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OPHTHALMIC FORMULATIONS 

RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application No. 61/793,273, filed 

March 15, 2013. The contents of any patents, patent applications, and references cited 

5 throughout this specification are hereby incorporated by reference in their entireties. 

TECHNICAL FIELD 

The present invention relates to an ophthalmic formulation which comprises fine particles 

of Compound A 

10 ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-

2-yl)methyl nitrate, in an aqueous suspension and a manufacturing process thereof. More 

specifically, the present invention relates to a topically applied ophthalmic aqueous 

suspension which is obtainable by suspending a fine particle of Compound A in an 

aqueous vehicle containing a surfactant and boric acid at a pH between about 6.0 and 7.0, 

15 and to a method of reducing intraocular pressure or protecting retinal ganglion cells using 

the formulation. 

BACKGROUND 

US 2010-0279970A1, herein incorporated by reference in its entirety, discloses a 

clinically significant reduction of intraocular pressure using an Adenosine Ai receptor 

20 agonist in human subjects having glaucoma. 

OH 
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US 2011-0123622A1, which is also incorporated by reference in its entirety as if 

individually set forth, describes formulations of Compound A comprising: 

Ingredient % w/v 

Compound A, micronized 0.152-2.42 

5 Sodium CMC, low viscosity 0.7 

Benzalkonium Chloride 0.01 

Polysorbate 80 0.3 

Citric Acid Monohydrate 0.15-0.3 

Glycine 0-0.10 

10 NaCl TBD (q.s. 270-300 mOsm) 

NaOH/HCl (pH adjustment pH5.1±0.1 

Purified Water q.s. 100.00 

However, over time, there can be some variability in the chemical stability of these 

formulations at for example 25°Celsius, and , particle size growth can occur under some 

15 conditions in some of the formulations described in US 2011-0123622A1. Additionally, 

after prolonged storage of months to years, the suspended drug particles can settle to the 

bottom of the formulation making their re-suspension with shaking to re-form a 

homogeneous suspension difficult. 

Accordingly, there exists a need to develop new ophthalmic formulations with (i) 

20 enhanced chemical stability, (ii) limited particle size growth over extended storage 

periods, and (iii) more rapid and efficient re-suspension of the active pharmaceutical 

ingredient (API) particles after storage. In addition, there exists a need to develop further 

ophthalmic formulations for delivering Compound A and a process for manufacturing the 

ophthalmic formulation. 

25 SUMMARY OF INVENTION 

The present invention is based, at least in part, on the discovery that formulations of 

Compound A containing boric acid have improved chemical stability and reduced particle 

growth during storage. In addition, these improved formulations have a lower surfactant 

concentration and a pH of 6.0 to 7.0 made possible by a phosphate buffer, which results 

30 in a flocculated suspension with improved re-suspension properties. Due to the pH range, 

the formulations are also better tolerated by patients and demonstrate improved 
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compatibility with other ophthalmic agents (e.g., latanoprost), thereby facilitating co-

formulation. 

In a first aspect of the invention there is provided an ophthalmic formulation comprising: 

(a) an aqueous suspension of micronized Compound A from 0.1 to 5.0 

5 % (w/v), 

(b) a surfactant, 

(c) boric acid from about 0.05 to about 2.0 % (w/v), and 

(d) a buffering agent that maintains the pH from about 6.0 to 7.0. 

In one embodiment, the suspension of Compound A comprises fine particles with an X90 

10 of less than about 25 microns. In another embodiment, the fine particles have an X90 less 

than about 10 microns. In a further embodiment, the fine particles have an X90 between 

about 3-7 microns. 

In one embodiment, Compound A is present in the ophthalmic formulation between about 

0.5 to about 5.0% (w/v). In another embodiment, Compound A is present in the 

15 ophthalmic formulation from about 1.0 to about 4.0% (w/v). In a further embodiment, 

Compound A is present in the ophthalmic formulation from about 2.0 to about 3.5% 

(w/v). 

In one embodiment, the surfactant is selected from polysorbate 80, polysorbate 60, 

polysorbate 40, polysorbate 20, polyoxyl 40 stearate, poloxamers, tyloxapol and POE 35 

20 castor oil. In one embodiment, the surfactant is polysorbate 80. 

In one embodiment, the surfactant present in the ophthalmic formulation is between about 

0.01 to about 0.5 % (w/v). In another embodiment, the surfactant is present from about 

0.01 to about 0.1% (w/v). In another embodiment the surfactant is present from about 

0.01 to about 0.05% (w/v). 

25 In another embodiment, the ophthalmic formulation further includes an osmolarity agent, 

such as sodium chloride. In one embodiment, the osmolarity agent is present from about 

0.1% to 0.5% (w/v). In one embodiment the osmolarity agent is present at about 0.4%. 
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In another embodiment, the boric acid present in the ophthalmic formulation is about 0.5 

to 1.0% (w/v). In one embodiment, the boric acid present in the ophthalmic formulation is 

about 0.8 % (w/v). 

In another embodiment, the formulation further includes a preservative between about 

5 0.005 and about 0.05% (w/v). In one embodiment, the preservative is benzalkonium 

chloride present in the ophthalmic formulation between about 0.005 and about 0.02 % 

(w/v). In a further embodiment, the benzalkonium chloride is present at about 0.01 % 

(w/v). 

In one embodiment, the formulation further includes a second intraocular pressure (IOP) 

10 reducing agent. 

In one embodiment, the second IOP reducing agent is selected from the group comprising 

prostaglandin analogs, P-blockers, carbonic anhydrase inhibitors, rho-kinase inhibitors, ci2 

adrenergic agonists, miotics, neuroprotectants, adenosine A3 antagonists, adenosine Ai or 

A2A agonists, ion channel modulators and combinations thereof. 

15 In one embodiment, the second IOP reducing agent is a prostaglandin analog. 

In one embodiment, the second IOP reducing agent is latanoprost. 

In one embodiment, the latanoprost is present between about 1-200 (ig/ml. 

In one embodiment, the latanoprost is present in about 50 (ig/ml. 

In another embodiment the buffering agent is a pharmaceutically acceptable phosphate 

20 buffer. In one embodiment, the phosphate buffer is present at about lOmM. In another 

embodiment the, phosphate buffer is monobasic sodium phosphate present at about 0.1 to 

about 0.2 % (w/v). 

In another embodiment, the ophthalmic formulation further includes a suspending agent 

selected from sodium carboxymethylcellulose (NaCMC), hydroxyethylcellulose, 

25 hypromellose, polyvinyl alcohol, povidone, carbomers, hyaluronic acid and its salts, 

chondroitin sulfate and its salts, natural gums, and other pharmaceutically acceptable 

polymers. In one embodiment, the suspending agent is sodium carboxymethylcellulose 
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(NaCMC). In another embodiment, the sodium carboxymethylcellulose (NaCMC) is 

present at about 0.07% w/v. 

In a further embodiment, the pH of the formulation is about 6.5±0.1. 

In a further embodiment, the formulation further includes edetate disodium. In one 

5 embodiment the edetate disodium is present between about 0.01 to about 0.1 % (w/v). In 

another embodiment, the edetate disodium is present at about 0.015 to about 0.06 % 

(w/v). 

In one embodiment the formulation does not include glycine. 

In one embodiment the ophthalmic formulation comprises 

10 Ingredient %,w/v 

15 

Compound A, micronized 

A suspending agent 

Boric acid 

A preservative 

A surfactant 

A phosphate buffering agent 

0.005-0.05 

0.01-0.1 

0.05-0.5 

TBD (qs to 270-330 mOsm) 

pH 6.0-7.0 ±0.1 

q.s. 100.00. 

0.4-5.0 

0.5-1.5 

0.05-2.0 

NaCl 

NaOH/HCl (pH adjustment) 

Purified Water 

20 In another embodiment the ophthalmic formulation comprises: 

Ingredient 

Compound A, micronized 

Sodium CMC, low viscosity 

Boric Acid 

%, w/v 

0.5-3.0 

0.7 

0.8 

25 Benzalkonium Chloride 

Polysorbate 80 

Phosphate Buffer 

edetate disodium 

0.005-0.02 

0.05 

0.12 

0.015-0.06 

NaCl 0.4 
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NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

In one embodiment the ophthalmic formulation comprises: 

Ingredient %,w/v 

5 Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

10 Phosphate Buffer 0.12 

edetate disodium 0.015 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

In one embodiment the ophthalmic formulation comprises: 

15 Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.005 

20 Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.03 

NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

25 Purified Water q.s. 100.00. 

In one embodiment the ophthalmic formulation comprises: 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

30 Boric Acid 0.8 
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Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.03 

5 NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

In one embodiment the ophthalmic formulation comprises: 

Ingredient %,w/v 

10 Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.015 

Polysorbate 80 0.05 

15 Phosphate Buffer 0.12 

edetate disodium 0.03 

NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

20 In one embodiment the ophthalmic formulation comprises: 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

25 Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.06 

NaCl 0.4 

30 NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 
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In one embodiment, the formulation further comprises a second ophthalmic agent. The 

second ophthalmic agent is selected from the group comprising: P-blockers, prostaglandin 

analogs, prostamides, carbonic anhydrase inhibitors, rho-kinase inhibitors, 0.2 adrenergic 

agonists, miotics, neuroprotectants, adenosine Ai agonists, adenosine A3 antagonists, 

5 adenosine A2A agonists and combinations thereof. 

In one embodiment, the second agent is a prostaglandin analog selected from latanoprost, 

travoprost, unoprostone and bimatoprost. 

In one embodiment, the prostaglandin analog is latanoprost. 

In a further aspect, the present invention provides a method of reducing intraocular 

10 pressure comprising the step of: applying an effective amount of an ophthalmic 

formulation as defined above to an affected eye of a subject in need thereof. 

In one embodiment the IOP of the affected eye is reduced by at least 10%. In another 

embodiment the IOP of the affected eye is reduced by at least 10-20%. In a further 

embodiment the IOP of the affected eye is reduced by 20% or more. In one embodiment 

15 the IOP of the affected eye is reduced by at least 10% for more than 3 hours, in another 

embodiment the IOP of the affected eye is reduced by at least 10-20% for more than 3 

hours, in a further embodiment the IOP of the affected eye is reduced by 20% or more for 

more than 3 hours and in another embodiment the IOP of the affected eye is reduced by at 

least 10% for at least 6 hours. In one embodiment, the IOP of the affected eye is reduced 

20 by at least 20% for at least 12 hours. In one embodiment, the IOP of the affected eye is 

reduced by at least 20% for about 12 to about 24 hours. 

In one embodiment, the ophthalmic formulation is administered to the affected eye of the 

subject in about 30 to about 50 |_iL drops. 

In another embodiment, the ophthalmic formulation is administered in 1 to 2 drops once 

25 or twice daily. 

In another embodiment, the subject has normal-tension glaucoma, OHT, or POAG. 

In a further aspect, the present invention provides a method of treating retinal ganglion 

cell damage comprising the step of: applying an effective amount of an ophthalmic 

formulation as defined above to the affected eye of a subject in need thereof. 
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In one embodiment, the ophthalmic formulation is administered to the affected eye of the 

subject in about 30 to about 50 |_il drops. 

In another embodiment, the ophthalmic formulation is administered in 1 to 2 drops once 

or twice daily. In a further aspect, the present invention provides a method of preventing 

5 retinal ganglion cell damage comprising the step of: applying an effective amount of an 

ophthalmic formulation as defined above to an eye of a subject. 

In one embodiment, the ophthalmic formulation is administered to the affected eye of the 

subject in about 30 to about 50 |_il drops. 

In another embodiment, the ophthalmic formulation is administered in 1 to 2 drops once 

10 or twice daily. 

In a related embodiment, the methods as defined above further comprise the prior, 

simultaneous or sequential, application of a second opthalmic agent. In one embodiment 

the second ophthalmic agent is selected from the group comprising: P-blockers, 

prostaglandin analogs, prostamides, carbonic anhydrase inhibitors, rho-kinase inhibitors, 

15 0.2 adrenergic agonists, miotics, neuroprotectants, adenosine Ai agonists, adenosine A3 

antagonists, adenosine AIA agonists and combinations thereof. 

In certain embodiments, the second agent is a prostaglandin analog selected from 

latanoprost, travoprost, unopro stone and bimatoprost. In one embodiment, the 

prostaglandin analog is latanoprost. 

20 In a further aspect, there is provided a process for preparing a composition suitable for 

preparing ophthalmic formulations as described above comprising: 

(a) micronizing Compound A into particle sizes of less than about 50 microns; 

(b) suspending the particles of Compound A in an aqueous suspension with a surfactant 

and a buffering agent at a pH of about 6.0 to about 7.0; 

25 (c) curing the product of step (b) at about 40° Celsius for between about 24 to about 96 

hours; and 

(d) adding a solution of boric acid from about 0.05 to about 2.0 % (w/v) to provide a 

composition suitable for preparing ophthalmic formulations as described above. 
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In one embodiment, steps (a)-(c) are carried out at a volume less than the final volume of 

the ophthalmic formulation. In one embodiment, steps (a)-(c) are carried out at a volume 

of less than about 20% of the final volume of the formulation (and at about 5X the final 

5 excipient concentrations). In one embodiment, steps (a)-(c) are carried out at a volume of 

about 50% to about 85% of the final volume of the formulation (and at about 2X to 

1.176X the final excipient concentrations, respectively). In one embodiment, steps (a)-(c) 

are carried out at a volume of about 75% of the final volume of the formulation (and at 

about 1.3X the final excipient concentrations). 

10 In one embodiment, the process further comprises filtering the cured product of step (c) to 

a concentrated slurry prior to step (d). For example, a 0.22 micron filter can be used to 

reduce the volume of the cured solution without losing a significant portion of the 

suspended particles in step (c) prior to addition of the boric acid solution in step (d). Any 

reduction in volume at the end of step (c) would decrease the amount of impurities 

15 formed during curing which are dissolved in the suspending solution, and thus increase 

the purity of the final formulation. 

In one embodiment, the resulting composition is sterilized. In another embodiment 

resulting composition is sterilized by gamma irradiation up to a maximum of 40 kGray 

(kGy) or by autoclaving. 

20 In another embodiment the process is performed under aseptic conditions. 

In another embodiment the resulting composition is diluted and the pH adjusted to 

produce an ophthalmic formulation as described above. 

In one embodiment, the curing step takes place at about 40° Celsius for between about 48 

to about 96 hours. 

25 In another embodiment, the process includes the further step of adjusting the pH of the 

aqueous suspension to a pH of about 6.5 ±0.1. 

In one embodiment, the final concentration of Compound A in the suspension is adjusted 

to between about 1 to about 50 mg/ml, or in another embodiment the final concentration 

of Compound A in the suspension is between about 3 to about 30 mg/ml. For example, in 
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one embodiment, the formulation comprises about 0.1 to about 3.0% (w/v) of Compound 

A. In one embodiment, the formulation comprises about 0.5 to about 1.5% (w/v) of 

Compound A. In one embodiment, the formulation comprises about 3.0% (w/v) of 

Compound A. 

5 In a further embodiment, the process of preparing the ophthalmic formulation comprises 

the addition of a second opthalmic agent. In one embodiment the second ophthalmic 

agent is selected from the group comprising: P-blockers, prostaglandin analog, 

prostamides, carbonic anhydrase inhibitors, rho-kinase inhibitors, 0.2 adrenergic agonists, 

miotics, neuroprotectants, adenosine Ai agonist, adenosine A3 antagonists, adenosine A2A 

10 agonists and combinations thereof. 

In one embodiment, the second agent is a prostaglandin analog selected from latanoprost, 

travoprost, unoprostone and bimatoprost. 

In one embodiment, the prostaglandin analog is latanoprost. 

In a related aspect, there is provided a packaged topically applicable ophthalmic 

15 formulation comprising an aqueous suspension of fine particles of Compound A. In one 

embodiment, the packaged ophthalmic formulation is stable for at least 2 years at 5° 

Celsius and least 6 months at 25° Celsius. In one embodiment the packaged ophthalmic 

formulation is stable for about 12 to 18 months at 5° Celsius, and 3 to 6 months at 25° 

Celsius. In one embodiment the packaged ophthalmic formulation is stable at least 12 

20 months at 5° Celsius and 3 months at 25° Celsius. 

In one embodiment, the packaged formulation further comprises a second ophthalmic 

agent. In one embodiment, the packaged formulation further comprises latanoprost. 

The foregoing brief summary broadly describes the features and technical advantages of 

certain embodiments of the present invention. Further technical advantages will be 

25 described in the detailed description of the invention that follows. Novel features which 

are believed to be characteristic of the invention will be better understood from the 

detailed description of the invention when considered in connection with any 

accompanying figures and examples. However, the figures and examples provided herein 

are intended to help illustrate the invention or assist with developing an understanding of 

30 the invention, and are not intended to be definitions of the invention's scope. 
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DETAILED DESCRIPTION 

Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as is commonly understood by one of skill in the art to which this invention 

belongs. 

5 DEFINITIONS: 

The term "about" or "approximately" usually means within 20%, more preferably within 

10%, and most preferably still within 5% of a given value or range. Alternatively, 

especially in biological systems, the term "about" means within about a log (i.e., an order 

of magnitude) preferably within a factor of two of a given value. 

10 The use of the terms "a" and "an" and "the" and similar referents in the context of 

describing the invention (especially in the context of the following claims) are to be 

construed to cover both the singular and the plural, unless otherwise indicated herein or 

clearly contradicted by context. The terms "comprising, "having," "including," and 

"containing" are to be construed as open-ended terms (i.e., meaning "including, but not 

15 limited to") unless otherwise noted. Recitation of ranges of values herein are merely 

intended to serve as a shorthand method of referring individually to each separate value 

falling within the range, unless otherwise indicated herein, and each separate value is 

incorporated into the specification as if it were individually recited herein. 

The term "surfactant" refers to a soluble compound that reduces the surface tension of 

20 liquids, or reduces interfacial tension between two liquids or a liquid and a solid, the 

surface tension being the force acting on the surface of a liquid, tending to minimize the 

area of the surface and facilitating the dispersion of a solid in a liquid. 

The term "topical application" as used herein means application by way of a liquid, gel or 

ointment to the external corneal surface of a subject. 

25 The term "subject" means a human subject or an animal subject (e.g., dogs, cats, cow, 

horses, pigs, sheep, goats, rabbits, guinea pigs, mice and rats). 

The term "effective amount" as used herein refers to an amount of an ophthalmic 

formulation that is effective for at least one of the following: (i) treating or preventing 
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elevated IOP; (ii) reducing IOP; (iii) treating or preventing retinal ganglion cell damage; 

and (iv) reducing retinal ganglion cell damage in a subject. 

The term "treat" is used herein to mean to relieve, reduce or alleviate at least one 

symptom of a disease in a subject. For example, the term "treat" may mean to reduce or 

5 alleviate elevated intraocular pressure and/or to reduce or prevent further damage or loss 

of retinal ganglion cells. For example, treatment can be diminishment of one or several 

symptoms of a disorder or complete eradication of a disorder. 

The terms "protect" or "prevent" are used interchangeably herein to delay the onset {i.e., 

the period prior to clinical manifestation of a disease) and/or to reduce the likelihood of a 

10 subject developing or worsening of a disease (e.g., a subject at risk of developing a 

disease). For example, the formulations of the invention may be used to prevent elevated 

intraocular pressure, and/or may be used as a neuroprotective composition to prevent 

retinal ganglion cell damage and/or retinal ganglion cell loss. 

The particle size of the "fine particles" which may be used in the invention is preferably 

15 not more than about 50 microns, which is about the maximum particle size tolerated 

ophthalmically in topical formulations. The particle size may be between about 1 to 

about 50 microns, e.g., less than 50 microns, less than 40 microns, less than 30 microns, 

less than about 25 microns, less than 20 microns, or less than 10 microns, although it is 

to be appreciated that particle sizes of less than 1 micron are also acceptable. The particle 

20 sizes are defined as X90 values, which refers to the particle size corresponding to 90% of 

the cumulative undersize distribution. In the present invention the X90 of particles of 

Compound A is less than about 25 microns. The method of measuring particle sizes 

based on USP<429> "Light Diffraction Measurement of Particle Size" - available at 

www.pharmaceuticalonline.com/doc.mvc/utilizing-USP-429-mdash-light-diffraction-

25 meaOOOl - has been employed by the applicants. 

As used herein, the term "drop" refers to a quantity of ophthalmically acceptable fluid 

that resembles a liquid drop. In one embodiment, a drop refers to a liquid volume 

equivalent to about 5 |_il to about 200 |_il, e.g., about 30 |_il to about 80 |_il, e.g., about 30 |_il 

to about 50 (j.1, e.g., about 35 JJ.1. 

30 The process for preparing the fine particles of Compound A may be carried out with any 

standard micronization techniques, including breakdown processes such as those using a 
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ball mill, a bead mill, a jet mill, and a hammer mill; spray drying; as well as built-up 

processes such as crystallization (e.g., Rapid Expansion of Supercritical Solutions, 

RESS); SAS methods (Supercritical Anti-Solvent) and PGSS methods (Particles from 

Gas Saturated Solutions). 

5 The surfactant of the invention is used as a wetting or dispersing agent to disperse and 

disaggregate the particles of the micronized Adenosine Ai receptor agonist in the aqueous 

suspension formulation by wetting the surfaces of the particles to modulate their 

compatibility with the aqueous solution. The surfactant is selected from the group of 

surface active agents that are primarily nonionic and include without limitation 

10 polysorbate 80, polysorbate 60, polysorbate 40, polysorbate 20, polyoxyl 40 stearate, 

poloxamers, tyloxapol and POE 35 castor oil. It is to be appreciated that any similar 

pharmaceutically acceptable surface active agents may be usable at levels that do not 

cause irritation or discomfort when applied to the eye as topical drops. 

The preservative of the invention is used to preserve the ophthalmic formulation upon 

15 storage and is required for multi-dose ophthalmic formulations. Suitable preservatives 

include quaternary ammonium salts such as benzalkonium chloride, cetrimide, 

chlorobutanol, sorbic acid, boric acid, edetate disodium and any other preservatives 

known to be safe and effective when used in topical ophthalmic products. The 

antimicrobial efficacy might be enhanced, especially with the quaternary ammonium 

20 salts, by the addition of chelating agents such as edetate disodium. 

Suspending agents are used to increase the viscosity and reduce the settling rate of the 

micronized particles in suspension and to allow for uniform dosing by an end user. 

Suspending agents help to ensure uniformity in the manufacturing and filling processes. 

Suspending agents are primarily polymers that are synthetic, semi-synthetic, or natural, 

25 and include without limitation: soluble cellulose derivatives such as 

carboxymethylcellulose sodium (NaCMC), hydroxyethylcellulose, hypromellose and 

others; polyvinyl alcohol, povidone, carbomers, hyaluronic acid and its salts, chondroitin 

sulfate and its salts, natural gums, and other pharmaceutically acceptable polymers. It is 

important to note that these suspending agents might also provide some surfactant 

30 properties as noted above. 

14 



WO 2014/152723 PCT/US2014/027662 

Buffering agents are used to maintain the pH during shelf life in the range most optimum 

to reduce the solubility of and therefore maintain the chemical stability of the suspended 

micronized particles of Compound A. A suitable buffering agent is a 10 mM phosphate 

buffer that is not irritating or discomforting to the eye. 

5 As described in co-pending U.S. Provisional Application entitled "A Method of Providing 

Ocular Neuroprotection", filed March 15, 2013, formulation of Compound A have been 

shown to have a neuroprotective effect on retinal ganglion cells. Accordingly, the 

ophthalmic formulations are useful for the treatment or prevention of retinal neuropathies 

and neurodegenerative conditions of the eye including, but not limited to, glaucoma (e.g., 

10 pseudo-exfoliative and pigment dispersion glaucoma, and closed angle glaucoma), ocular 

ischemic syndrome, retinal ischemia (e.g., retinal hypoxia ischemia), retinal vein 

occlusion, diabetic retinopathy, trauma (e.g., Purtsher's retinopathy), age-related macular 

degeneration, visual loss form retinal detachment and other conditions resulting in 

increased permeability of the blood-retinal barrier (BRB) resulting in fluid accumulation 

15 and retinal edema. 

There are a number of methods which can be used to measure the function of retinal 

ganglion cells. For example, damage to retinal ganglion cells can be measured using the 

following techniques: 

(i) measurement of visual field loss. Visual field loss and its progression are 

20 hallmarks in glaucoma, including normal tension glaucoma, and high IOP glaucoma, 

optic neuritis and retinal ganglion cell damage. Visual filed loss can be measured using 

various perimetery techniques. Visual field loss measurements can be very useful in 

finding early changes in vision caused by RGC damage. 

(ii) electroretinogram (ERG) or electroretinography measurements provide 

25 information on damage to RGC. Electroretinography measures electrical activity 

generated by the photoreceptor cells in the retina when the eye is stimulated by certain 

light sources. The measurement is captured by electrodes placed on the front surface of 

the eye (e.g. cornea) and the skin near the eye and a graphic record called an 

electroretinogram (ERG) is produced. Electroretinography is useful in diagnosing several 

30 hereditary and acquired disorders of the retina, damage to retinal ganglion cells by 

conditions such as but not limited retinitis pigmentosa, a detached retina or functional 

changes caused by arteriosclerosis or diabetes. In particular, the photopic negative 
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response (PhNR) of an ERG is thought to measure the presence of intact, functioning 

RGCs (Viswanathan S, Frishman LJ, Robson JG, et al. The photopic negative response of 

the macaque electroretinogram: reduction by experimental glaucoma. Invest Ophthalmol 

Vis Sci. 1999;40:1124-1136), and this signal has been shown to correlate to visual field 

5 loss in patients with glaucomatous vision field loss (Viswanathan S, Frishman LJ, Robson 

JG, Walter JW. The photopic negative response of the flash electroretinogram in primary 

open angle glaucoma. Invest Ophthalmol Vis Sci. 2001; 42:514-522), 

(iii) retinal nerve fiber layer thickness (RNFL) measurements, measured by 

optical coherence tomography or scanning laser polarimetry as reported in Tsai JC, 

10 Chang HW. Comparison of the effects of brimonidine 0.2% and timolol 0.5% on retinal 

nerve fiber layer thickness in ocular hypertensive patients: a prospective, unmasked 

study. J OculPharmacolTher. 2005; 21:475-82. 

Subjects that are susceptible to or at risk of developing RGC damage would be candidates 

15 for employing the preventative methods of the invention are subjects having a family 

history of glaucoma (e.g., normal tension glaucoma, pseudo-exfoliative and pigment 

dispersion glaucoma, and closed angle glaucoma), subjects that have a family history of 

visual field loss; subjects that have a family history of ocular ischemic syndrome, retinal 

ischemia (e.g., retinal hypoxia ischemia), retinal vein occlusion, retinal artery occlusion, 

20 diabetic retinopathy, age-related macular degeneration, visual loss from retinal 

detachment, conditions resulting in increased permeability of the blood-retinal barrier 

(BRB) resulting in fluid accumulation and retinal edema; subjects that are to face ocular 

surgery or have experienced ocular trauma; as well as subjects that have ocular diseases 

or diseases associated with the development of retinal ganglion cell damage including 

25 glaucoma (e.g., normal tension glaucoma, pseudo-exfoliative and pigment dispersion 

glaucoma, and closed angle glaucoma), diabetes, malignancy, infection, ocular ischemia, 

ocular inflammation,, ocular compression, elevated intraocular pressure, interruption in 

the blood circulation to the retinal ganglion cells, ocular ischemic syndrome, retinal 

ischemia (e.g., retinal hypoxia ischemia), retinal vein occlusion, retinal artery occlusion, 

30 diabetic retinopathy, age-related macular degeneration, visual loss from retinal 

detachment, conditions resulting in increased permeability of the blood-retinal barrier 

(BRB) resulting in fluid accumulation and retinal edema, or combinations thereof. 
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Where discrepancies exist between a compound's name and a compound's structure, the 

chemical structure will control. 

The ophthalmic formulations are administered to in amounts sufficient to lower IOP 

and/or to reduce retinal ganglion damage or loss in subjects experiencing elevated IOP or 

5 retinal ganglion cell damage or loss; and/or to maintain normal IOP levels and/or prevent 

retinal ganglion cell loss in subjects at risk of developing IOP or retinal ganglion cell 

damage or loss. 

Thus, for topical presentation 1 to 2 drops of these formulations would be delivered to the 

surface of the eye from 1 to 4 times per day, according to the discretion of a skilled 

10 clinician. 

The ophthalmic formulations can also be used in combination with other glaucoma 

treatment agents, such as, but not limited to, P-blockers, prostaglandin analogs, 

prostamides, carbonic anhydrase inhibitors, 0.2 adrenergic agonists, miotics, and 

neuroprotectants, adenosine Ai agonists, adenosine A3 antagonists, adenosine A2A 

15 agonists and combinations thereof. As used herein, a "combination of agents" and similar 

terms refer to a combination of two types of agents: (1) adenosine receptor Ai agonists 

(e.g. compounds of Formula I) and/or pharmacologically active metabolites (e.g., 

cyclopendyladenosine), salts, solvates and racemates of adenosine receptor Ai agonists 

and (2) prostaglandin analogs (e.g. latanoprost) and/or pharmacologically active 

20 metabolites, salts, solvates and racemates of prostaglandin analogs. Pharmacologically 

active metabolites include those that are inactive but are converted into 

pharmacologically active forms in the body after administration. 

Administration of the combination includes administration of the combination in a single 

formulation or unit dosage form, administration of the individual agents of the 

25 combination concurrently but separately, or administration of the individual agents of the 

combination sequentially by any suitable route. The dosage of the individual agents of 

the combination may require more frequent administration of one of the agents as 

compared to the other agent in the combination. Therefore, to permit appropriate dosing, 

packaged pharmaceutical products may contain one or more dosage forms that contain the 

30 combination of agents, and one or more dosage forms that contain one of the 

combinations of agents, but not the other agent(s) of the combination. 
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The optimal dose of the combination of agents use in the methods described herein can be 

determined empirically for each individual using known methods and will depend upon a 

variety of factors, including, though not limited to, the degree of advancement of the 

disease; the age, body weight, general health, gender and diet of the individual; the time 

5 of administration; and other medications the individual is taking. Optimal dosages may 

be established using routine testing and procedures that are well known in the art. Daily 

dosages for the compounds of formula I can be 10 |ag to about 2000 |_ig. 

Frequency of dosage may vary depending on the formulation used and the particular 

condition to be treated or prevented and the patient's/subject's medical history. In 

10 general, the use of the minimum dosage that is sufficient to provide effective therapy is 

preferred. Patients may generally be monitored for therapeutic effectiveness using assays 

or tests suitable for monitoring IOP or retinal damage for the condition being treated or 

prevented, which will be familiar to those of ordinary skill in the art. 

The following abbreviations are used herein and have the indicated definitions: IOP is 

15 intraocular pressure; OHT is ocular hypertension; POAG is primary open-angle 

glaucoma; and NaCMC is sodium carboxymethylcellulose. 

EXAMPLES 

The present invention is further illustrated by the following examples, but should not be 

construed to be limited thereto. 

20 Example 1 - Synthesis of Compound A 

The following Scheme 1 shows the reaction scheme in the preparation of Compound A. 

The GMP preparation of Compound A is described in detail. 

The quantities detailed are calculated for a production batch of approximately 40 g of 

Compound A. The production described can be scaled up. 

25 Step 1: 1 Liter of ethanol was charged into a reactor and stirred rapidly. 0.3 kg of 6-

chloroadenosine and 0.267 Kg of cyclopentylamine were added to the ethanol in the 

reactor. The reactor was heated to reflux for 2 hr, then cooled to 8° C and kept under 

these conditions for 12 hours. The crystallized material was filtered from the mother 

18 



WO 2014/152723 PCT/US2014/027662 

liquid and the solid cake was washed with 0.33L of ethanol to produce a wet cake. The 

wet cake was dried to obtain N6-cyclopentyladenosine (0.249 Kg). 

Step 2: Dimethoxypropane was used to protect the 2' and 3' hydroxyl groups on the sugar 

unit. 3.7 liters of acetone was charged into the reactor and was stirred rapidly. 0.249 Kg 

5 of N6-cyclopentyladenosine; 0.386 Kg of dimethoxypropane and 0.148 Kg of p-

toluenesulfonic acid were added to the acetone (3.7 L) in the reactor. The reactor was 

heated to 40° C for 1.5 hours. The solvents were then removed by distillation under 

vacuum at 40° C to prepare a dry crude material. 3.1 L of ethyl acetate were then added 

to the dry crude material obtained. The solution was then cooled to 6° C and 0.5N NaOH 

10 solution was added by dripping until a pH of 8 was reached. This equated to 

approximately 1.55 L of NaOH solution. After the phase separation was complete, 0.78 L 

of saturated sodium chloride 20% solution was added to the organic phase. 0.78L of 

saturation sodium chloride 20% solution was added again. The two phases were stirred 

for 30 minutes. The organic phase that was ethyl acetate based was separated and dried 

15 with 0.157 Kg of sodium sulphate and washed with 1 L of ethyl acetate. The solution was 

filtered and evaporated to an oil under vacuum at 55° C. To the remaining oil 1.2L of 

hexane and 0.3 L of ethyl acetate were added. The reaction mixture was heated to 55° C 

for 3 hours and then the solution was cooled to 5° C and maintained at this temperature 

for 12 hours. The solids were filtered and the resulting cake was washed with a 0.625 L 

20 of ethyl acetate:hexane (1:4) solution. After drying the solid 140 g of 2',3'-

isopropylidene-N6-cyclopentyl adenosine was obtained. 

Step 3: Nitration of the 5' position of 2',3'-isopropylidene-N6-cyclopentyl adenosine 

obtained in Step 2 was carried out with a nitric acid acetic anhydride mixture. 0.127 L of 

dichloromethane was charged into the reactor and stirred rapidly. 140 g of 2',3'-

25 isopropylidene-N6-cyclopentyl adenosine was added and the reaction solution was cooled 

to - 20° C. 0.547 L of a solution composed of 0.127 L nitric acid 65% in 0.420 L of acetic 

anhydride was added at a rate that kept the reaction mixture below -15° C, the 

temperature range of between -23 to -18° C has been found to be the preferred target 

range. If the temperature increases then impurities were found to be generated. The 

30 addition of the acid mixture took about 0.5 hr. The mixture was stirred for 20 mins and 

then quenched into 0.35 L of cold saturated sodium bicarbonate solution. The pH was 

corrected to 7 by the addition of solid sodium bicarbonate to the aqueous later. The 
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organic phase was separated and the aqueous layer extracted with 0.4L of 

dichloromethane. The organic phases were combined and washed with 0.6L of saturated 

sodium chloride solution. The organic phase containing 2',3'-isopropylidene-N6-

cyclopentyladenosine-5'-nitrate was then separated for use in Step 4 below. 

5 Step 4: Because of its liability the protected 2',3'-isopropylidene-N6-

cyclopentyladenosine-5'-nitrate was hydrolyzed directly without purification. The 

solution from Step 3 was evaporated at 20° C under vacuum to an oil. The oil was cooled 

to less than 2° C. 1.95L of trifluoroacetic acid:water (3:1) solution was added. The 

reaction mixture was stirred for 0.5 hours and allowed to warm to room temperature 

10 while being stirred. After that, the sodium bicarbonate solution was prepared and cooled 

to less than 10° C. The sodium bicarbonate solution was added to the reaction mixture to 

quench the reaction. The ethyl acetate was added to the reaction vessel and the pH was 

adjusted and the organic layer was worked up and dried with sodium sulfate. The 

resulting product solution was then dried several times with magnesium sulphate and the 

15 material stripper to form crude Compound A. 

The crude compound A was then recrystallized from ethanol. The crude compound A 

material was dissolved in ethanol then concentrated to half volume to crystallize for 36 

hours. After that the resulting product was isolated by filtration to provide Compound A. 

'H-NMR (DMSO-de): 8 1.49 - 1.58 (m, 4H), 1.66 - 1.72 (m, 2H), 1.89 - 1.94 (m, 2H), 

20 4.12 - 4.17 (m, 1H), 4.28 - 4.33 (m, 1H), 4.48 (bs, 1H), 4.65 - 4.87 (m, 3H), 5.5 (d, J = 

5.1 Hz, 1H), 5.63 (d, J = 5.7 Hz, 1H), 5.91 (d, J = 5.1 Hz, 1H), 7,75 (d, J = 7.5 Hz, 1H), 

8.17 (bs, 1H), 8.30 (s, 1H); MS (ES+): m/z 381.35 (M+ 1); Anal. Calcd for CisHaoNeOe: 

C, 47.37; H, 5.30; N, 22.10; Found: C, 47.49; H, 5.12, N, 21.96. 
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2', 3'-isopropylidene-5'-0-nitro-N6-cyclopentyladenosine 
2',3'-isopropylidene-N -cyclopentyl 
adenosine 
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Exanple 2 - Formulation Preparation 

The invention provides an ophthalmic formulation comprising an aqueous suspension of 

fine particles of an Ai agonist. Compound A, in API form was fed into a loop mill at the 

rate of between 50-70 g per hour and at a mill pressure of 90 psi. The milling process 

produced fine particles having a range of particle sizes of between 3-7 microns with an 

average particle size of about 5 microns. It is generally recognized that particle sizes less 

than 50 microns can be administered topically to the cornea in an ophthalmic formulation 

without undue irritation to the cornea or ocular tissue. Once Compound A was milled the 

resulting fine particles were sterilized by a gamma irradiation process. The particles were 

irradiated at up to 40 kGray (kGy) to sterilize the Compound A. 

The suspension batches of Compound A were made at Newport Research in California at 

room temperature and atmospheric pressure and the batches ranged in volume from 10 

mL to 900 mL and in concentration from 0.1% to 3.0% of Compound A. Most batches 

were produced by the use of a stator-rotor mixer (a high-shear mixer) to provide enough 

shear to achieve adequate wetting and dispersion of the Compound A aggregates to the 

primary micronized particles. The specific mixer used was an OMNI MIXER 

HOMOGENIZER, Model 17105 with 10 mm generator probe for 10 mL batches and 20 

mm generator probe for batches of 60 - 900 mL. Several 10-20 mL batches were 

prepared by ultrasonication for about 20-30 minutes and that was found to be sufficient 

for adequate dispersion as determined by microscopic examination. 

The steps taken for manufacturing a 100 ml batch of a Compound A ophthalmic 

suspension formulation were as follows: 

1. 60-70 mL of purified water was heated in a glass or stainless steel beaker to about 
70°C. 

2. Sodium carboxymethylcellulose (NaCMC) was added slowly to the warmed 

purified water from step 1 and mixed until dissolved. 

3. The water and NaCMC mixture was removed from heat and the polysorbate 80, 

benzalkonium chloride (preferably in solution), sodium phosphate monobasic, 

edentate disodium and sodium chloride were added (in any order) with mixing to 
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the NaCMC mixture while the mixture was being cooled to room temperature. 

The mixture was mixed until all ingredients were dissolved. 

4. Purified water was added to the mixture to bring the volume up to 90 mL. 

5. The pH of the resulting mixture was adjusted to 6.5±0.1 with sodium hydroxide 

5 (1-10% solution) and/or hydrochloric acid (1-10% solution). 

6. Micronized compound A powder in a quantity to achieve the desired 

concentration was mixed with a high shear mixer such as an OMNI mixer for 

about 5-20 minutes. The benzalkonium chloride may also be added after the 

dispersion of the micronized compound A. 

10 7. Purified water was added to make up the 100 mL and the resulting mixture was 

mixed to ensure homogeneity. 

8. The resulting ophthalmic suspension was then cured at about 40° Celsius for 

about 96 hours to encourage the conversion of the suspended particles of 

Compound A in an A i polymorph form to convert to its more stable A2 

15 polymorph. The nature of polymorphs of Compound A is described in 

PCT/US2013/23166, the contents of which are incorporated herein in its entirety. 

9. To the resulting cured suspension, boric acid at a concentration that would make 

the final formulation concentration about 0.8% w/v was aseptically added. 

10. The resulting aseptic solution was then used to charge ophthalmic containers for 

20 stability studies. 

Example 3 - - Formulation 1 

The following Formulation was prepared according to the Formulation Preparation 

Example described above, and the pH was adjusted with sodium hydroxide. 

Ingredient %,w/v 

25 Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.01 
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Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.015 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

5 Purified Water q.s. 100.00. 

Example 4 - Formulation 2 

The following formulation was prepared according to the Formulation Preparation 

Example described above, 

Ingredient %,w/v 

10 Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.005 

Polysorbate 80 0.05 

15 Phosphate Buffer 0.12 

edetate disodium 0.03 

NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

20 Example 5- Formulation 3 

The following Formulation was prepared according to the Formulation Preparation 

Example described above. 

Ingredient %, w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Phosphate Buffer 0.12 

edetate disodium 0.03 
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NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

Example 6- Formulation 4 

5 The following Formulation was prepared according to the Formulation Preparation 

Example described above. 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

10 Boric Acid 0.8 

Benzalkonium Chloride 0.015 

Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.03 

15 NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

Example 7- Formulation 5 

The following Formulation was prepared according to the Formulation Preparation 

20 Example described above. 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

25 Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.06 

NaCl 0.4 

30 NaOH/HCl (pH adjustment) pH 6.5±0.1 
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Example 8- Formulation 6 

It is to be appreciated that any one of the formulations above could also be spiked with 

and additional ophthalmic agent, for example, latanoprost. Latanoprost has been used as 

a topical ophthalmic medication for controlling the progression of glaucoma or ocular 

5 hypertension by reducing intraocular pressure. It is a prostaglandin analogue that works 

by increasing the outflow of aqueous fluid from the eyes (through the uveoscleral tract). 

Latanoprost, which is marketed as Xalatan ™ is indicated for the reduction of elevated 

intraocular pressure in patients with open-angle glaucoma or ocular hypertension. Pre­

clinical studies have shown that the use of Compound A in combination with latanoprost 

10 provided a significant IOP reduction in normotensive monkeys (US 2011-0172177). 

Latanoprost is added, usually aseptically, to the Formulation after the curing step or after 

all other formulation steps as described above. For example latanoprost can be spiked 

into Formulation 3 with Compound A at 3.0% (Example 5 above) to prepare a unit 

dosage of a combination of Compound A with a concentration of latanoprost of about 50 

15 ug/ml. A stability study has been done to study the stability of a combination of a 

suspension of Compound A as Formulation 3 and latanoprost. The stability study is 

described below. 

Stability Sample Preparation: 

A 10 mL sample of a 3% suspension of Compound A spiked with latanoprost at 50 

20 (ig/mL was used for the stability study. Ethanol was used to disperse the latanoprost into 

the suspension of Compound A. The final solution ethanol target was 0.5% so for 10 

mLs of the suspension, the latanoprost was dissolved in 50 |_iL of ethanol. 

For 10 mis of the suspension, 0.5 mg of latanoprost was needed for the spike. A 50 |_iL 

sample of a commercial solution containing 10 mg/mL of latanoprost in methyl acetate 

25 was taken and the solvent removed under vacuum. The residue was taken up in 50 |_iL of 

ethanol. 

A 9.950 mL sample of the suspension, taken with a 5 mL autopipette (2 x 4.975 mL) was 

spiked with the ethanol solution with mixing. 
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After taking a 500 |_iL TO sample, the bulk solution was divided into 3 containers that 

were set down at 2-8°C, 25°C/60RH and 40°C/75RH. 

It was noted on the transfer that the total volume of the suspension was 8.5 mis instead of 

10 mL suggesting that the 5 ml auto-pipette used for the sampling encountered issues 

5 with measuring the suspension. The solution in this case would be 0.5 mg in 8.5 mL 

volume or 58.8 (iL/mL of latanoprost in the suspension. Therefore for analysis, the 

theoretical latanoprost in solution after a 50% dilution with acetonitrile was 29.4 (.ig/mL. 

Calibration curve for latanoprost 

Latanoprost calibration curve samples were prepared by taking a 25 |_iL sample of the 10 

10 mg/mL solution of latanoprost in methyl acetate. After solvent removal the residue was 

taken up in 300 |_iL of ethanol. 

Three aliquots were removed from the ethanol solution: 45, 60 and 75 |_iL. After solvent 

removal the residues were taken up in 1 mL of acetonitrile with contained 0.5% ethanol. 

The resultant concentrations were 37.5, 50 and 62.5 (ig/mL of latanoprost. 

15 For analysis, these solutions were dissolved in 50% water to give approximately 18.75, 25 

and 31.25 (ig/mL of latanoprost respectively. 

The standards preparation was repeated for each time point and gave good linearity and 

consistent area counts. 

Table 1 below shows the area count data for each concentration and time point with the 

20 fluorescent detector. (The areas are the average of 2 injections) 

Latanoprost Area Counts 

Table 1 - Time Points - Calibration Area Counts 

18.75 (ig/ml 25 (ig/ml 31.25 (ig/ml 
TO 63.3 87.3 114.75 

2 Weeks 66.65 89.5 111.2 
4 Weeks 66.45 89.05 109.9 
3 months 63.7 85.3 111.1 
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Calibration Curve for Latanoprost Acid 

A calibration curve of latanoprost acid was also prepared using the commercial solution 

5 that contained 10 mg/mL in methyl acetate. 

In contrast to the latanoprost standards, these solutions were prepared in 100% 

acetonitrile. 

The solutions injected were 5, 2.5 and 1.25 (ig/mL solutions. 

Assay results: 

10 The stability samples were prepared by vortex mixing and sonication of the suspension 

followed by a 50% dilution with acetonitrile. After centrifugation the supernatant was 

injected on the HPLC. 

The assay results are shown below in Table 2 where the calculated concentration is shown 

in (ig/mL. (The theory concentration is 29.4 (ig/ml), 

15 Table 2 - Assay (ug/ml) 

Latanoprost 
Assay 

Results 

TO 2 Weeks(%T0) 4 Weeks(% TO) 3 Months (% TO) 

2-8°C 29.49 32.29(109%) 33.97(115%) 35.63* (121.1%) 
25°C /60 29.49 32.37(110%) 32.90*(112%) 30.42*(103.5%) 
40°C /75 29.49 31.35(106%) 29.90*(101%) 26.18*(89.0%) 
* Sample contained some latanoprost impurities, such as latanoprost acid. 

Purity: 

No latanoprost acid was present in the TO, 2 week and 2-8°C 4 week samples. For the 4 

week 25°C /60 and 40°C /75 samples the calculated latanoprost acid values were 0.4 and 

20 0.3 (ig/mL respectively. The impurities increased slightly at 3 months. For the 3 month 

25°C /60 and 40°C /75 samples the calculated latanoprost acid values were 0.63 and 3.92 

(ig/mL respectively. For the 3 month 2-8°C the impurity peak was too small to integrate. 
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Except for the 40°C /75 sample at 3 months the values for all other samples were below 

the calibration curve concentrations and therefore below the detection level of the 

method. 

Although the assays of latanoprost especially between 2-8°C and 25°C /60 were almost 

5 identical, impurity peaks in the FLD and UV increase with time and temperature. 

The 4 week samples gave the highest impurity peaks followed by the 2 week samples and 

TO. The 2-8°C samples had the least amount of changes. 

Example 9 - Stability Studies 

The formulation prepared in Formulation Example 5 was studied for stability over a 6 

10 month period at 5° C Samples were taken at 1 month, 2 months, 3 months, 6 months, 9 

months, 12 months and 18 months and analyzed by liquid chromatography. The stability 

findings are summarized below. 

Formulation Example 5 - this formulation has shown chemical stability and no significant 

particle size changes after 18 months at 5° C. 

15 Stability results for Formulation Example 5. 

Time at 

5 °C 

Assay 

% Label Claim 

Total Impurities 

% Label Claim 

PH Particle size 

distribution 

0 98 0.2% 6.439 Xio = 1.335 |-im 

X50 = 9.805 |-im 

X90 = 19.983 |-im 

1 month 98 0.2% NT Xio = 1.304 |am 

X50 = 9.622 |am 

X90 = 19.236 |-im 
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3 month 98 0.2% 6.5 Xio = 1.379 |-im 

X50 = 9.955 |-im 

X90 = 21.406 |-im 

6 month 99 0.3% 6.5 Xio= 1.392|am 

X50 = 10.273|am 

X90 = 23.728|am 

9 month 96.5 0.3% NT Xio = 1.454|_im 

X50 = 10.360|am 

X90 = 23.022|_im 

12 month 98.6 0.3% 6.4 Xio = 1.414|_im 

X50 = 9.969|am 

X90 = 20.255|am 

18 month 97.6 0.5% 6.4 Xio= 1.408|am 

X50 = 10.281|am 

X90 = 23.037|_im 

Large Scale Formulation Preparation Example 

A total volume of 7.6 liters of the formulation was prepared at a strength of 1.5% 

Compound A, from 5.7 liters of Formulation Part 1 (see the Table 1 below) which was 

prepared and cured with stirring at 40°C for 72 hours to convert the suspended, 

5 micronized active pharmaceutical ingredient (API) to its more stable polymorph. This 

was followed by adding 1.9 liters of Part 2 of the formulation (see Table 2 below) 

containing Boric Acid which stabilized the suspended API particles. A 5% API overage 
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was used to achieve the target API concentration in the suspension after the formulation 

was filled into eyedropper bottles. 

Instructions for preparation of 5.7 liters of Part 1 of formulation: 

5 The ingredients for Part 1 of the formulation are listed in Table 1 below. Note that the 

concentrations of the ingredients in Part 1 were adjusted such that the final target 

concentrations were achieved only after combining with Part 2 of the formulation. 

Table 1 Formulation Part 1 Ingredients 

Formulation: Part 1 
10 

Ingredient 
Concentration 

(%w/v) in Part 1 

Final Concentration 

(%w/v) in Product 

Sodium Chloride (NF) 0.53 0.4 

Carboxymethyl Cellulose 

Sodium (USP) 
0.70 0.7 

15 
Polysorbate 80 (NF) 0.067 0.05 

Benzalkonium Chloride, 50% 

(NF) 
0.0133 0.01 

Sodium Phosphate Monobasic 

(USP) 
0.16 0.12 

20 
Ethylenediaminetetraacetate 

Disodium (Dihydrate) (USP) 
0.04 0.03 

Sodium Hydroxide (NF) IN NA 

Water for Injection (USP) QS to Volume NA 

25 

250 mL of IN NaOH solution was prepared for pH adjustment. Polysorbate 80 was 

dissolved in 200 mL of room temperature water for injection (WFI). Benzalkonium 

Chloride 50% (BAK) was pre-dissolved in approximately 600 mL of room temperature 

WFI. 2800±100g of 70°C WFI was added to a tared compounding vessel. With stirring, 

30 Sodium Carboxymethyl Cellulose was sprinkled into the compounding container, and the 

CMC container was rinsed 3 times with approximately 200 mL WFI and added to the 

compounding vessel. The resulting solution was stirred for at least 30 minutes until the 

solution was visibly clear. 2800 ±100g of room temperature WFI was added and stirred 

until the solution temperature was at or below 35°C. The Sodium Phosphate Monobasic 
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was added to the compounding container, and the Sodium Phosphate Monobasic 

container was rinsed 3 times with approximately 100 mL WFI and added to the 

compounding vessel. The Sodium Phosphate Monobasic was stirred until completely 

dissolved. Ethylenediaminetetraacetate Disodium (EDTA) was added to the 

5 compounding container, and the EDTA container was rinsed 3 times with approximately 

100 mL WFI and added to the compounding vessel. The solution was stirred until the 

EDTA was completely dissolved. The pre-dissolved Polysorbate 80 was added to the 

compounding container, and the container rinsed 3 times with approximately 100 mL 

WFI and added to the compounding vessel. The resulting solution was mixed for at least 

10 3 minutes. The pre-dissolved BAK was added to the compounding container, the BAK 

container was rinsed 3 times with approximately 100 mL WFI and added to the 

compounding vessel and mixed for at least 3 minutes. The sodium chloride (NaCl) was 

added to the compounding container, and the NaCl container was rinsed 3 times with 

approximately 200 mL WFI and added to the compounding vessel. The compound vessel 

15 was mixed till the NaCl was completely dissolved. WFI was added to the compounding 

vessel to achieve the target weight of 8550 ±50g (approximately 95% of final QS weight). 

A 5 mL aliquot of the bulk solution was removed for pH testing. If necessary, 10 mL 

portions of IN NaOH were added to the bulk solution until a pH of 6.5 ±0.1 was 

achieved, mixing a minimum of 3 minutes between NaOH additions. QS to 9000 ±50g 

20 with room temperature WFI. 

Utilizing aseptic manufacturing conditions, a sterile, 10-liter, stainless steel, temperature-

controlled formulation vessel equipped with impeller for stirring was charged with 120g 

(for 7.6 L of 1.575% Compound A, including a 5% overage) of gamma sterilized, 

micronized Compound A API. Next, 4000g of the Part 1 solution was passed through a 

25 wetted and purged sterile filter and delivered aseptically to the formulation vessel. The 

vessel was stirred at 2000 ±50 rpm for 20 minutes to uniformly suspend the micronized 

API in the Part 1 solution. A final aliquot of 1780g of Part 1 formulation was sterile 

filtered into the formulation vessel to wash any unsuspended API into the bulk solution 

and produce a final tared weight of 5700g. After stirring at 2000 ±50 rpm for 20 minutes 

30 to homogenize the suspension, the stirring speed was reduced to 600 rpm ±50 and the 

heater/recirculation pump was set to 40°C to begin heating the solution to 40°C ±5°C. 

Once the suspension reached the target temperature the suspension was stirred for 72 

hours. 
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Instructions for preparation of 4.0 liters of Part 2 of formulation: 

The ingredients for Part 2 of the formulation are listed in Table 2 below. Note that the 

concentrations of the ingredients in Part 2 are adjusted such that the final target 

5 concentrations are achieved only after combining with Part 1 of the formulation. 

Table 2: Formulation Part 2 Ingredients 

Formulation: Part 2 

Ingredient 
Concentration 

(%w/v) in Part 1 

Final Concentration 

(%w/v) in Drug 

Product 

Carboxymethyl Cellulose 

Sodium (USP) 
0.70 0.7 

Boric Acid (NF) 3.2 0.8 

Sodium Hydroxide (NF) IN NA 

Water for Injection (USP) QS to Volume NA 

Add 2500 ±100g of 70°C WFI to a tared compounding vessel. With stirring, Sodium 

Carboxymethyl Cellulose was sprinkled into the compounding container, and the CMC 

10 container was rinsed 3 times with approximately 100 mL WFI and added to the 

compounding vessel. The solution was stirred for at least 30 minutes until the solution 

was visibly clear. 900 ±100g of room temperature WFI and was added and the solution 

stirred until the CMC was completely dissolved. The Boric acid was added to the vessel, 

and the boric acid container rinsed at least 3 times with 100 mL WFI and the rinses were 

15 added to the vessel. When the solution was at or below 25°C, 40 mL of IN NaOH was 

added and stirred for 5 minutes before checking and recording the pH. WFI was added to 

the vessel to a final QS weight of 4000 ±50g and mixed for a minimum of 15 minutes. 

The heater on the 10-liter formulation vessel (after the curing period) was turned off and 

cooling water was circulated. Stirring continued at approximately 600 rpm. 1900g of the 

20 Part 2 formulation was slowly added aseptically through a wetted and purged sterile filter 

to achieve a final QS formulation weight of 7600g (see Figure 1). The resulting solution 

was stirred at 2000 ±50rpm for 20 minutes. With constant stirring, 5.0 - 5.6g (target 

5.3g) of the suspension formulation were filled into 10 mL gamma-sterilized Rexam eye 

dropped bottles. The bottles were closed with matching dropper tips and caps. 
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The present invention and its embodiments have been described in detail. However, the 

scope of the present invention is not intended to be limited to the particular embodiments 

of any process, manufacture, composition of matter, compounds, means, methods, and/or 

5 steps described in the specification. Various modifications, substitutions, and variations 

can be made to the disclosed material without departing from the spirit and/or essential 

characteristics of the present invention. Accordingly, one of ordinary skill in the art will 

readily appreciate from the disclosure that later modifications, substitutions, and/or 

variations performing substantially the same function or achieving substantially the same 

10 result as embodiments described herein may be utilized according to such related 

embodiments of the present invention. Thus, the following claims are intended to 

encompass within their scope modifications, substitutions, and variations to processes, 

manufactures, compositions of matter, compounds, means, methods, and/or steps 

disclosed herein. 
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CLAIMS: 

1. An ophthalmic formulation comprising: 

5 (a) an aqueous suspension of micronized Compound A from 0.1 to 5.0 % (w/v), 

(b) a surfactant, 

(c) boric acid from about 0.05 to about 2.0 % (w/v), and. 

(d) a buffering agent that maintains the pH from about 6.0 to about 7.0. 

10 2. The formulation of clam 1, wherein the suspension of Compound A comprises 

fine particles of less than about 25 microns. 

3. The formulation of claim 2, wherein the fine particles are less than about 10 

microns. 

15 

4. The formulation of claim 2, wherein the fine particles are between about 3 to 

about 7 microns. 

5. The formulation of claim 1, wherein Compound A is present in the ophthalmic 

20 formulation between about 0.5 to about 5.0 % (w/v). 

6. The formulation claim 5, wherein Compound A is present in the ophthalmic 

formulation between about 1.0 to about 4.0 % (w/v). 

25 7. The formulation of claim 5, wherein Compound A is present in the ophthalmic 

formulation between about 2.0 to about 3.5 % (w/v). 

8. The formulation of claim 1, wherein Compound A is present in the ophthalmic 

formulation at about 3.0 % (w/v). 

30 

9. The formulation of claim 1, wherein the surfactant is selected from polysorbate 

80, polysorbate 60, polysorbate 40, polysorbate 20, polyoxyl 40 stearate, poloxamers, 

tyloxapol and POE 35 castor oil. 
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10. The formulation of claim 1, wherein the surfactant is present in the ophthalmic 

formulation between about 0.01 to about 0.5 %, w/v. 

11. The formulation of claim 10, wherein the surfactant is present from about 0.01 to 

5 about 0.1 % (w/v). 

12. The formulation of claim 1, wherein the surfactant is present from about 0.01 to 

about 0.005% (w/v). 

10 13. The formulation of claim 1, wherein the surfactant is polysorbate 80. 

14. The formulation of claim 1, wherein the boric acid is present from about 0.5 to 

about 1.0% (w/v). 

15 15. The formulation of claim 1, wherein the boric acid is present at about 0.8% (w/v). 

16. The formulation of claim 1, wherein the formulation further includes a 

preservative between about 0.005 and about 0.05% (w/v). 

20 17. The formulation according to claim 16, wherein the preservative is benzalkonium 

chloride. 

18. The formulation according to claim 17, wherein the benzalkonium chloride is 

present in the ophthalmic formulation between about 0.005 and about 0.02 % (w/v). 

25 

19. The formulation according to claim 17, wherein the benzalkonium chloride 

present in the ophthalmic formulation is about 0.01 % (w/v). 

20. The formulation according to claim 1, wherein the buffering agent is a 

30 pharmaceutically acceptable phosphate buffer. 

21. The formulation according to claim 20, wherein the phosphate buffer is present at 

about 10 mM. 
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22. The formulation according to claims 20, wherein the phosphate buffer is 

monobasic sodium phosphate present at between about 0.1 to 0.12%. 

23. The formulation according to claim 1, further including a suspending agent 

5 selected from sodium carboxymethylcellulose (NaCMC), hydroxyethylcellulose, 

hypromellose, polyvinyl alcohol, povidone, carbomers, hyaluronic acid and its salts, 

chondroitin sulfate and its salts, natural gums, and other pharmaceutically acceptable 

polymers. 

10 24. The formulation according to claim 23, wherein the suspending agent is selected 

from sodium carboxymethylcellulose (NaCMC) or hypromellose. 

25. The formulation according to claim 1, wherein the pH is about 6.5±0.1. 

15 26. The formulation according to claim 1, further comprising edetate disodium. 

27. The formulation according to claim 26, wherein the edetate disodium is present 

between 0.01 - 0.08% (w/v). 

20 28. The formulation according to claim 26, wherein the edetate disodium is present at 

about 0.03 % w/v. 

29. The formulation according to claim 1, comprising: 

25 

30 

Ingredient 

Compound A, micronized 

A suspending agent 

Boric acid 

A preservative 

A surfactant 

A phosphate buffering agent 

%, w/v 

0.4-5.0 

0.5-1.5 

0.05-2.0 

0.01-0.05 

0.01-0.1 

0.05-0.5 

NaCl 

NaOH/HCl (pH adjustment) 

TBD (qs to 270-330 mOsm) 

pH 6.0-7.0 ±0.1 
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30. The formulation according to claim 1, comprising: 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.7 

5 Boric Acid 0.8 

Benzalkonium Chloride 0.005-0.15 

Polysorbate 80 0.05 

Pho sphate Buffer 0.12 

edetate disodium 0.015-0.06 

10 NaCl 0.4 

NaOH/HCl (pH adjustment) pH 6.5±0.1 

Purified Water q.s. 100.00. 

31. 

15 

20 

25 

32. 

30 

The formulation according to claim 1, comprising: 

Ingredient %, w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Phosphate Buffer 0.12 

edetate disodium 0.015 

NaOH/HCl (pH adjustment) pH i 

Purified Water q.s. 

The formulation according to claim 1, comprising: 

Ingredient %, w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.005 

Polysorbate 80 0.05 

Phosphate Buffer 0.12 

edetate disodium 0.03 

6.5±0.1 

100.00. 
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NaCl 0.4 

NaOH/HCl (pH adjustment) pH i 

Purified Water q.s. 

5 33. The formulation according to claim 1, comprising: 

Ingredient %, w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

10 Benzalkonium Chloride 0.01 

Polysorbate 80 0.05 

Phosphate Buffer 0.12 

edetate disodium 0.03 

NaCl 0.4 

15 NaOH/HCl (pH adjustment) pH i 

Purified Water q.s. 

34. The formulation according to claim 1, comprising: 

Ingredient %, w/v 

20 Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 

Boric Acid 0.8 

Benzalkonium Chloride 0.015 

Polysorbate 80 0.05 

25 Phosphate Buffer 0.12 

edetate disodium 0.03 

NaCl 0.4 

NaOH/HCl (pH adjustment) pH i 

Purified Water q.s. 

6.5±0.1 

100.00. 

6.5±0.1 

100.00. 

6.5±0.1 

100.00. 

30 

35. The formulation according to claim 1, comprising: 

Ingredient %,w/v 

Compound A, micronized 0.5-3.0 

Sodium CMC, low viscosity 0.70 
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Boric Acid 0.8 

5 

Benzalkonium Chloride 

Polysorbate 80 

Phosphate Buffer 

edetate disodium 

0.01 

0.05 

0.12 

0.06 

NaCl 

NaOH/HCl (pH adjustment) 

Purified Water 

pH 6.5±0.1 

q.s. 100.00. 

0.4 

10 36. The formulation of claim 1, further including a second therapeutic ophthalmic 

37. The formulation of claim 35, wherein the second ophthalmic agent is selected 

from the group comprising prostaglandin analogs, P-blockers, carbonic anhydrase 

15 inhibitors, rho-kinase inhibitors, 0.2 adrenergic agonists, miotics, neuroprotectants, 

adenosine A3 antagonists, adenosine AIA agonists, ion channel modulators and 

combinations thereof. 

38. The formulation of claim 36, wherein the second ophthalmic agent is a 

20 prostaglandin analog. 

39. The formulation of claim 38, wherein the prostaglandin analog is latanoprost. 

40. The formulation of claim 39, wherein the latanoprost is present between about 1-

25 200 (ig/ml. 

41. The formulation of claim 40, wherein the latanoprost is present in about 50 (ig/ml. 

42. A method of reducing intraocular pressure comprising the step of: topically 

30 applying an effective amount of an ophthalmic formulation according to claim 1 to an 

affected eye of a subject. 

43. The method according to claim 42, wherein the ophthalmic formulation is 

administered to the affected eye of the subject in about 30 to about 50 |_il drops. 

agent. 
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44. The method according to claim 42, wherein the ophthalmic formulation is 

administered in about 1 to about 2 drops once or twice daily. 

5 45. The method according to claim 42, wherein the subject has normal-tension 

glaucoma, OHT, or POAG. 

46. A method of treating retinal ganglion cell damage comprising the step of: 

applying an effective amount of an ophthalmic formulation according to claim 1 to an 

10 affected eye of a subject. 

47. The method of claim 46, wherein the ophthalmic formulation is administered to 

the affected eye of the subject in about 30 to about 50 |_il drops. 

15 48. The method of claim 46, wherein the ophthalmic formulation is administered in 1 

to 2 drops once or twice daily. 

49. A method of preventing retinal ganglion cell damage comprising the step of: 

applying an effective amount of an ophthalmic formulation as according to claim 1 to an 

20 eye of a subject. 

50. The method as claimed in claim 49 wherein the ophthalmic formulation is 

administered to the affected eye of the subject in about 30 to about 50 |_il drops. 

25 51. The method as claimed in claim 50 wherein the ophthalmic formulation is 

administered in 1 to 2 drops once or twice daily. 

52. The method of claim 42, further comprising administering a second ophthalmic 

agent. 

30 

53. The method of claim 52, wherein the second ophthalmic agent is selected from the 

group comprising prostaglandin analogs, P-blockers, carbonic anhydrase inhibitors, rho-

kinase inhibitors, ci2 agonists, miotics, neuroprotectants, A3 antagonists, A2A agonists, ion 

channel modulators and combinations thereof. 
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54. The method of claim 53, wherein the second ophthalmic agent is a prostaglandin 

analog. 

5 55. The method of claim 54, wherein the prostaglandin analog is latanoprost. 

56. A kit or packaged formulation comprising a topically applicable ophthalmic 

formulation of claim 1. 

10 57. A process for preparing an ophthalmic formulation according to claim 1, 

comprising the steps of: 

(a) micronizing Compound A into particle sizes of less than about 50 microns; 

(b) suspending the particles of Compound A in an aqueous suspension with a 

surfactant and a buffering agent; 

15 (c) curing the product from step (b) at about 40° Celsius for between about 24 to 

about 96 hours; and 

(e) adding boric acid from about 0.05 to about 2.0 % (w/v). 

58. The process of claim 57, wherein steps (a)-(c) are performed with a volume of less 

20 than about 20% of the final volume of the ophthalmic formulation. 

59. The process of claim 57, further comprising filtering the cured product of step (c) 

as a concentrated slurry. 

25 60. The process of claim 57, wherein the milled Compound A is sterilized by gamma 

irradiation up to a maximum of 40 kGray (kGy). 

61. The process of claim 57, wherein the curing step takes place at about 40° Celsius 

for between about 48 to about 96 hours. 

30 

62. The process of claim 57, further comprising adjusting the pH of the aqueous 

suspension to between about 6.0 and about 7.0 or in a further embodiment to a pH of 

about 6.5 ±0.1. 
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63. The process of claim 57, wherein the process is performed under aseptic 

conditions. 

64. The process of claim 57, further comprising adding a second ophthalmic agent. 

65. The process of claim 64, wherein the second ophthalmic agent is selected from the 

group comprising prostaglandin analogs, P-blockers, carbonic anhydrase inhibitors, rho-

kinase inhibitors, ci2 agonists, miotics, neuroprotectants, A3 antagonists, A2A agonists, ion 

channel modulators and combinations thereof. 

66. The process of claim 65, wherein the second ophthalmic agent is a prostaglandin 

analog. 

67. The process of claim 66, wherein the prostaglandin analog is latanoprost. 
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