IN THE UNI TED STATES PATENT AND TRADEMARK OFFI CE POLYMERI C ARTI FI Cl AL TEAR
SYSTEM 5 This application clainms priority under 35 U S.C. 119 to
U S. Provi $iohed/13pat ent Application No. 61/048, 175, fRIER2MPP1169926, 2008,
the entire contents of which 10are incorporated herein by reference.

TECHNI CAL FI ELD OF THE | NNENTEONTTED sSTATESTRPSTBR§SENt invention relates to
artificial tear fornulatlonﬁNgnﬂK;gEﬂyhagb@@§cﬁ5for ophthal m ¢ drug
delivery, and nore specifically to gal act omannan-borate pol ynmer systens

conprising a cis-diolL. Many opht hal m c
formul ati ons conpri se %@ﬁ%ﬁﬁﬁggqﬁﬁgﬁqgﬁgb#ggﬁﬁﬁéﬁﬂ@ﬁty and ot her desirable
propertises. Wien these fornmulations are instilled in the eye, the
properties of such conpounds can prevent undesirable problens such as

bi oadhesi on and the formation of friction-induced tissue damage, as well as
encourage the natural healing and restoration of previously damaged

ti ssues. 25 This ppiyeainar Ketmes dorigrity fider P Wahr $8101 @t Vén Pprviséigelt s cont ai n
pol yners trpatenﬂAﬁmCamnwv.59"04891@15%1@@@;)1»{1 &G 0608asik iefrirp cORatd dfeshichSome  of

t hese pg} ﬁm;(ﬁgzgirgy %§¥§£%pyhnethylcelIulose, gal act omannans such as
guar an oxy ropyl qguar, carboxynet hyl cel | ul ose, hyal uronic acid, and

sodiunlalglnate The shear thinning and 30vi scoel astic profiles of polyners
play inportant rol es WIECHNIXad WD ORTHEENVENTION The retention
profile, lubrication and nucom ctic properties of polyners in artificial
tear solution pr duct s an i rtant role b hel pi.ng stabilize
the tear film ah B‘Fﬁf’\?f H’i"%ﬁopﬁ‘é?tf’fv@dar% 1 v f?rﬁluba?]%/é\ﬁ‘g “E %‘ry eye

di seaseils Fdpr ophthalmic drug delivery, and more specifically to galactomannan-borate polymer

systems comprising a cis-diol.

BACKGROUND OF THE INVENTION

20 Many ophthalmic formulations comprise compounds that provide lubricity and
other desirable propertics. When these formulations are instilled in the eve, the
properties of such compounds can prevent undesirable problems such as bicadhesion
and the formation of friction-induced tissue damage, as well as encourage the natural

healing and restoration of previously damaged tissues.

Many marketed artificial tear solution products contain polymers that display
thixotropic and viscoelastic properties. Some of these polymers include
hydroxypropylmethylcellulose, galactomannans such as guar and hydroxypropyl guar,
carboxymethylcellulose, hyaluronic acid, and sodium alginate, The shear thinning and

30 viscoelastic profiles of polymers play important roles when mixed with the tear film.

The retention profile, lubrication and mucomimetic properties of polymers in
artificial tear solution products may play an important role by to helping stabilize the
tear film and providing improved comfort to patients with dry eye disease. For

35 example, the product Systane® (Alcon, Inc.) containing hydroxypropyl guar and the
active ingredients polyethylene glycol 400 and propylene glycol has been reported by
Paugh, ¢t al. (2008) to be more effective at eliminating eye discomfort than similar
viscosity enhancing polymers such as carboxymethyl cellulose.
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35 exanpl e, the product Systane(r) (Alcon, Inc.) containing hydroxypropyl

guar and the active ingredients polyethylene glycol 400 and propyl ene

gl ycol has been reported by Paugh, et al. (2008) to be nore effective at

el i m nat i wg eyp@aghosconfort than simlar viscosity enhanaimgoPokimers such

as car boxynet hyl cell ul ose. The bul k rheol ogy of polymers used in

artificial tear solutions is often characterized by steady state shear

(shear thinni nGhe &nit ehenlppy cfosdimt@t ised hestifcigl e oelvastd ¢ bin Al t hough

t hese tes e val ] 00y W fully
L &b e bygﬁéag istg{?@ %Ee:ap Lﬂgﬁ%a} lﬁﬁﬁ’rp %uaéxﬁxg)g{aln@ Béﬁllﬁ%ﬁg@&&

characterrze the 1n roperties of éner ]
under st antiisrgelasticitie phapgp these foseers wrnable. pasp bplkitheoloay @Pppamens  as t hese
properti emafBoplfay | dFRREkAR! ol BErfabial hBopRESr BEt {UORSPIvInbst eag film

conponents_at both t corneal.t.ear. fil minterface and tear filmair

hterf scendiani v Be iRk afRlnay BehOhiyh ARl e etk ehe aynami c
and i nt er fraginddy properitioks iofthqpukeyations wetbdedrnfilar edniponknth at bethshé s t he
osc ! : a{ ! Q&HGH/hQQr ﬁﬁl;rpﬁ{térfﬁ%@ﬁgd Qﬁls ﬁ{dg%%&g&@ ﬁ]no%&r trheo;ogyce@snttmlc@a c

ornmul ati ons, hav een prevjiously descri.be at .utilize .

gal act oAl BECETEIEE F ) "eyis! gl i SR 18 pelyTmers e it o
Asghar i anartéiotal tekeds thOphdtilhabonmidopcopposétt] @ssibedhe@inni ng gal act omannan

pol ymgps and borate," describes such systenms and is herein incorporated by
reference in its entirety. The 15cross-1inking of gal act omannan and borate
i s responsi bl eOPBhalpte GENUREIH Agvhebreli srevBslyndowEset i hald WidFHul ati ons.
fSUM\/A:?Y  galactoriB@apbesenteltlhg chasus.e Yen@aaht Wor &l4at @69 tto Aphbidal, m ﬁ

ormul at i 1.&apk | oy : J , such as
guar o hoaRsyorBualE s AFHAT AN aR g PSR SRR PO 2% s
conpri se getsubest félcg@m’e@@s gich hereibdrcomorigsddby referercedpdts, engitah d5¢ sor bi t ol

or prapyl erBs-BhMEOLS gdl E1dREBERNnd IrdtO & rEPoRUbIaFhraRS gTBmiifg Bialbes W th the
cross-llnk%@g of.th ﬁgkactonannan and borate. The cis-diol is selected
based on Pt SCdFFFHe SHWAS Sct eri stics relative to the gal act onannan.
Typically, the ophthal mc foinulations of the present disclosure conprise a
cis-diol that is a relatively small nolecule such as sorbitol that diffuses
nore rapidly than the gal actomannan in the ocular tear film Upon
instillation in the eye, the concentration of the cis-diol decreases at a
different rate than the gal act omannan, allow ng the gal act omannan and
borate to cross-link a forma structured polynmer network in situ. Thus, the
gel Il i ng behavi or and rheol ogi cal characteristics of the fornmulations after
instillation into the eye are controlled via selection of the cis-diol.

In one aspect, there is provided an ophthalmc fornulation conprising a

gal act omannan, borate, and a cis-diol, wherein said fornulation includes

| ess than 5 parts per mllion of divalent cations and wherein the cis-diol
is sorbitol. I n anot her aspect, there is provided an ophthal mc
formul ati on conprising a gal actomannan and borate, the inprovenent
conprising adding sorbitol to prevent gal act omannan and borate
cross-linking and said foinmulation having less than 5 parts per mllion of
di val ent cations, thereby reducing the viscosity of the fornulation.

In one aspect, there is provided a fornulation as defined above for use in
a nethod for lubricating the eye conprising admnistering to the eye the
formul ati on. I n anot her aspect, there is provided a formul ati on as
defined above for use in a nethod for delivering a pharmaceutically active
agent to the eye conprising: admnistering to the eye the fornul ation
further conprising a pharmaceutically active agent.




In yet another aspect, there is provided an inproved ophthal mc formnul ation
conpri sing gal act omannan and borate, said fornulation conprising sorbitol
that is elimnated fromtear fil R idly than said gal act omannan when
the forrmulation is instilled in Mi d formul ation further having
less than 5 parts per nmillion of divalent cations, thereby reducing the
viscosity of Tﬁéqgre Qlt rﬂféc%s‘u%"generaﬂy reléf&etof %Hﬂﬁlﬁﬁé %}ﬁll&{tlotng‘%oﬁfpﬁ§ﬁ@t

di scl osure are nti al free“of dival ent cat,ions such SI um

zi nc anBhlRSATBRRN. Higtudins, gglta? SRR CFD LS §42h 157 Y’ ‘?thpﬁ(l%’ybﬁuﬁlbt nnan and
bor at e. fo@naktians of thdlpatsenindisdosuns hish lcethprise ai’b@my eourdé watherst barat daghs

present Ai o, thg LEAr o s!nii@it PQ?%;?%&E”@]%&” 1:9 ré’seﬁtt Edj@ﬁéj f&ehulations and

gal act omannan-bor at e ﬁ Iatlg E of . the present
i scl osiietearavid) G crsseriaiing!dhe glarm ey apd hriafes Ikgis-SHhisIHHE
t her apebtsed Son gpatiffudisd ichhmatiensticaf redativer touthat padmctomatrive. eygpically, the

gal acto %Jﬁfg,mhfauggg YR @sfemlgﬁbsﬁué %ﬂnpﬁ&i Efa'(ﬁoﬂﬁa KelaBivalpl e to

hol d varlous erapeuti c ag s on e eye, udi.ng cents The
f or egoi fRlbpjolse @Lﬁ#ﬁlwgfsqﬂe Aldhgt diEfusesims remidlvrtaan theé? i an4gan i
advant agesarGbarcfiid. aljporetiaadatienhshetyd, hiee poresaritiodi feh@sigrdiol didebasdsonal

descri pti DATE S Ran AV A0 ERRRM, 18618 ﬁ%&%ﬁ%@%h%%%?eaﬁ%ﬂ%&e%
DRAW NG oss-link aﬁomﬂeﬂt@éﬁm depd YRIARPSOEN 81 £§- off Mes dhredling Peharitmadon and

the ad Vﬁh@bl@@&%l &M&Qfsnmf fae faanldtond abyr inefileniohigiottbe tyteart obhweoiledg

descri pt| onwle aken c1s5dccinl unction with the figures of the acconpanying

dr awi ng VIrR© cph e 'retference nunbers indicate |ike features and wherein:
FIGURE 1 is a di agr am of the cross-Ilinking behavior of borate and gal ac

omannan; 10 f gﬁBEas%eth tﬁe@r @p@l&l’ﬂ@éﬂ g Sﬁlﬁﬁﬁmwtf@Mu%{l@ﬂv c(o‘ﬁﬁﬁ*)smg COSi ty
:ﬁ da7f gga gcltgnglo a e a% %?158191 19}%{1%%}110‘%‘11 uB&%{;gtu?ch;(ﬁz %ﬁ%@&l‘%t pH 7

vi scosi per railica ¢idvcat1¢rm¢amn@héa&rheream &Gf%?- lfoé)rsrﬁaﬁatql ons corrprl sing 0.0 w v%
0.5 wO0/0, 1.O wv%and 1.4 wv% 15sorbitol; FIGURE 4 is a graph show ng

oscillating Pnr WothP las';}egtd%hesr\ével(sapprgvﬁsél . gqgﬁlalmlc formulation comprising a

galactomannan and borate, the improvement comprising adding sorbitol to prevent

galactomannan and borate cross-linking and said formulation having less than 5 parts per
million of divalent cations, thereby reducing the viscosity of the formulation.

In one aspect, there is provided a formulation as defined above for use in a
method for lubricating the eye comprising administering to the eye the formulation.

In another aspect, there is provided a formulation as defined above for use in a
method for delivering a pharmaceutically active agent to the eye comprising:
administering to the eye the formulation further comprising a pharmaceutically active
agent.

In yet another aspect, there is provided an improved ophthalmic formulation
comprising galactomannan and borate, said formulation comprising sorbitol that is
eliminated from tear film more rapidly than said galactomannan when the formulation is
instilled in an eye, said formulation further having less than 5 parts per million of divalent
cations, thereby reducing the viscosity of the formulation.
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(Rel E1*1) as a function of anplitude of drop for a foinulations at pH 7.9
and 7.6; 20 FIGURE 5 is a graph shovm' ng stress svveep tan(6) as a function
of torque for_ formulations_having v% O. v% 1.0 wQ/0Q0 and 1.4

w v/ 0 sor bi t 6pe formytptgysrol the p@sa%taﬁﬁclg%w g S@E%mﬂa&m ﬁee @ opvaml i t ude

sweep etawhk @umdylmagﬁamhlﬁl Sk 228 @ﬁmqhatomo&r@gmleht@&@ 191klr%r@pthfeor a
formul ati.on havin v% and gSl 4 W v%.sorbitol.; gr aph

g
showi ngStHdoR ané’%c%%l Do Brtidatdn DT B fiendi alen eughs
appl i capiesent hmﬂ:iei tsaUEn entanéa fothition sitd seningd geldebmhonarsizdrateeotyomr ol ,
OPTI VE( Wogil nk Tears(r) and a gal act omannan-boratc fornul ati on wt hout
sorbito PH 7.6 (to 30sinmul ate conditions after application of the
f or mul atlon to the eye); FIGURE 8 is a graph of the average % decrease in

coefficient ofe fbiclih@hs O tﬁ&%PesE:ﬁ”H‘%&l@&dr@”eﬁe zﬁé?ma%fﬁﬂ al Qurb@skli ?é}?

(Unisol (r), saline control) at 1 2 mnutes after app |cat|on o}
fof i nul ¥eiiges forrrphialinie Bskamedicss HPQR skl py adpppylatien shihe(BEse-rinses

351, 2 agaiectShakh-tadtt @ﬁiﬁmtr{e@ifark@é’fbfﬂﬁ(dr Xhis Rletvidelc T8 ab1s (16 )hodarfous
gal act o&lannan bor at e fﬁrrru at aéf‘élﬁ 6 and without sorbitol; FIGJRE 9
is a balHPEHIF ESHTAN ‘E}W‘?’nénchi‘;‘g‘ﬁg 'élﬁ‘fni Bn tinme of Unisol (r) saline
control to a gal actomannan-borate artificial tear fornulation of the
present invepjl %fcg@ﬂ% brief summary broadly describes the features and technical
advantages of certain embodiments of the present disclosure. Additional features and
technical advantages will be described in the detailed description of the disclosure that

follows.
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FIGURE 10 is a bar graph summarizing the result of a study conparing
Optive(r) (a 5carboxynethylcellullose (CMC) and gl ycerin based artificial
tear) and a gal actonmannan-borate artificial tear fornulation of the present
i nvent i onwo 2BkA&bED DESCRI PTI ON OF THE | NVENTI ON pCrAlReoobOLBl ati ons of
the present invention utilize a gal actomannan-borate systemin aqueous
solution. A borate anion will condense onto the cis-diol groups of 5 a

gal act omannan nol ecul BRIEHDERERIPTHIN -OF THRDRAVEINGSond gal act omannan

nol ecul e as shown in FIGURE 1. Cross-linking of borate and gal act omannan is
influenced by factors such as pH, ampng others, and such cross-linking in
turn influenced Hee comBlelsERdgrss dltnﬁé’fé]%ﬂ DERIh INVEREO PSS BRRATAHAGRT i on i s
directed {Rrdohenais eeohicduirgd diyolrsfeaghtashs dolibwial andripfoapyhieneigl ycol to
B L G

r heol ogi caﬂimhﬁﬁ&mé@ﬁfeﬁkksfﬁaﬁgﬁtﬁfﬂdt\#ﬁeﬂfbr mul ations. In the presence of
cis-diols, borate and gal actomannan exhi bi t reduced cross-1inking behavi or
i n aqueou oluti.on,. resultin N vi scosi t When used in
e SO O LR LT o UL S0 o G EEPUEVER. na a
reduced |i kel i hood of causing unwant ed 15effects on vision, such as

bl ur i,pg. FJG%RE 21ia B @ﬁdﬁiﬁggeﬁ%@@ﬂ MBIS) ey Br 8390hcdoRYERIdON. the

cis-diol sorbitol 1S use ct omannan- at e-contai ni ng
f or mul at | BisOT SHpEPPEmap-LordeEmiatgns & il / angdftent rati on that inhibits
cross-1inking of the galactomannan and borate. Once 20 instilled in the

eye, t he E?%E %l 15. a s%ﬂzihl sﬁ&@% bﬂeaﬁ{)%ta%aﬁeﬁg ﬁsg&a%rw%éoqﬂ] g{) cﬂgn gf gr adual

increase in
cor r esponeHgTa @aﬁamuidﬁeﬁ%%@riswe\ﬂ %b’é‘s’iﬂst%ﬁ andoel. ﬁé‘ﬁf‘)éla@l? i 4TW‘~’5/0 gr adual

i ncrease kdbMéiscosity, cross-linking, and elasticity allows for effective
spreadi ng and | ess bl urring upon contact, yet provides |long |asting

| ubrication and corneal surface protection. 25 Di val ent cations such
as cal ci uli@eReralid y gaplesboring astillgfalzadroonempldndandedporlatis moddt r engt hen
cross- | i nki g DelaviRtion WeRpRERSEAtop Or SRAGLANRNIRA-7 AR 7 6;

bor at e-contai ni'ng fornul ati ons, divalent cations can increase the overall
viscosity of such fornulations. The formnul ati ons of the present invention
are subst &HFUREI :‘y if laegapif sBOvidg wakentweat 2oids & hatfunwook df abhee ibse

contri but g, hRIHBHANLE] (AL 00NGHH N 1 8L AG! SIBNNARROLBAE, Cr 0SS | T nki ng
and, accor di ng ['ation Viscosity. D val ént cations include, but are
not limted to, magneS| um chloride, and zinc cations. As used herein, the
term" sub?l@!UREafB liy af gregh Ghoviiny alseifthtigatiiopnahplivedn swedpatlastembaunliul at i on
cont ai ns C [ at-i h t ers ith the 35
or ose- 1 ok el s BhbRR ARERE Rt WRblRiR ol BT 1%

f or mul2at | éﬁsﬂ’/\’%eﬁéﬁ@l I y, concentrations of di val ent cations shoul d be |ess
than 5 parts per mllion to avoid interference with the

gal act Om@i’@ﬂ}fiﬁ%s 1%81135 ewmg ¥het aevrer?a'ge coefficient of friction, 1 and 2 minutes

after application to tissue in a friction screening model for saline control, OPTIVE®,
blink Tears® and a galactomannan-borate formulation without sorbitol at pH 7.6 (to
3¢ simulate conditions after application of the formulation to the eye);

FIGURE & is a graph of the average % decrease in cocfficient of friction for test

1®, saline control) at 1 & 2 minutes after

formulations, compared to baseline {Uniso
application of formulation; and after cach of 3 blot/Unisol® applications {post-rinses
35 1, 2 and 3) for saline control, OPTIVE®, blink Tears® and a galactomannan-borate

formulation at pH 7.6 and without sorbitol;



The types of gal actomannans that may be used in the present invention are
typically derived fromguar gum |ocust bean gumand tara gum As used
herein, the term "gal actomannan” refers to pol ysacchari des derived fromthe
above natwoabesgsuyss or simlar natural or synthetic gurETasaioab£icyy nmannose
or gal actose noieties, or both 5 groups, as the main structural conponents.
Preferred gal act omannans of the present invention are made up of |inear

chai ns of F{GITRE 9 18s By resaphopypanesyt meai tatentiop himg-dbdalistt wphye emosly| units
attached Ry, falic®manhDERGES Mkl 1AL IRMEHLE5] SChOBIAGH HRANANSd the ratio of
D-gal actose To D-mannosc varies, but generally will be fromabout 1:2 to
1: 4. GPactonmannans havi ng a D-gal act ose: D-mannose rati o of about 1:2 are
nost 10 PFEFERE ed.is Addi giaphalhyarighhér ehénvicabhgy nadpdringdpriact & i ons of

t he polys i I icluded;jn:the. "gal "odefjnition.

For oxanpriouRhisiERe R SoMCIC AlEP Suloprit fosel P oA AR e ot opyl
subst i t ut Ed#EoREY o gtEt i @altiens Torattion rahs AFSCHANtHECr esent i nvent i on
Non-ionic variations to the gal actonannans, such as those contai ni ng al koxy
and al kyl (Cl-C6) groups are particularly preferred 15 when a soft gel is
desired (e.g., hydroxyl propyl substitutions). Substitutions in the non-cis
hydr oxyl positions are nost preferred. An exanple of non-ionic substitution
of a gal actomannan of the present invention is hydroxypropyl guar, with a
nmol ar substitution of about 0.4. Anionic substitutions may al so be nade to
t he gal actomannans. Anionic substitution is particularly preferred when
strongly 20 responsive gels are desired. A galactomannan is typically
present in a fornulation of the present invention at a concentration of
about 0.01 to about 10 w v% preferably at about 0.1 wv%to about 2.0

w v% and nost preferably at about 0.16 to about 0.19 wv% Preferred

gal act omannans of the present invention are guar and hydroxypropyl guar. 25
The cis-di ol conpounds that may be used with enbodi nents of the present
invention include, but are not |imted to, hydrophilic carbohydrates such
as sorbitol or mannitol that conprise cis-diol groups (hydroxyl groups
attached to adjacent carbon atons). Preferred cis-diol conpounds of the
present invention include polyethylene 30 glycols, polypropylene glycols,
and pol yet hyl eneoxi de- pol ybut yl eneoxi de bl ock copol ynmers. Particularly
preferred cis-diol conpounds are sorbitol and mannitol, The cis-diol
conpounds are present at concentrations of about 0.5 to 5.0 wv%in the
formul ati ons of the present invention, and are preferably present at a
concentration of about 1.4% The nol ecul ar wei ghts of the cis-diol
conpounds are selected to ensure 35 that the cis-diol diffuses and is
elimnated fromtear filmat a faster rate than the gal actomannan, allow ng
for increased gal act omannan-borate cross-linking. Generally, the nolecular
wei ght of such cis-diol conpounds is between 400 g/nmol to 5 mllion g/nol.
Borate is typically present at a concentration of about 0.2 to about 2.0
wv% and preferably at about 0.7 wv% As used herein, the term "borate"
refers to all pharnaceutically suitable forns of borates, including but not
limted to boric acid, and alkali netal borates such as sodi um borate and
pot assi um borate. Boric acid is 5 the preferred borate used with

enbodi nents of the present invention. The borate conpounds which may be
used in the conpositions of the present invention are boric acid and ot her
phi tonaceutically acceptable salts such as sodi um borate (borax) and

pot assi um borate. As used herein, the term"borate" refers to al



10 pharmaceutically suitable fornms of borates. Borates are conmon
cxcipients in ophthalmc fol nulations due to good buffering capacity at
physi ol ogi cal pH and well known safety and conpatibility with a wi de range
of drugs andopy@s®ivati ves. Borates al so have i nherentpdiaghaplosgbati ¢ and
fungistatic properties, and therefore aid in the preservation of the
conpositions. 15 The formul ations of the present invention may
optional ly conpri seDERaIDEDESCRIRITTON OF THEXINMENTEONMNI/ or one or nore
addi tional active ingredients. Excipients commonly used in pharmaceuti cal
formul ations include, but are not limted to, denulcents, tonicity agents,
preservat i ves, Tehdoraniaigna géihe prasgatf wveign Zglfﬁg%tgéldﬂa?@ém@ﬂrﬁoé’é% ants.

Qt her eXCbﬁlt@Iﬂtrﬁaqﬁ%ﬂQ&bﬁlﬁoﬁ Ohuﬁkdté Zﬁlﬂﬂwﬁgaﬂfdénqc%hﬁ)bthb bikidig pAQQRbS,
conf org enhgﬂg\aclmr}g l,mgnentgpCC %n&e 4y, & l“lgkent PHE ¢ g %%AC?‘%‘HH gent s and/ or
| ubri cant & T Fety o &X ||5 (3?1 ué)g ¥ RUfhti ons of

t he presentoldcpizesst Shgmlincm@@i% twatwss-linking of égram‘ ayagdrctamenmwatier - m sci bl e
sol vents, uﬁlﬂx@ﬁbe@sb WChietsralskaned $H, Vel aphes, oaddss&,h P8 RingOll &eoNPri si ng

fromO0.5 t gg/o n vtozglc Oi h{t ns&gubl eeng rgers nattur alth roducts, such
as al gi naf" Cﬁé P HEOSTEYy | ¥ By 108t ATtk Phgeeni n,
ﬁggr and aatsainulasu@tearsofbltdbar;d/pmpyleme, gbuﬂhz{ agerddramcth tae(etcmmén]amgl of i vl
ro r ol yvin
ydr oxypr gyl 3 naga@éam?ape dgﬁc&h% i i%M{iﬁl ﬁ)%hy h%eﬂu%& Ygo ﬁﬁ?gg yvi ny

al cohol, poly )é rro VI n ’%6 ne oxi de,
pr ef er abl ﬁnd;?fé%rs P(?i?ﬂe@?& C%ﬁgﬁ%ﬁﬂﬂ P th%é‘?fami‘ﬁﬁn%’n %t“ﬂFrIé‘?be@Fe P fgélo Broducts. 30
Demul cent $otteatd Whkbtoniodicaribit sedibed dfteqqpﬁﬁsgrﬁchamanhqmm phiege, but are
not | im t?e‘!uzh% 19'%’?&6&1’ s,ouﬁ%'nyv;b C\{)pyﬁ/rhgxl u?$d‘?n dpﬁéoé%me/ 8%9@ 8{& de,

pol yet hyl ene gfyco icularly
preferredf @Ew&r@@ﬁh@iW@swﬁpww}gﬂl’sw@qiucadmaﬁﬁ@pyépﬁwugﬁé ugivgried 400. 35
Sui tabbe Egéuig:d,ﬁm}gﬁl,]sugubngu@ggnts include, but are not limted to,

manni tol, sodium chloride, glycerin, and the like. Suitable buffering
agents |ncI ude, but are not limted to, phosphates, acetates and the |iKke,
and ani no al cohok greferchl emb@imeitr-the pr@ent imetnhiyh, - the prsepalnsirbifoANP) .

Sui tabl e %&delﬁ%ﬁ%ﬁlah%L Hﬁ&bo@é&tco%{aﬁnﬁgﬁonhbl%&ﬁd dPbitdl Qﬁ)_l%sé?apgt foni oni c
sur fact an PCE 20

t hough. noni oni.c. sur ants are preferre ,
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25
Divalent cations such as calcium generally interact with galactomannan and
borate to strengthen cross-hnking behavior. When present in galactomannan- and
borate-containing formulations, divalent cations can increase the overall viscosity of
such formulations. The formulations of the present invention are substantially free of
30 divalent cations that would otherwise contribute to unwanted wvariations in
galactomannan-borate cross-linking and, accordingly, formulation viscosity. Divalent
cations include, but are not limited to, magnesium, chloride, and zinc cations. As
used heretn, the term “substantially free of divalent cations” means that the
formulation contains divalent cation concentrations that do not interfere with the
35 cross-linking of the galactomannan-borate polymer systems of the formulations.
Generally, concentrations of divalent cations should be less than 5 parts per million to
avoid interference with the galactomannan-borate polymer systems.

-6-



10may be self-preserved so that no preservation agent is required.

Foi nmul ati ons of the present invention are ophthalmcally suitable for
application to a subject's eyes. The term "aqueous" typically denotes an
aqueous fwenbmtion wherein the excipient is >50% norepreienadsby >75% and
in particular 15 >90% by wei ght water. These drops nmay be delivered froma
singl e dose anpoul e which may preferably be sterile and thus render
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formul ati % Ns (particularly topical ophthalmc fornulations, as noted above)
are preferred which have a physiol ogical pH matching the tissue to which
the féfnulation will be applied or dispensed.

The cis-diol compounds that may be used with embodiments of the present

invention include, but are not limited to, hydrophilic carbohydrates such as sorbitol or
mannitol that comprise cis-dio! groups (hydroxyl groups attached to adjacent carbon
atoms). Preferred cis-diol compounds of the present invention include polyethylene
30 glycols, polypropylene glycols, and polyethylencoxide-polybutylencoxide block
copolymers. Particularly preferred cis-diol compounds are sorbitol and mannitol,
The cis-diol compounds are present at concentrations of about 0.5 to 5.0 w/v% in the
formulations of the present invention, and are preferably present at a concentration of
about 1.4%. The molecular weights of the cis-diol compounds are selected to ensure
35 that the cis-diol diffuses and is eliminated from tear film at a faster rate than the
galactomannan, allowing for increased galactomannan-borate cross-linking.
Generally, the molecular weight of such cis-diol compounds 1s between 400 g/mol to

5 million g/mol.
T



15l n particul ar enbodi ments, a fornulation of the present invention is

adm ni stered once a day. However, the fornulations may al so be fornul at ed
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borate (borax) and potassium borate. As used herein, the term "borate" refers to all
10 pharmaceutically suitable forms of borates. Borates are common excipients in
ophthalmic formulations due to good buffering capacity at physiological pH and well
known safety and compatibility with a wide range of drugs and preservatives. Borates
also have inherent bacteriostatic and fungistatic properties, and therefore aid in the
preservation of the composttions.
15
The formulations of the present invention may optionally comprise one or
more additional excipients and/or one or more additional active ingredients.
Excipients commonly used in pharmaceutical formulations include, but are not
limited to, demulcents, tonicity agents, preservatives, chelating agents, buffering
20 agents, and surfactants. Other excipients comprise solubilizing agents, stabilizing
agents, comfort-enhancing agents, polymers, emollients, pH-adjusting agents and/or
lubricants. Any of a vanety of excipients may be used in formulations of the present
invention including water, mixtures of water and water-miscible solvents, such as C1-
(C7-alkanols, vegetable oils or mineral oils comprising from 0.5 to 5% non-toxic
25  water-soluble polymers, natural products, such as alginates, pectins, tragacanth,
karaya gum, xanthan gum, carrageenin, agar and acacia, starch derivatives, such as
starch acetate and hydroxypropyl starch, and also other synthetic products such as
polyviny! alcohol, polyvinylpyrrolidone, polyvinyl methyl ether, polyethylene oxide,
preferably cross-linked polyvacrylic acid and mixtures of those products.

30
Demulcents used with embodiments of the present invention include, but are
not limited to, glycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethylene
glycol, propylene glycol and polyacrylic acid. Particularly preferred demuleents are
propylene glycol and polyethylene glycol 400.
35

Suitabie tonicity-adjusting agents inciude, but are not limited to, mannitol,
sodium chloride, glycerin, and the like. Suitable buffering agents include, but are not

limited to, phosphates, acetates and the like, and amino aicohols such as 2-amino-2-
-8-



Boric Acid 0.7 Sorbitol 1.4 Polyethylene @ycol 0.4 Propylene dycol 0.3
Pot assi um Chl oride 0.12 Sodi um Chl oride 0.1 Polyquaternium1 0.001 + 10%
excess 2- Am no- 2- et hyl pr opanol

WO 2009/132294 PCT/US2009/041699

methyl-1-propanol (AMP). Suitable surfactants include, but are not limited to, ionic
and nonionic surfactants, though nonionic surfactants are preferred, RLM 100, POE
20 cetylstearyl ethers such as Procol® €S20 and poloxamers such as Pluronic® F68.

5 The formulations set forth herein may comprise one or more preservatives.
Examples of such preservatives include p-hydroxybenzoic acid ester, sodium
perborate, sodium chlorite, alcohols such as chlorobutanol, benzyl aicohol or phenyl
ethanol, guanidine derivatives such as polyhexamethylene biguanide, sodium
perborate, polyquaternium-1, or sorbic acid. In certain embodiments, the formulation

16 may be self-preserved so that no preservation agent is required.

Formulations of the present invention are ophthaimically suitable for
application to a subject’s eyes. The term "aqueous” typically denotes an aqueous
formulation wherein the excipient is >50%, more preferably >75% and in particular

15 >90% by weight water. These drops may be delivered from a single dose ampoule
which may preferably be sterile and thus render bacteriostatic components of the
formulation unnecessary. Alternatively, the drops may be delivered from a multi-
dose bottle which may preferably comprise a device which extracts any preservative

from the formulation as it is delivered, such devices being known in the art.

The formulations of the present mvention are preferably isotonic, or slightly
hypotonic in order to combat any hypertonicity of tears caused by evaporation and/or
disease. This may require a tonicity agent to bring the osmolality of the formulation
to a level at or near 210-320 milliosmoles per kilogram (mOsm/kg). The formulations

25  of the present invention generally have an osmolality in the range of 220-320
mQOsm/kg, and preferably have an osmolality in the range of 235-300 mOsm/kg. The
ophthalmic formulations will generally be formulated as sterile aqueous solutions.

The compositions of the present invention can also be used to administer

30  pharmaceutically active compounds. Such compounds include, but are not limited to,
glaucoma therapeutics, pain relievers, anti-inflammatory and anti-aliergy medications,

and anti-microbials. More specific examples of pharmaceutically active compounds
include betaxolol, timolol, pilocarpine, carbonic anhydrase inhibitors and
prostglandins; dopaminergic antagonists; post-surgical antthypertensive agents, such

35 as para-amino clonidine (apraclonidine); anti-infectives such as ciprofloxacin,
moxifloxacin, and tobramycin; non-steroidal and steroidal anti-inflammatories, such

as naproxen, diclofenac, nepafenac, suprofen, ketorolac, tetrahydrocortisol and

G
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i3

20

30

Preferred formulations are prepared using a buffering system that maintains
the formulation at a pH of about 6.5 to a pH of about 8.0. Topical formulations
(particularly topical ophthalmic formulations, as noted above) are preferred which
have a physiological pH matching the tissue to which the formulation will be applied
or dispensed.

In particular embodiments, a formulation of the present invention is
administered once a day. However, the formulations may also be formulated for
administration at any frequency of administration, including once a week, once every
5 days, once every 3 days, once every 2 days, twice a day, three times a day, four
times a day, five fimes a day, six times a day, eight times a day, every hour, or greater
frequency. Such dosing frequency is also maintained for a varying duration of time
depending on the therapeutic regimen. The duration of a particular therapeutic
regimen may vary from one-time dosing to a regimen that extends for months or
vears. One of ordinary skill in the art would be familiar with determining a

therapeutic regimen for a specific mdication.

The following examples are presented to further illustrate selected

embodiments of the present invention.
EXAMPLES
Example 1 is a formulation according to an embodiment of the present

invention. Examples 2 and 3 summarize studies performed on formulations according

to embodiments of the present invention,
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Example 2
5
Various solutions containing hydroxypropyl guar, borate and sorbitol were
characterized in vitro to explore how the use of a cis-diol such as sorbitol can modify
the bulk rheology, interfacial rheology and lubrication properties of hydroxypropyl
guar-borate formulations, The experiments conducted show the effect of sorbitol in
16 pH 7.9 formulations comprising a galactomannan-borate cross-linking system, and
simulate the introduction of such formulations into the eye at a lower pH (7.6).
Hydroxypropyl guar (M=3x10°g/mol, polydispersity ratio (PD) = 2-3) was used in
the preparation of the artificial tear solution (ATDS) used in these experiments. The
ATDS used for these experiments is the formulation of Example 1 above, pH adjusted
15 to 7.9 or 7.6, and with varying concentrations of sorbitol.

Bulk rheology ecxperiments were conducted using a controlled stress
theometer (AR 2000ex, TA Instruments, Inc.). The measurement system was a 40mm
acrylic 2° cone and plate with a sample volume of 0.58mL., A temperature of 25°C +/-
20 0.1°C was maintained and a cover was placed over the measurement gystem to
prevent evaporation of the solutions. For Steady State Flow (SSF) experiments, the
instrument applies a controlled stress which in turn gives the result as viscosity vs.
shear rate. Two dynamic tests were conducted: oscillation stress sweep and

oscillation frequency sweep. The oscillation stress sweep holds the frequency of the
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Uni sol (r) X576 pixels) at 500 images per second. The oscillating drop generator (ODG)
technique characterizes the mechanical strength of the films formed by analyzing the
drop shape at a sct frequency over a range of amplitudes. (See Li et al. (1999);
Padday, ct al. (1969); Miano et al. (2006); and Miano et al. (2005). The amplitude

20 changes the volume and shape of the drop and therefore the surface area.
The dynamic interfacial tension was determined by analyzing the drop shape

profile. The Young-Laplace model of a pendant drop of density p under gravity g,
gives the surface tension y by the following:

WDz S= D,
H(s) D,

Once the drop equilibrates, the drop volume is varied sinusoidally at a set

25

frequency while the amplitude of the oscillation changes. This technique assumes that
30 the surface tension of the drop remains uniform over the drop surface in the course of
the dynamic variation of its surface. From this it is possible to determine the

mterfacial dilatational modulus E* according to the Gibbs equation:

E*:__i‘{_fb_:RegEl*HIm\Elﬁ

dIn(A4)

35
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axpor t ment s iR HiSadirioh o Mef ol hels puRari ARGebuTE at e
wat er/ ai r QPiﬂ‘éﬁ é@@rgaﬁhhlcst vlags TSaedpbuct MedivovDtive, Ist.gaid fhe AT of t he

el astig coniinhuput '119-@%69%0@&3?@ MR&@EW&E@ SRt ﬁr{,@' 4 v@}er(ﬁfa&% fofif both pH
7.9 and at pH 7. interface. This

ast | dom nan
data i ndi e%t*@gwtwa%d OBy fh@ré?@iﬁ%l%&dg DinsisphaVt pl ar? icdde Bt ¥%i t s
t hi nni ng ahel appiteadragitthavact seti &tilchlldenagicr atinde byr bl thad &.pr esent ed
in FI GURE
function § 86%095%1?”55;‘? 2ol ARBRNRNBYEREL BibR2 THEERNENRR 2 1 1 4
W V% sor bitogteol wmmwe@éﬁf(@ oWBwRr Bt d8rst @ l?ﬁﬁe eern%tlﬁemetwwm; et ease in

Sor bi tiel Um(:sbéasaﬁxse tdr@ophashiage.t weeff atqlnﬁu écTc[ﬁng asmmm féuhlagnoanﬂg th no
t el aStIC V\BSt tan X eri nment

sor bi t ol n i m iéctensto Q. & % é/ TSIn c? a4 §r
shows thaf! o] {OPRDF POEYC & ga?ﬁc SHERRAN 2 &F ? cgolf ?l?p ATA5i ncr eases
t hr ough tﬁ@ulonfltm iesinfouflgiorbiot e tissei chiertsfucerusletwis thaabloagitlbietly of nore

borate fof9abaedoNMABRARMRAEY 6 GhRSSatl 1 BiE POminutes post application, and
following each of three tissue rinses with 50 pl Unisol®.
20
RESULTS

FIGURE 2 is a graph showing steady state slow (SSF) viscosity as a function
of shear rate for the ATDS at pH 7.9 and 7.6. The SSF data demonstrates that the
25 viscosity decreased as the pH decreased from 7.9 to 7.6, and that the ATDS at pH 7.6
and 7.9 showed some shear thinning properties. Accordingly, the ATDS at pH 7.9
will shear thin when mixed with the tear film and through adjustment to a lower pH
7.6 there will be effective spreading and Iess blurnng upon contact,

30 FIGURE 3 is a graph showing steady state flow (SSF) viscosity as a function
of shear rate for the ATDS with 0.0 wiv%, 0.5 w/v%, 1.0 w/v%, and 1.4 wiv%
sorbitol. The SSF data shows the modulation effect of sorbito! on the SSF flow
properties of the ATDS, and that a reduction in sorbitol concentration leads to an
increase in viscosity. FIGURE 3 shows that as the sorbitol concentration of a

35  galactomannan and borate solution increases, the measured viscosity of that solution

decreases.
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FIGURE 6 is a graph showi ng oscillating drop anplitude sweep el astic nodul i
(Re] E1*1) as a function of anplitude of drop for the ATDS with 0.0 w v% and
1.4 20 wv% sorbitol. As with the FIGURE 3 data, a high elastic noduli
correl at ewot2000mees St ructure at the interface. The experniuseabssiaens t hat
dilution of sorbitol increases the surface elasticity of the ATDS. Further,
the ODG data show that both ATDS s are el astic dom nant and have gel -1i ke
properties at FK&/kigdeosgrahshowiteobalbaing266] GuREud itesaswrepphisshowi ng
average copfifii &R+ Aoafs&ﬁlh&soh%@a&g%pe o3 GordnEaTses o § STan@pRRl | Calion of

t est solutlénstot e ti eint rc nscreenlng rmde Thetest
sol ut i ons LEeH SHBFEDGS. ¢ Ah ChisHS BPdulogy es 1B PIORLSTRSRE S #e WHE#he ATDS i n
eye si nmul aitéréide.s TheiBiress Spwtp HawshSoriti sﬁglhﬁcapl:dz Jf i} eiafthvecddaibutath af showed

fi h | |
s 1 o1tk Eog SLBREESoRE WEFed Re bR puf Flohladiines B ELERAEL POPML o
t=1 nmin aﬁléﬁtt&clpnmlwifdbmeamﬁdqsy Biis Axa Tedagasesrihat A ABRS r@@(n@)i elape ATDS

cont ai ni ngtr&di\&e @@gmwetqltﬂlgm@glaﬁm reR@hy ebdydt@ntcolasaltrA00 bankgk gropyl ene
glycol with dr 7% ﬁﬁg?‘? guar showed the | owest Cof of the test solutions.
35FI GURE §6|S 4% @ ow ng average percent decrease in coefficient of
friction, conpared to baseline (Unisol(r), saline control) at 1 & 2 minutes

Zf t lelr ggff" i cat FrivRE sfigk @Ha!fﬁtgh&ﬂm a;ﬂ@'ss%w'e@ﬁ ta%@ss Rs Qfm%neh @?4&@1@%} ( Ll) .
o sCr) T RSl S et %@‘Qbf’ AL ot 4 Bt 3Bt 2 BR D ¢ 2l et on

(Cof) is aomsasurcensnt claficiior tublatréaen i1 Sbrbiiiol tngroeses ahs ukaftacty. of the Cof dat a
show si gntqfﬁiff;a“fhe%ﬁﬁ%{t%ﬂ%ﬁﬁx &%‘Eﬁ%‘i‘ éshcﬁ 1tn]§§ttela%9#ﬂ'§te%19rﬂ§e kfo%!nQXH(&g the

post-rinse cycles enonstrate to neintain a
low frictilOh coermeBars i oalme ﬁ@'u?tPWs‘éf %;@é jpelgmapnsp @ﬁﬁﬁp@m he %Cof
data fier ﬁﬂteeaﬁeqﬁfﬁl?&gatth& Hlutidonof EGTBMEDWMSteﬂEttEISEe ivandilipost nidrase 3 were
82% 83% 75% res e average % of at the post-rinse 3
ti mepoi nt b t/e f)ﬁ%&idé I%arllue}ar%:g% gcc OSb ]ﬂlg Tears(r), Optive(r) and the ATDS
were 3% 6% 11% and 75% respectl veI y. The ATDS mai ntai ned the | owest Cof

gf t the test SOFLGltJIQB% uf? xabll mmmﬁ %ﬂﬂhh%rbb?ﬁiﬁﬁm%l@@éép@%ﬁc mbg | ow Cof
ata upon =;calno es .an
por o ot endEIBHI Rt RBene oty i oy e BSS Sl el e e ed 1o
reflect theviubibitahdsiwthetht dEGHRE hdwot, oghiglabldﬁtrccrpeqhﬂl @srctaftegtth enoddDS, as
shown in E}GRES: @ rtert@MPh&e:Deriment shows that dilution of sorbitol increases the

surface elasticity of the ATDS. Further, the ODG data show that both ATDS’s are

clastic dominant and have gel-like properties at the aqueous/air interface.

25 FIGURE 7 is a graph showing average coefficient of friction (Cof), 1 and 2
minutes after application of test solutions to the tissue in the friction screening model.
The test solutions used were saline control, Optive®, blink Tears® and the ATDS in
eye simulation solution (without Sorbitol, pH 7.6). The Cof data showed significant
differences between the test solutions following measurement at times t=1 min and
30 t=2 min. The saline control had the highest Cof for both t=1 min and =2 min

followed by blink Tears® and Optive@k.

The ATDS contaimng the active ingredients
polyethylene glycol 400 and propylene glycol with hydroxypropyl guar showed the

lowest Cof of the test solutions.

35 FIGURE 8 is a graph showing average percent decrease in coefficient of
friction, compared to baseline (Unisol®, saline controf) at 1 & 2 minutes after
application of formulation; and after each of 3 blot/Unisol™ applications (post-rinses

1, 2 and 3) for saline control, Optive®, blink Tears® and the ATDS without sorbitol.
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15 The ATDS fornul ation of Exanple 1 was conpared in two in vivo
studi es agai nst saline control solution (Unisol ) and the

car boxynet hyl cel | ul ose/ gl ycerin formulation Optive(r). 20Retention Tine

St udi es wo 200Az20nport ant neasure of a | ubricant eye From2008/081589
assessnent of ocul ar surface retention or swell tinme. The nean retention
time of a gal actonmannan-borate solution of the present invention (the ATDS
f or nul at i Bhe obefBxrianpble fiidfiond Coboinparedsizénty of Hahulakorc bivricdy ovot ut i on

B i oy ey ey
Or egon) o iREhe o éla&%y{%@gtan?é}?w g eéﬁl‘l&“@ﬁﬁ&%ﬁ&%%ﬁ BH20. 1 w V%
A scanni nipwf frisaoo phdficomtteouflOtaretse cedes. Ebum@amh:Vkemfotahaﬁﬂnhta) mas
used to ”Rﬁ‘dsozggs'l %ﬁl'tm%gg%o&%{sg%p%mg&dwn&% d?hﬂaﬁ? @81 1 o, Ofsol By

formul ati ons ( and neasurenents were
taken roudhiey reém&rlydw&% Wtaé% Veffqiett thp PPFTHES SniBFPOIHEOT &St SafiBF mul at i on.

The resul tenof, bk Seudy, Opevd-epat tind M};IDS;amefees%als%,( 20G%nd Shiw that the
or MUl 2l 40 “%¥hr ' i Y ne contro
sol ution f S ctzvegl% L ﬁtrﬁs 1In§a1r%ﬂ tfhgégwé (%of sé%olu%mgs f2 the

ention f'or control).
Thi s st at petdardaimh fissie gusirpicanThq le=0CooBS) thaaphi@ti%ﬂ%ﬁhstS Wwithh the in

?/l tro z§]'5 ?ﬂks@@ qﬁpé%ﬁéﬁ‘es Jﬁ@{ peBXAIRE &f thé QWE:&t §519}[4§Hd\ahﬁ§ rin?@ cﬁ{mswaa: né ains a
ow coe i,0 0 er sol ution i ncl udi ng
Uni o s epratirey Bl o B PRRE el dial e aohdl STRS & f ng - 15-
t he effecﬂ&mahnﬁﬁGHREﬁ@tSThus t he rheol ogi cal propertles of the AIDS
solution appear to result in superior retention tine performnce when
applied to the eye. Interblink Interval Visual Acuity Decay 5 The

effects of dry eye on visual funct8®pish be assessed by testing intcrblink
interval visual acuity decay (IVAD) using a real-tine neasurenent of vi sual

acui - deqr adagi,on el WEEIabhl DKo FliEHR, Qo Dok O10ph, SUITRY | 2100 Lhe

result of a stu arin ose (evO) and
gl ycerin Baaies s2 Wfftw&:wa ufl@?éa(H}uSah qnﬁe‘ih@\m@wmﬁfm @lF%C@ﬁYCE‘R%rrpI e l.

formulation Optwe .
20 Retention Time Studies

An important measure of a lubricant eye drop is the assessment of ocular
surface retention or swell time. The mean retention time of a galactomannan-borate
solution of the present invention (the ATDS formulation of Example 1) was compared

to a saline control solution (Uniso!®) using a fluorophotometric technique. Briefly, a

2
W

fluorescein labeled dextran fracer of approximately 70 kD> (Molecular Probes, Eugene,
Oregon) was added to each test formulation at a concentration of 0.1 w/v%. A
scanning fluorophotometer {Ocumetrics, Mountain View, California) was used to
monitor signal decay corresponding to elimination of the formulations. 25 dry eye
30 patients were studied, and measurements were taken roughly every two minutes after

application of the test formulation.

The results of the study, as reported by Lane et al. (2009), show that the ATDS

formulation was retained significantly longer than the saline control solution (mean

35 retention time of 31 minutes vs. 22 minutes for control). This statistically significant
(p=0.0003) data is consistent with the in vitro studies above. For example, FIGURE 8
shows that the ATDS maintains a low coefficient of friction (Cof) compared to other

solutions (including Unisol® and Optive®) in vitro despite several washes simulating
-15.



In the study, 48 dry eye patients received both products in a random zed
fashion with a 7-day washout between periods. Baseline neasurenents of

| VAD, recorded as tinme (sec) that the patient could naintain best corrected
vi sual acudbyosa5(BCA) within an interblink period werecpast@onadys Fol | ow ng
a single drop of test solution, |IVAD neasurenments were repeated at 15, 45,
and 90 m nutes. As reported by Torkildsen et al. (2009), patients
treat ed wihtkffedie oPbIDSifor Fhubsabt drolgdabprepaghesf AT PSpp kion geganedi an ti ne
to a one-{n&diR$ehePibr Blefolime of@nith QMRS BRI bMRLdk! ation conpared to
the Optive(r) fonnulation. The AIDS foinulation allowed a 58% increase in
time at BCVA within the interblinic period conpared to baseline and was

si gni f i canitenblinkngesv43399al thloaity DhexryCMC/ gl ycerin Optive(r) formul ation.
25The present invention and its enbodi nents have been described in detail.
However, the scope of the present invention is not intended to be |[imted
to the parti cullscfisiodidmemteonofisughupi@e@ade arenise My HeHiae MEFRPIYSI ti on of
nmatter, COMEINGSEAl MRANecdBUVADS usiad Y/ 0il-1Ehe pradestini bedisia detiey

er, compoundsal TRA0S 1RO Ol e RRademeat Odisin ki .
vhae to heerpuet bedhy ERs) HHELRRR § ST wepl o RRBre PERGRRUEM £TT 200, OF

essent i al stedarcampeis Opse ofa chdopmesbriecliuBosn{GMR) and cdyaringbased one of

ordi nagy siibdat fel) bREMRIATIVE fdrmiieasl dEapRIeLLi ate from the disclosure that
| ater nodifications, substitutions, and/or variations performng

substantially the same function or achieving substantially the sane result
as enbodi nent sindéhscatidyedRhdry eiyn patiyntb eeagivietl i bogd prdods dii rgrandorsueh r el at ed

embodi ment.sp:0f Lifea @[&%?\!t@%]s?%&;’tﬁ%éeﬁ%eﬁgﬁws Baldhfe WLl PWhaEs 6F AV KB, ar e

i ntended to enconpass ei.r scope nodifications, substitutions, and
vari at i on&epglep s ks ese) Wﬁ%@?é@?ﬂ}ié‘é’?%&@ﬁ‘&@é‘? PP%r‘r‘gn‘é@ftC%‘thér%m%rrpounds,
means,is Me{ods witBitinommcslfiSpetibs elecaspafdnacdi RollowREE ERENCESop of test The
foll ow ng_publ i Lons . are i ] _ rei eference in their
entirety: bcg&ﬁnagg%g rﬁas%gglgﬁtgg%{\ﬁg,gﬁ%fc%%} P%él(h%t %g?éolﬁlﬁ*tg Mlazzo G "Long term
treatment with sodi um hyal uronate-containing artificial tears reduces

ocul ar surfaceadapmaRdi ¥y Mafidiigiinscilt M2Eoy, SxRnts tBiated CRAtthalATOgY, Vol .
86: 181- 18@1, 2%92. ;Cf Cf}ogﬁ, Yo Brown K BT ud honme e§ "ICh,a:{%(t\%&ia%ati on and
't ennol e lTHRIPPE! &5e BRE B DR G JEP BRI Ginr S Pt SHaR.

Bi omace onBh evibies , poveinstilBilid® 6coa@ied200he Optighr ifmhﬁe!m M heStASi IS J, Stone
R, t '\/Eadov\@ogﬁ%uidﬁgﬂ ?hb@&% Qtnss% iﬁfcfé%segfnf &6t 2OBAEaKyifhid {ngjiﬁt}%ﬂ@iﬂk' Rod | rzfg .

ext ensi Oncon%paarg Ito Ibgsl;e e ag rﬁasls?gm u?gmﬁ}/ ?mpg%;[" I(ﬁ%)s than the %ﬁ?&ﬁg ycgltiﬂ '

Optive® formulation.

25 The present invention and its embodiments have been described in detail.
However, the scope of the present invention is not intended to be limited to the
particular embodiments of any process, manufacture, composition of matter,
compounds, means, methods, and/or steps described in the specification. Vartous
modifications, substitutions, and variations can be made to the disclosed material

30 without departing from the spirit and/or essential characteristics of the present
invention. Accordingly, one of ordinary skill in the art will readily appreciate from
the disclosure that later modifications, substitutions, and/or variations performing
substantially the same function or achieving substantially the same result as
embodiments described herein may be utilized according to such related embodiments

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

(V5]
th

their scope modifications, substitutions, and variations to processes, manufactures,

compositions of matter, compounds, means, methods, and/or steps disclosed herein.
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Torkildsen G Martin A, Tudor M Giffin J, Qusler G Wlch D, Abelson M
"Eval uation of functional visual performance using the 1VAD nethod with
currently marketed artificial tear products”, Poster Presentation,
Associ at iwg 2t@risRResearch in Vision and Opht hal nol ogy Amnuabedbeetsing ( ARVO)
2009. CLAIM5S What is clainmed is: 51. An ophthalmc fornulation conprising
a gal act omannan, borate, and a cis-diol, wherein said formul ation includes

| ess t hanmbrkpadtastifiesl tead productsdf PditeralPresthtaciat.i Asscianah Wrekasearclt e ci s-di ol
is sorbitegh. . k2R, ol iml wherein said

gal actornatigrllrrsllator%1 %g%hgg{erﬂ%{b%{ a fgg%%%n'rgﬁ@o%dogf 0.1 wWv%to 2.0 wv% and
said borate is present at a concentration of 0.2 wWv%to 2.0 NAr/VA). 3. A
formul ati on according to claim|l wherein said gal actomannan is present at a
concentration of 0.16 wv%to 0.19 wv%and said borate is present at a
concentration of 0.7 wv% 4. A fornulation according to claim1l wherein
sai d gal actomannan is selected fromthe group consisting of: guar,

hydr oxyl propyl gum and conbi nati ons t hereof.
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5. Afornulation according to claim| wherein said cis-diol is present at a
concentration of 1.4 wv% 6. A fornulation according to claim1l wherein
said borate is boric acid. 7. A formulation according to claim1l
further conprising a denul cent selected fromthe group consisting of:

gl ycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethylene glycol,
propyl ene gl ycol, polyacrylic aci €LAbdSconbi nations thereof. 8. A
formul ati on according to claim?7 wherein said denul cent is pol ypropyl ene

gl ycol or polyethylene glycol. 9.An ophthalmc fornulation conprising a
gal act oWBHniaARERRS iBor at e, the i nprovenent conprising adding sorbitol to
prevent gal actomannan and borate cross-linking and said fornul ati on havi ng

| ess than 5 part er. mllion of divalent cations, thereb educi,.hg the
vt edosilty orbE RBTpBRT PR Cor e P s B oo § S e 1 n a
met hod Wheteih ubidi Dahiagon hecleys leangrt Sipegtsaehm milisérept dyatent th@osymdt he

forn”|Q%kﬁgntmﬁﬁydﬁlk%kﬂﬁk.tiOn of claim1 for use in a nmethod for
delivering a pharmaceutically 10active agent to the eye conprising:

adm nistering to the eye the fornulation further conprising a
phar maceut i calgh ¥ @gidnV& 888 to claim 1 wherein said galactomannan is present at a

10 concentration of 0.1 w/v% to 2.0 w/v% and said borate is present at a concentration of 0.2
w/v%s to 2.0 wiv%e.
3. A formulation according to claim | wherein said galactomannan is present at a
concentration of 0,16 w/v% to 0.19 w/v% and said borate is present at a concentration of
15 0.7 wiv%ae.

4. A formulation according to claim | wherein said galactomannan is selected from
the group consisting of!

guar, hydroxylpropyl guar, and combinations thereof.

20
5. A formulation according to claim | wherein said cis-diol is present at a
concentration of 1.4 w/v%.
6. A formulation according to claim 1 wherein said borate is boric acid.

25
7. A formulation according to claim 1 further comprising a demulcent selected from
the group consisting of:
glycerin, polyvinyl pyrrolidone, polyethylene oxide. polyethylene glycol, propyiene
glveol, polvacrylic acid, and combinations thereof.

30

8. A formulation according to claim 7 wherein said demuleent is polypropyiene

glycol or polyethylene glycol.

220 -



12. An inproved ophthal mic fornulation conprising gal actomannan and bor at e,
said fornulation conprising sorbitol that is elimnated fromtear filmnore
rapi dly than said gal act omannan when the fornulation is instilled in an
eye, said fornulation further having 5less than 5 parts per mllion of

di val ent cations, thereby reducing the viscosity of the fornulation. 13.
An i nproved aphthahaice f formulaabh onompdongdi ag ghlactohanmnl Zandhéoeitey sk d

al act j - n i f. 0, VO 0.19 w. v% and
Jai o bRt (BEEREN ahif SAREENIY BB Bhadodnlin hl Gel Rt e
opht hal liikéng engnshigdt fosmulabenrldving lees dlaai mpads whemsilvnsell divglacttdmannan i s

sel ect ededeh O RBR WOURSINEF B G Dhtiont Wat % hydroxyl propyl guar, and
conmbi nations theréeof 15 15. An inproved ophthal mi c fornul ati on accordi ng

to claim12, said fornulation further conprising a denulcent selected from
the group consbstilngrobf ghieerfonusPl yvidiydd RYNugidadanese pel yahhydiene

oxi de, a%)%ﬁ]g&?%]%%gg?%%%%lfbm%g&}/r{ene gl ycol, polyacrylic acid, an

conbi n
11, A formulation of claim 1 for use in a method for delivering a pharmaceutically
{0 active agent to the eye comprising:

administering to the eve the formulation further comprising a pharimaceutically active

agent.
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12. An improved ophthalmic formulation comprising galactomannan and borate, said
formulation comprising sorbitol that is eliminated from tear film more rapidly than said
galactomannan when the formulation is instilied in an eye, said formulation further having
less than 5 parts per million of divalent cations. thereby reducing the viscosity of the

formulation.

13. An improved ophthaimic formulation according to claim 12 wherein said
galactomannan is present at a concentration of 0.16 w/v% 10 0.19 w/v% and said borate is

present at a concentration of 0.7 w/iv%e.

14, An improved ophthalmic formulation according to claim 13 wherein said
galactomannan is selected from the group consisting of:

guar, hydroxylpropyl guar, and combinations thereof.

15. An improved ophthalmic formulation according to claim 12, said formulation
further comprising a demulcent selected from the group consisting of:
glycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethyiene glycol, propylene

glycol, polyacrylic acid, and combinations thereof.



