpre-
nolol, propanolol) ; cardiac inotropic agents (amrinone, digitoxin, digoxin, milrinone) ; corticosteroids (beclomethasone
dipropionate, betamethasone, budesonide, cortisone, dexamethasone, fludrocortisone, hydrocortisone, methylpred-

nisolone, paramethasone, prednisolone, prednisone, triamcinolone) ; disinfectants (chlorhexidine) ; diuretics (aceta-

zolamide, amiloride, benzthiazide, chlorothiazide, chlorthalidone, dichlorphenamide, ethacrynic acid, ethoxzolamide,
frusemide, hydrochlorothiazide, hydroflumethiazide, isosorbide, polythiazide, spironolactone, triamterene,
trichloromethiazide) ; enzymes; ergot alkaloids (codergocrine, ergotamine, nicergolin) ; essential oils (anethole, anise
oil, caraway, cardamom, cassiaoil, cineole, cinnamonoil. clove oil, coriander oil, dementholised mint oil, dill oil, euca-
lyptus oil, eugenol, ginger, lemon oil, mustard oil, neroli oil, nutmeg oil, orange oil, peppermint, sage, spearmint, ter-
pineol, thyme) ; gastro-intestinal agents (bromopride, cimetidine, cisapride, elebopride, diphenoxylate, domperidone,

famotidine, lansoprazole, loperamide, loperamide oxide, mesalazine, metoclopramide, mosapride, nizatidine, norcis-
apride, olsalazine, omeprazole, pantoprazole, perprazole, pirenzepine, prucalopride, ranitidine, rabeprazole, ridogrel,
sulphasalazine) ;haemostatics (aminocaproic acid) ; immunosuppressants (cyclosporin A, tacrolimus) ; lipid regulating
agents (atorvastatin, lovastatin, pravastatin, probucol, simvastalin) ; local anaesthetics (benzocaine, lignocaine) ; opi-
oid analgesics (buprenorphine, codeine, dextromoramide, dextropropoxyphene, dihydrocodeine, hydrocodone, oxy-

codone, morphine, papaverine, pentazoeine, pethidine) ; parasympathomimetics (eptastigmine, galanthamine, metri-

fonate, neostigmine, physostigmine, tacrine, donepezil, rivastigmine, milameline, sabcomeline, talsaclidine, xanom-
cline, memantine, lazabemide); sex hormones (androgens: methyltestosterone, oxymetholone, stanozolol;
oestrogens : conjugated oestrogens, ethinyloestradiol, mestranol, oestradiol, oestriol, oestrone ; progestogens; chlo-
rmadinone acetate, cyproterone acetate, 17-deacetyl norgestimate, desogestrel, dienogest, dydrogesterone, ethyno-
diol diacetate, gestodene, 3-keto desogestrel, levonorgestrel, lynestrenol, medroxy-progesterone acetate, megestrol,
norethindrone, norethindrone acetate, norethisterone, norethisterone acetate, norethynodrel, norgestimale, norgestrel,

norgestrienone, progesterone, quingestanol acetate) ; stimulating agents (sildenafil) ; sympathomimetics (ephedrine,
clenbuterol, fenoterol, norfenefrine, pseudoephedrine) ; vasodilators (amlodipine, amyl nitrite, buflomedil, buphenine,
carbocromen, diltiazem, dipyridamole, glyceryl trinitrate, isosorbide dinitrate, lidoflazine, molsidomine, nicardipine,

6

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 113



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 114

10

15

20

25

30

35

40

45

50

55

EP 0 998 304 B1

nifedipine, nimodipine, oxpentifylline, pentaerythritol tetranitrate).

[0041] Other examples include thoseof the following active agents that have basic character:
 

alpha-Lipoic acid lactose methylxanthine

8-Methoxypsoralen|lithium salts phytomenadione

Allopurinol magnesium salts|propylthiouracil

alpha.-Tocopherol menadione

iron salts methylthiouracil 

[0042] Basic drug compoundssuitable for use in the compositions of the invention include drugs of all types con-
ventionally administered topically (e.g. in a gel patch) or into an externally voiding body duct, e.g. orally, nasally, aurally,
rectally or vaginally. Such drugs include in particular antifungals, calcium channel blockers, antibacterials, antihyper-

tensives, antivirals, analgesics, apolipoprotein B synthesis inhibitors, and drugs which modify transit of gi tract contents
(e.g. antidiarrhoea agents or motility promoters). Indeed, the invention is particularly applicable to poorly water-soluble

imidazole, triazole, imidazo-benzazepines, nitrophenyl-pyridine, N,N'-bisphenyl-piperazine, and N-phenoxyalkyl-pip-
eridine derivatives, e.g. the compounds mentioned above and compoundsas described in EP-A-6711, WO96/13499
and EP-A-76530.

[0043] The compositions of the invention may conveniently contain the drug compoundat 0.001 to 50% by weight,

preferably 0.1 to 35%, more preferably 0.5 to 30%, especially 8 to 25% and most especially 10 to 15% by weight
(relative to the total weight of acid, cyclodextrin, organic polymer and drug compound). The quantity of drug will of
course depend upon the desired dissolution profile, the intrinsic solubility of the drug compound and the drug dosage
required wherethe drugis to be delivered in dosage units (e.g. capsules, coated tablets, etc).
[0044] Thus the present invention also provides pharmaceutical dosage forms comprising a therapeutically effective
amount of a composition as described hereinbefore.

[0045] For example if the drug is to be delivered in a standard capsule (e.g. with a 900 mg capacity for a glass
thermoplastic system as described in the Examples hereto, and the desired drug dose is 100 mg/capsule) then the

quantities and natures of the other composition components maybe selected to give the desired drug dissolution profile
- in general only a small quantity of organic polymer, e.g. 20 to 50 mg, may be necessary, and the balance may be
made up from acid and cyclodextrin with the ratio of acid to cyclodextrin being set according to the required dissolution
profile, e.g. with 200 to 400 mg cyclodextrin and 450 to 650 mg acid.
[0046] Besides the drug compound, the organic polymer, the acid and the cyclodextrin, the compositions of the

invention may contain other conventional pharmaceutical excipients, e.g. flavours, colouring agents, antioxidants, bulk-
ing agents, fats, waxes, coating agents, dispersants, suspension fluids (e.g. where the composition coated with a
gastric juice resistant coating and dispersed as particles in a suspension fluid such as wateror a syrup), etc. Preferably
such components when in intimate admixture with the drug compoundwill make up only a minor proportion of the
composition, e.g. 0.01 to 10% by weight(relative to the total weight of acid, organic polymer, cyclodextrin and drug
compound). However where the composition of the invention is encapsulated or disposed in a carrier (¢.g. a fluid ora

solid or semi-solid matrix), the further components notin intimate admixture with the drug compound(e.g. coating or
encapsulating materials, dispersion media, etc.) may of course make up a minor or major proportion, e.g. 5 to 95% by
weight, of the overall composition.
[0047] The compositions of the invention may be prepared by making an intimate admixture of the drug compound,
cyclodextrin, acid and organic polymer. This may be effected most straightforwardly by dissolving these components
in a liquid solvent therefor and subsequently removing the solvent. Thus viewed from a further aspect the invention

provides a processfor the preparation of a pharmaceutical composition, said process comprising: dissolving a drug
compound, a water-soluble cyclodextrin, a physiologically tolerable water-soluble acid and a physiologically tolerable
water-soluble organic polymer in a solvent; removing solventfrom the resultant solution: optionally forming the resultant
product into desired shapes; and optionally coating the resulting product with a physiologically tolerable coating ma-
terial.

[0048] The solvent usedin the processof the invention is preferably a physiologically tolerable material. suitably an

organic solvent such as a C,., alkanol (e.g. ethanol), acetone, DMF, a linear or cyclic ether (e.g. diethyl ether, dimethyl
ether, or THF), cyclohexane, DMSO,etc. or a solvent mixture that also may comprise water. For an acid with a high
melting point, solvents or solvent mixtures which have high boiling points may conveniently be used; generally however
the boiling point of the solvent or solvent system will be no more than about 100°C. Such solvents may be used
efficiently in the production of the compositions of the invention and the level of residual solvent will be minimal. The

solvent may conveniently be removed by evaporation, e.g. under reduced pressure, and as this may leave somesolvent
residue (e.g. up to 3% by weight) it is particularly desirable to use a solvent such as ethanol (or an ethanol-water
mixture) which is a permitted pharmaceutical excipient.
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[0049] If the drug compoundis insoluble or poorly soluble in the solvent of choice, the process of the invention may

involve dispersion of microparticles (e.g. nanoparticles having a particle size of 1 to 100 nm) of the drug compoundin
the solvent rather than full dissolution of the drug compound.If this is done, it is desirable that the drug compound
particles be as small as possible. Nanoparticles of insoluble compounds may be prepared for example by various
precipitation techniques or by milling with physiologically tolerable inorganic beads,e.g. of zirconia (EP-0,499.299).
[0050] The solvent removal may be essentially complete or it may he incomplete, in the former case to produce a

solid or a gel-like solid or semi-solid, and in the latter case to produce a viscousfluid which can for examplebefilled
into capsules.
[0051] In general, essentially complete solvent removal will he preferred as the resultant product can then readily
be shaped. Shaping maybe effected by spray-drying the solution (to provide the productin particulate form), by evap-
oration of Solvent from solution disposed in molds, by molding (e.g. injection molding), by extrusion and the like. In
general the product can be formed when hot and allowedto solidify on cooling. The shaped product may likewise be
producedin film or sheet form by evaporation or by pouring a heated massonto a plate and evaporating off the solvent.

[0052] In one preferred embodiment the product is shapedbyfilling into (e.g. by pouring or by extrusion) capsule
shells, e.g. of gelatin.
[0053] The product may be hygroscopic, and thus may be "tacky"if touched by hand dueto its absorption of moisture
from the skin. Accordingly it is particularly preferred for the product to be provided with a protective coating to prevent
moisture uptake during handling. Such coatings may for example take the form of capsule casings (as described

above), tablet coatings, protective film or web coatings, and moisture-proof removable wrappings. Tablet coatings may
be applied in conventional manner and may he such as to dissolve in the mouth or stomach (e.g. sugar or sugar/
beeswaxcoatings), or alternatively may be gastric juice resistant polymers (suchas the gastric juice resistant Eudragit®
coatings produced by R6hm GmbH) whereit is desired that drug uptake should occur in the intestines. Protective films
or webs may for example be used wherethe productis to be applied topically, e.g. for uptake across the skin or a toe
or finger nail. In this event a pad of the composition will generally be disposed between an adhesive upper protective

layer and a lower removable layer. An exampleof a topical application form for application on nails and adjoining tissue,

e.g. for the treatmentof fungal infection, is shown in US-A-5181914.
[0054] Where the productis produced in particulate form, e.g. by spray-drying, the particles can be loaded into water-
tight administration devices (e.g. spray devices or powder dosing devices such asinhalers) for oral, nasal or topical
administration of the particulate. Alternatively particulates may be loadedinto capsules or mixed with hulking agents
suchas lactose, starch, microcrystalline cellulose and mixtures thereof, and compressedto form tablets. In any event,
the particles may additionally be provided with one or more coatings, e.g. to provide a delayed or prolonged release
administration forms.

[0055] Generally however it will he preferred to shape the productinto individual doses andto provide these with a
protective coat, e.g. to produce a capsule, coated tablet or film covered pad single dosageunit.
[0056] While not wishing to be bound by theoryit is thought that the advantageous drug compounddissolution profile
for the compositions of the invention is achieved as a result of a combination of the effects of the components of the

composition on exposure to water or aqueous bodyfluids. The water and the acid provide a highly acidic microenvi-

ronmentin which the solubility of the basic drug compoundis increased. This acidic microenvironment contains the
cyclodextrin which is capable of complexing the solubilized drug causing the production of a supersaturated solution
of the drug compound andthis supersaturated solution is stabilized by the viscosity enhancing effects of the organic
polymerwhich hinders precipitation of the drug as the pH increases as the microenvironment becomes more dilute as
more waterenters.

[0057] As has been mentioned above, the compositions according to the invention can be producedwith particularly

favourable drug dissolution profiles. Thus dissolution may be sufficiently rapid to ensure substantially complete avail-
ability of the drug compoundfor biological uptake (e.g. from the mouth, nose, stomach or vagina) yet sufficiently slow
to provide a more prolonged plasma uptakeprofile (see for example Figure 1 of the accompanying drawings)e.g. by
avoidanceof drug reprecipitation before the composition reaches the stomach.
[0058] Such adissolution profile is thus advantageousin its own right and viewed from a further aspect the pharma-

ceutical composition according to the invention may comprise at least one water-soluble physiologically tolerable ex-

cipient, so that at 5, 15 and 45 minutes after addition of a quantity of said composition containing 100 mg of a basic
drug compound to 600 mL of 0.1N hydrochloric acid at 37°C, from 7 to 25 (preferably 10 to 20, especially 12 to 18) %,
45 to 70 (preferably 50 to 65, especially 54 to 63) % and at least 96 (preferably at least 97, especially at least 98) %
respectively of said drug compoundis in solution in said hydrochloric acid. These figures relate to jn vitro dissolution
studies conducted in accordance with the monograph USP 23, <711> Dissolution, pp. 1791-1793.
[0059] For example, in determining the dissolution profiles set out above, the composition is placed without a coating

or with a rapidly soluble coating (e.g. a gelatin capsule shell) in 0.1 N HCI (or an other appropriate medium) and the
mixture is stirred using the USP-method with a paddle, apparatus 2, at a speed of 50 or 100 rom.
[0060] The compositions according to the invention may be in any form convenientfor topical administration or ad-
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ministration into an externally voiding body cavity (e.g. nose, lungs, mouth, ear, stomach, rectum or vagina). Typical

administration forms include patches, tablets, buccal tablets, lozenges, can-plugs, nose plugs, coated tablets, capsules,
suppositories, chewing gum, gels, powders, granules, syrups and dispersions, although patches and powders and
more especially capsules and coated tablets are preferred. The drug dosagewill depend upon the drug compound as
well as the species and size of the subject being treated. Typically, dosages will be 0.5 to 1.2, preferably 0.8 to 1.05
times the conventional dosagesfor the selected drug compound administered by the sameroute.

[0061] Further, this invention comprioses a pharmaceutical composition or a pharmaceutical dosage form as de-
scribed hereinbefore for use in a method of therapy or diagnosis of the human or non-human animal body.
[0062] This invention also relates to a pharmaceutical composition for use in the manufacture of a pharmaceutical
dosage form for oral administration to a mammal in need of treatment, characterized in that said dosage form can be
administered at any time of the day independently of the food taken in by said mammal.
[0063] Or, in other words, the present invention also concernsthe se of a pharmaceutical composition as described
hereinbefore for the manufacture of a pharmaceutical dosage form for oral administration to a mammal in need of

treatment, characterized in that said dosage form can be administered at any time of the day independently of the food
taken in by said mammal.
[0064] This invention also relates to a pharmaceutical package suitable for commercial sale comprising a container,
an oral dosage form as claimed in any one of claims 12 to 16, and associated with said package written matter non-
limited as to whether the dosage form can be administered with or without food.

[0065] The invention will now be described further with reference to the following nonlimiting Examples and the
accompanying drawings, in which:

Figures 1 and2 aregraphs showing plasmaconcentrationsof the drug (-)-[2S-[2a,4a(S*)]]-4-[4-[4-[4-[[2-(4-chloroph-
enyl]-2-[[(4-methyl-4H-1,2,4-triazol-3-yl)thio]Jmethyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-
2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one administered in a composition according to the invention

and in a conventional administration form (sugar particles coated with the drug and loaded in a gelatin capsule)

[see Example 6 for further details]; and

Figure 3 is a dissolution profile for the three itraconazole compositions of Example 2.

Example 1

Glass thermoplastic system composition preparation

[0066] The following ingredients are mixed in a 250 mL glassflask:

Drug compound(e.g. itraconazole)|20g

Citric acid monohydrate 100g

Anhydrous ethanol (100 mL) is added. The glass flask is placed on a steam bath (bain mane) and stirred at 70°C until

the drug and acid are completely dissolved (about 10 minutes). Thereafter the following ingredients are added:

Hydroxypropyl-B-cyclodextrin 50g

Hydroxypropylmethylcellulose (2910.5 mPa.s)|10g

The flask is placed on the steam bath andstirred at 70°C until dissolution is complete (about 70 minutes). The solution
is then poured onto cleaned stainless steel plates which are then placed in a drying ovenfor 2 hours at 80°C under
vacuum and subsequently for 40°C under vacuum overnight. The plates are then heated to 80°C and the gel residue
is scraped off and filled into 900 mg capacity gelatin capsules (size no. 0).

Example 2

Composition preparation

[0067] Analogously to Example 1, gelatin capsules having the following relative weights of components are prepared:

9
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(A) 100 mg|Itraconazole

500 mg|citric acid monohydrate

275 mg|hydroxypropyl-B-cyclodextrin

25 mg|Methocel E5

(B) 100 mg|Itraconazole

500 mg|citric acid monohydrate

250 mg|hydroxypropyl-B-cyclodextrin

50 mg|Methocel E5

(C) 100 mg|Itraconazole

500 mg|citric acid monohydrate

225 mg|hydroxypropyl-B-cyclodextrin

75 mg|Methocel E5

(D)* 200 mg|Methyl 6,11-dihydro-11-[1 -[2-[4-(2-quinolinylmethoxy)phenyllethyl]-4-piperidinylidene]-5H-
imidazo[2, 1-b]-[3]benzazepine 3-carboxylate

650 mg|citric acid monohydrate

250 mg|hydroxypropyl-B-cyclodextrin

(E) 100 mg|(-)-[2S-[2a,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-3-yl)thio
[methyl]-1,3-dioxolan-4-yl]methoxy]-phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-
2-(1-methylpropyl)-3H-1 ,2,4-triazol-3-one

500 mg|citric acid monohydrate

250 mg|hydroxypropyl-B-cyclodextrin

50 mg|Methocel E5 

“ For example 2(D) the composition is loaded into 1100 mg gelatin capsules.

[0068] The dissolution profiles of the gels of Example 2(A), (B) and (C) are shownin Figure 3 of the accompanying
drawings. These were determined by placing one capsule containing 100 mg of itraconazole in 300 mL ofstirred 0.1

N HCl at 37°C and observing the percentage of dissolved drug compoundattimes 0, 5, 15, 30, 45 and 60 minutes
(stirring was effected using the USP-method with paddle, apparatus 2, 100 rom). For Example 2(E), with 100 mg drug
compound added to 600 mL of 0.1 N HCl at 37°C, the mean percentages of drug compoundin solution at 5, 15, 30
and 45 minutes were 17.22, 61.18, 92.73 and 98.67 respectively (stirring was effected using the USP-method with
paddle, apparatus 2, 100 rpm).

[0069] The dissolution profile of Example 2(E) was compared with that of a conventional capsule dosage form in

whichthe gelatin capsule is loaded with sugarparticles coated with 100 mgof(-)-[2S-[20,4a(S*)]]-4-[4-[4-[4-[[2-(4-chlo-
rophenyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-3-yl)thio]methyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]-phenyl]-
2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one. The capsules were placed in 10 ml of 0.1 N HCl at 37°C in glass
vials and shaken in a mechanical shaker (100 strokes per minute) and the percentage of drug compoundin solution
after 0, 30 and 60 minutes was determined. The results are set out in Table 1 below.

Table 1

Percentage of drug compoundin solution

Example 2(E)|Conventional Capsule 

0 0

91.26 15.54

101.90 18.39
 

This clearly shows how much morereadily the drug compoundis madebioavailable by the compositions of the inven-
tion.

10
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Example 3

Effect of organic polymer on supersaturation stability
 

[0070] Aqueous solutions of hydroxypropyl-B-cyclodextrin (HPBCD) anti Methocel E5 in 300 ml 0.1 N HCl at 37"C
were prepared having the concentrations set out in Table 2. The solutions were stirred using the USP-method with

paddle, apparatus 2, 150 rpm.

HPBCD (mg)|Methocel E5 (mg)

OOnNDARWD= 
[0071] To these solutions,with stirring, a concentrated solution of itraconazole in DMF (50 mg/mL) was added drop-

wise until precipitation was observed. Subsequently the concentration of dissolved itraconazole expressed in mg% (ie.
the numberof mg dissolved in 100 mL) was observed at 0, 30, 60 and 120 minutes. The results are set out in Table 3
below:

Table 3

Percentage of drug compoundin solution 

Sample Time (minutes)

0

30

60

120

HPBCD:

Methocel ratio

 
[0072] These results clearly demonstrate (i) the solubilizing effect of the cyclodextrin (Samples 2, 6 and 4 show the
highestinitial itraconazole concentrations, followed by Samples8, 1 and 3, with Samples 7, 5 and 9 showing the lowest
initial concentrations) and(ii) the stabilizing effect of the organic polymer (Samples 2, 8 and 7 show the greatest drop
in itraconazole concentrations over 120 minutes,etc).

Example 4

Extended release formulation

[0073] Analogously to Example 1, gelatin capsules were prepared containing the following:

41.55 mg|Cisapride

508.45 mg|citric acid monohydrate

250 mg|hydroxypropyl-B-cyclodextrin

100 mg|Methocel K15M
 

This formulation has a muchslowerdissolution rate than the compositions of Example 2. However therate of dissolution
is much more close to linear with time and shows much less dependence on the pH ofthe dissolution medium.

11
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Example 5

Nail gel

[0074] Agel for application to nails or hoovesto effect antifungal treatment is made with the following composition:

Itraconazole

Citric acid monohydrate

Hydroxypropyl-B-cyclodextrin

Hydroxypropylmethylcellulose (Methocel E5)

Anhydrous ethanol
 

Example 6

Body uptake

[0075] The plasma concentrations of R 103757 were determined in healthy humansat 0, 4, 1, 1%, 2, 3, 4, 6, 8 and
12 hours after oral administration of 100 mg (-)-[2S-[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-

1,2,4-triazol-3-yl)-thio]methyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpro-
pyl)-3H-1 ,2,4-triazol-3-one as (i) a5 mg/mLoral solution containing 25% hydroxypropyl-B-cyclodextrin solution admin-
istered under fasting conditions, (ii) a conventional capsule containing (-)-[2S-[20,4a(S*)]]-4-[4-[4-[4-[[2-(4-chlorophe-
nyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-3-yl)thio]Jmethyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-2,4-dihy-
dro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one coated onto sugar particles administered under fasting conditions, (iii)
a conventional capsule containing (-)-[2S-[20,40(S*)]]-4-[4-[4-[4-[[2-(4-chlorophenyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-

3-yl)thio]Jmethyl]-1,3-dioxolan-4-yl]methoxy]phenyl]- 1-piperazinyl]-phenyl]-2,4-dihydro-2-(1-methylpropyl)-3H-
1,2,4-triazol-3-one coated onto sugarparticles administered after a standard breakfast, (iv) a capsule according to

Example 2(E) administered under fasting conditions and (v) a capsule according to Example 2(E) administered after
a standard breakfast.

[0076] The “standard breakfast" comprised four slices of bread, one slice of ham, oneslice of cheese, butter, jelly
andtwocupsofcoffeeorteawith milk and/or sugarifdesired. The 100mgdoseof(-)-[2S-[20,4a(S*)]]-4-[4-[4-[4-[[2-(4-chlo-

rophenyl]-2-[[(4-methyl-4H-1 ,2,4-triazol-3-yl)thioJmethy|]-1,3-dioxolan-4-yl]methoxy]phenyl]-1-piperazinyl]phenyl]-
2,4-dihydro-2-(1-methylpropyl)-3H-1,2,4-triazol-3-one was administered just after such a breakfast.
[0077] Blood samples of 10 mL were taken to obtain 5 mL plasma. The blood samples were taken, collected in
heparinized tubes, and centrifuged at 1000g for 10 minutes within 2 hours of collection. Plasma wastransferred into
plastic tubes, which were sealed and stored at -70°C until assayed.
[0078] The results are shownin Figures 1 and 2 which presents drug concentrations as a function of time. As can
be seen, the conventional capsule performssignificantly worse than the solution even with fasting. However the capsule

according to the invention outperforms the solution after 3 hours whetheror not the recipient has fasted and, most
surprisingly, completely outperforms the solution where the recipient has not fasted.

Example 7

Effect of pH on dissolution rate

[0079] Following the procedure of Example 1, a placebo capsule comprising methylene blue (2,63 mg), citric acid
(600 mg), hydroxypropyl-B-cyclodextrin (250 mg) and hydroxypropylmethylcellulose (Methocel E5, 50 mg) waspre-
pared. The dissolution of these capsules was determinated at various pH values according to the USP method (600
ml medium, 37°C, Apparatus 2 with paddle, 100 rpm). The six media tested were : 0.1N HCl (pH 1.55), 0.01N HCl (pH

2.25), 0.001N HCI (pH 2.75), USP pH 4.5 (pH 4.40), USP pH 6.5 (pH 5.80) and USP pH 7.5 (pH 7.0).

[0080] The results are set out in table 4 below:
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0.1N HC! |0.01N Hci]0.001N Hci [USP pH 45

me

EP 0 998 304 B1

USP pH 6.5

0.00

(5.48

60.55

102.20

103.57

104.48

USP pH 7.5

0.00

16.62

62.59

100.83

104.25

104,02

 
 
 
 

  0.00 0.00 0.00 0.00

16.62 21.85 16.62 21.40

60.77 73.75 74.43 71.93

95.60 104.25 104.93 {QOU.15

100.83 104.93 105.39 104.48

102.43 104.70 104.93 105.16

    

  
       

      
 

 

    

     
pH 1.55 2.25 2.75 4.40 5.80 7.00

Example 8

[0081] Following the procedure of Example 1, various drug containing capsules were made having the following
relative weights of components:

[0082]

itraconazole

citric acid

hydroxypropyl-B-cyclodextrin

HPMC ES

methyl 6,11-dihydro-11-[1 -[2-[4-(2-quinolinylmethoxy)phenylJethyl]-4-piperidinylidene]-5H-
imidazo[2, 1-b][S]benzazepine-3-carboxylate

citric acid

hydroxypropyl-B-cyclodextrin

(-)-[2S-[20, 4a(S*)]]-4-[4-[4-[4-[[2-(4-methyl-4H-1 ,2,4-triazol-3-yl)thio]methyl]-1,3-dioxolan-4-yl]
methoxy]phenyl]-1-piperazinyl]phenyl]-2,4-dihydro-2-(1-methylpropyl)-3H-1 ,2,4-triazol-3-one

citric acid

hydroxypropyl-B-cyclodextrin

HPMC E5

4-[[4-amino-6-[(2,6-dichlorophenyl)methyl]- 1 ,3,5-triazin-2-yl]Jamino]-benzonitrile
citric acid

hydroxypropyl-B-cyclodextrin

HPMC E5

(B)-N-[4-[2-ethyl-1-(1 H-1,2,4-triazol-1-yl)butyl]phenyl]-2-benzo-
thiazolamine

citric acid

hydroxypropyl-B-cyclodextrin

(B-cis)-1 -[4-[4-[4-[[4-(2,4-difluorophenyl)-4-(1 H-1,2,4-triazol-1-yl-methyl)-1,3-dioxolan-2-yl]
methoxy]phenyl]-1-piperazinyl]phenyl]-3-(1-methylethyl)-2-imidazolidinone

citric acid

hydroxypropyl-B-cyclodextrin

HPMC E5

 
The dissolution of these compositions was determined according to the USP method (600 ml 0.1 N HCI, 37°C,

Apparatus 2 with paddle, 100 ppm), except formulation (A) where only 300 ml medium wasused. The results are set
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Table 5:

Formulation (A)

Formulation (B)

0.01N HCI|0.001N HCl0.1N HCl 

0

5

15

30

45

60

Table 7: Formulation (C)

0.00

27.00

92.13

97.11

98.64

100.29

0.00

25.17

86.94

96.63

99.45

100.08

 0.00

21.39

84.75

93.09

94.83

95.28

Calculated concentration in % of the active dose

0.00

13.8]

58.44

92.34

98.28

100.08

0.00

17.28

59.10

92.94

98.94

99.54

0.00

19.79

63.42 .

92.46

99.30

100.20
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Calculated concentration in %of the active dose
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Table 9 : Formulation (EB)

Calculated concentration in %of the active dose

oinHe)|oomHcl|0.001N HCI

) 0.00

48.72

100.92

102.48

103.08

102.00

0.00

7A

49.49

86.92

99.57

99.84

101.77

103.52

103.70

0.00

26.16

96.36

98.76

102.24

102.00

15

 
0.00

24.96

94,20

95.76

96.96

97.80)
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Table 10) : Formulation (F)

 

 
 
 
 
 

  Calculated concentration in %ofthe active dose  
 

0.00

12.66

64.80

98.40

101.16

101.52

0.00

15.36

54.78

95.58

100.68

100.86

0.00

12.66

54.36

94.26

100.98

LOL.22

0.00

14.76

56.82

93.96

101.28

101.34

0.00

12.66

61.98

97.50

100.50

101.16

0.00

17.34

63.78

97.20

101.34

LO1L.58

0.00

14.24

59.42

96.15

[00.99

101.28

  
 

  
 
  

    
   
 

 
     
 

 

  
   

 
  

    

Example 9

Stability testing of formulation 8 (C)

[0083] Capsules of formulation 8(C) were stored for 1 month and 3 months at 40°C, and for 1 year at room temper-

ature. Dissolution measurements were made according to the USP method (600 ml 0.1N HCl, 37°C, paddle apparatus

2.100 rpm). The following results were obtained:

Table 11 : after | month at 40°C

Calculated concentration tn %of the uctive dose

Time (min)] sample 1| sample 2] sample 3|sample 4|sample 5|sample 6

0.00 0.00 0.00 0.00 0.00 0.00 0.00

10.11 10.79 9.94 9.59 14.35 10.33 10.85

59.72 55.02 48.97 54.36 66.54 52.38 56.17

93.00 90.06 89.70 92.70 95.46 89.16 91.68

100.14 98.22 98.94 99.84 99.48 99.18 99.30
 

100.50|100.92 99.36 99.54 100.56|100.26|100.19
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Table 12 : after 3 months at 40°C

Calculated concentration in %of the active dose

 

Example 10

0.00 0.00 0.00 0.00 0.00 0.00

5.74 3.90 13.93 11.49 7.56 7.78

43.62 45.00 56.76 48.30 43.14 47.16

88.80 89.10 89.70 87.96 84.54 $4.42

99.36 99.96 99.54 99.78 99.t8+100.08

100.32|100.14 100.92|100.44 {01.70|100.50

Table 13: after | year at room temperature

Calculated concentration in % of

the active dose

Time— sample ||sample 2{|sample 3 average0.00 0.00 0.00

16.14 15.48 15.52

66.12 67.32 65.14

91.86 96.12 93.50

99.60 98.70 99 34

100.80 99.36 100.42

   
 

 
 

 
 
   
 
 
 
 

Variability in bioavailability of Formulation (D)

average

0.00

8.73

47 A3

87.42

99.65

{00.67

[0084] The variability in the bioavailability of Formulation (D) in beagle dogs was evaluated asfollows. First, two
beagle dogs received as single oral administration of a PEG-400 solution comprising 4-[[4-amino-6-[(2,6-dichlorophe-
nyl)methyl]-1,3,5-triazin-2-yl]Jamino]benzonitrile at a dose of 10 mg/kg. Plasm levels were measured for 32 hours.After
7 days, the same dogs were nowtreated with a single oral capsule comprising the formula (D) at 10 mg/kg. Plasm
levels were again determined for up to 32 hours after administration. The individual results are as follows.
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Plasmalevels (ng/ml)

SeeeePEG-400 solution

  
Formulation

GTS capsule

NQ: not quantifiable by the HPLC method (< 3.0 ng/ml).

 
[0085] Surprisingly, the plasm levels obtained after administration of the capsules comprising formula (D) are very
much more similar to one another in the two test animals than those obtained after administration of the PEG 400

solution.

Example 11

Permeation and accumulation of itraconazole through and in humanskin

[0086] A Franz cell wasfitted with fresh whole humanskin andits receptor filled with a 20% (w/v) solution of hydrox-
ypropyl-B-cyclodextrin in water. A Finn Chambers patch wasfilled with Formulation 8(A) and was then placed on the
skin wetted with a small amount of phosphate buffered saline. Samples of the receptor solution were withdrawn at
regular intervals and the presenceof itraconazole in the solution was measured using high performanceliquid chro-

18
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matography. At no time point could anytrace ofitraconazole be detected, indicating that this compounddid not penetrate

whole humanskin. Atthe end of the experimentthe skin was thoroughly washed and then extracted in order to determine
the amountofitraconazole accumulated in the skin. A mean value of 12.2 g/cm? could be calculated from the results
of 8 independent experiments.

Claims

10.

11.

A pharmaceutical composition comprising a no more than sparingly water-soluble basic drug compound,a cyclo-
dextrin, a physiologically tolerable water-soluble acid, and a physiologically tolerable water-soluble organic poly-
mer, characterizedin that it comprises from 35 to 95 % by weightof acid relative to the total weight of cyclodextrin,
drug compound, organic polymer andacid.

The composition of claim 1 characterised in that the weight ratios of drug compound to acid and of drug compound
to cyclodextrin are no more than 2:1.

The composition of claim 1 or 2 characterized in that the components of the composition are so dispersed as to
form a chemically and physically uniform or homogeneous system or to consist of one phase.

The composition of claim 3 wherein the cyclodextrin is 2-hydroxypropyl-B-cyclodextrin.

The composition of claim 3 wherein the acid is selected from the group comprising citric, fumaric, tartaric, maleic,
malic, succinic, oxalic, malonic, benzoic, mandelic and ascorbic acid.

The composition of claim 5 wherein the acid is citric acid.

The composition of claim 3 wherein the polymeris selected from the group comprising

-  alkylcelluloses such as methylcellulose,
-  hydroxyakylcelluloses such as hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose and hy-

droxybutylcellulose,

- hydroxyalkyl! alkylcelluloses such as hydroxyethyl methylcellulose and hydroxypropyl methylcellulose,
-  carboxyalkylcelluloses such as carboxymethylcellulose,
- alkali metal salts of carboxyalkylcelluloses such as sodium carboxymethylcellulose,
-  carboxyalkylalkylcelluloses such as carboxymethylethylcellulose,
- carboxyalkylcellulose esters,
- starches,

-_pectins such as sodium carboxymethylamylopectin,
-_chitin derivates such as chitosan,

- heparin and heparinoids,
- polysaccharides such asalginic acid, alkali metal and ammonium salts thereof, carrageenans, galactoman-

nans, tragacanth, agar-agar, gum arabic, guargum and xanthan gum,
- polyacrylic acids and the salts thereof,

-  polymethacrylic acids and the salts thereof, methacrylate copolymers,
-—polyvinylalcohol,
-—polyvinylpyrrolidone, copolymers of polyvinylpyrrolidone with vinyl acetate,
-  polyalkylene oxides such as polyethylene oxide and polypropylene oxide and copolymers of ethylene oxide

and propylene oxide, e.g. poloxamers and poloxamines.

The composition of claim 7 wherein the polymer has an apparentviscosity of 1 - 100 mPa.s when dissolved in a
2% aqueoussolution at 20°C.

The composition of claim 8 wherein the polymeris hydroxypropylmethylcellulose.

A composition according to any one of the preceding claims that dissolves rapidly in body fluids, characterized

in that it comprises from 50 to 95 % by weight of acid.

A composition according to any one of the preceding claims that provides sustained release of the drug, charac-

19
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terized in that it comprises a water soluble polymer having an apparent viscosity of more than 1,000 mPa.s when

dissolved in a 2% aqueoussolution at 20°C.

A pharmaceutical dosage form comprising a therapeutically effective amount of a pharmaceutical composition as
defined in any one of the preceding claims.

The dosage form of claim 12 adapted for topical administration or administration into an externally voiding body
cavity such as the nose, lungs, mouth, ear, stomach, rectum and vagina.

The dosage form of claim 12 wherein said compositionis filled into a standard capsule, or alternatively is mixed
with bulking agents and compressedinto tablets.

The dosage form of claim 12, characterised in that at 5, 15 and 45 minutes after addition of said dosage form to

0.1N hydrochloric acid at 37°C in the dissolution test set forth in USP test <711> in a USP-2 dissolution apparatus
equiped with a paddle, from 7 to 25%, 45 to 70% and at least 96% respectively of drug is dissolved in said 0.1 N
hydrochloric acid.

A pharmaceutical composition according to any one of claims 1 to 11 or a pharmaceutical dosage form according

to any one of claims 12 to 15 for use in a method of therapy or diagnosis of the human or non-human animal body.

Apharmaceutical composition according to any one of claims 1 to 11 for use in the manufacture of a pharmaceutical
dosage form for oral administration to a mammal in need of treatment, characterized in that said dosage form
can be administered at any time of the day independently of the food taken in by said mammal.

Use of apharmaceutical composition according to any one of claims1 to 11 for the manufacture of a pharmaceutical

dosage form for oral administration to a mammal in need of treatment, characterized in that said dosage form
can be administered at any time of the day independently of the food taken in by said mammal.

Use of pharmaceutical composition according to any one of claims 1 to 11 for the manufacture of a medicament
for use in a method of therapy or diagnosis of the human or non-human body.

A pharmaceutical package suitable for commercial sale comprising a container, an oral dosage form as claimed
in any one of claims 12 to 16, and associated with said package written matter non-limited as to whether the dosage
form can be administered with or without food.

Patentanspriche

1. Pharmazeutische Zusammensetzung, enthaltend eine héchstens geringflgig wasserlésliche, basische Arzneimit-
telverbindung, ein Cyclodextrin, eine physiologisch unbedenkliche wasserlésliche Saure und ein physiologisch
unbedenkliches wasserlésliches organisches Polymer, dadurch gekennzeichnet, daB sie von 35 bis 95 Gew.-%
Saure, bezogen auf das Gesamtgewicht an Cyclodextrin, Arzneimittelverbindung, organischem Polymer und Sau-
re, enthalt.

Zusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daB das Gewichtsverhaltnis von Arzneimittel-
verbindung zu Saure und von Arzneimittelverbindung zu Cyclodextrin nicht mehr als 2:1 betragt.

Zusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Komponenten der Zusammen-

setzung so dispergiert sind, daB sie ein chemisch und physikalisch einheitliches oder homogenes System bilden
oder aus einer Phase bestehen.

Zusammensetzung nach Anspruch3, wobei es sich bei dem Cyclodextrin um 2-Hydroxypropyl-B-cyclodextrin han-
delt.

Zusammensetzung nach Anspruch 3, wobei die Saure aus der aus Citronensaure, Fumarsaure, Weinsaure, Mal-

einsaure, Apfelsaure, Bernsteinsaure, Oxalsaure, Benzoesaure, Mandelsaure und Ascorbinsaure bestehenden
Gruppe ausgewahltist.
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Zusammensetzung nach Anspruch 5, wobei es sich bei der Saure um Citronensaure handelt.

Zusammensetzung nach Anspruch 3, wobei das Polymer aus der aus

-  Alkylcellulosen wie Methylcellulose,
-  Hydroxyalkylcellulosen wie Hydroxymethylcellulose, Hydroxyethylcellulose, Hydroxypropylcellulose und Hy-

droxybutylcellulose,
- Hydroxyalkylalkylcellulosen wie Hydroxyethylmethylcellulose und Hydroxypropylmethylcellulose,
- Carboxyalkylcellulosen wie Carboxymethylcellulose,
- Alkalisalzen von Carboxyalkylcellulosen wie Natriumcarboxymethylcellulose,
- Carboxyalkylalkylcellulosen wie Carboxymethylethylcellulose,
- Carboxyalkylcelluloseestern,
- Starken,

-  Pektinen wie Natriumcarboxymethylamylopektin,
- Chitinderivaten wie Chitosan,

- Heparin und Heparinoiden,
- Polysacchariden wie Alginsaure und deren Alkali- und Ammoniumsalze, Carrageenanen, Galactomannanen,

Tragacanthgummi, Agar-Agar, Gummi arabicum, Guargummi und Xanthangummi,

-  Polyacrylsauren und deren Salzen,
-|Polymethacrylsauren und deren Salzen, Methacrylatcopolymeren,
-—Polyvinylalkohol,
-  Polyvinylpyrrolidon, Copolymeren von Polyvinylpyrrolidon mit Vinylacetat,
-  Polyalkylenoxiden wie Polyethylenoxid und Polypropylenoxid und Copolymeren von Ethylenoxid und Propy-

lenoxid, z.B. Poloxameren und Poloxaminen,

bestehenden Gruppe ausgewahltist.

Zusammensetzung nach Anspruch 7, wobei das Polymer eine scheinbare Viskositat von 1 - 100 mPa.s aufweist,
wennes bei 20°C in einer 2%igen waBrigen LOsung gelést wird.

Zusammensetzung nach Anspruch8, wobei es sich bei dem Polymer um Hydroxypropylmethylcellulose handelt.

Zusammensetzung nach einem der vorhergehenden Ansprtche,die sich schnell in Koérperflussigkeiten lést, da-
durch gekennzeichnet, daB sie von 50 bis 95 Gew.-% Saure enthalt.

Zusammensetzung nach einem der vorhergehenden Anspruche,die fur eine retardierte Freisetzung des Arznei-

mittels sorgt, dadurch gekennzeichnet, daB sie ein wasserlosliches Polymer enthalt, das, wenn es bei 20°C in

einer 2%igen waBrigen Losung gelost wird, eine scheinbare Viskositat von uber 1000 mPa.s aufweist.

Pharmazeutische Dosierungsform, enthaltend eine therapeutisch wirksame Mengeeiner nach einem der vorher-
gehenden Ansprichedefinierten pharmazeutischen Zusammensetzung.

Dosierungsform nach Anspruch 12,die fur eine topische Verabreichung oder eine Verabreichung in eine mit der

Umgebung in Kontakt stehende Korperhéhle wie der Nase, den Lungen, dem Mund, dem Ohr, dem Magen, dem
Rektum und der Vagina ausgelegtist.

Dosierungsform nach Anspruch 12, wobei die Zusammensetzung in eine Standardkapsel abgefiullt wird oderal-
ternativ mit Fullstoffen gemischt und zu Tabletten verpreBt wird.

Dosierungsform nach Anspruch 12, dadurch gekennzeichnet, dafB 5, 15 und 45 Minuten nach Zugabe der Do-
sierungsform zu 0,1 N Salzsaure bei 37°C in dem im USP-Test <711> beschriebenen Auflésungstest in einem mit
einem Ruhrer ausgestatteten USP-2-Auflésungsapparatvon 7 bis 25%, von 45 bis 70% bzw. wenigstens 96% des
Arzneimittels in der 0,1 N Salzsaure geléstist.

Pharmazeutische Zusammensetzung nach einem der Ansprtche1 bis 11 oder pharmazeutische Dosierungsform

nach einem der Anspriche 12 bis 15 zur Verwendung in einem Therapie- oder Diagnoseverfahren am menschli-
chen Kérper oder nichtmenschlichen Tierk6rper.
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Pharmazeutische Zusammensetzung nach einem der Anspruche 1 bis 11 zur Verwendung bei der Herstellung

einer pharmazeutischen Dosierungsform zur oralen Verabreichungan ein einer Behandlung bedurftiges Saugetier,
dadurch gekennzeichnet, daB die Dosierungsform dem Saugetier zu jeder Tageszeit unabhangig von der Nah-
rungsmittelaufnahme verabreicht werden kann.

Verwendung einer pharmazeutischen Zusammensetzung nach einem der Anspriche1 bis 11 zur Herstellung einer

pharmazeutischen Dosierungsform zur oralen Verabreichung an ein einer Behandlung bediurftiges Saugetier, da-
durch gekennzeichnet, daB die Dosierungsform dem Saugetier zu jeder Tageszeit unabhangig von der Nah-
rungsmittelaufnahme verabreicht werden kann.

Verwendung einer pharmazeutischen Zusammensetzung nach einem der Ansprtche 1 bis 11 zur Herstellung eines
Medikaments zur Verwendungin einem Therapie- oder Diagnoseverfahren am menschlichen oder nichtmensch-
lichen Korper.

Pharmazeutische Packung, geeignet fur den kommerziellen Verkauf, enthaltend ein Behaltnis, eine orale Dosie-
rungsform nach einem der Anspriiche 12 bis 16 und eine gedruckte Packungsbeilage, wobei nicht eingeschrankt
wird, ob die Dosierungsform mit oder ohne Nahrungsmittel verabreicht werden kann.

Revendications

Composition pharmaceutique comprenant un composé médicinal basique pas plus que peu hydrosoluble, une
cyclodextrine, un acide hydrosoluble physiologiquementtolérable, et un polymére organique hydrosoluble phy-
siologiquementtolérable, caractérisée en ce qu'elle comprend de 35 a 95 % en poids d'acide par rapport au

poids total de cyclodextrine, de composé médicinal, de polymére organique et d'acide.

Composition selon la revendication 1, caractérisée en ce que les rapports en poids du composé médicinal a
l'acide et du composé médicinal a la cyclodextrine ne sont pas plus que 2:1.

Composition selon la revendication 1 ou 2,
caractérisée en ce que les composants de la composition sont dispersés de maniére a former un systéemechi-
miquement et physiquement uniforme ou homogéne ou a constituer une phase.

Composition selon la revendication 3, caractérisée en ce que la cyclodextrine est la 2-hydroxypropyl-B-cyclodex-
trine.

Composition selon la revendication 3, caractérisée en ce que |'acide est choisi dans le groupe comprenantl'acide
citrique, fumarique, tartrique, maléique, malique, succinique, oxalique, malonique, benzoique, mandélique et as-
corbique.

Composition selon la revendication 5, caractérisée en ce que l'acideestl'acide citrique.

Composition selon la revendication 3, caractérisée en ce que le polymere est choisi dans le groupe comprenant

les alkylcelluloses telles que la méthylcellulose,
les hydroxyalkylcelluloses telles que I'hydroxyméthylcellulose, I'hydroxyéthylcellulose, I'hydroxypropylcellulo-
se etI'hydroxybutyl-cellulose,
les hydroxyalkylalkylcelluloses telles que I'hydroxyéthylméthylcellulose et I'hydroxypropyl-méthylcellulose,

les carboxyalkylcelluloses telles que la carboxyméthylcellulose,

les sels alcalins des carboxyalkylcelluloses telles que la carboxyméthylcellulose sodique,
les carboxyalkylalkylcelluloses telles que la carboxymethyléthylcellulose,
les esters de carboxyalkylcellulose,
les amidons,

les pectinestelles que la carboxyméthylamylo-pectine sodique,
les dérivés de chitine tels que le chitosane,

l'héparine et les héparinoides,
les polysaccharidestels que l'acide alginique, les sels alcalins et d'ammonium de ceux-ci, les carraghénanes,
les galactomannanes, la gomme tragacanthe, la gélose, la gomme arabique, la gomme guar et la gomme

22

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 129



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 130

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

EP 0 998 304 B1

xanthane,

les acides polyacryliques et leurs sels,
les acides polyméthacryliqueset leurs sels, les copolyméres méthacrylates,
l'alcool polyvinylique,
la polyvinylpyrrolidone, les copolyméres de polyvinylpyrrolidone avec l'acétate de vinyle,
les polyoxydes d'alkyléne tels que le polyoxyde d'éthyléne et le polyoxyde de propyléne et les copolyméres

d'oxyde d'éthyléne et d'oxyde de propyléne, par ex. les poloxaméres et les poloxamines.

Composition selon la revendication 7, caractérisée en ce que le polymére a une viscosité apparente de 1 - 100
mPa.s lorsqu'il est dissous dans une solution aqueuse a 2 % a 20°C.

Composition selon la revendication 8, caractérisée en ce quele polyméreestI'hydroxypropyl-méthylcellulose.

Composition selon l'une quelconque des revendications précédentes qui se dissout rapidementdansles liquides
corporels, caractérisée en ce qu'elle comprend de 50 a 95 % en poids d'acide.

Composition selon l'une quelconque des revendications précédentes qui donne une libération prolongée du mé-
dicament, caractérisée en ce qu'elle comprend un polymére hydrosoluble ayant une viscosité apparente supé-
rieure a 1 000 mPa:s lorsqu'il est dissous dans une solution aqueuse a 2 % a 20°C.

Forme pharmaceutique comprenant une quantité thérapeutiquementefficace d'une composition pharmaceutique
telle que définie dans l'une quelconque des revendications précédentes.

Forme pharmaceutique selon la revendication 12, adaptée a l'administration par voie topique ou a l'administration

dans une cavité corporelle a évacuation externe telle que le nez, les poumons, la bouche, I'oreille, l'estomac,le

rectum et le vagin.

Forme pharmaceutique selon la revendication 12, caractérisée en ce que ladite composition est mise dans une
capsule standard, ou de manieére alternative est mélangée avec des agents de masse et mise en comprimés.

Forme pharmaceutique selon la revendication 12, caractérisée en ce qu'a 5, 15 et 45 minutes aprés l'addition
de ladite forme pharmaceutique a de I'acide chlorhydrique 0,1 N a 37°C dansle test de dissolution énoncé dans
le test USP <711> dans un appareil de dissolution USP-2 muni de pale, on dissout respectivement de 7 a 25 %,
de 45 a 70 % et d'au moins 96 % de médicamentdansledit acide chlorhydrique 0,1 N.

Composition pharmaceutique selon l'une quelconque des revendications 1 a 11, ou forme pharmaceutique selon

l'une quelconque des revendications 12 a 15, destinée a tre utilisee dans une méthode de thérapie ou de dia-

gnostic du corps animal humain ou non humain.

Composition pharmaceutique selon l'une quelconque des revendications 1 a 11, destinée a 6tre utilisée dans la
fabrication d'une forme pharmaceutique a administrer par voie orale a un mammifére nécessitant le traitement,
caractérisée en ce queladite forme pharmaceutique peut étre administrée a tout momentde la journée indépen-
dammentdela prise de nourriture par ledit mammifére.

Utilisation d'une composition pharmaceutique selon l'une quelconque des revendications 1 a 11, pour lafabrication
d'une forme pharmaceutique a administrer par voie orale 4 un mammifére nécessitantle traitement, caractérisée
en ce queladite forme pharmaceutique peut étre administrée a tout momentde la journée indépendammentde
la prise de nourriture par ledit mammifére.

Utilisation de la composition pharmaceutique selon l'une quelconque des revendications 1 a 11, pour la fabrication
d'un médicament destiné a étre utilisé dans une méthode de thérapie ou de diagnostic du corps humain ou non
humain.

Trousse pharmaceutique convenanta la commercialisation, comprenant un récipient, une forme pharmaceutique
a administrer par voie orale selon l'une quelconque des revendications 12 a 16, et, associé a ladite trousse, un

documentécrit non limité en ce qui est de savoir si la forme pharmaceutique peut étre administrée avec ou sans
la nourriture.

23

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 130



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 131

ng/mlplasma

130

120

110

100

 

EP 0 998 304 B1

Figure 1

(4

OSEO =

6 8 10 12

Time, hours

—A— treatment (i)
—O— treatment(ii)
—I treatment(ili)

24

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 131



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 132

ng/mlplasma

EP 0 998 304 B1

Figure 2

130

120

110

100

90

80

70

60

50

40

30

20

10

 
Time, hours

—A— treatment(i)
—o— treatment(iv)
—O— treatment(v)

25

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 132



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 133

EP 0 998 304 B1

Figure 3

120.00

100.00

80.00

60.00

40.00

20.00

0.00

 
—_— formula 2(A)
-—-— formula 2(B)

---- formula 2(C)

26

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 133



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 134

 

oa UK Patent Application .»GB «2 169 508A
(43) Application published 16 Jul 1986

  

 
 
 
 

 

 
 

 
 

 

(51) INTCL4
AG61K 9/08 31/715(21) Application No 8500857

(22) Date of filing 11 Jan 1985
{52} Domestic classification (Edition H)

A5B 170 232 23Y H
U1S 2416 A5B

(56) Documents cited

(71) Applicant GBA 2001529 GB 1090492
Smith and Nephew Associated Companiespic (United GB 1337105
Kingdom),
2 Temple Place, Victoria Embankment, London, (58) Field of search
WC2R 3BP A5B

(72) Inventor
Stephen Ronald Tonge

Selected US specifications from IPC sub-class A61K

(74) Agent and/or addressfor service
W. G. Cole, Smith & Nephew ResearchLimited, Gilston
Park, Harlow, Essex CM20 3NP

(54) Ophthalmic solutions containing hydroxyethyl cellulose

(57) A-sterile aqueous solution suitable for topical application to the eye as anartificial tear in the treatmentof ‘dry-
eye’ syndromeandas a comfort drop for wearers of contact lenses is described. The solution contains a
hydroxyethyl cellulose together with sufficient of an ionic tonicity adjusting agent (e.g. an inorganic salt) to give
the solution a tonicity value equivalent to that of a solution containing from 0.3 to 1.1% of sodium chloride.
Preferred solutions are hypotonic and additionally contain a buffering agent to buffer the solution to a pH value of
about 8.0.

7AC)

 QNGAOI
The claimswerefiled later than thefiling date within the period prescribed by Rule 25(1) of the Patents Rules 1982.

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 134



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 135

10

15

20

25

30

35

40

45

50

55

60

SPECIFICATION

Ophthalmic Compositions and Use

The present invention relates to an ophthalmic
composition suitable for topical administration to
the eye and to the use of that composition in the
treatment of “dry-eye’”’. :

Somepeople suffer from discontinuous lachrymal
films and in certain cases the lachrymalfilm can be
almost completely deficient. Such “dry-eye”
conditions can lead to discomfort, inflammation,

profound damageto the cornea and evento loss of
vision in extreme cases. Clearly there is a
requirement to provide a remedy for dry-eye anda
number of compositions have been described which
offer somerelief to the sufferer. Generally these
known compositions have employed polymersto
provide a synthetic lachrymai film as may be
observedin the disclosures of United States Patent

Specifications Nos. 3767788, 3767789, 3856919,
3907985, 3920810, 3937573, 4039662, 4120949 and
4131651. A variety of solutions for the remedy of dry
eye are commercially available. However, most of
these commercially available artificial tear solutions
have beeneither very viscous, making them difficult
to use, and their use can result in the build-up of
sticky or even powdery residueson the eyelids and
eyelashes.thereby causing discomfort, or their
viscosity is so low that a tear film is formed only for
an unacceptably short time.It has now been found
that an aqueoussolution of hydroxyethyl cellulose
and an ionic tonicity adjusting agent provides an
artificial tear composition which provides a
satisfactory tearfilm life time, also known as tear
film break up time, without being excessively
viscous.

Accordingly the presentinvention provides a
sterile aqueous solution suitable for topical
administration to the eye for the treatment of
dry-eye which contains an effective amountof a
hydroxyethyl cellulose together with sufficient of an
ionic tonicity adjusting agent to give the solution a
tonicity value equivalentto that of a solution
containing from 0.3 to 1.1% of sodium chloride.

The present invention does not include solutions
which contain. a medicament and in particular they
do not contain a medicament whichis

pharmacologically active in the eye.
The effective amount of hydroxyethyl cellulose

required will depend uponits molecular weight and
the effect that molecular weight has upon the
viscosity of its aqueous solution. Clearly to provide
an aqueoussolution of suitable viscosity as
hereinafter defined more hydroxyethyl cellulose will
be required of a material having alow molecular
weight than is required of a high molecular weight
to give the same viscosity. In general, however, an
effective amount of hydroxyethyl cellulose will be
between 0.1 and 10%.

Hydroxyethyl celiuloses are available
commercially for example as Natrosols (Registered
trade markof HerculesInc.), and Cellosizes

(Registered trade mark of Union Carbide Chemical
Co.). Suitable hydroxyethyl celluloses are those for
which a 2% aqueous solution has a viscosity of
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between 4500 and 6500 cps at 25°C using a
Brookfield LVF viscometerwith a No.4 spindle at a
spindle speed of 60 rpm. A particularly favoured
hydroxyethy!cellulose is‘available commercially as
Natrosol 250M.

Suitably this hydroxyethyl! cellulose will be
present in an amountfrom 0.1 to 1.5%, more
suitably from 0.25% to 0.75% and preferably 0.3 to
0.6% for example 0.4% or 0.5%. (When used herein
% refers to percentage weight/volume).

It is particularly surprising that a solution
containing simply 0.1 to 1.5% of hydroxyethyl
cellulose together with an ionic tonicity agent will
give suitable valuesfortear film break up time in the
absenceoffilm forming agents such as polyviny!
alcohol which are present in prior art formulations.

In order to obtain satisfactory tear film break up
time without making the solution excessively
viscousit is desirable that the tonicity of the solution
is adjusted using an ionic tonicity agent. It has been
found surprisingly that if an equivalent amountof a
non-ionic tonicity agent is used the resulting tear
film break up timeis significantly lower than that of
a solution containing an ionic tonicity agent.
Suitable ionic tonicity adjusting agents include
sodium chloride, potassium chloride, sodium borate
with boric acid, mixtures of sodium and potassium
salts of phosphoric acid or mixtures of any of these
components,for example, a mixture of sodium
chloride, sodium dihydrogen phosphate and
disodium hydrogen phosphate.Particularly apt
ionic tonicity agents are sodium chloride and
sodium chloride mixed with sodium salt of boric

acid. Preferred ionic tonicity adjusting agentis a
mixture of sodium chloride, sodium dihydrogen
phosphate and disodium hydrogen phosphate.

Suitably the solutions of the present invention will
have a tonicity which is equivalent to that of an
aqueoussolution which contains from 0.3 to 1.1% of
sodium chloride. More aptly the tonicity will be
equivalent to a 0.45 to 0.75% sodium chloride
solution.It is preferred that the solutions are
hypotonic that is have a tonicity less than that of a
0.9% solution of sodium chloride. This has been

found to provide a comfortable solution when
applied to the eye and a satisfactory tear film break
up timefor theartificial tear film.

itis desirable that solutions of the present
invention should contain buffering agent. Suitably
the pH value of the sojution will lie in the range from
6.0 to 9.0 and preferably from 7.0 to 8.5 and most
preferably will be between 8.0 and 8.5. The pH of the
natural tear film is approximately 7.4 anditis
believed by some authorities that an artificial tear
solution having a pH higher than 7.4 has a soothing
effect on the eye in people suffering from dry eye.It
is an advantageof solutions of the present invention
that at such pHsthe viscosity of the solution is not
deleteriously raised or lowered thereby adversely
affecting tear film break up time.

Suitable buffering agents include those based on
mixtures of alkali metal salts of phosphoric acid,
mixtures of sodium borate and boric acid and

mixtures of potassium chloride, boric acid and
sodium hydroxide which give suitable pH vaiues.
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From the foregoing the skilled man will appreciate-
- that the use of such buffering agents will contribute
to the tonicity of the solution and he will be aware of
tables which provide formulations of suitable
isotonic buffered aqueous solutions (see for

_example United States National Formulary 1980).
Suitably the aqueoussolutions of the present

invention will also contain a polyalkylene glycol.
The presence of a polyalkylene glycol is believed to
aid retention of theartificial tear film on the eye,
thereby contributing to the satisfactory film life
found with these solutions. Suitably the
polyalkylene glycol is a polyethylene glycol having a
molecular weight of between 200 and 8000. Such
polyethylene glycols are known as the Carbowaxes
(Registered trade mark of Carbide and Carbon
Chemicals Company). A preferred polyethylene
glycol is one having a molecular weight of 300, as
exemplified by Carbowax 300. The amountof
polyalkylene glyco! present in the composition is
suitably from 0.1 to 2.5%, and is more suitably 0.5 to
2.0% and is preferably 0.75 to 1.25%, for example
1%.

Most aptly the aqueoussolutionof this invention _
will be preserved with an ophthalmically acceptable
preservative such as benzalkonium chloride,
thiomersal, chlorbutanol and phenylethanol,
phenylmercuric salts such as the nitrate or acetate.
The preservative should bechosen to be compatible
with the other components of the solution and not
to effect unduly the tonicity. Each preservative has a
concentration at whichit is an effective bacteriostat
without causingirritation to the eye. Thus suitably
benzalkonium chloride will be present in an amount
of 0.001 to 0.05% of the composition, preferably. .
0,005 to 0.02%. Thiomersalwill be present at 0.001
to 0.05% of the composition and more suitably
0.002 to. 0.01% and preferably 0.003 to 0.006%.
Phenylmercuric salts such as the nitrate and acetate
will be presentat 0.001 to 0.01%, more suitably
0.0015 to 0.006% and preferably 0.002 to 0.004% of
the composition. Most suitably the preservative .
usedwill be phenyimercuricnitrate.

Generally the viscosity of compositions of this
invention will suitably lie between 10 and 100
centipoise and moresuitably between 15 and 60
centipoise and preferably 20 to 50 centipoise.
Viscosities are measured on a Brookfield LVF

Viscometerusing a UL adaptor at 12 rpm and ata
temperature of 22°C.

Generally the tear film break up time of
compositionsof this invention will be above 250
seconds, more suitably wiil be above 300 seconds
andpreferably will be above 500 seconds. The tear
film break up times are measured using an in vitro

. techniquesimilarto that described in “The break-up

60

65

time of artificial pre-ocular films on the rabbit
cornea” J.W. Lamble, D. Gilbert, J. J. Ashford in J.
Pharm. Pharmac. 1976 28 450—451.

Favourably the present invention provides a
sterile aqueous solution suitable fortopical
administration to the eye for the treatment of dry
eyewhich contains from 0.1 to 1.5% of hydroxyethyl
cellulose, sufficient of an ionic tonicity adjusting
agentto give the solution a tonicity value equivalent
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to that of a solution containing from 0.4 to 0.8% of
sodium chloride, 0.001 to 0.05% ofan
ophthalmically acceptable preservative, the solution
being buffered at pH 7.0 to 8.5.

Preferably the present invention providesa sterile
aqueoussolution suitable for topical administration
to the eye for the treatment of dry eye which
contains from 0.25 to 0.75% of hydroxyethy!
cellulose, 0.3 to 0.5% sodium chloride, 0.002 to
0.004% phenylmercuric nitrate, the solution being
buffered at a pH of 8.0 to 8.5 using a mixture of
sodium borate and boric acid,the solution having a
tonicity equivalent to an aqueous solution
containing 0.45 to 0.75% sodium chloride,

In a second preferred embodimentthe present
invention providesa sterile aqueous solution
suitable for topical administration to the eye for the
treatmentof dry eye which contains from 0.25 to
0.75% of hydroxyethyl cellulose, 0.1 to 1.5% of
polyethylene glycol 0.3 to 0.5% sodium chloride,
0.002 to 0.004% phenylmercuric nitrate, the solution
being buffered at a pH of 7.5 to 8.0 using a mixture:
of sodium dihydrogen phosphate and disodium
hydrogen phosphate, the solution having a tonicity
equivalent to an aqueous solution containing 0.45 to
0.75% sodium chloride.

The aqueoussolutionsof the present invention
are sterile. Sterilisation. may be carried out priorto
preparation of the solution by sterilising the
components separately, for examplebysterilising
hydroxyethyl cellulose aqueous solution by heat for
example by autoclaving and thensterilising the
aqueoussolution containing the other components
byfiltration. The two sterile components are then
brought together in appropriate amounts under
aseptic conditions andfilled into pre-sterilised eye--
dropper bottles by conventional means.In a second

methodthe solutions may be prepared by mixing
the components in appropriate quantities. The _
resultant solution maybefilled into eye-dropper
bottles and thebottles and contentssterilised by -
heat, for example by autoclaving at 116°C for 30
minutesat 10 psi. In a third manner,the solution
maybesterilised inbulk by heat, for example by
autoclaving and the sterilised solution filled into
pre-sterilised eye-dropper bottles underaseptic
conditions.

Further the present invention provides a unit dose
of the solution of the present invention having a
volume of from 0.07 to 0.08 ml.(thatis a drop of 10 to’
80 microlitres) and more usually 0.02 to 0.05 ml.

The aqueoussolutionsofthis invention are aptly
provided in a multidose container from which drops
may be dispensed into the eye.Such containers are
well knownin the art for dispensing liquid drops
into the eye and such conventional containers may
be employed. Aptly such containers are adaptedto ~~
hold 1 to 20 mis, more usually 2 to 12 mis and :
preferably 3 to 10 mis.

The solutions of the present invention may be
prepared bydissolving appropriate amounts of the
components in water. Most suitablythe wateris
distilled water. / .

The invention further provides a method of
treating dry eye by administering topically to the
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eye a sterile aqueous solution containing
hydroxyethyl cellulose together with an ionic
tonicity adjusting agent. Suitable compositions
containing hydroxyethy! cellulose and ionic tonicity
agent are described herein.

EXAMPLE1

Artificial Tear Solution
An aqueoussolution suitable for use as an

artificial tear was formulated as follows:

Hydroxyethylcellulose 0.44%

Sodium chloride 0.34%

~ Disodium hydrogen phosphate 0.54%

Phenylmercuric nitrate . 0.002%

Sodium hydroxide solution to
adjust pH to 8.5

Distilled water to 100 ml

20

25.

30

35

40

45

The aqueoussolution was prepared by dissolving
the hydroxyethylene cellulose, sodium chloride,
disodium hydrogen phosphate and pheny! mercuric
nitrate in. water (90 ml). The pH value of this solution
wasadjusted to 8.5 by the addition of 0.1M sodium
hydroxide. Finally the volumeof the solution was
adjusted to 100 ml by the addition ofdistilled water.
The solution may befilled into eye-dropper bottles
and the bottle and its contents subsequently
sterilised by heat for example by autoclaving at
116°C for 30 minutes at 10 psi pressure.

The solution had a viscosity of 30 cps when
measured using a Brookfield LVF Viscometer using
a UL adaptor at 12 rpm and at a temperature of 22°C,
The solution had a tearfilm break up time when
testedon the-rabbit cornea as hereinbefore referred
to of 555 seconds.Thesolution had a tonicity

equivalentto a 0.7% solution of sodium chloride.

EXAMPLE 2
Artificial Tear Solution

An aqueoussolution suitable for use as an
artificial tear was formulated as follows:

Hydroxyethylcellulose 0.44%

Sodium chloride 0.34%

Boric acid 0.50%

Phenylmercuric nitrate 0.002%

Sodium hydroxide solution to
adjust pH to 8.5

Distilled water to 100 mi
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The aqueoussolution was prepared in a similar
mannerto that described in Example 1. The solution
may be packagedandsterilised as described in
Example 1. .

This solution had a viscosity of 30 cps and had a
tonicity equivalent to a 0.7% solution of sodium
chloride. The solution had a tearfilm break up time
of 500 seconds.

EXAMPLE3
Artificial Tear Solution

An aqueoussolution suitable for use as an
artificial tear was formulated as follows:

Hydroxyethy! ceilulose 0.44%

Disodium hydrogen phosphate 0.57%

Sodium dihydrogen phosphate 0.12%

Sodium chloride 0.34%

Distilled water to 100 ml

The aqueoussolution was preparedinasimilar
mannerto that described in Example 1. The solution
may be packaged andsterilised as described in
Example 7.

This solution had a viscosity of 33.5 cps and was
substantially isotonic, having a pH of 7.4. This
solution had a tear film break up time of 573
seconds.

EXAMPLE4
Artificial Tear Solution

An aqueoussolution suitable for use in an
artificial tear was formutated as follows:

Hydroxyethyl cellulose 0.4%

Sodium chloride 0.44%

Disodium hydrogen phosphate 0.57%

Sodium dihydrogen phosphate 0.12%

Polyethylene glycol (molecular
weight 300) 1.0%

Phenylmercuric nitrate 0.002%

Distilled water to 100 ml

This aqueoussolution was prepared in a similar
mannerto that described in Example 1. The solution
may be packaged andsterilised as described in
Example 1.

This solution had a viscosity of 30 cps and was
isotonic at a pH of 7.4. The solution had a tearfilm
break up time of 780 seconds.
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EXAMPLE 5
Artificial Tear Solution

An aqueoussolution suitable for use in an
artificial tear is formulated as follows:

Hydroxyethyl cellulose 0.5%

Sodium chloride 0.44%

Disodium hydrogen phosphate 0.57%

Sodium dihydrogen phosphate 0.12%

Phenylmercuric nitrate 0.002%

Distilled water to 100 ml

The hydroxyethyl cellulose is dissolved in water
(50 ml). The resultant solutionis sterilised by heat,
for example autoclaving at 116°C for 30 minutesat
10 psi pressure and isthen stored underaseptic
conditions. The sodium chloride, phosphate salts
and phenylmercuric nitrate are dissolved in water
(40 mi) and the resultant solutionis sterilised by
filtration through a 0.22 micron cellulose ester
membranefilter.

The twosterile solutions thus prepared are
combined underaseptic conditions and the volume
is made up to 100 ml with sterile distilled water. The
solution is thenfilled into pre-sterilised eye-dropper
bottles.

CLAIMS

1. Asterile aqueous solution suitable for topical
administration to the eye which contains an
effective amountof a hydroxyethyl cellulose
together with sufficient of an ionic tonicity adjusting
agentto give the solution a tonicity value equivalent
to that of a solution containing from 0.3 to 1.1% of
sodium chloride. .

2. A sterile aqueous solution as claimed in claim 1

35

40

45
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55
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65

70

which contains from 0.1 to 10% of hydroxyethy|
cellulose. -

3. Asterile aqueous solution as claimed in either
of claims 1 or 2 which.contains from 0.25 to 0.75% of

_hydroxyethyl cellulose.
4. A sterile aqueous solution as claimed in any

oneof claims 1 to.3 in whichthe tonicity value of the
solution is equivalent to that of a solution containing
from 0.45 to 0.75% of sodium chloride,

5. A sterile aqueoussolution as claimed in any
one of claims 1 to 4in which the pH valueof the
solution lies in the range 7.0 to 8.5.

6. A sterile aqueous solution as claimed in any
one of claims 1 to 5 which additionally contains a
buffering agent. .

7. Asterile aqueous solution as claimedin claim 6
in which the buffering agent is a mixture of
disodium hydrogen phosphate and sodium-
dehydrogen phosphate.

8. A sterile aqueous solution as claimed in claim 6
in which the buffering agent is a mixture of sodium
borate and boric acid.

9. Asterile aqueoussolution as claimed in any
one of claims 1 to 8 which additionally contains
from 0.1 to 2.5% of polyalkylene glycol.

10. A sterile aqueous solution as claimed in claim
9 in whichthe polyalkylene glycol is a polyethylene
glycol having a molecular weight of between 200
and 8000.

11. A sterile aqueous solution as claimed in any
oneof claims 1 to. 10 which additionally contains an
ophthalmically acceptable preservative.

12. A sterile aqueoussolution as.claimed in claim
11 in which the preservative comprises from 0.001
to 0.01% of a phenylmercuric salt.

13. A sterile aqueous solution as claimed in any
‘ane of claims 1 to 12 in which the viscosity of the
solution lies between 10 and 100 centipoise when
measured on a Brookfield LVF Viscometer using a
ULadaptorat12 rpmandatatemperature of 22°C.
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_4s)DateofFpublication¢offapplication:12.06.2001
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A61PaT
(21)Application number: 11-343162 (71)Applicant: LION CORP
(22)Date offiling : 02.12.1999  (72)inventor: ISHII] REIKO

KOIDE MISAO

(64) METHOD FOR IMPROVING SUSTAINABILITY OF OPHTHALMIC
COMPOSITION AND ANTI-ALLERGIC MEDICINE

(57)Abstract:

PROBLEM TO BE SOLVED:To obtain an ophthalmic composition having a high

potency for improving the allergic symptoms of eyes generated by wearing soft

contact lenses, for a long period of time, and also capable of improving the

sustainability of the improving effect by the anti-allergic medicine for the eyes on

wearing the soft contact lenses.

SOLUTION: This ophthalmic composition for the soft contact lenses contains the anti-

allergic medicine and further a polymeric compound and/or nonionic surfactant, and

the method for improving the sustainability of an anti-allergic medicine for eyes on

wearing soft contact lenses is characterized by blending the ophthalmic composition

for soft lenses, containing the anti-allergic medicine as an active ingredient with the

polymeric compound and/or nonionic surfactant.
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* NOTICES*

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may notreflect

the original precisely.

2.**** shows the word which can not betranslated.

3.In the drawings, any words are nottranslated.

CLAIMS

[Claim(s)]

[Claim 1]A constituent for ophthalmology for soft contact lenses which contains an

antiallergic drug and is characterized by things.

[Claim 2]A constituent for ophthalmology containing a high molecular compound and/or

a nonionic surfactant for the soft contact lenses according to claim 1.

[Claim 3]An upper part method for durability of an antiallergic drug blending a high

molecular compound and/or a nonionic surfactant with a constituent for ophthalmology

for soft contact lenses which contains an antiallergic drug as an active principle.

[Translation done. ]
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*“ NOTICES*

JPO and INPIT are not responsible for any

damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may notreflect

the original precisely.

2.**** shows the word which can not betranslated.

3.In the drawings, any wordsare nottranslated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]The present invention about the constituent for ophthalmology

for soft contact lenses in more detail, By containing an antiallergic drug, can improve

the allergies of the eye at the time of soft contact lens wearing, and by blending a high

molecular compound and/or a nonionic surfactantfurther, It is related with the high

constituent for ophthalmology of the effect of covering a long time and improving the

allergies of the eye producedby soft contact lens wearing for soft contact. The present

invention relates to the upper part method for durability of the antiallergic drug which

improves the durability of the improvementeffect of the above-mentioned allergies by

an antiallergic drug.

[0002]

[Description of the Prior Art]Generally a contact lens can be divided roughly into a hard

lens and a soft contact lens. By wearing of these contact lenses, various troubles, such

as itching, inflammation, congestion, a dryness eye, and eyestrain, arise in an eye.

Since wearing nature is good especially in the case of a soft contact lens, prolonged

wearing is possible, a lens surface dries and the foreign matters and pollutants from

the external world, such as pollen, adhere easily. Foreign matters, such as pollen from

such the external world, trigger an allergic reaction, and appeal againstthe itching,

inflammation, and congestion which are the condition of allergy in many cases.
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[O003]However, at the time of soft contact lens wearing, such itching or inflammation,

and the constituent which calms congestion and improvesallergies are not in the

former, and an appearanceof such a constituent for ophthalmology for soft contact

lenses wasdesired. It is desirable to stagnate in an eye for a long time, and for an

active principle to cover a long time and to be able to improveallergies as such a

constituent for ophthalmology, at the time of soft contact lens wearing.

[0004]

{Problem to be solved by the invention]The present invention was madein view of the

above-mentioned situation, and an object of the present invention is to provide the

upper part method for durability of an antiallergic drug make the improvement effect by

the constituent for ophthalmology and antiallergic drug for soft contact lenses which

improve the allergies of the eye produced by soft contact lens wearing maintain.

[0005]

[The meansfor solving a technical problem and an embodimentof the invention] The

inventors found out that allergies, such as characteristic itching which happensat the

time of soft contact lens wearing, were improved by blending an antiallergic drug with

the constituent for ophthalmologyfor soft contact lenses, as a result of inquiring

intensively, in order to solve an aforementioned problem. If a high molecular compound

and/or a nonionic surfactant are blended, usability, like the wettability of a soft contact

lens increases and it is comfortable will improve, and. The retentivity of the antiallergic

drug to an eye improves, the knowledge ofit becoming possible to cover a long time

and to maketheallergies at the time of soft contact lens wearing improve is carried

out, and it came to make the present invention.

[O006]namely, the constituent for ophthalmology for soft contact lenses which the

present invention contains (1) antiallergic drug and is characterized by things -- more

preferably, The constituent for ophthalmology containing a high molecular compound

and/or a nonionic surfactant for soft contact lenses, (2) Provide the upper part method

for durability of the antiallergic drug blending a high molecular compound and/or a

nonionic surfactant with the constituent for ophthalmology for soft contact lenses which

contains an antiallergic drug as an active principle.

(0007]Hereafter,if it describes about the present invention, the constituent for

ophthalmology of the present invention contains an antiallergic drug as an essential
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ingredient.

[OO08]As an antiallergic drug of the present invention, here, for example Cromoglycic

acid or its salts, such as disodium cromoglycate and the cromoglycic acid potassium,

Glycyrrhizic acid, such as glycyrrhizinate dipotassium and glycyrrhizic acid ammonium,

or the salt of those, amlexanox,tranilast, pemirolast potassium, ketotifen fumarate,etc.

are mentioned, and these can be used, combining suitably a 1 type independent or 2

type or more. In the case of the present invention, disodium cromoglycate,

glycyrrhizinate dipotassium,etc. are especially mentioned preferably also in these.

[0009]The compounding amount of the above-mentioned antiallergic drug in the

constituent for ophthalmology of the present invention, if it is suitably selected by the

kind, for example, it is cromoglycic acid andits salt, when 0.05-10 wiv% (mass /

capacity %, and the following -- the same) combination will usually be carried out into a

constituent, it is preferable and is 0.1 - 5 w/v% of range morepreferably.If it is

glycyrrhizic acid orits salt, for example, when 0.05-3 w/v% combination is carried out
into a constituent,it is preferable and is usually 0.1 - 2 w/v% more preferably.If it may

be difficult to acquire the effect of combination sufficiently if there is toolittle

compounding amount and thereare, the restrictions on a dosage form design may

arise. [ too many |

[(0010]The constituent for ophthalmologyfor the soft contact lenses of the present

invention can be used for the constituent of all the ophthalmology usesfor soft contact

lenses. Specifically, it is used as ophthalmic solutions for allergy for soft contact lenses,

etc.

[0011]When a high molecular compound and/or a nonionic surfactant are blended,

more, the constituent for ophthalmology of the present invention is still more nearly

preferable here, and the upper part method for durability of the antiallergic drug of the

present invention, Thus, to the constituent for ophthalmology for soft contact lenses

contained as an active principle, the above-mentioned antiallergic drug by blending the

above-mentioned high molecular compound and/or a nonionic surfactant, The

retentivity of the antiallergic drug to the eye at the time of soft contact lens wearing is

improved, and the improvementeffect is made to maintain.

[(0012]As a high molecular compoundin the present invention, for example Polyvinyl

alcohol, A polyvinyl pyrrolidone, hydroxyethyl cellulose, hydroxypropylmethylcellulose,
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methyl cellulose, cyclodextrin, etc. are mentioned, and these can be used, combining

suitably a 1 type independent or 2 type or more.Also in these, they are methy!

cellulose, cyclodextrin, etc. especially preferably.

[0013]The compounding amountof the above-mentioned high molecular compoundin

the constituent for ophthalmology of the present invention, Are suitably selected by the

kind, for example, if it is methyl cellulose, hydroxyethyl cellulose, and

hydroxypropylmethyicellulose, usually, the inside of a constituent -- preferable -- 0.01-5

-- W/V%, if it is 0.05 - 1 w/v% and cyclodextrin more preferably, usually, the inside of a

constituent -- preferable -- 0.001-5 -- w/v%, if it is 0.005 - 2 w/v%, polyvinyl alcohol, and

a polyvinyl pyrrolidone more preferably, usually, the inside of a constituent -- preferable

-- 0.01-10 -- w/v%, if it blends in 0.1 - 5 w/v% of range more preferably,it is preferable.

Since the wettability of a lens will becomeinsufficientif there is too little compounding

amountof the above-mentioned high molecular compound, It becomesdifficult to attain

the improvementin retentivity to the eye of an antiallergic drug, sufficient durability may

be hard to be acquired, if there is too much compounding amount of the above-

mentioned high molecular compound, viscosity is too high and sense of incongruity

may be sensedat the timeofinstillation.

[0014]As a nonionic surfactant in the present invention, They are mentioned by

polyoxyethylene higher-fatty-acid ester, such as water-soluble polyoxyethylene

hydrogenated castor oil, polyoxyethylene sorbitan higher-fatty-acid ester, etc., and

more specifically, For example, there are polyoxyethylene (p= 60) hydrogenated castor

oil, polyoxyethylene (p= 20) sorbitan monooleate, etc. Here, p shows the numberof

average addition mols of ethylene oxide. These can be used combining suitably a 1

type independent or 2 type or more.

[0015]When the compounding amountin particular of the nonionic surfactant in the

constituent for ophthalmologyof the present invention is not restricted and usually

carries out 0.01-1 w/v% combination into a constituent,it is preferable and is 0.05 - 0.5

wiv% of range more preferably. Since the wettability of a lens becomesthat the

compounding amount of a nonionic surfactant is less than [ 0.01 w/v%]insufficient,If it

may becomedifficult to attain the improvementin retentivity to the eye of an antiallergic

drug, and to acquire the outstanding durability and 1 w/v% is exceeded, the

stimulativeness to an eye may produce problems, such as becoming strong.
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[(0016]as the form of the constituent for ophthalmology for the soft contact lenses of the

presentinvention -- ophthalmic solutions, ophthalmic ointments, gel, and business --

the time -- the dissolution -- being liquefied -- becoming -- solid preparations-- etc. --

mentioning -- having -- although -- preferable -- the form of ophthalmic solutions-- itis .

[0017]The ophthalmic solutions described above besides the essential ingredient

described above in the present invention in the range which does not barthe effect of

the present invention, Various kinds of additive agents, such asall the buffers which

carry out normal use, a solubilizing agent, an isotonizing agent, a stabilizing agent, a

viscous agent, a chelating agent, a pH adjuster, and a cool-ized agent, other

pharmacological active principles, etc. can be blended with preparation of

pharmaceutical preparation, such as ophthalmic ointments and gel, in the amount of
normal use.

[(0018]As a buffer, more specifically, for example Boric acid orits salt (borax etc.),

Citrate or its salts (sodium acid citrate etc.), phosphoric acid, orits salt (phosphoric

acid 1 hydrogen sodium etc.), Those combination, such astartaric acid orits salts

(sodium tartrate etc.), gluconic acid orits salts (sodium gluconate etc.), acetic acid or

its salt, and various amino acid (sodium acetate etc.), is mentioned.

[(0019]As a solubilizing agent, a polyethylene glycol, propylene glycol, etc. are

mentioned, for example. As an isotonizing agent, sodium chloride, potassium chloride,

mannitol, propylene glycol, etc. are mentioned, for example.

[(O020]As a stabilizing agent, disodium edetate, cyclodextrin, sulfite salt, citrate, orits

salt is mentioned, for example. As a viscous agent, a polyethylene glycol, polyviny!

alcohol, a polyvinyl pyrrolidone, hydroxyethyl cellulose, hydroxypropylmethyicellulose,

methyl cellulose, sodium chondroitin sulfate, etc. are mentioned, for example.

[0021]As a chelating agent, disodium edetate, sodium acid citrate, etc. are mentioned,

for example. As a pH adjuster, chloride,citrate orits salt, boric acid andits salt,

phosphoric acid orits salt, acetic acid orits salt, tartaric acid orits salt, sodium

hydroxide, a potassium hydrate, sodium carbonate, sodium bicarbonate,etc. are

mentioned, for example. As a cool-ized agent, menthol, borneo!, camphor, geraniol,

limonene, eugenol, menthaoil, eucalyptus oil, etc. are mentioned, for example.

[(0022]as a pharmacological active principle -- for example, a congestion remover
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(naphazoline hydrochloride and the tetracaine hydrochloride --) resolution and
astringents (neostigmine methylsulfate --), such as phenylephrine hydrochloride
Epsilon-aminocaproic acid, allantoin, berberine chloride, sulfate of zinc, antihistamines

(diphenhydramine hydrochloride and isothipendyl hydrochloride --), such as lysozyme
chloride vitamin [vitamin A, such as chlorpheniramine maleate, and ester (for example,

acetate ester --) of those Pulmitic acid ester and active vitamin B > vitamin B 5’ ], such

as vitamin B 40° vitamin E, and its ester (for example, acetate ester), amino acid
(potassium L-aspartate and L-aspartic acid magnesium --) Aminoethylsulfonic acid,
sodium chondroitin sulfate, etc. can blend suitably sulfa drugs, germicides (sulfur,

isopropylmethyl phenol, hinokitiol, etc.), local anesthetic (lidocaine, lidocaine

hydrochloride, procaine hydrochloride, dibucaine hydrochloride,etc.), etc.
[0023]If pH of the constituent for ophthalmology of the present invention is a range

permitted ophthalmologically, there will be no restriction in particular, andit is usually
the range of pH 4-9, and is 5-8.5 preferably.

[0024]Although the preparing methodin particular of the constituent for ophthalmology
of the present invention is not asked, whenit is ophthalmic solutions, each combination

component is sequentially addedto sterile purified water, and it dissolves, and is

obtained by adjusting pH, for example.

[0025]If the dose of the constituent for ophthalmology of the present invention for soft
contact lenses is a range permitted ophthalmologically, there will be no restriction in

particular, but when using, for example as ophthalmic solutions,it is preferable to

prescribe 1-3 drops of single dosesfor the patient 4 to 6 times per day.

[0026]

[Working example]Although an working example and a comparative example are given
to below and the present invention is describedstill in detail, the present invention is

not limited at all by the following working example.

[0027][The working examples 1-3 and comparative examples 1 and 2] According to the
composition shown in Table 1, ophthalmic solutions were prepared with the
conventional method. Six soft contact lens wearing persons with an allergy anamnesis

were madeinto the panelist, and the improvement degree, its temporal duration, and

the using feeling (degree of sense of incongruity) of the itching when each point eye
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agent was prescribed for the patient at the time of the onset of allergy (itching) were

investigated. The obtained result was evaluated in accordancewith the following

valuation bases. A result is shown in Table 2.

[(0028]Five valuation bases of the improvementdegree of the itching: The 1

point:itching to which the 2 point:itching which does not changethe 3 point:itching by

which the 4 point:itching by which the itching was reduced was reducedalittle became

a little severe became severe. [0029]Continuation - below self-sustaining x:10 minute

below self-sustaining **:10 minute [ more than ] 30 minute below 0:30 minute [ more

than ] 60 minute which the degree of continuation of an itching improvement

maintained valuation-basis 0:60 minutes or more: It became improvement nothing[ of

the itching ], or severe. [0030}valuation-basis O: of a using feeling (degree of sense of
incongruity) -- O: which is completely comfortable -- almost comfortable **: -- x:sense 

of incongruity as which sense of incongruity was sensed was sensedstrong [00371]

[Table 1]
 

 

 
[0032]

[Table 2]
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[0033]Theitching is improved by combination of an antiallergic drug so that clearly

from the result of Table 2, The improvement degreeof the itching increased, and the

eye which applied eyewashin the working example 3 containing the working example

2 and nonionic surfactant which blended the high molecular compound had the long

temporal duration of the itching improvement, and also it improved also about the using

feeling. On the other hand, in the eye which applied eyewash in the comparative

example 2 only containing the comparative example 1, high molecular compound, and

nonionic surfactant which do not contain an antiallergic drug, there was almost no

changein the improvement degree of the itching, and the using feeling was also bad.

[0034]From this, it was checkedthatallergies, such as itching which happensat the

time of contact lens wearing, are improved by combination of an antiallergic drug. By

using together a high molecular compound and/or a nonionic surfactant to an

antiallergic drug, allergies, such as itching at the time of contact lens wearing, covered

the long time, and have been improved, and it was checked that the using feeling at

the time ofinstillation increases.

[0035][Working examples 4-27] According to the composition shown in Tables 3-5,

ophthalmic solutions were prepared with the conventional method, and eight soft

contact lens wearing persons were madeto evaluate the improvement degree of the

itching of an eye, temporal duration, and a using feeling (degree of sense of

incongruity) by the same valuation basis as the above-mentioned working example and
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a comparative example. The marks which were were madeinto evaluation items

among eight persons. A result is written together to Tables 3-5.

[O036]

[Table 3]yer nannenesq

Bigim ep7
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[0037]

[Table 4]
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[0039]

[Effect of the Invention]According to the present invention, the constituent for

ophthalmology for soft contact lenses with a high effect of covering a long time and

improving the allergies of the eye produced by soft contact lens wearing is obtained,

The durability of the improvement effect by the allergy medicine to the eye at the time

of soft contact lens wearing can be improved.

[Translation done.]
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TECHNICALFIELD

[Field of the Invention]The present invention about the constituent for ophthalmology
for soft contact lenses in more detail, By containing an antiallergic drug, can improve

the allergies of the eye at the time of soft contact lens wearing, and by blending a high

molecular compound and/or a nonionic surfactant further, It is related with the high

constituent for ophthalmology of the effect of covering a long time and improving the

allergies of the eye produced by soft contact lens wearing for soft contact. The present

invention relates to the upper part method for durability of the antiallergic drug which

improves the durability of the improvement effect of the above-mentioned allergies by

an antiallergic drug.

[Translation done.]
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PRIOR ART

[Description of the Prior Art]Generally a contact lens can be divided roughly into a hard

lens and a soft contact lens. By wearing of these contact lenses, various troubles, such

as itching, inflammation, congestion, a dryness eye, and eyestrain, arise in an eye.

Since wearing nature is good especially in the case of a soft contact lens, prolonged

wearingis possible, a lens surface dries and the foreign matters and pollutants from

the external world, such as pollen, adhere easily. Foreign matters, such as pollen from

such the external world, trigger an allergic reaction, and appeal againsttheitching,

inflammation, and congestion which are the condition of allergy in many cases.

[O003]However, at the time of soft contact lens wearing, such itching or inflammation,

and the constituent which calms congestion and improvesallergies are not in the

former, and an appearance of such a constituent for ophthalmology for soft contact

lenses was desired.It is desirable to stagnate in an eye for a long time, and for an

active principle to cover a long time and to be able to improve allergies as such a

constituent for ophthalmology,at the time of soft contact lens wearing.

[Translation done.]
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EFFECToFTHEINVENTION-
[Effectofthee Invention|Accordingtcto thee presentininvention, the constituentfor
ophthalmology for soft contact lenses with a high effect of covering a long time and

improving the allergies of the eye produced by soft contact lens wearing is obtained,

The durability of the improvement effect by the allergy medicine to the eye at the time

of soft contact lens wearing can be improved.

[Translation done.]
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TECHNICAL PROBLEM

[Problem to be solved bythe invention]The present invention was made in view of the

above-mentioned situation, and an object of the present invention is to provide the

upper part methodfor durability of an antiallergic drug make the improvementeffect by

the constituent for ophthalmology and antiallergic drug for soft contact lenses which

improvethe allergies of the eye produced by soft contact lens wearing maintain.

[0005]

{The meansfor solving a technical problem and an embodimentof the invention] The

inventors found out that allergies, such as characteristic itching which happensat the

time of soft contact lens wearing, were improved by blending an antiallergic drug with

the constituent for ophthalmology for soft contact lenses, as a result of inquiring

intensively, in order to solve an aforementioned problem.If a high molecular compound

and/or a nonionic surfactant are blended, usability, like the wettability of a soft contact

lens increases and it is comfortable will improve, and. The retentivity of the antiallergic

drug to an eye improves, the knowledgeof it becoming possible to covera long time

and to maketheallergies at the time of soft contact lens wearing improveis carried

out, and it came to make the presentinvention.

[O006]namely, the constituent for ophthalmology for soft contact lenses which the

present invention contains (1) antiallergic drug and is characterized by things -- more

preferably, The constituent for ophthalmology containing a high molecular compound

and/or a nonionic surfactant for soft contact lenses, (2) Provide the upper part method

for durability of the antiallergic drug blending a high molecular compound and/or a

nonionic surfactant with the constituent for ophthalmology for soft contact lenses which

contains an antiallergic drug as an active principle.

[(0007]Hereafter,if it describes about the present invention, the constituent for

ophthalmologyof the present invention contains an antiallergic drug as an essential

ingredient.

[OO08]JAs an antiallergic drug of the present invention, here, for example Cromoglycic

acid orits salts, such as disodium cromoglycate and the cromoglycic acid potassium,

Glycyrrhizic acid, such as glycyrrhizinate dipotassium and glycyrrhizic acid ammonium,

or the salt of those, amlexanox, tranilast, pemirolast potassium, ketotifen fumarate,etc.
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are mentioned, and these can be used, combining suitably a 1 type independent or 2

type or more.In the case of the present invention, disodium cromoglycate,

glycyrrhizinate dipotassium, etc. are especially mentioned preferably also in these.

[O009]The compounding amountof the above-mentioned antiallergic drug in the

constituent for ophthalmology of the present invention, if it is suitably selected by the

kind, for example, it is cromoglycic acid and its salt, when 0.05-10 w/v% (mass/

capacity %, and the following -- the same) combination will usually be carried out into a

constituent, it is preferable and is 0.1 - 5 w/v% of range more preferably.If it is

glycyrrhizic acid orits salt, for example, when 0.05-3 w/v% combination is carried out

into a constituent, it is preferable and is usually 0.1 - 2 w/v% more preferably.If it may

be difficult to acquire the effect of combination sufficientlyif there is toolittle

compounding amount and there are, the restrictions on a dosage form design may

arise. [ too many|

[0010]The constituent for ophthalmology for the soft contact lenses of the present

invention can be usedfor the constituent of all the ophthalmology usesfor soft contact

lenses. Specifically,it is used as ophthalmic solutions for allergy for soft contact lenses,

etc.

[0011]When a high molecular compound and/or a nonionic surfactant are blended,

more, the constituent for ophthalmology of the present inventionis still more nearly

preferable here, and the upper part method for durability of the antiallergic drug of the

present invention, Thus, to the constituent for ophthalmology for soft contact lenses

contained as an active principle, the above-mentioned antiallergic drug by blending the

above-mentioned high molecular compound and/or a nonionic surfactant, The

retentivity of the antiallergic drug to the eye at the time of soft contact lens wearing is

improved, and the improvementeffect is made to maintain.

[(0012]As a high molecular compoundin the present invention, for example Polyvinyl!

alcohol, A polyvinyl pyrrolidone, hydroxyethyl cellulose, hydroxypropyimethylcellulose,

methyl cellulose, cyclodextrin, etc. are mentioned, and these can be used, combining

suitably a 1 type independentor 2 type or more. Also in these, they are methyl

cellulose, cyclodextrin, etc. especially preferably.

[0013]The compounding amount of the above-mentioned high molecular compound in

the constituent for ophthalmology of the present invention, Are suitably selected by the
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kind, for example,if it is methyl cellulose, hydroxyethyl cellulose, and

hydroxypropyimethylcellulose, usually, the inside of a constituent -- preferable -- 0.01-5
-- wiv%, if it is 0.05 - 1 w/v% and cyclodextrin more preferably, usually, the inside of a

constituent -- preferable -- 0.001-5 -- w/v%, if it is 0.005 - 2 w/v%, polyvinyl alcohol, and

a polyvinyl pyrrolidone more preferably, usually, the inside of a constituent -- preferable
-- 0.01-10 -- w/v%, if it blends in 0.1 - 5 w/v% of range morepreferably,it is preferable.

Since the wettability of a lens will become insufficientif there is too little compounding
amount of the above-mentioned high molecular compound, It becomesdifficult to attain

the improvementin retentivity to the eye of an antiallergic drug, sufficient durability may
be hard to be acquired, if there is too much compounding amountof the above-

mentioned high molecular compound, viscosity is too high and sense of incongruity

may be sensed at the timeofinstillation.

[0014]As a nonionic surfactant in the present invention, They are mentioned by
polyoxyethylene higher-fatty-acid ester, such as water-soluble polyoxyethylene
hydrogenated castoroil, polyoxyethylene sorbitan higher-fatty-acid ester, etc., and
more specifically, For example, there are polyoxyethylene (p= 60) hydrogenated castor

oil, polyoxyethylene (p= 20) sorbitan monooleate, etc. Here, p shows the numberof
average addition mols of ethylene oxide. These can be used combining suitably a 1

type independentor 2 type or more.

[0015]When the compounding amountin particular of the nonionic surfactant in the
constituent for ophthalmology of the present invention is not restricted and usually
carries out 0.01-1 w/v% combination into a constituent, it is preferable and is 0.05 - 0.5

w/v% of range more preferably. Since the wettability of a lens becomesthat the

compounding amount of a nonionic surfactantis less than [ 0.01 w/v%]insufficient,If it

may becomedifficult to attain the improvementin retentivity to the eye of an antiallergic
drug, and to acquire the outstanding durability and 1 w/v% is exceeded, the
stimulativeness to an eye may produce problems, such as becomingstrong.

[0016]as the form of the constituent for ophthalmology for the soft contact lenses of the
present invention -- ophthalmic solutions, ophthalmic ointments, gel, and business --
the time -- the dissolution -- being liquefied -- becoming -- solid preparations-- etc. --

mentioning -- having -- although -- preferable -- the form of ophthalmic solutions-- itis .

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 164

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2F... 8/24/2012



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 165

JP,2001-158750,A [TECHNICAL PROBLEM] Page 4 of 5

[0017]The ophthalmic solutions described above besides the essential ingredient

described abovein the present invention in the range which does not barthe effect of

the present invention, Various kinds of additive agents, such asall the buffers which

carry out normaluse, a solubilizing agent, an isotonizing agent, a stabilizing agent, a

viscous agent, a chelating agent, a pH adjuster, and a cool-ized agent, other

pharmacological active principles, etc. can be blended with preparation of

pharmaceutical preparation, such as ophthalmic ointments and gel, in the amount of
normal use.

[0018]As a buffer, more specifically, for example Boric acid orits salt (borax etc.),

Citrate or its salts (sodium acid citrate etc.), phosphoric acid, or its salt (phosphoric

acid 1 hydrogen sodium etc.), Those combination, such astartaric acid orits salts

(sodium tartrate etc.), gluconic acid orits salts (sodium gluconate etc.), acetic acid or

its salt, and various amino acid (sodium acetate etc.), is mentioned.

[0019]As a solubilizing agent, a polyethylene glycol, propylene glycol, etc. are

mentioned, for example. As an isotonizing agent, sodium chloride, potassium chloride,

mannitol, propylene glycol, etc. are mentioned, for example.

[O020]Asa stabilizing agent, disodium edetate, cyclodextrin, sulfite salt, citrate, orits

salt is mentioned, for example. As a viscous agent, a polyethylene glycol, polyviny!

alcohol, a polyvinyl pyrrolidone, hydroxyethyl cellulose, hydroxypropyimethyicellulose,

methyl cellulose, sodium chondroitin sulfate, etc. are mentioned, for example.

[0021]As a chelating agent, disodium edetate, sodium acid citrate, etc. are mentioned,

for example. As a pH adjuster, chloride, citrate or its salt, boric acid andits salt,

ohosphoric acid orits salt, acetic acid orits salt, tartaric acid orits salt, sodium

hydroxide, a potassium hydrate, sodium carbonate, sodium bicarbonate,etc. are

mentioned, for example. As a cool-ized agent, menthol, borneol, camphor, geraniol,

limonene, eugenol, mentha oil, eucalyptus oil, etc. are mentioned, for example.

[0022]as a pharmacological active principle -- for example, a congestion remover

(naphazoline hydrochloride and the tetracaine hydrochloride --) resolution and

astringents (neostigmine methylsulfate --), such as phenylephrine hydrochloride

Epsilon-aminocaproic acid, allantoin, berberine chloride, sulfate of zinc, antihistamines

(diphenhydramine hydrochloride and isothipendyl hydrochloride --), such as lysozyme

chloride vitamin [vitamin A, such as chlorpheniramine maleate, and ester (for example,
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acetate ester --) of those Pulmitic acid ester and active vitamin B 9? vitamin B 6’ ], such

as vitamin B 49’ vitamin E, and its ester (for example, acetate ester), amino acid
(potassium L-aspartate and L-aspartic acid magnesium --) Aminoethylsulfonic acid,
sodium chondroitin sulfate, etc. can blend suitably sulfa drugs, germicides (sulfur,

isopropyimethyl phenol, hinokitiol, etc.), local anesthetic (lidocaine, lidocaine

hydrochloride, procaine hydrochloride, dibucaine hydrochloride,etc.), etc.

[(0023]If pH of the constituent for ophthalmology of the present invention is a range

permitted ophthaimologically, there will be no restriction in particular, and it is usually

the range of pH 4-9, and is 5-8.5 preferably.

[0024]Although the preparing method in particular of the constituent for ophthalmology

of the present invention is not asked, whenit is ophthalmic solutions, each combination

componentis sequentially added to sterile purified water, and it dissolves, andis

obtained by adjusting pH, for example.

[O025jIf the dose of the constituent for ophthalmology of the present invention for soft

contact lenses is a range permitted ophthalmologically, there will be no restriction in

particular, but when using, for example as ophthalmic solutions, it is preferable to

prescribe 1-3 drops of single doses for the patient 4 to 6 times per day.

AAMASEANaEQa eae

[Translation done.]
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EXAMPLE

[Working example]Although an working example and a comparative example are given
to below and the present invention is describedstill in detail, the present invention is

notlimited at all by the following working example.

[0027][The working examples 1-3 and comparative examples 1 and 2] According to the

composition shown in Table 1, ophthalmic solutions were prepared with the
conventional method. Six soft contact lens wearing personswith an allergy anamnesis

were madeinto the panelist, and the improvement degree, its temporal duration, and

the using feeling (degree of sense of incongruity) of the itching when each point eye

agent was prescribed for the patient at the time of the onsetof allergy (itching) were
investigated. The obtained result was evaluated in accordance with the following
valuation bases. A result is shown in Table 2.

[(0028]Five valuation bases of the improvement degreeofthe itching: The 1

point:itching to which the 2 point:itching which does not changethe 3 point:itching by

which the 4 point:itching by which the itching was reduced was reduceda little became

a little severe became severe. [0029]Continuation - below self-sustaining x:10 minute

below self-sustaining **:10 minute [ more than ] 30 minute below 0:30 minute [ more

than ] 60 minute which the degree of continuation of an itching improvement

maintained valuation-basis 0:60 minutes or more: It became improvementnothing[ of
the itching ], or severe. [O030]valuation-basisO: of a usingfeeling (degree of sense of

incongruity) -- O: which is completely comfortable -- almost comfortable **: -- x:sense
of incongruity as which senseof incongruity was sensed was sensed strong [0031]

[Table 1]
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[0032]

[Table 2]

RAGE
Heo 

[0033]Theitching is improved by combination of an antiallergic drug so that clearly
from the result of Table 2, The improvement degree of the itching increased, and the

eye which applied eyewashin the working example 3 containing the working example
2 and nonionic surfactant which blended the high molecular compound had the long

temporal duration of the itching improvement, and alsoit improved also about the using

feeling. On the other hand, in the eye which applied eyewashin the comparative

example 2 only containing the comparative example 1, high molecular compound, and

nonionic surfactant which do not contain an antiallergic drug, there was almost no

changein the improvement degreeofthe itching, and the using feeling was also bad.

[0034]From this, it was checked that allergies, such as itching which happensat the
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time of contact lens wearing, are improved by combination of an antiallergic drug. By

using together a high molecular compound and/or a nonionic surfactant to an
antiallergic drug, allergies, such as itching at the time of contact lens wearing, covered
the long time, and have been improved, and it was checked that the using feeling at
the time ofinstillation increases.

[0035][Working examples 4-27] According to the composition shownin Tables 3-5,
ophthalmic solutions were prepared with the conventional method, and eight soft
contact lens wearing persons were madeto evaluate the improvement degreeof the

itching of an eye, temporal duration, and a using feeling (degree of sense of
incongruity) by the same valuation basis as the above-mentioned working example and
a comparative example. The marks which were were madeinto evaluation items
amongeight persons.A result is written together to Tables 3-5.

[0036]

[Table 3]
REGg/d) i

 xo *
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[Table 4]
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[Translation done.]
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(57) Abstract

This invention relates to an improved viscoelastic vitreous substitute for use in ophthalmic surgery which consists of
a mixture of hydroxypropylmethyl cellulose and polyethylene oxide in selected concentrations not to exceed approximate- |
ly 2% and 200 ppm,respectively, contained in a physiologic balancedsalt solution.It also encompasses the novel method
of protecting and lubricating the cornealtissues during surgery with uses of different concentrations of the same solution
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~1-

IMPROVED VISCOELASTIC FLUID FOR OPHTHALMIC SURGERY
AND METHOD OF USING SAME —

BACKGROUND OF THE INVENTION

There are a number of surgical

procedures performed on the eyes by skilled
ophthalmic surgeons. Among these are cataract
surgery, vitreo-retinal surgery and radial
keratotomy to reduce myopia. In all of these

surgical procedures except for radial keratotomy
in which the corneal tissue is not penetrated, the

recommended practice is to use an intraocular
viscoelastic fluid for protecting the inner

endothelial corneal surface and the delicate inner

eye structures.

In addition, the outer epithelial

surface of the cornea must be lubricated

continuously with some type of moisturizing agent
to keep it from drying out under the heat
generated by the operating microscope light.

Methylcellulose has a long history of
safe and effective use for ophthalmic

applications. In 1945, br. Kenneth C. Swan
studied the effects of methylcellulose on the

ocular tissues of rabbit eyes. He suggested its

use as a vehicle for ophthalmic drugs, to treat
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keratoconjunctivitis sicca and as an emollient.

Then in 1959, Flemming, Merrill and. Girard
reported on further studies of methylcellulose in
relation to irritation, hypersensitivity and its
outflow from the anterior chamber of the rabbit -

eye. .
The first reported use of

methylcellulose as an intraocular lens coating

serving to protect the corneal endothelium in

rabbits was made by Drs. Kaufmanand Katz in 1976.
In the following year Dr. Paul Fechner reported

upon the first human clinical use of
methylcellulose to coat an intraocular lens prior

to implantation.

Then in November of 1982, Dr. Danielle

Aron-Rosa reported using methyicellulose in

extracapsular surgery instead of high molecular

weight sodium hyaluronate extracted from rooster

combs which is very expensive. Shortly
thereafter, Dr. Fechner amplified upon his earlier

findings describing the use of methylcellulose as

a viscous cushioning material in ophthalmic

surgery. .

Additional work confirming these earlier

results has been. conducted by Dr. Scott M. MacRae

who compared the efficacy and toxicity of sodium

hyaluronate, methylcellulose and chrondroitin

sulfate, all three of which are used as protective
“substances suitable for use in ophthalmic surgery.
Finally Drs. Smith and Lindstrom evaluated the

safety and efficacy of 2% methylcellulose in cat

and monkey implant surgery with favorable results.

Despite the high cost of viscoelastic
products based upon sodium hyaluronate, all
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commercially available ones in common use have it

as the sole or at least principal ingredient.

Some manufacturers of viscoelastic materials are

believed to be engaged in experimentation with a

bioengineered form of sodium hyaluronate but so’

far it appears that efforts at producing it with a
sufficiently high molecular weight have been only

marginally successful. A polyacrylamide material

is evidently being tested as a material having

hydroxypropyl methylcellulose as its basic

ingredient.

On the other hand, as far as topical

solutions for use in surgery to lubricate the

corneal epithelium and protect them from the heat

generated by the operating microscope, to

applicants knowledge the only product used at the

present time is a balanced salt solution which
must be administered as often as every 30 to 45
seconds by an assisting surgeon or scrub nurse.

FIELD OF THE INVENTION

The present invention relates to an

improved viscoelastic formulation which when used
in dilute form as a topical solution in place of

balanced salt solution to keep the corneal

surfaces moist lasts up to ten times as long in

the eye before having to be renewed. The same

unique formulation when used in a different

concentration has proven to be equally as good if

not better than sodium hyaluronate for use aS a

protective agent for the inner endothelial corneal
surface and other delicate inner eye structures

during ophthalmic surgery and considerably less

expensive. The invention also encompasses the
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novel method of using the two different yet
compatible solutions together during ophthaimic
surgery so as to simultaneously protect the cornea
and irrigate it without obscuring the surgeon's
view of the site inany way.

DESCRIPTION OF THE RELATED ART

As already noted, the use of

methylcellulose derivatives as protective

cushioning materials to protect the inner eye

structures during ophthalmic surgery is old and
well known. On the other hand, use of

methylcellulose as one ingredient of a topical |

surgical solution which, in a more dilute form, is

used to keep the corneal tissues moist as an
adjunct to surgery is, once again, so far as

applicant is aware, heretofore unknown in the art

although it is, of course, used as an ingredient
in so-called "artifical tears" for treating dry
eyes and as a component of contact lens solutions.

The closest and most pertinent prior art
known to applicant is contained in two U.S.

Patents, specifically, Patent No. 4,500,538 issued

February 19, 1985 to Otto W. Woltersdorf under the
title of "Benzothiazolesulfonamide Derivatives for

the Topical Treatment of Elevated Intraocular

Pressure" and Irving Katz Patent No. 4,287,175

issued September 1, 1981 for "Contact Lens Wetting

Agents", both of the aforementioned patents being
assigned to Merck & Co., Inc. The earlier Katz

patent teaches the use of hydroxypropylmethyl

cellulose or polyethylene oxide among other _
polymeric viscosity building agents as a solid |

water soluble insert as a wetting agent for .
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contact lens wearers or so-called "artificial

tears". These wetting agents are, however, used

in solid form and, as such, are totally unsuitable

for use in protecting the delicate epithelial

cells in ophalmic surgery. Moreover, there is no

suggestion that they be used together or that any

useful result whatsoever would be achieved by so

doing. As a matter of fact, the elastic

properties of the two in combination or, for that
matter either one alone, is not a factor in their

use as wetting agents.

The Woltersdorf patent also mentions the

use of hydroxypropylmethyl cellulose and

polyethylene oxide as solid water soluble carriers
for the active medicament of the invention,

namely, the carbonates of 6 or 5=-hydroxy-2-
benzothiazolesulfonamide for use in the reduction

of elevated intraocular pressure of the type often

associated with glaucoma. Here again, these high

molecular weight substances are used merely as a

base for the active ingredient when used as a

solid insert as opposed to a solution administered
in the form of drops. There is no mention of them

being used together nor is their elastic property

of any consequence in this application. Most

significant, however, is that the formulation of
the Woltersdorf patent would be unsuitable for use

as a viscoelastic coating to protect the delicate

inner eye surfaces during opthalmic surgery or,
for that matter, as a topical moisturizing agent

to be used during such surgery as a long-lasting

moisturizing agent.
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SUMMARY OF THE INVENTION
This invention encompasses a novel fluid .

viscoelastic formulation of variable viscosity for
use in ophthalmic surgery containing as its active
ingredients a mixture of both hydroxypropyimethyl
cellulose and polyethylene oxide together with a
physiologic buffered saline solution. .
Hydroxypropylmethyl cellulose is clear, non-toxic

and quite viscous, however, it is also essentially
non-elastic. It has now been found in’ accordance

with the teaching of the present invention that,

quite unexpectedly, the addition of polyethylene

oxide which is a thixotropic material having a

nominal molecular weight of 4 million, greatly
improves the elasticity of the mixture and makes

it comparable, if not superior, to sodium >
hyaluronate for use as a viscoelastic material in

ophthalmic surgery. In addition, different
relative concentrations of the two active

; ingredients in the aforesaid composition have
proven to be far superior to balanced salt
solution for topical application to keep the
tissues moist during surgery by maintaining a
smooth, hydrated cornea under the heat of the

operating room microscope light. Moreover, since

the two solutions contain the same active
ingredients, they are fully compatible and can be
used simultaneously to both protect and irrigate
the delicate corneal tissues. . .

. It is, therefore, the principal object
of the present invention to provide an improved

viscoelastic solution for use in ophthalmic
surgery which is made up in two different
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concentrations and administered simultaneously to

both protect and irrigate the corneal tissues.
. A second object is to provide a solution

of the type aforementioned which is susceptible of

being made up in selected viscosities by changing
the relative concentrations of the active

ingredients to adapt it for use as either a

topical moisturizing agent or a protective shield
for the delicate corneal surfaces and epithelial

cells within the inner eye. ,

Another objective of the invention

herein disclosed and claimed is that of providing

a topical moisturizing agent which remains
effective many times longer than the conventional
balanced salt solution while, at the same time,

doing a better job.

Still another objective of the

within-described invention is to provide a

protective solution for intracorneal use in eye

surgery which has excellent clarity and

transparency but, more importantly, much improved
elasticity when compared with hydroxypropylmethyl
cellulose alone.

An additional object is to provide a

high-molecular weight viscoelastic mixture which

is equally effective if not, in fact, superior to
sodium hyaluronate-based products at a fraction of -
the cost.

Further objects are to provide a

solution for use in ophthalmic surgery which is

safe, non-toxic, readily absorbed, easy to

administer, versatile in its application, requires

no refrigeration and has a long shelf life.
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Other objects will be in part apparent

and in part pointed out specifically hereinafter

in connection with the detailed description of the
preferred embodiments which follow.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The anterior chamber of the eye is
£illed with circulating aqueous, whereas its
posterior chamber with vitreous. The endothelial
cell layer of the cornea is easily damaged and,
once lost, these cells do not regenerate. The
surgical procedures used in cataract surgery,
corneal transplants and other types of ophthalmic

_ surgery are likely to resuit in damage to these
delicate cells unless measures are taken to

protect them in the manner in which aqueous does
naturally.

Of the several prior art substances that
have been developed as substitutes for aqueous and
vitreous both asa protective layer covering the
endothelial cells and as a coating on the surgical
instruments and implanted material, undoubtedly

the most widely used is sodium hyaluronate

extracted from rooster combs, mixtures thereof or

bioengineered forms of the naturally-occurring
substance. Oncethe surgical procedure is
completed, the remaining vitreous/aqueous

substitute is aspirated from the site using a

syringe whilewhat is left over is merely resorbed
by the body in time without ill effect.

‘The main problemwith hyaluronate-based
products is their cost which at the present time .
runs around $70. or so for less than a cubic

centimeter of material. While attempts have been
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made to use various methylcellulose derivatives as

less expensive viscoelastic substitutes, they have

not been well accepted nor do they work as well as

hyaluronate.

It has now been found that a vastly

improved material having greatly improved

elasticity at least equivalent to sodium

hyaluronate, but at a fraction of its cost, can be

made by the simple, yet unobvious, expedient of

combining the relatively non-elastic

hydroxypropylmethyl cellulose with a high

viscosity thixotropic elasticizer, specifically

polyethylene oxide, both in a carrier comprising

physiologic buffered saline solution.

The other problem encountered in

ophthalmic surgery is that of keeping the external

tissues of the eye moist under the drying effect

of the operating microscope. As previously noted,

this is generally handled on a more-or-less

continuous basis by irrigating the external

corneal tissues with a balanced salit solution,

sometimes as often as twice a minute.

Unexpectedly, applicant has discovered that a

carefully modified mixture used as the intraocular

viscoelastic material for the internal tissues can

be advantageously used as a topical solution to

keep the external corneal tissues moist many times

longer than the balanced salt solution by merely

varying the relative concentrations and,

therefore, the resulting viscosity of the

previously-mentioned intraocular viscoelastic

solution that acts as a supplement and substitute

for the naturally-occurring vitreous.
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Specifically, the topical solution will

containapproximately 1% hydroxypropylimethyl

cellulose and 20 ppm polyethylene oxide carried in
a physiologic saline solution. By way of .

contrast, the intraocular viscoelastic composition
will have the concentration of the
hydroxypropylmethyl | cellulose increased to 2%
while the concentration of the polyethylene oxide

is reduced to only 10 ppm. In accordance with the

teaching found herein, a unique method of
simultaneously irrigating and protecting the
delicate corneal tissues is taught using two fully

compatible solutions containing the same active

ingredients but in different concentrations. When
this is done, the stroma and entire cornea is

hydrated while the fluid loss through the incision

is minimized. It also acts as a tamponade on the
scleral flap area.

Since these fluids are aspirated from
the eye upon completion of the surgery in order to
minimize the incidence of intraocular pressure
increases, a non-toxic and physiologically inert
tinting material may be added so that the surgeon

can be surer that he or she has removed most of

“the fluid addedduring the surgery. The resulting

compositions, with or without the dye, have proven.

to be every bit as effective as hyaluronate-based
preparations while being far less expensive and,

at the same time, lowering operating room costs
due to the more efficient use of personnel that

results from the less frequent need for irrigation
of the corneal tissues.
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CLAIMS

What is is claimed is:

1. The viscoelastic aqueous/vitreous

substitute for ophthalmic surgery which comprises:

a solution containing at least approximately 18%

hydroxypropylmethyl cellulose and at least

approximately 100 ppm polyethylene oxide ina

physiologic balanced salt solution.

2. The viscoelastic aqueous/vitreous

substitute as set forth in claim 1 in which: the

concentration of the hydroxypropylmethyl cellulose

is approximately 28.

3. The viscoelastic aqueous/vitreous

substitute as set forth in claim 1 in which: the

concentration of the polyethylene oxide is

approximately 200 ppm.

4. The method of irrigating and

protecting the corneal tissues during ophthalmic

surgery which comprises: covering the inner

cornea with a physiologic saline solution

containing approximately 2% hydroxypropylmethyl

cellulose and approximately 10 ppm polyethylene

oxide while simultaneously periodically wetting

the outer cornea with a compatible physiologic

saline solution containing approximately half the

hydroxypropylmethyl cellulose and approximately

twice the polyethylene oxide.
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Title

IMPROVED VISCOELASTIC FLUID FOR USE IN SURGERY
AND OTHER THERAPIES

AND METHOD OF USING SAME

CROSS-REFERENCE

This application is a Continuation-In-

Part of co-pending application Serial No.

07/045,326; Filed May 4, 1987.

BACKGROUND OF THE INVENTION

There are a number of ophthaimic

musculoskeletal and nerve surgical procedures

performed by skilled surgeons which require or are

facilitated by the use of a viscoelastic mediun.
Among these are cataract surgery, vitreo-retinal

surgery, radial keratotomy to reduce myopia,

arthroscopic surgery, urologic surgery, joint

surgery, Plastic surgery, and wound adhesion

prevention.

In all of the ophthalmic surgical

procedures except for radial keratotomy in which

the corneal tissue is not fully penetrated, the

recommended practice is to use an intraocular

viscoelastic fluid for protecting the inner

endothelial corneal surface and the delicate inner

eye structures.

In addition, the outer epithelial

surface of the cornea must be lubricated

continuously with some type of hydrating agent to
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keep it from drying out under the heat generated
by the operating microscope light.

Methylcellulose has a long history of

safe and effective use for ophthalmic

applications. In 1945, Dr. Kenneth C. Swan

studied the effects of methylcellulose on the

ocular tissues of rabbit eyes. He suggested its

use as a vehicle for ophthalmic drugs, to treat
keratoconjunctivitis sicca and as an emollient.
Then in 1959, Flemming, Merrill and Girard

“reported on further studies of methylcellulose in
relation to irritation, hypersensitivity and its

outflow from the anterior chamber of the rabbit

eye.

The first reported use of

methylcellulose as an intraocular lens coating
serving to protect the corneal endothelium in

rabbits was made by Drs. Kaufman and Katz in 1976.

In the following year Dr. Paul Fechner reported
upon the first human clinical use of
methylcellulose to coatan intraocular lens prior
to implantation. :

Then in November of 1982, Dr. Danielle

Aron-Rosa reported using methylcellulose in

extracapsular surgery instead of high molecular

weight sodium hyaluronate extracted from rooster

combs which is very expensive. Shortly
thereafter, Dr. Fechner amplified upon his earlier

findings describing the use of methylcellulose as

an intraocular viscous cushioning material in

ophthalmic surgery.

Additional work confirming these earlier

results has been conducted by Dr. Scott M. MacRae

who compared the efficacy and toxicity of sodium
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hyaluronate, methylcellulose and chondroitin

sulfate; all three of which are used as protective

substances suitable for use in ophthalmic surgery.

Finally Drs. Smith and Lindstrom evaluated the

safety and efficacy of 2% methylcellulose in cat

and monkey implant surgery with favorable results.

As already noted, the use of

methylcellulose derivatives as protective

cushioning materials to protect the inner eye

structures during ophthalmic surgery is old and

well known. On the other hand, use of

methylcellulose as one ingredient of a topical

surgical solution which, in a more dilute form, is

used to keep the corneal tissues moist as an

adjunct to surgery is, once again, so far as

applicant is aware, heretofore unknown in the art

although it is, of course, used as an ingredient

in so-called “artificial tears" for treating dry

eyes and as a component of contact lens solutions.

The closest and most pertinent prior art

known to applicant is contained in two U.S.

Patents, specifically, Patent No. 4,500,538 issued

February 19, 1985, to Otto W. Woltersdorf under the

title of "Benzothiazolesulfonamide Derivatives for

- the Topical Treatment of Elevated Intraocular

Pressure" and Irving Katz Patent No. 4,287,175

issued September 1, 1981, for-"Contact Lens Wetting

Agents," both of the aforementioned patents being

assigned to Merck & Co., Inc. The earlier Katz

patent teaches the use of hydroxypropylmethyl

cellulose or polyethylene oxide among other

polymeric viscosity building agents as a solid
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water soluble insert as a wetting agent for

contact lens wearers or so-called “artificial

tears". These wetting agents are, however, used

in solid form and, as such, are totally unsuitable
for use in hydrating and protecting the delicate

epithelial cells in ophthalmic surgery. Moreover,

there is no suggestion that-they be used together
or that any useful result whatsoever would be

achieved by so doing. As a matter of fact, the

elastic properties of the two in combination or,

for that matter, either one alone is not a factor

in their use as wetting agents.

The Woltersdorf patent also mentions the

use of hydroxypropylmethyl cellulose and

polyethylene oxide as solid water soluble carriers

for the active medicament of the invention,

namely, the carbonates of 6 or 5-hydroxy-2-

benzothiazolesulfonamide for use in the reduction

of elevated intraocular pressure of the type often.
associated with glaucoma. Here again, thesehigh
molecular weight substances are used merely as a

base for the active ingredient when used as a

solid insert as opposed to a solution administered

in the form of drops. There is no mention of them

being used together nor is their elastic property
of any consequence in this application. Most

significant, however, is that the formulation of

the Woltersdorf patent would be unsuitable for use

as a viscoelastic coating to protect the delicate

inner eye surfaces during ophthalmic surgery or,
for that matter, as a topical moisturizing agent
to be used during such surgery as a long-lasting
moisturizing agent.

In arthroscopy the surgeon visualizes
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the inside of a joint through a small diameter

endoscope inserted into the joint through a 2 mm

incision. The joint may be operated upon through

similar incisions using fiber-optic light systems

along with miniaturized hand and motorized
instruments.

Diagnostic arthroscopy is currently

being used in temporomandibular, shoulder, elbow,

wrist, finger, hip and ankle joints. Surgical

arthroscopic procedures include synovectomy,

chondroplasty, removal of loose bodies and

resection of scar tissue.

During the surgical procedures a copious

flow of saline solution is used to maintain a

clear surgical field. Intense, magnified light is

directed into the surgical area through fiber-optic

light bundles. During surgery the surgeon is

assisted by a well trained technician. The

technician helps to position the extremity,

controls the irrigation system and hands

instruments to the surgeon. Up to six liters of

saline solution may be used during the procedure.

The joint area is vacuumed to remove loose bodies

and bloody synovial debris. Copious fluid flow

and contact by the instruments to the bone may

contribute to tissue damage and post surgical

inflammation.

Modifications of sodium hyaluronate or
hyaluronic acid are being developed to be used in

arthroscopic surgery to enhance visualization, and

control bleeding; to be used as a post surgical

joint lubricant to replace synovial fluid; and to

be injected into joints to treat pain caused by

arthritis. (Private Placement Memorandum for
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Biomatrix, Inc. by BNE Associates, June 14, 1988.)

Spinal laminectomies are performed when

disc material extrudes from the spinal column,
putting pressure on nerves, causing low back pain.
The remedy is to remove the offending disc

material. However, in nearly 70% of all spine
Surgery, while the surgery is successful, the pain
is not eliminated and the patient suffers from
“failed back syndrome". The cause for this

failure is postulated to be scar tissue formation

around the dura and nerve roots. Adhesions cause

pressure and friction resulting in pain.

Methyl cellulose and methyl cellulose

derivatives are known to reduce the formation of

adhesions and scarring that may develop following
surgery. (Thomas E. Elkins M.D., et al.,
“Potential for In-Vitro Growth Bacteria in

Solutions of 32% Dextran 70 to 103 Sodium

Carboxymethylcellulose" Fertility and Sterility,
Vol. 43, #3, Mar. 1985; Thomas E. Elkins M.D., et
al., "Adhesion Prevention by Solutions of Sodium

Carboxymethylcellulose in The Rat, Part I“,

Fertility and Sterility, Vol. 41, #6, June 1984;
Thomas E. Elkins M.D., et al., "Adhesion

Prevention by Solutions of Sodium

Carboxymethylcellulose in The Rat, Part Ir",
Fertility and Sterility, Vol. 41, #6, June 1984;
C. M. Federicks Ph.D., et al., "Adhesion

Prevention in The Rabbit with Sodium
Carboxymethyicellulose Solutions", American

Journal of Obstetrics and Gynecology, 1986; iss;
667.70). ,

Indwelling urinary catheters can be
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difficult to remove and the process painful to the

patient. Mucous membranes tend to dry around the

hydrophobic catheter. A dry coating which becomes

slippery and stays hydrated would facilitate

removal of catheters.

Urologic surgery is similar to

arthroscopic surgery in the use of endoscopic

instruments, lights and large amounts of sterile
saline operating fluids. Indeed, many of the

techniques and devices of arthroscopy were derived

from urologic procedures.

Implantable silicone prostheses are

commoniy used in plastic surgery. The silicone

implants now on the market are filled with

silicone gel or a saline solution. Saline

solutions lack viscosity and in the event of

implant rupture, they quickly lose their volume

and shape. Silicone gel has been shown to.

permeate the silicone shell membrane with the

result that the silicone fluid collects within the

body. Silicone fluids are not broken down and

excreted by the body and many cause adverse

effects such as scleroderma. Post surgically, the

body forms a scar around all silicone implants in

a process known as capsular contracture. in

mammary augmentation, this process results in

firm, hard upraised breasts. The scar must be

broken to restore a "natural" breast line.

Adhesion formation is common with all types of

silicone implants.

U.S. patent 4,042,978 to Jones et al.

discloses the use of polyethylene oxide in a rigid

plastic implantable prosthetic device.

Despite the high cost of viscoelastic
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products based upon sodium hyaluronate, all

commercially available ones in common use have it

as the sole or at least principal ingredient. Some
manufacturers of viscoelastic materials have

developed a bioengineered form of sodium

hyaluronate but so far it appears that efforts at

producing it with a sufficiently high molecular

weight have been only marginally successful. A

polyacrylamide based viscoelastic material is

evidently being tested.

FIELD OF THE INVENTION 

The present invention relates to an

improved viscoelastic composition for use in

surgery and other therapies as a lubricant,

cushioning material, cellular protectant,

visualization enhancer, bleeding controller, and

an implantable prosthesis. The invention, when

used in various concentrations, has proven to be
equally as good as, if not better than, sodium
hyaluronate for use as a protective agent for the
inner endothelial corneal surface and other

delicate inner eye structures during ophthalmic

Surgery and considerably less expensive. Similar

results have also been obtained with respect to

orthopedics, urology, plastic, spinal and

neurosurgery. The invention is also effective in

the prevention of wound adhesion and scarring. The
invention also encompasses the novel method of

using the two different, yet compatible, solutions

together during ophthalmic surgery so as to

Simultaneously protect the cornea and irrigate it
without obscuring the surgeon's view of the site in

any way.
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The present invention is directed to the

use of polyethylene oxide (PEO) containing

viscoelastic fluids and/or gels primarily for use

within extracellular normally sterile areas of the

‘body of a patient. A normally sterile area means

a part of the body that does not usually contain

microorganisms.

The fluids or gels can contain up to

1.5% by weight of PEO (15000 ppm) and can be

modified by the addition of any one or all of the

following: viscosity enhancers which also serve

as stabilizers to permit heat sterilization of

fluids, elasticizers to increase the elasticity of

the fluids and gelation modifiers which act as
surface modifiers or surfactants.

The mixture is carried in an isotonic

balanced salt solution resulting in a final pH of

7 + .2 and a final osmolality of 320 + 40.

The viscosity enhancers and stabilizers

can include hydroxypropyl methylcellulose (HPMC),

carboxymethyl cellulose (CMC), hydroxypropyl

cellulose (HPC), hydroxyethyl cellulose (HEC),

methyl cellulose (MC), or mixtures thereof. These

polymers may make up from 0.5 to 3 weight percent

of the final solution. Other viscosity enhancers

can include polyvinyl pyrrolidone (0.5 to 3 weight

percent) or polyvinyl alcohol (0.5 to 10 weight

percent).

The elasticizers, which can be added to

the above mixtures or combinations thereof to

increase elasticity, include the lower molecular

weight polyethylene glycols (up to 10,000 mw) and
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the lower molecular weight polypropylene glycols
and trimethyol propane.

The gelation modifiers, which can be

added as surfactants to any of the above mixtures

or combinations thereof, include the Pluronic

polyols F-127 and F-68.

The entire system can be modified to
increase retention time in the body (that is, to

prolong the absorption rate) by crosslinking with

the use of materials like dimethyl urea,

formaldehyde urea, formaldehyde or epichlorhydrin
or other common crosslinking agents. The effect

of this crosslinking is to bind OH radicals in a

random manner between and among the materials.

This invention encompasses a novel fluid

viscoelastic formulation of variable viscosity for

use in ophthalmic surgery containing, as its active

ingredients, a mixture of both hydroxypropylmethyl

cellulose and polyethylene oxide together with a
physiologic buffered saline solution. Other:

celluloses such as CMC, MC, HEC or HPC may also be

used but HPMC is preferred. Hydroxypropylimethyl

cellulose is clear, non-toxic and quite viscous,

however, it is also essentially non-elastic. It

has now been found in accordance with the teaching
of the present invention that, quite unexpectedly,
the addition of polyethylene oxide in small

quantities (less than 500 ppm) which is a

thixotropic material having a nominal molecular

weight of 4 million, greatly improves the

elasticity of the mixture and makes it comparable,
if not superior, to sodium hyaluronate for use as

a viscoelastic material in ophthalmic Surgery. In
addition, different relative concentrations of the

 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 197



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 198

WO 90/04971 PCT/US89/04842

-i11-

two active ingredients in the aforesaid

composition have proven to be far superior to

balanced salt solution for topical application to

keep the tissues moist during surgery by

maintaining a smooth, hydrated cornea under the

heat of the operating room microscope light. .
Moreover, since the two solutions contain the same

active ingredients, they are fully compatible and

can be used simultaneously to both protect and

irrigate the delicate corneal tissues.

It is therefore the principal object of

the present invention to provide a viscoelastic

composition for use in extracellular normally

sterile parts of a mammal‘’s body comprising about

10 ppm to 15000 ppm PEO.

A second aspect is to provide a

composition of the type of aforementioned

composition further comprising by weight .005% to

3% of a methyl cellulose.

Still another aspect of the invention

herein disclosed is to provide compositions of the

type aforementioned further comprising an

elasticity modifier.

A still further aspect on the present

invention is to provide a gelation modifier to the

compositions of the type aforementioned.

Still yet another principal aspect of

the present invention is to provide methods of

treating patients using the aforementioned

compositions.

It is also another aspect of the present.

invention to provide an improved viscoelastic

solution for use in ophthalmic surgery which is
made up in two different concentrations and
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administered simultaneously to both protect and

irrigate the corneal tissues.

A further aspect is to provide a

solution of the type aforementioned which is

susceptible of being made up in selected

-viscosities by changing the relative

concentrations of the active ingredients to adapt

it for use as either a topical moisturizing agent
or a protective shield for the delicate corneal

surfaces and epithelial cells within the inner

eye.

Still another objective of the invention

herein disclosed and claimed is that of providing
a topical moisturizing agent which remains

effective many times longer than the conventional

balanced sait solution while, at the same time,
doing a better ‘job.

- Still yet another aspect of the within-

described invention is to provide a protective

solution for intracorneal use in eye surgery which

has excellent clarity and transparency but, more

importantly, much improved elasticity when compared
with hydroxypropylimethyl cellulose alone.

An additional aspect is to provide a

-high-molecular weight viscoelastic mixture which

is equally effective if not, in fact, superior to
sodium hyaluronate-based products at a fraction of
the cost.

Further aspects are-to provide a

solution for use in ophthalmic surgery which is
safe, non-toxic, readily absorbed, easy to

administer, versatile in its application, requires
no refrigeration and has a long shelf life.

Other aspects will be in part apparent
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and in part pointed out specifically hereinafter

in connection with the detailed description of the

preferred embodiments which follow.

DESCRIPTIONOFTHEPREFERREDEMBODIMENTS

Ophthalmology

The anterior chamber of the eye is

filled with circulating aqueous, whereas its
posterior chamber with vitreous. The endothelial

cell layer of the cornea is easily damaged and,

once lost, these celis do not regenerate. The
surgical procedures used in cataract surgery,
corneal transplants and other types of ophthalmic

surgery are likely to result in damage to these

delicate cells unless measures are taken to

protect them in the manner in which aqueous does

naturally.

Of the several prior art substances that

have been developed as substitutes for aqueous and

vitreous, both as a protective layer covering the

endothelial cells and as a coating on the surgical

instruments and implanted material, undoubtedly

the most widely used is sodium hyaluronate

extracted from rooster combs, mixtures thereof or

bioengineered forms of the naturally-occurring

substance. Once the surgical procedure is

completed, the remaining vitreous/aqueous

substitute is aspirated from the site using a

syringe, while what is left over is merely resorbed

by the body in time without ill effect.

The main problem with hyaluronate-based

products is their cost which, at the present time,

runs around §70 or so for less than one half of

one cubic centimeter of material. While attempts
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have been made to use various methylcellulose
derivatives as less expensive viscoelastic

substitutes, they have not been well accepted nor
do they work as well as hyaluronate.

It has now been found that a vastly
improved material having greatly improved
elasticity at least equivalent to sodium

hyaluronate, but at a fraction of its cost, can be

made by the simple, yet unobvious, expedient of
combining the relatively non-elastic

hydroxypropylmethyl cellulose with a high
viscosity thixotropic elasticizer, specifically
polyethylene oxide, both in a carrier comprising
physiologic buffered saline solution.

The other problem encountered in
ophthalmic surgery is that of keeping the external

tissues of the eye moist under the drying effect
of the operating microscope. As previously noted,

this is generally handled on a more-or-less
continuous basis by irrigating the external

corneal tissues with a balanced salt solution,
sometimes as often as twice a minute.

Unexpectedly, applicant has discovered that a

carefully modified mixture used as the intraocular

viscoelastic material for the internal tissues can

be advantageously used as a topical solution to

keep the external corneal tissues moist many times
longer than the balancéd salt solution by merely
varying the relative concentrations and,

therefore, the resulting viscosity of the
previously-mentioned intraocular viscoelastic

solution that acts as a supplement and substitute

for the naturally occurring aqueous fluid.
Specifically, the topical-solution will
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contain approximately up to 1% hydroxypropylmethyl

cellulose based on weight and from about 10 up to
40 ppm polyethylene oxide carried in the isotonic

salt solution described above. This solution is

used to hydrate the cornea for a prolonged period

of time during surgery. By way of contrast, the

intraocular viscoelastic composition will have the

concentration of the hydroxypropylmethyl cellulose

increased from about 2 to 2%% based on weight,

while the concentration of the polyethylene oxide

remains the same. This solution is used as a

surgical aid to increase visualization and to

protect the sensitive internal eye structures

during surgery. An alternative formulation is 2

weight percent CMC and 40 ppm PEO. An even more

elastic intraocular fluid has high PEO (from about

50 to 500 ppm). This fluid is used to protect the

corneal endothelial layer from high ultrasonic

energy used during phacoemulsification of the

nucleus in cataract surgery. In accordance with

the teaching found herein, a unique method of

simultaneously irrigating and protecting the

delicate corneal tissues is taught using two fully
compatible solutions containing the same active

ingredients but in different concentrations. When

this is done, the stroma and entire cornea are

hydrated while the fluid loss through the incision

‘is minimized. It also acts as a tamponade on the

scleral flap area. ,

Since these fluids are aspirated from

the eye upon completion of the surgery in order to

minimize the incidence of intraocular pressure

increases, a non-toxic and physiologically inert

tinting material may be added so that the surgeon
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can be surer that he or she has removed most of

the fluid added during the surgery. The resulting

compositions, with or without the dye, have proven

to be every bit as effective as hyaluronate-based
preparations while being far less expensive and,

at the same time, lowering operating room costs

due to the more efficient use of personnel that

results from the less frequent need for irrigation

of the corneal tissues.

Orthopedics

-The viscoelastic fluids of the invention

may comprise a system of fluids which contain an

operating fluid which facilitates the surgical

process (a third pair of hands) and a cushioning

fluid which enhances the patients recovery from

surgery.

The operating fluid is used as a

surgical aid. The fluid is injected into the
joint and enhances visualization by the surgéon,

the fluid coats and protects sensitive tissues

from contact with the operating instruments and

acts as a tamponade to control and direct

bleeding. The fluid manipulates tissue during

surgery and distends the joint capsule during

surgery thereby reducing the amount of saline
solution circulating through the joint during

surgery. Copious fluid flow may contribute to

tissue damage and post surgical inflammation.
In diagnostic and surgical arthroscopy

the operating fluid can have from 20 to 1000 ppm

of PEO (0.1/10 of 1 weight percent) in a 2 weight

percent solution of HPMC.

Arthroscopic examination is made on two
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of the knees of the 10 dogs.

The knee joints of half of these dogs

are injected with 1.0 ml of a 1000 ppm PEO and 2

weight percent HPMC solution during the surgery.

The joints of the other half of the dogs are

injected with 1.0 ml of a physiological saline

solution as a control. Better visibility, and less

bleeding and debris are observed in the animals

receiving the viscoelastic fluid than the control.

The viscoelastic inflates the joint capsule during

surgery. Minimal post operative inflammation is
observed.

The viscoelastic cushioning fluid acts

as a cushioning barrier between hard joint

surfaces during the immediate post-surgical period

before the synovial fluid has had a chance to be

replaced naturally as well as to'act as a

replacement synovial fluid for a short period of

time. It reduces postsurgical inflammation by

creating less friction within the joint and acts

as a joint lubricant. It also reduces

postsurgical scarring by acting as a barrier to

prevent blood from reaching tissue surfaces and
forming adhesions. Postoperative joint swelling

is reduced, eliminating the inflammation which

causes the joint to fill with fluids and the

recovery process is shortened by eliminating or

minimizing postsurgical-complications.

In joint replacement surgery the

operating fluid contains up to 5000 ppm (one half

of one weight percent) of PEO and up to 2%% weight.

percent of HPMC. The fluid is elastic and viscous

to provide for good joint lubrication and acts as a

cushioning agent between the bone and new
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artificial joint surfaces postsurgicalily until the
natural synovial fluid has had a chance to

replenish.

Synovial fluid is drained from two of

the knee joints of 10 dogs. The knee joints of
half of these dogs are injected with 3 mis. of a

5000 ppm PEO and 2% weight percent HPMC solution.
The joints of the other half of the dogs are
injected with 3 mls of a saline solution as a

control. The dogs are observed postoperatively at
12 hour intervals for two weeks. The dogs
receiving the viscoelastic PEO HPMC solution have

less swelling and heal faster than the control

group.

Osteo arthritis is a degenerative bone

disease characterized by the progressive loss of
cartilage within the affected joint which allows

hard bone surfaces to come in contact with one

another and be worn away. Inflammation is caused

by the underlying disease which leads to loss of

joint lubrication which results in friction and
more inflammation. Inflammation impedes normal

tissue function and the cycle continues.

_ The viscoelastic composition of the

invention acts as a cushioning agent to break the
destructive cycle of inflammation and

deterioration of tissue function with more

inflammation and eventual cartilage destruction.

The fluid acts as a cushion which allows the body
to heal itself to eliminate the inflammation which
probably initiated the destructive process. It is
important that an effective cushioning agent does
not cause post application swelling or joint

blowout with a possible rupture of the joint
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capsule.

The fluid is injected into the joint at

six to nine month intervals.

Cortisone treatments have been used to

treat inflamed joints but, because they mask the

underlying etiology, they simply serve to hasten

the destructive process.

In osteo arthritis, the fluid must be

more gelatinous. The fluid can contain from about

10 up to 5000, ppm PEO, from about 2 up to 2%

weight percent HPMC and from 5 up to 13 weight

percent Pluronic F-127. This fluid provides

excellent lubrication and cushioning for a

prolonged period of time in order to reduce the

joint inflammation and allow the body to begin a

natural healing process. None of the animals

receiving applications of the fiuid in their joints

exhibit an allergic reaction. An allergic reaction

is frequently typified by the accumulation of water

within the joint capsule postsurgically. The

viscoelastic operating and cushioning fluids are

also used to impregnate artificial ligaments and

tendons to prevent tissue ingrowth

postoperatively.

The viscoelastic fiuid has also been

used to treat degenerative joint disease in

horses. A 100 ppm PEO and 2% percent by weight of

HPMC mixture in a physiological saline solution (4

to 6 mls) was injected into the knee joints of

horses. Lameness disappeared and the animals had

symptomatic relief for up to nine months.
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ine_and Neurosurger

The viscoelastic medium of the invention

may reduce or prevent any adhesions or scar tissue

formation around the dura and nerve roots

following laminectomy surgery. The viscoelastic

medium acts as a barrier preventing blood from

reaching the area which was operated on. The

theory is that, with no blood there can be no scar

tissue formation and no adhesion. The

viscoelastic material stays at the wound site long
enough to allow healing to occur before allowing
natural body fluids into the area.

In spine surgery, specifically a

laminectomy, and in nerve surgery, the solution may
contain from about 20 up to 5000 ppm PEO, from

about 1 to 2% weight percent carboxymethyl
cellulose and from about 5 up to 13 weight percent
Pluronic F-127. The purpose of the fluid is to

act as a barrier to prevent blood from entering or
accumulating in the wound area and to act as a

lubricant preventing the formation of wound

adhesions or scar tissue between the exposed
nerves and surrounding tissue in the wound area.

Retention time is controlled by crosslinking.

Crosslinking may be accomplished using
the following method:

1. Using the ingredients and weight
percentages listed in Table i, below, the

carboxymethyl cellulose, polyethylene oxide
and Pluronic F-127 are mixed into the

buffered physiological saline solution. When

thoroughly mixed, the dimethyl urea
crosslinking agent is added, and the ammonium

chloride, which acts as a catalyst, is added
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to initiate the crosslinking reaction. The

mixture is heated to 90°C and held at this

temperature for one hour. The resulting

composition prevents or minimizes wound

adhesion.

TABLE 1

Ingredient Weight &%

Polyethylene oxide 0.5
Carboxymethyl cellulose 2.5
Pluronic F-127 13.0

Dimethyl urea 0.25
Ammonium chloride NH,Cl 0.025

Buffered physiological saline 83.725

The following animal trials in rabbits

have established that scar formation is reduced

with these solutions.

Surgical Procedures:

.This study was performed in 60 adult,

female New Zealand rabbits. However, because of

post-surgical complications only 54 rabbits were

used in data representation. After undergoing

general anesthesia, each animal underwent the

following procedure: (1) a medial incision was

made along the spinous process to the lumbosacral

region. After cutting through the skin and

subcutaneous tissue, the fascia of the muscle was

opened from the right of the spinous process. The

muscles were pulled aside laterally to expose the

spinous processes and vertebral arches. A small
retractor was inserted into the wound and an oval

defect of approximately 3 X 10 mm was. drilled into

the lamina with a dentist drill. A second similar

laminectomy was made with one intact vertebra
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between the laminectomies. This second

laminectomy served as a control site. Bone wax or
Gelfoam was used to control excessive bleeding
from the bone when required. One laminectomy site.
was coated with a standardized amount of one of

the following agents: (1) 2% hydroxypropyl

methylcellulose (10 ppm PEO); (2) 2% hydroxypropyl
methylcellulose (20 ppm PEO); (3) Dextran

7O(Hyskon); (4) 2% sodium carboxymethylcellulose;

(5) 1% sodium carboxymethylcellulose; and (6)

sodium hyaluronate (Hylatin V). The other site

received no treatment and thus served as a

control. The wounds were then closed using a
continuous 3-0 chromium catgut suture of 3-0

mercelene. For the sake of later orientation, a
metal suture of 3-0 steel wire was placed in the

muscle near the middle of the intact vertebra

between the hemilaminectomies.

The animals were allowed to recover from
surgery and returned to their individual cages.

At four weeks and eight weeks following surgery
one-half of the rabbits were sacrificed, the spinal
column cut at both ends of the operative area to

include the excised vertebra in their entirety and
the entire specimen immersed in 10% neutral

buffered formalin.

Histological Analysis:

Histological analysis was performed on

decalcified specimens. After decalcification in

10% formic acid, formalin solution for two weeks, —
specimens were cut in the middle of the intact

vertebra between laminectomies. The specimens
(both control and test) were reduced in size and
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left to decalcify for two more weeks. Specimens

were then embedded in paraffin and four 10um

sections were cut so that the plane of the surface
included the graft material with the spinal cord
in the microscopical section. Staining was

accomplished with hematoxylin-eosin for all

groups. All sections for each specimen were
examined. However, the qualitative assessment was

performed on what was considered to be the best
cut section from the group. This assessment

consisted of a microscopic examination of the

surgical site. Particular attention was paid to
how much scar tissue was present on the dura and

whether the scar tissue extended into the surgical

site. Another parameter that was evaluated was

the size of the laminal defect and whether the

surgical gap had reduced in size. The number and
type of cellular detail at the surgical site (i.e.
osteoblast (bone), fibroblasts and lymphocytes

(scar tissue) and chondrocytes (collegen

synthesis)) were also noted.

Results:

Only the data for the four week

specimens are summarized. This was done since the
eight week specimens, which healed more completely
than the four week specimens, invariably

demonstrated no significant change from the four

week specimens with respect to whether the control
or treated site demonstrated the least amount of

scar tissue. Therefore, based on visual

observation, a value of 0 was assigned to each

animal if the treated site appeared comparable in

healing to the control site, - if the control site

 

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 210



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 211

WO 90/04971 PCT/US89/04842

-24-

appeared better healed than the treated site, and
a+sif the treated site appeared best.

Utilizing this grading scale, it is
apparent from Table 1 that both 1% and 2% CMC
appeared to afford the best prevention of

extensive scar formation. It should be noted that
in no specimens was there any histological
evidence of healing totally devoid of scar tissue.
This assessment therefore, more accurately
reflects the degree to which scar tissue was
present relative to all the other specimens.
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Summary for Four Week Evaluation

Table 1

Rabbit#Group Evaluation

N112 Hyskon +
Ni13 Hyskon -
N114 Hyskon +
N129 Hyskon +

N200 87094-V* -

N201 87094-V -

N202 87094-V +
N203 87094-V +

N256 87093-I0** +

N257 87093-I0 -
N255 87093-10 +

N258 87093-I0 -
N259 87093-I0 0

* 2% HPMC, 10 ppm PEO
**k 2% HPMC, 20 ppm PEO

Q139 2% CMC -
Q140 2% CMC +
0135 2% CMC ++
Q136 2% CMC +
Q127 2% CMC -

Q133 1% CMC +
Q134 1% CMC +

P668 1% CMC ++

P669 1% CMC +

P743 1% CMC 0

P75i1 Hylartin 0
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Q374 Hylartin -

Q375 Hylartin -

0378 Hylartin ; numerous

. chondrocytes

Q377 . Hylartin 0 same

as Q378

Neurosurgical applications of the fluids

are similar to the spinal applications. Namely,
the elimination or reduction of scar tissue

formation in and around the brain post-operatively.

The “barrier" effect is the mode of operation by
which the fluid achieves its purpose.

The anti-adhesion properties of these

fluids are useful in several other areas of
surgery where it is important to reduce scar

_formation. These surgical areas include abdominal

surgery, thortic and cardiovascular surgery and
ob/gyn.

Urology

In connection with urology the

viscoelastic fluid includes an operating fluid and

a postsurgical cushioning fluid. The operating
fluid facilitates the introduction of instruments

into the urethra, bladder and ureters, and enhances

the surgeon's visualization, while it protects

sensitive tissue from damage and instrument

contact. The viscoelastic operating fluid also

expands the diameter of narrow passageways and
acts as a tamponade against unwanted accumulation

of blood. In addition, the viscoelastic fluid of

the invention facilitates the passage of urinary
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stones and fragments through the ureters because

of the lubricating properties of the fluid. fThe

urology operating fluid is composed of up to 500

ppm PEO and 1 to 2 weight percent of HPMC. A

composition of 3 mls of a physiological solution

having 500 ppm of PEO and 2 weight percent of HPMC

is injected into the ureter of five cats having

kidney stones (urinary calculi) and facilitate

passage of urinary calculi. It also acts as a
lubricant and inflates the diameter of the ureter.

The fluid may be used alone or with lithotrophsy
(ultrasonic fragmentation of the stone). The

solution has been shown to dissolve the calculi

and reduce reoccurrence in cats.

The urological cushioning fluid reduces

postoperative inflammation pain and speeds patient

recovery. About 2 mls of 1000 ppm PEO and 2

weight percent HPMC in physiological saline

solution was applied to the postoperative area

following urological surgery. Minimal scar and

adhesion formation were observed. The same

results are observed following transurethral

resection and no inflammation occurred.

About 0.5 mls of 40 ppm PEO and 2 weight

percent HPMC in a physiological solution was

injected into the ureter of five cats having

urinary calculi. The calculi passed

spontaneously. No reoccurrence of stones were
found 12 months after treatmerit.

1 ic surger

A viscoelastic gel fluid of. the present

invention is used to replace the silicone gel

fluids in all silicone implants. Such implants
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include mammary implants for cosmetic or

reconstruction purposes, testicular implants,

penile implants, small “pillow" implants and so

on. The viscoelastic fluid is used separately as
an anti-adhesion agent to act as a slippery

barrier to prevent contact between the implant and
healing tissue. The implantable fluid is composed

of from about 2 up to 3 weight percent HPMC for
high viscosity and from about 10 up to 50 ppm of

-PEO for moderate elasticity. This fluid is placed

in a silicone shell and is implanted within the
body. The shell is also coated with the fluid.

Following implantation, no’ inflammation or adhesion

is observed. Crosslinking in a manner similar to

that described for the wound adhesion prevention

preparation is used to increase the cohesiveness

of the fluid.

Crosslinking may be performed as

£ollows: ;
1. Using the ingredients and weight

percentages listed in Table 2 below, the

hydroxylpropyl methylcellulose and

polyethylene oxide are mixed into the

buffered saline solution. When thoroughly

mixed, the formaldehyde urea crosslinking

agent is added. Then the ammonium chloride,

which sets as catalyst, is added to initiate

the crosslinking reaction. The mixture is

heated for one hour at 90°C. The resulting
composition is an inert gel fill which will

not bleed through a prosthetic shell.
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TABLE2

Ingredients Weights

Polyethylene oxide -005

Hydroxypropylmethylcellulose 3.0

Formaldehyde urea 0.2

Ammonium chloride 0.02

Buffered physiological saline 96.775

Variations and modifications can, of

course, be made without departing from the spirit

and scope of the invention.
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CLAIMS

What is claimed is:

1. A viscoelastic composition for use

in extracellular normally sterile parts of a
mammal‘s body comprising: about 10 ppm to 15,000

ppm polyethylene oxide (PEO) ina physiologically
compatible formulation.

2. A composition according to claim 1

and further comprising by weight about .0001% to2

% of a methyl cellulose.

3. A composition according to claim 2
wherein the methyl cellulose is selected from

' methyl cellulose (MC), hydroxypropylmethyl
cellulose (HPMC) and carboxymethyl cellulose
(CMC).

4, A composition according to claim 1

and further comprising by weight about .0001% to

3% of a selected one of hydroxypropyl cellulose .
(HPC) and hydroxyethyl cellulose (HEC)..

5. A composition according to claim 1.

and further comprising by weight about .05% to 3%
polyvinyl pyrollidone (PVP).

6. A composition according to claim 1

and further comprising by weight about .05% to 10%

of polyvinyl alcohol (PVA).

7. A composition according to claim 1

and further comprising anelasticity modifier.
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8. A composition according to claim 7

wherein the elasticity modifier is a polyethylene

glycol.

9. A composition according to claim 8

wherein the elasticity modifier is PPG.

10. A composition according to claim 2

and further comprising an elasticity modifier.

11. A composition according to claim 1

and further comprising a gelation modifier.

12. A composition according to claim ii

wherein the gelation modifier is a pluronic

polyol.

13. A viscoelastic composition for use

in normally sterile parts of the body comprising a

crosslinked preparation of a methyl cellulose and

PEO in a physiological compatible formulation.

14. In an orthopedic surgical method

which includes operating in the area of a bone, the

improvement comprising delivering a quantity of
the composition of claim 2 to the bone area being

operated on thereby coating the bone and

preventing injury from surgical instruments.

15. In a method for replacing synovial

fluid in a specific joint area, the improvement

comprising delivering a quantity of the

composition of claim 2 to said joint area and
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allowing the composition to act as a cushioning
agent in the joint area.

16. <A method for treating

osteoarthritis comprising obtaining access to the

area of the arthritis, delivering a composition,

including about 20 to 15,000 ppm polyethylene
oxide, about 2 to 2% weight percent

hydroxypropylmethyl cellulose and about 5 to 13

weight percent of a pluronic polyol to that area,
and reducing inflammation in that area.

17. A method for preventing wound

adhesion during and following surgery comprising
delivering a composition having about 20 to 15,000

ppm polyethylene oxide, about 2 to 3 weight
percent carboxymethyl cellulose and about 5 to 13

weight percent of a pluronic polyol to the wound

area and allowing the composition to be absorbed
in the wound area.

18. In a surgical method using an

implantable prosthesis containing a composition,

the improvement comprising implanting into the body
of a patient a prosthesis filled with a

viscoelastic composition including about 2 to 3

percent by weight of hydroxypropylmethyl cellulose
and about 50 to 5000 ppm of PEO in a
physiologically acceptable mixture.

19. In a method for treating urinary

calculi, the improvement comprising delivering a
quantity of a composition including about 50 to

500 ppm of polyethylene oxide and about i to 2
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percent by weight of hydroxypropylmethyl cellulose

to the urinary calculi of a patient and coating

the calculi with the composition.

20. In a method for treating urinary

calculi, the improvement comprising delivering a

quantity of a composition including about 50 to
500 ppm of polyethylene oxide and about 1 to 2

percent by weight of hydroxypropylmethyl cellulose

to the urinary calculi of a patient facilitating

passage of calculi in the urine.

21. %In urological surgery involving

manipulation of the ureter, the improvement

comprising injecting a composition including about

50 to 500 ppm polyethylene oxide and about 1 to 2

percent by weight of hydroxypropylmethyl cellulose

into the ureter, and lubricating and inflating the

ureter with the composition.

22. The viscoelastic aqueous/vitreous

substitute for ophthalmic surgery which comprises:

a solution containing at least approximately 1% of

a cellulose derivative and, about 10 ppm to 100 ppm

polyethylene oxide in a physiologically compatible

solution.

23. The viscoelastic aqueous/vitreous

substitute as set forth in claim 22 in which: the

derivative is hydroxypropyimethyl cellulose and

the concentration of hydroxypropylmethyl cellulose

is about 2% to 2 1/2%. .
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24. The viscoelastic aqueous/vitreous

‘substitute as set forth in claim 22 in which: the

concentration of the polyethylene oxide is about
10 to 100 ppm.

25. The method of irrigating and

protecting the corneal tissues during ophthalmic
surgery which comprises: covering the inner

cornea with a physiologic saline solution

containing approximately 2% hydroxypropylmethyl
cellulose and approximately 10 ppm polyethylene
oxide while simultaneously periodically wetting

_the outer cornea with a compatible physiologic

saline solution containing approximately half the

hydroxypropylimethyl cellulose and approximately
twice the polyethylene oxide.
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NON OXIDATIVE OPHTHALMIC COMPOSITIONS ANN
METHODS FOR PRESERVING AND USING SAME

Background of the Invention
This invention relates to ophthalmic compositions

and methods for preserving and using such compositions. More
particularly, the present invention relates to ophthalmic
compositions, e.g., useful in caring for contact lenses, which
include one or more of certain ionene polymers as
preservatives or disinfectants, and to methods for
disinfecting and/or preserving using such compositions.

Various compositions, e.g., solutions, are used in
association with contact lenses to ensure that the lenses may

be safely, comfortably and conveniently worn. Contact lens
care compositions, for example, disinfecting compositions,
preserving compositions, cleaning compositions, wetting
compositions, conditioning compositions and the like, often
utilize at least one disinfectant or preservative, depending

on the type of composition, for disinfecting or preserving
contact lenses after wear or preserving the lens care
composition itself. A contact lens disinfecting composition
generally has sufficient antimicrobial activity so that when
the composition is contacted with a lens to be disinfected,
microorganisms associated with the lens are killed or

otherwise removed and. the contact lens is effectively
disinfected within a reasonable time, e.g., in the range of
about 0.1 hour to about’12 hours. A contact lens disinfecting

composition may be termed a microbio-cidal composition. In
contrast, a contact lens preserving composition has sufficient
antimicrobial activity, often less of such activity than is

present in a contact lens disinfecting composition,so that
when the composition is contacted with a contact lens
substantially no increase in the microorganism population on

the lens or in the composition is obtained. A contact lens
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preserving composition may be termed a microbio-static

composition. Other contact lens care compositions are

preserved to prevent any substantial increase in the

population of contaminating microorganisms in the compositions

and, thereby, to extend their shelf life. Such preserved
contact lens care compositions may be termed microbio-static

compositions. Some preservatives used in lens preserving

compositions or in preserved compositions may also be used as

disinfecting agents in lens disinfecting compositions.

' Various compounds are known for use as preserving
agents in contacts lens preserving compositions and preserved

contact lens care compositions. Examples include thimerosal,
benzalkonium chloride and chlorhexidine. However, these

preserving agents are known to exhibit ocular toxicity which

may result in irritation or sensitivity to the eye. The

degree of ocular toxicity increases when these agents are
utilized as disinfecting agents. Further, a soft contact

lens, a rigid gas permeable contact lens (RGP) or a hard

contact lens can absorb or adsorb these compounds. This

causes the contact lens to retain the irritating compound and

contributes to the eye irritation and sensitivity which may
result.

Stark U.S. Patent No. 4,525,346 discloses a contact

lens disinfecting solution and preserved contact lens care

compositions containing l-tris (2-hydroxyethyl) ammonium-2-
butenyl-4-poly [1-dimethyl ammonium-2-butenyl]-w-tris (2-

hydroxyethyl-) ammonium the salt of which has a

pharmaceutically acceptable anion. The quaternary ammonium

polymer disclosed in this Stark patent is capable of causing

irritation and sensitivity to some contact lens wearers.

Japanese Patent Publication 63131124 discloses a

liquid composition for contact lens care including as an

antimicrobial component a polymeric condensate of a diamine,

such as N, N, N', N' - tetramethyl 1,2-diaminoethane, and a
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dihalogen compound, such as_1,2-dichloroethane. Such
polymeric condensates include no oxygen. Further, there is
no suggestion that other polymeric condensates are usefulas
antimicrobial agents in the contact lens care context.

Other conventional methods of contact lens chemical
disinfection utilize one or more active disinfecting agents
in an aqueous medium, for example a chlorhexidine/thimerosal
solution or a relatively mild solution of hydrogen peroxide.
Some of these disinfecting solutions, such as those named

above, are cytotoxic and are known to be adsorbed or absorbed
onto or into a contact lens and cause the lens to elicit a

cytotoxic response after disinfection. For example, contact
lenses which have been soaked in a disinfecting hydrogen
peroxide solution are to be treated to remove residual

hydrogen peroxide, e.g., by soaking in a catalase solution,
before they may be comfortably and safely worn again. If
residual hydrogen peroxide remains on the lenses, then
irritation or injury to the eye may result. A lens
disinfecting system employinga substantially non-oxidative
disinfectant composition is particularly useful since the risk

of introducing active oxidizing agents into the eye is

substantially eliminated.
Ellis et al U.S. Patent 4,168,112 discloses treating

an ionically charged contact lens with a lens solution
containing an oppositely charged ionic polymer to form a
hydrophilic polyelectrolyte complex on the lens surface. This

complex forms a hydrogel and acts as a cushion which provides
comfort to the eye. Ionene polymers are among the many ionic

polymers disclosed by Ellis et al. In addition, Ellis et al
discloses that other additives, such as preservatives, e.g.,
benzalkonium chioride, ethylenediaminetetraacetic acid,

mercurials and chlorobutanol, can be included in the lens

treating solutions. Ellis et al does not distinguish between

ionene polymers, nor is there any suggestion than any ionene
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polymers are useful as preservatives or disinfectants in the
contact lens care context.

' $§tockel et al U.S. Patent 4,499,077 discloses
oxidative contact lens disinfecting compositions including

stabilized chlorine dioxide and a quaternary ammonium compound

which is a copolymer of at least one mono-or di-tertiary amine

and a dihalo organic compound. Stockel U.S. Patent 4,654,208

discloses oxidative contact lens disinfecting compositions

including one or more of the quaternary ammonium copolymers

noted above in this paragraph plus a potentiating amount of
an oxidizing agent. Neither of the Stockel et al patents

disclose non-oxidation contact lens care compositions using

such quaternary ammonium copolymers.

Thus, it is readily apparent that a continuing need

exists for safe and efficacious compositions that can be used

as contact lens disinfecting and preserving compositions and

as preserved contact lens care compositions.

Summary of the Invention

. New disinfecting and preserving compositions and
methods, particularly such compositions and methods directed

to contact lens care, have been discovered. The present
compositions are substantially non-oxidative and include

effective disinfectants and/or preservatives. Thus, for

example, a contact lens can be effectively disinfected in a

reasonable length of time. Also, contact lens care products

can be effectively preserved against growth of contaminating
microorganisms. Importantly, such disinfecting and preserving
activities are achieved and the contact lenses disinfected,

preserved or otherwise cared for using the present
compositions can be safely and comfortably worn with little

or no risk of eye irritation or sensitivity, e.g., from the
presence of residual oxidizing agent.
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In one broad aspect of the invention, a
substantially non-oxidative composition useful for
disinfecting, or preserving, a contact lens is provided. This
composition includes an ophthalmically acceptable, preferably
sterile, medium, preferably a liquid aqueous medium. Included
within this medium is an effective disinfecting, or

preserving, amount of an ophthalmically acceptable quaternary
ammonium polymer selected from ionene polymers containing an
oxygen atom covalently bonded to two carbon atoms and mixtures
thereof. Methods of disinfecting, or preserving, a contact
lens include contacting the lens to be disinfected, or

preserved, with an appropriate composition, as described
herein. Such ionene polymers are effective disinfectants and
preservatives in the contact lens care context without the
need for oxidizing agents. Contact lenses which are
disinfected, preserved or otherwise treated using the present
compositions can be safely and comfortably worn with little
or no risk of eye irritation or sensitivity.

Preserved compositions, e.g., contact lens care
compositions, which include an ophthalmically acceptable
medium, preferably containing one or more components effective
to beneficially affect a contact lens and/or the wearing of
a contact lens, are included within the scope of the present

invention. Such preserved compositions are preferably
substantially non-oxidative, and include an effective
preserving amount of an ophthalmically acceptable quaternary
ammonium polymer, as described herein.
Detailed Description of the Invention

The present invention is applicable to disinfecting

all types of lenses, e.g., contact lenses, which are benefited
by such disinfecting. Such lenses, e.g., conventional soft
contact lenses, RGPs and. hard contact lenses, may be made of
any suitable material or combination of materials and may have
any suitable configuration. The invention is also applicable
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to preserving compositions, such as contact lens care

compositions, and other eye care products which are benefited

by being preserved.

One important feature of the substantially non-

oxidative compositions of the present invention is ‘the

inclusion of an effective, e.g., for disinfecting and/or

preserving, amount of at least one ophthalmically acceptable

quaternary ammonium polymer selected from the group consisting

of ionene polymers containing an oxygen atom covalently bonded
to two carbonatoms, hereinafter referred to as "(C-O-C)
ionene polymers", and mixtures thereof. Without wishing to
limit the invention to any particular theory of operation, it
is believed that the quaternary ammonium polymers useful in
the present invention are sufficiently active to provide the
desired degree of disinfecting or preserving without causing
substantial eye irritation or sensitivity.

The presently useful quaternary ammonium polymers
are distinguished from the quaternary ammonium polymer
described in Stark U.S. Patent 4,525,346 and the polymeric
condensate described in Japanese Patent Publication 63131124.
In the Stark patent and the Japanese Publication, the

quaternary ammonium polymer and the polymeric condensate are
not (C-O-C) ionene polymers. The presently useful quaternary
ammonium polymers provide the desired antimicrobial activity
without causing substantial eye irritation and sensitivity.

The presently useful quaternary ammonium polymers
are preferably dispersible or soluble in the ophthalmically
acceptable medium. Since contact lens disinfecting,
preserving and other care compositions are most often

solutions, the quaternary ammonium polymers are more
preferably soluble’ in the medium. The amount of quaternary
ammonium polymer employed in the present compositions is that
sufficient to effect the desired result. Care should be taken

to avoid excessive amounts of quaternary ammonium polymer.

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 230



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 231

jun

WO 91/09523 SC . PCT/US90/07479

7

Not only are such materials quite expensive, but the use of
large excesses of quaternary ammonium polymer may result in
some degree of eye irritation and/or sensitivity. The
presently useful quaternary ammonium polymers are preferably
present in an amount in the range of about 0.00001% to about
1%, more preferably about 0.0001% to about 0.5%, by weight per
volume of ophthalmically acceptable medium.

The presently useful quaternary ammonium polymers
preferably have the following repeating unit -

R2 R7

a pa fa
+O-R- NY - Ra-Nv~ R6 >} x

/ R 3 5.

wherein Ri, Ra and R6 are each independently selected from |
alkylene radicals containing 1 to about6 carbon atoms, R2, R3,
Rs5 and R7 are each independently selected from alkyl radicals
containing 1 to about 6 carbon atoms, each Ais independently
selected from ophthalmically acceptable anions, and x is the
number of repeating units in the polymer and is an integer in
the range of about 5 to about 30. A particularly useful
quaternary ammonium polymer has the following repeating unit

CH3 : CH3.

| an . | am
4 O - CHo- CH2 Nt - CHo2 - CH2N* - CH2 - CH2> x

curs H3

The number of repeating units per polymer molecule,

represented by x, is more preferably about 8 to about 30,

especially about 14. |

Examples of ophthalmically acceptable anions include
chloride (Cl), bromide, iodide, bisulfate, phosphate, acid
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phosphate, nitrate, acetate, maleate, fumarate, oxalate,

lactate, tartrate, citrate, gluconate, saccharate, p-toluene

sulfonate and the like. The preferred ophthalmically
acceptable anion is Cl’.

In one particularly useful embodiment, the

quaternary ammonium polymer has a molecular weight in the
range of about 500 to about 5000.

Methods for producing the presently useful
quaternary ammonium polymers are described in Buckman et al

U.S. Patent 4,250,269, which patent is hereby incorporated in
its entirety herein by reference. A specific example of a
quaternary ammonium polymer useful in the present invention
is poly (oxyethylene (dimethyliminio) ethylene-
(dimethyliminio) ethylene dichloride), such as that sold by
Buckman Laboratories, Inc. under the trademark WSCP.

The present compositions may include other, e.g.,
complementary and/or potentiating, antimicrobial agents.
Examples of such other antimicrobial agents include, but are
not limited to, thimerosal, sorbic acid, 1.5-pentanedial,
alkyl triethanolamines, boric acid, ophthalmically acceptable
salts of any of the above, 3-chloroallyl-3, 5, 7, triaza-1-
azonia adamantine chloride, phenylmercuric salts and mixtures

thereof. Ophthalmically acceptable saits may include one or
more ophthalmically acceptable anions, e.g., as noted above,
or ophthalmically acceptable cations, in particular alkali and
alkali metal cations. Materials which provide more than one
beneficial or desired property to the present compositions may
also be included. For example, certain combinations of
quaternary ammonium compounds which possess both antimicrobial
activity and wetting properties may be included. Examples of
such combinations of quaternary ammonium compounds include,
but are not limited to, balanced mixtures of N-alkyl dimethyl
benzyl ammonium chlorides and N-alkyl dimethyl ethylbenzyl
ammonium chlorides. Each of these agents/materials may be
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included in the present compositions in an amount effective
to provide the beneficial or desired property or properties.

The compositions of the present invention include
an ophthalmically acceptable medium, preferably an
ophthalmically acceptable liquid aqueous medium. This medium
often acts as a carrier, e.g., as a solvent, for the other
components in the composition. A material is "ophthalmically
acceptable" if the material can be placed into a mammalian eye
without causing any substantial damage or harm to the eye.
One particularly useful ophthalmically acceptable medium is
water. Preferably, the medium, and in fact the entire
composition, is sterile. | . .

One or more additional components can be included: >
in the present compositions based on the particular
applicationfor which the compositions are formulated. Thus,
the present compositions can be formulated as disinfecting
compositions, cleaning compositions, wetting compositions,
conditioning compositions, soaking compositions and the like.

Also, the present compositions can be formulated to be useful

in performing two or more contact lens caring operations. For
example, a disinfecting/cleaning composition, or a

cleaning/conditioning composition or even an all purpose lens

care composition can be formulated and such multi-functional

compositions are included within the scope of the present
invention. .

The additional component or components included in
the present compositions are chosen to impart or provide at
least one beneficial or desired property to the compositions.
Such additional components may be selected from components
which are conventionally used in one or more contact lens care
compositions. Examples of such additional components include
buffering agents, cleaning agents, wetting agents, nutrient
agents, sequestering agents, viscosity builders, tonicity
agents, contact lens conditioning agents, antioxidants, pH
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adjustors, and the like. These additional components are each
included in the present compositions in an amount effective

to impart or provide the beneficial or desired property to the
compositions. For example, such additional components may be
included in the present compositions in amounts similar to the
amounts of such components used in other, e.g., conventional,
contact lens care products.

Useful buffering agents include, but not limited

to, acetate buffers, citrate buffers, phosphate buffers and
borate buffers. Acids and bases may be used to adjust the pH
of the present compositions as needed.

Useful wetting agents include, but are not limited

to, polyvinyl alcohol, poloxamers, polyvinyl pyrrollidone,
hydroxypropyl methyl cellulose and mixtures thereof.

Useful sequestering agents include, but are not

limited to, disodium ethylene diamine tetraacetate, alkali
metal hexametaphosphate, citric acid, sodium citrate and
mixtures thereof.

Useful tonicity adjustors include, but are not

limited to, sodium chloride, potassium chloride, mannitol,
dextrose, glycerin, propylene glycol and mixtures thereof.

Useful viscosity builders include, but are not

limited to, hydroxyethyl cellulose, hydroxy methyl cellulose,
polyvinyl pyrrolidone, polyvinyl alcohol and mixtures thereof.

Useful antioxidants include, but are not limitedto,
sodium metabisulfite, sodium thiosulfate, N-acetylcysteine,
butylated hydroxyanisole, butylated hydroxytoluene and
mixtures thereof.

In a particularly useful embodiment, the quaternary
ammonium polymer-containing composition further includes at
least one enzyme effective to remove debris from a contact
lens. Among the types of debris that form on a contact lens
during normal use are protein-based debris, mucin-based
debris, lipid-based debris and carbohydrate-based debris. One
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or more types of debris may be present on a single contact
lens. :

The enzyme employed may be.selected from enzymes
which are conventionally employed in the enzymatic cleaning

of contact lenses. Forexample, many of the enzymes disclosed
in Huth et al U.S. Patent RE 32,672 and Karageozian et al U.S.
Patent 3,910,296 are useful in the present invention. Each

of these patents is incorporated in its entirety by reference
herein. Among the useful enzymes are those selected from
proteolytic enzymes, lipases and mixtures thereof.

-Preferred proteolytic enzymes are those which are

substantially free of sulfhydryl groups or. disulfide bonds.
Metallo-proteases, those enzymes which contain a divalent
metal ion such as calcium, magnesium or zinc bound to the

protein, may alsobe used.
“A more preferred group of proteolytic enzymes are

the serine proteases, particularly those derived from Bacillus
and Streptomyces bacteria and Asperigillus molds. Within this
grouping, the still more preferred enzymes are the derived

alkaline proteases generically called subtilisin enzymes.
Reference is made to Deayl, L., Moser, P.W.. and Wildi. B.S.,
"Proteases of the Genus Bacillus, II Alkaline Proteases",
Biotechnology and Bicengineering, Vol. XII, pp 213-249 (1970)
and Keay, L. and Moser, P.W., "Differentiation of Alkaline
Proteases form Bacillus Species" Biochemical and Biophysical

Research Comm., Vol 34, No. 5, pp 600-604, (1969).

' fhe subtilisin enzymes arebroken down onto two sub-

classes, subtilisin A and subtilisin B. In the subtilisin A
grouping are enzymes derived from such species as B. subtilis,
B. licheniformis and B. pumilis. Organisms in this sub-class
produce little or no neutral protease or amylase. The
subtilisin B sub-class is made up of enzymes from such

organisms as B. subtilis, B. subtilis var. amylosacchariticus,
B. amyloliquefaciens and B. subtilis NRRL B3411. These
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organisms produce neutral proteases and amylases on a level

about comparable to their alkaline protease production. One

or more enzymes from the subtilisin A sub-class are

particularly useful.

In addition other preferred enzymes are, for

example, pancreatin, trypsin, collaginase, keratinase,

carboxylase, aminopeptidase, elastase, and aspergillo-

peptidase A and B, pronase E (from S. griseus) and dispase

(from Be polymyxa).
An effective amount of enzyme is to be used in the

practiceof this invention. Such amount will be that amount

which effects removal in a reasonable time (for example
overnight) of substantially all of at least one type of debris
from a lens due to normal wear. This standard is stated with

reference to contact lens wearers with a history of normal
pattern of lens debris accretion, not the very small group who
may at one time or another havea significantly increased rate
of debris accretion such that cleaning is recommended every
day, or every two or three days.

The amount of enzyme required to make an effective

cleaner will depend on several factors, including the inherent
activity of the enzyme, and the excipient it contains.

AS a basic yardstick, the working solution should
contain sufficient enzyme to provide about 0.001 to about 3

Anson units of activity, preferably about 0.01 to about 1

Anson units, per single lens treatment. Higher or lower
amounts may be used.

Enzyme activity is pH dependent. Thus, for any given

enzyme, there is a particular pH range in which that enzyme
will function best. The determination of such range can
readily be done by known techniques.

The present compositions may be used in the care of

a contact lens, e.g., to disinfect the lens, to preserve the
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-lens, to otherwise treat the lens and/or to make wearing the
lens safe and comfortable. The present compositions,

formulated appropriately, may be used in conventional contact
lens care regimens by using the present compositions in place
of prior conventional compositions. In many instances, these
contact lenscare regimens involve contacting the lens with
the present composition in an amount, and at conditions,

effective to obtain the beneficial or desired contact lens

care result. For example, a contact lens to be disinfected
may be contacted with a disinfecting composition, e.g.,
aqueous solution, according to the present invention,

preferably at a temperature in the range of about o°cto about
100°C, more preferably in the range of about 10°C to about 60°
C and still more preferably in the range of about 15°c to
about 30°C. Contacting at or about ambient temperature is
very convenient and useful. The contacting preferably occurs

at or about atmospheric pressure. The contacting preferably
occurs for a time to substantially disinfect the lens being

treated. Such contacting times can be in the range of about

1 minute to about 12 hours or more.

After this contacting, the disinfected contact lens

can be taken from the composition and placed directly in an
eye, e.g., a human eye, for safe and comfortable wear.
Alternately, after being disinfected, the contact lens can be -

contacted with a second medium; e.g., a liquid aqueous medium
such as a preserved isotonic saline solution, prior to being
placed in the eye of the wearer of the disinfected contact
lens. oo

The contact lens care compositions disclosed herein

are adaptable for use in most types of contact lens care

equipment, such as ultrasonic cleaners and the like.
The following examples are set out to illustrate,

but not limit, the scope of this invention.
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EXAMPLES 1 TO 4

A series of four (4) compositions were prepared by
blending the constituents together. These compositions were
as follows:

Ss CONSTITUENT COMPOSITION (3) (4)
1 2 3 4

ftonene polymer (1)
concentrate, wt.% 0.05 0.01 0.01 0.01

10 .

~ Disodium ethylene diamine
tetraacetate, wt.% 0.10 0.10

Sodium chloride, wt% 0.67 0.67 0.60 0.55
15 ,

— Boric acid, wt.% 0.39 0.39 0.39 0.39
Sodium Borate

. Decahydrate NF, wWt.% 0.20 0.20 0.20 0.20
20 :

— Nonionic surfactant?)
wt.% 0.10

Hydroxyethyl
25 cellulose NF, wt.% 0.40

Purified water, USP Os Os Os Os

30 (1) A concentrate containing 60% by weight of poly
(oxyethylene (dimethyliminio)-ethylene
(dimethyliminio) ethylene dichloride) sold under
the trademark WSCP by Buckman Laboratories, Inc.

- 35 (2) A nonionic surfactant containing polyoxyethylene-
polyoxypropylene block copolymer and sold under the
trademark Pluronic F 127 by BASF Wyandotte
Corporation.

40 (3) Hydrochloric acid and sodium hydroxide were
added to give a pH within the range of 7.3 to 7.5.

(4) Compositions 1 and 2 were formulated as borate
buffered saline solutions. Composition 3 was

4545 formulated as a soft contact lens disinfecting
Solution. Composition 4 was formulated as an eye
rewetting solution.
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Each of these compositions was tested for

preservative efficacy and passed the USP preservative efficacy
criteria. O

These results demonstrate that certain quaternary

ammonium polymers, as described herein, at concentrations
ranging from 60 ppm to 300 ppm by weight are effective
antimicrobial preservatives for contact lens care products.

Composition 3 is quite effective as a contact lens

disinfecting solutionin a standard contact lens care regimen,
with or without simultaneous or sequential enzymatic lens
cleaning as part of the regimen.

EXAMPLE 5

Composition 3, described above, is used to disinfect

a conventional soft contact lens as follows. 7.5 ml of the

composition is provided at room temperature. The contact lens

to be disinfected is placed in the composition. Four hours

after the contact lens is first introduced into the
composition, it is removed from the composition and placed

directly into the wearer's eye. It is found that after four

hours, the contact lens is effectively disinfected. Also, the

lens wearer experiences no discomfort or eye irritation form
wearing the disinfected contact lens. Alternately, after the

contacting for four hours noted above, the disinfected contact

lens is rinsed with preserved or non-preserved sterile

isotonic saline solution prior to placing the disinfected lens

in the wearer's eye. The lens wearer experiences no

discomfort or eye irritation from wearing the disinfected
contact lens.

. ' EXAMPLE 6

Example 5 is repeated except that about 50 ppm by

weight of subtilisin A, based on the total weight of the
Composition 3 used, is added at the same time the contact lens
to be disinfected is added to the composition. Four hours

after the contact lens is first introduced into the
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composition, it is removed from the composition, rinsed with

Composition 3, or with preserved or non-preserved sterile

isotonic saline solution, and placed directly into the

wearer's eye. It is found that after four hours, the contact
lens is effectively disinfected and cleaned of protein-based

debris. Also, the lens wearer experiences no discomfort or

eye irritation from wearing the disinfected and cleaned

contact lens.

_ While this invention has been described with respect
to various specific examples and embodiments, it is to be
understood that the invention is not limited thereto and that

it can be variously practiced within the scope of the
following claims.
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WHAT IS CLAIMED IS:

1. A method for disinfecting a contact lens

comprising:

contacting a contact lens to be disinfected

with a substantially non-oxidative composition including an

effective disinfecting amount of an ophthalmically acceptable,
quaternary ammonium polymer selected from the group consisting
of ionene polymers containing an oxygen atom covalently bonded

to two carbon atoms and mixtures thereof, at conditions to
effectively disinfect said contact lens to be disinfected.

2. The method of claim 1 wherein said composition

includes a liquid aqueous medium.

3. The method of claim 2 wherein said quaternary

ammonium polymer is present during said contacting in an

amount in the range of about 0.00001% to about 1% by weight
per volume of said liquid aqueous medium.

4. The method of claim 2 wherein said contact lens

after being disinfected is contacted with a second liquid
aqueous medium prior to being placed in the eye of the wearer
of said contact lens.

5. The method of claim 1 which further comprises
contacting said contact lens to be disinfected or the

_ disinfected contact lens in a liquid medium with at least one

enzyme capable of removing debris from a contact lens in an
amount effective to remove debris from said contact lens to

be disinfected or the disinfected contact lens.

6. The method of claim 5 wherein said contact

lens-quaternary ammonium polymer contacting and said contact

lens-enzyme contacting occur at substantially the same time.

7. The method of claim 1 where said quaternary

ammonium polymer has a molecular. weight in the range of about
500 to about 5000.
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8. The method of claim 1 wherein said quaternary
ammonium polymer has a repeating unit

R2 R7

A A”
+ +

+ O-Ri- NT - Ra-N"- R64 x
R3 5

wherein R1, R4 and R6 are each independently selected from the
group consisting of alkylene radicals containing 1 to about
6 carbon atoms, R2, R3, R5 and R7 are each independently
selected from alkyl radicals containing 1 to about 6 carbon

atoms, each A” is independently selected from the group
consisting of ophthalmically acceptable anions, and x is the

number of said repeating units in said quaternary ammonium
polymer and is an integer in the range of about 5 to about 30.

9. The method of claim 1 wherein said quaternary
‘ammonium polymer has a repeating unit

CH3 CH3

AT AT

+ 0 - CH2 - CH? NY CH2 - CH2 N* - CH2 - CH2+ x
CH3 3

wherein each A’ is independently selected from the group
consisting of ophthalmically acceptable anions, and x is the

number of said repeating units in said quaternary ammonium
polymer and is a integer in the range of about 8 to about 30.

10. The method of claim 9 wherein each A™ is Cl™ and
x is about 14. ,

11. The method of claim 1 wherein said quaternary
ammonium polymer is poly (oxyethylene (dimethyliminio)
ethylene dimethyliminio) ethylene dichloride.

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 242

tak



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 243

WO 91/09523 PCT/US90/07479

19

12. A method for preserving an ophthalmically

acceptable medium comprising:
contacting a substantially non-oxidative

ophthalmically acceptable medium with an effective preserving
amount of an ophthalmically acceptable, quaternary ammonium
polymer selected for the group consisting of ionenepolymers
containing an oxygen atom covalently bonded to two carbon
atoms and mixtures thereof, at conditions to effectively
preserve said substantially non-oxidative,. ophthalmically
acceptable medium. .

- 13. The method of claim 12 wherein’ said

substantially non-oxidative, ophthalmically acceptable medium
is useful in caring for a contact lens.

14. The method of claim 13 wherein said

ophthalmically acceptable medium is sterile.
15. The method of claim 12 wherein’ said

ophthalmically acceptable medium is a liquid © aqueous
medium.

16. The method of claim 12 wherein said quaternary
ammonium polymer is present during said contacting in an

amount in the range of about 0.00001% to about 1% by weight

per volume of said ophthalmically acceptable medium.

17. The method of claim 12 where said quaternary

ammonium polymer has a molecular weight in the range of about
500 to about 5000. _

18. The.method of claim 12 wherein said quaternary
ammonium polymer has a repeating unit

R2 R7

| AT | AT
+ O- Ri- NY - Ra-N" - Ro > x

R3 _ RS
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wherein Ri, R4 and R6 are each independently selected from the

group consisting of alkylene radicals containing 1 to about

6 carbon atoms, R2, R3, R5 and R7 are each independently

selected from alkyl radicals containing 1 to about 6 carbon

atoms, each A” is independently selected from the group
consisting of ophthalmically acceptable anions, and x is the

number of said repeating units in said quaternary ammonium

polymer and is an integer in the range of about 5 to about 30.

19. The method of claim 12 wherein said quaternary

ammonium polymer has a- repeating unit

CH3 CH3

AT AT

+ O —- CH2- CH2 NT - CHo - CHoN* - CH2 - CH23 x
3 3

wherein each A’ is independently selected from the group
consisting of ophthalmically acceptable anions, and x is the
number of said repeating units in said quaternary ammonium
polymer and is a integer in the range of about 8 to about 30.

20. The method of claim 19 wherein each A” is Cl™

and x is about 14.

21. The method of claim 12 wherein said quaternary
ammonium polymer is poly (oxyethylene (dimethyliminio)
ethylene dimethyliminio) ethylene dichloride.

22. A composition useful for disinfecting a contact

lens comprising an ophthalmically acceptable, liquid aqueous
medium and, included therein, an effective disinfecting amount
of an ophthalmically acceptable, quaternary ammonium polymer
selected from the group consisting of ionene polymers
containing an oxygen atom covalently bonded to two carbon

atoms and mixtures thereof, said composition being
substantially non-oxidative.
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23. The composition of claim 22 wherein said

composition issterile.
24. The composition of claim 22 wherein said

quaternary ammonium polymer is present in an amount in the
range of about 0.00001% to about 1% by weight per volume of |
said ophthalmically acceptable liquid aqueous medium.

25. The composition of claim 22 which further

comprises at least one enzyme capable of removing debris from

a contact lens in an amount effective to remove debris from
a debris laden contact lens. ;

26. The composition of claim 22 where said
quaternary ammonium polymer. has a molecular weight in the
range of about 500 to about 5000.

27. The composition of claim 22 wherein said polymer
quaternary ammonium polymer has a repeating unit

R2 R7
5 | A OL wT

+ +

4 O- Ri- N"- R4-N"- RG} x
R3 Rs

wherein R1, R4 and Rg are each independently selected from the
10 group consisting of alkylene radicals containing 1 to about

6 carbon atoms, R2, R3, RS and R7 are each independently
selected from alkyl radicals containing 1 to about 6 carbon
atoms, each A” is independently selected from the group
consisting of ophthalmically acceptable anions, and x is the

is number ofsaid repeating units in-said quaternary ammonium
polymer and is an integer in the range of about 5 to about 30.
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28. The composition of claim 22 wherein said
quaternary ammonium polymer has a repeating unit

CH3 CH3

A” | a
+ 0 - CH2 - CH2 N* - CH2 - CH2 NT - CH2 - CH2}+ x

CH3 3

wherein each A™ is independently selected from the group

consisting of ophthalmically acceptable anions, and x is the
number of said repeating units in said quaternary ammonium
polymer and is a integer in the range of about 8 to about 30.

29. The composition of claim 28 wherein each A” is
Cl”™ and x is about 14.

30. The composition of claim 22 wherein said
quaternary ammonium ' polymer is poly (oxyethylene
(dimethyliminio) ethylene dimethyliminio) ethylene dichloride.

31. A preserved composition comprising an

ophthalmically acceptable medium and, included therein, an
effective preserving amount of an ophthalmically acceptable,
quaternary ammonium polymer selected from the group consisting
of ionene polymers containing an oxygen atom covalently bonded
to two carbon atoms and mixtures thereof, said composition

being substantially non-oxidative.

32. The composition of claim 31 wherein said

composition is sterile.

33. The composition of claim 31 wherein said

ophthalmically acceptable medium is useful in caring for a
contact lens.

34. The composition of claim 31 wherein said
ophthalmically acceptable medium is a liquid aqueous
medium.

35. The composition of claim 31 wherein said

quaternary ammonium polymer is present during said contacting
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in an-amount in the range of about 0.00001% to about 1% by
weight per volume of said ophthalmically acceptable medium.

36. The composition of claim 31 wherein said
quaternary ammonium polymer has a molecular weight in the
range of about 500 to about 5000.

37. The composition ofclaim 31 wherein said polymer
quaternary ammonium polymer has a repeating unit

7 . R2 _ RT
5 | . Ea | av

4+ O-Ri- Nt- R4-N'- R6> x
ks ks

wherein R1, R4 and Rg are each independently selected from the
10 group consisting of alkylene radicals containing 1 to: about

6 carbon atoms, R2, R3, R5 and R7 are each independently
selected from alkyl radicals containing 1 to about 6 carbon

-atoms, each A is independently selected from the group.
consisting of ophthalmically acceptable anions, and x is the

15 number of said repeating units in said quaternary ammonium
polymer and is an integer in the range of about 8 to about 30.

- 38. The composition of claim 31- wherein said
quaternary ammonium polymer has a repeating unit

CH3 CH3

5 . AT AT
+0- CH2 - CH2 N* - CH2 - CHa Nt - CH2 - CH2+ x

CH3 CH3
wherein each A is independently selected from the group
‘consisting of ophthalmically acceptable anions, and x is the

10 number of said repeating units in said oxygen-containing
ionene polymer and is a integer in the range of about 8 to
about 30.
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39. The composition of claim 38 wherein each A’ is
Cl™and x is about 14. :

40. The composition of claim 31 wherein said

quaternary ammonium polymer is poly (oxyethylene
(dimethyliminio) ethylene dimethyliminio) ethylene dichloride.
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TOPICAL OPHTHALMIC FORMULATIONS CONTAINING DOXEPIN DERIVATIVES FOR TREAT-
ING ALLERGIC EYE DISEASES

BACKGROUNDOFTHEINVENTION

Field of the | i

The presentinvention relates to topical ophthalmic formulations used for

treating allergic eye diseases, such asallergic conjunctivitis, vernal conjunctivitis,

vernal keratoconjunctivitis, and giant papillary conjunctivitis. More particularly, the

presentinvention relates to therapeutic and prophylactic topical use of 11-(3-

dimethylaminopropylidene)-6,11-dihydrodibenz[b,e]oxepin-2-acetic acid for treating

and/or preventing allergic eye diseases.

Descriptionofthe Related Art

As taughtin U.S. Patent 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 11-(3-dimethylaminopropylidene)-6,11-

dihydrodibenz[b,eJoxepine-2-carboxylic acid and 11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,e]oxepine-2(E)-acrylic acid, have antihistamine and

antiasthmatic activity. These two patents classify the carboxylic acid derivatives of

doxepin as mastcell stabilizers with antihistaminic action because they are believed

to inhibit the release of autacoids(i.e., histamine, serotonin, and thelike) from mast

cells and to inhibit directly histamine'’s effects on target tissues. The Burroughs

Wellcome Patents teach various pharmaceutical formulations containing the

carboxylic acid derivatives of doxepin; Example8(I) in both of the patents discloses

an ophthalmic solution formulation.
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Although both of the Burroughs Wellcome Patents claim that the variety of

pharmaceutical formulations disclosed are effective both for veterinary and for
human medical use, neither patent contains an example demonstrating that the

carboxylic acid derivatives of doxepin haveactivity in humans. Example 7 in the

Burroughs Wellcome Patents demonstrates antihistamine activity in male guinea

pigs and Example G demonstrates anaphylactoid activity in Wistarrats.

It is now well established, however, that the types of mast cells which exist in

rodents are different from those in humans. See, for example,THELUNG:

ScientificFoundations, Raven Press, Ltd., New York, Ch. 3.4.11 (1991). Moreover,

mast cell populations exist within the same speciesthatdiffer in phenotype,

biochemical properties, functional and pharmacological responses and ontogeny.

These recognized differences in mast cells both between andwithin species are

referred to as mast cell heterogeneity. See for example,Irani et al., "Mast Cell

Heterogeneity,” Clinical and Experimental Allergy, Vol. 19, pp. 143-155 (1989).

Becausedifferent mast cells exhibit different responses to pharmacological agents,it

is not obvious that compoundsclaimed to be anti-allergic ("mast cell stabilizers") will

haveclinicalutility in specific mast cell populations. The assumption that mastcells

are a homogeneouspopulation and that therefore the effects of anti-allergic drugs

observed in experiments in rat mast cells would be predictive of those in human cells

is known to be incorrect. Church, "Is inhibition of Mast Cell Mediator Release

Relevant to the Clinical Activity of Anti-Allergic Drugs?," Agents and Actions, Vol. 18,

3/4, 288-293, at 291 (1986).

Examplesexist in the art in which mast cell stabilizing drugs inhibit only select

populations of mast cells. Disodium cromoglycate is an anti-allergic drug whose

local effects are believed to be dueto inhibition of mast cell degranulation (Church,

Agents and Actions, at 288). This drug was showntoinhibit rodent mastcell

degranulation. In humantrials, 100 uM of the drug inhibited mastcells obtained

from bronchoalveolar lavagefluid. In dispersed human lung mastcell preparations,
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1000 uM of the drug was requiredto inhibit only 25% to 33% of histamine release.

Finally, histamine release from humanskin mast cells was notinhibited at all by
disodium cromoglycate. Pearceetal., "Effect of Disodium Cromoglycate on Antigen

Evoked Histamine Release in Human Skin," Clinical Exp. Immunol., Vol. 17, 437-440

(1974); and Clegg et al., "Histamine Secretion from Human Skin Slices Induced by

Anti-igE and Artificial Secretagogues and the Effects of Sodium Cromoglycate and

Salbutanol," Clin. Allergy, Vol. 15, 321-328 (1985). These data clearly indicate that

classification of a drug as an anti-allergic does not predict that the drug possess

canhibitory effects on all mast cell populations.

Topical ophthalmic formulations which contain drugs having conjunctival mast

cell activity may only need to be applied once every 12-24 hours instead of once

every 2-4 hours. One disadvantage to the ophthalmic use of reported anti-allergic

drugs whichin fact have no human conjunctival mastcell stabilizing activity is an

increased dosage frequency. Becausethe effectiveness of ophthalmic formulations

containing drugs which do not have conjunctival mastcell activity stems primarily

from a placeboeffect, more frequent dosesaretypically required than for drugs

which do exhibit conjunctival mastcell activity.

U.S. Patent 5,116,863, assigned to Kyowa Hakko Kogyo Co., Ltd., ("the

Kyowa patent"), teaches that acetic acid derivatives of doxepin and, in particular, the
cis form of the compound having the formula
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(i.e., Z-11-(3-dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic

acid), have anti-allergic and anti-inflammatory activity.

The Kyowa patent demonstratesanti-allergic activity and anti-inflammatory

activity in Wistar male rats. Medicament forms taught by the Kyowa patentfor the

acetic acid derivatives of doxepin include a wide range of acceptable carriers;

however, only oral and injection administration forms are mentioned. In the

treatmentof allergic eye disease, such as allergic conjunctivitis, such administration

methods require large doses of medicine.

Whatis neededare topically administrable drug compounds which have

demonstrated stabilizing activity on mast cells obtained from human conjunctiva, the

target cells for treating allergic eye diseases. What is also neededarelocal

administration methodsfor the treatmentofallergic eye disease.

SummaryoftheInvention

The present invention provides a method for treating an allergic eye disease

characterized by administering to the eye a topical ophthalmic formulation which

contains a therapeutically effective amountof 11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,e]oxepin-2-acetic acid (referred to as "Compound A"

hereinafter) or a pharmaceutically acceptable salt thereof. The formulation may

contain the cis isomer of Compound A (Z-11-(3-dimethylaminopropylidene)-6,11-

dihydrodibenz[b,e]oxepin-2-acetic acid), the trans isomer of Compound A (E-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid), or a

combination of both the cis and the frans isomers of Compound A, and unless

specified otherwise,"1 1-(3-dimethylaminopropylidene)-6,11-

dihydrodibenz[b,e]oxepin-2-acetic acid" or "Compound A" meansthe cis isomer, the

trans isomer or a mixture of both. "Cis isomer" meansthe cis isomer substantially

free of the trans isomer,"trans isomer" meansthe trans isomer substantially free of
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the cis isomer. One isomeris "substantially free" of the other isomerif less than

about two percentof the unwanted isomeris present.

Compound A has human conjunctival mastcell stabilizing activity, and may

be applied as infrequently as onceortwice a day in some cases. In additionto its

mastcell stabilizing activity, Compound A also possessessignificant antihistaminic

activity. Thus, in addition to a prophylactic effect, Compound A will also have a

therapeutic effect.

Detailed Descriptionofthe Inventi

CompoundAis a known compoundandboth the cis and the trans isomers of

CompoundA can be obtained by the methods disclosed in U.S. Patent No.

5,116,863, the entire contents of which are hereby incorporated by referencein the

present specification.

Examplesof the pharmaceutically acceptable salts of CompoundA 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 astriethylamine addition salt (also Known as

tromethamine), morpholine addition salt and piperidine addition salt.

Theinhibitory effects of reported anti-allergic, mast cell stabilizing drugs on

mast cells obtained from human conjunctiva (the target cells for topical ophthalmic

drug preparations claimed usefulin treating allergic conjunctivitis) were tested

according to the following experimental method. Human conjunctival tissues

obtained from organ/tissue donors were weighed and transferred to petri dishes
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containing RPMI 1640 culture medium supplemented with heat inactivated feta!

bovine serum (20%,v/v), L-glutamine (2mM), penicillin (100 units/ml), streptomycin
(100 pg/ml), amphotericin B (2.5ug/ml) and HEPES (10mM) and equilibrated

overnight at 37°C (5% CO,).

Post equilibration, tissues were placed in Tyrode's buffer (in mM: 137 NaCl,

2.7 KCI, 0.35 Na H,PO,, 1.8 CaCl, 0.98 MgCl., 11.9 Na HCO;, 5.5 glucose)

containing 0.1% gelatin (TGCM) and incubated with 200U eachof collagenase

(Type IV) and hyaluronidase (TypeI-S) per gram oftissue for 30 minutes at 37°C.

Following enzyme digestion, tissues were washed with an equal volume of TGCM

over Nitex® filter cloth (Tetko, Briarcliff Manor, NY). Intact tissues were placed in

TGCMforfurther enzymatic digestions.

Thefiltrate obtained from each digestion was centrifuged (825 g, 7 minutes)

and pelleted cells were resuspendedin calcium/magnesium free Tyrode's buffer

(TG). Pooled cells from all digestions were centrifuged (825 g, 30 minutes) over a

1.058 g/L Percoll® cushion. Mastcell enriched cell pellets were resuspended and

washedin TG buffer. Viability and numberof mast cells were determined byvital

dye exclusion andtoluidine blue 0 staining of the harvested cell suspensions. Mast

cell containing preparations were placed in supplemented RPMI 1640 culture

medium and allowed to equilibrate at 37°C prior to challenge with anti-human IgE

(goat derived IgG antibody).

Cell suspensions containing 5000 mast cells were added to TGCM containing

tubes and challenged with anti-human IgE. Thefinal volume of each reaction tube

was 1.0 mL. Tubes were incubated at 37°C for 15 minutes post challenge. The

release reaction was terminated by centrifugation (500 g, 7 minutes). Supernatants

were collected and stored (-20°C) until mediator analyses.

Initially, supernatants were analyzed for histamine content by both the

automatedfluorimetric method described by Siraganian, "An Automated Continuous

Flow System for the Extraction and Fluorometric Analysis of Histamine," Anal.

6
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Biochem., Vol. 57, 383-94 (1974), and a commercially available radioimmunoassay

(RIA) system (AMAC, Inc., Westbrook, ME). Results from these assays were

positively correlated (r = 0.999): therefore, the remainder of histamine analyses

were performedbyRIA.

Each experimentincluded an anti-human IgE (plus vehicle) positive release

control, a spontaneous/vehicle release and a total histamine release control. Total

histamine release was determined by treatment with Triton X-100® (0.1%). The

experiments also included a non-specific goat IgG control. Test compounds are

administered to the mastcell cultures either 1 or 15 minutes before stimulation with

anti-human IgE. Inhibition of histamine release resulting from challenge of drug

treated mast cells was determined by direct comparison with histamine release from

vehicle treated, anti-lgE challenged mast cells using Dunnett's t-test (Dunnett, "A

multiple comparison procedure for comparing treatments with a control, "J. Amer.

Stat Assoc., Vol. 50, 1096-1121 (1955)). The results are reported in Table 1, below.

As Table 1 clearly shows,the anti-allergic drugs disodium cromoglycate and

nedocromil failed to significantly inhibit human conjunctival mast cell degranulation.

In contrast, Compound A (cis isomer) produced concentration-dependentinhibition

of mast cell degranulation.
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Table 1

Compound Effect on Histamine Release from Human Conjunctival Tissue
Mast Celis upon anti-Human igE Challenge.

tTaa
 
*p<0.05, Dunnett's t-test
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Dunnett'st-test, is a statistical test which compares multiple treatment groups

with one control group. In the assay described above, histamine released from drug

treated mast cells are compared to histamine released from the anti-human IgE pius

vehicle treated mast cells which serve as the positive control. Statistically significant

inhibition is determined using this procedure. The probability level of 0.05 is

acceptedasthe level of significance in biomedical research. Data indicated as

significant have a low probability (0.05) of occurring by chance, indicating that the

inhibition observed is an effect of the drug treatment.

The effects of the cis and trans isomers of CompoundA on histamine release

from human conjunctival tissue mast cells upon anti-human IgE challenge are

compared in Table 2. The same experimental method used in Table 1 was usedin

Table 2. The results in Table 2 indicate that there is no statistically significant

difference between the conjunctival mastcell activity of the two isomers at the

indicated doselevel.

Table 2

Isomeric Effect of Compound A on In-Vitro Histamine Release
from Human Conjunctival Tissue

Mast Cells upon anti-Human IgE Challenge.

Compound Dose Treatment Inhibition
(uM) (min) (%)

SSN SOaT| CompoundA(trans)a
*p< 0.05, Dunnett's t-test compared to anti-IgE positive control.
_ Not significantly different; p > 0.05 Studentized Range comparisonof indicated doses

 
  

 

Thetopical activity of Compound A wastested in a passive anaphylaxis

assay performed in rat conjunctiva. This assay indicates whethera topically applied

compound effectively prevents or decreases the local allergic responsein the
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conjunctiva. This assay allows an assessmentof bioavailability following topical!

dosing. Briefly, male Sprague Dawley rats (6/group) were passively sensitized by

subconjunctivalinjection of a rat serum containing IgE specific for ovalbumin (OA).

Twenty-four hours post sensitization, test compound preparedin saline (0.9% NaCl)

or saline vehicle was applied topically onto the sensitized eye. Twenty (20) minutes

after dosing, rats were challenged intravenously via the lateral tail vein with 1.0 ml of

a solution containing OA (1.0 mg/ml) and Evans Blue dye (2.5 mg/ml). Thirty (30)

minutes post antigen challenge, animals were killed, skin was reflected, and the size

of the resulting wheal and the intensity of the extravasated dye were determined.

The wheal area multiplied by the dye intensity produced the individual response

score. Scores for each group of animals were compared with the scores of the

saline treated group using Dunnett's test and arelisted in Table 3.

TABLE3

In-Vivo Effects of CompoundA on Passive Conjunctival Anaphylaxis in Rats

 
 
 

 
 

 
  

  
 

 

Compound Conc. Permeability % Change
(%, wiv) Score

(x + S.D.) 
 
Nace
Compound B o2ee |e
Compound [oa_+|itaoaeer«|CCS
Compound A 55 + 56*@
(cis) |
Compound A 43 + 34*@
(trans) |

*p <0.01, Dunnett's test
@ p <0.05, Studentized Range Comparison Procedure,significantly different from Compounds B and C.

 

  

fi
t

;i}

i 

Compound B = (Z)-1 1-(3-Dimethylaminopropylidene)-6, 1 1-dihydrodibenz[b,eJoxepin-2-carboxylic acid
Compound C = (Z)-11-(3-Dimethylaminopropylidene)-6,1 1-dinydrodibenz[b,eJoxepin-2-acrylic acid

Compound A maybe administered to the eye by meansof conventional

topical ophthalmic formulations, such as solutions, suspensions or gels. The

10
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preferred formulation for topical ophthalmic administration of CompoundAis a

solution. The solution is administered as eye drops. The preferred form of

CompoundA in the topical ophthalmic formulations of the present invention is the cis

isomer. A general method of preparing the eye drops of the presentinventionis

described below.

CompoundA and anisotonic agent are addedto sterilized purified water, and

if required, a preservative, a buffering agent, a stabilizer, a viscous vehicle and the

like are added to the solution and dissolved therein. The concentration of

Compound A is 0.0001 to 5 w/v %, preferably 0.001 to 0.2 w/v %, and most

preferably about 0.1 w/v %, based onthesterilized purified water. After dissolution,

the pH is adjusted with a pH controller to be within a range which allows the use as

an ophthalmologic medicine, preferably within the range of 4.5 to 8.

Sodium chloride, glycerin or the like may be used as the isotonic agent; p-

hydroxybenzoic acid ester, benzalkonium chloride or the like as the preservative;

sodium hydrogenphosphate, sodium dihydrogenphosphate, boric acid or the like as

the buffering agent; sodium edetate orthelike as the stabilizer; polyvinyl alcohol,

polyvinyl pyrrolidone, polyacrylic acid orthe like as the viscous vehicle; and sodium

hydroxide, hydrochioric acid or the like as the pH controller.

If required, other ophthalmologic chemicals such as epinephrine, naphazoline

hydrochloride, berberine chloride, sodium azulenesulfonate, lysozyme chloride,

glycyrrhizate andthe like may be added.

The eye drops produced by the above methodtypically need only be applied

to the eyes a few times a day in an amountof oneto several dropsat a time, though

in more severe cases the drops maybe applied several times a day. A typical drop

is about 30 ul.

11
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Certain embodiments of the invention areillustrated in the following

examples.

Example 1: Preferred Topical Ophthalmic Solution Formulation

Ingredient Concentration(W/V%)

Compound AeHC]! 0.111*

Dibasic Sodium Phosphate 0.5
(Anhydrous), USP

Sodium Chloride, USP 0.65

Benzalkonium Chioride 0.01

Sodium Hydroxide, NF q.s. pH = 7.0

Hydrochloric Acid, NF q.s. pH = 7.0

Purified Water q.s. 100

* 0.111% Compound AeHClis equivalent to 0.1% Compound A

12
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Example 2: Topical Ophthalmic Gel Formulation

Ingredient Concentration(W/V%)

Compound AeHCI
0.11*

Carbopol 974 P 0.8

Disodium EDTA 0.01

Polysorbate 80 0.05

Benzalkonium Chloride, Solution 0.01+5 xs

Sodium Hydroxide q.s. pH 7.2

Hydrochloric acid q.s. pH 7.2

Waterfor Injection q.s. 100

* 0.11% Compound AeHCI is equivalent to 0.1% Compound A

13
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WHATIS CLAIMEDIS:

1. A methodfor treating allergic eye diseases comprising topically

administering to the eye a composition comprising a therapeutically effective amount

of 11-(3-dimethylaminopropylidene)-6, 11-dihydrodibenz[b,e]oxepin-2-acetic acid or a

pharmaceutically acceptable salt thereof.

2. The method of Claim 1 wherein the composition is a solution and the

amountof 11-(3-dimethylaminopropylidene)-6,11-dihydrodibenz[b,eJoxepin-2-acetic

acid is from about 0.0001 w/v.% to about 5% (w/v).

3. The method of Claim 2 wherein the amount of 11-(3-

dimethylaminopropylidene)-6, 11-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

4. The method of Claim 3 wherein the amountof 11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid is about

0.1% (w/v).

5. The method of Ciaim 1 wherein the 11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,e]oxepin-2-acetic acid is (Z)-11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,e]oxepin-2-acetic acid, substantially free of (E)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid.

6. The method of Claim 5 wherein the amountof (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.0001 to about 5% (w/v).

14
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7. The method of Claim 6 wherein the amountof (Z)-11-(3-
dimethylaminopropylidene)-6, 1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

8. The method of Claim 7 wherein the amountof (Z)-11-(3-

dimethylaminopropylidene)-6, 11-dihydrodibenz[b,e]oxepin-2-acetic acid is 0.1%

(WN).

9. The method of Claim 1 wherein the 11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,eJoxepin-2-acetic acid is (E)-11-(3-dimethylaminopropylidene)-

6,11-dihydrodibenz[b,e]oxepin-2-acetic acid, substantially free of (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid.

10. The method of Claim 9 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.0001 to about 5% (w/v).

11. The method of Claim 10 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

12. |The method of Claim 11 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,11-dihydrodibenz[b,eJoxepin-2-acetic acid is about

0.1% (w/v).

13. A topically administrable ophthalmic composition for treating allergic

eye diseases comprising a therapeutically effective amountof 11-(3-

dimethylaminopropylidene)-6,11-dihydrodibenz|b,e]oxepin-2-acetic acid, or a

pharmaceutically acceptable salt thereof.

15
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14.|The composition of Claim 13 wherein the amountof 11-(3-
dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.0001 to about 5% (w/v).

15. The composition of Claim 14 wherein the amountof 11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

16. The composition of Claim 15 wherein the amountof 11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid is about

0.1% (w/v).

17. |The composition of Claim 13 wherein the 11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid is (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid,

substantially free of (E)-11-(3-dimethylaminopropylidene)-6,11-

dihydrodibenz[b,ejoxepin-2-acetic acid.

18. The composition of Claim 17 wherein the amountof (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid is from

about 0.0001 to about 5% (w/v).

19. The composition of Claim 18 wherein the amountof (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

20. The composition of Claim 19 wherein the amount of (Z)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is about

0.1% (wiv).

16
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21. The composition of Claim 13 wherein the 11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid os (E)-11-

(3-dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid,

substantially free of (Z)-11-(3-dimethylaminopropylidene)-6,11-

dihydrodibenz[b,ejoxepin-2-acetic acid.

22. The composition of Claim 21 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,11-dihydrodibenz[b,eJoxepin-2-acetic acid is from

about 0.0001 to about 5% (w/v).

23. The composition of Claim 22 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,eJoxepin-2-acetic acid is from

about 0.001 to about 0.2% (w/v).

24. The composition of Claim 23 wherein the amountof (E)-11-(3-

dimethylaminopropylidene)-6,1 1-dihydrodibenz[b,e]oxepin-2-acetic acid is about

0.1% (wiv).

17
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OPHTHALMIC ANTI-ALLERGY COMPOSITIONS SUITABLE FOR USE
WITH CONTACT LENSES

BACKGROUNDOF THE INVENTION

The present invention relates generally to ophthalmic anti-allergy

compositions. In particular, the present invention relates to topical anti-allergy

compositions that can be safely applied by a patient wearing contact lenses.

Ophthalmic formulations generally contain one or more active

compoundsalong with excipients such as surfactants, comforting agents,
complexing agents, stabilizers, buffering systems, chelating agents, viscosity

agents or gelling polymers and anti-oxidants. Ophthalmic‘formulations which

are intended for multidose use require a preservative. Benzalkonium chloride

("BAC") is the most widely used ophthalmic preservative.

Topically administrable multidose ophthalmic products are generally

not suitable for use with contact lenses because the active or the preservative

maybind to or accumulatein the contact lenses, causingirritation or toxic

effects.

Olopatadine is a known anti-allergy drug. See U.S. Patent No.

5,641,805 (Yanni, et al.). PATANOL® brandof olopatadine hydrochloride

ophthalmic solution is marketed as a topical anti-allergy composition.

Emedastine is a known anti-histamine drug. EMADINE® brand of emedastine

difumarate solution is marketed as a topical anti-allergy composition. Like

othertopically administrable anti-allergy products, these compositions are

preserved with BAC. BAC is knownto bind to or accumulate in contact

lenses. Thus,like other topically administrable ophthalmic pharmaceutical

products containing BAC, PATANOL® brand of olopatadine hydrochloride

ophthalmic solution and EMADINE® brand of emedastine difumarate

ophthalmic solution contain in their labelling information precautionary
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instructions to remove contact lenses before use and to wait ten minutes after

administering the product before replacing the lenses. The dosing regimen

for anti-allergy products typically calls for two to four applications a day,
makingit inconvenient for contact lens wearers to treat ophthalmic allergy

symptoms.

Polyquaternium-1, which is used under the trade name Polyquad®,is

one preservative known to be compatible with contact lenses.

Polyquaternium-1 and other polymeric quaternary ammonium compoundsare

used as disinfectants and preservatives in contact lens care andartificial tear

solutions. See, for example, U.S. Patent Nos. 5,037,647; 4,525,346; and

4,407, 791. The currently marketed Opti-Free® brand of contact Jens care

products, including multi-purpose solutions and cleaning solutions, contains

polyquaternium-1 as a disinfectant and preservative.

In addition to contact lens care products, polyquaternium-1 can also be

used as a preservative in certain topically administrable ophthalmic drug

products. U.S. Patent No. 5,603,929 discloses the use of polyquaternium-1 in

combination with boric acid to preserve topically administrable ophthalmic

compositionsof acidic drugs, such as non-steroidal anti-inflammatory drugs.

Althoughthe '929 patent defines suitable ophthalmic drug compounds for use

with the polyquaternium-1 and boric acid preservative system to include

ophthalmically acceptable salts, amides, esters and prodrugs of the many

types of acidic drugs, it does not mention anti- allergy drugs or olopatadinein

particular. See Col. 3, lines 12 -30 of the '929 patent.
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SUMMARY OF THE INVENTION

It has now been discovered that compositions of olopatadine and

emedastine that comprise polyquaternium-1 as a preservative are suitable for

use with contact lenses. The present invention relates to multi-dose, topically

administrable compositions of olopatadine and emedastine containing a

polymeric quaternary ammonium compound, such as polyquaternium-1, as a

preservative. The compositions of the present invention do not contain BAC.

The present invention also relates to a methodfor treating or

controlling ocular allergies in patients wearing contact lenses which comprises
topically administering a composition comprising olopatadine or emedastine

and a polymeric quaternary ammonium compound as a preservative, where

the composition is applied without removing the contact lenses.

DETAILED DESCRIPTION OF THE INVENTION

Olopatadineis (Z)-11-(3-dimethylaminopropylidene)-6,1 1-

dihydrodibenz[b,e]- oxepin-2-acetic acid. Olopatadine can be made using the

methods disclosed in U.S. Patent No. 5, 116,863, the entire contents of which

are hereby incorporated by reference. The concentration of olopatadine in the

compositions of the present invention will range from about 0:0001 to 5

%(w/v), preferably from about 0.001 to 0.25 %(w/v), and mostpreferably from

about 0.1 to 0.25 %(w/v), based on thesterilized purified water. The

olopatadine ingredient may be presentin the form of a pharmaceutically

acceptable salt. Unless indicated otherwise, "olopatadine" as used herein
refers to both olopatadine and its pharmaceutically acceptable salts. The

mostpreferred form of olopatadine is olopatadine hydrochloride. The most

preferred concentration of olopatadine hydrochloride is from about 0.111 to

0.222 %(w/v), which is equivalent to 0.1 to 0.2 %(w/v) olopatadine.

Emedastine's chemical nameis 1-(2-ethoxyethyl)-2-(4-methyl-1-

homopiper-azinyl)-benzimidazole. The ophthalmic use of emedastine is

3
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disclosed in U.S. Patent No. 5,441,958. Emedastine can be made using the

methodsdisclosed in U.S. Patent No. 4,430,343, the entire contents of which

are herebyincorporated by reference. The concentration of emedastine in the

compositions of the present invention will range from about 0.0001 to 1

%(w/v), preferably from about 0.005 to 0.1 %(w/v), and most preferably about

0.05 %(w/v). The emedastine ingredient may be present in the form of a

pharmaceutically acceptable salt. Unless indicated otherwise, "emedastine”

as used herein refers to both emedastine and its pharmaceutically acceptable

salts. The most preferred form of emedastine is emedastine difumarate. The

most preferred concentration of emedastine difumarate is about 0.0884

%(w/v), which is equivalent to 0.05 %(w/v) emedastine.

In addition to olopatadine or emedastine, or a pharmaceutically

acceptable salt thereof, the compositions of the present invention contain a

polymeric quaternary ammonium compoundasa preservative. The polymeric

quaternary ammonium compoundsuseful in the compositions of the present

invention are those which have an antimicrobial effect and which are

ophthalmically acceptable. Preferred compoundsofthis type are described in

US Patents Nos. 3,931,319; 4,027,020; 4,407,791; 4,525,346; 4,836,986;

5,037,647 and 5,300,287; and PCT application WO 91/09523 (Dziaboetal.).

The most preferred polymeric ammonium compoundis polyquaternium-1 ,

otherwise knownas Polyquad® or OnamerM®, with a numberaverage

molecular weight between 2,000 to 30,000. Preferably, the number average

molecular weight is between 3,000 to 14,000.

The polymeric quaternary ammonium compoundsare generally used in

the compositions of the present invention in an amountfrom about 0.00001 to

about 3 %(w/v), preferably from about 0.001 to about 0.1 %(w/v). Most

preferably, the compositions of the present invention contain from about 0.001

to about 0.05 %(w/v) of polymeric quaternary ammonium compounds.

It may be necessary or desirable to add boric acid to the compositions

to achieve desired levels of preservative efficacy. See U.S. Patent No.

4
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5,603,929, the entire contents of which are hereby incorporated by reference.

Theboric acid suitable for use in the compositions of the present invention

includes not only boric acid, but also its ophthalmically acceptable acid
addition salts, as well as borate-polyol complexes of the type described in US

Patent No. 5,342,620 (Chowhan). If present, the amountof boric acid will

generally range from about0.3 to about 5.0 %(w/v).

The compositions of the present invention should have an

ophthalmically acceptable tonicity, such as 260- 320 mOsm/kg, and an

ophthalmically acceptable pH, such as pH 5 -8, and preferably pH 6.8 -7.6.

The topically administrable, multi-dose compositions of the present invention

optionally comprise other excipients, such as tonicity adjusting agents,

buffering agents, chelating agents, and pH adjusting agents. For example,

sodium chloride, mannitol, or the like may be used asthe isotonic agent;

sodium hydrogenphosphate, sodium dihydrogenphosphate, p-hydroxybenzoic

acid ester, boric acid or the like as the buffering agent; sodium edetate or the

like as the chelating agent or stabilizer; and sodium hydroxide, hydrochloric

acid or the like as the pH adjusting agent.

The compositions of the present invention mayalso include viscosity

modifying agents suchas:cellulosic ethers, such as, hydroxypropyl methyl

cellulose (HPMC), hydroxyethyl cellulose (HEC), ethyl hydroxyethyl cellulose,

hydroxypropyl cellulose, methyl cellulose, and carboxymethyl cellulose;

carbomers(e.g. Carbopol®; polyvinyl alcohol; polyvinyl pyrrolidone;alginates;

carrageenans; and guar, karaya, agarose, locust bean, and xanthan gums.

The following examplesare presentedtoillustrate further various

aspects of the present invention, but are not intendedto limit the scope of the

invention in any respect.
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EXAMPLE1

 

A

Olopatadine 0.117 or 0.222
Hydrochloride

400

Polyquaternium-1
Dibasic sodium

phosphate (anhydrous)
HCI/NaOQH S. . .

q.s. to 100%

    
  

  
  
 
 

EXAMPLE 2

Formulationamy)
ngredient@
 Emedastine difumarate 0.0884 0.0884

Nacl q.s. to 260-320 mOsm/kg 0.68

Hydroxypropyl 0.25 0.25
methylcellulose (2910

0.5 0.5

Polyquaternium-1 0.001 — 0.15 0.005
Dibasic Sodium 0.5

Phosphate (Anhydrous)
HCI/NaOH g.s. to pH 7.2 —7.6

Purified Water q.s. to 100% q.s. to 100%

 

 
 

 
  

 
  
 
 
 

 

The invention has been described by reference to certain preferred

embodiments; however, it should be understood that it may be embodied in

other specific forms or variations thereof without departing from its spirit or

essential characteristics. The embodiments described above are therefore

considered to beillustrative in all respects and notrestrictive, the scope of the

invention being indicated by the appended claimsrather than by the foregoing

description.
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WHAT IS CLAIMEDIS:

1. A topically administrable, multi-dose anti-allergy composition suitable

for use by patients wearing contact lenses, wherein the composition

comprising an anti-allergy effective amount of a drug selected from the group

consisting of olopatadine and emedastine; and an ophthalmically acceptable

polymeric quaternary ammonium compound asa preservative, provided that

the composition does not contain benzalkonium chloride.

2. The composition of Claim 1 wherein the drug is olopatadine and the

anti-allergy effective amount of olopatadine is from about 0.0001 to 5 %(w/v).

3. The composition of Claim 2 wherein the anti-allergy effective amountof

olopatadineis from about 0.001 to 0.25 %(w/v).

4. The composition of Claim 3 wherein the olopatadineis olopatadine

hydrochloride and the anti-allergy effective amount of olopatadineis from

about0.1 - 0.25 %(w/v).

5. The composition of Claim 1 wherein the drug is emedastine and the

anti-allergy effective amount of emedastine is from about 0.0001 to 1 %(w/v).

6. The composition of Claim 5 wherein the anti-allergy effective amount of

emedastine is from about 0.005 to 0.1 %(w/v).

7. The composition of Claim 5 wherein the emedastine is emedastine

difumarate and the anti-allergy effective amount of emedastine is about

0.0884 %(w/v).

8. The composition of Claim 1 wherein the polymeric quaternary

ammonium compoundis polyquaternium-1.
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9.- |The composition of Claim 8 wherein the polymeric quaternary

ammonium compoundis present in an amount from about 0.00001 to about 3

%(wiv).

10. The composition of Claim 9 wherein the polymeric quaternary

ammonium compoundis present in an amount from about 0.001 to about 0.1

%(wiv).

11. The composition of Claim 1 wherein the composition further comprises

one or moreingredients selected from the group consisting of tonicity

adjusting agents; buffering agents; chelating agents; pH adjusting agents; and

viscosity modifying agents.

12. A methodfor treating or controlling ocular allergies in patients wearing

contact lenses which comprisestopically administering a composition

comprising an anti-allergy effective amountof a drug selected from the group

consisting of olopatadine and emedastine; and a polymeric quaternary

ammonium compound asa preservative, wherein the composition is applied

without removing the contact lenses and the composition does not contain

benzalkonium chloride.

13.|The method of Claim 12 wherein the drug is olopatadine and the anti-

allergy effective amountof olopatadineis from about 0.0001 to 5 %(w/v).

14.|The method of Claim 13 wherein the olopatadine is olopatadine

hydrochloride and the anti-allergy effective amount of olopatadineis from

about 0.1 to 0.25 %(w/v).

15. |The method of Claim 12 wherein the drug is emedastine and the anti-

allergy effective amount of emedastine is from about 0.005 to 0.1 %(w/v).
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16. The method of Claim 15 wherein the emedastine is emedastine

difumarate and the anti-allergy effective amount of emedastine is about

0.0884 %(w/v).

17.|The method of Claim 12 wherein the polymeric quaternary ammonium

compoundis polyquaternium-1.

18. |The method of Claim 17 wherein the polymeric quaternary ammonium

compoundis present in an amount from about 0.00001 to about 3 %(w/v).

19. The method of Claim 12 wherein the composition further comprises

one or more ingredients selected from the group consisting of tonicity

adjusting agents; buffering agents; chelating agents; pH adjusting agents; and

‘ viscosity modifying agents.
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THE PROCESS OF MANUFACTURING PHARMACEUTICAL COMPOSITION
WITH INCREASED CONTENT OF POORLY SOLUBLE PHARMACEUTICAL
INGREDIENTS

Technical Field

The present invention relates to process
composition with increased
ingredients. Poorly soluble acti

for manufacturing pharmaceutical
content of poorly soluble active. pharmaceutical
ve pharmaceutical ingredients needs larger amount of

inactives to prepare a clear liquid preparation for en¢apsulation into a soft gelatin -
capsule. This necessitatés increase in size of a capsule ‘and/or increase in number of
capsules to be consumed for a therapeutic effect. The present invention relates to
improving the content of poorly soluble active pharmaceutical ingredients in a clear
liquid solution.

According to present invention use of two or
molecular weight along with a dispersing agent li
solution are clear and remainscl
for its self life and beyond.

polyethelene glycol of different
ke vinyl pyrolidone. The resulting

ear evenafter encapsulation in a soft gelatin capsule

BACKGROUNDOF THE INVENTION

Liquid, and especially concentrated{iquid pharmaceutical compositions offer many“advantages over solid compositions, Liquids are easy to swallow and provide an
excellent vehicle for the uniform delivery of pharmaceutical actives. Liquids provide
a rapid onset of pharmacologic action, since the composition does not first have to
disintegrate and dissolve in thé gastrointestinal tract. Concentrated liquid
compositions are ideally suited for encapsulation within a soft gelatin shell, to provide
a portable and easy-to-swallow soft, flexible capsule. Encapsulation would also —
permit the accurate and uniform delivery of a unit dose of a pharmaceuticalactive, an
advantage which becomes especially important when relatively small amounts of an
active are to be delivered. Additionally, soft. gelatin capsules are aesthetically
appealed (especially whenfilled with a transparent liquid) andcan be manufactured in
a wide variety of sizes, shapes, and colors.

However, despite these advantages of liquid compositions,it is not always possible to
prepare a liquid composition of . the desired ‘pharmaceutical active. Many
pharmaceutical actives are poorly soluble and thetefore require relatively large
volumes of solvent for dissolution. Also; the choice of. solvents available for use in
liquid compositions is limited by safety, compatibility, stability, and economic
concerns, Furthermore, tl
pharmaceutical actives is

dilute as to require imp

ne use of large volumes: of solvents for solubilizing
undesirable -because. the resulting solutions would be go

ractically large dosdges for delivering a therapeutically

|

CONFIRMATION COPY
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effective amountofactive. It would th
such large volumes into only one ort
reasonable size for easy swallowing.

us be difficult, ifer otimpossible, to encapsulate
wo gelatin capsiflés and yet have them be of a

 

One approach to overcomingthese solubility problems has been to incorporate water,
watler-miscible co-solvents,:and surfactants -into the compésitions, See, U.S. Pat. No.
4,794,117, to Corbiere, issued Dec. 27, 1988 which- discloses the solubiliazation of
hydrophobic pharmaceuticals in aqueous - solutions of polyethylene glycol at
controlled pH; U.S. Pat. No. 4,690,823, to Lohneratdl, issued Sep. 1; 1987 which
discloses the solubilization of ibuprofen in a mixture of polyethylene glycol and a
surfactant, U.S. Pat. No. 3,784,684, to Bossert’ et al. issued Jan. 8, 1974 which
discloses the solubilization of a pharmaceuticalactive*in a mixture of polyethylene
glycol and an alcohol having 2-8 carbons and 1-3 hydroxy groups; It is desirable to
have poorly soluble drugs like acetaminophen solubilised into 4 clear solutionin. as
high concentration as possible.It typically involves useof organic solvents,
USpatent 5484606 describes the pro
solublize pharmaceutical actives. It
along with polyethylene glycol
5505961 deals with gelatin caps
solution. The invention, involve
acetaminoph

cess for reducing the precipitation of difficult to
used propylene glycol to achieve this purpose

and polyvinyl pyrolidine to achieve this. US patent
ules containing a highly. concentrated acetaminophen
S use ofalkali metal acetate to improve solubility of

en in a solution ‘containing polyethylene: glycol, polypropylene glycon
and water. US patent 5510389 deals with concentrated acetaminophen solution
compositions. Use of propylene glyco! along with polyethylene glycol and polyvinyl
pyrolidine improves solubility. Patent no. 5071643 is for solvent system enhancing
the solubility of pharmaceuticals for encapsulation. It involves use of gelling agents
like sodium stearate, sodium palmitate and -calcium acelate to improve solubility of
pharmaceutical ingredients Into polyethylene glycol, . -

US patent 6287594 discloses oral liquid compositions with improved Bioavailability.
They are designed to provide drugs with minimal gastric irritability wherein ratio of
active drug to polymer based disperging agent is froin about 3:1 to 1:50 w/w. The
resulting solution is found. to be hazy. Polyvinyl pyrolidone is dispersing agentdescribed. The purpose ofinventionis not to provide'a clear solution. -

USpatent 6383515 provides a medicament in concentration of 49% to 70
“%wherein solvent system comprises of low molecular weight polymerand organic
acid. It involves heating as a part of process. The: process may, may not result in a
clearsolution as disclosed in examples. a

US patent 6387400 discloses a process for
pharmaceutically active ingredient relative to fill c
step addition process. In step one a suspension
polyethelene glycol with a molecular weight of 200
solubilizingjt subsequently with hydroxide jon: In step two remaining drug is added
and resulting suspension is solubilized by adding remaining part of hydroxide ion.
Theratio of a drug to fill material by weight is 1:2 and/or'5:9,

improving concentration of a
omposilion. [t comprises: of two
of. part of a drug is made in
daltons to 100,000 daltons ‘and
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US patent 5919, 481 discloses fill material for
translucent, semisolid in nature. It uses poly alkylen
weight of about 600 or less along with cellulose ether

soft gelatin capsule which is
e glycol with average molecular

The US patent 5141961 discloses a process for solubilizing: difficulty soluble
pharmaceutical actives. It uses polyethelene glycol,. polyvinyl pyrolidine and
monohydric alcohols. The ratio of polyethylene glycol to polyvinyl pyrolidine is
about 2.5 to 1. It does not involve use of heat. It does not require use of solvent and
surfactants. :

PCT Application No. W088/02625, to Yu et al., published Apr. 21, 1988 which
discloses the solubilization of an ionized or partly-ionized pharmaceutical active in 9
mixture of water.

The present invention provides a
pharmaceutical substances
substance

available.

process. by which clear solution of poorly soluble
is obtained wherein the ‘amount of pharmaceutical

is increased compared to conventional pharmaceutical compositions

In many instances it may not be possible or desirable to incorporate, water-m{scible
co-solvents, or surfactants into a pharmaceutical compe
miscible co-solvents, such as ethanol, have the disadvantage of being relatively
volatile, thereby resulting in concentration changes in ‘the actives over time. Also,
these co-solvents may not be compatible with the desired pharmaceutical actives. 4
more important disadvantage ofvolatile waler-miscible.co-solvents is that they are
incompatible with soft gelatin capsules. Even though it may be possible to prepare
soft gelatin capsules containing these solvents, overtime the capsules gradually soften
and deform, and develop leaks as these solventsdissolve the soft gelatin shell. Thus, it
would be highly desirable to develop a solubilization. process
solvents are used, it would be highly desirable to develop a pr
water-miscible solvents are ultimately removedfromthé final com

position. For example, water-

waler-miscible co-

ocess in which the
positions,

The present invention uses a combination: of polyethylene glycol with different
molecular weight with polymer and water, Polyethylene glycol(PEG) used as perthe
present invention isa mixture of PEG. with different molecular weights. Polymer is
any polymer, including polyviny! pyrolidone. ‘

The process as per the present invention does not’ wge any alkalizing substance,
surfactant to increase content of poarly, soluble pharmaceutical ingredients as a clear
liquid solution for encapsulationin asoft gelatin capsule, —

As per the present invention it is possible to obtain a’
acetaminophen using PEG and- PVP alone,
acetaminophenis mere than 30%. -

stable clear liquid ‘solution of
wherein the concentration of
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It is not possible to make a clear solution
than 27% without using h
glycol. .
It is therefore an object of the present invention
poorly soluble pharmaceutical actives. Another

provide a solubilization process which does not require hydroxide, alkalizing agent, or
surfactants. A further object of the present invention is to provide pharmaceutical
compositions containing increased poorly soluble pharmaceutical actives.

of acetaminophen to aconcentration more
ydroxide, alkalizing substance; surfactant or propylene

to provide a process for solubilizing
objectof the present invention is to

These and other objects of this invention ‘will become: apparent in light of thefollowing disclosure. oO cs ,

SUMMARYOF THE INVENTION

The invention herein provides for a process “wheréby. the concentration of
pharmaceutically active ingredients is improved in-clearsolution which can be used
for encapsulationin a soft gelatin capsule. This permits theuse of reduced overall fill
volumes or alternatively, higher concentrations: of the active ingredient per dosage
unit or form. ! ,
The process according to the present invention increases the achievable concentration
of pharmaceutically active ingredient in a clear liquid solution which can be used for
encapsulation of soft gelatin capsule comprises use of two or more polyethelene
glycol with different molecular weight and polyvinyl pyrolidone.

Thus there is disclosed process of increasing concentration of pharmaceutica!
ingredient in a clear liquid solution comprising the steps of~|

a Mixing polyethylene glycolofdifferentmolecular weights in the
range of about 40% to about 60% of the total ‘weight.

b. Addition of water while Stirring-to step a.
&. Addition of dispersing agents like polyvinyl pyrrolidine while

Stirring in a range of about 4% to about 8% to the liquid obt
fromstep b. ’

d. Addition of poorly soluble active pharmaceutical ingredients while
stirring to the liquid obtained from.step c.
Heating of a resultant mixture obtained from ste
at temperature not exceeding 90 °C. -

ly cative

ained

p d while stirring

Pharmaceutical active ingredients suitable for use invention including but not limited
to acetaminophen,acetylsalicylic acid, ibuprofen, fenbrprofen, flurbiprofen;
indomethacin, naproxen, and mixture thereof. —

Polyethelene glycols which. can beused in accordance with present invention include
those having molecular weight range from about 200 daltons to about 100000 daltons.
Preferable two polyethelene glycolas per present invention are those having average
molecular weight of 400 daltons and 1000: daltons ,

Polyvinyl!pyrolidone is used in present invention.can also have a wide ranging
molecular weight most preferred poly vinyl pyralidone has molecular weight of about
30,000(k 30) OT
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The heating is required to achieve a clear liquid solution. Heating should not exceed
90°c.It is preferable done between 60°c to 80°c. — , :
The invention providesclear liquid solution with increased contentof active
pharmaceutical ingredient comprising: ,

a. from about 15% to about 40%
pharmaceutical active; .
from about 40% to about 60% of a polyet!

c. from about 4% to about 8% of a polyviny! pyrolidine; and
d. from about 5% to about 10%.water, wherein the ratio of poltethylene

glycol to polyvinyl pyrolidineis from 41 to 15:1.

of at least- one poorly soluble

aylene glycol;

The pharmaceutical composition and soft gelatin capsule made asper present
invention are stable for more than two years under standard. stability conditions and .
selflife SO

DETAILED DESCRIPTION OF THE INVENTION

The polyethylene. glycols useful herein are those awhich are liquids at room
temperature or have a melting point slightly there above. Preferred are the
polyethylene glycols having a molecular weight range from about 300 to about 1000.
More preferred are the polyethylene glycols having a molecular weight range from
about 400 to about 1000. Most preferred is a polyethylene glycol having a molecular
weight of about 600 and 1000.

If only a low molecular weight. PEG is used, the poorly soluble drug are either
become turbid or precipitate. T a high molecular. weight PEG, with poorly soluble
drugs are not forméd a clear liquid. To get clear, concentrated liquid preparation, a
mixture of low and high molecular height PEG are better, ‘therefore, mixtures oftwo
or more polyethylene glycols ofdifferent average molecular weight range can also be
employed in the present invention. ,

The process’for preparing the highly concentratedli quid compositions of the presentinvention comprises adding from about 40% to about 60% polyethylene glycol,

An essential component ofthe present com positions is .polyvinylpyrrolidone PVP"),
whichis a polymerofN-vinyl-2-pyrrolidone

The soluble forms of polyvinylpyrrolidone are
invention. Preferred are soluble polyvinylpyrrolidones having an average molecular
weight in the range from about 2900 to about 1,100,000; more preferred are those
having an average molecular weight in the range from about 9000 to about 45,000;
and mostpreferred are those having an average. molecular weight of about 30,000
(k-30). Moreover, mixtures of two or more soluble polyvinylpyrrolidones of different
average molecular weight can be employed.. ‘ ,

preférred for use ‘in. the present
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The process disclosed in the present invention for preparing the highly concentrated
liquid compositions ofthe instant invention comprises adding from about 4% to about8% of a soluble polyvinylpyrrolidone.

With the use of PVP in combination with PE
solubility of poorly soluble drugs. If heatingig oi
drugs along with PVP and PEG,the solubility 0

Gsthere is a definite increase the
ven to the mixture of poorly soluble
f poorly soluble drugs can be furtherincreased,

EXAMPLE I

Ingredients Quantity per capsule: Quantity for a batch of
(meg) ‘ 0.2 Lac capsule (Kg)

“1, Acetaminophen 325.00 . 6.500
2. Pseudoephedrine hydrochloride 32.25 ° 0.645
3. Chlorpheniramine Maleate 2.15 0.043
4. Polyethylene glycol 400 ~ $10.60 10.212
5. Polyethylene glycol 1000 - 30.00 0.600
6. Purified water 75.00 1.500
7. Poly vinyl pyrolidine 53.00

1.100

Total Weight 1030 meg. 20.600 Kp
Process:

1.500 Kg purified water and add to the PEG 400 after fillering through 80 mesh
stainless steel sieve. To the mixture of PEG 400 and purified water, slowly add 0.600
Kg of polyethylene glycol 1000 with stirring. The resultant mixture is subjected to
heating up to 70 °C. and mix for 10 minutes. Take | 100. KgPoly. vinyl pyrolidine and
pass through 40 meshstainless steel sieve and add slowly to the above mixture with
constant stirring till clear liquid obtains. Take 6 500 Kg of Acetaminophen, 0.645 Kegof Pseudoephedrine hydrochloride and 0.043 Kgof Chlorpheniramine Maleate and
separately pass through a 60 mesh stainless steel sieve with the help of mechanical
vibratory shifter. Add Acetaminophen, Pseudoephedrine hydrochloride _ and
Chlorpheniramine Maleate one after another to the clear liquid obtained above: with
constantstirring. After addition ofall the ingredients, heat the mixture slowly up toamaximum of 90 °C with constant stirring till clear liquid obtained. Filter the clear
liquid through 200 meshstainless steel sieve and allow. the-liquid to cool up to 25 °C.
After cooling, the liquid is subjected to de aerate under a vacuum pressure between
630 mm hg to 670 mm Hg. This liquid is ready for encapsulation in a soft gelatine
shell. All blending and mixing operations are carried out at relative humidity from25% to 35%.

EXAMPLE I
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Ingredients Quantity per capsule

PCT/IB02/03015

Quantity for a batch of
(me) . 0.2 Lac capsule (Kg)

L. Acetaminophen . 325.00. 6.500
2. Pseudoephedrine hydrochloride 32.25 0.645 ©
3. Dextromethorphan Hydrobromide 10.75 0.215
4, Doxylamine Succinate 6.72 0.1344:
5. Polyethylene glycol 400 315.28 | 10.306
6. Polyethylene glycol 1000 30.00 ° 0.600
7. Purified water 75.00 1.500
8. Poly vinyl pyrolidine _ 55.00

1.100

Total Weight 1050 mg 21.000 Kg
Process :

Take 10.306 Kg of polyethylene glycol 400 (PEG400)and fi
stainless steel sieve in to a stainless steel jacketed tank with impeller type stirrer, Take
1.500 Kg purified water and add to the PEG400 after’filtering through 80 mesh
stainless steel sieve. To the mixture of PEG 400 and purified water, slowly add 0.600
Kg of polyethylene glycol 1000 with stirring. The resultant mixture is subjected to
heating up to 70 °C and mixfor 10 minutes. Take 1.100.Ke Poly vinyl pyrolidineand
pass through 40 meshstainless steel sieve and add slowly to the above mixture with
constantstirring till clear liquid obtains. Take 6.500 Kg of Acetaminophen, 0.645 Kg
of Pseudoephedrine hydrochloride, 0.215 Kgof Dextromethorphan Hydrobromide
and 0.1344 Kg of Doxylamine Succinate and separately pass through a 60 mesh
Stainless steel sieve with the help of mechanical Vibratory shifter. Add
Acetaminophen, Pseudoephedrine hydrochloride, Dextromethorphan Hydrobromide
and Doxylamine Succinate one after another to the clear liquid obtained ‘above with
constant stirring. After addition of all the ingredients, heat the mixture slowly up toa
maximumof 90 °C with constant Stirring till clear liquid obtained. Filter the clear
liquid through 200 meshstainless stéel sieve and allow the liquid to cool up to 25 °C.
After cooling, the liquid is subjected to de aerate under a vacuum pressure between
630 mmhg to 670 mm Hg. This liquid is ready for encapsulation in a soft gelatine.
shell. All blending and mixing operations are carried oiit at relative humidity from
25% to 35%.

Iter through 80 mesh

EXAMPLE Mf

Ingredients Quantity per capsule Quantity for a batch of
- (mg) - 0.2 Lac capsule (Kg)

1. Acetaminophen 325.00 | 6.500
2. Pseudoephedrine hydrochloride 32.25 0.645
3. Dextromethorphan Hydrobromide 10.75 0.215
4. Polyethylene glycol 400 512.75 “10.240
5. Polyethylene glyco! 1000 30.06 0.600
6. Purified water 75.00 1.500

7:
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7. Poly vinyl pyrolidine 55.00
1.100 ,

Total Weight 1040 me - 20.800 Kg
Process:

Take 10.240 Kg of polyethylene glycol 400 (PE
stainless steel sieve in to a stainless steel jacketed
1.500 Kg purified water and add to the PEG 400 after filtering through 80 mesh
stainless steel sieve. To the mixture of PEG 400 and purified ‘water, slowly-add 0.600
Kg of polyethylene glycol 1000, with stirring. Tlie resultant mixture is subjected to
heating up to 70 °C and mix for 10 minutes. Take 1.100 Kg Poly vinyl pyrolidine and
pass through 40 meshstainless steel sieve and add slowly io the above mixture with
constantstirring till clear liquid obtains. Take 6.500 Kgof Acetaminophen, 0.645 Kg
of Pseudoephedrine hydrochloride and 0.215 Kgof Dextromethorphan Hydrobromide
and separately pass through a 60 mesh stainless steel sieve with the help of
mechanical vibratory shifter, Add Acetaminophen, Pseudoephedrine hydrochloride
and Dextromethorphan Hydrobromide one after another. to the clear liquid obtained
above with constant stirring. After addition. of all the ingredients, heat the mixture
slowly up to a maximum of 90 °C with constant stirring till Clear liquid obtained.
Filter the clear liquid through 200 meshstainless ‘steelsieve and allow the liquid to
cool up to 25 °C. After cooling, the liquid is subjected’ to ‘de aerate under a vacuum
pressure between 630 mm hg to 670 mm Hg. This liquid-is ready for encapsulationin
a soft gelatine shell. All blending and mixing Operations are carried out ‘at relative
humidity from 25% to 35%. 7

G 400) andfilter through 80 mesh
tank with impeller type stirrer, Take

EXAMPLE IV

Ingredients Quantity per capsule Quantity fora batch of
(mg) - 0.2 Lac capsule (Kg)

1. Acetaminophen 325.00 6.500
2. Pseudoephedrine hydrochloride 32.25 0.645
3. Polyethylene glycol 400 512.75 10.255
4. Polyethylene glycol 1000 30.00 - 0.600
5. Purified water 75.00. 1.500
6. Poly vinyl pyrolidine 55.00:

1.100

Total Weight 1040 ng 20.600 Keg
Process:

Take 10.255 Kg of polyethylene glycol 400 (PEG 400) and filter through 80 mesh
stainless steel sieve in toa stainless-steel jacketed tank with impeller type stirrer, ‘Take
1.500 Kgpurified water and addto the PEG 400 after{iltering through 80 mesh
stainless steel sieve. To the mixture ofPEG 400 and purified water, slowly add 0.600
Kgofpolyethylene glycol 1000 with stirring. The resulfant mixture is‘subjected to
heating up to 70 °C and mix for 10 minutes. Take 1.100'Kg Poly vinyl pyrolidine and
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pass through 40 meshstainless steel sieve and add slow!
constantstirringtill clear liquid obtains. Take 6.500 KK
of Pseudoephedrine hydrochloride and
steel sieve with the help of mechanical

¥ to the above mixture with
gof Acetaminophen, 0.645 Ke

separately pass throtigh a 60 meshstainless
vibratory shifter. Add-A cetaminophen,

Pseudoephedrine hydrochloride one after anotherto the clear liquid obtained above
with constantstirring. After addition of all the ingredients, heat the mixture slowly upto.a maximum of 90 °C with constant stirring till clearliquid obtained.Filter the clear
liquid through 200 mesh stainless steel sieve and.allow:the liquid to cool up to 25 °C.
After cooling, the liquid is subjected to de aerate under avacuum ‘pressure between
630 mm hg to 670 mm Hg. This liquid is ready for encapsulationin a soft gelatine
shell. All blending and mixing operations are cairied out at relative humidity from25% to 35%, -
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EXAMPLE V

Ingredients Quantity per capsule Quantity for a batch of
(mg) 0.2 Lac capsule (Kg)

1. Acetaminophen 325.00 - 6.500
2. Pseudoephedrine hydrochloride 32.25 0.645
3. Dextromethorphan Hyd robromide 1.0.75 0.215
4. Chlorpheniramine maleate 2.15 0.043
4. Polyethylene glyco! 400 519.85 10.397
5. Polyethylene glycol 1000 30.00 0.600 |
6. Purifiedwater 75.00 oo 1.500
7. Poly vinyl pyrolidine .35.00

1.100

Total Weight 1050 mg 21.000 Kg
Process:

Take 10,397 Kg of polyethylene glycol 400 (PEG
stainless steel sieve in to a stainless steel jacketed ta
1.500 Kg purified water and add to the PRG 400 after filtering: through 80 ‘mesh
stainless steel sieve. To the mixture of PRG 400 and purified water, slowly add 0.600
Kg of polyethylene glycol 1000 with stirring. The resultant, mixture is subjected to
heating up to 70 °C and mix for 10 minutes. Take ‘+ 100.16¢ Poly vinyl pyrolidine and
pass through 40 meshstainless steel sieve and’add slowly to the above mixture with
constantstirring till clear liquid obtains. Take 6.500 Riz of Acetaminophen, 0.645 Keof Pseudoephedrine hydrochloride and 0.215 Kg of Dextromethorphan Hydrobromide
and0.043 kg of Chlorpheniramine maleate separately pass through a 60 meshstainless
steel. sieve with the help of mechanical vibratory; shifter, Add Acetaminophen,
Pseudoephedrine hydrochloride © and Dextromethorphan Hydrobromide and
Chlorpheniramine maleate one after another to the clear liquid obtained above with
constantstirring. After addition ofal] the ingredients, heat the mixture slowly up to-amaximum. of 90 °C with: constant stirring till.clear liquid obtained, Filter the .clear
liquid through 200 meshstainless steel sieve and allowthe liquid to cool up to 25 °C,
After cooling, the ‘liquid is subjected to de aérate undera vacuum pressure between
630 mm hg to 670 mm He. This liquidis ready for encapsulation in.a soft gelatine
shell. All blending and mixing operations are carried out at relative humidity from25% to 35%. : ,

400) andfilter through 80 mesh
nk with impeller typé stirrer. Take

Propylene glycol may be used in above process. However its amount should notincrease more than 2%. Otherwise solutionloosesits clarity,

As per present invention substitution of polyviny] pyrolidone by surfactants like
Tween-80, Tween 40, Hydrogenated castor oj derivatives like cremaphor RH-40,Cremaphor EL results in loss of clarity ofa solution.

‘Following examples demonstrates the limitation of
present process in obtainingconcentrated clear fiquid pharmaceutical ‘composition of poorly soluble

10
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pharmaceutical active ingredients.
clear or loose their clarity during there selflife. ~
EXAMPLE I

Ingredients Quantity per capsule
(mg)

1. Acetaminophen 400.00
2. Polyethylene glycol 400 530.00
3. Polyethylene glycol 1000 30.00
4.PVP(k 30) 55
6. Purified water 75.00

Total Weight 1090-mg

EXAMPLEII

Ingredients Quantity per capsule
(mg)

1. Acetaminophen 400.00
2. Polyethylene glycol 400 530.00
3. Polyethylene glycol 1000 35.00
4.PVP(k 30 + k90) 57.5 +27.5
6. Purified water 75.00

Total Weight 1125 mg

EXAMPLEITI

Ingredients Quantity per capsule
(mg)

1. Acetaminophen 400.00
2. Polyethylene glycol 400 530.00
3. Polyethylene glycol 1000 30.00
4.PVP(k 90) "55
6. Purified water - 80.00

Total Weight 1095 mg’

11

All of below mentioned com

PCT/IB02/03015

Positions are either no

Quantity for a batch of
0.2 Lac capsule (Kg)

8.000

10.600
0.600

1.100

1.500

21.800 Ke

Quantity for a batch of
0:2 Lac capsule (Kg)

8.000 |
10.600,
0.700

1.100

1.500 °

21.8 Ke

"Quantity for a batch of
0.2 Lac capsule(Kg)

8.000

10.600

0.600 -
1.100

1.600

21.900 Ke
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EXAMPLE IV

Ingredients

1: Acetaminophen ;
2. Polyethylene glycol 400
3. Polyethylene glycol 1000
4.PVP(k 90)
5. Purified water

Total Weight

EXAMPLE V

Ingredients

1. Acetaminophen
2. Polyethylene glycol 400(495)

Quantity percapsule
(ng) - :

450.00.

550.00

30.00

60

85.00

1175 me

Quantity per capsule
(mez)

400.00
A4S%

3. Polyethylene glycol 1000(66) 6%
4.PVP(k 30)
5. Purified water

Total Weight

EXAMPLE VI

Ingredients

1. Acetaminophen
2. Polyethylene glycol 400(522)
3. Polyethylene glycol 1 000(29.2)
4.PVP(k 30)
5. Purified water-

EXAMPLEVIE .

Ingredients

55

75.00

11006 mg

Quantity per capsiile
(mg)

400.00

47.5%

2.7%

55
75.00

Quantity per capsiile
(mg)

PCT/IB02/03015

‘ Quantity for a batch of
0.2 Lac capsule (Kg)

9.000

11.000
0.600

1.200

1.700

23.500 Kg

_ “Quantity fora batchof
0.2 Lac capsule (Kg)

8.000

10.600

0:600

1.100
1.500

21.8 Kg

Quantity for a batch of
0.2 Lac capsule (Kg)

8.000
10.600

0.600

1.100

1.500

- Quantity for a'batch of
_ 0.2 Lac-capsule (Kg)
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1. Acetaminophen 400.00
2. Polyethylene glycol 400(495) 45%
3. Polyethylene glycol 1450(44) | 4m
4.PVP(k 30) 55
5. Purified water ° 75.00 -

EXAMPLE VIL

Ingredients Quantity. per capsule
(mg)

1. Acetaminophen 400.00
2. Polyethylene glycol 400 . 520 —
3. Polyethylene glycol 1000 30
4.PVP(k 30) 90 |
5. Purified water 75.00
6. Potassium Acetate 6

Total Weight — 1121 meg

13
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8.000

10.600
0.600

1.100: |
L500 .

Quantity for a batch of
~ 0.2 Lac capsule (Kp)

8.000

10.400

0,600

1.800
1.500

0.120

22.420Ke
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EXAMPLE IX

Ingredients Quantity per capsule -
(mg)

1, Acetaminophen 450.00
2. Polyethylene glycol 400 400
3. Polyethylene glycol 200 120
4. Polyethylene glycol 1450 44
5.PVP(k 30) D0
6. Purified water - 75.00

Total Weight 1179 mg

EXAMPLE XI

Ingredients Quantity per capsule
(mg)

1, Acetaminophen 400,00
2. Polyethylene glycol 400 483.00
3. Polyethylene glycol 1500 29.00
4, PVP(k 90) 63
5. Purified water 175.00

Total Weight {217mg -

A4:

PCT/IB02/03015

' Quantity for a batch of
0.2 Lac capsule (Kp)

8.000

10.600

0.600

1.100

1.500 |

21.8Kg

~ Quantity for a batch of
., 0.2 Lac capsule (Kg)

8.000

0.966, -
0.580

1.260.

3.500

14.306Kg

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 296



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 297

WO 03/013481

EXAMPLE XII

lngredients

(mg)

1. Acetaminophen 500.00
2. Polyethylene glycol 400 483.00.
3. Pélyethylene glycol 1500 29.00
4. PVP(k 90) © 63
5. Purified water 175.00 .

Total Weight 1250mg

EXAMPLE xm

Ingredients Quantity per capsule:
(mg)

1. Acetaminophen 400.00
2. Polyethylene glycol 400 483.00
3. Polyethylene glycol 1500 29.00
4, PVP(k 90) 63
5. Purified water 175.00

Total Weight 1250m¢g

15

Quantity per capsule |
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~ Quantity for a-batch of «
0.2 Lac capsule (Kip)

10.000
0.966
0.580

1.260
3.500:

16.306Kg

Quantity for a batch of
0.2 Lac capsule (Kg)

10.000
0.966 -

0.580

1.260

3.500

16.306Kg
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We Claim

1,

12.

13.

14.

15.

16.

17,

19.

The process of manufacturing
content of poorly soluble pharm
comprising the steps of:
a,

pharmaceutical composition with increased
aceutical ingredients in a clear liquid solution

Preparing a solvent system ‘comprising of ‘at
polyethylene glycol ofdifferent mdlecular weights in the range of
about 40% to about 60% of the total weight, water, and dispersing
agents like polyvinyl pyrrolidine in arange of about 4% to aboul 8%.

b. Addition of poorly soluble active pharmaceutical ingredients while
stirring to the liquid obtained fromstep a.

least two from

c. Heating of a resultant mixture obtained from step b while stirring at
temperature not excceding 90 °C.

The process according to claim 1 wherein the pharmaceutical!y activeingredient ranges from about 15% to about 40%.
The process according to claim 2 wheréin the-pharmaceutical active ingredient
ranges from about 25% to about 33%, -°°

The process according to claim 1 wherein at least one oft
glycol haveaverage molecular wei ght below 600. .
The process according to claim 1 wh
average molecular weightis 400,
The process according to claim 1 whereinat least anot
should have molecular weight of 800 or above.
The process according to claim 4 wherein at le
should have molecular weight of 1000 or above.
Polyethylene glycol with molecular weight lower than 600 ascl
4 should be 85% or aboveof total polyethylene glycol.
‘The process according to claim 8 wherein polyethylene glycol with molecular
weight lowerthan 600 should be 88% or aboveof total polyethylene glycol.
The process accordingto claim 8 Wherein polyethylene glycol with molecular
weight lower than 600 should be 92% or-above oftotal polyethylene glycol,
The process according to claim | wherein polyethylene glycol with high
molecular weight should be 15% or-less'ofto
The process according to claim 1]
molecular weightshould beat least 3°

The process according to claim 11 wherein polyethylene glycol with high
molecular weight should beat least 5% of total polyethylene glycol. ;
The process according to claim 1 wherein the ratio of polyethylene glyco! to
polyvinyl! pyrolidine is about 4:1 to 15:1, - oo
The process according to claim 14 wherein the ratio of
polyvinyl pyrolidine is about 4:1 ot above.
The process according to claim 14wherein the r
polyvinyl pyrolidine is about 5:1 or above,
The process according to claim [4 wherein the ratio of polyethylene glycol to
polyvinyl pyrolidine is about 6:1 or abéve,
A process according to claim 1 wherein
ingredients is selected’ from
acetylsalicylic acid, ibuprofen,
naproxen, and mixture thereof.

A process according to claim: -18 wherein the poorly soluble active
pharmaceutical ingredient is acetaminophen.:

he polyethylene
erein one of the polyethylene glyco! have

| her polyethylene glyco!
ast another polyethylene glycol

aimed in claim

tal polyethylene glycol,
wherein polyethylene glycol with high
0 oftotalpolyethylene glycol. . -

polyethylene glycol to

atio of polyethylene glycol to

poorlysoluble active pharmaceutical
the group. consisting of acetaminophen,

fenbrprofen, Hurbiprofen, indomethacin,

16
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20.

21.

22.

23,

24,

25,

26.

27.

28.

29,

30.

A process according to claim 1 which further com
form about 0.5% to 20% of a second pharmaceuti
from the group consisting of dextromethorphan
succinate, pseudoephedrine hy
guaifenesin, tripol
mixture thereof. a
A. process of manufacturing pharmaceutic
content ofpoorly soluble pharmaceutical ing
comprising the steps of: . ee
a. Preparing a solvent system ‘comprising of at least two from

polyethylene glycol of different molecular - weights in the range of
about 40% to about 60% of the total weight, water, and dispersing
agents like polyvinyl pyrrolidine in a range ofab

prises combining in step (b)
cal active ingredient selected
‘hydrobromide, doxyllamine

hydrochloride, ~chlorpheniramine maleate,
idine hydrochloride, diphenhydramine hydrochloride, and

al composition with increased
redients in a clearliquid solution

out 4% to about 8%,b. Addition of poorly soluble active pharmaceutical ingredients while
stirring to the liquid obtained from stepa, ;

c. Heating of a resultant mixture obtained from step b while stirring at
temperature not excceding 90°C... *

d. Encapsulating the clear liquid, composition in a soft gelatin shell,
A process according to claim: 21 wherein ‘poorly soluble active pharmaceutical
ingredients is selected from the group consistin g of acetaminophen,
acetylsalicylic acid, ibuprofen, fenbrprofen, : flucbiprofen, indomethacin,
naproxen, and mixture thereof.
A process according to claim 21 which
(b) form about 0.5% to.20% of a second pharmaceutical active ingredient
selected from the group consisting of dextromethorphan hydrobromide,
doxyllamine succinate, pseu é, chlorpheniraminedoephedrine ‘hydrochlorid

hydrochloride, diphenhydramine

further comprises combining in step

maleate, guaifenesin, tripolidine
hydrochloride, and mixture thereof, ” ;
A concentrated clear liquid °, pharmaceutical composition prepared in
accordance with the process of claim I. .
A concentrated clear liquid , pharmaceutical composition prepared in
accordance with the process of claim 18.
A concentrated clear liquid , ‘pharm
accordancewith the process of claim 20, .
A soft gelatin capsule prepared in.accordance with the process ofclaim 21.
A soft gelatin capsule preparedin accordance with the process of claim 22.
A soft gelatin capsule preparedin accordance withthe process.of claim 23.
A concentrated clear liquid, pharmaceutical composition whichis ¢

aceutical composition prepared’ inf:

omprising,a. from about 15% to about 40% of at least oné poorly soluble
pharmaceutical active; Los

b. from about 40% to about60% of a polyethylene glycol;
C. from about 4% to about 8% of apolyvinyl pyrolidine; and.
d. from about 5% ‘to about 10% wate%o t, wherein the ratio of poltethyleneglycol to polyvinyl pyrolidineis from 4:1 to 15:1;

17
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AMORPHOUS CYCLODESTRIN COMPOSITIONS

BACKGROUND OF THE INVENTION

The present invention relates to compositions comprising amorphous cyclodexthn and a

water-soluble polymer.

Cyclodextrins are cyclic multicyclopyranose units connected by alpha-(1 ,4) linkages. The

most widely known cyclodextrins are alpha, beta and gamma-cyclodextrins. Derivatives of these

cyclodextrins are also known and used in the pharmaceutical field. The cyclic nature of the cyclodextrins, the

hydrophobic properties of their cavities as well as the hydrophilic character of their outer surfaces, enables

them to interact with other chemicals and to produce inclusion compounds.

Numerous reviews and patents related to the use of cyclodextrins and their derivatives to

prepare inclusion complexes of active agents are found in the literature, for example, D. Duchene,

Cyclodextrins and their Industrial Uses, Editions de Sante, Paris, 1987, Chapter 6 (21 1-257), Chapter 8 (297-

350), Chapter 10 (393-439); D. Duchene et al, Acta Pharma Technol. 36(1)6, 1-6, 1990; D. Duchene etal,

Drug Dev. Ind. Pharm., 16(17), 2487-2499, 1990; C. Hunter et al, European Patent Publication No. EP

0346006, December 1988. See also U.S. Pat. Nos. 4,024,223; 4,228,160; 4,232,009; 4,351,846; 4,352,793;

4,383,992; 4,407,795; 4,424,209; 4,425,336; 4,438,106; 4,474,811; 4,478,995; 4,479,944; 4,479,966;

4,497,803; 4,499,085; 4,524,068; 4,555,504; 4,565,807; 4,575,548; 4,598,070; 4,603,123; 4,608,366;

4,623,641; 4,659,696; 4,663,316; 4,675,395; 4,728,509; 4,728,510; and 4,751,095.

Inclusion complexes prepared to specifically improve water solubility and hence bioavailability

of poorly soluble drugs have been reported by workers such as D. D. Chow et al, Int. J. Pharm., 28, 95-101,

1986; F.A. Menard et al, Drug Dev. Ind. Pharm., 14(11), 1529-1547, 1988; F. J. Otera-Espinar et al, Int. J.

Pharm., 75, 37-44, 1991; and Berand M. Markahan et al, European Patent Publication No. EP 0274444, July

1988. Chemical modifications of cyclodextrins to prepare derivatives that further improve solubility of water

insoluble drugs have been described, for example, by J. Pitha, U.S. Pat. No. 4,727,064, February 1988; N.S.

Bodor, U.S. Pat. No. 5,024,998, July 1991.

It is known that some types of cyclodextrins are capable of crystallizing in vivo, significantly

limiting the effectiveness of cyclodextrins for solubilizing poorly soluble drugs. To overcomethis limitation,

researchers have chemically modified the cyclodextrins to prevent crystallization. See for example, U.S.

Patent Application Publication No. 2003-0 148996A1 , U.S. Patent Nos. 6,407,061 , 6,407,061 , 6,342,478,

6,313,093, 6,180,603, 5,624,898, 5,296,472, 5,180,716, 4,596,795, J. Pitha, J. Contr. Rel., 6:309-313 (1987),

J. Pitha et al., Life Sciences, 43:493-502 (1988), T. Irie, Pharm. Res., 5(1 1):713-717 (1988), J. Pitha,

Neurotransmissions, V(1):1-4 (1989). These chemically modified cyclodextrins are typically a mixture of

modified products with varying degrees and types of substituents, which prevents crystallization.

Nevertheless, there is still a need to provide amorphous forms of cyclodextrin that do not

require chemical modification of the cyclodextrin, and that overcomes other drawbacks of the prior art. These

needs are met by the present invention, which is summarized and described in detail below.

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 303



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 304

10

15

20

25

30

35

WO 2006/011044 PCT/IB2005/002190

BRIEF SUMMARY OF THE INVENTION

In a first aspect, a composition comprises a solid composition comprising a plurality of

particles. Each of the particles comprises a cyclodextrin and a water-soluble polymer. The cyclodextrin is in

intimate contact with the water-soluble polymerin the particles. At least a major portion of the cyclodextrin in

the particles is amorphous.

In asecond aspect, a composition comprises an active and a plurality of particles, each of the

particles comprising a cyclodextrin and a water-soluble polymer, wherein the cyclodextrin is in intimate

contact with the water-soluble polymer, and wherein at least a major portion of the cyclodextrin is amorphous.

In a third aspect, a process is provided for making a plurality of particles, each of the particles

comprising a cyclodextrin and a water-soluble polymer, the process comprising: (a) forming a solution

comprising cyclodextrin, a water-soluble polymer, and a solvent, (b) rapidly removing the solvent from the

solution to form a solid, and (c) forming particles from the so-formed solid, wherein at least a major portion of

the cyclodextrin is amorphous. In one embodiment, steps (b) and (c) are preformed simultaneously by spray-

drying the solution into a chamber.

The present invention overcomes the drawbacks of the prior art in that the cyclodextrin is

present in an amorphous form without needing to chemically modify the cyclodextrin. The water-soluble

polymer is present in a sufficient amount to retard crystallization of the cyclodextrin in the particles, effectively

stabilizing the amorphous form of the cyclodextrin. The compositions of the present invention comprising

amorphous cyclodextrins have an advantage of resulting in faster dissolution and/or dispersing of the

cyclodextrin when administered to an aqueous use environment. This can lead to more rapid formation of

inclusion complexes with actives. When the active has a low aqueous solubility, this more rapid formation of

an inclusion complex can lead to improved solubilization of the active in the aqueous use environment.

As used herein, an "active" is meant a compound that can form an inclusion complex or

otherwise associate with a cyclodextrin. Examples of such materials include pharmaceuticals, vitamins,

nutriceuticals, agrochemical compounds, nutrients, fertilizers, pesticides, fungicides, botanical extracts,

flavoring agents, fruit extracts, spices, cosmetics, coloring agents, pigments, and the like.

As used herein, an "aqueous use environment" refers to any environment that contains water

in which it may be desirable to deliver, use, or otherwise contain the active. For example, when the active is a

pharmaceutical, the aqueous use environment maybein vivo fluids, such as present in the buccal space or

the Gl tract of an animal, such as a mammal, and particularly a human. When the active is an agrochemical

compound, the aqueous use environment may be the mass of the vegetation or the soil in which the

vegetation is planted. Alternatively, the aqueous use environment may be an in vitro environment of a test

solution, such as unbuffered water, a simulated mouth buffer (MB) or a simulated gastric buffer (GB). An

appropriate simulated MB test solution is 0.05M KH,PO,buffer adjusted to pH 7.3 with 10M KOH.

Appropriate GB test solutions include 0.01 N HCI and 0.1 N HCI. "Administration" to a use environment

means, where the in vivo use environment is the mouth or Gl tract, ingestion or other such meansto deliver

the composition. Where the use environment is in vitro, "administration" refers to placement or delivery of the

composition or dosage form containing the composition to the jn vitro test medium.
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The foregoing and other objectives, features, and advantages of the invention will be more

readily understood upon consideration of the following detailed description of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is an X-ray diffraction pattern of the crystalline B-cyclodextrin used to form the particles

in Example 1.

FIG. 2 is an X-ray diffraction pattern of particles of B-cyclodextrin and HPMC formedin

Example 1 showing no crystalline cyclodexthn in the particles.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention relates to solid compositions of a cyclodextrin and a water-soluble

polymer. At least a major portion of the cyclodextrin in the particles is amorphous. The nature of the solid

compositions, suitable cyclodextrins and water-soluble polymers, and methods for making the compositions

are discussed in more detail below.

CYCLODEXTRINS

The solid compositions of the present invention comprise a cyclodextrin. Cyclodextrins useful

in the present invention include a-, B- and y-cyclodextrins and alkyl and hydroxyalkyl derivatives thereof, with

B-cyclodextrins and derivatives of B-cyclodextrin being the most preferred from the standpoint of availability

and cost. Exemplary derivatives of cyclodextrin include mono- or polyalkylated B-cyclodextrin, mono- or

polyhydroxyalkylated B-cyclodextrin, mono, tetra or hepta-substituted B-cyclodextrin, and sulfoalkyl ether

cyclodextrin (SAE-CD). Specific cyclodextrin derivatives for use herein include hydroxypropyl- B-cyclodextrin,

hydroxyethyl- B-cyclodextrin, hydroxypropyl-y-cyclodextrin, hydroxyethyl-y-cyclodextrin, dihydroxypropyl- B-

cyclodextrin, glucosyl-a-cyclodextrin, glucosyl-B-cyclodexthn, diglucosyl- B-cyclodextrin, maltosyl-o-

cyclodextrin, maltosyl- B-cyclodextrin, maltosyl-y-cyclodextrin, maltotriosyl- B-cyclodextrin, maltotriosyl- y-

cyclodextrin, dimaltosyl- B-cyclodextrin, methyl-B-cyclodexthn, and mixtures thereof such as maltosyl- B-

cyclodextrin/dimaltosyl- B-cyclodextrin. A preferred cyclodextrin is B-cyclodextrin.

WATER-SOLUBLE POLYMERS

The solid compositions of the present invention also comprise a water-soluble polymer. As

used herein, the term "polymer," which can be a mixture of polymers, is used conventionally, meaning a

compound that is made of monomers connected together to form a larger molecule. A polymeric component

generally consists of at least about 20 monomers. Thus, the molecular weight of a polymeric componentwill

generally be about 2000 daltons or more. The term "water-soluble" means the polymer has an aqueous

solubility of at least about 0.1 mg/mL over at least a portion of the pH range of 1to 8. Preferably, the polymer

has an aqueoussolubility of at least about 0.5 mg/mL, and more preferably at least about 1 mg/mL.

In general, polymers useful in the compositions of the present invention may be neutral or

ionizable cellulosic or non-cellulosic polymers. Examples of neutral non-cellulosic polymers include vinyl

polymers and copolymers, polyvinyl alcohols, polyvinyl alcohol/polyvinyl acetate copolymers, polyvinyl
3
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pyrrolidone polyethylene glycol/polypropylene glycol copolymers, polyvinyl pyrrolidone, polyethylene/polyvinyl

alcohol copolymers, and polyoxyethylene/polyoxypropylene block copolymers (also known as poloxamers).

Examples of ionizable non-cellulosic polymers include carboxylic acid functionalized polymethacrylates and

carboxylic acid functionalized polyacrylates, amine-functionalized polyacrylates and polymethacrylates, high

molecular weight proteins such as gelatin and albumin, and carboxylic acid functionalized starches such as

starch glycolate. Examples of neutral cellulosic polymers are hydroxypropyl methyl cellulose (HPMC),

hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), methyl cellulose, hydroxyethy! methyl! cellulose,

and hydroxyethyl ethyl cellulose. Examples of ionizable cellulosic polymers are hydroxypropyl methy!

cellulose acetate succinate (HPMCAS), hydroxypropyl methyl cellulose phthalate (HPMCP), carboxymethyl

ethyl cellulose (CMEC), carboxyethyl cellulose, carboxymethyl cellulose, cellulose acetate phthalate,

hydroxypropyl methyl cellulose acetate phthalate, and cellulose acetate trimellitate. Neutralized forms of

ionizable polymers may also be useful, such as sodium carboxymethyl cellulose (sodium CMC). Preferred

water-soluble polymers include polyvinyl alcohols, polyvinyl pyrrolidone, poloxamers, polymethacrylates and

polyacrylates, gelatin, HPMC, HEC, HPC, HPMCAS, HPMCP, CMEC, and sodium CMC.

SOLID PARTICLES OF CYCLODEXTRIN AND POLYMER

The compositions of the present invention comprise a plurality of particles. Each of these

particles comprises both a cyclodextrin and a water-soluble polymer. The amount of polymer to the amount

of cyclodextrin in each of the particles depends on the characteristics of the polymer and cyclodextrin and

may vary widely from a cyclodextrin-to-polymer weight ratio of from about 0.01 (1 part cyclodextrin to 100

parts polymer) to about 100 (e.g., 1 wt% cyclodextrin to 99 wt% cyclodextrin). In order to keep the total mass

of the composition small, it is preferred that the particles comprise higher amounts of cyclodextrin. Thus, the

cyclodextrin-to-polymer weight ratio preferably is at least about 0.05 (about 5 wt% cyclodextrin), more

preferably at least about 0.1 (about 10 wt% cyclodextrin), even more preferably at least about 0.2 (about 17

wt% cyclodextrin), and even more preferably at least about 0.33 (about 25 wt% cyclodextrin).

The particles should also contain a sufficient amount of water-soluble polymer to stabilize the

amorphous form of the cyclodextrin in the particles, retarding crystallization of the cyclodextrin. Thus, the

cyclodextrin-to-polymer weight ratio is preferably less than about 49 (about 98 wt% cyclodextrin), more

preferably less than about 19 (about 95 wt% cyclodextrin), more preferably less than about 9 (about 90 wt%

cyclodextrin), and even more preferably less than about 3 (about 75 wt% cyclodextrin).

At least a major portion of the cyclodextrin in the particles is amorphous. By "amorphous"is

meant that the cyclodextrin is in a non-crystalline state. As used herein, the term "a major portion" of the

cyclodextrin means that at least 60 wt% of the cyclodextrin in the particles is in the amorphous form, rather

than the crystalline form. Preferably "a substantial portion” of the cyclodextrin in the particles is amorphous,

meaning that at least 75 wt% of the cyclodextrin in the particles is in the amorphous form. More preferably

the cyclodextrin is “almost completely amorphous," meaning that the amount of drug in the crystalline form

does not exceed 10 wt%. Amounts of crystalline cyclodextrin may be measured by powder X-raydiffraction,

Scanning Electron Microscope (SEM) analysis, differential scanning calorimetry (DSC), or any other standard

quantitative measurement. Most preferably the particles are substantially free of crystalline cyclodextrin.

4
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The amorphous cyclodextrin in the particles is in intimate contact with the water-soluble

polymer. The amorphous cyclodextrin in the particle can exist as a pure phase, as a solid solution of

cyclodextrin homogeneously distributed throughout the water-soluble polymer, or any combination of these

states or those states that lie intermediate between them. In cases where cyclodextrin-rich amorphous

domains exist, these domains are generally quite small; that is, less than about 1 um in size. Preferably, such

domains are less than about 100 nm in size. The particles may have a single glass-transition temperature,

indicating that the cyclodextrin is homogeneously dispersed throughout the water-soluble polymer, or may

have two glass-transition temperatures, corresponding to a cyclodextrin-rich amorphous phase and a

cyclodextrin-poor amorphous phase.

The primary constituents of the particles are the cyclodextrin and the water-soluble polymer.

The cyclodextrin and water-soluble polymer together constitute at least 50 wt% of the particles. The

cyclodextrin and water-soluble polymer may constitute even greater amounts of the composition, and may

constitute at least 60 wt%, at least 70 wt%, at least 80 wt%, or even at least 90 wt%of the particles. In one

embodiment, the particles consist essentially of the cyclodextrin and water-soluble polymer.

METHODS FOR MAKING PARTICLES OF CYCLODEXTRIN AND POLYMER

The particles of cyclodextrin and water-soluble polymer of the present invention may be

made according to any known process that results in at least a major portion (that is, at least 60 wt%) of the

cyclodextrin being in the amorphous state. One preferred technique is solvent processing. In solvent

processing, the cyclodextrin and water-soluble polymer are dissolved in a common solvent and the solvent

subsequently removed by evaporation or by mixing with a non-solvent. "Common" here meansthat the

solvent, which can be a mixture of compounds,will dissolve both the cyclodextrin and the polymer. After both

the cyclodextrin and the polymer have been dissolved, the solvent is removed by evaporation or by mixing

with a non-solvent. Exemplary processes are spray-drying, spray-coating (pan-coating, fluidized bed coating,

etc.), evaporation, lyophilization, and precipitation by rapid mixing of the polymer and cyclodextrin solution

with CO., or some other non-solvent.

Solvents suitable for solvent processing are preferably volatile with a boiling point of 150°Cor

less. In addition, the solvent should haverelatively low toxicity and be removed from the particles to a level

that is acceptable according to The International Committee on Harmonization (ICH) guidelines. Removal of

solventto this level may require a subsequent processing step such as tray drying. Preferred solvents

include water; alcohols such as methanol, and ethanol; ketones such as acetone, methyl ethyl ketone and

methyl iso-butyl ketone; and various other solvents such as acetonitrile, methylene chloride, and

tetrahydrofuran. Lowervolatility solvents such as dimethyl acetamide or dimethylsulfoxide can also be used

in small amounts in mixtures with a volatile solvent. Mixtures of solvents, such as 50% methanol and 50%

acetone, can also be used, as can mixtures with water, so long as the polymer and cyclodextrin are

sufficiently soluble to make the process practicable.

The solvent may be removed by spray-drying. The term "spray-drying" is used conventionally

and broadly refers to processes involving breaking up liquid mixtures into small droplets (atomization) and

rapidly removing solvent from the mixture in a spray-drying apparatus wherethere is a strong driving force for

5
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evaporation of solvent from the droplets. Spray-drying processes and spray-drying equipment are described

generally in Perry's Chemical Engineers' Handbook, pages 20-54 to 20-57 (Sixth Edition 1984). More details

on spray-drying processes and equipment are reviewed by Marshall, "Atomization and Spray-Drying," 50

Chem. Eng. Prog. Monogr. Series 2 (1954), and Masters, Spray Drying Handbook (Fourth Edition 1985). The

strong driving force for solvent evaporation is generally provided by maintaining the partial pressure of solvent

in the spray-drying apparatus well below the vapor pressure of the solvent at the temperature of the drying

droplets. This is accomplished by (1) maintaining the pressure in the spray-drying apparatus at a partial

vacuum (e.g., 0.01 to 0.50 atm); or (2) mixing the liquid droplets with a warm drying gas; or (3) both (1) and

(2). In addition, at least a portion of the heat required for evaporation of solvent may be provided by heating

the spray solution.

The solvent-bearing feed, comprising the cyclodextrin and the water-soluble polymer, can be

spray-dried under a wide variety of conditions and yetstill yield particles with acceptable properties. For

example, various types of nozzles can be used to atomize the spray solution, thereby introducing the spray

solution into the spray-dry chamber as a collection of small droplets. Essentially any type of nozzle may be

used to spray the solution as long as the droplets that are formed are sufficiently small that they dry

sufficiently (due to evaporation of solvent) that they do not stick to or coat the spray-drying chamber wall.

Although the maximum droplet size varies widely as a function of the size, shape and flow

pattern within the spray-dryer, generally droplets should be less than about 500 um in diameter when they

exit the nozzle. Examples of types of nozzles that may be used to form the solid particles include the two-

fluid nozzle, the fountain-type nozzle, the flat fan-type nozzle, the pressure nozzle and the rotary atomizer.

The spray solution can be delivered to the spray nozzle or nozzles at a wide range of

temperatures and flow rates. Generally, the spray solution temperature can range anywhere from just above

the solvent's freezing point to about 20°C above its ambient pressure boiling point (by pressurizing the

solution) and in some cases even higher. Spray solution flow rates to the spray nozzle can vary over a wide

range depending on the type of nozzle, spray-dryer size and spray-dry conditions such as the inlet

temperature and flow rate of the drying gas. Generally, the energy for evaporation of solvent from the spray

solution in a spray-drying process comesprimarily from the drying gas.

The drying gas can, in principle, be essentially any gas, but for safety reasons and to

minimize undesirable oxidation of the cyclodextrin or other materials in the solid composition, an inert gas

such as nitrogen, nitrogen-enriched air or argon is utilized. The drying gas is typically introduced into the

drying chamber at a temperature between about 60° and about 300°C and preferably between about 80° and

about 240°C.

The large surface-to-volume ratio of the droplets and the large driving force for evaporation of

solvent leads to rapid solidification times for the droplets. Solidification times should be less than about 20

seconds, preferably less than about 10 seconds, and more preferably less than 1 second. This rapid

solidification is often critical to the particles maintaining a major portion of amorphous cyclodextrin.

Following solidification, the solid powder typically stays in the spray-drying chamber for about

5 to 60 seconds, further evaporating solvent from the solid powder. Thefinal solvent content of the particles

as they exit the dryer should be low, since this reduces the mobility of the cyclodextrin molecules in the

6
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particles, thereby improving its stability. Generally, the solvent content of the particles as they leave the

spray-drying chamber should be less than 10 wt% and preferably less than 2 wt%. Following formation, the

particles can be dried to remove residual solvent using suitable drying processes, such astray drying, fluid

bed drying, microwave drying, belt drying, rotary drying, vacuum drying, and other drying processes known in

the art.

In another embodiment, the particles are formed by an evaporation process. In this process

the cyclodextrin and water-soluble polymer are dissolved in a common solvent as described above. The

solvent is then removed by evaporation to form the solid composition. Examples of evaporation processes

include rotoevaporation, multiple-effect evaporation, flash evaporation, and film evaporation. The resulting

solids are preferably formed into small particles, such as by using a mortar and pestle or other milling

processes knownin the art. The particles may be sieved and dried as necessary to obtain a material with the

desired properties.

In another embodiment, the particles are formed by spraying a coating solution of the

cyclodextrin and water-soluble polymer onto seed cores. The seed cores can be made from any suitable

material such as starch, microcrystalline cellulose, sugar or wax, by any known method, such as melt- or

spray-congealing, extrusion/spheronization, granulation, spray-drying and the like.

The coating solution can be sprayed onto such seed cores using coating equipment knownin

the pharmaceutical arts, such as pan coaters (e.g., Hi-Coater available from Freund Corp. of Tokyo, Japan,

Accela-Cota available from Manesty of Liverpool, U.K.), fluidized bed coaters (e.g., WUrster coaters or top-

sprayers available from Glatt Air Technologies of Ramsey, New Jersey and from Niro Pharma Systems of

Bubendorf, Switzerland) and rotary granulators (e.g., CF-Granulator, available from Freund Corp).

The particles may also be made by a lyophilization process. In lyophilization processes, also

knownin the art as freeze-drying processes, a solution of the cyclodextrin and polymerin a solventis frozen

into a solid state. The solvent is then removed from the solid by sublimation using a vacuum. After the

solvent has been removed, the solids are preferably formed into small particles, such as by using a mortar

and pestle or other milling processes knownin the art.

Once the particles comprising the cyclodextrin and water-soluble polymer have been formed,

several processing operations can be used to facilitate incorporation of the particles into compositions. These

processing operations include drying, granulation, and milling.

The particles may be granulated to increase their size and improve handling of the particles

while forming a suitable composition. Preferably, the average size of the granules will range from 50 to 1000

lum. Dry or wet granulation processes can be used for this purpose. An example of adry granulation process

is roller compaction. Wet granulation processes can include so-called low shear and high shear granulation,

as well as fluid bed granulation. In these processes, a granulation fluid is mixed with the composition after the

dry components have been blended to aid in the formation of the granulated composition. Examples of

granulation fluids include water, ethanol, isopropyl alcohol, n-propanol, the various isomers of butanol, and

mixtures thereof. A polymer may be added with the granulation fluid to aid in granulating the particles.

Examples of suitable polymers include poloxamers, hydroxypropyl cellulose, hydroxyethyl cellulose, and

hydroxypropyl methylcellulose.
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lf awet granulation process is used, the granulated composition is often dried prior to further

processing. Examples of suitable drying processes to be used in connection with wet granulation are the

same as those described above. Where the particles are made by a solvent process, the composition can be

granulated prior to removal of residual solvent. During the drying process, residual solvent and granulation

fluid are concurrently removed from the composition.

Once the particles have been granulated, they may then be milled to achieve the desired

particle size. Examples of suitable processes for milling the granules include hammer milling, ball milling,

fluid-energy milling, roller milling, cutting milling, and other milling processes knownin theart.

ACTIVES

In one embodiment, a composition of the present invention comprises an active. The active

can be any compound that can form an inclusion complex or otherwise associate with a cyclodextrin.

Examples of suitable actives include pharmaceuticals, vitamins, nutriceuticals, agrochemical compounds,

nutrients, fertilizers, pesticides, fungicides, botanical extracts, flavoring agents, fruit extracts, spices,

cosmetics, coloring agents, pigments, and thelike.

One particular class of actives that may benefit from the compositions of the present

invention is pharmaceuticals, and in particular, unpleasant tasting drugs. The term "drug" is conventional,

denoting a compound having beneficial prophylactic and/or therapeutic properties when administered to an

animal, especially humans. Cyclodextrins can be used to taste mask unpleasant tasting drugs. Cyclodextrins

form complexes with the drug in an aqueous environment that prevents contact of drug with the taste buds;

often these complexes have improved taste over the uncomplexed drug. The compositions of the present

invention comprising particles of amorphous cyclodextrin and a water-soluble polymer can be mixed with

unpleasant tasting drugs to effectively taste-mask the drug. Tastemasking unpleasant drugs with the

compositions of the present invention are disclosed in detail in co-pending U.S. Patent Application, Serial No.

(Attorney Docket No. PC25840), incorporated herein by reference.

Exemplary drugs that may be used with the current invention include, without limitation,

inorganic and organic compounds that act on the peripheral nerves, adrenergic receptors, cholinergic

receptors, nervous system, skeletal muscles, cardiovascular smooth muscles, blood circulatory system,

synaptic sites, neuroeffector junctional sites, endocrine and hormone systems, immunological system,

reproductive system, autocoid systems, alimentary and excretary systems, inhibitors of autocoids and

histamine systems. Preferred classes of drugs include, but are not limited to, antacids, analgesics, antin

anginals, anti-anxiety agents, antiarrhythmics, anti-bacterials, antibiotics, anti-diarrheals, anti-depressants,

anti-epileptics, anti-fungals, anti-histamines, anti-hypertensives, anti-inflammatory agents, anti-virals, cardiac

agents, contraceptives, cough suppressants, cytotoxics, decongestants, diuretics, drugs for genito-urinary

disorders, drugs for use in parkinsonism and related disorders, drugs for use in rheumatic disorders,

hypnotics, minerals and vitamins, lipid lowering drugs and sex hormones. Veterinary drugs may also be

suitable for use with the present invention.

Each named drug should be understood to include the neutral form of the drug and

pharmaceutically acceptable forms thereof. By "pharmaceutically acceptable forms" thereof is meant any
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pharmaceutically acceptable derivative or variation, including stereoisomers, stereoisomer mixtures,

enantiomers, solvates, hydrates, isomorphs, polymorphs, pseudomorphs, salt forms and prodrugs.

Specific examples of unpleasant-tasting drugs include acetaminophen, albuterol,

aminoguanidine hydrochloride, aminophylline, amitriptyline, amoxicillin trinydrate, ampicillin, amlodipine

besylate, aspirin, azithromycin, barbiturates, berberine chloride, caffeine, calcium carbonate, calcium

pantothenate, cephalosporins, cetirizine, chloramphenicol, chlordiazepoxide, chloroquine, chlorpheniramine,

chlorpromazine, cimetidine, ciprofloxacin, clarithromycin, codeine, demerol, dextromethorphan, digitoxin,

digoxin, diltiazem hydrochloride, diphenhydramine, diphenylhydantoin, doxazosin mesylate, doxylamine

succinate , eletriptan, enoxacin, epinephrine, erythromycin, ethylefrine hydrochloride, etinidine, famotidine,

fluconazole, glipizide, guaifenesin, ibuprofen, indeloxazine hydrochloride, lidocaine, lomotil, loratadine,

lupitidine, magnesium oxide, meclizine, methacholine, morphine, neostigmine, nifentidine, niperotidine,

nizatidine, ofloxacin, paracetamol, pefloxacin, penicillin, phenobarbital, phenothiazine, phenylbutazone,

phenylpropanolamine, pipemidic acid, pirbuterol hydrochloride , piroxicam , prednisolone, propranolol

hydrochloride, pseudoephedrine, pyridonecarboxylic acid antibacterials, ranitidine, roxatidine, salicylic acid,

sertaraline hydrochloride, sildenafil, spironolactone, sulbactam sodium, sulfonamides, sulfotidine, sulpyrine,

sultamicillin tosylate , tenidap, terfenadine, theophylline, trimethoprim, tuvatidine, valdecoxib, zaltidine, and

zonisamide.

Another class of actives that may benefit from the compositions of the present invention is

"low solubility" drugs, meaning that the drug has a minimum aqueous solubility at physiologically relevant pH

(e.g., pH 1-8) of about 0.5 mg/mL or less. Gyclodexthns can solubilize low-solubility drugs, enhancing the

concentration of dissolved drug when administered to an aqueous environment of use. The, compositions of

the present invention are preferred for low-solubility drugs having an aqueous solubility of less than about 0.1

mg/mL, more preferred for low-solubility drugs having an aqueous solubility of less than about 0.05 mg/mL,

and even more preferred for low-solubility drugs having an aqueous solubility of less than about 0.01 mg/mL.

In general, it may be said that the drug has a dose-to-aqueous solubility ratio greater than about 10 mL, and

more typically greater than about 100 mL, where the aqueous solubility (mg/mL) is the minimum value

observed in any physiologically relevant aqueous solution (e.g., those with pH values between 1 and 8)

including USP simulated gastric and intestinal buffers, and dose is in mg. Thus, a dose-to-aqueous solubility

ratio may be calculated by dividing the dose (in mg) by the aqueous solubility (in mg/mL).

Preferred classes of low-solubility drugs include, but are not limited to, antihypertensives,

antianxiety agents, anticlotting agents, anticonvulsants, blood glucose-lowering agents, decongestants,

antihistamines, antitussives, antineoplastics, beta blockers, anti-inflammatories, antipsychotic agents,

cognitive enhancers, cholesterol-reducing agents, anti-atherosclerotic agents, antiobesity agents,

autoimmune disorder agents, anti-impotence agents, antibacterial and antifungal agents, hypnotic agents,

anti-Parkinsonism agents, anti-Alzheimer's disease agents, antibiotics, anti-depressants, antiviral agents,

glycogen phosphorylase inhibitors, and cholesteryl ester transfer protein inhibitors.

Each named drug should be understood to include any pharmaceutically acceptable forms of

the drug. Specific examples of antihnypertensives include prazosin, nifedipine, amlodipine besylate, trimazosin

and doxazosin; specific examples of a blood glucose-lowering agent are glipizide and chlorpropamide; a
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specific example of an anti-impotence agentis sildenafil and sildenafil citrate; specific examples of

antineoplastics include chlorambucil, lomustine and echinomycin; a specific example of an imidazole-type

antineoplastic is tubulazole; a specific example of an anti-hypercholesterolemic is atorvastatin calcium;

specific examples of anxiolytics include hydroxyzine hydrochloride and doxepin hydrochloride; specific

examples of anti-inflammatory agents include betamethasone, prednisolone, aspirin, piroxicam, valdecoxib,

carprofen, celecoxib, flurbiprofen and (+)-N-{4-[3-(4-fluorophenoxy)phenoxy]-2-cyclopenten-1 -yl}-N-

hyroxyurea; a specific example of a barbiturate is phenobarbital; specific examples of antivirals include

acyclovir, nelfinavir, and virazole; specific examples of vitamins/nutritional agents include retinol and vitamin

E; specific examples of beta blockers include timolol and nadolol; a specific example of an emetic is

apomorphine; specific examples of a diuretic include chlorthalidone and spironolactone; a specific example of

an anticoagulant is dicumarol; specific examples of cardiotonics include digoxin and digitoxin; specific

examples of androgens include 17-methyltestosterone and testosterone; a specific example of a mineral

corticoid is desoxycorticosterone; a specific example of a steroidal hypnotic/anesthetic is alfaxalone; specific

examples of anabolic agents include fluoxymesterone and methanstenolone; specific examples of

antidepression agents include sulpiride, [8,6-dimethyl-2-(2,4,6-trimethyl-phenoxy)-pyridin-4-yl]-(1-ethylpropyl)-

amine, 3,5-dimethyl-4-(3'-pentoxy)-2-(2',4',6'-trimethylohenoxy)pyridine, pyroxidine, fluoxetine, paroxetine,

venlafaxine and sertraline; specific examples of antibiotics include carbenicillin indanylsodium, bacampicillin

hydrochloride, troleandomycin, doxycyline hyclate, ampicillin and penicillin G; specific examples of anti-

infectives include benzalkonium chloride and chlorhexidine; specific examples of coronary vasodilators

include nitroglycerin and mioflazine; a specific example of a hypnotic is etomidate; specific examples of

carbonic anhydrase inhibitors include acetazolamide and chlorzolamide; specific examples of antifungals

include econazole, terconazole, fluconazole, voriconazole, and griseofulvin; a specific example of an

antiprotozoal is metronidazole; specific examples of anthelmintic agents include thiabendazole and

oxfendazole and morantel; specific examples of antihistamines include astemizole, levocabastine, cetirizine,

decarboethoxyloratadine and cinnarizine; specific examples of antipsychotics include ziprasidone, olanzepine,

thiothixene hydrochloride, fluspirilene, risperidone and penfluridole; specific examples of gastrointestinal

agents include loperamide and cisapride; specific examples of serotonin antagonists include ketanserin and

mianserin; a specific example of an anesthetic is lidocaine; a specific example of a hypoglycemic agentis

acetohexamide; a specific example of an anti-emetic is dimenhydrinate; a specific example of an antibacterial

is cotrimoxazole; a specific example of a dopaminergic agent is L-DOPA; specific examples of anti-

Alzheimer's Disease agents are THA and donepezil; a specific example of an anti-ulcer agent/H2 antagonist

is famotidine; specific examples of sedative/hypnotic agents include chlordiazepoxide and triazolam; a

specific example of a vasodilator is alprostadil; a specific example of a platelet inhibitor is prostacyclin;

specific examples of ACE inhibitor/antihypertensive agents include enalaprilic acid and lisinopril; specific

examples of tetracycline antibiotics include oxytetracycline and minocycline; specific examples of macrolide

antibiotics include erythromycin, clarithromycin, and spiramycin; a specific example of an azalide antibiotic is

azithromycin; specific examples of glycogen phosphorylase inhibitors include [R-(R*S*)]-5-chloro-N-[2-

hydroxy-3-{methoxymethylamino}-3-oxo-1-(phenylmethyl) propyl-1H-indole-2-carboxamide and 5-chloro-1H-

indole-2-carboxylic acid [(1$)-benzyl-(2R)-hydroxy-3-((3R,4S)-dihydroxy-pyrrolidin-1 -yl-)-3-oxypropyl]amide;
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and specific examples of cholesteryl ester transfer protein (CETP) inhibitors include [2R.4S] 4-[(3,5-bis-

trifluoromethyl-benzyO-methoxycarbonyl-arninol- 2-ethyl-B-trifluoromethyl-a4-dihydro*H-quinoline-i-

carboxylic acid ethyl ester, [2R.4S] 4-[acetyl-(3,5-bis-trifluoromethy|l-benzyl)-amino]-2-ethyl-6-trifluoromethyl-

3,4-dihydro-2H-quinoline-1-carboxylic acid isopropyl ester, [2R, 4S] 4-[(3,5-Bis-trifluoromethyl-benzyl)-

methoxycarbonyl-amino]-2-ethyl-6-trifluoromethyl-3,4-dihydro-2H-quinoline-1 -carboxylic acid isopropyl ester,

(2R)-3-[[8-(4-chloro-3-ethylphenoxy)phenyl][[3-(1__, 1 ,2,2-tetrafluoroethoxy)phenyl]methyl]lamino]-1__, 1 ,1-trifluoro-

2-propanol, the drugs disclosed in commonly owned U.S. Patent Application Serial Nos. 09/918,127 and

10/066,091, both of which are incorporated herein by reference in their entireties for all purposes, and the

drugs disclosed in the following patents and published applications: DE 19741400 A1; DE 19741399 A1; WO

9914215 A1; WO 9914174; DE 19709125 A1; DE 19704244 A1; DE 19704243 A1; EP 818448 A1; WO

9804528 A2; DE 19627431 A1; DE 19627430 A1; DE 19627419 A1; EP 796846 A1; DE 19832159; DE

818197; DE 19741051; WO 9941237 A1; WO 9914204 A1; WO 9835937 A1; JP 11049743; WO 200018721;

WO 200018723; WO 200018724; WO 200017164; WO 200017165; WO 200017166; EP 992496; and EP

987251 , all of which are hereby incorporated by reference in their entireties for all purposes.

Compositions of the present invention comprising a low-solubility drug andaplurality of

particles, the particles comprising cyclodextrin and a water-soluble polymer, can enhance the concentration of

the drug in an aqueous use environment. The term "enhance the concentration" means that the particles

comprising cyclodextrin and a water-soluble polymer are present in a sufficient amount in the composition so

as to improve the concentration of dissolved drug in an aqueous use environment relative to a control

composition free from the particles. As used herein, a "use environment" can be either the in vivo

environment of the Gl tract, subdermal, intranasal, buccal, intrathecal, ocular, intraaural, subcutaneous

spaces, vaginal tract, arterial and venous blood vessels, pulmonary tract or intramuscular tissue of an animal,

such as a mammal and particularly a human, or the in vitro environment of a test solution, such as phosphate

buffered saline (PBS), simulated intestinal buffer without enzymes (SIN), a Model Fasted Duodenal (MFD)

solution, or a solution to model the fed state. Concentration enhancement may be determined through either

in vitro dissolution tests or through in vivotests. It has been determined that enhanced drug concentration in

in vitro dissolution tests in such in vitro test solutions provide good indicators of in vivo performance and

bioavailability. An appropriate PBS solution is an aqueous solution comprising 20 mM sodium phosphate

(Na,HPO,), 47 mM potassium phosphate (KH,PO,), 87 mM NaCl, and 0.2 mM KCI, adjusted to pH 6.5 with

NaOuH. An appropriate SIN solution is 50 mM KH,PO, adjusted to pH 7.4. An appropriate MFD solution is

the same PBSsolution wherein additionally is present 7.3 mM sodium taurocholic acid and 1.4 mM of 1-

palmitoyl-2-oleyl-sn-glycero-3-phosphocholine. An appropriate solution to model the fed state is the same

PBS solution wherein additionally is present 29.2 mM sodium taurocholic acid and 5.6 mM of 1-palmitoyl-2-

oleyl-sn-glycero-3-phosphocholine. In particular, a composition of the present invention may be dissolution-

tested by addingit to an in vitrotest solution and agitating to promote dissolution.

In one aspect, a composition of the present invention, when dosed to an aqueous use

environment, provides a maximum drug concentration (MDC)that is at least 1.25-fold the MDC provided by a

control composition. In other words,if the MDC provided by the control composition is 100 mg/mL, then a

composition of the present invention containing particles comprising cyclodextrin and a water-soluble polymer
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provides an MDCof at least 125 mg/mL More preferably, the MDC of drug achieved with the compositions of

the present invention are at least 2-fold, even more preferably at least 3-fold, and most preferably at least 5-

fold that of the control composition.

The control composition is conventionally drug alone (e.g., typically, the crystalline drug alone

in its most thermodynamically stable crystalline form, or in cases where a crystalline form of the drug is

unknown, the control may be the amorphous drug alone) or the drug plus a weight of inert diluent equivalent

to the weight of the particles used in the test composition. By inert is meant that the diluent is not

concentration enhancing.

Alternatively, the compositions of the present invention provide in an aqueous use

environment a concentration versus time Area Under the Curve (AUC), for any period of at least 90 minutes

between the time of introduction into the use environment and about 270 minutes following introduction to the

use environmentthat is at least 1.25-fold that of the control composition. More preferably, the AUCin the

aqueous use environment achieved with the compositions of the present invention are at least 2-fold, more

preferably at least 3-fold, and most preferably at least 5-fold that of a control composition.

Alternatively, the compositions of the present invention, when dosed orally to a human or

other animal, provide an AUC in drug concentration in the blood plasma or serum thatis at least 1.25-fold that

observed when an appropriate control composition is dosed. Preferably, the blood AUCis at least about 2-

fold, preferably at least about 3-fold, preferably at least about 4-fold, preferably at least about 6-fold,

preferably at least about 10-fold, and even more preferably at least about 20-fold that of the control

composition. It is noted that such compositions can also be said to havea relative bioavailability of from

about 1.25-fold to about 20-fold that of the control composition. Thus, the compositions that, when evaluated,

meet either the in vitro or the in vivo, or both, performance criteria are a part of this invention.

Alternatively, the compositions of the present invention, when dosed orally to a human or

other animal, provide maximum drug concentration in the blood plasma or serum (C that is at least 1.25-max)

fold that observed when an appropriate control composition is dosed. Preferably, the blood C,,... is at least

about 2-fold, preferably at least about 3-fold, preferably at least about 4-fold, preferably at least about 6-fold,

preferably at least about 10-fold, and even more preferably at least about 20-fold that of the control

composition.

A typical in vitro test to evaluate enhanced drug concentration can be conducted by (1)

administering with agitation a sufficient quantity of test composition (that is, the low solubility drug and a

plurality of particles, the particles comprising cyclodextrin and a water-soluble polymer) in a test medium,

such that if all of the drug dissolved, the theoretical concentration of drug would exceed the equilibrium

concentration of the drug by a factor of at least 2; (2) in a separate test, adding an appropriate amountof

control composition to an equivalent amount of test medium; and (3) determining whether the measured MDC

and/or AUC of the test composition in the test medium is at least 1.25-fold that provided by the control

composition. In conducting such a dissolution test, the amount of test composition or control composition

used is an amount such that if all of the drug dissolved, the drug concentration would be at least 2-fold,

preferably at least 10-fold, and most preferably at least 100-fold that of the aqueous solubility (that is, the

equilibrium concentration) of the drug.
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The concentration of dissolved drug is typically measured as a function of time by sampling

the test medium and plotting drug concentration in the test medium vs. time so that the MDC and/or AUC can

be ascertained. The MDCis taken to be the maximum value of dissolved drug measured over the duration of

the test. The aqueous AUC is calculated by integrating the concentration versus time curve over any 90-

minute time period between the time of introduction of the composition into the aqueous use environment

(when time equals zero) and 270 minutes following introduction to the use environment (when time equals

270 minutes). Typically, when the composition reaches its MDC rapidly, in say less than about 30 minutes,

the time interval used to calculate AUC is from time equals zero to time equals 90 minutes. However,if the
AUC of acomposition over any 90-minute time period described above meets the criterion of this invention,

then the composition formed is considered to be within the scope of this invention.

To avoid drug particulates that would give an erroneous determination, the test solution is

either filtered or centrifuged. "Dissolved drug" is typically taken as that material that either passes a 0.45 um

syringe filter or, alternatively, the material that remains in the supernatant following centrifugation. Filtration

can be conducted using a 13 mm, 0.45 um polyvinylidine difluoride syringe filter sold by Scientific Resources

under the trademark TITAN®. Centrifugation is typically carried out in a polypropylene microcentrifuge tube

by centrifuging at 13,000 G for 60 seconds. Other similarfiltration or centrifugation methods can be employed

and useful results obtained. For example, using other types of microfilters may yield values somewhat higher

or lower (410-40%) than that obtained with the filter specified above but will still allow identification of

preferred dispersions. It is recognized that this definition of "dissolved drug" encompasses not only

monomeric solvated drug molecules but also a wide range of species such as drug/cyclodextrin complexes,

and other such drug-containing species that are presentin the filtrate or supernatant in the specified
dissolution test.

Alternatively, the compositions of the present invention, when dosed orally to a human or

other animal, results in improved bioavailability or C,.,. Relative bioavailability and C,.. of drugs in the

compositions can be tested in vivo in animals or humans using conventional methods for making such a

determination. An in vivo test, such as a crossover study, may be used to determine whether a composition

of the present invention provides an enhanced relative bioavailability or C,,,, compared with a control

composition as described above. In an in vivo crossover study a test composition comprising a low-solubility

drug and particles, the particles comprising cyclodextrin and a water-soluble polymer, is dosed to half a group

of test subjects and, after an appropriate washout period (e.g., one week) the same subjects are dosed with a

control composition that consists of an equivalent quantity of crystalline drug as the test composition (but with

no cyclodextrin-containing particles present). The other half of the group is dosed with the control

composition first, followed by the test composition. The relative bioavailability is measured as the

concentration of drug in the blood (serum or plasma) versus time area under the curve (AUC) determined for

the test group divided by the AUC in the blood provided by the control composition. Preferably, this

test/control ratio is determined for each subject, and then the ratios are averaged overall subjects in the

study. /n vivo determinations of AUC and C_., can be madeby plotting the serum or plasma concentration of

drug along the ordinate (y-axis) against time along the abscissa (x-axis). The determination of AUCs and
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Cmax iS a well-Known procedure and is described, for example, in Welling, "Pharmacokinetics Processes and

Mathematics," ACS Monograph 185 (1986).

FORMATION OF COMPOSITIONS

In one embodiment, the invention provides a composition comprising an active andaplurality

of particles, the particles comprising cyclodextrin and a water-soluble polymer. The particles are substantially

free of the active. The compositions of the present invention may be prepared byfirst forming the particles

comprising the cyclodextrin and polymer and then dry- or wet-mixing the particles with the active. Mixing

processes include physical processing as well as wet-granulation and coating processes.

For example, mixing methods include convective mixing, shear mixing, or diffusive mixing.

Convective mixing involves moving a relatively large mass of material from one part of a powder bed to

another, by means of blades or paddles, revolving screw, or an inversion of the powder bed. Shear mixing

occurs whenslip planes are formed in the material to be mixed. Diffusive mixing involves an exchange of

position by single particles. These mixing processes can be performed using equipment in batch or

continuous mode. Tumbling mixers (e.g., twin-shell) are commonly used equipment for batch processing.

Continuous mixing can be used to improve composition uniformity.

Milling may also be employed to prepare the compositions of the present invention. Milling

conditions are generally chosen that do not alter the physical form of the particles. Conventional mixing and

milling processes suitable for use in the present invention are discussed morefully in Lachman, et al., The

Theory and Practice of industrial Pharmacy (3d Ed. 1986).

In addition to the physical mixtures described above, the compositions of the present

invention may constitute any device or collection of devices that accomplishes the objective of delivering to

the aqueous use environment both the particles and the active. For example, when the active is a

pharmaceutical, the composition may be in the form of a dosage form in which the particles and active occupy

separate regions within the dosage form. Thus, in the case of oral administration to a mammal, the dosage

form may constitute a layered tablet wherein one or more layers comprise the particles and one or more other

layers comprise the active.

Although the key ingredients present in the compositions of the present invention are simply

the active and the cyclodextrin-containing particles, the inclusion of other excipients in the composition may

be useful. These excipients may be included in the particles comprising the cyclodextrin and water-soluble

polymer, or may be combined in the compositions with the active.

Whenthe active is a pharmaceutical, conventional formulation excipients may be employed

in the compositions of this invention, including those excipients well knownin the art (e.g., as described in

Remington's Pharmaceutical Sciences (20th ed. 2000)). Generally, excipients suchasfillers, disintegrating

agents, pigments, binders, lubricants, glidants, flavorants, and so forth may be used for customary purposes

and in typical amounts without adversely affecting the properties of the compositions. Chewable tablets may

be formulated using conventional tableting excipients such as diluents, swelling agents, anti-tack agents,

binders, lubricants, flavorings and sweeteners.
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In one embodiment the composition further comprises one or more tastemasking agents.

Examples of taste masking agents include sweeteners such as aspartame, compressible sugar, dextrates,

lactose, mannitol, maltose, sodium saccharin, sorbitol, and xylitol, and flavors such as banana, grape, vanilla,

cherry, eucalyptus oil, menthol, orange, peppermintoil, raspberry, strawberry, and watermelon.

Examples offillers or diluents include lactose, mannitol, xylitol, dextrose, sucrose, sorbitol,

compressible sugar, microcrystalline cellulose, powdered cellulose, starch, pregelatinized starch, dextrates,

dextran, dextrin, dextrose, maltodextrin, calcium carbonate, dibasic calcium phosphate, tribasic calcium

phosphate, calcium sulfate, magnesium carbonate, magnesium oxide, poloxamers, polyethylene oxide, and

hydroxypropyl methyl cellulose.

Examples of surface active agents include sodium lauryl sulfate and polysorbate 80.

Examples of disintegrants include sodium starch glycolate, sodium carboxymethyl cellulose,

calcium carboxymethyl cellulose, croscarmellose sodium, crospovidone (polyvinylpyrrolidone), methyl

cellulose, microcrystalline cellulose, powdered cellulose, starch, pregelatinized starch, and sodium alginate.

Examples of tablet binders include acacia, alginic acid, carbomer, carboxymethyl cellulose

sodium, dextrin, ethylcellulose, gelatin, guar gum, hydrogenatetd vegetable oil, hydroxyethyl cellulose,

hydroxypropyl cellulose, hydroxypropyl methyl cellulose, methyl cellulose, liquid glucose, maltodextrin,

polymethacrylates, povidone, pregelatinized starch, sodium alginate, starch, sucrose, tragacanth, and zein.

Examples of lubricants include calcium stearate, glyceryl monostearate, glyceryl

palmitostearate, hydrogenated vegetable oil, light mineral oil, magnesium stearate, mineral oil, polyethylene

glycol, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate, stearic acid, talc, and zinc stearate.

Examples of glidants include silicon dioxide, talc and cornstarch.

The composition may be incorporated into a pharmaceutical formulation that may be tasted,

including sublingual tablets, chewable tablets, capsules, or unit dose packets, sometimes referred to in the art

as "sachets" or "oral powders for constitution" (OPC); syrups; and suspensions. Solid dosage forms, such as

chewable tablets for oral administration, are preferred.

One exemplary chewable tablet may be made as follows. First, a pharmaceutical may be

combined with particles comprising a cyclodextrin and a water-soluble polymer, a filler such as compressible

sugar, microcrystalline cellulose (Avicel PH 101 and Avicel CE), a disintegrant such as Ac-Di-Sol, flavorants,

and colorants. These ingredients may be mixed, followed by addition of a lubricant such as magnesium

stearate, and then followed by additional mixing. The tablet mixture may be compressed using an F-press

and 1”flat-faced beveled edge tooling, resulting in tablets with a hardness of 7 to 9 kP.

Other features and embodiments of the invention will become apparent from the following

examples, which are given for illustration of the invention rather than for limiting its intended scope.
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EXAMPLES

Example 1

Particles containing B-cyclodextrin and the water-soluble polymer HPMC were prepared

using the following procedure. A solution comprising 500 mg B-cyclodextrin and 500 mg hydroxypropyl

methyl cellulose (HPMC E3 Prem from Dow)in 15 g deionized water was spray-dried using a "mini spray-

drier". The solution was pumpedinto a "mini" spray-drying apparatus via a Cole Parmer 74900 series rate-

controlling syringe pump at a rate of 24 mL/hr. The solution was atomized through a Spraying Systems Co.

two-fluid nozzle, Model No. SU1A using a heated stream of nitrogen at a flow rate of 1 SCFM. The spray

solution was sprayed into an 11-cm diameter stainless steel chamber. The heated gas entered the chamber

at an inlet temperature of 70°C and exited at ambient outlet temperature. The resulting particles were

collected on filter paper, dried under vacuum, and stored in a desiccator.

The crystalline B-cyclodextrin used to form the particles and the particles comprising

amorphous £-cyclodextrin and HPMC were examined using powder X-ray diffraction with a Bruker AXS D8

Advancediffractometer to determine the amorphous character of the B-cyclodextrin in the particles. Samples

(approximately 100 mg) were packed in Lucite sample cupsfitted with Si(511) plates as the bottom of the cup

to give no background signal. Samples were spun in the j plane at a rate of 30 rpm to minimize crystal

orientation effects. The X-ray source (KCua, |= 1.54 A) was operated at a voltage of 45 kV and acurrent of

40 mA. Data for each sample were collected over a period of 27 minutes in continuous detector scan mode

at a scan speed of 1.8 seconds/step and a step size of 0.047step. Diffractograms were collected over the 20

range of 4°to 30°. The results for the crystalline B-cyclodextrin are shown in FIG. 1, showing the

characteristic sharp peaks associated with crystalline materials. The results for the amorphous B-

_- cyclodextrin-containing particles are shownin FIG. 2. The 50:50 B-cyclodextrin:HPMC particles exhibited a
diffraction pattern showing only an amorphous halo, and no sharp peaks characteristic of crystalline material.

These data indicate that the B-cyclodextrin in the particles was amorphous and notcrystalline.

Example 2

Example 1 is repeated except that the water-soluble polymer is hydroxyethyl cellulose (HEC).

Example 3

Example 1 is repeated except that the water-soluble polymer is hydroxypropyl methyl

cellulose acetate succinate (HPMCAS).

Example 4

Example 1 is repeated except that the water-soluble polymer is poloxamer 407.

Example 5

Example 1 is repeated except that the water-soluble polymer is sodium carboxymethyl

cellulose.
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The terms and expressions which have been employed in the foregoing specification are

used therein as terms of description and not of limitation, and there is no intention in the use of such terms

and expressions of excluding equivalents of the features shown and described or portions thereof, it being

recognized that the scope of the invention is defined and limited only by the claims which follow.
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We claim:

I. A composition comprising a plurality of particles, each of said particles comprising a

cyclodextrin and a water-soluble polymer, wherein said cyclodextrin is in intimate contact with said water-

soluble polymer, and wherein at least a major portion of said cyclodextrin is amorphous.

2. The composition of claim 1 further comprising an active, and wherein said particles

are substantially free of an active.

3. The composition of claims 1 or 2 wherein said water-soluble polymer is selected from

the group consisting of neutral non-cellulosic polymers, ionizable non-cellulosic polymers, neutral cellulosic

polymers, and ionizable cellulosic polymers.

4 The composition of claim 3 wherein said water-soluble polymeris selected from the

group consisting of polyvinyl alcohols, polyvinyl pyrrolidone, poloxamers, polymethacrylates and

polyacrylates, gelatin, hydroxypropyl methyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,

hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl methyl cellulose phthalate, carboxymethyl

ethyl cellulose, and sodium carboxymethyl cellulose.

5. The composition of claim 4 wherein said water-soluble polymer is hydroxypropyl

methyl cellulose.

6. The composition of claims 1 or 2 wherein said cyclodextrin is selected from the group

consisting of a-, B- and y-cyclodextrins.

7. The composition of claim 6 wherein said cyclodextrin is B-cyclodextrin.

8. The composition of claim 2 wherein said active is selected from the group consisting

of pharmaceuticals, vitamins, nutriceuticals, agrochemical compounds, nutrients, fertilizers, pesticides,

fungicides, botanical extracts, flavoring agents, fruit extracts, spices, cosmetics, coloring agents, and

pigments.

9. The composition of claim 8 wherein said active is a pharmaceutical.

10. The composition of claim 9 wherein said pharmaceutical is an unpleasant tasting

drug.

14. The composition of claim 9 wherein said pharmaceutical is a low-solubility drug.
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12. A process for making a plurality of particles, each of said particles comprising a

cyclodextrin and a water-soluble polymer, the process comprising:

(a) forming a solution comprising a cyclodextrin, a water-soluble polymer, and a solvent;

(b) rapidly removing said solvent from said solution to form a solid; and

5 (c) forming particles from said solid;

wherein at least a major portion of the cyclodextrin in said particles is amorphous.

13. The process of claim 12 wherein step (b) is performed by a process selected from the

group consisting of spray-drying, spray-coating, evaporation, lyophilization, and precipitation.

10

14, The process of claim 13 wherein step (b) is performed by spray drying.

15. The product of the process of any one of claims 12 to 14.
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INCLUSION COMPLEX

FIELD OF THE INVENTION

The present inventionrelates to inclusion complex of olopatadinein cyclodextrin and to aqueous
solutions of olopatadine or its pharmaceutically acceptable salt for topical administration and

process for preparation thereof.

BACKGROUND OF THE INVENTION

Olopatadine hydrochloride is a carboxylic acid derivative of doxepin, chemically described as
(Z)-1 1-[3-(Dimethylamino) propylidene]-6,| 1-dihydrodibenz [b,eJoxepin-2-acetic acid

hydrochloride [CaH2 NO; .HCI], as disclosed in U.S. Pat Nos.4.871,865 and 4.923892, buth
assigned to Burroughs Wellcome. Olopatadine has antihistaminic and antiasthmatic activity.

Olopatadine hydrochloride is commercially available in the U.S as U.1% and U.2%sterile
ophthalmic solutions under the brand names PATANOL”and PATADAY®respectively, both
marketed by Alcon. PATANOL”is indicated for the treatment of signs and symptoms ofallergic
conjunctivitis and the approved ophthalmic solution contains olopatadine hydrochloride
equivalent to 0.1% olopatadine, 0.01%benzalkonium chloride as preservative, dibasic sodium
phosphate, sodium chloride, hydrochloric acid and / or sodium hydroxide (to adjust the pH) and
purified water. It has a pH ofabout 7, and osmolality of about 300mOsm/kg. PATADAY™is
indicated for the treatment of ocular itching associated with allergic conjunctivitis and the

approved ophthalmic solution contains olopatadine hydrochloride equivalent to 0.2%
olopatadine, 0.01% benzalkoniumchloride as preservative, povidone, dibasic sodium phosphate,
sodium chloride, edetate disodium, hydrochloric acid and / or sodium hydroxide (lo adjust the

pl) and purified water. It has a pH of about 7, and osmolality of about 300mOsni/ky.

One obstacle for preparing olopatadine hydrochloride aqueous sulutions for topival delivery is

the stability of the aqueous solutions of olopatadine hydrochloride over the storage period.
Olopatadine aqueous solutions having & concentrations of0.1 T¥%w/v or higher were found to be
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unstable over extended storage periods. The olopatadine hydrochloride previpitates or

crystallizes out of the solution when used in concentrations higher than 0.17%w/y. Hence, there

is a needfor preparing aqueoussolutions of olopatadine hydrochloride containing olopatadine in

concentrations of about 0.17%w/v or greater, which are stable when stored overthe shelf life of

the product.

United States Patent No.6,995,186 (Alcon Inc., 2006, the ‘186 patent) discloses topically

administrable solution compositionfortreating allergic or inflammatory disorders of the eye and

nose comprising olopatadine and a polymeric ingredient, where the polymeric ingredient is a

polymeric physical stability enhancing ingredient consisting essentially of polyvinylpyrrolidone
or polystyrene sulfonic acid in an amount sufficient to enhance the physical stability of the
solution, and wherein the composition does not contain polyvinyl alcohol, polyvinyl acrylic
acid, hydroxypropyl! methy! cellulose, sodium carboxymethy! cellulose, xanthan gum. Polyvinyl

alcohol, polyviny! acrylic acid, hydroxypropyl methy!cellulose, sodium carboxy methyl cellulose
and xanthan gum have been disclosed in the °186 patent lo cause physical instability of

olopatadine solutions.

In order to overcome the physical stability problems associated with olopatadine aqueous

solutions, we have tried various ingredients selected from hydroxypropyl-B-cyclodextrin

(HPBCD), polysorbate 20, polysorbate 80, propylene glycol, hydroxypropy! methylcellulose

2910 (HPMC E4M_ premium), polyvinylpyrrolidone K-30, xanthan gum, sodium

carboxymethylcellulose (Sodium CMC), carbopol 934P, polyviny! alcohol and mixtures thereof.

We have now surprisingly found that stable aqueous topical solutions of olopatadine

hydrochloride can be prepared by forming an inclusion complex with a hydroxyalky] clodexirin,

preferably hydroxypropyl-B-cyclodextrin (HPBCD). Optionally, hydroxypropyl methylcellulose
(HPMC) may be used to stabilize the inclusion complex in the pharmaceutical cumposilion,

wo
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SUMMARYOF THE INVENTION

In one aspect of the invention, there is provided an inclusion complex of olopatadine orits

pharmaceutically acceptable salt and a hydroxyalkyl cyclodextrin, preferably hydroxypropy!-B-

cyclodextrin.

In another aspect of the invention, there is provided an aqueous topical solution comprising a

therapeutically effective amount of olopatadine or its pharmaceutically acceptable salt:
hydroxyatkyl B-cylcodextrin, preferably hydroxypropyl B-cylcodextrin and hydroxypropyl
methyl! cellulose in amount sufficient to enhance the physical stability of the solution.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an inclusion complex of olopatadine or its pharmaceutically
acceptable salt and hydroxyalkyl-B-cyclodextrin, particularly hydroxypropyl-B-cyclodextrin, The
present invention also provides an aqueous topical solution, comprising a therapeutically
effective amount of olopatadine or its pharmaceutically acceptable salt; hydroxyalkyl-B-

cyclodextrin, particularly hydroxypropyl-B-cyclodextrin and hydroxypropyl methylcellulose in
an amount sufficient to enhance the physical stability of the solution.

Unless indicated otherwise, all component concentrations are presented on a %(w/v) basis andall

reference to olopatadine are to olopatadine free base.

The term “in an amount sufficient to enhance the physical stability of the solution”, as used

herein means that the amount of  hydroxyalkyl-B-cyclodextrin, particularly hydroxypropy!-p-

cyclodextrin is sufficient to form a complex with olopatadine orits pharmaceutically aeceptable
salt and thus keep it in solution, i.e. Prevent its precipitation or erystallization.
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According to one embodiment of the present invention, the aqueous topical solution containsi

olopatadine or its pharmaceutically acceptable salts. Examples of the pharmaceutically

acceptable salts of olopatadine include inorganic acidsalts 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

magnesiumsalt and calcium salt; metal salts such as aluminumsalt and zine salt, and organic
amine addition salts such as triethylamine addition salt (also known as tromethamine),

morpholine addition salt and piperidine additionsalt. In a preferred embodiment of the present

invention, the olopatadine for use in the aqueous topical solution is a hydrochioride salt. In a

most preferred embodiment of the present invention, the olopatadine hydrochloride salt may be
used in concentrations suchthat it is equivalent to the olopatadine free base in amount ranging

trom about 0.17% to about 0.62%. Preferably, the solution formulations intendedfor use in the

eye contain about 0.17% to about 0.25% olopatadine and the solution formulations intended for
use in the nose contain about 0.35%to about 0.62%olopatadine,

According to one embodiment of the present invention, the aqueous topical solution comprises
cyclodextrin to enhance the physical stability of the solution. Cyclodextrins are a group of
structurally related saccharides which are formed by enzymatic cyvlization of starch by a group

of amylases termed glycosyltransferases. Cyclodextrins are cyclic oligosaccharides, consisting of

(alpha-1,4)-linked alpha-D-glucopyranose units, with a lipophilic central cavity and a hydrophilic
outer surface. In aqueous solutions, cyclodextrins form inclusion complexes with many drugs

through a process in which the water molecules located in the central cavity are replaced by
either the whole drug molecule, or more frequently, by some lipophilic portion of the drug
structure. Once included in the cyclodextrin cavity, the drug molecules may be dissociated

through complex dilution, by replacementof the included drug by some other suitable molecule
or, the drug may be transferred to the matrix for which it has the highest affinity. Importantly,
since no covalent bonds are formed or broken during the drug-cyclodextrin complex formation,

the complexes are in dynamic equilibrium with free drug and cyclodextrin molecules. In solution,

the complexes are usually prepared by addition of an excess amount of the drug tu an aqueous

cyclodextrin solution. The most common naturally occurring cyclodextrins are alpha-
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cyclodextrin, B-cyclodextrin and gamma-cyclodextrin consisting of 6, 7 and 8 glucopyranose

units, respectively and their. derivatives, B-cyclodextrin appears to be the most useful

pharmaceutical complexing agent due to its cavity size, availability and low cost. Examples of
cyclodextrin derivatives that may be used in the pharmaceutical compositions of present
invention include the hydroxypropyl derivatives of alpha-, beta- and gamma-cyclodextrin,

sulfoalkylether cyclodextrins such as sulfobutylether beta-cyclodextrin, alkylated cyclodextrins
such as the randomly methylated beta-cyclodextrin, and various branched cyclodextrins such as

glucosyl- and maltosyl beta-cyclodextrin, and the like, and mixtures thereol.

The preferred cyclodextrins for use in the present invention include alky! cyclodextrins, hydroxy
alky! cyclodextrin, such as hydroxy propyl beta-cyclodextrin, carboxy alkyl cyclodextrins and
sulfoalkyl ether cyclodextrin, such as sulfo butyl ether beta-cyclodextrin. Examples of suitable
cyclodextrins for use in the present invention non-exclusively include alpha-vyclodextrin, beta-
cyclodextrin, gamma-cyclodextrin, methyl alpha-cyclodextrin, methy! beta-cyclodextrin: methyl
gamma-cyclodextrin; ethyl beta-cyclodextrin; butyl alpha-cyclodextrin; butyl beta-cyclodextrin:
butyl gamma-cyclodextrin; pentyl gamma-cyclodextrin: hydroxyethyl beta-cyclodextrin;
hydroxyethyl gamma-cyclodextrin, 2-hydroxypropy! alpha-cyclodextrin; 2-hydroxypropyl beta-
cyclodextrin, 2-hydroxypropyl gamma-cyclodexirin; 2-hydroxybutyl beta-cyclodextrin; acety!
alpha-cyclodextrin, acetyl beta-cyclodextrin: acetyl gamma-cyclodextrin, propionyl —beta-
eyclodextrin; butyryl beta-cyclodextrin, succinyl alpha-cyclodextrin: succinyl beta-cyclodentrin:
succinyl gamma-eyclodextrin; benzoyl—beta-cyclodextrin; palmityl beta-cyclodextrin:
toluenesulfonyl beta-cyclodextrin; acetyl methyl! beta-cyclodextrin, acetyl butyl—beta-

cyclodextrin, glucosyl alpha-cyclodextrin; —glucosy| beta-cyclodentrin: yluvosyl gammua-
cyclodextrin; maltosy! alpha-cyclodextrin; maltosy! beta-cyclodextrin; maltosyl yamma-
cyclodextrin: alpha-cyclodextrin carboxymethylether; beta-cyclodextrin carboxymethylether;
gamma-cyclodextrin carboxymethylether; carboxymethylethyl beta-vyclodextrin; phosphate ester
alpha-cyelodextrin: phosphate ester beta-cyclodextrin, phosphate ester gamma-cyclodextrin: 3-
trimethylammonium-2-hydroxypropyl beta-cyclodextrin, sulfobuty] ether beta-cyclodextrin:
carboxymethyl alpha-cyclodextrin,; carboxymethy| beta-cyclodextrin; carboxymethyl gamma-
cyclodextrin, and combinations thereof. The most preferred cyclodextrin for use in the
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pharmaceutical composition of the present invention is hydroxy propyl beta-cyclodextrin. In a

preferred embodiment of the present invention, hydroxypropy]| beta-cyclodextrin may be usedin
concentrations ranging from about 0.1% to about 20%w/y of the composition, and more

preferably used in concentrations ranging from about 1.0% to about 10% w/v of the composition.
Generally, for solutions meant for ophthalmic administration preferable concentration of
hydroxypropyl beta-cyclodextrin is in the range from about 1.0%to about 5%; lor solutions
meant for nasal administration, the concentration of hydroxypropyl! beta-vyelodextrin is in the

range from about 1.0% to about 10%.

Olopatadine orits pharmaceutically acceptable salt, according to the present invention, forms an
inclusion complex with cyclodextrins, particularly hydroxyalkyl-B-cyclodextrin, more
particularly hydroxypropyl-B-cyclodextrin . The term “inclusion complex” as used herein refers
to a combination of olopatadine or its pharmaceutically acceptable salt as defined above and a

eyelodexirin wherein the olopatadine orits pharmaceutically acceptable salt or a portion thereol
is associated with the cyclodextrin. Typically, the olopatadineorits pharmaceutically acceptable

galt or guest molecule, is included within the cavity of the cyclodextrin, or the host molecule,
wherein the cavity of the cyclodextrin is the space created by the eyclodextrin torous and the
cyclodextrin substituents. The ratio of olopatadine or its pharmaceutically acceptable salt to
hydroxypropyl B-cyleudestrin in the inclusion complex is from about [:1.05 to about 1:50 by
weivht. The amount of hydroxypropyl fi-cyleodextrin present in the inclusion vomplen is
sufficient to enhance the physical stability of the olopatadine solution.

According to one embodiment of the present invention, the composition further includes
hydroxypropy! methylcellulose (HPMC). The hydroxypropy!| methylcellulose (HPMC) used in
the composition acts as a stabilizer for the inclusion complex of hydroxypropyl! beta-cyclodextrin
and olopatadine or its pharmaceutically acceptable  sallt. Various grades of hydroxypropyl
methylcellulose (available from Dow Chemical, U.S.A under the METHOCEL trademark) may
be used in the present invention. The grades commercially available are categorized depending
upon the chemical substitution and hydration rates, and may be used in the compositions of the
present invention. Hydroxypropy! methylcellulose having a methoxy content of }9-24 % and
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hydroxypropyl content of 7-12 % with a fastest relative rate of hydration is available
commercially under the brand name of Methocel Grade K. Hydroxypropy! methylcellulose with
28-30 % methoxy content and-7-12 % of hydroxypropyl! content with a faster relative hydration

rate as comparedto the above grade is available commercially under the brand name of Methovel
Grade E. Hydroxypropy! methylcellulose with 27-30 % methoxy content and 4.0 - 7.5 % of

hydroxypropyl content with a slow relative hydrationrate is available as Methocel F grade and
that with 27.5-31.5 % methoxy content and 0 % hydroxypropyl! content and with slowest rate of

hydration is available as Methocel Grade A.In a preferred embodiment ofthe present invention,
hydroxypropyl methylcellulose, a 2%ew/v aqueous solution of which has a viscosity of 4000 cps
at 20°C. and which is commercially available as METHOCEL E4M, is used. In preferred

embodiments of the present invention, hydroxypropyl! methylcellulose may be used

concentrations ranging from about 0.001% to about 5%, and more preferably in concentrations

ranging from about 0.01% to about | % w/v.

The aqueous iopical solution of the present invention may include an effective amount ofan
antimicrobial preservative. Examples of pharmaceutically acceptable preservatives that may be
used in the present invention include, but are not limited to. benzethonium chlvride,
butylparaben, methy! paraben, ethyl paraben, propyl paraben, benzalkunium chloride. velyl
pyridinium chloride, thimerosal, chlorobutanol, phenylethy! alcohol, benzyl alcohol, potassium
sorbate, sodium benzoate, sorbic acid and the like and mixtures thereof, The preferred

preservative for the aqueous topical solution of the present invention is benzalkonium chloride.
It may be used in an amount ranging from about 0.005% to about 1%w/v.

The aqueous topical solution of the present invention may include an effective amount ofa
chelating agent. Chelating agents remove trace amounts of metal ions such as iron, copper and
lead and act as antioxidants, as otherwise these heavy metals catalyze oxidation reactions.

Presently preferred chelating agents include different salts of edetic acid, These non-exclusively

include edetate disodium, edetate calcium disodium, edetate tetrasodium, edetate trisodium, and
the like and mixtures thereof. The preferred chelating agent for the aqueous topical solution of
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the present invention is disodium edetate. It may be present in the concentrations ranging from
about 0.005% to about 0.1% w/v.

The aqueous topical solution of the present invention mayfurther include an effective amount of
a tonicity agent. Examples oftonicity agents that may be used in the aqueous topical solution of

the present invention include all pharmaceutically acceptable and pharmacologically inert water-
soluble compoundsreferred to in the pharmacopoeias such as United States Pharmacopoeia, as
well as in Remington: The Science and Practice of Pharmacy; edition 19; Mack Publishing
Company, Easton, Pennsylvania (1995). Preferred tonicity agent is sodium chloride, which may
be added in an amount which renders the solution isoosmotic. The aqueous topical solution is

intended to be administered as nasal solution or eye drops. The osmolality may be adjusted

preferably between 150 to 450 mOsm,and more preferably between 250 to 350 mOsm.
|

The aqueous topical solution-of the present invention may include an effective amount of
buffering agent. The buffering agents are included to minimize any change in pH during shelf
life of the aqueous topical solution. Examples of buffering agents include, but are not limited to,
luctiv avid, citric acid, tartaric acid, phosphorie acid, avetic acid, hydrochloric acid. nitriv avid.

tromethamine, sodium or potassium metaphosphate, sodium or potassium phosphate, dibasic

sodium phosphate dodecahydrate, sodium or potassiumacetate, ammonia. sodium varbonate.
sodium or potassium hydroxide, dibasic sodium phosphate, sodium borate, and the like and
mixtures thereof. Strong mineral acids like hydrochloric acid or strong bases such as sodium

hydroxide may be usedfor adjusting pH. The aqueoustopical solution intended for ophthalmic
administration has a pH 4 to 8, preferably pH of 6.5 to 7.5, and most preferably a pH of 6.8 to

7.2. The aqueous topical solution intended for nasal administration has a pH of 3.0 to 6.0, and

most preferably a pH of 3.5 to 5.0.

The aqueous topical solution of the present invention may optionally include an effective
amountof an antioxidant. The antioxidant may be one or more antioxidants, reducing agents and

antioxidant synergist, and may be selected from acetyl cysteine, alpha tocopherol acetate, d-

alpha tocupherol, dl-alpha tocopherol, ascorbyl palmitate, butylated hydroxyanisole (BHA),

IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 335



 
IPR2018-01020 and IPR2018-01021, Exhibit 1008, Page 336

a

lO sh

WO 2008/015695 PCT/IN2007/000199

butylated hydroxytoluene (BHT),cysteine, cysteine hydrochloride, propy! gallate, ascorbic acid,

valeium ascorbate, calcium bisulphate, calcium sulphite, ascorbic acid, isoascorbie acid,

putassium metabisulfite, sodium ascorbate, sodium bisulphate, sodium metabisulphite, sodium
sulphite, sodium thiosulphate, thioglycerol, citric acid . edetic avid(EDTA) and its salts,

hydroxyquinoline sulphate, phosphoric acid, sodium citrate and tartaric avid, ‘The antioxidants

may be used in amounts conventional to the pharmaceutical art.

The aqueous topical solution of the present invention may optionally include an effective
amount ofviscosity enhancer. An increase in viscosity oftopical solutions will result in a longerx

residence time in eye or nose, providing a longertime for drug absorption and effect. The list of

viscosity enhancers that are conventionally used for topical solutions are given in the
pharmacopoeias such as United States Pharmacopoeia, as well as in Remington: The Science
and Practice of Pharmacy; edition 19; Mack Publishing Company, Easton, Pennsylvania (1995).

The viscosity enhancers may be used in concentrations conventional to the pharmaceutical art.

The aqueous topical solution of the present invention is chemically stable. The term “chemically
stable” as used herein means that the aqueous topical solution when stored on the shelf lor up lo

two years has less than 2% total degradation products as determined by the area normalization
method. The chemical stability may be assessed by accelerated stabilily testing, The aqueous

topical solution of the present. invention may be stored in a closed container at 30°C / 65%
relative humidity or 40°C / 75% relative humidity or 2-8°C (refrigeration condition) and analyzed
at one month duration for up to three months or six months. It is generally accepted that a

product is stable on the shelf over a period of twoyears, if the productis stable for three months
at an accelerated stability test condition of 40°C / 75% relative humidity.y y

The term “physical stability” as used herein: means that when aqueous topical solution ofthe

present invention are stored in a closed containercrystals of olopatadine do not appear.

The chemical stability is assessed by evaluating the percent total degradation of olopatadine

aqueous topical solutions that are subjected to accelerated stability test conditions and ambient

9
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conditions using high performance liquid chromatography (HPLC). The chromatographic

conditions for analyzing the degradation of olopatadine and the procedure for calculating the

percent total degradation products in olopatadine aqueous topical solution is given below:

Column : Hypersi] BDS Cs (250 X 4.6)

Flowrate : 1.0 ml/min

Temperature : Ambient

Detection :210nm

Concentration : 50/65 ppm

Injection volume : 201)

Run time > 40 min

Mobile Phase : Buffer : Acetonitrile (720 : 280)

Buffer : 6.8 gm KH2PO, is dissolved in 1000ml of water andthe solutionis

adjusted to a pH of 4.5 with orthophosphoric acid.

Retention time : 10.5 min

Diluent : Mobile phase

Standard preparation : 50/65 mg olopatadine HC] is dissolved in 100 ml with mobile phase.

A sample of 5 ml is diluted to 50 m1 with mobile phase

Test preparation : 2 ml of the olopatadine HCI solution is diluted with 200 ml of mobile

phase

The percent total degradation products in the olopatadine aqueous topical solution is calculated

by area normalization method (excluding peaks from placebo and diluent, if any) from the

chromatogram obtained by injecting 20,1 of test preparation as described above in

chromatographic conditions for analyzing degradation of olopatadine. The formula for

calculating the percent total degradation products in olopatadine aqueous topical solution is

given below:

Peak area of individual degradation product

Yo Individual degradation product = ---------------+--------~-~----~-~-----~-~-------------------- X 100

Total area ofall the peaks

10
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% Total degradation products = Sumofall % individual degradation products

For finished dosage forms (for example - solutions) the value of percent individual degradation

product should not be more than 1% and the percent total degradation products should not be

more than 2%. A value of percent total degradation products lesser than 2% in the aqueous

topical solution ofthe present invention is considered to be acceptable.

According to une embodiment of the present invention, the aqueous topical solution may be

prepared by the following process:

a. Dissolving hydroxypropyl-B-cyclodextrin(HPBCD) in water for injection till clear solution

is formed.

b. Dissolving tonicity agent, buffering agent, chelating agent and antimicrobial preservative in

the bulk solution of step (a) and stirring to get clear solution.

ve. Dissolving olopatadine hydrochloride in water for injection and adding to the solution of

step (a).

d. Adjusting pH ofthe solution between 3.5-5.0 for nasal solution, and between 6.8-7.2 lor

ophthalmic solution with 0.I1N hydrochloric acid and 0.1N sodium hydroxide.

e. Final adjustment of volume with waterfor injection and measuring pH.

fr Filtering of the solution through 21mprefilter and then through 0.2,m nylon 66 membrane

Nilter, and transferring the solutions to sterile containers.

The aqueous topical solution of the present invention may be lormulated to be dispensed in

suitable containers as drops, sprays, metered sprays, aerosols and metered aerosols. The aqueous

topical solution to be delivered as nasal spray may befilled in containers fitted with a spray

pump with or without a metering yalye. The aqueous topical solution to be delivered as aerosol!

maybefilled into canisters suitable for delivering pharmaceutical aerosols. Canisters generally
comprise a container capable of withstanding the vapour pressure of the propellant used such as
a plastic or plastic-coated glass bottle, or preferably a metal can, for example an aluminium can

which may optionally be anodized, lacquer-coated and / or plastic-coated, which containeris

11
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closed with a metering valve. The metering valves are designed to deliver a metered amount of

the aqueous solution per actuation, and have a gasket to prevent leakage of propellant through
ihe valve. In a preferred embodiment of the present invention, the aqueous topical solution Is

packed in opaque plastic or glass containers. In a more preferred embodiment ofthe present
invention, the containerfor an ophthalmic solution is an opaque. white low-density polyethylene

container that has beensterilized using ethylene oxide like lupolen bottle. In another preferred

embodiment of the present invention, the container for a nasal solution is a U.S.P type | amber
evolor glass container equipped with a suitable nasal spray pump.

It will be understood by those ofskill in the art that numerous and various modifications can be
made without departing from the spirit of the present invention. Therefore, it should be clearly
understood that the following examples are illustrative only and are not intended to limit the

scope ofthe present invention.
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COMPARATIVE EXAMPLES A-M

The compositions shown in table | and table 2 below were prepared and subjected to stability
studies for evaluating the physical stability. The vials were studied for stability at two

5 temperature conditions: one at room temperature (25° + 2°C) and the other at refrigeration

temperature (2-8°C) condition.

Table 1

Comparative Examples A-H |
Ingredients A B Cc | D E F G H

Concentration (“~w/y)tio

0427| 0.527|0.527 0.527

 
 

  Olopatadine 0.527
hydrochloride
Polysorbate 20 0.005
Polysorbate 80
Propyleneglycol|0.05
Hydroxypropy|
methylcellulose
(2910 E4M
premium) LPolyvinyl + - 4
pyrrolidone K- - - - -
30 | ot L
Sodium chloride|- 0.60 ~ - - 0.60 0.80 0.30
Benzalkonium 5 47 5 5 5 4 5

chloride (50%) 0.02|0.9? — - 0.02 0.02 0.02 0.02
Disodium

  
 

 
 

   
 

 
 
  
   

  

 

  

 

  

  

- - - - - - 0.01
edetate | [Dibasic sodium T a |
phosphate 0.20 0.06 0.50 0.50 0.25 0.25 U.15 0.10
dodecahydrate L ,
NaOH/HCI pH4.5|pH4.5|pH4.5|pH4.5|pH4.5 |on 4.5 ne pH 3.5|

a -5.0 -5.0 ~5.0 -5.0 ~5.0 -5.0 -5.0 
  

  -5.0

Waterfor q.s100 00|q.slO|q.sl00q.sl00|q.s100|q.sl00 qs100 | asl
Injection _[ml mil. ml ml ml ml 0 ml ml
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Table 2

Comparative Examples I-M
Ingredients I J Kk L M

Concentration (“w/v)

Olopatadine 0.527 0.527 | 0.527 0.527 0.527
hydrochloride

Xantham gum 0.10 - - - -
Sodium CMC - 0.10 - ae -
Carbopol 934P + - " - 0.10 -Polyvinyl alcohol - T - aa - 2,00 - ~
Sodium chloride + 0.80 0.80 0.80 0.60 0.20Benzalkonium 0.02 0.02 0.02 TT 0.02 0.02 |
chloride s0%) | |
Dibasie sodium | 0.15 0.15 0.15 0.15 -
phosphate ‘|anhydrous
NaOH/FIC! —y pH3.5 pH 3.5-5.0|pH3.5 5.0| pH3.5 pH 4.5

-5.0 — —5.0 —5.0
Waterfor | q.s100 ml q.3!00 ml q.s100 ml q.s100 ml q.s100 mlInjection
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were visually

inspected at the end of 14 days for evaluating physical stability. The solutions were found to
have crystals, or the solutions were not clear at the end of 14 days. The resulis obtained are
summarized in the table 3 below.

Table 3
 

| Compositions |
Room temperature (25° +2°C) 

—
  

Crystals observed
Crystals observed
Crystals observed

Crystals observed 
Crystals observed
Crystals observed
Crystals observed
Crystals observed

 

  
Observations 

Refrigeration temperature (2 - 8°C)
Crystals observed
Crystals observed 

Crystals observed 

Crystals observed 

Crystals observed
Crystals observed
Crystals observed
Crystals observed  Solution not clear

Solution not clear

Crystals observed
Solution not clear 

 
Crystals observed

 Solution not clear

Solution not clear

Crystals observed
Solution not clear

Crystals observed 
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Olopatadine hydrochloride aqueous, nasal solution comprising hydroxypropyl-B-cyclodextrin and

hydoxypropyl methylcellulose, was prepared as described in table 4 below.

Table 4  

Ingredients

~]

 

 

—

Olopatadine hydrochloride
Hydroxypropyl-f-cyclodextrin
(HPBCD)

Hydroxypropyl methylcellulose
CHPMC 2910)
Benzalkoniumchloride solution

(50%)
 

 
 
 

3.00

0.10

0.02

a

Quantity (%w/v)

Composition A Composition B
0.527% 0.527*

a

5.00

0.10

0.10

  

  
 

 
  

  |Sodium chloride 0.80 0.30 _|
Dibasic sodium phosphate 0.15 | 0.15

| dodecahydrate ‘

|Hedletate disodium T 0.0! 0,02|NaOH / HC] g.s. pH 3.5-5.0 q.s.pH 3.5-5.0 |
Water for Injection (WFI) q.s. to 100 q.s. to 100 | 
*0.527% Olopatadine hydrochloride is equivalent to 0.5% olopatadine free base

Manufacturing procedure:

Stage A

1. Hydroxypropyl methylcellulose was dissolved in water lor injection (WEI) Ul clear

solution was formed.

| Hydroxypropyi-B-cyclodextrin (HPBCD) was dissolved in water for injection in a

Disodium edetate, sodium chloride, benzalkonium chloride sojution (50%) and dibasic

sodium phosphate dodecahydrate were added to above containerandstirred to get a clear

Stage B

container.

2

solution.
+
2

solution in the container, understirring.

Stage C

Olupatadine hydrochloride was dissolved in water for injection and addedto the above

1. Solution obtained from stage B was added to solution of stage A.
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2. The pH of the solution was adjusted such that it is between 3.5-5.0, using 5.0% v/v

hydrochloric acid or 2% w/v sodium hydroxide,

3. Final volume was made up with waterforinjection.

4. ‘The solution was filtered through 2.0,m prefilter and U.2pm nylon 66 membrane filter

5 and transferred into U.S.P. type | amberglass containers.

EXAMPLE2

Olopatadine hydrochloride aqueous, solutions of example |, were packed in vials and stored at
10 30°C / 65% relative humidity, 40°C / 75% relative humidity and 2-8°C (refrigeration condition) ,

for a period up to 6 months. The samples were analyzed using high performance liquid
chromatography (HPLC). The percent total degradation was calculated by area normalization
methodand the results obtained are summarizedin table 5 below.

Table 5
 
 Total degradation (%) __|

Composition A . was .
I of Composition B of

Example 1 | Example |
0 month 0.00 0.02
1 month 0.16 0.07 |u a

aelntine humility 3 month 0.23 0.0]: 6 month 0.15 0.05 |

40°C 1-759 1 month 0.17 0.19. “0 . 3 month 0.22 0.03
Relative humidity 6 month 0.17 0.07

‘ vas Time periodStorage Condition I
   

  
  

  
 
 

  

 
 
 
  

 
2-8°C 3 month 0.16 0.00

Retrigeration 6 month 0.14 0.04

    
 condition
 

The samples were observedvisually for a period of 6 months and the solution was foundto be
clear without any crystallization or precipitation of olopatadine. The results are summarizedin

20 table 6 below.

17
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Table 6

 Observations

Composition A Composition B
of of

Example 1 Example |
Clear solution Clear solution

 
   Time

period Storage condition
  
 

 0 month    

 

 
   

 
  

  
  
    
  

30°C / 65% Clear solution Clear solution
Relative humidity mont

40°C 175%

Relative humidity|3month|monty
2 - SC

2 Frivera aKe ren 6 month
condition

EXAMPLE3

Olopatadine hydrochloride aqueous solution (Composition B) of example | was packed in vials

litted with a conventional pumpand actuator, These vials were subjected to [reeze-thawstability

studies upto fourteen cycles, where each cycle involved storage for one day at low temperature

(ie, —10°C to —20°C), Followed by storage for one day at high temperature (i.e. 40°C and

75%Relative Humidity). The samples were analyzed using high performance liquid

chromatography (HPLC). The percent total degradation was calculated by area normalization

method and the samples were observed visually for formation of crystals and the results

obtained are summarized in table 7 below.

Table 7

 

ObservationsTime Period

At day 0

Total degradation (%  Clear solution 
0.05

 
  

  [ At day 28   
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EXAMPLE 4

Olopatadine hydrochloride aqueous solution comprising olopatadine hydrochloride and

hydroxypropyl-$-cyclodextrin was preparedas described in table 8 below.

Table 8

Ingredients Quantity (“~w/y)
Olopatadine hydrochloride : 0.527%

Lydroxypropyl-B-cyclodextrin (HPBCD) 3.00 |
Benzalkonium chloride solution (50%) 0.02
Sodium chloride 0.80

 

 
  

    
 

  

  
   Dibasic sodium phosphate dodecahydrate

NaOH/ HCl ‘ _g.s. pH3.5-5.0
Waterfor Injection (WFI) q.s. to 100
*0.527% Olopatadine hydrochloride is equivalent to 0.5% olopatadine free base

 
 

     
 

Manufacturing procedure:

Stage A

|. THydroxypropyl-B-cyclodextrin (HPBCD) was dissolved in water For injection in a

container,

2. Edetate disodium, sodium chloride, benzalkonium chlaride solution (50%) and dibasic

sodium phosphate dodecahydrate were added to the above container andstirred to get a

clear solution.
w]

Olopatadine hydrochloride was dissolved in water for injection and added to the above

solution in the container, understirring.

Stage B

|, The pH of the solution was adjusted such that it is between 3.5-5.0, using 5.0% v/v

hydrochloric acid or 2% w/v sodium hydroxide.

2. Final volume was made up with water for injection.

3. The solution was filtered through 2.0m prefilter and 0.2um nylon 66 membrane [ilter

and transferred into U.S\P. type | amberglass containers.

19
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EXAMPLE 5

Olopatadine hydrochloride aqueous solution of example 4 was packedin vials and stored at 30°C

/ 65%relative humidity, 40°C / 75% relative humidity and 2-8°C (relrigeration condition) lor a

period up to 6 months. The samples were analyzed using high performance liquid

chromatography (HPLC). The percent total degradation was calculated by area normalization

method and the results obtained are summarized in table 9 below.

 

 

 
 

  
 
 

 

 
  
 

Table 9

Total degradation (%)

Time period Composition
Storage Condition P / of

Example 4

| 0 month 0.00 |
| 30°C 165% 1 month 0.16

9 24 2Relative humidity 3 month 0.22
6 month 0.15

ay'c 175% ft month 0.19
6 q 72

Relative humidity 3 month 0.23
| 6 month U.17 |

2-8"C 3 month 0.33 __|
Refrigeration condition 6 month | U.1+

  
 

EXAMPLE 6

Olopatadine hydrochloride aqueous solution of example 4 was packed in vials and stored at 30°C

/ 65%relative humidity, 40°C / 75% relative humidity and 2-8°C (refrigeration condition) for a

period up to 6 months. The samples were observed visually for a period up to 6 months andthe

solution was found to be clear, without any crystallization or precipitation of olopatadine. The

results are suinmarized in table 10 below.
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Table 10

[|___Observations

 

 

 

 
  
 

 
 

. Time period Composition
Storage condition of

Example 4
0 month Clear solution

| month Clearsolution

30°C / 65% 5 tl
Relative humidity oem

| 6 month
{ month

40°C 175%
: oa: 3 month

Relative humidity
6 month

2 - 8°C 3 month

Refrigeration condition 6 month |

   
 

EXAMPLE 7

Olopatadine hydrochloride aqueous solution was prepared as described in table 11 below.

   

  

 
  

 

 
 

  

 

   

 
 
  

  

 

Table 11

[ Ingredients Quantity (“%w/y)
Olopatadine hydrochloride 0.22*
-Hydroxypropyl-B-cyclodextrin (HPBCD) 1.50

l-lydroxypropyl methylcellulose (HPMC 2910) 0.10
Benzalkoniumchloride solution (50%) 0.02 |

t Sodium chloride 0.70
Dibasie sodiumphosphate anhydrous U.29
Edetate disodium 0.01 |
|NaOH / HC! ys. pH 6.8-7.2

Waterfor Injection (WEI) q.s, tu 100

  
 
*0,22% Olopatadine hydrochioride is equivalent to 0.2% olopatadine free base

21
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Manufacturing procedure:

Stage A

l, Hydroxypropyl methylcellulose was dissolved in water for injection (WFI) till clear

solution is formed.

Stage B

|. Hydroxypropyl-B-cyclodextrin (HPBCD) was dissolved in water for injection in a

container.

2. Disuclium edetate, sodium chloride, benzalkonium chloride solution (50%) and dibasic

sodium phosphate anhydrous were added to the above container and stirred lo vet a clear
solution.

3, Olopatadine hydrochloride was dissolved in water for injection and added to the above
solution in the container, understirring. ,

Stage C

1. Solution obtained from stage B was addedto solution ofstage A.

2. The pHofthe solution was adjusted such that it is between 6.8-7.2, using 5.0% v/v
hydrochloric acid or 2% w/y sodium hydroxide.

3. Final volume was made up with waterfor injection.

4. The solution wasfiltered through 2.0m prefilter and 0.2m nylon 66 membrane filter,

and transferred to 5 ml sterile lupolen bottle.

This solution is suitable for administration to the ocular mucosa.

EXAMPLE 8

Olopatadine hydrochloride aqueous solution of example 7 was packed in vials and stored at
25°C / 60%relative humidity, 30°C / 65% relative humidity, 40°C / 75% relative humidity and 2-

8°C (refrigeration condition) for a period up to 6 months. The samples were analyzed using high

performance liquid chromatography (HPLC). The percent total degradation was calculated by
area olsnalization method and the results obtained are summarizedin table 12 below.

N No
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Storage condition

Tabte 12

 

40°C (75% Relative Humidity

Total degradation (%)

. Time period Composition

PCT/IN2007/000199

 

 

 

 

30°C / 65% Relative Humidity

25°C / 60% Relative Humidity

|

 

Of

Example 7

0 month 0.11

! month 0.25

2month — U.38

3 month 0.40 |
6 month 0.86

1 month 0.21

2 month 0.21 

| 3 month
6 month

0.20

0.38
—

 

3 month -

1 month 0.24

2 month 0.12

j—_2more—___
0.21

 

 
6 month 0.33

| | month 0:21 _|
2-8'C 2 month 0.12

Refrigeration condition 3 month 0.12
6 month 0.18

 

 

 
 

 
 

 
 

Ulopatadine hydrochloride aqueous solution of example 7, were pavked in vials and stored at

25°C / 6U%relative humidity, 30°C / 65%relative humidity, 40°C / 75%relative humidity and

2-8"(refrigeration condition) for a period up to 6 months. The samples were observed visually

tor a period up to 6 months andthe solution was found to be clear without any crystallization or

precipitation of olopatadine. The results are summarized in table 13 below
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Table 13

 

Obseryations

: : Composition
Time period :

Storage condition of
Example 7

0 month Clear solution °

. | month Clear solution
40°C / 75% 2 month

Relative humidity 3 month

6 month _|
: 1 month .

30°C / 65% | 2 month
Relative humidity 3 month

| 6 month
} month

 
 

 
 

25°C / 60% 2 month

Relative humidity 3 month
6 month

. { month

2. 29°C 2 month

Relrigeration condition 3 month
6 month

  
)

The invention having been described, it will be readily apparent to those skilled in the art that

further changes and modifications in actual implementation of the concepts and embodiments

deseribed herein can be made or may be learned by practice of the invention, without departing

fromthe spirit and scope of the invention as defined by the following claims.
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