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(57) Abstract: The present invention relates to compositions comprising ethyleneoxide butyleneoxide and a galactomannan such
as guar. The compositions are particularly well suited for ophthalmic applications such as contact lens disinfection and rewetting.
Methods for the treatment of dry eye using the compositions of the present invention are also contemplated.
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

5 ETHYLENEGXIDE BUTYLENEQXIDE BLOUK CUOPOLYMER
COMPOSITIONS
CROSS-REFERENCE TO RELATED APPLICATION

0 This applicution claims priority under 35 UR.C §119 o UK Provisional
Batent Apphication No. 61/223,599, filed July 7, 2009, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION
15

The presest nvention relates generally o ethvieneoxide butvlencoxide block
copolymer compositions and specifically to cthvlencoxide nvlencoxide block
copolvmer compositions comprising a galactomannan such g8 guar oF & guar
derivative.

BACKGROUND OF THE INVENTIUN

The wse of polymedde ingredisnis in compositions, particulady topically
adminisirable ophthalmic compositions, s well koown, Polymeric ingredients are

25 typically used in suspension composifions as physical stability aids, helping o keep
the inscluble ngredients suspended or easily vedispersible. Polymers also impart
desirable visposlastic and vheelogical characteristics o compositions of which they
are a part.

30 Many polvimers have been used in topically administrable ophthalmic
conaposttions. Incloded among these are cellulosic polymers, such as hydroxyvpropyl
methyleellnlose, hydroxyethyl celinlose, and  ethylhdroxyethsl collulose. Also
mcladed are \mamt ic polymers, such as carboxyvinyl polymers and polyvinyl
alcohol, Rl ers mclude polvsaccharides such as xanthan gumm, guar gunmy, and

33 dexiran.

Combinations of polymers have also been used in ﬂphﬁh&imia composttions.

{ertain combinations of polymers are known o provide synergistic effects on

viscostty and, in some cases, even a phase transition from 8 izqum to a gel For

1
H
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example, US. Pat. No. 4,136,173 discloses ophthalmic compositions containing a

combination of xanthan gom and locust bean guo,
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BRIEF SUMMARY OF THE INVENTION

The present invention is directed in certain embodiments o Qphthaimic
COMpositions cg_mizprisinﬁ,: an ethyleneoxide butvleneoxide (EO-B( block copolymer
of the formmula {(FEOBOY, and a galactomansan sweh as guar or a guar derivative,
The present invemors have unexpectedly discovered that ethylencoxide butyleneoxide
biock copolymers inferact with galactomannans in aquecus solufion.  Aqueous

compositions comprising EO-BO copolymers are generally Newionian in behavior,
and EO-BO copolviner contributes litile to the viscosity of such composition at lower
concentrations, However, the galactomannan and EQ-BO csmp@siﬁons of the present
invention have a synergistic increase in viscosily relative to compositions comprising
galactomannan or BO-BO alone. The galactomannan and EQ-BO compositions of the
present invention have desirable viscoelastic and interfacial properties that make them
well sutted for ophthalwoie apg_wiii:aﬁms, ard In particudar for contact lens disinfection

and rewetling.

Fihvlencoxide butylensoxide block copolymers are very hydrophobis
amphiphiles in agueous solutions. At an air-water interface these nonionic swriactants
forrn elastic layvers that can provide 2 cushioning effect for contact lenses when used
in ophthalimic solutions. Furthermore, by modifying the hydrophobicity {changing the

tutylencoxide unity of BG-BO hlock copolymers in solution, advantageous changes in

the elasticity of such solutions can seo,

in a preferred embodiment, the compositions of the present invention

comprise a ethyleneoxide butvlencoxide block copolymer of the formuda (O {(BU

where m is an integer having an average value of 10 to 1000 and n is an integer
having an average value of 5 fo 1000 and where the galactomanman & a guar
derivative such as hydroxypropyl guar, native guar, or hydroxypropyl guar

&

galactomannan.

Fmbodiments of the present invention also comprise the use of compositions
comprising ethylensoxide butyleneoxide block copolymer and a galactomaman in
cortact lens disinfection solutions, dry eve and artificial tear composiiions. The
present invention is also directed to methods of using these compositions o treal
various ophthalotie disorders including dry eye, pleucoma. ccular hypertension,

infection, allergy and inflammation.
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The foregoing brief sumwmary broadly describes the features and technical
advamtages of certain embodiments of the present invention,  Additional features and
tochnical advantages will be described in the detailed description of the Invention that
foliows., Novel features which are believed to be characteristic of the invention wiil

be better understood from the detatled description of the invention,
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BRIFYF DESCRIPTION OF THE DHAWINGS

The following drawings form part of the presest specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
hetter understood by reference to one or more of these drawings in combination with
the detailed description of specific embodiments preseated herein,

FHIURE 1 shows the amplitude sweep for varions EOG-BQ compaositions,

FIGURES Ja-Ze show steady state flow cuwrves for BEO-BO and HP-guar
compositions.

s swesp curves for BEG-BOD and HP-guar

5 b

FIGURES 33-3e¢ show stres

2
s
o
7]

compositions of TABLE L

FIGURES 4a-4e show frequency sweep curves for BO-BO and HP-guar
comnpositions of TABLE 2.

FHGURES 5a-3d show extensional rheology curves for EO-BO and HP-guar
f TABLE 2

Y.a

compositions of

FIGURES Sa-6b are amplitude sweep and frequency sweep curves for EQ-BO

and EG-BO/MP-guar compositions.

FIGURES 7a and 7h are bar charts swomanying oxporiments examining the
ability of EG-BO wmpu\ wions of the present vention 1o provent the uptake of a
polar Hpid (FITC-DHPE, FIGURE 7a) and a non-polar lipid {(NBD-cholesterol,

FIGURE 7b) by various m\m hydrogel comtact lenses.

FIGURE 8 is & bar chart showing the amount remaining of a non-polar lipad
(MBD-cholesteroly on  varlous  silicon hydroge! lenses after treatment with

compositions containing FO-B0 and HP-guar.

FIGURES @a-8d demonstrate the cleaning efficacy of a EG-BO composition

of the present nvention compared to vehicle.
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DETAILED DESCRIPTION OF THE INVENTION

The presend invention is directed in cerfain embodiments tw ophthalmic
compositions comprising an ethylencoxide butyleneoxide (HO-BO) block copalyrver
5 and a galactomannan such as guar or a guar derivative.  The ﬁi‘h}-‘}eneoxzde

butviensoxide block vopolymers of these compositions have the following general

formular
EOWBOYN O
in where m is an integer having an average value of 10 to 1000 and n is an integer

having an average value of 5 to 1000, The block copolymers of the present invention
are those that inclade a poly{oxyethylene} block as the hydrophilic component and a
poty{oxvbutylene} block as the hydrophobic component. These may be in form of a
di-block copolymer, denoted as EO-BQ, a wi-block copolymer, represeated as EQ-
18 BO-EO or BOSEQ-BO, or other blogk-type configurations. Unless expressly
fndicated to the contrary, all references to "EO-BO block copolymers” herein include

olymers may also be described in terms of the

v

all of the foregoing forms, These ooy

e
[

approximate or average value assigned to the respective vepeating group. For
exarnple, (HOh(BO)s, where the average value of the oxyethylene group is 20, and
20 the average value of the oxybutylene group is 5. Compositions of the present
fnvention generally comprise EO-BO copolymer at a coucentration of 0.001 to 1.0%
wiv. Preferred compositions of the present fnvention comprise EO-BO copolymer at

a concentration of 8.01 o 8.1% wiv,

23 EO-BO di-block copolymers of the following general formala are particularly

preferred:

RO o~ Fe
\éf \"0\*‘{ <" TR

wherein R is selected from the group consisting of hydrogen, methyl, ethyl, propyl
30 and butyl; m is an integer having an average value of 10 to 1000; and 1 is an integer

~

having an average value of 3o 1008,

Most preferved s a copolymer of formuda (1) wherein R is methyl; m bas an

average value of 45; and n has an average value of 8-18,

e
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The EO-BO Wock copolvmers utilized in the present invention have a
molecular weight in the range of 1,000 to about 100,000 Daltons; and more preferably

in the range of 1,000 1o about 15,060 Daltons.

Maintaining a proper hydrophilic-lipophilic balance (HLBY imparts certain

N

properties w the BO-BO block co-polymer compositions of the present invention, For

example, the HLB of the black co-polymers wilized in the compositions of the
preseat invention i3 dirpctly related to the solubility, swribee wi eitability, and

interfacial suwrface activity properties of the compositions of the present invention.

-

The BO portion of the block copolymer of fornmla (I} above is hydrophabic
and is primarily responsible for the wettability properdes of the compositions
desceribed herein. The BO portion of the copolymer provides the compositions with
hyvdrophilic properties, but more importantly, it {s this portion of the co-polymer that
determines the aguecus solubility of the copolymers. Although it is possible w utilize
solubilizing agents in the compositions of the present invention, in which case the
ratie of the BO to BO segmentis is somewhat less eritical, 1t is preferred to utilize
copolymers that do not require solubilizing agents, as sach compounds may disrupt o1
modify the HLRB, which in turn may adversely affect the settability properties ol the
compositions, cause ocular irritation, or cresle other concern Theretore, the
preferred copolymers of formula (1) above are those wherein there is a predominance
of BEO 1o BO segments. That i3, the xumbk “m™ in formda (1) and formula {11}
ahove is preferably greater than the variable *n”. The EO-BO block co-polymers will
proforably have a rativ of EO 1o BO segmenis of from about 2:1 to about 1001, witha

ratio of about 311 1o about 61 being most preferred.

The EG-BO block copoly
svathetic methods known to those of skill in the art, for example, as described In
Nace, ¥. M., 1L Am. Uil Chemu Soc, Vol 73119, s*??%; Yang et al,
Macromolecudes, Vol 2723712379, 1994, Yang et al, Langmuir, Vol 114703,
1998 Yu et al. Langmuir, Vol 12:3404-3412, 199¢; Chaibundit et al., Langmaug,

3

Vol 16:9645-0632, 2000; Redells ot al,, J. Chem. Soc., Faraday Trans, Yol

yers of the present invention may be prepared using

89:1235-1242, 199 and Kelarakis et al., Macromolecules, Vol 31:944-946, 1998, the
entive contents of each of which are hereby Incorporated in the present specification
by reference. The foregoing EO-BO block copolymers may alse be prepared by the
application or adaptation of known metheds deseribed in ULS. Patent Mos. 2,828,345

(Sprigasy, and 2,174,761 (Schuetie et al), the entire contents of cach of which are



WO 2011/005864 PCT/US2010/041218

hereby incorporated infe the presont specification by reference. Additional syathetic
procedures are taught by Ketelson et al. (U.S. Patent Application Berial No.

11/853654), the contents of which are heredn incorporated by reference in ifs entivety.

3 Generally, the EO-BO block copolymers described gbove roay be synthesized
using a well defined polvethylene glyeol (PEG)Y polvmer by controlled addition of
oxybutylene 1o the primary hydroxyl mup of the PEG polymer. For example, the
EO-BO di-block copoivm or {EOYs{BOY o may be prepared according o the following
general reaciion schewe

O
N
— OaMg
S LY PN R i
CHD{OH,CH L DR CH(QCH \Ji««zz;mgowgs,,z—ﬂﬁ@h
19 H
Other variations of the block chemistry structure may also be prepared, using
techniques and methods readily avatiable and well-known to those skilled in art. For
example, the following reaction process may be utilized for the prepavation of i
block copolymers of the form (BEO B0 !
{3
. > DHLCH,
CHLCH; P S
E P Oy T e O CHCHOMm  HKC
T § e e g H 6. 7 LA AL A,‘{"i R
KO0 CHO RS P i
CHLOH;
ral Py }
)HJKHW\ {k/'/ \
2 OH, ~ CH.
NP0 HATHO® " HYKT & Ly 2
we KOH OO CHO0 M B OHOCH,CH,O e H
8 g Iritdock copolymer ECm{BOEOm
The EO-BO block copolymers of the present mnvention may alse be
functionalized with spe{:iﬁc end groups for specific surface reactions to covalently
20 bind the polvmer 1o & surface or prepare a new polymer material, The BO-BO block

copolymers that may be wiilized in the present mvention are not hunited relative
structure or molecular weight, so long as the block copolymers are soluble In aguenus
solutions and are non-loxic © ophthalmic tssue at concentrations on the order of

those described herewm.
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As used herein, the term “galactomarman™ refers to polysaccharides dertved
from the above natural gums or similar natural or synthetic guims contaiping mannose
or galactose moleties, or both groups, as the main structural components.  Several
types of galactomannans that may be used in the presest invention are typically
derived from guar gum, locust bean gum and tava gum. The galactomannans of the

present invention are obiginable from varlous commercial sources and via synthetic

ot

procedures known io those of skill in the art.  In preferred embodiments, the
calactomanvan is hydroxypropyl guar (HE-BA or HP-guar} obtained from Rhodia,
inc.  Other galactornanman include, byt are not Hmited to, native guar and
hydroxypropyl guar galactomannan produced according to the processes of co-
pending U.S. Patent Application Serial Nos. 61/220.859 filed June 26, 2009, and

B
o

61/150,215 filed Pebruary S, 2009, the contenis of which are hereln incorporated hy

reference in their entirety. Compositions of the present invention generally comprise

galactontannan at & concentration of 0.01 © 2.0% w/iv. Preferred compusitions ol the

present invention comprise galactomannan at a conceniration of 8,08 1o 8.253% wiv,

in addition to EO-BO block copolvmer and galactomanman, the compositions
of the present invention optionelly comprise one or more additional components.
Such components include, but are wot limited to, toniclty agents, preservatives,
chelating agents, buffering agenis, swfaciants, co-solvents, and antiodidanis.  Other
mis are solubilizing sgents, stabilia

components wed in cortain ewbodime ne goents,
o [

comfort-enhancing  agents, polymess, gmollients, pH-adjusting  agents  amdior
fubricants. Components that may be used in certain compositions of the present
invertion including water, mivtures of water and water-miscible solvents, such as Ci-

CT-alkanols, vegetablz oils or mineral oils comprising from 0.5 w 5% non-toxic
water-soluble polymers, natural products, sueh as alginates, pec clins, tragacanth,
karava gum, xanthan gurs, carrageonin, agar and acacia , starch derivatives, such as

starch acetate and hydroxvpropyl starch, and also other synthetic products, such as

polyvinyl aleohel, polyviny .pvﬁ“ohdgmq polvviny] methy! ether, polyethylene oxide,
preferably cross-linked polyacrylic acid, and mixtures of those products.

In addition to EO-BO block copolymer and galactomannan, the compositions
of the present invention may comprise compounds having aniimicrobial or
preservative propertics. Suitable antimsierobdal agems include, but are not lwited to
those generally used in contact lens care solutions or in other ophthalmic solutions
such as polyguaternium-1, which is a polymeric quatersary amowonivm compound;

myristamidopropy! dimethylaming ("MAPDA™, which is a N N-dialkyl, N-alkyl,

S



WO 2011/005864 PCT/US2010/041218

gthylene diamine; guanidine derivatives such as polvhexamsthvlene biguanide
{"PHMB" or polvaminopropyl bignanmide (PAPB) perborates such as sodium
perborate and peroxides such as hydrogen peroxide. The additional antimicrobial

agents that may be wiilized in the present invention also include the aminobignanides

[

described in U8, Patent No. 6,664,294, the entire contenis of which are hereby
incorporated in the present specification by reference.  The preferred additionsl
antimicrobial agents are polyquaternium-i1, MAPDA and the amino biguanide

identified in LL5, Patent No., 6,664,294 gs "Compoand Number 1

10 Sutiable antioxidants include, but are not Hmited to, sulfites, ascorbates,

butyviated hyvdroxvanisele (BHAY and butylated bydroxyioluene (BHT).

in addition to BO-BO block copolvmer and galactemannan, the compositions

of the present invention may comprize one or more surfactsnds. Surtaciants utihzed o

13 the compositions of the present nveuntion cap be catiovie, anionic, nonmonig o
amphgieric. Preferred surfactants arc neutral or noninonic surfactants which may
present in amoonts up © 5 wivle,  Surfactants that may be used with ceriain
embodiments of the present invention inclode, but are not imited to, polysthylene

glveol ethers or esters of fatty acids, polvoxyvethylens-polyvoxypropyiens block

copolvmers of ethylene diamine {e.g.. poloxamines such as Tetronic 1304 or 1147},

I
<

puiyaxypmpyiﬁneqmiyo){vetm’ien@ glveol nowmionic  block  copolymers  {eg.,
poloxamers, such as Plovonic F-127), and p-isooctylpolyethylen pheno! form didsh} de
polymers {a.g., Tyloxapol).

25 In certain embodiments of the present invention, suitable cosolvents include

ghyoerin, propvlene glyeol and polyethylene glveol

Buffering agents which may be incorporated info compositions of the present

invention include, but are not Hmited fo, alkaline metal salts, such as potassinm or

3¢ sodiurt carbonates, acetates, borates, phosphates and citrates, and weak acids, such as
acetic acids and boric goids. The proferred buffering agerts are alkaline metal
borates, such as sodium or potassiom borates.  Other pHeadjusting agents, such as
imrganig acids and bases, may also be utilized. For example, hydrochioric acid or
sodivm hydroxide way be cmployed in concentrations snitable for ophthalmic

35 compositions. The above-deseribed buffering agents are geverally present in amounts

g w

from about 0.1 to about 2.5 wivy%, preferably from shout 0.3 10 about 1.3 % wive.

30~
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The compositions of the present invention gre preferably isotonic, or slightly
hypotonic, and generally have an ocsmolality in the range of 210-320 mUsavky, and
preferably have an osmolality in the range of 235300 mOsm/kg. This may require a
tonicity agent o bring the osmolahty of the composition to the desired lovel
Tonicity-adjusting agents include, but are not Bmited to, sodium chioride, glyeerin,

sorhitol, or mannitol.

In contact lens disinfection applications, disinfectants that may be used
nolude, but are not Hmiied to halamines, halogenated aming acids, bis-amines, and
certain preservatives histed above, The amount of the disinfectant required to achieve
the desi

concendration requived to achieve the desired activity as a disinfectant while retaining

ed disinfection activity can be detcrmined by persons skilled in the art. The

acceptable safety and toxictty properties is referred o herein as “an effective

sufficient 1o meet

(2]

amount”,  An effective amount will possess antimicrobial activity
generally accepted standards for activity, such as EN iSO 147292061 Ophthalmuc
optics—Contact fens care products—DMicrobinlogical requirements and test methods

3

for praducts and rogimens for hygienic management of contact lenses.

For ophthalmic applications of the present invention, the pH of the
compositions may be in an oplhalmic acceptable range of 3.0 w0 8.0, Preforred
ophthalmic compositions are prepared using a buffenng systew that maintains the

composition at a pH of about 3.0 to a pH of abow 8.4,

In particular embodiments, compositions of the present invention are soitable
for topical application o marmmalian eves.  For cxample. for ophthabmic
adminisivation, the composition may be a solution, a suspension, a gel, water-in-ail
and oil-in-water emulsions, or an ointment.  Preforred compositions for ophthalmic
administration will be agueous solution in the form of drops. The torm "agueous”
typically denotes an agueous compasitian wherein the excipient 18 >30%, more
preferably >73% and in particular »%0% by weight water. These drops may be
delivered from a single dose ampmﬁﬁ whicli may }J\,Tsr ably be sterile and thus render
bacteriostatic components of the compesition unnecessary.  Alternatively, the drops

may be delivered from a multi-dose bottle which way preferably comprise a device

which extracis preservative from the composition as it s delivered, such devices

being known in the art.

-11-



WO 2011/005864 PCT/US2010/041218

In certain topical ophthalmic apphicattons, the compositions of the present
invention may comprise one or more tear substituies. A variety of tear substitutes are
known in the avt and include, but are not lmited {or monomeric polyols, such as,
glyeerol, propyleme glyeol, and eothylene glycoll polymeric polyols such as
polyvethyiene glycol; cellulose esters such hydroxyvpropylmethyl cellulose, carboxy
methyleelinlose sodhum and hydroxy propyleelinlose; dextrans such as dextran 70,
vinyl polymers, such as polyviny! aleohel; and carbomers, such as carbomer 9340,
carbomer 941, carbomer 940 and carbomer 974P, Topical ophthalmic compositions
of the present invention generally have a viscosity of §.5-100 cps, preferably 0.5-50
cps, and most preferably {220 ops. This relatively low viscosity imsures that the
product is comforiable, dogs not cause blurring, and i3 casily processed during

manufaciuring, transfer and filling operations.

Compositions of the present invention can also be used 1o deliver
pharmaceutical agent o the eve.  Such pharmacentical agents include, but ave not
Hmited to anti-glaucoma agenis, anti-anglogenesis agents; ami-infective agents; anti-
inflammatory agents; growth {actors; Immurnesuppressant agents; and anti-allergic
agenls. Anti-glancoma agers include, but are not limied to, f'}t‘ftii*iﬁﬂf)kéi‘s, such as
hetaxoiol and levobetaxolnl; carbonic anhydrase inhibitors, such as brinzolamide and
dorrolamide; prostaglanding, such as iravopwost, bimatoprost, and  latanoprost;

erctonergios; muscarinies; dopaminergic agonisis. :‘Xﬁ.ﬁ'ivvangis*-ge‘z'seﬁi~; agents include,

(,"J

but are not limited to, anecortave acetate (RET AANE™ Alcon™ Laboratories, Ine.
of Fort Worth, Tex) and receplor tyrosine kinase imbibitors (RTKI). Ann-
inflamimatory agents include, but are not Hmited o, non-steroidal and steroidal anti-
inflavumatory agents, such as triamcinolone actintde, suprofen, diclofenac, ketorlac,
nepafenae, rimexclone, and tetrabydrocortisol. Growth factors nclude EGE or
VEGE, Anti-allergic agenis include, but are net lmited o, olopatadine and
cpinasting, H1 and H4 roceptor antagounists {such as those disclosed in WO

20184030785 1o Borehardt et al., herein fncorporated by reforence in s entirety}).

10
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Examples
The following examples are presenied 1o further Hlustrate  selected

emboditnents of the present invention.

EXAMPLE Y

Ingredient Yo wiv

2

o

EQuBO
HP-Guar

Boric Acid
Sodinm Borate :
Sodiurn Chionide {x

o
o
5.8

o)

o
B )
et |t

o

3
Sodigm Chiorite -
Sodium Hydroxide/Hydrochloric Aeid S adion 070

Purified Water Q8

EXAMPLE 2

Experiments were performed to examine the rheology of BO-BU and guar
compositions of the present invention. These experiments included bulk rheology
experiments including  steady state flow, and frequency and stress sweeps.

Extensional and interfacial rheology characterization was also performed.

Bulk rheology experiments were conducted using a controlled  stress
rheometer (AR 2000ex, TA Instruments, Ine). The measurement system was g 40mim
acrylic 27 cone and plate with a sample volume of 0.58mI. A temperature of 257C +/-
0.1°C was maintained and a cover was placed over the measurement system {o

revent evaporation of the solutions,  For steady state flow {SSFY expeniments, the

s

¥
instrument applies a controlled stross which in tum gives the result as VIRCOSitY Vs
shear rate.  Two dynamic tests were conducied: oscillation stress sweep and
oscillation froquency sweep, The osciliation stress sweep holds the frequency of the
solation constant while measuring a vange of stresses. The oscillation stress sweep
measures O (elustic/storage modulus) and €7 (viscous, loss modulus). From this
information the Hnear viscoclastic region {LVR) can be determuned. The LVR is g
region in the stress sweep, obtained from (7, where the sohution holds s alasticity,

{(3', over a range of siresses. A wmeaswre of relative elasticity, tan(d=GA, i«
shigined from these experiments. The oscillation frequency sweep holds the stress

conatant within the LVR while measuring a range of frequencies. This measurement

~13.
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can determine &, 7 and tan(8) as well. The osciifation frogquency sweep shows how

vell a solution maintains ifs siructure.

interfacial rheology experiments were conducied using an optical oscillating
drop generator  device {OCAEG, Dataphysics  Ingtrumenis}y equipped with a
piezociecirie device and amplifier that controlled the escillations of the drop. The
drop, suspended in 8 temperature and hunnidity controlied cell at the tip of a slamless
steel needle of L65mm external diametier, was observed with a CCD camera
{768 x570 pixe.is} at 300 images per secomd. The osciliatng drop generator {DDG)
technique characterives the mechanical strength of the films formed by analyzing the
drop @ ha;‘e at a set frequency over a vange of amplitndes. The amplitude changes the

volume and shape of the drop and therelore the surface area.

23

The controlled parameters for the steady state flow experiments are g5 follows:
¢ All solutions prior to experiment had the same rheclogical history
e A 27 Acrylic Cone,
o .75 mb volume
&8 pnt gap
s Doable Concentric Cylinder
o 6.8 ml volume

N

YJ ]

SO um gap

#  Temperature was set gt 25°C
O

¢ Eguilibration was set for 10 minutes after the geometry was set

o Pre-Shear of 18 s-1 {or 10 sec
& Torque was set from 0.1 N to 100 plNm
o O uNm s the lowest Himig

o 10 udim and bevend s nad accounted for

£
(93

points per decade; 3 min equilibriom at cach point; triple measugrements

1 5% inlerance

je]

i)

= A 60 man plate cover was placed over the geometry o prevent

gvaporation,

14



WO 2011/005864 PCT/US2010/041218
Oscillation parameteor
e Syress{ Torque) Sweep
o 0.1 dyne.om to 100 dyne.cm is within the raw phase for all sohutions
tested
5 o Frequencysetat 0.1 Hz
¢ Freguency Sweep
o G001 Hsto W H:z
o Torgue set at 130 dyne.om
e Time Sweep
19 o Pre shear of 100 s-1 for 10ssconds
o Freguency at (0.1 Hez and torque al 100 dyne.om used
Extensional Parameters:
& (eomelry
Plate Diameter &.00 mm
Sample Inttial Height 3.01 mm
- Sample Final Height 1332 mm
Sample Volume 80 ul
- Systern Hencky Strain 1489
Injtial Aspect Ratio | 1.00
Final Aspect Ratio 4.44
{3
& Atretch Profile
Type Linear
Effective Velooity 821 mmv's
Strike Time 56 ms
Sirike Distance L3 o
= Measurement Options
Method High Speed Dgital Made
Sample Rate 10,000 He
Sample Duration tis
Noter  For sample duration longer than 1.0see, the sample rate was adjustad for
20 optimal messuramnent.

The following is a description of the parameters and eguipment used for the
interfacial rheology experiment niflizing an oscillating bubble. The OCA 20 with the

~15.
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ascillaiing drop generator was used for the oscillating bubble experiment.  The

following are the parameters used in the experiment for each composition:

Hethed Pendant Drop Oseillating Volume
Needie L65mm
Bubble Equilibration Time 3.5 Howrs
Heration Step 20 (logarithmic)
Freguency 3.1 s-1
Amplitude .003mm-0. 3mum
Dharation per Step 44 sec
Images per Step 100
Temperature 25°C

Prior to each vun the system was checked and standardized by confirming the
surface tension of water at 72.5mN/m at 25°C i alr. A quartz cuvete was filled half
full with purified water and placed below the drops while out of the view of the
camera, This was to prevent water Joss of the drop during equilibration and
thronghout the experiment. Before the each oscillating bubble experiment began, the

bubbles equilibrated for a time of not less than 3.5 bours,

TABLES 1 and 2 below detail compositions fested in the BO-BO interfacial
theology and FO-BO/guar rheology experiments, respectively,  All compositions of
TABLE 2 also comprise 1.0% boric acid, 3.35% NaCl, and 0.001% polyquatermium-

1,and have a pH of 7.5

TABLE

Compositiog Chemival RITR-424 | 12783438 | 12753420 | 12782410
5% wi/%% vall}
EsBihg (.03 - - -
E(34:B01 - 3.08 - -
B0, ~ - | 0.035 -
EOysBOqs - - 0.08
pH 7.5 7.5 7.5 7.5
Purificd Water Qs Q5 ! 5
{8 = 1{0ml)
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HP-Guar HE N .15 .15 {315 0.13 818 8.15 {115 ER (.18 .15
FOsBGy - 6.2 {1.5 - - - ~ ~ -

B0y - - - (3.2 3.3 - - -

E3: B0, - - - - ~ 4.2 8.5 -

EQGB0 - ~ ~ - - - - 3.2 8.5

BBy - ~ - - - - - - ~ 8.2 3.5

Breabup | 001310 1 0247 | 0523 0381 ) 0342 ) 0LHIS 1 GLide LG L0180 G014 1 0138

Times {8}

Vise.{ePe}y | 1054 | 1059 § 11080 | 1270 ¢ 1 122 1 &80 5.20 812 a0 4.80 4.64

@ 31.0s-1

e

]

FIGURE 1 shows the amplifude sweep for the EO-BO compositions of
TABLE 1. The graphs deronsirate that the slastic contribution at the air-water
interface for these BEO-BO compositions incregses as the BO wndt size increases from
Bhe to By

FIGURES Za-Ze show steady state slow curves for BEO-BO and HP-Guar
compositions of TABLE 2. The graphs show that shear thinning 1s reduced as the
EO-BO block copolymer concentration inoreases,  HOusBOe, compositions have

similar viscosity profiles compared to the composition containing only HP-guar.

EQusBO s compositions have shear thinning profiles which are stmilar that of the
covoposition containing only HP-guar; however, thelr viscosities are lower than the

compasition containing ondy HP-guar.

FIGURES 3a-3e show stress sweep curves for BO-BO and HP-Guar
compositions of TABLE 2, The curves demonstrate that all compositions lested are
viscous {G™) dominant solutions with elasticity (G, structure).  EQuBOay
compositions have a similar structure to the composition condaining only HP-guar,
with sinuilar linear viscoelastic regions,  BEOsBOgs compositions have some
structure, but have linear viscoelastic regions that imp off rapidly as the shear mie

HICPOASES.
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FIGURES 4da-4e show frequency sweep curves for EO-BO and HP-Guar
compositions of TABLE 2. EQuBOq; compesitions have a sumilar stractrs 10 the
composition containing only HP-guar throughout the frequency sweep. EOuBOhw

compositions have some siraeture, which drops off rapidly at higher frequency.

X
FIGURES S5a-5d show extensional theology vurves for the EO-BO and HP-
guar compositions of TABLE 2. The curves demonsirate that BOysBUey
compositions have longer break up times than the compesition containing only HP-
guar. BFOuBO0e compositions have similar break up fimes compared to the
1 composition containing only HP-guar. BEQusBOqy; corapositions also have highes
extensional  viscosities relative to the composition containing ondy HP-guar
FOusBOage compositions have similar extensinnal viscosities relative to the
composition containing only HP-guar. The effect of BEO-BO t{};‘t‘,apf_:si‘;i{ms Wwas seen
in other galactomannans such as native guar. As shown in TABLE 3 below, EQ-BO
18 increased the break up times for compositions comprising both HF—;-;u&r and native
QUAT,
TABLE 3
Sample Conceniration pH Break Up Time
A {,2% HPSAL.04% EOBO 7.5 $.39204
B §.2% HPEA 7.5 .09%922
L9 §.2% Native Guar/ $.04% EQRBO 75 £.10002
B §.2% Native Guar/0.04% EGBO 7.5 08642
E (2% Wative Guar/.2% EGRG 7.5 009502
¥ {1.2%% Mative Gasr 7.5 {00042
A (.29 HPEA/G.04% DOR g4 0.21142
B 2% HPEA R4 027863
C §.2%: Native Guar/ 3.04% BEGBG 8.4
D 5.2% Mattve Goarf3.04% EQBG 8.0
E {.2% Native Guar/r2% BOBO 8.6
¥ {3.3% Native Guar 8.6
20 FIGURES da-6b show amplitude sweep and frequency sweep curves for BO-

BO and HP-guar compositions of TABLE 2. For the amplitade and frequency
sweeps, both BO4BO and HOusBO s compositions are elastic dominant at the air-

water interface. However, EQusBOy¢ has more structure relative o BEQuBO. EO-

18-
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BO dominates the struciure at the air-water interface ab the tested concenirations

compared o guar.

The above rheclogy characterizations demonsirate the compositions of the
present invention are well suited for ophthalmic apphications and particularly topical
ophthalmic applications.  In particolar, BG-BO and guar conmposifions way provide

additional tear filvn stability when used in dry eye compositions,

EXAMPLEJ

-

Compositions of the present mvention weve tested for thelr abilty o (8
prevent deposttion of lpids and proteins on silicon hydrogel lenses and (1) w clean
fenses of lipid and protein deposita, TABLE 4 i3 a summary of the lonses tested, and

TARBLES 5 and ¢ list composttions that were tested.

TABLE 4

Brand Namse Manufacturer

Acuvue Advance Vistakon

’ be s TM . &
PureVigion Bausch and Lomb®

- e - Th - g » s
Focus Night&Day ™ {iba Vision

&

Biofiniy™ Cooper Vision

19
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TABLES

Camposition Chemical ST A PT
(% wiivol) 14336-11A | 14336118 | H336-1Y

Po.‘i}-‘t;vuais:m - f .01 6.001 43.001

N{3-dimethylamino propyl] tetra ¢.0006 €.0008 3.0006
| decanamide

T
P
et
o
e
[ob]
ont
:
fioo]
forcs
in

Tetroniv 1304 - .04 4.04

Sarhitol 1.2 1.2 1.2

Borie Acid 4.6 4.6 0.6

Sodium {itrale {3.65 .85 3.63

oo

Sodium Chlonde .1 (.1 {1

EDTA {.65 ERE §.03

2-gmino-2-methy -1 -propanol 8,42 147 $.42

Purified Water 025 Q8 A

pH 7.8 7.8 7.8

TABLE 6

Composition Chemiead o . ) )
oy ‘ 1395234 | 1399B-E3R | 1AUO0-A3C | 13994-23D
{%% w9 val)

a!sl

PBolyguaternium-] 0,001 0.001 .08 3.601

~

N{3-dimethyvlaminoe propyvi] tetra $4.0007 0.0008 §.0067 (.0008
d; canamide

BBy

]
.
fones
h

8.405 - -

EGOROy ~ - {145 .03

Tetronic 1304 8.03 .05 .85 RN

Sorbitol P2 1.2 1.2 1.2

Borie Acid 4.6 &6 8.6 )

Sodiom Citrate {1.65 8.65 .85 .65

Sadipm Chioride 0.1 0.1 £ 0.1

EDTA .03 .03 EREM 8.03
g

Zeamino-Z-methyl- Lpropard ; 042

Purified Water 08 ‘ 5 Qs 8

rH T8 7.8 | 7.8 78

30




L

A

g

o

o
it

L

el

WO 2011/005864 PCT/US2010/041218

The bar charts of FIGURES 7a and 75 summarive experimants examining the
ability of EQ-BO compositions of the present invention to prevent the uptake of a
polar Hipid (FITC-DHPE, FIGURE 7a)y and a non-polar lipid (NBD-cholesterol,
FIGURE 7b) by the silicon hydrogel lenses of TABLE 4. The results itlustrate that
the compositions (Lot 13990-23A and 23C, TABLE 6) are particularly effective al

preventing the uptake of the non-polar Lmd %3\ ail lenses tested.

FIGURE § shows a bar chart showing the amount romatning of a non-polar
lipid (NBI-cholesterol) on the lenses of TABLE 4 after cleaning with various test
compositions.  The chart Hustrates that a composition of the present invention
{14336-11C, TABLE 3) tested removes non-polar lipid deposits frowm silicone

'“?

hydrogel contact lenses better than the other tested compositions in 3 out of 4 lenses.

FIGURES %a — 9d demonstrate thal a composition of the present invention
(14338-11C, TABLE 5} is effective al cleaning various proteins {fysozyme,

X

lactoferrin, beta-lactoglobulin} from the tested lenses of TABLE 4,

In samnary, the resulte of the experiments demonstrawe that compositions of

the present invention are effective lens cleancrs and can prevent the uptake of non-

3 ey

polar lpids. The compositions ave also particnlarly cffoctive at removing non-polar

Hipid deposits from lenses.

The present mventinn and Uz embodiments have besn described in detail

ki

Howsever, the scope of the present invention is not intended 1o be limited o the
particular  embodieents of any process, manufachire, composition of mall

compounds, means, methods, and/or steps deseribed in the specificalion. ‘v"’arieus
modifications, Suhstitz.aii(ms,_ and variations can be made to the disclosed material
without departing frow the spirit andior essential charactetisiics of the present
invention. Accordingly, cae of ordinary skill i the art will readily appreciate from
the disclosure that fater modifications, substitutions, and/or vartationy pecforming
substantially the same fwction or achieving substantially the same result as
embodiments described herein may be utilized according to such related embodiments
of the present nvention. Thus, the following clatms ave intended to encompass within
their scope modifications, sehstiiutions, and variations to processes, manufactures,

compositions of maiter, compounds, means, methods, and/or steps disclosed herem.

b
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CLAIMS
What is claimed 2
. A sterile, agueous ophthalmic composition comprising an ethyleneoxde
butvieneoxide (FG-BO} block copolymer of the fomumla (BOR{BO, and 2

galactomannan.

2. A composition according 1o elaim 1 wherein m has an gverage value of 43 and

1 has an average value of 9 1o 18,

3. A composition aceording fo claiw | wherein m has an average valoe of 45 and
1 has an average value of S 1o

4. A composition according to clatm 1 wherein said galactomannan is guar or a
dertvative thereof

S A composition according to claim 4 wherein said guar or guar derivative is
selectad from the group consisting off

native guar, hyvdroxypropy] guar, and hydroxypropyl guar galactomannan,

6. A composition according to claim 1 wherein said EG-BQO block copolymer is
present at a concentration of 0.001 1o L% wiv,

7. A composition according to claim 1 wherein said BEO-BO block copolymer is
present at a concentration of 0.01 to 0.1% wiv,

8. A composttion according o claim | wherein said galactomannan is present at
a concentration of (.01 to 2.0% wiv,

9. A composition according to claim § wherein sald galactomannan 15 present at

a congcentration of .03 1o 8.25% wiv,
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10, A method for treating dry eye comprising adminisiering & topieal ophthalmic
composition, said composition comprising an sthyleneoxide butyleneonde (E{-BO)

Block copolymer of the formula (EO{BO), and a galactormanuar.

i1, A method according 1o claim 18 wherein m has an average value of 43 and n

has an average value of 910 18,

12, A method according to claim 10 wherein m has an average value of 45 and n

has an averags value of ¥ 1o 1L

13, A method according to claim 10 wherein said galactomannan is guar or 8

dertvative thevent

14, A method aca:s:n'dmg to clain 13 wherein sald guar or goar derivative is

selected from the group c
native guar, | }}-‘dm}:ypmpyi guar, and hydroxypropyl gnar galaciomannan,
15, A method according to claim 10 wherein said EO-BO block copolymer is

present at a concentration of .001 o LU% wiv,

16, A mothod according to claim 10 wherein said BEO-BO block copolymer is

present at g conceniration of .01 to 0.1% wiv.

¥

17. A method according 1o olaim 10 wherein saild galactomanman is present &l s

concentration of 8,01 to 2.0%98 wiv

at
}i @y o

!’l;

18, A method according to claim 10 wherein satd galactomannan s prese

conceniration of 4.05 o 0.23% wiv.,
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18 A method of disinfecting 2 contact lens which comprises immersing the lens in
an antimicrobial composition comprising an ethylencoxide butylencoxide block

copolvmer of the formala FOWBO), and a galactomannar for a time sutficient to

disinfect the lens,
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2. A method of delivering a phavmaceutical agent to the eve which comprises
topically admindstering to the eye a composition comprising one of more
pharmaceutically active ageni{s), an ethylencoxide butylensoxide block copolymer of

the formula {EO)L{BOY, and a galactomannan.

21, A composition according to clatm 20, whereln the pharmaceutically active
agent(s) isfare selected from the group consisting oft anti-glaycoma apents, andi-
angiogenesis agents; anti-infective agents: anti-inflammatory agenis; growth factors;

immunosuppresaant agents; and anti-allergio agents.

Lo
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