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(57) ABSTRACT 

Packaging materials substantially lacking adsorptive and 
absorptive properties for 2-pyrrolidone derivatives are pro 
vided. The packaged products described herein provide for 
retention of the 2-pyrrolidone derivative Within the formu 
lation thereby maintaining the integrity of such formula 
tions. Packaged products are useful for ophthalmic, otic, and 
nasal applications. Ophthalmic application includes thera 
peutic uses and contact lens care uses. 
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PACKAGING MATERIALS FOR 
FORMULATIONS CONTAINING 
2-PYRROLIDONE DERIVATIVES 

[0001] This application claims priority to US. Provisional 
Application, U.S. Ser. No. 60/854,320 ?led Oct. 24, 2006. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of pack 
aging materials that maintain the integrity of formulations 
comprising 2-pyrrolidone derivative compounds. 

BACKGROUND OF THE INVENTION 

[0003] Traditional glass containers and vials are generally 
considered inert to aqueous-based pharmaceutical formula 
tions. The chemical inertness of glass renders it a desirable 
material for containing and distributing such formulations; 
hoWever, glass is breakable, dif?cult to handle, and incon 
venient for patient use. Molded polymer containers are 
frequently an acceptable substitute for packaging liquid 
formulations for distribution and use, particularly containers 
made from polymers such as loW or high density polyeth 
ylene (LDPE or HDPE), polypropylene (PP), or polyethyl 
ene terephthalate (PETE). 
[0004] Any inappropriate chemical or physical interaction 
betWeen a polymeric material of a container and ingredients 
of a formulation contained therein may drastically affect the 
concentration of an ingredient and the e?icacy of that 
ingredient Within the formulation. Components of the for 
mulation may absorb into the polymer material of a con 
tainer over time or may adsorb to the interior surface of the 
container. Further, leaching or “blooming” of impurities or 
additives from the container polymeric material into the 
formulation may adversely affect the formulation and its 
subsequent use. 
[0005] International PCT application US2004/039547 
published as WO 2005/053757, Jun. 16, 2005, to Bausch & 
Lomb, Inc. reportedly provides poly(ethylene terephthalate) 
as the container material for contact lens care solutions 
based upon a desire to minimize migration of resin additives 
of high density polyethylene (HDPE) bottles to the surfaces 
of the bottle and potentially interacting With lens care 
solution ingredients, an effect that is termed “blooming” and 
Which is reported to be exacerbated by presence of surfac 
tants. The WO 2005/053757 published application at page 5 
particularly cites quaternary ammonium salts that do not 
include signi?cant hydrophobic portions, i.e., alkyl chains 
having more than six carbon atoms, as having enhanced 
properties When packaged in PET containers. Further, at 
page 9, nonionic surfactants having polymeric components 
With (4OiRi) repeat units Where R has 2-6 carbon atoms 
are reported as having enhanced properties When packaged 
in PET containers. A problem not addressed by the Bausch 
& Lomb Inc. published application is that of adsorption or 
absorption of formulation ingredients to the bottle material, 
thereby reducing the intended ef?cacy of the formulation. 

SUMMARY OF THE INVENTION 

[0006] Filed concurrently hereWith are patent applications 
commonly assigned to Alcon Manufacturing, Ltd. Where 
2-pyrrolidone derivative-containing formulations are pro 
vided as preservation agents (“2-Pyrrolidone Derivatives 
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For Preservation Of Ophthalmic, Otic And Nasal Compo 
sitions” to BhagWati Kabra, Atty Docket No. 45263 
P034Vl), as anti-bacterial agents for treatment of infections 
(“2-Pyrrolidone Derivatives For Treatment Of Ophthalmic, 
Otic And Nasal Infections” to BhagWati Kabra, et al., Atty 
Docket No. 45263-P028Vl), and as agents in combination 
formulations for ionic-type contact lens care (“Composi 
tions Comprising A Quaternary Ammonium Compound And 
A 2-Pyrrolidone Derivative For Ionic-Type Contact Lens 
Care” to Masood A. ChoWhan; Atty Docket No. 45263 
P033Vl). Said patent applications are incorporated by ref 
erence herein. In the process of packaging such formula 
tions, the present inventors unexpectedly discovered that 
certain types of common packaging material adsorb or 
absorb the 2-pyrrolidone derivative, thus removing it from 
the formulation and rendering the formulation ineffective for 
its intended purpose. 

[0007] In particular, the present inventors have discovered 
that loW density polyethylene (LDPE), a common and 
generally desirable packaging material due to its ?exibility, 
is ineffective for packaging 2-pyrrolidone derivative-con 
taining formulations. Further, polypropylene (PP) packaging 
material Was also found to be ineffective. 

[0008] Embodiments of the present invention provide a 
packaged product comprising a formulation for ophthalmic, 
otic, or nasal use, the formulation comprising 5-(Rl)-N 
(R2)-2-pyrrolidone and a container comprising a material 
substantially lacking absorptive and adsorptive properties 
for the 5-(Rl)-N-(R2)-2-pyrrolidone, Where the formulation 
is packaged in the container. For the 5-(Rl)-N-(R2)-2-pyr 
rolidone, R1 is H, methyl or ethyl; and R2 is C6-Cl2 straight 
chain, branched, substituted or unsubstituted alkyl, oxy 
alkyl, amidoalkyl, hydroxyalkyl, alkenyl, alkynyl, 
cycloalkyl, alkylcycloalkyl, or alkylaryl. 
[0009] In an embodiment of the invention, the material 
substantially lacking absorptive and adsorptive properties 
for the 5-(Rl)-N-(R2)-2-pyrrolidone is a polyethylene 
terephthalate (PETE). In another embodiment of the inven 
tion, the material substantially lacking absorptive and 
adsorptive properties for the 5-(R1)-N-(R2)-2-pyrrolidone is 
a ?uoropolymer. In yet another embodiment of the inven 
tion, the material substantially lacking absorptive and 
adsorptive properties for the 5-(R1)-N-(R2)-2-pyrrolidone is 
a polystyrene (PS). 
[0010] The container of the packaged product may consist 
essentially of the material substantially lacking absorptive 
and adsorptive properties for the 5-(R1)-N-(R2)-2-pyrroli 
done. In a further embodiment of the invention, the con 
tainer may have an inner lining Where material of the inner 
lining substantially lacks absorptive and adsorptive proper 
ties for the 5-(R1)-N-(R2)-2-pyrrolidone; and the container 
other than the inner lining is made from a polyethylene or a 
polypropylene, Which materials are demonstrated herein to 
have such adsorptive and absorptive properties. In one 
embodiment of the invention, the material of the inner lining 
is a polyethylene terephthalate. In another embodiment of 
the invention, the material of the inner lining is a ?uoropoly 
mer. In yet another embodiment of the invention, the mate 
rial of the inner lining is a polystyrene. 

[0011] In a further embodiment of the packaged product, 
the product may have a coating that provides a layer that is 
gas impermeable. Such a coating is generally present as a 
middle layer betWeen an outer container and an inner lining 
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such as for a laminate. A gas impermeable material may be 
a metallic ?lm, for example, an aluminum ?lm. 
[0012] In a further embodiment of the invention, the 
container of the packaged product may include several parts 
or pieces that are joined together either by physical means or 
bonding and may have separate functions. Such parts or 
pieces of the container may include but are not limited to a 
bottle or primary container for the formulation, a plug or tip 
for dispensing the formulation, and a closure or cap. Any or 
all of these parts or pieces of the container, or any portion of 
them, may be comprised of a material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N-(R2) 
2-pyrrolidone. 
[0013] A method of minimiZing absorption and adsorption 
of a S-(Rl)-N-(R2)-2-pyrrolidone compound to a container 
material therefor is an embodiment of the invention. The 
method comprises packaging a 5-(R1)-N-(R2)-2-pyrroli 
done-containing formulation in a container made from a 
polyethylene terephthalate, a ?uoropolymer, or a polysty 
rene; or packaging a 5-(Rl)-N-(R2)-2-pyrrolidone-contain 
ing formulation in a container having an inner lining; the 
inner lining made from a material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N-(R2) 
2-pyrrolidone; and the container other than the inner lining 
is made from a polypropylene or a polyethylene. For the 
5-(R1)-N-(R2)-2-pyrrolidone-containing formulation, R1 is 
H, methyl or ethyl, and R2 is C6-Cl2 straight-chain, 
branched, substituted or unsubstituted alkyl, oxyalkyl, ami 
doalkyl, hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkyl 
cycloalkyl, or alkylaryl. 
[0014] Use of any of the embodiments as set forth herein 
in the manufacture of a packaged product comprising a 
formulation comprising 5-(R1)-N-(R2)-2-pyrrolidone and a 
container comprising a material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N-(R2) 
2-pyrrolidone, Where the formulation is packaged in the 
container is also an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Packaging materials substantially lacking adsorp 
tive and absorptive properties for 2-pyrrolidone derivatives 
described herein provide for retention of the 2-pyrrolidone 
derivative Within the packaged formulation so as to preserve 
the formulation’s ef?cacy. Data provided by examples infra 
demonstrate that 2-pyrrolidone derivative compounds as set 
forth herein, When packaged in common packaging material 
such as polyethylene bottles or polypropylene bottles, 
become unavailable for its intended use Within as short a 
period of time as one day. Packaging materials are provided 
that substantially avoid this adsorption or absorption e?cect 
and, therefore, the 2-pyrrolidone derivative is available for 
preservation, anti-microbial activity, or for contact lens care 
as intended and as described by the concurrently ?led patent 
applications cited supra. Packaged products set forth by the 
invention are useful for ophthalmic, otic, and nasal appli 
cations. Ophthalmic applications include contact lens care 
uses. 

[0016] A material substantially lacking absorptive and 
adsorptive properties for a 5-(Rl)-N-(R2)-2-pyrrolidone. A 
material substantially lacking absorptive and adsorptive 
properties for a 5-(R1)-N-(R2)-2-pyrrolidone is determined 
by packaging a S-(Rl)-N-(R2)-2-pyrrolidone-containing for 
mulation in a bottle made from a test material, removing 
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samples from the formulation at different storage times, and 
testing for the presence of the 2-pyrrolidone derivative. For 
example, presence of N-dodecyl-2-pyrrolidone (DDP) 
Within a test sample is determined quantitatively using 
HPLC analysis as described in the examples provided infra. 
An amount of loss of 5-(R1)-N-(R2)-2-pyrrolidone from the 
formulation as compared to a control formulation such that 
ef?cacy of the formulation is compromised indicates that the 
packaging material is inadequate for storage of formulations 
provided herein. 
[0017] An example of a material substantially lacking 
absorptive and adsorptive properties for a 5-(R1)-N-(R2)-2 
pyrrolidone as set forth herein is a polyethylene terephtha 
late. Polyethylene terephthalate (PET, PETE) is a thermo 
plastic polymer resin of the polyester family that may be 
transparent (amorphous) or opaque and White (semi-crystal 
line). PETE may be a homopolymer or may be copolymer 
iZed With small amounts of cyclohexane dimethanol, for 
example. Further, some of the l,4-(para-) linked terephtha 
late units of the polymer may be replaced by isophthalic 
acid. 

[0018] A further example of a material substantially lack 
ing absorptive and adsorptive properties for a 5-(Rl-N-(R2) 
2-pyrrolidone as set forth herein is a polystyrene. Pure solid 
polystyrene is a colorless, hard plastic With limited ?exibil 
ity but can be melted at higher temperature for molding or 
extrusion, then resolidi?ed. Examples of polystyrenes 
include, but are not limited to, styrene acrylonitrile (SAN), 
acrylonitrile butadiene styrene (ABS), acetyl polystyrene, 
aniline polystyrene, and benZhydryl alcohol polystyrene, 
and expanded polystyrenes. Polystyrenes are provided for 
use, for example, in containers Where a pump is used for 
delivery. 
[0019] A further example of a material substantially lack 
ing absorptive and adsorptive properties for a 5-(Rl)-N 
(R2)-2-pyrrolidone as set forth herein is a ?uoropolymer 
such as polytetra?uoroethylene (PTFE), and ?uorinated 
polymers available from EI du Pont de Nemours and 
Company (Wilmington, Del.) having brand names 
TEFLON® and TEFZEL® such as per?uoroalkoxy polymer 
(PFA), ?uorinated ethylene propylene copolymer (FEP), and 
ethylenetetra?uoroethylene copolymer (ETFE). Other 
examples of ?uoropolymers include but are not limited to 
copolymers and blended polymers of such resins as poly 
tetra?uoroethylene-per?uoromethylvinylether, ethylene 
chloro-tri?uoroethylene, polyvinylidene ?uoride, and tet 
ra?uoroethylene hexa?uoropropylene vinylidene ?uoride. 
[0020] A material substantially lacking absorptive and 
adsorptive properties for a S-(Rl)-N-(R2)-2-pyrrolidone as 
set forth herein may be employed in a natural state or may 
contain one or more added colorants, such as titanium 
dioxide, a White colorant, or other colorants or paci?ers 
knoWn to one of ordinary skill in the art. 

[0021] Inner lining. Packaging materials that substantially 
lack absorptive and adsorptive properties for a 5-(Rl)-N 
(R2)-2-pyrrolidone as set forth herein may be a singular, 
uniform material having such properties or may have an 
inner lining having such properties. For example, a plastic 
material for a bottle formed from polypropylene or loW 
density polyethylene (Which materials adsorb or absorb 
2-pyrrolidone derivatives as set forth herein) has an inside 
lining of a material substantially lacking such properties as 
set forth herein. Such a lining may be a thin ?lm and may 
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be applied by lamination or by means such as thermal, 
chemical or mechanical cladding, for example. 
[0022] Polyethylene terephthalate, ?uoropolymers, and 
polystyrenes are examples of materials that substantially 
lack absorptive and adsorptive properties for a 5-(Rl)-N 
(R2)-2-pyrrolidone. Such materials are gas permeable and, 
in some embodiments of the invention, a coating is applied 
to such a material to reduce the gas permeability. The 
coating may be a metallic ?lm or other gas impermeable 
material applied to, or as a laminate With, a gas permeable 
material. Examples of metallic ?lms are aluminum or tin. 
Such a coating is generally present as a middle layer 
betWeen an outer container and an inner lining such as for a 
laminate. 

[0023] A 2-pyrrolidone derivative: Substituents of 5-(Rl) 
N-(R2)-2-pyrrolidone of embodiments of the present inven 
tion are as folloWs: R1 is H, methyl or ethyl; and R2 is C6, 
C7, C8, C9, C10, C11 or Cl2 straight-chain, branched, sub 
stituted or unsubstituted alkyl, oxyalkyl, amidoalkyl, 
hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkylcycloalkyl, 
or alkylaryl. Solubility, Wetting, viscosity building, emulsi 
fying and complexing properties of alkyl pyrrolidones as 
Well as methods of synthesis are set forth by US. Pat. No. 
5,294,644 to Login et al., ?led Feb. 12, 1991. Method of 
synthesis of derivatives at the 1 and 5 positions of 2-pyr 
rolidone are provided by ManZer in several applications and 
patents assigned to DuPont, for example, US. Pat. No. 
7,030,249 ?led Sep. 8, 2004; US. Published Application 
No’s. 2005/0059829 ?led Oct. 15, 2004, in Which 5-methyl 
N-methyl-2-pyrrolidone is reported useful in antimicrobial 
formulations for the preservation of animal silage; 2004/ 
0192938 ?led Mar. 24, 2003; and 2004/0204593 ?led Mar. 
24, 2003. 
[0024] Alkyl groups useful as R2 include straight-chain, 
branched or cyclic isomers of hexane, heptane, octane, 
nonane, decane, undecane, or dodecane. Representative 
examples of substituted alkyls include alkyls substituted by 
one or more functional groups as described herein. Cyclic 
isomers include cyclohexane, for example. Alkylcycloalkyl 
is a cyclic alkyl having an alkyl substituent. 
[0025] Alkenyl groups useful as R2 include straight-chain, 
branched or cyclic isomers of hexene, heptene, octene, 
nonene, decene, undecene, or dodecene. Representative 
examples of substituted alkenyls include alkenyls substi 
tuted by one or more functional groups as described herein. 

[0026] Alkynyl groups useful as R2 include straight-chain, 
branched or cyclic isomers of hexyne, heptyne, octyne, 
nonyne, decyne, undecyne, or dodecyne. Representative 
examples of substituted alkynyls include alkynyls substi 
tuted by one or more functional groups as described herein. 

[0027] Hydroxyalkyl groups include alcohols of alkyl 
groups as described herein. The term “hydroxyalkyl” is 
meant to include glycols and diols of alkyls. 

[0028] Oxyalkyl groups include the alkyl groups as herein 
described having ether linkages. “oxyalkyl” is meant to 
include polyethers With one or more functional groups. 
Amidoalkyl groups include the alkyl groups as herein 
described having nitrogen linkages. 
[0029] Aryl groups include molecules having an aromatic 
ring structure characteristic of the 6-carbon ring of benZene, 
for example. An example of an alkylaryl is benZyl. 
[0030] Functional substituents contemplated herein 
include halo substituents such as chloride, bromide, ?uoride 
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and iodide; and those that are carboxy-, sulfur-, nitrogen-, 
oxygen- or phosphorous-containing. 
[0031] In one embodiment of the formulation of the inven 
tion, R1 is H or methyl and R2 is C6-Cl2 straight-chain alkyl. 
In another embodiment of the invention, R1 is H and R2 is 
C8 straight-chain alkyl such that the 5-(Rl)-N-(R2)-2-pyr 
rolidone is N-octyl-2-pyrrolidone. In yet a further embodi 
ment of the invention, R1 is H and R2 is Cl2 straight-chain 
alkyl such that the 5-(Rl)-N-(R2)-2-pyrrolidone is N-dode 
cyl-2-pyrrolidone. 
[0032] N-alkyl-2-pyrrolidones are nonionic surfactants 
that exhibit pseudo cationicity at a loW pH. As the carbon 
number of the alkyl group increases, the solubility of 
N-alkyl pyrrolidones in Water decreases. For example, the 
N-octyl-2-pyrrolidone is soluble in Water up to 0.124% and 
the N-dodecyl-2-pyrrolidone is soluble up to 0.002%, Which 
solubility can be improved by adding a solubility enhancer 
such as a surfactant or a co-solvent. N-alkyl-2-pyrrolidones 
are commercially available from International Specialty 
Products (Wayne, NJ.) or BASF Corporation (Mount Olive, 
N.J.), for example. 
[0033] The concentration of an N-alkyl-2-pyrrolidone 
Where the alkyl is 8-12 carbons in formulations as set forth 
herein is from about 0.00001 W/v % to about 1.0 W/v %, 
from about 0.0005 W/v % to about 1.0 W/v %, or from about 
0.0001 W/v % to about 0.1 W/v %, or from 0.001 W/v % to 
about 0.1 W/v %, or from about 0.0005 W/v % to about 0.01 
W/v %, or from about 0.001 W/v % to about 0.005 W/v %, or 
from about 0.002 W/v % to about 0.05 W/v % or from about 
0.01 W/v % to about 0.05 W/v %, or about 0.02 W/v % or 
about 0.03 W/v % or about 0.04 W/v %, or about 0.05 W/v %. 

[0034] Ophthalmic active, otic active, or nasal active. An 
active included in formulations herein include an oph 
thalmic, otic or nasal pharmaceutical agent that can be 
topically applied. For example, active pharmaceuticals may 
include (but are not limited to): anti-glaucoma agents, such 
as beta-blockers; muscarinics (e.g., pilocarpine), prostaglan 
dins, prostaglandin analogues; carbonic anhydrase inhibitors 
(e.g., brinZolamide, acetaZolamide, methaZolamide and 
ethoxZolamide), dopaminergic agonists and antagonists, and 
alpha adrenergic receptor agonists, such as dipivefrin, epi 
nephrine, proepinephrine, norepinephrine; pronorepineph 
rine, para-amino clonidine (also knoWn as apraclonidine) 
and brimonidine; anti-infectives; non-steroidal and steroidal 
anti-in?ammatories; proteins; groWth factors, such as EGF; 
serotonergic agents such as AL-37807; and anti-allergic 
agents, such as cromolyn sodium, emedastine and olopata 
dine. Compositions of embodiments of the present invention 
may also include combinations of active ingredients. The 
active component may be present at a level of about 0.0001 
W/v % to 10.0 W/v %, from about 0.001 W/v % to 5.0 W/v 
%, from about 0.01 W/v % to 1.0 W/v %, from about 0.1 W/v 
% to 0.5 W/v %, 0.0001 W/v % to 4.0 W/v %, from about 
0.001 W/v % to 1.0 W/v %, from about 0.001 W/v % to 0.5 
W/v %, or from about 0.002 W/v % to 0.5 W/v %. 
[0035] Examples of beta-blocker actives include acebu 
tolol, atenulol, aZotinolol (S-596), befunolol, betaxolol, 
bunalol, bupranolol, carteolol, celiprolol, diacetolol, 
esmalol, hepunolol, isoxaprolol, labetalol, levobetaxolol, 
metaprolol, metipranolol, pindolol, propranolol, salbutamol, 
timolol, and the like. 
[0036] Examples of prostaglandin analogue actives 
include cloprostenol, ?uprostenol, latanoprost, bimatoprost, 
or travoprost. 
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[0037] Examples of anti-infective actives include ?uoro 
quinolones, such as cipro?oxcin, moxi?oxacin, trova?oxa 
cin, o?oxacin, gati?oxacin, and levo?oxacin. 
[0038] Examples of a steroidal anti-in?ammatory active 
include glucocorticoids such as dexamethasone and deriva 
tives thereof such as the 21-ether derivatives, loteprednol, 
rimexolone, prednisolone, ?uorometholone, and hydrocor 
tisone particularly for ophthalmic and otic use, and mometa 
sone, ?uticasone, beclomethasone, ?unisolide, triamcino 
lone and budesonide particularly for nasal use. 
[0039] Examples of a nonsteroidal anti-in?ammatory 
active include agents such as prostaglandin H synthetase 
inhibitors (Cox I or Cox II), also referred to as cyclooxy 
genase type I and type II inhibitors, such as diclofenac, 
?urbiprofen, ketorolac, suprofen, nepafenac, amfenac, 
indomethacin, naproxen, ibuprofen, bromfenac, ketoprofen, 
meclofenamate, piroxicam, sulindac, mefanamic acid, di?u 
sinal, oxaproZin, tolmetin, fenoprofen, benoxaprofen, nabu 
metome, etodolac, phenylbutaZone, aspirin, oxyphenbuta 
Zone, NCX-4016, fICT-1026, NCX-284, NCX-456, 
tenoxicam and carprofen; cyclooxygenase type II selective 
inhibitors, such as NS-398, vioxx, celecoxib, P54, etodolac, 
L-804600 and S-33516; PAF antagonists, such as SR-27417, 
A-137491, ABT-299, apafant, bepafant, minopafant, 
E-6123, BN-50727, nupafant and modipafant; PDE IV 
inhibitors, such as ari?o, torbafylline, rolipram, ?laminast, 
piclamilast, cipamfylline, CG-1088, V-11294A, CT-2820, 
PD-168787, CP-293121, DWP-205297, CP-220629, 
SH-636, BAY-19-8004, and ro?umilast; inhibitors of cytok 
ine production, such as inhibitors of the NFkB transcription 
factor; or other anti-in?ammatory agents knoWn to those 
skilled in the art. The concentration of the anti-in?ammatory 
agent is an effective amount and is typically an amount of 
from about 0.01 to about 1.0 Weight %. 
[0040] The term “anionic active,” as used herein, means 
an active ingredient that has, or is capable of having a 
negative charge during formulation of the ?nal product or as 
formulated in the ?nal product. Diclofenac and suprofen are 
examples of anionic actives. 
[0041] The term “cationic active,” as used herein, means 
an active ingredient that has, or is capable of having a 
positive charge during formulation of the ?nal product or as 
formulated in the ?nal product. Betaxolol, timolol, and 
apraclonidine are examples of cationic actives. 
[0042] N-alkyl-2-pyrrolidones as provided herein are par 
ticularly useful in formulations comprising anionic actives 
or anionic polymers such as anionic polyelectrolytes or 
negatively charged ion exchange resins since common pre 
servatives such as BAC are positively charged and tend to 
complex With such anionic ingredients. 
[0043] Further Ingredients. Formulations as provided 
herein for packaging may contain further topically accept 
able or pharmaceutically acceptable ingredients for oph 
thalmic, otic or nasal use such as a further preservative, a 
preservative aid, a viscosity modifying agent, a tonicity 
agent, a buffer, a pH adjusting agent, a drug carrier, a 
surfactant, a chelating agent, a sustained release agent, a 
comfort-enhancing agent, a solubiliZing aid, an antioxidant, 
a stabiliZing agent, or a combination thereof, for example. 
One of ordinary skill in the art realiZes that a formulation 
component may contribute more than one property to the 
formulation. 
[0044] Examples of further preservatives include those 
knoWn to one of ordinary skill in the art such as monomeric 
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or polymeric quaternary ammonium preservatives, such as 
benZalkonium halides (benZalkonium chloride (BAC) or 
benZalkonium bromide, for example) and polyquatemium-l 
(also knoWn as ONAMER M®), (Onyx Chemical Corpo 
ration)) or as POLYQUAD® (Alcon Laboratories, Inc., Fort 
Worth, Tex.)). In general, the amount of further preservative 
present in the compositions herein is from about 0.00001 
W/v % to 5.0 W/v %, or from about 0.00005 W/v % to 1.0 W/v 
%, or from about 0.0001 W/v % to 0.5 W/v %, or from about 
0.0005 W/v % to 0.1 W/v %, or from about 0.001% to 0.05%, 
from 0.00001 W/v % to 4.0 W/v %, from about 0.001 W/v % 
to 1.0 W/v %, or from about 0.01 W/v % to 0.5 W/v %, 1 W/v 
% to about 0.6 W/v %, or from about 0.3 W/v % to about 0.4 
W/v %. In the case of benZalkonium chloride, the preserva 
tive is present in an amount from about 0.001 W/v % to 0.02 
W/v %, or from about 0.005 W/v % to 0.01 W/v %. In the case 
of polyquaternium-l, the preservative is present in an 
amount of about 0.00001 W/v % or about 0.0001 W/v % to 
0.005 W/v % or about 0.001 W/v %. In the case of Zinc, it is 
present in an amount to contain Zinc ions at a concentration 
betWeen about 0.04 mmol/L and 4 mmol/L, or about 0.4 
mmol/ L. 

[0045] Further examples of preservatives or preservation 
aids include, for example, chlorobutanol, cetylpyridinium 
chloride, chlorine dioxide, parabens, biguanides such as 
chlorhexidine, polyhexamethylene biguanide, and polyami 
nopropyl biguanide, boric acid, benZoic acid, salicylic acid, 
sorbic acid, lactic acid, acetic acid, and topically acceptable 
salts thereof, borate/polyol complexes, or a combination 
thereof, and chelating agents such as ethylenediamine tet 
raacetic acid (EDTA) and salts thereof. A further preserva 
tion aid is lauroyl sarcosine available from W. R. Grace 
(Lexington, Mass.) as HAMPOSYL®L. 
[0046] The use of viscosity enhancing agents to provide 
the formulations herein With viscosities greater than the 
viscosity of simple aqueous solutions may be desirable to 
increase ocular absorption of the active compounds by the 
target tissues or increase the retention time in the eye, ear or 
nose. Such viscosity building agents include, for example, 
polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose, 
hydroxypropyl methylcellulose, hydroxyethyl cellulose, car 
boxymethyl cellulose, hydroxypropyl cellulose, cationic cel 
lulosic polymers, carbomers, xanthan gum, gellan gum, guar 
gum, a combination thereof, or other agents knoW to those 
skilled in the art. Such agents are typically employed at a 
level of from 0.01% to 2% by Weight. 
[0047] Embodiments of formulations herein may contain a 
topically acceptable tonicity-adjusting agent such as, for 
example, metal chloride salts such sodium chloride, potas 
sium chloride, calcium chloride or magnesium chloride; 
sodium citrate, and non-ionic tonicity-adjusting agents such 
as mannitol, sorbitol, dextrose, glycerine, propylene glycol, 
polyethylene glycol or a combination thereof. The amount of 
tonicity adjusting agent contained in the compositions is an 
amount suf?cient to cause the composition to have an 
osmolality of about 150 to about 400 milliosmoles per 
kilogram of Water, or about 230-350 mOsm/kg, or about 
260-330 mOsm/kg. The concentration of tonicity agent in 
the composition may be from about 0.1 W/v % to about 10 
W/v %, from about 0.2 W/v % or 0.3 W/v % to about 5 W/v 
%, or from about 0.5 W/v % or 1.0 W/v % to about 2.0 W/v 
%. For example, Where the tonicity adjusting agent is a 
combination of sodium chloride and mannitol, the amount of 
sodium chloride is about 0.1 W/v % to about 0.8 W/v % or 
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0.9 W/v % and the amount of mannitol is about 1 W/v % to 
5 W/v % or 10 W/v % in the ?nal product. 

[0048] Embodiments of compositions of the present 
invention have a pH from about 3.5 to 9.0 or from about pH 
5.0 to 9.0, about pH 6.0 to 8.0, or about pH 7.0 to 7.9 or 
about pH 7.4 to 7.9 or about pH 7.6, or about pH 7.5, or 
about pH 7.4. The compositions contain a topically accept 
able pH-adjusting agent or buffer in order to achieve the 
desired pH. Topically acceptable pH adjusting agents and 
buffers are knoWn and include, for example, hydrochloric 
acid (HCl), sodium hydroxide (NaOH), triethanolamine, 
borates, borates/polyols, phosphates, citrates, acetates, car 
bonates, tris-hydroxymethylaminomethane (tromethamine), 
or a combination thereof. 

[0049] The solubility of 2-pyrrolidone derivatives of the 
present compositions may be enhanced by a surfactant or 
other appropriate co-solvent in the composition in an 
amount from about 0.01 W/v %-10 W/v %, from 0.02 W/v % 
to about 5.0 W/v %, or from about 0.05 W/v % to about 1.0 
W/v %. A surfactant may be nonionic, anionic, cationic, 
amphoteric, or amphiphilic. Exemplary nonionic surfactants 
or co-solvents include tyloxapol; polyoxyethylene sorbitan 
esters, such as polysorbate 20, polysorbate 60, and polysor 
bate 80; polyethoxylated castor oils, such as Cremaphor EL; 
polyethoxylated hydrogenated castor oils, such as HCO-40; 
poloxamers, polyoxyethylene/polyoxypropylene surfactants 
(e.g., PLURONIC® series such as F-68 and P-103; 
TETRONIC® series such as, 1304 1301 (grades of poly 
oxyethylene and polyoxypropylene polymerized surfac 
tants; BASE, Mt. Olive, N.J.), polyoxyethylene lauryl ether, 
polyoxyethylene stearate, polyoxyethylene propylene glycol 
stearate, hydroxyalkylphosphonate, a combination thereof, 
or other agents knoWn to those skilled in the art. 

[0050] Anionic surfactant agents include those described 
in Us. Pat. No. 6,211,238, the contents of Which are 
incorporated by reference herein. For example, AMILITETM 
GCK-12 is commercially available from Ajinomoto Co., 
Inc. (Tokyo, Japan), lauroyl sarcosine is available from W. 
R. Grace (Lexington, Mass.) as HAMPOSYL®L, and 
PATIONIC® 122A is available from RITA, Corp. (Wood 
stock, Ill.). Amphoteric surfactant agents include betaines, 
sultaines, hydroxysultaines such as cocamidopropyl hydrox 
ysultaine, alkyl amphodiacetates, alkyl amphodipropionates 
such as cocamphodipropionate, and imidaZolines, for 
example. Phospholipids are diglycerides of fatty acids 
linked to an ester of phosphoric acid and, as such, phospho 
lipids are termed amphiphilic, i.e., having polar heads and 
non-polar tails. Phospholipids include phosphatidyl choline, 
phosphatidyl serine, phosphatidyl ethanolamine, and phos 
phatidyl inositol, for example. Examples of co-solvents 
include propylene glycol, polyethylene glycol, and glycerol. 
Examples of complexing agents include caffeine and cyclo 
dextrins, either natural or derivatiZed. 

[0051] Formulations provided herein for packaging may 
be in the form of a solution, dispersion or emulsion, for 
example. A 2-pyrrolidone derivative may be incorporated 
into liposomes or micelles for use in the present invention. 
Liposomes may be prepared by any number of techniques 
that include freeZe-thaW, sonication, chelate dialysis, 
homogenization, solvent infusion, microemulsi?cation, 
spontaneous formation, solvent vaporiZation, reverse phase, 
French pressure cell technique, or controlled detergent 
dialysis, for example. Liposomes employed in the present 
invention may be of any one of a variety of siZes, preferably 

Apr. 24, 2008 

the less than about 100 nm in outside diameter, more 
preferably less than about 50 nm. Micelles may be prepared 
by suspension of a 2-pyrrolidone derivative and lipid com 
pound(s) in an organic solvent, evaporation of the solvent, 
resuspension in an aqueous medium, sonication and then 
centrifugation. Alternatively, the 2-pyrrolidone derivative 
may be added to preformed micelles. 
[0052] In one embodiment of the formulation of the inven 
tion, the formulation comprises a micelle-forming surfactant 
at a concentration of less than about 1 W/v % or less than 
about 0.3 Wt/v %. In another embodiment of the formulation, 
such a micelle-forming surfactant is HCO-40, Cremophor 
EL, polysorbate 80, or tyloxapol. 
[0053] Embodiments of formulations herein may contain a 
chelating agent such as, for example, ethylene diamine 
tetraacetic acid (EDTA); ethylene glycol-bis-(b-aminoethyl 
ether)-N,N,N',N'-tetraacetic acid (EGTA), 1,2-bis(2-ami 
nophenoxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA), 
ethylene-N,N'-diglycine (EDDA), 2,2'-(ethylendiimino) 
dibutyric acid (EDBA), diethyleneamine pentaacetate, topi 
cally acceptable salts thereof, and the like. A topically 
acceptable salt, for example, of EDTA is edetate disodium, 
edetate trisodium or edetate tetrasodium. Further examples 
of a chelating agent include loW molecular Weight amino 
acids having an alpha carboxylic acid group such as those set 
forth by U.S. Pat. No. 5,741,817 to ChoWhan et al., issued 
Apr. 21, 1998, herein incorporated by reference. In general, 
the amount of chelating agent present in the compositions 
herein is from about 0.001% to about 1%, about 0.01% to 
about 0.2%, or about 0.01% to about 0.1%. Chelating agents 
are also described as preservation aids. 

[0054] An ion exchange resin component of the formula 
tions of the present invention provides a means of sustained 
release of an active having a positive or negative charge. In 
addition, use of an ion exchange resin reduces irritation of 
charged actives. The average particle siZe of the commer 
cially available forms of the resins is about 40 to 150 
microns. For topically administrable compositions, particu 
larly ophthalmic compositions, commercially available resin 
particles are reduced by knoWn techniques, including grind 
ing, ball milling and micro?uidiZation, to a particle siZe of 
about 20 microns or less, such that the average particle siZe 
is about 10 microns or less. Ion exchange resins are typically 
used in an amount from about 0.05 W/v % to about 10 W/v 
%, for from about 0.1 W/v % to 1.0 W/v % or about 0.5 W/v 
%. An ion exchange resin is generally used in a 0.25:1 to 
2.5 :1 ratio With the active and in another embodiment is used 
in a 1:1 ratio With the active. 

[0055] Topical grade ion exchange resins are available, for 
example, under the “AMBERLITE®” trade name from 
Rohm & Haas and under the “DOWEX®” trade name from 
DoW Chemical Co. Suitable resins include, for example, 
AMBERLITE® IRP-69, AMBERLITE® IR-118H and 
AMBERLYST® 131 (4% cross-linking). 
[0056] A carboxyvinyl polymer (carbomers or carboxy 
polymethylenes) may also be present as a thickening or 
physical stability-enhancing agent. Carbomers are commer 
cially available from sources such as Noveon, Inc. (CAR 
BOPOL®, Cleveland, Ohio). Carbopol polymers are acrylic 
acid-based polymers cross-linked With allyl sucrose or allyl 
pentaerythritol; an example of Which is CARBOPOL® 
974P. The concentration of carbomer in the compositions of 
the present invention Will generally range from about 0.05% 
to about 1%, from about 0.05% to about 0.6%, from about 
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0.1% to about 0.5% and about 0.2%. Anionic polyelectro 
lytes, such as high molecular Weight (e.g., 50,000-6,000, 
000), may also serve as sustained release agents. Further 
anionic agents include anionic mucomimetic polymers (e.g., 
carboxyvinyl polymers, such as CARBOPOL®, and xan 
than gum), and cationic exchange resins. 
[0057] Formulations as provided herein include those for 
mulated for the treatment of dry eye-type diseases and 
disorders. Such compositions may comprise aqueous carri 
ers designed to provide immediate, short-term relief of dry 
eye-type conditions. Such carriers can be formulated as a 
phospholipid carrier or an arti?cial tears carrier, or mixtures 
thereof. As used herein, “phospholipid carrier” and “arti? 
cial tears carrier” refer to aqueous compositions that: (i) 
comprise one or more phospholipids (in the case of phos 
pholipid carriers) or other compounds, that lubricate, “Wet,” 
approximate the consistency of endogenous tears, aid in 
natural tear build-up, or otherWise provide temporary relief 
of dry eye symptoms and conditions upon ocular adminis 
tration; (ii) are safe; and (iii) provide the appropriate deliv 
ery vehicle for the topical administration of an effective 
amount of one or more actives. Examples of arti?cial tears 
compositions useful as arti?cial tears carriers include, but 
are not limited to, commercial products, such as TEARS 
NATURALE®, TEARS NATURALE II®, TEARS NATU 
RALE FREE®, and BION TEARS® (Alcon Laboratories, 
Inc., Fort Worth, Tex.). Examples of phospholipid carrier 
formulations include those disclosed in US. Pat. Nos. 
4,804,539 (Guo et al.), 4,883,658 (Holly), 4,914,088 
(Glonek), 5,075,104 (Gressel et al.), 5,278,151 (Korb et al.), 
5,294,607 (Glonek et al.), 5,371,108 (Korb et al.), 5,578,586 
(Glonek et al.); the foregoing patents are incorporated herein 
by reference to the extent they disclose phospholipid com 
positions useful as phospholipid carriers of the present 
invention. 
[0058] Molded containers are generally used for packag 
ing formulations of the present invention and are made from 
packaging materials that substantially lack absorptive and 
adsorptive properties for the 5-(Rl)-N-(R2)-2-pyrrolidone, 
such as polyethylene terephthalate (PETE), ?uoropolymer 
materials, or polystyrene. Polyethylene and polypropylene 
materials are not appropriate for packaging materials of the 
present invention unless they are formed With an inner lining 
material that substantially lacks absorptive and adsorptive 
properties for the 5-(R,)-N-(R2)-2-pyrrolidone. Ophthalmic, 
otic or nasal products are typically packaged in unit dose 
(single dose) or multidose form. Containers such as bottles 
are made by bloW molding, stretch bloW molding, and 
one-step and tWo-step molding, for example, as knoWn by 
one of ordinary skill in the art. 
[0059] The formulations provided herein may be in the 
form of a solution, suspension, emulsion, gel, or ointment, 
for example. The packaging material is of a siZe and shape 
for ease of use, such as for topical administration, for 
administration directly to the nasal and sinus area, via, for 
example, nose drops, an aerosoliZed preparation, or by 
inhalation via an inhaler or a nebuliZer, for example. 
[0060] The folloWing examples are presented to further 
illustrate embodiments of the invention. 

EXAMPLES 

Retention of N-Dodecyl-2-Pyrrolidone in Various 
Packaging Materials 

[0061] The serotonergic formulation set forth in Table 1 
Was compounded in a glass bottle using techniques knoWn 
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to those skilled in the art. The formulation Was tested for 
starting DDP concentration and then a volume Was ?lled into 
different types of packaging materials as set forth in Table 2. 
The ?lled packages Were then stored at the conditions 
indicated in Table 2, either room temperature or constant 
temperature ovens at 400 C. and 600 C. The formulation in 
the various packaging containers Was tested for DDP con 
centration at the time intervals indicated in Table 2. The 
thermal exposure testing Was used to simulate the ability of 
container material to retain and deliver DDP in solution over 
a period of time or after prolonged increased thermal expo 
sure. The tests Were performed on duplicate containers to 
verify DDP concentration remaining in solution. 
[0062] Concentration of DDP in each formulation Was 
determined by chromatographic separation. The tests Were 
performed on a WATERS ALLIANCE HPLC system With a 
CADENZA C18 column using a mobile phase consisting of 
85% acetonitrile and 15% 1-octanesulfonic acid/Water at 
room temperature. Absorbance Was monitored at 220 nm, 
the knoWn absorption Wavelength of DDP. Linear range of 
detection for DDP Was from 1.0 to 100.0 ppm. Retention 
time of DDP using this system is 8.3 minutes. 
[0063] In further reference to Table 2, “Glass Vial” is a 1.5 
mL clear borosilicate glass vial sealed With a TEFLON® 
lined septa and aluminum crimp seal (AGILENT HPLC 
vials part number 5182-0543). “White PETE” is a 60 mL 
cylindrical bottle made from polyethylene terephthalate 
(PETE) resin containing a White colorant, titanium dioxide 
(ALCON part number X04715). “Natural sPP” is a 4 mL 
oval bottle made from syndiotactic polypropylene (sPP) 
resin Without colorant, i.e., natural (ALCON part number 
281277). “Natural TEFLON®” is a 30 mL cylindrical bottle 
made from ?uorinated ethylene propylene (TEFLON® 
FEP) polymer Without colorant by NALGENE® (V WR part 
number 16071-008). 

TABLE 1 

Formulation for Packaging Tests 1, 2, and 3 

Ingredient Concentration (W/v %) 

AL-37807 1 
Carbopol 974P 0.2 
AMBERLITE IRP69 0.5 
Mannitol 4.5 
Disodium Edetate, Dihydrate 0.01 
Benzalkoniurn Chloride 0.01 
1-Dodecyl-2-Pyrrolidone 0.001 
Puri?ed Water q.s. for 100% 
NaOH and/or HCl q.s. pH 7.5 

TABLE 2 

Results of Packaging Tests 1, 2, and 3 in ppm DDP 

Packagin g 

Glass Vial White Natural Natural 
1.5 PETE sPP TEFLON ® 10 

mL Pill 10 mL Fill 4 mL Fill rnL Fill 

Test 1 
Storage 
Condition 

Start 11,11 
1 day @ RT 9.2, 9.3 9.8, 10 6.1, 6.6 i 
6 days @ RT 9.0, 9.0 9.1, 9.0 4.0, 3.9 i 
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TABLE 2-continued 
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TABLE 3-continued 

Results of Packaging Tests 1 2 and 3 (in ppm DDP) 

P ackagin g 

Glass Vial White Natural Natural 
1.5 PETE sPP TEFLON ® 10 

rnL Fill 10 rnL Fill 4 rnL Fill rnL Fill 

Test 2 
Storage 
Condition 

sum 11, 11 
1 day @ 40° c. 9.5, 9.6 9.6, 9.3 3.3, 3.4 i 
2 days @ 40° c. 9.3, 9.3 8.9, 9. 1.6, 1.7 i 
5 days @ 40° C. 8.8, 9.1 8.8, 9.3 i i 
Test 3 
Storage 
Condition 

sum 11, 11 
1 day @ 60° c. 10, 9.6 8.1, 8.3 13,13 4 
2 days @ 60° C. 9.4, 9.1 7.4, 7.5 1.2, 1.3 8.4 
5 days @ 60° C. 8.9, 8.6 6.1, 6.4 i 7.8 

i not tested 

[0064] The data for Tests 1, 2, and 3 obtained after thermal 
exposure for various times indicate that DDP concentration 
drops signi?cantly in the sPP container, Whereas the con 
centration of DDP in the Table 1 formulation contained in 
the PETE and TEFLON® containers is similar to that in the 
Glass Vial. The absorption or adsorption of DDP in the sPP 
container effectively renders the contained solution inelfec 
tive as a DDP delivery medium, Whereas the PETE and the 
TEFLON® containers are more effective in their ability to 
deliver DDP under these exposure conditions. The “drop 
011” in DDP concentration that occurs in the Glass Vral is 
relatively constant for the three temperatures studied and 
provides a control value for the studies herein. The PETE 
and sPP containers shoW greater loss of DDP at higher 
temperatures and longer times than the Glass Vial. While not 
Wanting to be bound by theory, DDP appears to be lost to 
either or both surface adsorption and absorption to or into 
the packaging material. The container size and ?ll volume 
do not appear to have a signi?cant effect on loss of DDP 
from the formulation. The presence or absence of colorant 
also appears to have no effect on the loss of DDP to the 
various container materials. 

[0065] The serotonergic formulation set forth in Table 3 
Was compounded in the same manner as the Table 1 formu 
lation. The test, the method of testing, and the packaging 
Were as for the Table 1 formulation. The results are shoWn 
in Table 4. 

TABLE 3 

Formulation for Packaging Tests 4, 5, and 6 

Ingredient Concentration (W/v %) 

AL-37807 1 
Carbopol 974P 0.2 
AMBERLITE IRP69 0.5 
Mannitol 4.5 
Disodiurn Edetate, Dihydrate 0.01 
Benzalkoniurn Chloride 0.01 
1-Dodecyl-2-Pyrrolidone 0.002 

Forrnulation for Packaging Tests 4 5 and 6 

Ingredient Concentration (W/v %) 

Polyoxyl 40 hydrogenated 0.05 
castor oil 
Puri?ed Water q.s. for 100% 
NaOH and/or HCl q.s. pH 7.5 

TABLE 4 

Results of Packaging Tests 4, 5, and 6 in ppm DDP 

Packaging 

White Natural 
Glass Vial PETE Natural sPP TEFLON ® 
1.5 rnL Fill 10 rnL Fill 4 rnL Fill 10 rnL Fill 

Test 4 
Storage 
Condition 

Start 20, 20 
1 day @ RT 20,20 21, 20 18,18 4 
6 days @ RT 20,20 19, 20 15, 15 4 
Test 5 
Storage 
Condition 

Start 20, 20 
1 day @ 40° C. 20,20 20,20 13, 13 i 
2 days @ 40° C. 19,21 20, 19 10, 10 i 
5 days @ 40° C. 20,20 20,20 6.1, 6.2 4 
Test 6 
Storage 
Condition 

Start 20, 20 
1 day @ 60° C. 20,20 19,20 7.0, 7.0 i 
2 days @ 60° C. 20,19 18,19 3.4, 3.2 19 
5 days @ 60° C. 19,19 17,18 4 19 

i not tested 

[0066] Similar to the results of Table 2, Tests 1, 2, and 3, 
the sPP packaging in Table 4, Tests 4, 5, and 6 shoWs 
signi?cant reduction in available DDP in the contained 
solution relative to the Glass Vial, PETE, and TEFLON® 
containers. For all the containers tested, loss of DDP from 
the Formulation in Table 3 is less as a percent of the initial 
DDP concentration than from the Formulation in Table 1. 
This enhanced retention of DDP may be due to the presence 
of the surfactant, Polyoxyl 40 hydrogenated castor oil, in the 
Formulation of Table 3, or may be due to the higher initial 
concentration of DDP (that of 0.002% vs. 0.001%). 
[0067] The formulation set forth in Table 5 Was com 
pounded in the same manner as the Table 1 formulation. The 
test, the method of testing, and the packaging Were as for the 
Table 1 formulation. The results are shoWn in Table 6. 

TABLE 5 

Forrnulation for Packaging Tests 7 8 and 9 

Ingredient Concentration (W/v %) 

Trornetharnine 0. 12 
Mannitol 4.8 
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TABLE 5-continued 

Formulation for Packaging Tests 7, 8, and 9 

Ingredient Concentration (W/v %) 

BenZalkonium Chloride 0.01 

1-Dodecyl-2-Pyrrolidone 0.001 
Puri?ed Water q.s. for 100% 

NaOH and/or HCl q.s. pH 7.5 

TABLE 6 

Results of Packaging Tests 7 8 and 9 (in ppm DDP) 
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[0068] Similar to the results of Table 2, Tests 1, 2, and 3, 
the sPP packaging in Table 6, Tests 7, 8, and 9 shows 
signi?cant reduction in available DDP in the contained 
solution relative to the Glass Vial and PETE containers. Loss 
of DDP to the Glass V1al from the formulation in Table 5 is 
similar to that observed for the formulation in Table 1. 
However, loss of DDP to the PETE and sPP containers from 
the formulation in Table 5 as compared to that of the 
formulation in Table 1 may be due to the viscosity of the 
formulation of Table 1 due to the presence of Carbopol 974P. 
The formulation of Table 5 is no more viscous than Water. 
The higher viscosity of the formulation in Table 1 may limit 
dilTusion into the container material and therefore sloW loss 
of DDP relative to the non-viscous formulation in Table 5. 
In both cases, loss of DDP is less in the PETE package than 
in the sPP package. 

Packaging Natural - - 

Glass Vial White PETE SH, [0069] The formulat1on set forth 1n Table 7 Was com 
15 mL Pill 10 mL Fin 4 mL Fin pounded 1n the same manner as the Table 1 formulat1on. The 

T t 7 test, the method of testing, and the packaging Were as for the 
stejmg? Table 1 formulation, except as indicated. “White LDPE” is 
Condition an 8 mL cylindrical bottle made from loW-density polyeth 
S 8 0 8 0 ylene (LDPE) With White colorant and is ALCON part 
tart . , . .. ,, - - 

1 day @ RT 8], 86 63, 64 L1, L1 number 277027. Natural Polystyrene 1s a ‘150 mL cyl1n 
6 days @ RT 8.4, 8.2 6.5, 6.4 i dncal bottle made of polystyrene polymer W1thout colorant 
Test 3 and is CORNING ?lter ?ask product 431153. The results are 
smmge. shoWn in Table 8. 
Condition 

Start 8.0, 8.0 TABLE 7 
1 day @ 40° c. 9.0, 8.9 5.5, 5.0 0.3, 0.3 
2 days @ 400 C- 8-6, 8-2 4-6, 4-5 0-2, 0-2 Formulation for Packaging Tests 10 11 and 12 
5 days @ 40° C. 8.2, 8.1 4.6, 4.2 i 

T?st 9 Ingredient Concentration (W/v %) 
Storage 
Condition Tromethamine 0.12 

Mannitol 4.7 
Start 8.0, 8.0 Polyoxyl 40 hydrogenated 0.05 
1 day @ 60° C. 8.1, 8.1 2.5, 2.5 0.3, 0.3 castor oil 
2 days @ 60° C. 7.2, 7.0 1.6, 1.6 0.3, 0.3 1-Dodecyl-2-Pyrrolidone 0.002 
5 days @ 60° C. 5.9, 6.9 i i Puri?ed Water q.s. for 100% 

NaOH and/or HCl q.s. pH 7.5 
i not tested 

TABLE 8 

Results of Packaging Tests 10, 11, and 12 (in ppm DDP) 

Packaging Natural 
Glass Vial White PETE Natural sPP White LDPE Polystyrene 

1.5 mL Pill 50 mL Fill 4 mL Fill 5 mL Pill 50 mL Fill 

Test 10 

Storage Condition 

sum 20, 20 

1 day @ RT 20, 20 20, 20 17, 17 9.0, 9.0 20, 20 
2 days @ RT 20,20 19, 19 16, 16 4.4, 4.1 20,20 
5 days @ RT 20, 20 20, 20 14, 14 2.2, 1.8 20, 20 
Test 11 

Storage Condition 

sum 20, 20 

1 day @ 40° 0. 20,20 20, 19 10, 10 4.0, 5.0 20,20 

2 days @ 40° 0. 20,20 19,19 6.0, 6.4 1.1, 1.0 19,19 
5 days @ 40° 0. 20,20 20, 19 3.0, 3.0 0.3, 0.5 20, 19 
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TABLE 8-continued 
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Results of Packaging Tests 10 11 and 12 (in ppm DDP) 

Packaging Natural 
Glass Vial White PETE Natural sPP White LDPE Polystyrene 
1.5 rnL Pill 50 rnL Fill 4 rnL Fill 5 rnL Pill 50 rnL Fill 

Test 12 
Storage Condition 

Start 20, 20 
1 day @ 60° C. 20,20 19,20 2.0, 2.0 1.0, 1.0 19, 19 
2 days @ 60° C. 19,19 19,19 1.0,1.0 0.4, 0.4 19,19 
5 days @ 60° C. 20, 20 19,19 1.0,1.0 0.3, 0.3 18,18 

[0070] The results in Table 8, Tests 10, 11, and 12 are 
similar to those seen for the previous formulations and the 
previous tests. The presence of the surfactant, Polyoxyl 40 
hydrogenated castor oil, in the formulation in Table 7 
appears to assist in reducing the loss of DDP to packaging 
materials shoWn in Table 8 as compared to the formulation 
in Table 5 and packaging materials of Table 6. The larger ?ll 
volume of 50 mL in the PETE container in Table 8 also 
appears to assist in reducing loss of DDP, possibly due to 
decreased surface to volume ratio as compared to the 10 mL 
?ll volume of the PETE container of Table 6. Again, loss of 
DDP from the formulation in the sPP container is much 
greater than that of the Glass V1al or PETE containers, and 
loss of DDP from the formulation in the White LDPE 
container is even more severe than the sPP container. The 
Natural Polystyrene container is essentially equivalent to the 
PETE container in retaining DDP in the formulation, and 
both the PETE and Polystyrene are dramatically superior to 
the sPP or LDPE containers in retaining DDP. 
[0071] The presence or absence of a colorant appears not 
to affect the loss of DDP to the various containers. Fill 
volume may be a factor in loss of DDP When the ?ll volume 
is signi?cantly less than the total volume of the container. 
However, for containers of the same siZe, shape, and ?ll 
volume, containers made of PETE, TEFLON®, and Poly 
styrene resins retain a greater percentage of DDP in the 
formulation than containers made of sPP and LDPE resins. 
[0072] The references cited herein, to the extent that they 
provide exemplary procedural or other details supplemen 
tary to those set forth herein, are speci?cally incorporated by 
reference. 
[0073] Those of skill in the art, in light of the present 
disclosure, Will appreciate that obvious modi?cations of the 
embodiments disclosed herein can be made Without depart 
ing from the spirit and scope of the invention. All of the 
embodiments disclosed herein can be made and executed 
Without undue experimentation in light of the present dis 
closure. The full scope of the invention is set out in the 
disclosure and equivalent embodiments thereof. The speci 
?cation should not be construed to unduly narroW the full 
scope of protection to Which the present invention is entitled. 
[0074] As used herein and unless otherwise indicated, the 
terms “a” and “an” are taken to mean “one”, “at least one” 
or “one or more.” 

What is claimed is: 
1. A packaged product comprising: 
a formulation for ophthalmic, otic, or nasal use, the 

formulation comprising 5-(Rl)-N-(R2)-2-pyrrolidone, 
wherein R1 is H, methyl or ethyl, and 

Wherein R2 is C6-Cl2 straight-chain, branched, substi 
tuted or unsubstituted alkyl, oxyalkyl, amidoalkyl, 
hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkylcy 
cloalkyl, or alkylaryl; and 

a container comprising a material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N 
(R2)-2-pyrrolidone, 

Wherein the formulation is packaged in the container. 

2. The packaged product of claim 1 Wherein the container 
consists essentially of the material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N-(R2) 
2-pyrrolidone. 

3. The packaged product of claim 1, Wherein the container 
comprises an inner lining; the material of the inner lining 
substantially lacks absorptive and adsorptive properties for 
the 5-(Rl)-N-(R2)-2-pyrrolidone; and the container other 
than the inner lining is made from a polypropylene or a 
polyethylene. 

4. The packaged product of claim 1, Wherein the container 
further comprises a coating, Wherein the coating is made of 
a gas impermeable laminate material. 

5. The packaged product of claim 1, Wherein the material 
substantially lacking absorptive and adsorptive properties 
for the S-(Rl)-N-(R2)-2-pyrrolidone is selected from the 
group consisting of polyethylene terephthalate; a 
?ouropolymer; and polystyrene. 

6. The packaged product of claim 5 Wherein the ?uo 
ropolymer is selected from the group consisting of polytet 
ra?uoroethlyene; per?uoroalkoxy polymer; ?uorinated eth 
ylene propylene copolymer; and ethylenetetra?uoroethylene 
copolymer. 

7. The packaged product of claim 5, Wherein the container 
has a coating of a gas impermeable material. 

8. The packaged product of claim 7, Wherein the gas 
impermeable material is a metallic ?lm. 

9. The packaged product of claim 1, wherein R1 is H or 
methyl and R2 is C6-Cl2 straight-chain alkyl. 

10. The packaged product of claim 9 wherein R1 is H and 
R2 is C8 straight-chain alkyl such that the 5-(R1)-N-(R2)-2 
pyrrolidone is N-octyl-2-pyrrolidone. 

11. The packaged product of claim 9 wherein R1 is H and 
R2 is Cl2 straight-chain alkyl such that the 5-(Rl)-N-(R2) 
2-pyrrolidone is N-dodecyl-2-pyrrolidone. 

12. The packaged product of claim 1 Wherein the formu 
lation further comprises a micelle-forming surfactant at a 
concentration of less than about 0.3 Wt/v %. 
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13. A packaged product for ophthalmic, otic, or nasal use, 
comprising: 

a container made from a material consisting essentially of 
polyethylene terephthalate; and 

a formulation comprising a 5-(Rl)-N-(R2)-2-pyrrolidone, 
wherein R1 is H, methyl or ethyl, and 
Wherein R2 is C6-Cl2 straight-chain, branched, substi 

tuted or unsubstituted alkyl, oxyalkyl, amidoalkyl, 
hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkylcy 
cloalkyl, or alkylaryl. 

14. A packaged product for ophthalmic, otic, or nasal use, 
comprising: 

a container made from a material consisting essentially of 
polytetra?uoroethlyene, per?uoroalkoxy polymer, ?u 

orinated ethylene propylene copolymer, or ethylene 
tetra?uoroethylene copolymer; and 

a formulation comprising a 5-(Rl)-N-(R2)-2-pyrrolidone, 
wherein R1 is H, methyl or ethyl, and 
Wherein R2 is C6-Cl2 straight-chain, branched, substi 

tuted or unsubstituted alkyl, oxyalkyl, amidoalkyl, 
hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkylcy 
cloalkyl, or alkylaryl. 

15. A method of minimiZing absorption and adsorption of 
a 5-(Rl)-N-(R2)-2-pyrrolidone compound to a container 
material therefor, comprising: 

packaging a 5-(Rl)-N-(R2)-2-pyrrolidone-containing for 
mulation in a container made from polyethylene tereph 
thalate, a ?uoropolymer, or polystyrene; 

or 

packaging a 5-(Rl)-N-(R2)-2-pyrrolidone-containing for 
mulation in a container having an inner lining; the inner 
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lining made from a material substantially lacking 
absorptive and adsorptive properties for the 5-(Rl)-N 
(R2)-2-pyrrolidone; and the container other than the 
inner lining is made from a polypropylene or a poly 
ethylene; 
wherein R1 is H, methyl or ethyl, and 

Wherein R2 is C6-Cl2 straight-chain, branched, substi 
tuted or unsubstituted alkyl, oxyalkyl, amidoalkyl, 
hydroxyalkyl, alkenyl, alkynyl, cycloalkyl, alkylcy 
cloalkyl, or alkylaryl. 

16. The method of claim 15, Wherein the container is 
made from a ?uoropolymer and the ?uoropolymer consists 
essentially of polytetra?uoroethylene, per?uoroalkoxy poly 
mer; ?uorinated ethylene propylene copolymer; or ethylene 
tetra?uoroethylene copolymer. 

17. The method of claim 15, Wherein the container is 
made from polyethylene terephthalate. 

18. The method of claim 15, Wherein the container is 
coated With a gas impermeable material and Wherein the 
container has an inner lining and the inner lining is made 
from a soluble ?uoropolymer. 

19. The method of claim 15 wherein R1 is H and R2 is C8 
straight-chain alkyl such that the 5-(R1)-N-(R2)-2-pyrroli 
done is N-octyl-2-pyrrolidone. 

20. The method ofclaim 15, wherein R1 is H and R2 is Cl2 
straight-chain alkyl such that the 5-(R1)-N-(R2)-2-pyrroli 
done is N-dodecyl-Z-pyrrolidone. 


