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IN THE UNI TED STATESPATENT AND TRADEMARK OFFI CE
PCLYMERI CARTI FI Cl AL TEAR SYSTEM CROSS- REFERENCE TO

WORBMATEDIAPPLI CATI ON Thi s application clai ns pPCDUS1099/041699

under 35 U S.C. 119 to U S. Provisional Patent

Application No. 61/048 17 £l ril..26, 2008, the
entire content §Nglf1/{m]§?§]1 Ag‘rTzl?tl\éE herei n by
ref erence. TECHNIAXP FRADENMARKPOHRGENTI ON The

present invention relates to artificial tear

formul ati onpoARAMERTIVA RITIPICIA IO TEQREER&TEM dr ug
delivery, and nore specifically to

gal act omannan- bor at e pol yner systens conprising a

ci s- di ol CRBASKRREERE.NEE Tk REWAERE DOWP RBIGATRON Al mi C
formul ati ons conprise conpounds that provide lubricity
and ot her desirable properties. \Wen these

f or niliatppinstian eldiimstpridreyl undert Be @$e;. §1HO for bferRroesional

padnt le@hc%%%@ﬁ%%&?f%pﬁ YieQhrid 0564 AL EntRE RBMERR of which
such ‘as |

, I oadhesi on’and the formati on o%
arg ricetnosricd haraiadyy refesange: damage, as wel | as encour age
the natural healing and restoration of previously

damaged tis MM I&(&teﬁd r'if' [ ar

sol ution pri &l BIELDO I& | ay

thi xotropi c and vi scoel ast rc EJI‘ operties. Sone of these

ool PFomsC L Gt U8y B AR KK B RoMHAE eng.fgpmutacions
fogﬂaplpba&mdlrfgldgézﬂul @Eiefnt % oty b@iﬁoa;jﬂyct_oaaia@l;onmdt _ als-bdliaftm?olymer

gisn isihb§ shgar i nning and vi scoel astic profiles

Syofe |cs)o yr%rgﬁlsgplcay |arrportant roles when mxed with the

tear film The retention profile, lubrication and

mucom meti c PBATKGROGUND QP THENTNVIENBIONS i ci al tear

sol ution products may play an inportant role by to

hel pi ng st abi | i ze the_‘t ear fi I m and providi ng L rrpro‘v‘ed

confMety dghtisdini eformulatibis cmypresy eonipsealsehat pesvide lubricity and

other desirable properties. When these formulations are instilled in the eye, the

by

properties of such compounds can prevent undesirable problems such as bioadhesion
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

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
example, the product Systane® (Alcon, Inc.) containing hydroxypropyl guar and the
active ingredients polyethylene glycol 400 and propylene glycol has been reported by
Paugh, et al. (2008) to be more effective at eliminating eye discomfort than similar

viscosity enhancing polymers such as carboxymethyl cellulose.
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exanpl e, the product Systane(r) (Alcon, Inc.)
cont ai ni ng hydroxypropyl guar and the active
w0 pgpashizent s pol yet hyl ene gl ycol 400 and pr opyP@rnes2009/041699
gl ycol has been reported by Paugh, et al. (2008) to be
nore effective at elimnating eye disconfort than
si miTher bulksdesldagy efnipalymieng used ynearsfisiak tieaassolutions is often
chﬁﬁ%%ﬁéé(({r%&hs)f%adg.egt%ltgl Sekr gsﬂ arbfﬁlithliﬁé')eﬁldo?yna%{ic Fb%l:ﬁ’lﬁﬁ&? tests
used in artificial tear solutions Ts often ,
(vVisheplenticey) zalhapiehdhesadgsts gt alusbicathess hulirrheolpan exgpriments
m@NGhdly Ay Cchamelekizat ihen ifteFhdal( Wrsfep®lsasti GichY bolymers. An
thoﬁ%@ Hhise Eests,are val uabl'e,” these. bul k éheolo :
undgrseang i fsthReRplYBRrS t INT{ACkh raRardss; Berritiral. janRese RupRgrtics
m@y pherikipestamf rosdscih the liyeresonsArithinglerfiiaosihpeheafs dthwth the
I ' interfacial ti [ i.tical th
co%?eg)égaﬁrtrfl‘flrensin?ﬁgyarc:%%g{} %?arlrrgllgr?]?azr:] %nlte?rfﬁclgg A:,:niﬁ)ltl%elﬁgrﬁedlogaystest %%te can
aid no emdetstapdmgwibchdyneamic fandl teofapeheripsrtass @opdlytess used in
o Bt Rt Tl RO PR FRAL R ML 1
under standi ng the dynam c and interfacial properties

of MARmSe URtlulafiond thdveCibdén t pRVDULS tde&ribed that utilize

scillation drop, experijnment escri b erei .
eGP COFS RRNIE, SHE TR b-SeBHepr 801 Gty eec Argagan.
entifled “Ophthalnéc gahm@otitomndarnzibiap afaécgebdnnag psiyatcesrand borate,”

.. Pat.e 9 j titled .
desiafie n el i R tad o R AT Bl E e Shirey. The
cretinferesofagathcnonannen andibereici ibesspenstiic syrshe gel-farmingdehavior
of T8 &lsBribiCofRoLAsRd by reference in its entirety. The

cross-li1nking of gal actomannan and borate is
responsi bl e for the gel-formng behavior of the

descri bed formul ati ons. BRI EF SUMVARY OF THE | NVENTI ON
The present invention generally relates to ophthal mc
fornmul ati ons conpri sing gal act omannan, i ncl uding

gal act omannans such as guar or hydroxypropyl guar. The
formul ati ons of the present invention also conprise a
borate source such as boric acid. A cis-diol, such as
sorbitol or propylene glycol, is present in the

fornmul ations and interferes with the cross-Ilinking of
t he gal act omannan and borate. The cis-diol is selected
based on its diffusion characteristics relative to the
gal act omannan. Typically, the ophthal mc formul ations
of the present invention conprise a cis-dio
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that is arelatively small nol ecul e such as sorbitol

that diffuses nore rapidly than the gal act omannan in
wo b@oaszbar tear film Upon instillation in theCEYS2009/041699

the concentration of the cis-diol decreases at a

different rate than the gal actomannan, allow ng the

gal act omannaBRAEH SEGYIMARYOEIKHE INVENEIONr m a

structured polynmer network in situ. Thus, the gelling

behavi or and rheol ogi cal characteristics of the

f or Mlicarpssasingentin gopstaily related tp pphtlnlmiefogyulagprs comprising

ga@&[ﬁrﬁ&ﬁlhl@ Ctné’lluémg afGlonhn@s JubR a8 ig8atéOhydrdiropyl guar. The
ornulatlons 0 i nvention are

res
foupyatiofsiaf 4hg @f%qnégwsgﬂ%} 50 eaDTisare oS e apsh as boric acid.
A reagdiesisuth ag |Sﬁl¢)ltah dr pﬁdp@ldnm diywal, is QﬂGS%hf ﬁngiehteﬁnulanons and
e R T
semc@ée htscidnon hds t éiffusibil| nlnaeammes fmtatrm:l tn tbé galactomannan.
WGt H{ele%)h@?ah@fct ﬁ)%ﬂﬁﬁansbef HeCorRQnY TR/enfisit \9@{5{51‘1561_ % s-diol

resent 1 nvention are also

th%rsls arr@:l@t%féy sakl )mq}%qﬂlecm& ap oprogghthahfidiuses Iﬁélfeafsﬁléix @én the
gauléﬁﬁ‘ndnlﬂﬁﬁ id thatdconr @far &1rhO ﬂjﬁéhelhétﬂﬁtlbﬁ] it the c§¥ethe oncentration

of B o o] SCaF 1 B P S UG HEF SpREETae B G the

galdctbnmjman iand bodin® desslirdentem Ikeudtoredgoilyngerhretvedrk in situ.
r 0 r e t
Tlﬁlgn% ell%gg ggl%léo?tazlﬁnﬂhgﬁ%%lﬁgl cﬁa?a%‘i&{s??% ap (gl}e Foq‘gkuia%%hs after
injtilaion uutm theaydiard eomatiolléd i selesticmef th@@lhﬂimdal
advantages will be described in the detailed
description of the inventiaon that follows. BRI EF
DESCRIcPiPranagiensT o UTSRASAPNIESN YenoR cire Shpitattially free of divalent

Caﬁﬂﬁ%ﬁﬁﬁh ag Q{hdgﬁesﬂlflmt Aific PRESABTum Myeddnl ®Rngihen tRKs-linking of the

t f d
e A 2o B QTR PR a8 MeA o Il s Bateons
présegu ire stheoftealr higlna ecloanpea nfgimaficor aﬁmangructumdh igahuctonke@nan-borate

nunbers indicate |i ke features and wherein:
po,iﬁ%%ﬁ%ﬂ%@r& a di agram of the cross-1inking behavior of

borate and gal actomannan; FIGURE 2 is a graph show ng
st eagly fhAlRtbhOWE &1%85}%&1@%9&1&0& A8 Asd HRGE &NdRL delivery

VGEIC?GS for ophthalmic therapeutics. Upon instillation of a formulation in the eye, a

galactomannan-borate polymer network is formed; this network is able to hold

various therapeutic agents on the eye, including demulcents.

The foregoing brief summary broadly describes the features and technical
advantages of certain embodiments of the present invention. Additional features and
technical advantages will be described in the detailed description of the invention that

follows.
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rate for gal act omannan-borate fornul ations at pH 7.9

and 7.6; FIGURE 3 is a graph showi ng steady state fl ow
W@ 3BP)132284 viscosity as a function of shear raP€r/i82009/041699

formul ations conprising 0.0 wv% 0.5 wv% 1.0 wv%

and 1.4 wv%sorbitol; FIGURE 4 is a graph show ng

osci | I at i ngBRIBE DAEJCRINION e THE BRAWINGSUI |

(Re| El*|) as a function of anplitude of drop for a

formulations at pH 7.9 and 7.6; FIGURE 5 is a graph

showi HgPrs ccpBdicte wadgsstandipg pf & presamh davepron fnd dridvantages
th&@éf frﬂiﬂeatab(ﬁﬁl%dhﬁw Rgerfin % W e fglléwiﬂ'gv%sc;lpgof{v/ Ya¥éen in

forblt FIGURE 6.is zlﬁﬂ?ﬁvqk ‘

COBB’@P‘F‘P%F‘“ Br Y& hﬁ?&éo@l?\?é’éfbn?efi% 1?8: “hﬂv 1ke reterence
nupRetEhdichtedike dedtups hndwhetinanpl i tude of drop for a

formulation having 0.0 wv%and 1.4 w v% sorbitol;

FIGURE 7 is a graph showi ng the average coefficient of
FIGURK il ong dibgmndofXhatress-bskiag belavappifiboritd onl gadactorsamen;

in a friction screening nodel for saline control,

OPTI VE(r), blink Tear s%r) and a gal act omannan- bor ate
FIGAIREP At # erephishosing stsarnpietst flow (%ilf YVigogifoasst fpcagneof shear

raRAOEE b AR Hariiah &orAP RirhfdiiofflatqfH YRanlioraul ation to the
eye); FIGURE 8 is a graph of the average % decrease in
coefficient of friction for test fornul ations,
FIGARIaB sl atgﬂaﬂjﬁ;ﬁﬁ)lvxiim@ stehdhyi ﬁmﬂe(ﬂ@w (ﬁf)iu’sevismsﬁtycals)a fanction of
t a 0 0
sh 1rtzrca—i}{ryfléa @S%Fagﬁ{ﬁlﬁéol (r) aip f cati %pgw"]/a‘ﬂ% L4 wive
SO(tp‘@éat-rl nses 1, 2 and 3) for saline control,

OPTIVE(r), bli nk Tears(r) and a gal act omannan- bor at e
fornmulation at, pH 7,6 and wi thout sorbitol;FIGURE 9 is
FIGURE @e%ﬁhgreawawwg pifallavpgndiop: anplitede siRep sfastic moduli
(RYH1S Plaé b Yurfe@ibh D€ aphfubiobf &pdogaicasupiBANAPIDDOahE 7.6;
artificial tear formulation of the present invention;
and FIGURE 10 is a bar graph summarizing the result of

FlgRidy i enpaph nho@piy wiedss ) sweap ctan (o xas ne tfhydtioal diukdrgse for

%F@?I%rh%v&' %F(EW/J% O GovAr | bf\JY/G'b(aAndt EAL)yANG bRl
gal ac Gmannan- borate arti ficia ear orrrula i on’of

the present invention. DETAI LED DESCRI PTI ON OF THE
FIGNENY (NaThap answlmt b&‘i‘ﬁ‘at % 408 RAHEHEN shaYE™ds8d moduli

utiljze a. gal act omannan-b
(Re|E1*,) as a functgon of amp p[ude 0 drop for a formulation having 0.0 w/v% and

1.4 w/v% sorbitol,

FIGURE 7 is a graph showing the average 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

simulate conditions after application of the formulation to the eye);

FIGURE 8 is a graph of the average % decrease in coefficient of friction for test
formulations, compared to baseline (Unisol®, saline control) 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 a galactomannan-borate

formulation at pH 7.6 and without sorbitol;



systemin aqueous solution. A borate anion wll
condense onto the cis-diol groups of a gal actonmannan
wodoeasd2e4 and may cross-link with a second  PCT/US2009/041699
gal act omannan nol ecul e as shown in Fl GURE 1.
Cross-linking of borate and gal actomannan is
FIGhR K18 fice Hartpraftaatnopasing tlchmasn r¢ntiaming aftresal} saimg control
L k] ¥ . y ity qf
B S
use of cis-diols such as sorbitol and propyl ene glyco

Flmjlfim?@rﬁ 8"r Whdph shﬁﬁ%&{zgfgsthbiremr@ft Phtubp rca%@a@%y Optive® (a
al acC n nilin a C ormu 1 Qns, . ere
RN I A

gabdtaonaainer-bstatecatifitial feer foamnmatiad bDOIS prdsenttiheenpioesence
of cis-diols, borate and gal act omannan exhi bit reduced
cross-1inking behavior in aqueous solution, resulting
in a lower solution viscosity. Wen used in a
droppabl e ophthal mc fornulation, the | ow viscosity
sol ution has a reduced |ikelihood of causing unwanted
effects on vision, such as blurring. In a preferred
enbodi nent of the present invention, the cis-dio
sorbitol is used in gal actomannan- and
borate-containing formul ati ons. Sorbitol is present at
a first concentration that inhibits cross-Ilinking of
t he gal act omannan and borate. Once instilled in the
eye, the sorbitol is diluted by the natural tear film
allowi ng a gradual increase in the cross-1linking of
t he gal act omannan and borate and a correspondi ng
gradual increase in viscosity and elasticity. This
gradual increase in viscosity, crosslinking, and
elasticity allows for effective spreading and | ess
bl urring upon contact, yet provides |long |asting
| ubrication and corneal surface protection. Divalent
cations such as calciumgenerally interact wth
gal act omannan and borate to strengthen cross-Iinking
behavi or. When present in gal actonannan- and
bor at e- contai ning formnul ati ons, dival ent cations can
i ncrease the overall viscosity of such fornul ations.
The formul ati ons of the present invention are
substantially free of divalent cations that woul d
ot herwi se contribute to unwanted variations in
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gal act omannan- borate cross-1inking and, accordingly,
formul ation viscosity. D valent cations include, but
wae@onax294 i mited to, magnesium chloride, and BRECTTS2009/041699
cations. As used herein, the term"substantially free
of dival ent catlons" means that t he fornulatlon
cont ai ns BE¥a\ D {#10No not
interfere with the cross Ilnklng of t he
gal act omannan- bor ate pol yner systens of the
f or Milicafareméations mdr e | gresappriveditipnt yiolrs dfgakiictoaraapen-borate

sy§t@ﬁ1' 1ﬁ%§u§chﬁ WbkhtiBE. Ae%atte%[bnaxfﬂ’laéotnﬁeﬂ%% fonfd ihE'c@stlbpgroups of
interference w Cfrg al ?Tg% V&l nnan- bor at e
t

ol PRy BT ve S04 poe) B
m@leculsaﬁ ﬂhﬂwhhﬁ ]FI(HSIE]BU i 1tegstlimkin@ne bbi;apa and Igylad@mamdl is

1nﬁéef%?e F]agyotn% I’SH’I% %gltpa C,tean 1%1 ?ﬁ? eqt,n uch crossﬁsnkmg n turn
mﬁ@fttycssa&lc rvascosi‘esofdbft potetgorf. r' b prhwnamwlqma_s diradtedjtmthe ose of
c1sS bh‘&s ch3LHFo) 9hd é)’dﬂ)&ﬂ% tgq{c%‘l‘ g 1&%9'&1{1{‘%e WQﬁ&lng of

gal act ose nol et |

roups as t
b%%t? ded @ekctosympih &h pRIthdpde &mwgat@aﬁ,afb?@hﬁ ﬂﬁ%ﬁ@%?het gedling
anBIoBIRE RhodlGRIEN %h%ct@flﬁldﬁ%@%&%r@ﬁlahbﬁbe% tB& P& cBof cis-diols,

D- mannop n nits
boltpyghd et dpPRAROR Yot Lo hl P eptvig) imaoHRatgaglution,
reSMthlig tulne1 povedresaletibrg aisaeshtynanhhﬁs us¢dhen raatirappolﬁle ophthalrmc
s I; I
fo&ﬁ f%f;gl E' r@@ﬁﬁ% % ’Elg%iélﬁ%&la r%lé&ﬁn%% aF chS\M unvpa%ted
dﬁm@amaam@@@u@nwﬂﬂnmm@ ratio of about 1:2 are nnst
preferred. Additionally, other chemcally nodified
varlatlons of the polysaccharides are also included. in
t he INgaPEk: ?%ﬁ‘ﬁhwﬁm&é‘f phifte pissentdnveaiighpihg, cis-diol sorbitol is
usby @y g%l&(@tbﬁﬁ[hnanh)éﬂd G¥ - @(ﬁ}tblnﬂllgcformulatlons Sorbitol is present at a

G L A S

msidlediio mha:ey/aalth@sdrlnttﬂ i$ diltthé bgah@natorammaarﬁskm dloetings gradual

[
m&gérl)st%l Cﬁtﬁ ?ds@ lfﬂﬁ%n%r ) e%% V@%@%togﬁa{gl}é% ng& 'b(c}pa)te gﬁc? lépcsogl%gfondlng
gr@@a{g incrdgyel rrbwymrtm By clstety t Thip @Wsi)lal lsq@g&eu HLYESCORIEY ICFPSS-
lidkiYgs, RAA efdsﬁmtwglm&%svfor RORLAT O Re At mﬁtes@ bREERE BFon M¥htact,
exanp non-ioni ¢ substitution of a gal act onannan

Y%PmtVHJ@ ,lﬂn@sl%mng. IpRricatiPR ANG TS PRSI %uar, with a
nDIar substitution of about 0.4. Anionic substitutions
b de t . i i
cupdT i SIS Spit et B EPIRCPRER WAl 2 Famgpyen and

borate to strengthen cross-linking 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
divalent cations that would otherwise contribute to unwanted variations in
galactomannan-borate cross-linking and, accordingly, formulation viscosity. Divalent
cations include, but are not limited to, magnesium, chloride, and zinc cations. As
used herein, the term “substantially free of divalent cations” means that the
formulation contains divalent cation concentrations that do not interfere with the
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.
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responsi ve gels are desired. A galactomannan is

typically present in a fornmulation of the present
WO pwensizen at a concentration of about 0.01 toPebU81009/041699

wv% preferably at about 0.1 wv%to about 2.0 w v%

and nost preferably at about 0.16 to about 0.19 wv%

Pr ef'Brer ydegaf gadbcgnmamans thdt mhine bp russdaitt thenpresent aoveatien are

ty?l}ldlgﬁy QQRIGE éﬁﬁr V\é{%l lo%%é‘?gean %1?11 ?’tegh ghrnc %@Rﬁ%‘ ﬂérein the
teﬁrmv@qhqt@nannﬂ@'l teders topelysgcsharates (devyedeliomghe h‘?@ied]@ﬁlfﬂh gums
orGahibR MEE AR SyStHEH: g%ﬁ@&{nmlﬁlﬁ n%na@m' daRlktob&RHoictics, or both

rise cis-diol ou sattac
gr%ﬁrgg&% He @éﬁnb%lﬁlc%% popérg%/ gérr«éareé 064“‘“86?%%@%8 Jresent
ingdntioh etrepfneéeﬁp of hveintchains on C1-dyp- Maﬁﬁbmh@@@l @ligowitls o-D-
eoBRIPREABU s PAhE By 50 insss With fregurorsi st yrigpgnnans.
theeatioi QfLIDv_galaytom &f Brmathost sardisobutasngrelindsll e drawrbout di2 to
1: 2N BB Rah Qs ﬁm‘ﬁg‘:%% gél%tggeoﬁnﬁéiﬂlg§e tfo. Of §lﬁd?1@tl BAlre most

concentrations o wWv%in

prefsrad Addigemallys othee cheraicalbe modifiad: yasigtiogmerf thegolysaccharides
ar@ raqag‘oe[@hid)éd pih eme nt ﬁtctoﬁla@lﬁﬂg'e B fidtibRNFAT ekt ﬁycﬂ'%tyethyl

The nol e f .the cis-diol. oun
hygERsprosy £ éﬁ‘g&i‘g‘“i’tﬁ&]gyﬁ?éykﬁogﬂd?&sm&?l% efg o the
gaﬁictdmmhmdoff the presedrinfention Nomichasteiatioad © thh galattbmannans,

sugﬁal ?ﬁio%g%nﬁ]tgﬂn lllk? ngd ];ﬁ’(r @ ﬁ E%g%%%gs arc Pa[rtlcul%rrpr preferred

onannan

wlml ecoft el wedepited dE. gSlJWT@iYéPTdPXiI SUbatittprmdl sSmwtleénovxeem the

nofQGs B{dmkyItRdsRiold htd 1918st%rgf%hegoAﬁ‘teﬁaﬂlﬁletdmioﬁ‘Eibﬁﬂé substitution
resent at aconcentratlono about 0.2 to about 2.0

ofyg olpctamanie Pk figoPiFsEY 1B¥BEN 03 ﬁyelm%)r%l g4 with a molar
sub&ftetidh dfheabb@tr M4 . boamddec sudkEfusohd @hy also be made to the

e NS T S I
re:t;mnatze ge]s laod_wd@ﬂeetom gafadi@natnan amdrpp:aﬂﬁmasmn ibarfatreulation of
th?ﬁ{)e'sé(}lt aﬁ?\'f'e?tibﬁ‘ ]g{ ?ﬁorﬁreﬁtﬁrﬁ{olheoq N oing H)Sﬁfiiﬁm (LG//V% epreferably at

esent invention

abeuindduma%e whibomt Br@yw/w%@édnw praferablymiabput G topbautd. 19

wRYE SER ericA LEREIRANALR T Fre@bt FhveRsbrolBglar and hydroxypropyl
phar maceutical ly acceptable salts such as sodiu

gWbr ate (borax) and potassium borate. As used herel n,
the term"borate"” refers to all

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-diol groups (hydroxyl groups attached to adjacent carbon
atoms). Preferred cis-diol compounds of the present invention include polyethylene
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
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 is between 400 g/mol to

5 million g/mol.
-
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pharmaceutically suitable fornms of borates. Borates

are common excipients in ophthal mc formnul ati ons due
wo eoogasatobuf f eri ng capacity at physiol ogi cal pPCEOS2009/041699

wel | known safety and conpatibility with a wi de range

of drugs and preservatives. Borates al so have inherent

bactBorhtess aypicallarpies‘eunqi asd:mcbmrqnioomf raboets).2 amdbout 2.0 w/v%,

uﬁiﬂﬁéga% nxﬁla Ahbdt .4 Qﬁ}/ﬁgr eﬁ? el hom,Of % 'Be%nC@JH%’[é" ti9So all

tions of esent i nven

phepnicsuta¢ally sigapleifeenpab b@rratq&nmlm biltomtl hrébte,d i berig acid,
an%xrﬁliléél’ff rn@!t&? bEfatd¥REN ad %dlhﬁ%raté%hﬂ \f)%tdtsﬁgﬁleﬁﬂr@t@t SBoric acid is
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var’ et ex0|p|en I n fornul atlons
ph@fm@q%tliﬁlléfs é‘ﬁfabi%\f@iﬁlﬂsl &h b%@qemdBﬁ@t%a@@r CORRIENy LEHPIGAts in
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anol s, etabl e oils, or oils conpris
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knpwarﬁaléftssa% ComRRIBHLY ShcA W dPnasatl Gy %@ PR FREP@ives. 0fhres
alsvahavcaihh@greodbetsiostatic hndSuadightiapepertipecandngerefore aid in the

&%%%%8§%¥ﬁwc%ﬁ1%$ﬁo m xanthan gum carrageenin, agar
odiflorts, ;

PrEd “acaci a erivatives, such as starch acetate
and hydroxypropyl starch, and al so other synthetic

pr OOHE! &S GHoRS oPRhY }He@é’r{t Al SARA! may optlonall comprise one or
ol yvinyl pyrraol |1 done, ponV|nyI met hyl ?

m‘ﬁf@l 9@‘{11H91Ilaén§X%Rlie@té alﬁﬁr ®F €igbPy BPEs @dfi]{tlﬁR@d active ingredients.
ERajiy@as rc)blrﬂrﬁorﬂjillﬁiedm@l phatindcQsicel fétﬂﬂﬁa&loﬁﬁ odbigts, but are not

hrﬁﬁ%lﬁ %gqlﬁ%?su dtgmc ﬁte a{rg%?ﬁgl %‘getnstei'svaﬁ]v?se d:%.?l&{n(%% Faﬁg%tp,l Ruffenng
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lu@m%ﬂ@tﬂ /ﬁmowm}@my exrepighty ey m@edsufqramlaélons 0

int Qffiof it Mo By Waldr) Qﬁlx@&@ﬁ@)tswht@lc AORatcRHiscH 18 sc';l%nté isIEH &AC1-
nnito |un1chlo e, glyceri li

t he ke
C%ﬁ%?’g@f‘ Vel P‘gb Oéd%lﬁ?@ |0 el C@H@“S’&&t H%\Wegﬁotp 5% non-foxic

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
polyvinyl alcohol, polyvinylpyrrolidone, polyvinyl methyl ether, polyethylene oxide,

preferably cross-linked polyacrylic acid and mixtures of those products.

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 demulcents are
propylene glycol and polyethylene glycol 400.

Suitable tonicity-adjusting agents include, 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 alcohols such as 2-amino-2-
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limted to, phosphates, acetates and the |like, and

am no al cohol s such as 2-am no-2-net hyl - 1-propanol
W@ 200P)13228ui t abl e surfactants include, but are POI/US2009/041699

l[imted to, ionic and nonionic surfactants, though

noni oni ¢ surfactants are preferred, RLM 100, POE 20
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and rticular, >90% by ! ht wat er ese, dr ops
e BB iOUSrola B difeaenl; HErEohose dPBAB ANy ARl for
apph&ftxenabl Y sﬁh;eatseeryels e Hnrdtcth Uaquende typhieatly eddnogs aini &queous
IREAEQ th%lre II thte c{p nwg 95(‘)‘%, WD ?e%g’tﬁr 15% and in particular
Y gle d &d P
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>9f®l% bym@tbmtcn eThm chpmyaapb@fdehww fr@nn*prsmgée épse ampoule

witBl g }M&g&@m?xﬁé AEHR A R %ﬁc[e\‘ aJa'cféﬁo&EQJncBﬁgonents of the

formul’a nas it is delivered, such devices
foprpgafion MnRasessapt | Aftenativslinfhat draps mey h%é@lwé@eﬁ@m a multi-

dds@%@@l%lvﬂﬁclahﬁyqfreﬁeﬁib@bbdm 3Rt DddVice Which lek@hdth ﬁny reservative

o BRLO R lelich B BUashiSe S0l Rah i e DRRARR I G 8

require a ton| C|ty agent to bring the osnolality of

the f&r% ffatigy 6§th]% éjrgs\éﬁ{ tn@'ént%n %@%rei%ﬂa%lf%gton or sh%htly

m 1 osno
hy@ptonmnpqré@én tcomh@tewq*wme@@n@lﬁapf Vamaaéseérby@ﬁmratlm gnd/or

diddasd. Nehik %F@tereeﬁlr@%gmﬁgi nﬁ’%ﬂﬂﬁﬂl @%si%l%fh%F @fo@ 58N Ration
nmol al i e .range o

to agmqi & ok et A PRy per&éﬁéﬁag} ngmﬂ grf@alatwns

ofaghespresdnk enactieaugensadllyt hors an Td@momma dsi tht oraBg®fof t109-320

5 %?Emd pre?e%‘tl)lgr) Ravth gsln‘?o al?t3er i ee range gfdﬂS é(ﬁ)t r%bsm/kg. The

ophthalmic formulations will generally be formulated as sterile aqueous solutions.

The compositions of the present invention can also be used to administer
pharmaceutically active compounds. Such compounds include, but are not limited to,
glaucoma therapeutics, pain relievers, anti-inflammatory and anti-allergy medications,
and anti-microbials. More specific examples of pharmaceutically active compounds
include betaxolol, timolol, pilocarpine, carbonic anhydrase inhibitors and
prostglandins; dopaminergic antagonists; post-surgical antihypertensive agents, such
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
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pharmaceutically active conpounds. Such conpounds
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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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that extends for nonths or years. One of ordinary
w@kRiobl13324 t he art woul d be fam liar with deter PATURYPOA041699

therapeutic reginmen for a specific indication. The

foll owi ng exanples are presented to further illustrate

sel ect ed enbodi nents of Exwmmpledsent invention

EXAMPLES Exanple 1 is a formrulation according to an
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nSodiym @Gbload¢ ower pH (7.6). Hydroxypropyl0.guar
=3X1 0 60/ Qi , polydispersity [rati ). =, 2- 3] Was
5 Bgﬂﬂm?%@ngﬁeparation of the rtifggbgﬁlpggFX“%s
DDLU hH3-A-AEBS)prop8dl i N t hese experi nment s. shhe ATDS

P

" o N P gy o o £ e | H " £
eo—for—tnese—experthents—1s—thneftornuratton—of

 aagive Hydpwide HydrpchljriesAe@d to 7.9 or 486PHAM with

by LR Gapgentrations of sorbitjol. Bul he&, 09y
o) I I : 8.
rheoneter (AR 2000ex, TA Instruments, Inc.). The

measur enent system was 40 crylic 2 cone and
plate with a sanple vol ?E\%a—r%?—%g. 58m.. A tenperature of
25 C +/- 0.1 C was mai ntai ned and a cover was pl aced
over : % 0 Lomn:. of
Virtus WARLE ToRGLimYS h§HokPpB aﬂ% ROLA @Bt
t he sgpﬁ?lons. Eor %eé% 9@?aﬁ% Eﬁo' S%é? . ' Wéﬁ
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—+ W0

154

cC—~"W0WQ (_I)k_"'_O —~+Q

<[I'|CUJ

the bulk rheology, interfacial rheology and lubrication properties of hydroxypropyl
guar-borate formulations. The experiments conducted show the effect of sorbitol in
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

to 7.9 or 7.6, and with varying concentrations of sorbitol.

Bulk rheology experiments were conducted using a controlled stress
rheometer (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 +/-
0.1°C was maintained and a cover was placed over the measurement system 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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instrunment applies a controlled stress which in turn

gives the result as viscosity vs. shear rate. Two
walymwans9t est s were conducted: oscillation strEPCEFUSNeEMI1699

and oscillation frequency sweep. The oscillation

stress sweep holds the frequency of thesol ution
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€SS S nee erna
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t’ech niq acteri zes mechani cal streng
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999
Pa?éaegif o Zher i Shdteely Popsb S%iﬁng RADIF0sTe TRampliude
chaigesviod wolemaadd stizpp ef dfe driyeawdt thpredord thicherfatoareat he
surface area. The dynamc interfacial tension was
determ ned by anal yzing the drop shape profile. The
Younihel dyplamie inigréhsial densipnpeprddgiernineshby fnalpzisg the ¢grop shape
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ce th equi l'i brat'es, the drop vo

le%S tb%\wr@&e 081989 %ﬁl? @qfﬁm%g 'set
_[psDl) D
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Once the drop equilibrates, the drop volume is varied sinusoidally at a set

frequency while the amplitude of the oscillation changes. This technique assumes that
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

interfacial dilatational modulus E* according to the Gibbs equation:

Ex=——9%  _Re|E1*|+1Im|E1*
d In(A)
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frequency while the anplitude of the oscillation
changes. This techni que assunes that the surface
wWo evgi1an29of the drop remai ns uniformover the PEDPS2009/041699
surface in the course of the dynamc variation of its
surface. Fromthis it is possible to determ ne the
whant ReflICT ad thi blaxtm modellus mb db¢ usefacc dbe dilasgictroodiies of the
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cn/bezoAdDGr étik bicteeitgeddd B dPbdbablitk prkeine.afjb IfﬁdldlDSdi‘df@lng
prg%g 1 co%?pr%@&’ H#HE olfl%%xglgé]g f)é O@%rst\t,’\%rb §l§1t rﬁ}%sﬁgegfh glt u}smg 50 wl
Urblscpln lsahiresi @mtltoy waarmads IRt o sinbilati of wheionesprapdéng, wetting

antirlhﬁfal 9&6&%%%}%%&61%':%@[{ SRIBRhISRE Wall ﬁae{rf%l*rh@d’\”oy Gpplying
First basel i ne measur ement- us|

50&5111 PE e et @arrl}lh@% Ehthedissias Tha dissuengorple \aaSsthﬁﬁ Ibsqyghh back
in@f ca@dddt IMBa@&fn@é}l@d Agre YWREA g and 21 Miduted| pdsetapplida@ibn, and
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The tissue couple was then brought back into contact.
enents were taken at 1 and 2 m nutes post
application, and follow ng each of three tissue rinses

with 50 m Unisol (r). RESULTS FIGURE 2 is a graph

shoviiagrat eady gedpt oMt aasilaty IBGOSISFY vRASoskty as a function
of sﬂge?r rlate for the ATDS at pH 7.9 and 7.6. The SSF data demonstrates that the
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 less blurring upon contact.

FIGURE 3 is a graph showing steady state flow (SSF) viscosity as a function
of shear rate for the ATDS with 0.0 w/v%, 0.5 w/v%, 1.0 w/v%, and 1.4 w/v%
sorbitol. The SSF data shows the modulation effect of sorbitol 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
galactomannan and borate solution increases, the measured viscosity of that solution

decreases.
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of shear rate for the ATDS at pH 7.9 and 7.6. The SSF

data denonstrates that the viscosity decreased as the
w@kbodasneased from 7.9 to 7.6, and that the ATBSI/EB20091041699

7.6 and 7.9 showed some shear thinning properties.

Accordingly, the ATDS at pH 7.9 will shear thin when
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cldstiowoptimye at thesinetfatde TAERRta Adétatdahatahe AdUXS taddinédelastic
sor hi t, ol cong ntratiagn | e%ds th%raan i
I

sl B Ay € TR B A e e DL i rfcd by the date
prewncdm FEYUBKE 20f a gal act omannan and borate sol ution
i ncreases, the nmeasured viscosity of that solution
decreases. FIGURE 4 is a graph showi ng_oscillating drop
anpl HIOLERE Stif @ Lsandwdepying sf&ass éwm@p&) @Re|fnetjon gfdorgue for
thé mqj7$ g/rﬂthqu.o twmd/h ol bydevof, 10 ?zpvof{)%ﬁ_tlhﬁ “ATTOJ@%??J&ODHEY?@ tan(d)
and 7.6. In these experinents, _a_hi el astjc ul i
CoRBI G et R ok KGR TS AL (S Raf RaLy of the
ATDS eMhademulditnStitless s@bizelthad aicams@lustitiey &idghe faveanza(d).
. St tri j f .t A e .
i ek hb s AR, SPicRlre) 1% B0 fnidi®borate sojyion
InAToSs awugh dbe iddutiomiofzntbitd, whishi ieflests dbe avaikibgitgatfamore
boléﬁg L8R tdnlAhal BErATLSJ1RIkdned el astic structure

espite its thinning and spreadi ng characteristics
denonstrated by the data presented in FI GURE 2. FlI GURE

5 | FIGUREPhs 5p0wh BEowihg @s&lsweediop amptiudaswaey dlagici Béduli

for the ATDPS Wi th, 0. % 0.5 .w ¥% 1.
RS e lioq Db mBRRAY s b Foght Ams Sl Vi apg 14
wivts sorbitals Ais ovithy the AIGE R Aslata, a hSgdr blastal mbddr earsdstes tvemore
SRR Hudlucke TG SR MMl PR oGlol iy e
surfaqehlgstioxyeafi the AT o Wyrtherathepd ta showidhairbotho A TS s are

c1 8k A AN AR RLLRL Bk SHoPértiefat (AE LRRSEFait HiQBaR t he
dilution of sorbitol, which reflects the availability

of nore
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
t=2 min. The saline control had the highest Cof for both t=1 min and t=2 min
followed by blink Tears® and Optive®. The ATDS containing the active ingredients
polyethylene glycol 400 and propylene glycol with hydroxypropyl guar showed the

lowest Cof of the test solutions.

FIGURE 8 is a graph showing average percent decrease in coefficient of
friction, compared to baseline (Unisol®, saline control) 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.
-14-
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borate for gal act omannan-borate cross |inking. Fl GURE

6 is a graph show ng oscillating drop anplitude sweep
web@stsxosrodul i (Re| El *|) as a function of anpPCT/US®OwH41699

drop for the ATDS with 0.0 wv%and 1.4 w v% sorbitol.

As with the FIGURE 3 data, a high elastic noduli
Theocodfiatesof drictmme(&dfy us taumeasarendng dfnfoemfimtien lirécity on a

sugPépeer ' ﬁfé‘a ‘Cce%hﬁ?a‘g%tslﬁlgﬁ 51%111?1‘%51'?11‘50 Hﬁ&ﬁ%tﬂef\ﬁ en! {h%r Fe@?og@utlons
follew medhopestfimse exsigs, mr@orﬁwe dheaftifiy of éhrﬁ ME’&S tgmepintain a
10{;&6}‘{1%&@ Eoéfﬁ&@n‘rpt'hﬁﬁl%htth@ﬁnég cych8. P&Ué&ﬁﬁfl@'tﬁe VI ATBCRY the

is a show ng "aver age coeffl
AﬂD?J & o]n PP i, w&rléseml Jad aostisg, RSH K%t %M §p”o and
751°/e,sﬁes15e@huélyonﬁlet veripe YiCHS ue than pbdﬁ&m&é i3Ctimopoiftc fcﬁeethe Raline
cofBHE T TelR5L GIRLHE RS uts e oAbl a8 Olng 75u,

rve r) and t
regicativedy.i ofhes AITIAS onir(tenedholt [SoashiGodl of i t@'stGS)olutﬂﬁhe for the

peﬁ@grdgﬂ PSS%Q Q6 i IR GRof QIlaﬂ‘ael%ﬁ %ﬁglf caliBh Wg B2 A’PES fo the

test sol utions | owm nP nmeasur ti
tisgyy Sebstratep rﬁndmﬁém&tﬁmen@ dgntavo | Cafadnts Hellawyigs eféltse cs‘o’icles was

believeddRt Feflect thll bullRREd timérfadial fikblogwar pRpeklcs U the ATDS, as
Tear. s& %H?Eg,; tive(r). The ATDS containing the acti ve

showg it 'yet hyl ene gl ycol 400 and propyl ene
gl ycol with hydroxypropyl guar showed the | owest Cof

of the test solutions. Fﬁ%@ 8 is a graph show ng

aver age percent decreas ficient of friction,
conpared to baseline (Unisol(r), saline control) at 1

& 2 TRNHTEY R)frﬁlﬁfatlaﬁ RiFiss@kdp @éll%sf wrﬁ@&r@& iPRvo @Nivo studies
after each of ot / Uni sal i catl ons

ag@ﬁéts salimen g(ggroj_ Sob.ltlgﬁd([é)lsqlo)r ag%t‘?q] éa@gﬁym@qhylcellulose/ glycerin

foﬁﬂaﬁlhﬁiﬁ{obtwéﬂ ink Tears(r) and the ATDS w t hout
sorbitol.The coefficient of friction (Cof) is a
measurenent of fornulation lubricity on a surface. The

R@entidaTame Btmlies gni fi cant di fferences between the test
solutions follow ng the post-rinse cycles, and
denonstrate the ability of the ATDS to maintain a | ow
fri chi ompeiattimedsaret of hrlobrgtent kge dronsés Bipcaseessmpitr of ocular

sufP@ R &tioh Re sYeRfiislat @hé Ricak R&cA0ASi@E of 7! af&cﬂ)rnannan borate
RN RN N IR R A R M
tooating taB®| Soluiio® Poniss1™§ asing hdlusdpho®metric technique. Briefly, a
fluorescein labeled dextran tracer 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
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
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 §
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-
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control, blink Tears(r), Optive(r) and the ATDS were
3% 6% 11% and 75% respectively. The ATDS mai nt ai ned
wo beolizazest Cof of the test solutions for the PCT/US2009/041699
pericardiumtissue substrates. The | ow Cof data upon
application of the ATDS to the tissue substrates and
thpeffsits beblokind. Thes, Hhewh&@dbgidalt aoparti¢sonti thg ATDS solotyw] gwpear

to\{l%s?ﬂtlkh? Llﬁpee %gretté}ltloﬁftl 51561r o%ﬁll?éél %rh%g rtfl@%lea.‘l

oglca propert
FI GURES 2- 6. Exanple 3 The ATDS fornulatlon of Exanple

InerVRik IRTEPAI1OGshdl AMBtyl eciy VO studi es agai nst saline
control solution (UnisSol(r)) and the

car boxynet hyl cel | ul ose/ gl ycerin formul ati on Optive(r).
Ret eTHdl effechi ofRirpeucoe sishil fungint c&tﬁtbe%%SHdeb}Oﬁ‘estEﬁlg interblink

1n%er\€ali Csl%gltnacglrty c%g.’il)f) (IIVSAHI%J]S%%%%GS&'{EN geﬁ 1}?‘%1%61% ofs Vl%l*a? acuity
degeddatzerobetmaem bbholrsat IR0 o adfer ghgh puassmiziignhe mesutirof a

stlfcghgofl‘g%% @(E)I E®t(h O x E‘féﬂ‘g@t% ? gse"‘g@M@?%r gﬁilc&l‘?n Based

["ut
ar‘ﬁﬁ‘i}@]rté%é@(b%ﬁflgs %@!@%Eﬁ“@ﬂ@f%?ﬁné 1%, a fluorescein

| abel ed dextran tracer of apprOX| mately 70 kD

(Mol.e I ar e Eugene, s added to eac
testlnf F it tu‘@ 3’%(t R B%ﬂ%l&%wfeﬁ ]tVF%) PEP Cliy g rapdomized
faghi@nmiithga f7-dagrwphotiobetveen pededset Bagsine Muaniramentyi eV AD,

rec%%dédz QL rrl%) \@@Sthléhs ?1% n%gach ?P%l‘ilS rm%’ hgﬂflbesqe%%)écted VlSllf]S acuity

correspo I on of orrru atrons

(B wiglinpat m@mblsﬂqmr@dswwdlp@cforram Felissving ennge Weoreof test

sohﬁ%ﬁ NV O Sl a¥urRMeh v&e\P@regbﬁH& &1 45 8ndapRhingaki on of
he test fornulation resul ts of the study, as

reported by Lane et al. (2009), show that the ATDS
f or my aépo@ﬂadvms Troﬁhﬂisae@t Sil.9mobo % qsmlbﬂtsl tmg@r vdlmafhet R&DS

foﬁ%ﬁlﬁ‘?@g ?‘J:. gl%%l B{ %rglpqn%n&n g%ﬂ{age%&gfet oTehPlge mne Poss of EZCVA at
90s trehuitss |p©aﬂ inytilitigni éoropeamed (tp=tBe 00P@)e “d&tranulagion. The ATDS
foﬁﬁlﬂﬁﬁ(ﬁﬁt gp@%&g 8t§/h ?ndr@asg'lﬁ e Bﬁjﬁb% @vtf@l‘{f theFRferblink period

cornpared to baseline and was significantly longer (33%) than the CMC/glycerin

Optlve formulation.

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. Various
modifications, substitutions, and variations can be made to the disclosed material
without departing from the spirit and/or essential characteristics of the present
invention. Accordingly, one of ordinary skill in the art will readily appreciate from
the disclosure that later modifications, substitutions, and/or variations performing
substantially the same function or achieving substantially the same result as
embodiments described herein may be utilized according to such related embodiments
of the present invention. Thus, the following claims are intended to encompass within
their scope modifications, substitutions, and variations to processes, manufactures,

compositions of matter, compounds, means, methods, and/or steps disclosed herein.
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shows that the ATDS maintains a | ow coefficient of
friction (Cof) conpared to other solutions (including
wQri0gab2p) and Optive(r)) in vitro despite sevRCHIUS2009/041699
washes sinmul atingthe effects of blinking. Thus, the
rheol ogi cal properties of the ATDS sol ution appear to
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asurenents were repeated at 15, 45, and 90 m nutes.
As reported by Torkildsen et al. (2009), patients
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conpared to baseline and was significantly |onger
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) i ti it nmbodi t .

B R R T

andoeelat pitection matex i(OPBH déwbtdr prdsenthiion, fTedr Fibmtahé Ocular Surface

SRk h&%@ﬁ%z&ﬂpqg&?ﬁﬁéﬁnaI.a”y process, nmanufacture,
conposi ti er’, ol

n of na conmpounds, mneans, nethods,
and/ or steps described in the specification. Various
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performance using the | VAD nethod with
currentlymarketed artificial tear products", Poster
2. Pr eskmoratulaion adsarduigdd icimflovhdReseardcdaldctonivinghioms apgnt at a

co@&ﬁ{%ﬁbﬂk %Bé!utpcﬂ L %%’%‘%ﬂoﬂ? 2 (()A@‘é@)) aﬁfl) led%t%@s )%%Ent at a

/ mc fornulation conprising
copceidatien @ﬁﬁ?ﬂ%ﬂz‘ﬂﬁ/ﬁﬁo@boﬁ%o #¥/¢sdi ol , wherein said
fornul ation is substantially free of d| val ent cati ons.

ormyl ati on ccord to, cl ai erein said
gal ?af 08 4ceor, &ﬂ@égﬁ airf;l Vgh%aﬁéawtaa%oawn&ﬁn Lyyggient ata
coicchtiativiVot obcaiv Oult6 R/ v ¥6uaifnd 9swivtle bt edid bomtisesessht at a
of about 0.2 wWv%to about 2.0
CO\N% @aﬁgﬁSF u??n]ﬁxgt |/on according to claim1 wherein
sai d gal actomannan is present at a concentration of

4.8boUt Qerdfati¥ny 26chR1AP A klafn 1UOwWHENES Shd éﬁl’c@nﬁﬂﬁ% & defected

present at a, concenttration of about 0.7 wv%
frgrp the gravn evnsitiesPli ng to claim 1 wherein said

gugalh%io&mmmgu@r sl eaigtatfonoMckdE group consisting
of : guar, hydroxyl propyl guar, and conbi nations

thereof. 5. A fornulation according to claim1 wherein
5.sai dA dosmudatain dcsoslélgeot danf T evhetdue said cis-diol is selected from the

group consisting of sorbitol, mannitol, polyethylene glycols, polypropylene glycols,

polyethyleneoxide-polybutylencoxide block copolymers, and combinations thereof.

6. A formulation according to claim 1 wherein said cis-diol is sorbitol or
mannitol.
7. A formulation according to claim 6 wherein said cis-diol is present at a

concentration of about 1.4 w/v%.

8. A formulation according to claim 1 wherein said borate is boric acid.

9. A formulation according to claim 1 further comprising a demulcent selected
from the group consisting of:

glycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethylene glycol, propylene
glycol, polyacrylic acid, and combinations thereof.

10. A formulation according to claim 9 wherein said demulcent is polypropylene

glycol or polyethylene glycol.
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thereby reducing the viscosity of the fornulation. 12.
according to,claim11,  said forml
ut ChemeBoiindoe BBV a1 Py B brllg; esnaech Rorge eve
cohhmmﬁ@y redu0|ng the viscosity of the fornulation. 13.
-7 c tl ey risi
adﬁdﬂnggﬁﬁgg 0 the y Q f&%lutlﬂfbor rﬂ?l %Falon lo ffﬂgc < COflpI‘]f l{lg a
15 phmnmnmh@@HWGwUﬂeM¥merung a pharnaceutically actlve
agent to the eye conprising: admnistering to the eye
a formulation of claim1 further conprising a
pharmaceutically active agent.15. An inproved
ophthal m c fornul ati on conpri si ng gal act omannan and
borate, said fornmulation conprising a cis-diol that is
elimnated fromtear filmnore rapidly

eye a
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t han sai d gal act omannan when the formulation is
instilled in an eye. 16. An inproved ophthal mc

wo oroaaB2p4 on according to claim15 wherein sai PICT/US2009/041699

gal act omannan i s present at a concentration of about
0.16 wv%to about 0.19 wv%and said borate is
present at a concentration of about 0.7 wWv% 17. An

15, e 0 S 2005 DA L 5L AR R Ml
satdotesinylafipgy compriginge, cihgigr iy ipelopypted deam teghdilm more rapidly

th&PSHM Eﬁﬁét@rﬂ%ﬂaﬂ%&fﬁf‘che fBmu¥fioh WLOVIRd iRRRLP&I mc
formulati on according to claim15 wherein said cisdiol

is selected fromthe group consisting of sorbitol,
lemanniii aiprgpet y&ihithalaive fghytelos, agpotdyiy apylatmel Y iwteedis , said

al yet hyl eneoxi de- pal ybut vy} eneoxi d Qck, copal LS. o
eBRPEN FETESHE o RSt 108 SRRl T v
anflppichboatte orprassobatdi qegcendragbapfratio®t Meveln sai d ci sdi ol

Is sorbitol or mannitol. 20. An inproved ophthal mc
formul ati on according to claim15, said fornul ation

17 ur therimpeieg ebbsdmiet famuiation eeccpiding faickwn Earhsran said
galReIrebivah RAURcRE fFIhethél ge@stdnyisahg bhe formulation. 21.
Anhl g%rxoi/ed pht hal m c f.or nmul g%l on according to claim
gupks hydtoxyloroiighad: fishcompipgfigns ﬁ‘fﬂr}i sing a demul cent
sel ected fromthe group consisting of: glycerin,
1890| yXI# ﬁ}{ﬂ)roeé{c{ Bﬁltheﬂ%qg for&%ﬁ%ﬁ%%éﬁﬁﬁlg 5 Icga%l‘n 15 wh?rein said cis-
pol yet hyl ene ycol, ~ propylene %'yc I, "pol'yacrylrc
diglcik geleetad fio icrggoueenststieg ebforbitol, mannitol, polyethylene glycols,
polypropylene glycols, polyethylencoxide-polybutylencoxide block copolymers, and

combinations thereof.

19.  An improved ophthalmic formulation according to claim 18 wherein said cis-

diol is sorbitol or mannitol.

20. An improved ophthalmic formulation according to claim 15, said formulation
further being substantially free of divalent cations, thereby reducing the viscosity of

the formulation.

21. An improved ophthalmic formulation according to claim 15, said formulation
further comprising a demulcent selected from the group consisting of:

glycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethylene glycol, propylene
glycol, polyacrylic acid, and combinations thereof.
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