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BACKGROUND OF THE INVENTION  

The present invention relates to improved ophthalmic 

formulations, particularly to ophthalmic formulations for 

15 

	

	anti-inflammatory drugs, and specifically to an improved 

preservative system for ophthalmic formulations of 

carboxyl ("-CO-OH") group-containing drugs, especially 

non-steroidal anti-inflammatory drugs ("NSAIDs"). 

The invention also relates to methods of using these 

20 formulations for treating diseases that are either caused 

by, associated with or accompanied- by inflammatory 

processes, including, among others, glaucoma, cystoid 

macular edema, uveitis, diabetic retinopathy, and 

conjunctivitis, or any trauma caused by eye surgery or 

25 eye injury. 

The topical use of NSAIDs, particularly pyrrolo 

pyrrolesi  in the treatment of ophthalmic diseaset was 

first taught in U.S. Patent No. 4,454,151, where NSAID 

compounds (Such as those described in U.S. Patents 

30 4,089,969; 4,232,038;. 4,087539 and 4,097,579) were 

exemplified in, formulation with NaH2PO4 •1-1 20,, 

Na2HPO4 *H20, NaCI, benzaIkonium chloride ("BAC") 

and sterilized water. While the formulations described 
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PRESERVATIVE SYSTEM FOR OPHTHALMIC FORMULATIONS 

BACKGROUND OF THE INVENTION 
The present invention relates to improved ophthalmic 

formulations, particularly to ophthalmic formulations for 
anti-inflammatory drugs, and specifically to ~n improved 

preservative system for ophthalmic formulations of 
carboxyl ("-COOH") group-containing drugs, especially 
non-steroidal anti-inflammatory drugs ("NSAIDs"). 

The invention also relates to methods of using these 
20 formulations for treating diseases that are either caused 

by, associated with or accompanied by inflammatory 
processes, including, among others, glaucoma, cystoid 
macular edema, uveitis, diabetic ret~nopathy, and 
conjunctiviti~, or any ttauma caused by eye surgery or 

25 eye injury • 
• ··:·. The topical use of NSAIDs~ particularly pyrrolo 
•• • 

py~roles, in the treatment of ophthalmic diseases was 

first taught in u.s. Patent No. 4,454,151, where NSAID 
compounds (such as those described in U.Sw Patents 

30 4 , 0 8 9 , 9 6 9 ; 4 , 2 3 2 , 0 3 8 ; 4 , 0 8 7 ,53 9 and 4 , 09 7 , .57 9 ) were 
exemplified in formulation with NaH2Po 4 ·H 2o, 
Na 2HP0 4 ~ 2o, NaCl, benzalkonium chloride ("BAG") 

and st~rilized water. While the formulations described 
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in the '151 patent were efficacious, an insoluble complex 

was found to form between the NSAID and the BAC. The 

formulations became cloudy or turbid and did not, 

therefore, have the stability desired for shelf life in 

5 commercial applications. A reasonable minimum shelf life 

(that is, the time during which a solution remains clear 

and retains its pharmaceutical activity) is at least 

about one year, representing sufficient time to package, 

ship, and store a formulation without having to replace 

10 expired stock too frequently. The solutions of the 

present invention have shown a shelf life of at least one 

year. Thus, the present invention entails an improvement 

over the formulations described in the '151 patent. 

In general, an ophthalmic formulation contains an 

15 active compound and various ophthalmologically acceptable 

excipients,, in the form of a solution,, an ointment, a 

suspension, etc. An excipient is ophthalmologically 

acceptable if it is non-irritating to the eye and if its 

active ingredient penetrates the blood-aqueous barrier 

20 and/or diffuses through the various ocular substructures 

to the site where it is pharmacologically active. The 

excipients can include a tonicifier, a preservative, a 

surfactant, a buffering system, a chelating agent, a 

viscosity agent as well as other stabilizing agents. 

25 Ophthalmic formulations must, be sterile, and if intended 

for multiple dosing regimens, must be preserved with an 

effective anti-microbial agent. 

Organo-mercurials (e.g., thimerosal, phenylmercuric 

acetate and phenylmercuric nitrate) have been used 

3G extensively as the preservative in ophthalmic solutions. 

These compounds, however, pose difficulties due to 

potential mercury toxicity as well as poor chemical 

stability. Benzalkonium chloride, a quaternary ammonium 

compound, has been widely used in ophthalmic solutions, 

35 and is considered to be the preservative of choice. 
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in the '151 patent were efficacious, an insoluble complex 
was found to form between the NSAID and the SAC. The 
formulations became cloudy or turbid and did not, 
therefore, have the stability desired for shelf life in 

5 commercial applications. A reasonable minimum shelf life 
(that is, the time during which a solution remains clear 
and retains its pharmaceutical activity) is at least 

about one year, representing sufficient time to package, 
ship, and store a formulation without having to replace 

10 expired stock too frequently. The solutions of the 
present invention have shown a shelf life of at least one 
year. Thus, the present invention entails an improvement 
over the formulations described in the '151 patent. 

rn general, an ophthalmic formulation contains an 
15 active compound and various ophthalmologically acceptable 

excipients, in the form of a solution,. an ointment, a 

suspension, etc. An excipient is ophthalmologically 
acceptable if it is non-irritating to the eye and if its 
active ingredient penetrates the blood-aqueous barrier 

20 and/or diffuses through the various ocular substructures 
to the site where it is pharmacologically active. The 
excipisnts can include a tonicifier, a preservative, a 
surfactant, a buffering system, a chelating agent~ a 
viscosity agent as well as other stabilizing agents~ 

25 Ophthalmic formulations must be ~terile, and if intended 
for multiple dosing regimens, must be preserved with an 
effective anti-microbial agent. 

Organo-mercurials (e.g., thimerosal, phenylmercuric 
acetate and phenylmercuric nitrate) have been used 

30 extensively as the preservative in ophthalmic solutions. 

These compounds, however, pose difficulties due to 
potential mercury toxicity as well as poor chemical 
stability. Benzalkonium chloride, a quaternary ammonium 
compound, has been widely used in ophthalmic solutions, 

35 and is considered to be the preservative of choice. 
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However, BAC has typically been considered to be 

incompatible with anionic drugs (e.g., salicylates or 

nitrates, etc.), forming insoluble complexes which cause 

the solution to become cloudy or turbid. Such a complex 

5 between the anionic drug and benzalkonium chloride can 

cause a decrease in the pharmaceutical activity of the 

anionic drug. 

Many NSAIDs (such as ketorolac, indomethacin, 

flurbiprofen and diclofenac) are being developed for 

10 ocular use becauSe of their activity as anti-inflammatory 

agents including their ability to prevent cystoid macular 

edeMa. 

In the past, as in the case with other ophthalmic 

drugs that contain a -COOH group, antiinflammatory 

15 solutions of NSAIDs for occular use have proven to be 

incompatible with quaternary ammonium compounds such as 

BAC. This incompatibility is due to the fact that the 

-COON group can form a complex with the quaternary 

ammonium compounds, rendering the preservative less 

20 available to serve its function, and reducing the 

activity of the active ingredient. Indomethacin 

ophthalmic formulations have been prepared, however, 

these are suspensions, not solutions. Ocufen Ophthalmic 

solution, an NSAID (flurbiprofen) approved by the FDA for 

25 ophthalmic use, incorporates thimerosal (with EDTA) as 

its preservative system'. In U.S. patent 4,454,151 there 

is a disclosure of an ophthalmic formulation using 

ketorolac, benzalkonium chlOride (as the preservative) 

and polysorbate 80, however the solution became cloudy or 

30 turbid after a short period of time. 

It has remained desired to provide a stable, clear, 

antimicrobially effective ophthalmic formulation with a 

prolonged shelf life for -COOH group containing 

ophthalmic drugs, especially NSAIDs, using BAC as the 

35 preservative. 
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However~ BAC has typically been considered to be 
incompatible with anionic drugs (e.g., salicylates or 
nitrates, etc.), forming insoluble complexes which cause 
the solution to become cloudy or turbid. Such a complex 

5 between the anionic drug and benzalkonium chloride can 

cause a decrease in the pharmaceutical activity of the 

anionic drug. 
Many NSAIDs (such as ketorolac, indomethacin, 

flurbiprofen and diclofenac) are being developed for 
10 ocular use because of their activity as anti-inflammatory 

agents including their ability to prevent cystoid macular 
edema. 

In the past, as in the case with other ophthalmic 

drugs that contain a -COOH group, antiinflammatory 
15 solutions of NSAIDs for occular use have proven to be 

incompatible with quaternary ammonium compounds such as 

BAG. This incompatibility is due to the fact that the 
-GOOH group can form a complex with the quaternary 
ammonium compounds, rendering the preservative less 

20 

25 

available to serve its function, and reducing the 
activity of the active ingredient. Indomethacin 
ophthalmic formulations have been prepared, however, 
these are suspensions, not solUtions. Ocufen Ophthalmic 
solution, an NSAID (flurbiprofen) approved by the FDA for 
ophthalmic use, incorporates thimerosal (with EDTA) as 
its preservative system. In u.s. patent 4,454,151 there 

is a disclosure of an ophthalmic formulation using 
ketQrolac, benzalkonium chlOride (as the preservative) 
and polysorbate 80, however the solution became cloudy or 

30 turbid after a short period of time~ 
It has remained desired to provide a stable, clear, 

antimicrobially effective ophthalmic formulation with a 
prolong~d shelf life for -GOOH group containing 
ophthalmic drugs, especially NSAIDs, using BAG as the 

35 preservative. 
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