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WO 2006/007510PCT/U52005/023113 COMPOSITIONS AND
METHODS FOR TREATING EYE DISORDERS AND CONDITIONS
W&%ﬁ)&%ﬁEFERENCE TO RELATED APPLICATIONS Thi

application claims priority to U.S. Provisional Application Serilé?ﬁg_szoosmsns

R S Y M IR R P TR FED AR o

relates to the treatment of eye CoMWBENECOANS disorders by administering
compositions comprising fatty acids. BACKGROUND OF THE
INVENTION 10Dry eye syndrome (DES) is a prevalent ocular condition in
CROGe RISFAIIFaNG D) Un R BAsb R Edr s@HiAg 48 QAR. Ocular discomfort is a
COMDIB FRUENN ORI IR AIN  BES AN AR JeClear) qoisos s14
functionz wsuaﬁlacuny, roblems reading, using a %mputer, rving a?
filed hight, aAtKcarhyihg Outphyfessignalivd iy, DEspites protyestietydetermining
the etiology and pathogenesis of DES, current 15 knowledge remains ‘
inadequate and the most common therapy for DES, artificial tears,

FIEL@y v ddidn e HNd#sHNand incomplete symptomatic relief. Therefore, .
etfiEAloR Ahoe iR AR IR B S 1ol ithition Sl Hlsorders by
compounds known as "essential” fatty acids, are not producegsbyt e

admINGRERSISOPBHIP B iU iRies difteeis.system via dietary intake..
Essential fatty acids are used by 20the body to produce a wide array of
lipid-based metabolites that are used by the body for many critical

BACh{taRND OX HdHe &MY 8VBEANS normally bathed by a tear film that is
c?]ﬁ_}%%%%ds%ﬁaa%w@ the,mpast-sunesticial ebuiEthishEelIDid LBYEY frequent
whic

covers the aqueous layer of the tear film. The lipid layer of the tear
Teasop #ent etk B B pEe d e A SR IBdP AriPRGPRPAIAHTR GBPBiEn Ehpddition,

DES thatjnmarach Wibrons aAatbesnHi aJsaA0mains preteing aothirgptidastRalbomputer,

are present in other layers of the tear film. The lipid layer has fimctions

driving 3t Righfe W PRSI B TRE tear film (e g., retarding

eppgiiatignbaswelhagdeisikinehemicabaperie SR adHRdiTI IS, current
knowﬁf face with molecules involge in the regulation

finflammation). .. .
BT (AR s BRI (R BRIy Ct?ﬂﬁaél%ﬁriéf%?ml tears,

- provigeutan pusfaseraQdisariesninetu dingptn &ye wyirdrome: o) aiRiitifofwsy of new

eye syndromes associated with WO
fomi%g%%w 9’(@%&5 3113 lipid abnormalities, including the
"classidh tanmpofiadunssondcardatiaie fitraeye, asrismegndduSiddrets human

body,s XI‘?C? zricr)a(qgfroduced into the system via diefary intake. . Essential fatty acids are used by
‘the body to produce a wide array of lipid-based metabolites that are used by the body for
many critical functions.

The ocular surface is normally bathed by a tear film that is composed of three layers,
the most superficial of which is the lipid layer, which covers the aqueous layer of the tear
film. The Hpid layer of the tear film itself is composed of dozens of polar and non-polar lipid
elements that interact with one another. It also contains proteins and peptides that are present
in other layers of the tear film. The lipid layer has functions that relate to its physical
presence on the tear film (e.g., retarding evaporation) as well as to its biochemical properties
(e.g., providing the surface with molecules involved in the regulation of inflammation).
Alterations in the lipid layer are known to be associated with a variety of ocular surface

digsorders, including dry eye syndrome. A majority of dry eye syndromes are associated with



10

15

20

25

30

R S

Unsaturated fatty acids are characterized by the length of their
hydrocarbon chain, and the number and location of their double bonds.

wa WROEPHRs of fatty acids are considered 5 essential to humap Aealth,angh ;143

must be taken in from the diet since they cannot be synthesized from
1ipid959§6ﬁ§gbf;%§1%cﬂaﬁ§% ipclude dhe-omeas Jatnacids deFMeE O dry eve as is
linoleic acid (LA) and the omega-3 fatty acids derived from alpha linolenic
seen i g PRIER)S EFEPBREsent in high levels in the typical American diet, being
foungkimyeagtakle £ooking QilsaPreland, dalve /M i$ havabitechfon chain, and

responsible in part for promaoting infianunation by 10 negating the

the RRTcrICbIRSEHOBT GrifEdacs rle drivin Vi BEHRSrSiorBF Lagids are considered

essef{@e il onia ACTHLAR) oA iBdisheonsHMed disgcthnframmaatsaueses cnnot be
is metaholized by cyclooxygenase (COX-2) and lipoxygenase (bath of

{ ( .
SynRERES O ARED AT B Tr Sherscdytyderiicn dHursBet Sribowseids) derived from
1inou|aitog¢ﬁk@_r(rmna§ﬁ% gggﬁ@é@@squyluﬁim@géa(%ﬂm& (ﬁ@&& Rt 6(ALA). LA
) eukotrien . Gammalinolenic agi A) is another omega- ) .
1s Presey) fﬁ&éﬁ%ﬁ% o M HRTHIER H5haheiBs BTURe @n%@%?ewgséﬂng oils,
beef,des@tuiase aaddicahongHt iheeclongaiabiéoidiparndaammalineieniciasiehation by

DGLA), alsg an omega-6 fatty acid. In contrast tq AA, GLA and.DGLA are. |
R L T G L L R AN R
acid aQlMly efdeakasfsdesatunase appeais terba impairedintseveral giseastmlized by

Although in ion of the metabolic pathways, of omega-6 fatty acids
ey R AT T2l S0 R A L A o e JE A ar surface)
to fetdiesundicateftipatthifil pesinfi nacessarly ©aovidd hisdsidingmpostagiandin 12

seryatign since ich competes with A idative enzymes,
o R T e B A L B Cam SRR R ray
acid dimi-icetabendatorydamdnnimduinregtilating froperyes: kideed dtudiessaf and can be

ra Supplementation h ni roduction of PG nd .
fart e R e bk e i, 1
cont:_anﬁtw‘B%. T\ Anddnigh anpthypgdsi ﬁmqbtmmmgipﬁmmgmﬁcti\dw.

Jé%gr@gh?%%ﬁgamc A&veral diseases.

thought to play a significant role in the pathology o ye syndrome.

Althqug aimmqﬁﬁ_ﬂﬂn@&tﬂw @w@&mmm@@mmeomr@m acgbsttiviguid suggest that
incre\é@g L08R & am@RuRdankstRk: of OMeRR:S fHiaciis: ﬁﬁ_sﬂa%éfs 1B¥ecessarily

acids also compete with AA as 30 enzyme substrates. Ingestion o o
occupmdifalsFatipriiastrebsiediptesites S dervhsdt Jendrier Yridhibfaf oxidative
enzyfes2 N AEANIEAHRDERGT BASRE N ANER OAYBERT Of A ULHAMMAIRM known anti-

eicosanoids. This is paralleled by an increased production of

inflagspisdense nfidn ol BETOIEDP R UdE iVBIPRSES AN oI ERIddintudie3-sdriegral  GLA
suppRigsipgiRRdinsandikombhexares tixsl andithe:p-seHe SdaukairigRasction of the

(LTs%, which are substantially less inflammatory The omega-3 fatty acids

nflampigtons g&soppe o BAbber K20 e8/bb3 B3 diFhdcsaakiseBindidaednmune
respdENafihal robiainedinyitnemaas maiahn b euahise rswBlien Piiohnlisbytes, which

but they may also be synthesjzed in the body via conversion of ALA

are therahhfoaRiaN Relehanideledy haagthalsgy Ahidnerisy AP MEck currant)

or 'ﬁ@/@ﬂﬁﬁi‘%&nﬁw{?ﬁ}ﬂ@ﬁfﬁﬁ m(?gﬁif@eﬁﬁmﬁeﬁtiﬁeiységmgﬁﬁﬁhich there is
oxy enation Yy GyCloOXygenase, an can.act as, 5 a substrate for |,
an ahm%}ge%@& ARG SR ARG I PSS HEN 8F iR PiRerimpete with AA as
enzyinfammedary Macdaived eitesandisisy Qiidegapdriatly asidshavaaigased levels of
een shown to decrease the expression of%dhesion ole%léa!t%ls and the .
momBEE Aty P T BTGNS oL P RERR SR AR R hSiggsanoids
Thisiriteatitied (by63h3ianddsiopndaakis faftelcalphan{idhbialpla). [HIRsederived

. molecules have heen implicated in.the pathogenesis of dr ndrome. .
cicoSpHIOR MARE G Py S50 R SLLBRIIEY D TG LT bR i (he -series
leukaftends {disto letatkduweathichientin fpdtointdstinabeide dfectendacdidhghcids EPA

there is a need for compositions and methods to treat various eye
disorders and conditions, including but fiot limited to, dry eye syndromes
and inflammation of the eye. 15 SUMMARY OF THE INVENTION In
some embodiments, the present invention provides ophthalmic

compositions comprising at least one omega-6 fatty acid and at least one
nMmeaa-= fattvs acid In ecome eambondimente the nrecant invventinn
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In some embodiments, die present invention provides methods of
increasing eye comfort in an individual comprising a topical administration

wRf 6emPasition comprising a therapeutically effective amoun;,gfrmgzom 023113
composition comprising at least one omega-6 fatty acid and at least one

and%@&%&i@&o@&%i@%ﬂ%@%ﬂéﬁ%ﬁﬂn&w ‘?ﬁﬁﬁﬁﬂ”&ﬁ%ﬂ consumption of
.. provides sterile preparations for administration to the eye comprising at

olly|dish; SHebRicyaYe Bt asTathetized éashohedyiigaosvaipacif ALA |pensumed in

cer3RMEANROdINMRRIS e AraSERLINY eRIAh LROMIASS TNGNAARIQE o . purslane). EPA

normalizing the ratio of omega 3 fatty acids to omega 6 fatty acids in an

and RHE A HIRRGHEY yrTErsihg 4 WiEovtembysIdPCTRsSZE0sIg A 3an act as
a suBCHRIRISIRNNRG tH8HA58PARIL G- SRMRISHSAHe BRI ARG AMRIRE, ALY ASi mmatory

arid at least one omega-3 fatty acid. ‘In sonic embodiments, the

AA'rﬁké'é\é‘?ﬂ iﬁ'\?gﬁﬁféﬁ%dﬁrov@%@gﬁ' h%’(ﬁ@’o?‘ﬁijépgﬁ‘f?g aohprasitbpvn to decrease the

expRABPEISHhaRoMe IRt aliel) ahaMRIgnd datior BRIEE RERERIBMON cyiokines

) l’?ﬁF FIGURES Figure 1: Tear test under specific condition: dry eye

mtepuim dr (th e Rtk iR IArid HdraddHmenartbetiphistor alpha (TNF-
alplBOPRREMSIccules MigHR2: Hhelearaea it dividac iNa; seat91s s RRkome.
the@%iqna Eye Institute (NET) 10 grading scheme and each of the five

sectors i 4 T?"btﬂﬁ GG p eSO e Hehrealeic ditien and offen is not

tolefliledesedin diaininguastroifriguienB: Gy ne@ dworeseen GtaININGIREOTeS Brmeed for

three. groups, mice osed to chamber ajpne, or scopolamine alone oy.
oS BRSSO o1 A HGTR o P ap Ay luding but not

limilhFiguiey 4yd eandreasiuaiiesitaiaraiton ¢f thysyroups receiving no eye
drops, vehicle, on two formulations comprising omega-3 and omega-6
fatty acids. The mice were exposed to combined chamber and

SUMdpdamine THEIINVEWNITPNiX days. At 48 hours, eye drop instillation
be%n %ndecozq}.% 1{9 4 stotﬁ)ié% gztnw pr{xc/gn i{g o oci)%&g%agsgtga ti%‘ Vt\zlgr% ositions
measuted. THIS was the treatmen arm, in'w ich ry eye was fstinadced

comprédrpauisaahon20thepatid fdyrmuldtiodsidndsyehiobentestédiatty deigure 5:
Coy e?&ﬂ&é%&iﬁé&?i&&% P{H‘gg;%%%ﬂ JMSH GIovRS, %(8?%%&?%%‘%’#@&11@ dry eye in
-eye drops, vehicle, or formufation 1 (comprising omega-3 and omega-

an ifgityldeid Sprmprésiniceonamiiex poseciter corined ShamBiridud with a composition

conERRRIAMIAR AR AR AC O REA SBINTHUANON. teast one

g

egan and continued upto Day 6, at which time point, corneal fluorescein

omepBstaliFfiichoia 8 ré ablersd O inpgs-thiategiflent arm, in which dry eye
wagfirglnduceddmidg:houes peciepvhigi i 'P};Blfit&% b Ue NiFIg dEsie hdenexal

Figure 6: Corneal fluorescein staining scores for three groups, group

-inflepganiing rReyEanOpNERRIRGOlcfemiiasisd Doty shrlgatbemmgutically

effe@ﬁ%%%&ﬁitmﬁ@%Mﬁzﬁiﬂuﬁ%\fﬁﬁiﬁﬁg%q@a@ sempined ehamperiandd at least

scopolamine continuously for six days. At 48 hours,
one omega-3 fatty acid.

- In some embodiments, the present invention provides methods of increasing eye
comfort in an individual comprising a topical administration of a composition comprising a
therapeutically effective amount of the composition comprising at least one omega-6 fatty
acid and at least one omega-3 fatty acid. ‘

In some embodiments, the present imvention provides sterile preparations for
administration fo the eye comprising at least one omega-6 fatty acid and at least one omega-3
fatty acid.

In some embodiments, the present invention provides methods for normalizing the
ratio of omega 3 fatty acids to omega 6 fatty acids in an eye of an individual comprising
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30 eye drop instillation began and continued upto Day 6, at which time
point, corneal fluorescein staining was recorded. This was the treatment

wartiednowbigh dry eye was first induced in 48 hours and then tEST/USZQGS/O 3113
formulations and vehicle tested. Figure 7: Shows representative Iimages o

admOdFReas: SEENesShWIE HHQTeRaEHYISH AWIRAP B AERHRR AL VIR WM. teast one
fmgu llations comprising omega 3 and omega 6 fatty acids. WO
OMESy é%?%cl PCPUS2005/023113  Figure 8: Corneal fluorescein

staining seorea o theee; 9 rekP S QU PiReaivsng ﬁ%ﬁﬁ@sdﬁﬁ%o\éﬁhg:ﬂepl%rparing a
o formulation 2 c.omgrising omega-3 and omega-6 fatty acids). The mice
RS B P IERE 15'E S B SH S PaHE & mine continuously for six
days. Eye drop instillation began at O hours. At day 6, corneal fluorescein
ini is was 5the prevention atm of the study, in
Bklvﬁlgﬁ%mﬁgﬁﬁg%ﬁ§Me tested from the start of exposure to
dryFégerehbdlefige: D& AL BRESCHIRHON dry eythehBRESENEENMENIAN alone,
ises, in,part oHt(gg‘f thg dislcoveryt at disorders and conditions 100f the
e

a J 4]
Seop 8{%}1 e IRt 1S AERLben 2IEs $5oRaliAtes in essential fatty acids (e.g.

omigam® andlbe emegais datifcacions) S secibheaRresemt NERIANIFOYIdg e (NET)
ic_ compagsitions comprising .of at least one essential fatty acid.
s R R VL8 S o I o ocres of
cornpshSuonsaimeyeiz8iriatty acid. However, any number of fatty acids (e.g. ,
R ) e e e O P iaeaRlposed o

the administration o east one"ome
chandgmdieration shepebinintilddpe anceffditive ctinatbgy dadshifptendierlabr the duration
of sis e milieu toward a reduction in the production of proinflanarnatory
mediators. In some embodiments, the composition is substantially free of
ardUBiise Aol elipskicasidorfowsstisaimuperteriviaphthalendeops, vehicle,
or oOORASIHAGNS BRI ACMPas i iiable I AARIMSIANON VRS oed ¢
eye or ocular surface. The composition can be Inany form as descri ggrposed o
combiaedirrhrateguivdiciverianine, contimossy Hereaiy tdeytermt dlSoliturefesse drop

instift@:Rh2Be8.af amPeohthgou ﬁ}p% tmtyj%b ejpdmedified. F}%Orix?@( a@a@' es’eE:rllgtion was
phrase "about 10" would include both 9.5 and 10.5. in some "~
measgFptioditeRts the Brakesrtiavenionbielides opntrslfitstdodpesitods hours and

then ARCOMPRIsHChakIRPIOPR RINega-6 fatty acid and at least one omega-3
fag_}{ acid. As used herein, the term "unsaturated fatty acid" refers to a
fatty

S8 TohtRg HOrsEB s BrtipTdinen drrmy soldsTisehiing no eye
drops;|aghioke Hi}Q@ﬁﬂﬁEtﬁJﬁhﬁ@@iﬁ@ﬂﬁﬁ@%@&'—@@ﬂ@%ﬁ%g&@kﬁt%ﬁ Qgiﬁ‘s)-l.-hﬂie mice
e

Were"%l?%ha" carbon is the carbon closest to the carboxyl group and f

RS LAFBBID e ePen B rplaraing sorBRusushi e siNalessabidts hours,
eye degysligauiinbonIebling @il acith(tApnaTSakA resRBctyahL MERMBYRR flucrescein

i .fatté]acids bgcgu,? .they have double bonds six carbons away from the )
sainiff, B3 EEHIERC A Rl B EARFIC AP HoBAISD sty aeie b isadoed in 48

hourhasialdaublefbond dhicee aarheniatomsdiom the omega carbon. As used
acid" refers to fatty acids that have double

heﬁ?iﬁ thg: term; a-3 fatl .
bondeTh e c%m%ﬁ%%%{%‘ﬁg&ﬁ%%feéw StOHPSFYBRARGpIBLNE no eye
dropsarvaidgaeB fattydsithingleesiprising omega-3 and omega-6 fatty acids). The mice
were exposed to combined chamber and scopolamine continuously for six days. At 48 hours,
eye drop instillation began and continued upto Day 6, at which time point, corneal fluorescein
staining was recorded. This was the treatment arm, in which dry eye was first induced in 48
hours and then the formulations and vehicle tested. |
Figure 7: Shows representative images of corneas stained with fluorescein, showing
normalization of surface with formulations comprising omega 3 and omega 6 fafty acids.
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5 WO 2006/007510PCT/US2005/023113 but is not limited to alpha
linolenic acid (ALA). Other omega-3 fatty acids include derivatives of ALA.
W&O%%%%we of ALA is a fatty acid that is _madg:- by a chem|ci;!:,d,{ms2005/023113
modification performed upon alpha linolenic acid by, for example, an
enzyie.%. 18- dong; By.QFganic synthesis, Ex Ifs of omega-3 fatty acids
that areederivatives of AI?%%%C%%I But's I%Sragg;ll% Eiim ﬁécé}l?g? Sroup 1¥wwmg foeye
droppisebmperadnoiubdiorEPayrotoag texeandication(ByaA) famng thilikelhe mice

were ’ idp Gand . 1 2 théx ids. iye dro
A e MR o8 SN QIR AR SR RS, e avop

. As y acid” refers to one or more

instilipdien Begemald Dawible s, 6 vaxdsdilatormesfrontnthieie oregeccaltibrilhis was

the pRIRMROFALEXAMAS AN OMega AIbLALdIRclAes P BNOLIIUIEALD 1. ior
linoleic acid (LA). Other omega-6 fatty 10 acids include derivatives o

of exprgerdadiy. e gbaleRR" of linoleic acid is a fatty acid that is made by a
chemical modification performed upon linoleic acid. Examples of omega-6
fatty acids that are derivatives of linolenic acid, include but are not limited

DETHIERBEfMMIRIHEY (GLA), dihomogammalinolenic acid (DGLA), and
the likerdBeaPMeaMROIMaNts. Hhe caMzQsLIgRCRMPHEaIAIERS! Qﬁk%conditions

non-inflammatory omega-6 fatty acid. A non- 15 inflammatory omega-
of theafyPatiel 161215 britegalisiEy detdothan baacrstiprevmtiabietnsisids (e.g. omega-6

and/dnBarumatinn. acsgme embodiments the inflammation is in the eye or
affects the ocular surface. One of skill in the art can determine if a fatty

acid & AL o P B BRe B mAde ABKGATIF thecraRyS g seresigpe of at least one
essenPEdRate adnflamimationpdki fatbaacishgandaigysivdad Mé%z{t@faﬁyd acid and/or at

L T[comﬁgf)ositic:)[j:. 0Any.method can be used to determine, if a fatty acid, )

cast SRSBIER Gt EHRBR hrHMNTBERIR ARGt ShittHeteisifes iFsseatigl deily acids)

may batinptefedta ohcaospisfitmmation g lbethasaehDikantineePsEIO st one omega-
decreas f. neutrophils or other, cytokipes in certain

6, one Gheaas Yot h%éanél tr{ia}i(?on 1 (ﬁ%t!gne c egf %’%‘qgﬁ‘éﬁ? i}g\ep§t%egy to shift the

ISSUES (Se€, Tor example
ocula 2819l ha T 8Fwaer handGitiotial tht bxplvedn 2402 Adiadinatory mediators. In

196(8).1025-37: Marcheselli VL, et al...J Bial Chem. 2003 Oct 25 31; ..
some S RN B e O s oo of oot acd.
17441256 866:85; (ktatarah‘ Brdtla ndicc ho@yplotiadmid ke 260 3¢1 2 kdih B2s#dinosuitable
. Invest Ophthalmol Vis Sgi, 2004 Dec:45(12):4293-301.). The
for i LR ISR R0 BTl SiPFle L ESBIAOR TR 1 form as
descrgpnjhinstivant tizgloarilivecabsessed by performing, for example,
imm%gﬁiﬁgggge%@% Iiai' fo rs.0f infl Dgtor ells on tissue. , .
sections in vitro, 30 arr?d su séqﬂ%?%%%gﬁaf@%%ﬁﬁé? ga?rf?/é%et%%snd%er Biltts being

modifpd divieticisieg thearmingg Tabewiddhivsalldhisebsbopsth thesadrifriers
inglude, D 3 {Js6aldRarkarn. GRe{narireRtl Hakar) %@i%%%;@%%%y&smons

marker), F4/80 (macrophage marker) and markers of acti

ComPTiaTh AT W OPPTBEIIBTS LOHQTIUSEEEE/02 SRR B IMTE Class
I, £0,8Q ﬁ%@eﬁﬁt@t&@-‘%&%@a@@%@@&dm%@&yﬁ%% acid containing at

-macrophages are all inflammatory cells. The pro or anti-inflammatory
least gpedisbiran BgdnboRdhE €eacits dshipelassussty Syerbradrbihplér identify the
locatidRIGFAMAKE BB OB faysl A UBHAS GRNEARI BRION R ¥RNQUS R oPup and

inflammatory cytokines such as tumor necrosis factor alpha (INF-a) an

* the “Gesps HRID DA L2F AP RCos fRerRie i ORo BB e naletc acid, and gamma-

linole@RNiACTIVA) al e PR tRIpIRYOIS O e dfedRlRmmalans SHUoKIReSHEV R e double
cornea and the conjunctiva can be assessed by performing enzyme-linked

bonds R GATSBIHRIFASIA? (BE ISRTIAAEFIE- g SBtExirekdisnaradels BnAmega 3- fatty
acid Basessad s MRNMbIsalanhrey is8dHaNses P RSP Y BIASE GhBIY.  As used
h .re%%'[ion%%)Pgr(gﬁ?and r%?I- 10 .time PCR. A%example of a fatty acid that
Crelll, S EIP prahtsted ifAh ARSI i It thiacHts altnhashidahle hands threc
carboarmkiit GfohiN Thainogiera katbisnnesenseek theaged)bis SakkioPRty acid includes,
pro-inflammatory. In some embodiments, the omega-6 fatty acid is not
AA or the compositions described hereln are free of or substantially free of

LA or AA. 15In some embodiments, an omega-3 or an omega-6 fatty acid
has a structure as indicated below.
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151291 COOHV- 1291 COOH The top structure is an example
of an omega-3 fatty acid. The bottom structure is an example of an

w8TSY (-}E;sfﬁ,tty acid. These structures are used for example 0@%1%&85%53113
modifications 20are possible. Modifications can occur, for example, at the™

but i§ aIrLB%) W&%@%%{OHEF faﬁ'%%%l% acécfo\ i&%jd pé%x\)/égug I ééQ% ce oasclzglgsn include
can comprise at least one omega-3fatty acid and/or at ledst one omega-6
deriviattysacit Alh/somde Binbiedimehts, thbAdmpokitipeconiprises mptEabytwahemical
.pmega-6 fatty acids and/or at least two omega-3 fa ty %ids I e .
£ . Ti
o e R S T S ol (Sl A come vy
organir yastGiemegarplattylacidg®s fit)orsls|dastad; deteastvds af 16agt . 5pohude but
are &l ﬂleﬁ%ﬁ%g t%m%gc%g f%t{é/e 8{95:51(:%8 eé‘é%SQAﬁ%%QéﬁoI@%&ﬁ%%ﬂ ,0 nd the like.
comprises 2, , D, OF 6 omega-6 fatty acids. The composition can’also
An “agoagers&Ry 3cil 5 0r@oMmisga®fattpacidsiega-Agidisetissed herein, the
fo%%@é@ﬂﬁr@l%'ﬁ%&gtﬂ? E%%Eg%%b ﬁ;{?ﬁ;@&ﬁfﬁ@&%@ﬁ@t BCmore fatty acids that
compositions. The present invention may also be useful as a wash or
have jariderida sondioh mrbon atoms  from their omega carbon atoms. For example, an
omega-6 fatty acid includes, but is not limited to linoleic acid (LA). Other omega-6 faity
acids include derivatives of linoleic acid. A “derivative” of linoleic acid is a fatty acid that 1s
made by a chemical modification performed upon linoleic acid. Examples of omega-6 fatty
acids that are derivatives of linolenic acid, include but are not limited to, gammalinolenic
acid (GLA), dihomogammalinolenic acid (DGLA), and the like. In some embodiments, the
composition comprises at least one non-inflammatory omega-6 fatty acid. A non-
inflammatory omega-6 fatty acid is an omega fatty acid that does not promote or cause
inflammmation. In some embodiments the inflammation is in the eye or affects the ocular
surface. One of skill in the art can determine if a fatty acid causes or promotes inflammation.
If the fatty acid causes or promotes inflammation, the fatty acid can be excluded from the

composition.

Any method can be used to determine if a fatty acid promotes or causes inflammation.
A method that determines if a fatty acid can promote or cause inflammation can be based on
an increase or decrease on the infiltration of neutrophils or other cytokines in certain tissues
(see, for example, Hong S ef al,, ] Biol Chem. 2003 Apr 25;278(17):14677-87; Serhan CN, ef
al. T Exp Med. 2002 Oct 21;196(8):1025-37; Marcheselli VL, ef al., J Biol Chem. 2003 Oct
31;278(44):43807-17; Serhan CN, ef al., ] Immunol. 2003 Dec 15;171(12):6856-65; Hamrah
P et al, Arch Ophthalmol. 2003;121:1132-40; or Luo L er al. Invest Ophthalmol Vis Sci.
2004 Dec;45(12):4293-301.). The infiltration and activation of inflammatory cells in the
cornea and conjunctiva of the eye can be assessed by performing, for example,
immunohistochemical staining for markers of inflammatory cells on tissue sections in vitro,
and subsequently analyzing the stained tissue specimens using scanning laser confocal
microscopy. These markers include CD 3 (T-cell marker), GR-1 (neutrophil marker), CD11b

(monocytic marker), F4/80 (macrophage marker) and markers of activation of inflammatory
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WO 2006/007510PCT/US2005/023113 conscious individuals, during
surgery, or to treat the dry eyes of comatose patients or those who cannot
W%{I%&'Jﬁ) 10 muscle or nerve damage, neuromuscular blockade or loss of

the eye ids. Topical administration of a composition accordingpt% {hg2005/023113
celldNyeRten @E&prli?e%jﬂf {0 the preparation, composition, or.topical

ac¥ministration from a dctag\%/jli:(r-:‘bﬁgelegcgfe f%?gh a g?gryg’ c%%tg}gﬁ%é} St Fonocytes and
macppirhpeeathert syitaemagomanlis. or a sustained release device. The

pre@ﬁé%&%”op&&ﬂﬁ%ﬁﬁﬂ?ﬂ@}?t@ﬁ%% %g%ﬁoa@émso%qh%og 3! Qnoglghi)e assessed by

preparation in a carrier vehicle selected from-a group cog&stmg of rops ?
for ermms; gesrwinizeibs artdipokviviess Asclised lgereirexthrestéom of various pro-
inflathEARPdyRIRAEe dRMAR InAravse e ARIVSANAGYS 40 308N thin-1 ben

-~ composition over a period of time. The "sustaine vice
(L-Poll s dael s thasithia WiBte(eoretnend iy agditeopiatspsitibnof the pro-

inflANSRBHRLESHIALIMNE a8ORPeRE I raleasinA e RNEG %@‘9&5’%&%&%@ erfbrming
made from arly

comgr[?gitior_l or active agent all at once. A "matrix" can be _
€ Phdmeepasshens anspRghdiid prapatericteer sopwrsoatibvels can be

asseRFQPBIAHRING GOIRRASIUON:ARCRAH IS 10, (S IRVERIRE GRNn DY WaY: PCR) and real-

. __hon-limiting 15illustration, be applied to the eye (e.g. ocular surface) in =
time i Ra QLA A< 480 ardsh BrisRRIASOIR PrRRRc B ammatier dnlmeleic acid or
arachi¥R SRIRAAS IO IEAMAIGR: CAMINISE SRAANSSRIENSE IR GAMBERINANSIA to be

may be infused into the tear film via a pump-catheter system. In other
pro-giBEdiAeRts the compositions can be contained within continuous or

othgy selastivarkelaasadevicesdRbexamle. a.membigne in gengral. itiSositions

desired that the mode of 20 application be such that the compounds enter
descietbhiraimags frael cosrietanitrltndreanbbé orhéeye. In some
emBPdineNtm HRGRMROIHOPHRIRIS P 3P ERBDE earfalRH WIthID 8ructure as
) ,SW%b of sponge which can be applied to an ocular surface. In some
111d1% c}iﬂ"h‘@fnts, of the present invention a composition or a preparation can
be contained within a ligytd spray wghich can be applied to tha ocular
surface, hisot HEeNts; mpesitio r atiof2%y4n be
injected directly into the lacrimal tissues or onto the eye surface. A
surgically implanted intraocular device or matrix may be a reservoir
container having a diffusiple wall of polyvinyl alcohol or polyvinyl acetate.
Such a-device.or matrix-contajri n amount of a compositpndescribed
herein may be implanted inthe sclera” As another 8xampte, an amount of

The téliap @@mpﬁsitﬁ&){m@@sﬂ m@m@gategajmaim?'}?he&lﬁﬁt&ﬂ Bﬂ@i‘ré]i&rbaym%xampie
. _dimensi of ahqut 2 mm x 4 mm, and made of a polymer su S . .
of oy R A RS o DR e R AT BT 6 S B A o ifcations

are iiptdesudtodisi sehasicacidean domesa e linplabted:bo:thessolerafahdtihe acid.
eye. This is usually accomplished with the patient receiving either a topical

or lbsaitzinégthwticrahd tsinmpammigibi3s4nneemi@e at least one omega-3 fatty acid
and/6P 91:%9&%?%919 %&Qg‘e{%zpa?é/%%l%% some embodiments, the composition comprises at
least two omega-6 fatty acids and/or at least two omega-3 fatty acids. In some embodiments,
the composition comprises at least 3, at least 4, at least 5, or least 6 omega-6 fatty acids
and/or at least 3, at least 4, at least 5, or at least 6 omega 3 fatty acids. In some embodiments,
the composition comprises 2, 3, 4, 5, or 6 omega-6 fatty acids. The compositioﬁ can also

comprise 2, 3, 4, 5, or 6 omega-3 fatty acids.
As discussed herein, the formulations disclosed herein can be prepared as ophthalmic

compositions. The present invention may also be useful as a wash or irrigation solution in
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incision) made behind the cornea. The matrix, containing the
composition(s), is then inserted through the incision and sutured to the
weclsiaddsing 9-0 nylon. A time-release active agent delivery system _

may be implanted intraocularly to result in sustained release gﬁ#g 52005/023113

omega—ﬁ %ncpo&om%ga-B fatty acids ove aﬁriod of time. The 5 | I
consCions ARFABIA S TAHBIE MEP BE i1t F5Rn"0f Seap e bf 3Ry Brqpaticnts or those
who miymér&ﬂreh.i@uelyrdisﬂmsgdléevg.thgamalmcmmuMIm&mi&bm&s of the
eyelicps(.).ly(l‘?gtl‘icf)a? %%h%%%? on%xdngeez 85]:'1% Igﬁt}t%? ta@g%cggggotromt gtéop?g%ﬁlggaggmprises

microspheres. As an illustrative exarmple, the ac ent
infusianddrtienpgasfatty acidgpataytbermoechvittinpolpuiaybaltohold RvAYe selected

the mixture then dried and coated with ethylene vinyl acetate, then cooled, .
from g%{)u ﬁlﬂg&\ﬁﬂgrﬂgg ]%Hggﬁca cier 5 emy % IVI\zll \él‘lr%) or a SIIS?ZHIZ]E’:(;| 6%?6&56 dCVlCE.

n ve agents bouhn osomes may
The rapplietdopivalypieithedinitisficion ofulropswisasiapeetus biskd Eremmasion in a
carrie?VIRAPSISEIPdiaO Ry 0.8 0 UAIRROTIORIRLARRNCALON R ana
~ active agent is slowly released over time as the Liposome capsufe
liposadegprades due to wear and tear from the eye surface. In a formulation for

in g%%ggﬁﬁépéﬁﬁut%@t% “%8 {H§d‘i%Pe%‘déed%9§:@dﬁsad&é%i%% (Eﬁ%ué%g'vers an active

digestion. Both of these formulations provide 15 advantages o ow
agent el sastasifie agent denigshpitistend horévigingahegbenie ntewich csisstsast less than

the “asﬁeﬂénﬁtaﬁ%aa%%oafg,l%aﬁir&ecﬁ?ﬁo@{mﬂ'a%pao A EPINGA.6lea8Eosed to

is accomplished, for example, through various formulations of the )
releasjph iblecalifc epaierl of thicouragtierospidies epenbalbriumssatdd ‘matrix” can be

made SARRUSy HRILAKIPANMME, SOMPIRERSHRIlaME! BE5 MEIaMEl Al siration.

structure, and combinations of the above, etc.. Other variables may o
inGIUIEPATELION YatienPeBHARMERBRIAB E- BitarHeriden sambypiramé s limiting
illustéRi8n, PRAHPIRASIVBRAS e RIBS MR Ale AL 131 aRERANG NGNS )a drop or

.. The formation and loading of rnicrospheres, microcapsules, liposomes,
withigRIR§HeiBdeuldh IR on afBSs CHMRREE i8N AfGua S K FEWPHEIEofte factants.

Furthskitied dbqipesaibdonexapeniehtes Uss moangielnuinaustBinesdaleasesystem. In

implant to treat cytomegalovirus retinitis, disclosed in Vitreoretinal Surgical

other PRSI B, FRAIPRTHPMESR DM DHIL CORHH 2D BRI ptective-

releasdSderland sk ehit R maeeutibalne ontralled Relpakeid eckiRoogst \Wisemode of
i Ed.%l%arce Dekkgf% New York 2000), the relevant sections of Whjfhh are
appliGRAAR SR 1) iR AR RIS AP TR G AR (SR OF ek 8B HithtHthe surface of
the ewompositiorscaftibéipesenhinvenioritioaybefosmedonycdispersinghiied within a
dissolving the selected fatty.acids in a suitable.carriet. Any carrier known
swa A T ATy BB b A CRBRFto ek ARG of the
presecomypositioas efijheii@sent ipnpativionSaitdlelecasiied widiide Materspray which
saline. solutign, mineral ojl, petroleum jelly,. C15-20 alcohols, C15-20 R
ean b B Rl A S S heaier preparaton
can bthejestadodtitylikdo Whbreihe!l semeted catrichcaymedrdissolve the fatty
a%ds a siuﬂ%ctzimt mn%é{db?nﬁ gﬁgar?go.gg%gl(%?g‘SLOPCT/éJ82005/023113

Inembédiments where the atty ac S'are not soluble i the selected container

havingarrigfiitsibldesatille nolyemting thelfattpdpideythdatrierSantl 2 device or matrix
rf i ol 0 ' i i ts

conta O L T, sl 4

anothgfiggxaibplet Banicrotntess thiagebperidon(mionsn, by lessrivanteh dufp0a0psymeric

- Mi : iti G SQ G S r nis-t I
O B S i o 1A 2 Whimer such as

polycapistegientheglifaly vdige ivetb eyt ésjeasidri inolviabaiivide Toreafdimd such as

sebacBCiAS A aenarally waterinsolile andavhen Bt ipto Asalt wgisf1§sa%'g£feﬁgpzished

solution will be even more insoluble; therefore, they need to be emulsifie

with {rnpatipicrariying tridherra Japjcabriplamleanpsiheiiciong asprgatcsmall (3-4 mm
non-polar group of the omega-3 and 6 fatty acids and a emulsification
system that that will slowly release these water insoluble aliphatic acid into
their surrounding environment. Thé use of a surfactant may vary
dramatically depending on its FILB value. The properties of a surfactant
can include, but are not limited to, be surface active and reduce the 15

surface tension to below 10 dyne/cm; be adsorbed quickly around the
Aienearcead Arone ac a rondenced nonadherant film which will nrevvent
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(ethoxylated methyl glucoside), dioleates ethoxylates based on methyl

glucoside, such as but not limited to DOE 120, block copolymers

comprised of a hydrophilic polyethyleneoxide (PEO) core flanked by

Wﬁy?ﬁf%ﬂ%idfb polypropyleneoxide (PPO) subunits (reverse PluFédidE)2005/623113
. sorbitol ester surfactants ("SPAN" type surfactants) and combinations

incisiudBrdinirhiadihs, CLESROTRSTBADTSIOATAG ST0UBIOPSIcE(s), it diste inserted

throh SNAWSRKARNIAS QliAOMIIRMLISIQRSAND.AMEIALS of the surfactants
that can be used when emulsifying the fatty acids. However, other

amOUHS CalT 6 BE 1 4EaTTABIECTY mutirmANGh be Fefitisfolpaccularly to rosult
in sisommdatinns bouhelatieeARatioof e efdofawsight@medasdteriod of time. The

imp1(zl)nr’£rz]1%?ea_fgn%3:!'tigonoﬁg'ajg 'get?nO' el'fgrgg %'foallégptg;é%fvz\i/rze}igg‘% &%2: %%lymers previously
disclosed (e.g., polycaprolactone, poly(glycolic) acid, poly(lactic) acid, polyanhydride) or
lipids that may be formulation as microspheres. As an illustrative example, the activé agent
(e.g., omega-6 and/or omega-3 fatty acids) may be mixed with polyvinyl alcohol (PVA), the
mixture then dried and coated with ethylene vinyl acetate, then cooled again with PVA. The
active agents bound with liposomes may be applied topically, either in the form of drops or as
aqueous based creams, or may be injected intraocularly. In a formulation for topiéal
application, the active agent is slowly released over time as the liposome capsule degrades
due to wear and tear from the eye surface. In a formulation for intraocular injection, the
liposome capsule degrades due to cellular digestion. Both of these formulations provide
advantages of a slow release active agent delivery system, providing the patient with constant

dose of the active agent over time. The formulation of a sustained release is accomplished,

for example, through various formulations of the vehicle—e.g., coated or uncoated

: microsphere, coated or uncoated capsule, lipid or polymer components, unilamellar or

multilamellar structure, and combinations of the above, etc.. Other variables may include the
patient’s pharmacokinetic-pharmacodynamic parameters (e.g., body mass, gender, plasma
clearance rate, hepatic function, etc.). The formation and loading of microspheres,
microcapsules, liposomes, etc. and their ocuiar‘impiantation are standard techniques known
by one skilled in the art, for example, the use a ganciclovir sustained-release implant to treat
cytomegalovirus retinitis, disclosed in Vitreoretinal Surgical Techniques, Peyman et al., Eds.
(Martin Dunitz, London 2001, chapter 45); Handbook of Pharmaceutical Controlled Release
Technology, Wise, Ed. (Marcel Dekker, New York 2000), the relevant sections of which are
incorporated by reference herein in their entirety.

The ophthalmic compositions of the present invention may be formed by dispersing or
dissolving the selected fatty acids in a suitable carrier. Any carrier known to be
ophthalmically compatible may be used to make the ophthalmic compositions of the present
invention. Suitable carriers include water, saline solution, mineral oil, petroleum jelly, Cisag
alcohols, Cis.20 amides, Cys.0 alcohols substituted with zwitterions, combinations thereof and

the like. Where the selected carrier cannot dissolve the fatty acids a surfactant may be added.
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Weight (g) % Weight (g) % Weight (g) % Glue= E-20 14.79 1.48 19.64
1.964 19.56 1.96 19.23 3.81 Tween 80 14.71 1.47 19.8 1.980 19.61

WO 2006/007510 PCT/USZ005/623113

In embodiments where the fatty acids are not soluble in the selected carrier it is
desirable to combine the fatty acids, the carrier and surfactants, if any, to form an emulsion
and in some embodiments a microemulsion. Suitable microemulsions can have droplet sizes
of less than about 1 micron, less than about 0.1 micron, or less than about §.005 microns.

The compositions can also comprise surfactants to help “solubilize” the fatty acids
(e.g. essential and/or unessential fatty acids) such that they may be delivered to the eye of an
individual. |

The fatty acids are generally water insoluble and when put into a salt water (saline)
solution will be even more insoluble; therefore, they need to be emulsified with surfactants
that are very compatible with the long aliphatic non-polar group of the omega-3 and 6 fatty
acids and a emulsification system that that will slowly release these water insoluble aliphatic
acid into their surrounding environment. |

The use of a surfactant may vary dramatically depending on its HLB value. The
properties of a surfactant can include, but are not limited to, be surface active and reduce the
surface tension to below 10 dyne/cm; be adsorbed quickly around the dispersed drops as a
condensed, nonadherent film which will prevent coalescence; impart to the droplets an-
adequate - electric potential so that mutual repulsion occurs; increase the viscosity of the
emulsion; and/or bé effective in a reasonable low concentration.

A pharmaceutical and/or ophtbalmic acceptable surfactant can also be stable; be
compatible with other ingredients; be nontoxic; possess little odor, taste or color; and/or not
interfere with the stability of efficacy of the active agent

Oils also have HLB values assigned; hoWever, this “HLB” is relative as to whether an
oil-in water emulsion is to be stabilized. Surfactants, generally, should have similar HLB
values to that of the respective oils in order to achieve maximum stabilization. Mineral oil
has an assigned HLB between 2 and 5 depending on its number average molecular weight
(Mn). Accordingly, the HLB number of the surfactant for mineral oil should be around 4 and
10.5, respectively. The desired HLB numbers can also be achieved by mixing lipophilic and
hydrophilic surfactants. The overall HLB value of the mixture is calculated as the sum of the
fraction times the individual HLB values.

Exemplary surfactants are Tween 80 (ethoxylated sorbitan monooleate), Glucam E-20
(ethoxylated methyl glucoside), dioleates ethoxylates based on methyl glucoside, such as but
not limited to DOE 120, block copolymers comprised of a hydrophilic polyethyleneoxide
(PEO) core flanked by hydrophobic polypropyleneoxide (PPO) subunits (reverse Pluronics),
sorbitol ester surfactants (“SPAN” type surfactants) and combinations thereof and the like.

10



1.96 19.43 3.85 Saline 968.4 96.85 955.8 95.557 941 94.10 442.03 87.55
Omega-3 1.01 0.10 4.01 0.401 9.89 0.99 19.23 3.81

WO 2006/607510 PCT/US2005/023113

Table 1 shows examples of various emulsions and amounts of the surfactants that can

be used when emulsifying the fatty acids. However, other amounts can aiso be used.

Table 1: Formulation 1 Formulation 2 Formulation 3 Formulation 4
Ratio of % of | 0.1 tc 0.1 0.4t00.1 1.0t 1.0 40t01.0
total weight
Omega-3 fo
Omega-6 :
Weight | % Weight Yo Weight Yo Weight (g) | %
(2) &) ()
Glucam E-20 | 14.79 148 | 19.64 1.964 | 19.56 1.96 19.23 3.81
Tween 80 14.71 1.47 | 19.8 1.980 | 19.61 1.96 19.43 3.85
Saline 968.4 06.85 | 955.8 95.557 | 941 04,10 | 442.03 87.55
1 Omega-3 1.01 0.10 |4.01 0401 | 9.89 (.99 19.23 3.81
Omega-6 0.99 0.10 |0.99 0.099 | 9.89 0.99 4.95 0.98
Vitamin E Tdrop | * 1 drop * i drop * I drop *

Table 1: Examples of compositions used to emulsify omega-3 and omega-6 fatty acids.

The amounts of the omega-6 and/or omega-3 fatty acid can be stated as a percentage
of the total composition. The percentage of the omega-6 and/or omega-3 fatty acid can be
determined by any method, but can, for example, be determined by dividing the weight of the
fatty acid by the total weight of the composition. The percentage of any componeni of a
composition can be determined in a similar manner. For example, the weight of the
component is divided by the total weight of the composition to give the percentage of the
component in that composition.

In some embodiments, the total amounts of omega-6 and omega-3 fatty acid is present
in an amount equal to about 0.01, about 10 weight%, in some embodiments between about
0.01 to about 6 weight%, and in still other embodiments from about 0.05 weight% to about 5
weight %.

The amount of omega-3 fatty acid which may be present in the ophthalmic

-compositions of the present invention include from about 0.01 to about 10 weight %, in some
embodiments from about 9,05 weight % to about 5 weight%, based upon all the componenis
in the ophthalmic formulation.

The amount of omega-6 fatty acid which may be present in the ophthalmic
compositions of the present invention include from about 0 to about 10 weight %, in some
embodiments from about 0.01 weight % to about 5 weight%, based upon all the components
in the ophthalmic formulation. ‘

In some embodiments it is desirable to provide a composition which will return the
balance of omega-3 fatty acid:omega-6 fatty acid in the eye to about 1:1. To accomplish this
for many people in western countries such as the United Stated and Europe, it is necessary to

i1
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Omega-6 0.99 0.10 0.99 0.099 9.89 0.99 4.95 0.98 Vitamin E 1 drop 1
drop 1drop 1drop* Table 1: Examples of compositions used to

wenMsiy-amega-3 and omega-6 fatty acids. The amounts of the-emeQa:823113
and/or omega-3 fatty acid can be stated as a percentage

provide formulations which are rich in omega-3 fatty acid. Accordingly, in this embodiment
it is desirable to provide ophthalmic compositions which have ratios of the omega-3 fatty
acid:omega-6 fatty acid, from about 10:about 1 to no less than about 1:about] and from about
from about 5:1 to about 1:1, from about 4:1 to about 1:1, from about 3:1 to about 1:1, from
about 2:1 to about 1:1, about 1:1, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about
7:1, about 8:1, about 9:1, or about 10:1. The ratio is based on the total amount of each class
of omega fatty acids.

The ophthalmic compositions of the present invention may also comprise at least one
surfactant. Suitable surfactants for the ophthalmic compositions of the present invention
have non-polar aliphatic tails that are similar to omega-6 and/or omega-3 fatty acids. Using
surfactants that have similar éliphatic tails produces a more stable emulsion and helps to
match the dispersive forces required for emulsion stability. The “like” non-polar tails of the
surfactant and fatty acid also help in producing stable emulsions at higher concentrations of
the material.

Surfactants are characterized according to the balance between the hydrophilic and
lipophilic parts of the molecule. The hydrophilic and lipophilic balance (“HLB™) is an
indicator of the polarity of the molecules in a range of 1 to 40, with the most commonly used
surfactants having values between 1 and 20. The HLB number increases with increasing
hydrophilicity. For polymeric surfactants the HLB number may be calculated using the
following formula:

20(wt hydrophilic monomer/wt polymer surfactant)

20(1-S/A) |

S = saponification number of the ester

A = acid number of the acid

Saponficiation number is the number of the total free and combined acids in a fat, wax
or resin expressed as the number of milligrams of KOH required for the complete
saponification of one gram of the substance.

Acid number is number of milligrams of KOH neutralized by the free acid in one
gram of the substance.

When a saponification number cannot be obtained, the following formula may be
used to determine the HLB.

HELB = (E + P)/5
- Where E is the weight % of the oxyethylene
P is the weight percent of the polyhydric alcohol.
12
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5 of the total composition. The percentage of the omega-6 and/or
omega-3 fatty acid can be determined by any method, but can, for

v%@%@)ﬁw- &,determined by dividing the weight of the fatty aci%?;“&g&g%ln 13
weight of the composition. The percentage of any component of a )

composition can pe determingd in a similar.manner. For e le, the -
oSBT OO o S S tar el F o e CHFsoSteRpsicions of
the tpghathe petdenthgecofthe 1oedmpohentterthsb@ampbsitidnaboud 20, in some
some embodiments, the. total amounts, of amega~6 and omega-3 fatty acid
e AP Ay o C0RH LY G M0 R S con abo
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weiPdiments.1pm about -0 neighi®t 10 aboutS weight 6, aThe.,
mount of omega-3 fatty acid"which'may e present in the op Hhatmie
emigainpositichs péttepssentinveuiiokincidbdnom mbout.03 teeathoit18bout 1 to
weight %, in,s0 ?mpogﬁmﬁ 0 out 0,05 yveight % to about 5 '
abOng%o%%’%%s"éég ugffon all the crgr?wvg%@%n?é E#:11dtcr%}éeg’ol’|§¥1eet'halmic formulation.

Theldmounpofitnmegasecfatyricithwhitrmane serfireisent il thecopihsitics of the

pres\%%lig %%%W‘BQE 85&&%1%&%‘?%}@5 | %tjt'ﬂactl%%Iﬁqg&iﬁ%gﬁ%t%:ﬂggg&qhe active

t %, In some embodiments from about 0.01 weight % to about

In some
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2006/007510PCT/US2005/023113 provide formulations which are rich in
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cterized according to
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the molecules in a range of Ifo 40, with the most commonly used
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may be calculated using the 20following formula; 20(wt hydrophilic
congisiigineriv sIRpAsiisasaatpgbout 10 to about 14, about 10 to about 12, about 10 to

about 14, about 13 to about 14, about 13 to about 13.5, about 13.5 to about 14, about 12 to
about 13, about 10.5, about 11, about 13.5, about 13.75, about 14, and the like. In some
embodiments, the pH of the coniposition is S5to 8, 55t0 7.5, 6to 7.5 6.51t0 7.5, 691to
73, 695t0 7.2, 7.2, 695 6.12, 554. In some embodiments, the conductivity of a
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20(1-S/A) S = saponification number of the ester A = acid number of the
acid 25Saponficiation number is the number of the total free and

wEPIRINgS Acids in a fat, wax or resin expressed as the numbeircoifmszooa'm 3113
milligrams of KOH required for the complete saponification of one gram o

the..substance. Aci berjs number of mjlli f
cor T By 4L a T e L Do Sl e e 14, 121
13, dégonlflcatibh, nlifvitber chrmdtthe ldbtained, the following formula may be

us termi IS. = (E+ R) =S t iaht % of

e T o 1 NP o o0
aboJo6/00 76RO/ B2088/0R3LTBt 300 Chnevallyswlrdictsnts Wisichnapguity of the
comﬁugﬁ%?}r‘? f0r4486.4n 405, CRENAINHCOMPOSILENS qliie RieS8nhINYBALSRY, 150, 250,

ave HLB numbers between abogt 10 and about Zd, in_ some
300.emBoans s diketwiwerpalsotmbodangrih dhe Tmaldinysiiliiethéan 550, 525, 500, or

450 emRediments behweenabouh dh.a0d ahaut 16, 1n semesmpedimeniaothe sos.

composition comprises about 0.5 to 20.0 5 weight% of surfactant, based

updh arBEnsHehrshrsarithdieoimyeaition iindmaedibdbrmentsaliwpplication of a

comB@éﬁ%H%%aﬁﬁ%%‘U&ﬁﬁﬁ%{ﬁaﬂ%%% felRahub A WEIgtE Ve BR9UIalOk ¢, GLA
about 10 weight %, about 1 to about 5 weight %, and the like. The

and EYH sk shrRlggsEeRsrIi St & tiarcslid e griapedidingnled nidtbigafdienPHA) as
an dlBcPRRSeRLI@RLON e FaRtainather sepiposents dhatwowddasilitale discussed

the delivery of the active 10 agent (e.g., omega-6 and/or omega-3 fatty
herejithy pRaRBRRISIN5 RIS rEWERt S nTRALRSH YRy Fortfsr BsMiRRein dry eye
synREAIOARICHMPOREME ayshuasiBnliawgiassDEilpiAReRssaNiavitis and a wide

adjysting agents, chelating agents, preservatives, wetting agents, .
rangh QIREr SOBEHBRationS thePEtFahd IHENTIQN SRtABIR S mplesRfic fatty acid
comkBoMa by hnseedstdiiip tieaitdamone amhedimentsdheLomPasitivaceutically

co rises,salin%_l%somepi?m odimelnts, e, composition 15 cor{;prises ..
acospaRin BT SYTHI St rts, 48 ki e Afre PUE 20T limited to
hyalgesnfosiiid ndseguatdch oRiapiradnathiy 04N contidiRdormpesitiaisulation is

also have other properties ?gt can eftect the properties of solupilization .
s R oL GaTVER (A R EAPB FArVEE HBAHERS o istered in
susthikainpieawef famtyhesohpiopertiésdhat daivi b @inodibed-Acepsihyowir,inr by on-site
deli\-rre?g Ieugih]g-aglllecgﬂes, gels or liposomes. Orally, the fatty acids comprised in the
composition of the invention appear to be well-tolerated in a dosage of up to several grams
per day. Optimal dosage and modes of administration for topical use of the composition of
the invention can readily be determined by conventional protocols.

In some embodiments, the omega-6 fatty acid compound is DGLA and the omega-3
fatty acid compounds are EPA and DHA. In some embodiments, EPA and ALA can be used
as the omega-3 fatty acid combination. In some embodiments, the composition comprises
either GLA or DGLA, or both, and cither EPA or ALA, or both.

Additionally, the present invention includes methods of treating eye conditions and
disorders comprising administering to an ocular surface a composition as described herein. In
some embodiment, the present invention provides methods of increasing the age at which
individuals can wear a confact lens comprising administering composition to the ocular
surface. In some embodiments, the administration is a iopical administration. The
compositions of the present invention can also be used to treat a condition such as, but not

limited to, adnexal inflammation.
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PH Conductivity Osmolarity Formulation 1 7.19 13.83 466 Formulation 2
6.95 13.43 456 Formulation 3 6.12 11.98 483 Formulation 4 5.54 10.46

wblBdsndwa PCT/US2005/823113

The term “eye condition and disorder” includes dry eye syndromes. According to the
National Eye Institute Workshop on Clinical Trials in Dry Eyes, Dry Eye Syndrome (DES) is
defined as a disorder of tear film, resulting from tear deficiency and/or excessive tear
evaporation, causing damage to the ocular (eye) surface and causing symptoms of ocular
discomfort. The National Eye Institute Industry Workshop also produced a classification that

essentially separates dry eye syndrome into two major types: fear-deficient forms (including

- Sjbgren’s syndrome and non-Sjdgren’s tear deficient) and evaporative forms. The tear film

normally covers the front part of the eye, namely the cornea and the conjunctiva. The tear
film is constantly exposed to multiple environmental factors, including variable temperature,

airflow, and humidity, which may stimulate or retard its evaporation. In particular, a low

- humidity setting in the presence of a significant airflow increases the tear evaporation rate, as

© is frequently reported by subjecis in desiccating environments. Indeed, even people with a

normal tear secretion rate may experience dry eye symptoms while exposed to dry
environments, such as in airplanes and dry workplaces. Interestingly, it has been
demonstrated that ocular surface tests results for dry eye, such as the Schirmer test and tear
break-up time, are decreased in subjects who live in dry climates. The present invention
provides freatment of such conditions as well as other conditions that are considered to be a
part of dry eye since regardless of cause, all dry eye shares the ‘common denominator’ of
ocular surface dryness and epithelial damage, endpoints measured as part of the data
contained herein.

An “eye condition and disorder” -can also refer to, but are not limited to:
keratoconjunctivitis sicca (KCS), age-related dry eye, Stevens-Johnson syndrome, Sjogren's

syndrome, ocular cicatrical pemphigoid, blepharitis, corneal injury, infection, Riley-Day

. syndrome, congenital alacrima, nufritional disorders or deficiencies (including vitamin),

- pharmacologic side effects, eye stress, glandular and tissue destruction, environmental

exposure (e.g. smog, smoke, excessively dry air, airborne particulates), auioimmune and

other immunodeficient disorders, and comatose patients rendered unable to blink. Dry eve

- can also be defined as a condition with a decrease or change in quality of tears irrespective of

the presence or absence of comeal and conjunctival lesions. It includes dry eye conditions
found in the patients of hypolacrimation, alacrima, xerophthalmia, and diabetes, HIV/AIDS
etc.; post-cataract surgery dry eye; allergic conjunctivitis-associated dry eye; and age-related
dry-eye syndrome. Dry eye can also include the conditions found in hypolacrimation patients
induced by long time visual display terminal (VIDT) operations, room dryness due to air-
conditioning ,and the like.
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290 Systane 269 20Table 2: Properties of fojutulations 1-4 shown in
Table 1. In some embodiments, the pH of the composition is about 5

wio Rbowi-8;about 5.5 to about 7.5, about 6 to about 7.5 aboutpc%;‘(?sg&%b 3113
7.5, about 6.9 to about 7.3, about 6.95 to about 7.2, about 7.2, about 6.95,

abayl6, 1% ARNE ARG ﬁﬁhﬁ%’i@g SMROAIMEN S e §ond Eﬂ'&%ﬁ Oa{b%)lﬂlti Oconscious

. ..composition can be about 10 to about 14, about 10 to about 12,
indivipalsening s EBEHCT Saabun oo nY e ke ihaS: 5 laboume8igink due to
must@aRU-AAd RO, %ﬁﬁ)ﬁﬁ@b’ﬁl&?’b%ﬁ%@&%?&b@fﬁé Jey@ﬁ&'é:’t 13.5, about

13.75, about 14, and the like. In some embodiments, thé pH of the

conpBsRiBIFH BtBUSTS €877 856 ey 7291BIBIRSTES, .90 MdivBlgsl thgiohas been
iden?if?acﬁiggheédl%e%gﬂofrh%?@srﬁgﬁdd@g&%%d%%r@ﬁﬂd%tévfﬁﬁm(ﬁia\l,vcgn be in need

2006/007510PCT/1152005/023113 composition can be 10 to 14, 10 to 12,
theregs.f 12e welhgdual feseesiddanibag avsufiesing o1 bisying tha ®nigips,of dry eye

syndkdmandding Weskill i S8ReeMBAIMEnts 11B6 ASMAAIEY AhdNBatient in need of a
compositjon is abouyt 100 to about 600, about 150 to about 500, about 200

treatgenh R 456V ¥BHEBMbodiments, the osmolarity of the 5 composition
is 40046 Q1 ¥ RE0HAZRIR H A0 00 300, HOUsLPMh ARMRRDS treating

ol 300, 350, é\nd the like. In some embodiments, die osmolarity is less than
inflagupaio Ol €450, In some embodiments, the osmolarity is greater

thaih 486heA2mba8n s, BROpRIsEASinventibSBRERIBDAHMEM S thRrmalizing the
. inyention is directed to the topical application of a composition comprisin
rato, S Hatih GF A B B e D e A TAGF AT T B A Acpmea 3
to orXgh A)famgd atideashdredomegadd @itthadds (€ £, iHding AkAefRd\populations,
the E}%rfd/og DtJ-LA as,an ffecti e.thgrargeuti&c S raéggy t(r)t}gﬁcrease ocular
EOPAEC TR ati o~ A KIS & SR R e PR R AR AT SRS 6Ees such as,
but sutfdoeiedn toe digenyio, fpndmarapte, muirieye synrdiamiegieemiads comprising
land.dysfunction, blepharitis, atopic keratoconjunctivitis and a wide range
o e e S TR A 0 B Rl paS e O ersbeie Fadgey ocular
surfameidil Syeorapdundsihia thenepeutidally:ttfectivenagnobiibanddan foeomega 6 fatty
g4 i ha Jtically acceptable carrier vehicle suitgble for. )
e e P R R e e oomn 21,
abouinithylbetiufoseabastd: Vetiolss! ‘A tooriteolidd relebse firiolatiort iKasor about 1:1
to atQRtemplated. For example, the compositions of the invention can be
administered in a sustained release formulation using a biodegradable
biokrisatipei peigraé the Pipar-sive P elindry adingimiicelids, thekyers a topical

prepg&%%m%-sg{élI¥n1%{ﬁ§%@qq§lﬁm fé%%ga%mg()?ﬁ pf%g‘f‘gt&'ﬁ%%ﬂ?ons described

invention appear to be well-tolerated in a dosage o everal grams

herelyep srafepivmbiRisadecamaandived o amipisingtimoor gepicaldisecoiega-3 fatty
acidfh&ie0MRosiiRnRftee lnuepfioR.can ’i%@dﬂi/e?%gﬁ&%”%lﬂﬁc%ﬁy can ai%o contain a

conventional protocols. In some embodiments, the omega-6 fatty aci

physielagietaceratiearrhin ot deps Sd ngtrindbrl b epsosriers ardnERanventional
criteARd DAV ERSRRE SMROLIMSMSHER ARRNG AA &ﬁﬁmnﬁ%e\geﬂ%@sewhich include,

omega-3 fatty acid combination. In some embodiments, the composition

but soidBuitshae-GrHcs B EReSr Bisth 2arepbiatby ey ol iy visis such as

polyvinyl alcohol and povidone, celiulose derivative such as methylcellulose and
hydroxypropyl methylcellulose, petroleum derivatives such as mineral oil, white petralatum,
animal fats such as lanolin, vegetable fats such as peanut oil, polymers of acrylic acid such as
carboxypolymethylene gel, polysaccharides such as dextrans, glycosaminoglycans such as
sodium hyaluronate and salts such as sodiuvm chloride, potassium chloride, and combinations
thereof. In some embodiments, the vehicle is a non-toxic ophthalmic preparation which has
the following composition: about 22.0 to 43.0 millimoles of potassium per liter; about 29.0 to
16
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Additionally, the present invention includes methods of treating eye
conditions and disorders comprising administering to an ocular surface a
Wﬁ%%%% as described herein. In 30 some embodiment, thecpresent

Invention provides methods of increasing the age at which individUar CAR3 13

¢ . rising administering, c sitign to.the pcular .
o O S TR B P o e
and abphinistratior 3feredlmpolsitiohshbfike prekemt invention can also be

us iti & not limited 10, exal inflammation
LA S0 P T DD
150‘{(@115;9 iherfimat Wﬁ%@@#@f@éﬁ@m nfé.hﬁ Acletrelingtoving. Nbetiorak Eyebodiments the
prepstitite WV QHehoR:om Clinical. Trialgdn Qry @é&%@gg E(yfces[%p%q{ O0hen this is

(DES) is defined as a disorder of tear film, ting from tear deficiency

- therageyfisialix cesiridae alretripo rmbndisautin thd ansagrtiontts ocuipositipe)can also be

é/[dl'g]gﬁ]{;{g_tional Eye

Institute Industry Workshop also produced a’classification that essentially
separ AeRRRY EHE%gHaFG M@ ORI Se fpséiveremotetioéatdommesition is any
amoGROAING:SHOMERR & HOHAMBANG R RSN BIRALARHITENE.A0] would readily

evzrzlforative bourns. The tear film normal% covers the front part of the eye,

be aRlgniRIfHEUBMERANE e eEmEriaNE. s tivar amAustconataniijotive amount. A
ther#pspasal, torrsHivp I erenviiQRN et FRGIoRS oG UdlD goﬁ%@?éﬁﬁeéﬁgsﬁ%W@prevem,

10 airflow, and humidity, which may stimulate or retard its evaporation. In

-~ allevigte pn ARCHOI3H RURRINR sk i trer casrle o e Sngifinentit e imgiyidual.

incrieases tha teamevapoiaiakaiesiAsHs frrauantyisenperiadeySHRIStSn can be
M'bn Idesiccatir]%[_envir nts..Indeed, even people with a normal tear )
ophRS AR Ty SURHARES S0y B8 SrorF AIE s deemelafey according
to thenuirénofenisisischdsnincaliplangs anrenmorkpiacrsy (BIeesIRalYy €an include
<o di{pﬁqs Bﬁ%n 315 de&nonstratedtt at o%ula]é surface tests results for dry eye, )
NG, oSt HREPLRl oRP L 3%?9&3‘?‘%% HUBregubgdients, isotonic
solutsufsjeuth whphlbselinte y fimdted inEhequestritiBRieNRIOVIIES atin and albumin.
reatment.of such conditions.as well as other.conditjons that are .
I s L R P T e R RO B g e
prepshtines thecestimpomdéhonyineton ofveutansurfacehdryneskanddpithelbah free.
, o] red as part of the data 20cpntained.hergin. .
Phdr%%@éﬁge&gﬁ%ﬁigﬁﬁan% gégr‘:&éﬁ’ 8§§0a s Teterte, %Ju%gaeremﬁfg llrcr’ﬂté?ﬂgc.ie delivery
comEAtscononbintionicith (RCSYnagsiialatdek dijpalborSte velrishiffthepnomprise a

ophtSMRHLOME, SIQUBL S SYAN UPS AR UM d&%ﬁtﬁga'f rerénx%%%f)id’sgllﬁghs%ﬁigt?éns. Any

corneal injury, infection, Riley-Day syndrome, tongeni a?aerlma,

- medigmueasrhel wisdrabichorieficioncies bl dilivvitantinpn2Sopians destodial herein.
One $i98BMRCIpeCNE x’%ﬁ&ﬁ%@m@é@{ﬂ?u&%ﬁﬂﬂ&gﬁé%ﬁ@%ﬂfﬂ%&“o? "} fé%ﬂ%%@ttl?laﬂy (e.g.,

orne particulates

exposure (e.g. smog, smoke, excessively dry air, air

- ophthalimrnthilnecearieoiRe PipdiauHBdetRie b dissrddrs thy dptereritosequéiientSuitable

ophﬂ{ﬁﬂg@r%grﬁeﬁbL%éoci@&ehbafyiﬁyﬁe@%ﬁ%b@%@i&%@:ﬂ%&zC§E¥91%£%9, Wit osol, a

a decrease or char;;?e in quality of tears irrespective of the presence or
standgpleiesmedsihéa

i diign e inssinsaRdheisde S aryfeaeenditions
smwa&ﬂ@daﬁ&@tm%mﬁglﬁﬁ@mﬁg&ia@ﬁ%@omﬁ{%%%'w@geﬁp%venﬁon
diabetes, HIV/AIDS etc.; post-cataract surgery dry eye; allergic

can begrmReGTRd a8 soipaiedlary ey %%Hﬁlﬁ]ﬁég’é‘i’ét eiRplielsyiagrsmesiops of the

presc@yeiRAmalsO inplude thenepndiionsdannd 8 NYRRIREAMAHERRAIR Soents or in
induced by long time visual display terminal (VDT) operations, room

combmﬁggswd eéiiﬂﬁfﬁmﬁgﬁiﬁéefgﬁd% FRAMEDE ontlle present invention may be
comb2EH6/GAb LEREtin00BEA3LE3 whickh@ AIeSRNINYERNRRNAYRIRAMEy or
. Iseful @s a wash or irrigation solution in conscious individuals, during

Slmu‘i%ﬁ%% *Or to maintain comatose patients or those who cannot blink due to
muscle or nerve damage, neuromuscular blockade or loss of the eyelids.
The present invention can also be administered to an individual that has
been 5 identified in need thereof of a &Bmposition described herein. The
individual can be in need thereof, if the individual has been identified as
suffering or having the condition of dry eye syndrome. One of skill in the

art would know how to identify the patient in need of a treatment for thy
ove ocvnhndrome In ecome embodimente the nracent invventinn ~an
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The compositions of the present invention can be administered to the eye

as a topical preparation. In some embodiments a topical preparation
woomrisigicompositions described herein is made by combinigg@se05/023113

composition (e.g. containing an omega-6 and/or omega-3 fatty acid) with

aNBRRIAPTAISRIRSRANING - ThSPrRRAMAIIGACIPICaIcaRsalgR CORAIhAydynamic

25 physmlo ically compatlﬁle vehicle, as those skilled in the art can select

chargerisienobHtfoPRItITHBRAZ T He ARhitid8 i aRd SN RIPHBHIE kAR ARS: health

and %hﬁﬁﬁ@lﬁﬁ%&fﬁ&%h@m@ CAudee}haﬁta@se Bahjitoied eaaterdpelietherseatment;
such as thylene glyco p vinyls such as polyvjnyl alcohol and
ﬁ‘ﬁﬂﬂ&a&ma‘fig é‘l}%sé"ge RN ECE e RS eI i Ao RO pRRgAIons and

theirnetbydeeliy Bzﬁﬁmmtaakeum demaﬁueszamﬁ aEvinerd @Ht WRitelly, the dosage can

etrolatu |maI fats s s lanolin, vegetab)e fats suc
be ap tpagﬂﬁr@ %neagfafi@ %%MB&W rﬁ’aﬁ%@ &8:]‘8&’ Ml igrams per
50 m@gﬁa@mrr@te@swetgm QSXtEﬁHSDglyﬁQﬁgfﬁiﬂQQ:lw@@Sl&u%‘rﬁﬁssoﬁIbﬁd}r weight.
hyaluron ;i@ alt h as sodium chloride, potassjum, chlondet
oSSBT %h i o?ﬁe eFBGERIFRNE, i ARES S REFRsHERS ?ég omega-6

andf@pa&k@mm@mamam Wkrmlihhassﬂil&xfmdlmvmg déempposition: about 22.0 to

millimoles ofgrc‘itass](ij éter ahou 290to 16. WO ocess of making a
20 é’fb@ﬁ%t#& 3 m'°1I|m egarfrfﬁcarbo}n esser m &

comptaitiahquigl 3hdededdithnidmogiasiog mdmm:g]aeﬁ litar/andmbeut 1f850 acid. In
tol millimoles of | |de er.liter . . mb im
som%lﬁ%aﬂ%a} {’n JLﬁe éﬂy%%r g;:%hmlxm aﬁ dn t% te |feaé‘.t ne or a first

58 gener eswa?b € pre isotonic,
suxfrimahmnio tasitliror sonidity. oﬂfhe solo Gniu‘amvm e somseletivoodiah mctgpmpriate
for tlile oS %E%[I(}nro&g RO qi% te;g Ig% Ay %{l%éged saline solution. In

oncen TALONS When This 1St erapeutlca?y esirable. in some _
somembbaiiinemts athe:pnépauﬁmjam icompresitida. gamiaisd batbensdnteneguprising a

first ,%9 EIIRRICE '}%%rg!iﬁ%%i@{ﬁgﬁ‘ therapGUtcals AERIRDIe prdless occurs at room

rapeutlc Iy effective amount" or an "effective amount of a
tempoatpositorsisamdediorninatis Sifficieit teproviieate Besmaega-3) is added

over e Eﬁﬁn‘&ﬂ% LSkl InREA WG ARANIVLL BRI ADIRICIRIBIHRENIGES, about

is a therapeutically effective amount or an effective amount. A

1 hatiorapeuitiddiguesfeding niount.cabOrsfér houh ARVENT SR Eompdsiignsubstance
(sol ﬁﬁ?gilgotf?dﬁE?‘é@ﬁ&daé@{l%teeﬁraﬁ'mﬁﬂgﬁ%ﬁo%’mﬁtgﬂﬁ@frﬂa%@ﬁaéﬁ)a@amoums over

isorder, or‘a condition in an individual. In some embodiments, the

that disneRssiagnd tEea0raIRRLES e BYSREHF A \Eddtion RIS, JShRbagS, 15 minutes, 20

minREP3RNANE OOt halnieCompaaiiona Al Brepreations are formulated
according 15 fo the mode of administration to be used. Genera

additivesirdpesaercryrcaliaiauaebeb M h bR Qe%ithgénm&ﬁdﬁ&}m slowly

and SRIRL 1R I3CIRS 81 i BORNE SO RI FAERAISCBOtORIS) SOIMHNNS PEEMASan be used.
phosphate buffered saline are used. Stabilizers include gelatin
In s AR OfiadHie BrBOHRE SRR A SR SHERRHD ‘é%’é ht¥8 %%‘@g {8 fplution on

top SPEHIAeRe Iﬂﬂ@e@pmﬂﬁhﬁﬂﬁdﬁﬁ@m@ﬂ@e@@ﬁ@hﬂi@@ﬁbﬂﬁﬁlmewmm equipped with

invention can be steyi e an en free, 20 Phar
SR BST S OHE SLE D e e UISAd Bl iyeased o a e

of S%mmemmﬁmmeWiﬁbﬂdezmpﬁﬁlmlﬁmﬁbm Siedel mﬁdinkgkstep(s) is

5 LG R el B oS S B s

15051@@&55&11 (G:l}gli\tefy}mﬁlcﬁﬁmm&timszfeshnb@ddﬂmﬂmdﬁmtskﬂhedpmth’éthe mixing
uld r Vi m g e of pharma al % 2

step ﬁ%ﬂ’ﬁﬁc%’ﬁ# g(%@p%‘}%lfe ia 1 can teié)s:{gua ho Qteef%r:es{}/O F$brid’Sbout 100,
50 tm\YGOpmt@lmatﬂadntbhthahmmmmererﬂrechhesnmjm nprﬂenﬁﬁhgtnntmg apparatus is
Phar tlcal Sciences Osol a tan rd reference ext.in th geld
mcrs\ﬁ’?lccﬁn%c}n Orate Hrhnéé%% 6111ng rén ‘%ﬁ %om oglt%r%) Andlor period of
timephthalmienbnipasitisndastoidme mqbgw@fesehbm\ﬁembontda}; Pwut 15, about 20,

administered as a single dose or in multjple doses. The ophthalmic

compositions of the 30 present invention can be administered either as

individual therapeutic agents or in combination with other therapeutic

agents. The treatments of the present invention may be combined with

conventional therapies, which can be administered sequentially or
cimiilfananiichhiy WO 200GA/007510PCT/I ISRON0NR/N2R112 NDNNocanep
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10The present invention also provides methods of preparing or a process
of making a composition (e.g. pharmaceutical) comprising an omega-6

qu%% ,;Ql%ga-?; fatty acid. In some embodiments, the metho%ggmg{l&%gﬁhﬂm
mixing (e.g., stirring) at least one or a first surfactant with a salihe solution:.

The salin lutio n be sojution that is ropriate.for the
o A B oA B St B el S 30, more thon
30, lsaltition6tn mbrestmedd@nhotiménts20 séfort sdfadtant/s ddht&tted(etes, and the
like mixed) with a solution comprising a first surfactant and the saline solution.

“In some embodiments, the process occurs at room temperature. In some
enfoosime rtsptiiédatty, acidriengt] tnadded6andidnomeyar@)idmadust surfactant
over.a certain time period. In some embodiments, the time period is about

and %%l%r{mr?ggs about 1 hour, about 2 hours, about 3 hours, about 4 hours,

abdbeSstiving. Whemixngsiapsedzeciibotutsretr salid)dsiadden s geriod that

- thorogfé]%gggI%g%g%pﬁ{éo%ﬁlggﬁg%déhd@méﬁ %gilﬂ@_l aﬁ'%g%a\lﬁﬁt@%ti%ﬁdiﬁon can be

ded at any interval (e.g., 5 minutes, 10 minutes, 15
determimatb y200misiLsks] 30 thinetes lnGiomingrabodimanisutés, wietions |pe)stirred for

abouggemg,sﬁ%ﬁg ﬁ?ﬂlﬁlﬁ%?eaﬂ&‘&giﬁ?%ﬁﬁ\?@i@ﬁ(ﬁ:&@@%ﬂ&l@?}@ﬂgﬁ 30 minutes,

one slowly and then the RPM of the mixing apparatus is increased. Any

- aboutidmyiapisar ahesrcah BEyEsd aboul R & sHHETER BOGI &rits Abeaidikiplys, about 1 to

aboRRPRIAIUS IS AMagNelie SRl HRHdI8) KhauseluliRRORRR 9ft8 about 4 hours,

magnetic stirrer. Other mixing apparatuses include mechanical stirrers

_abousduippeauwhirhsHrsmpeRAd IS Ee ANBB IS, THEMBAR G AWy dRCsE than 4

hours, BrM gR¢ {é dngreasedAliRiate oloRmRIer/ i &eninutes. In some
embodiments, the maximum_RPM of the mixi%? step(s) is 5, 10, 15, 2

. 20,
o5 Ingons: £mbedimenigo a7BrBEUGHCRTH, 1§ 5HB000A SHAR sprytifgsdo make a
surfdnan3Qnke Odeseiham 10y tesm thambidess an @ suths@meis added to such a

embodiments, the rpm of the mixing step(s) is from about 50 }o about 7

a ) qe
soluBen P8l SYSERE YBBEFTEG BEoSHEH o EBHHeI B 50r0 R G i pyPodiments

at 1e280p@ndithedikesiny senesmbodimentsifie sprpoitifeunixing @ppetats the two-
is increased to 100 r

S m. During the.mixing steps the mixing ¢ e .
SurT 3RSt SCLHBLLB G, GG DR et stohhaa @ o
surfiotabout, adaitrl Oirehoent dmbaldonte, A& wWMQlrop, about 2 drops, about 3 drops,
2006/007510PCT/US2005/023113,about apout 40, aboyt 50, ut
aboh S50 AP dB U0, LEb I 0 ey € S ERf at east 2
dropSQamiere tharof) b0t 15iraes, 30 |16t 30 d8ens70, BOpID dnimstdsdaps, 4 drops, 5

the like. | di tS, Vi i i t It :
oo RS D QR 0D oy s

atty a he sfirring (e.g. mixing)

- surfsteps-cdaeribedinereifncammize dorbadintimis, pehod ahaethime gty adildsto prevent

oxi &e?grsloégtggg %t%%&?i?ﬁfﬁ%@ %tl%ﬂgﬂﬁQQQ{%g ereangﬁg)ﬁiggéﬂ'&%r in addition to

ermined by ‘one of skill in the art. In some embodiments, the solutions
the witerstiriédfop(amehShatifuesiddivu aithe fageacidisbainssransteats bpioiplayed.
20 mjinute ut.3 i .l t inutes, 4min _ Th
o g e e B o s, These
examblstatetprabbig fnchesyabotn ool Hpstivmenks aB dur Bieissuthguld in no way
be c&%%ﬁ%eﬁ%% YetmiPiAkeut & ROLS - 20RPES BAUSRMQHR AP BRSO Bncompass

ours, more than 4 hours, overnight (e.g. about 8 to about 12 )
any hodl), vanitinesiwkich ksaracarissaimentssalieéitatiraching Raddedheran:
saline solution to make a 15 surfactant-saline solution. In some
embodiments, a second surfactant is added to such a solution to make a
Exaggpletn comprising a two surfactant-saline solution. In some embodiments

ExAL{85L M8 FPeaat i arig and/or at least one omega-3 fatty acid is
added to the twosurfactant-saline solution to make a solution comgrrising

at I&NRTEHralYABI A AP R RIFAA et Satiie¥BI R TP EBHI exposing them
to ieRts: abeubhiing] ehaub=hdhapse ek dRWS Recabedbélow. Mice in
rops, about 5 drops, at least 5 drops, at least 10 drops, at least 1 drop, at
least 2 drops, at least 3 drops, at least 41%Irops, at least 20 drops, 1 drop,
2 drops, 3 drops, 4 drops, 5 drops, 6 drops, 7 drops, 8 drops, 9 drops, or
10 drops of Vitamin E is added to the fatty acidsurfactant-saline solution.

In some embodiments, other antioxidants are added to prevent oxidation
Nnf the fattyy acide Othar antinvidante can be 11cead in the nlare of or In
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Example 1: Dry Eye Animal Model: Normal healthy mice can be
induced to have dry eye by continuously exposing them to dry
wEe&bpMsanment in a controlled environmental chamber (CEC), deseriaadssio23113
below. Mice in 19 WO 2006/007510PCT/1JS2005/023113 CEC were
CECC@ﬁimmuﬁhya@xqbpm@dkm weloauhihe ity r&ﬂmﬁ@i ﬂfetmpgwﬂamsmdqw relative

w5 o R RN, S0 P ot e e R okl oy Bigh aitions (15

numﬁelfakhls)cdﬂm:mmtmpmtmg(@ﬁW&réﬁeﬂmm}sewimrﬁiaﬂmﬂavmﬁgﬁy (W,e&’ exposed to
relatzrgoc]/g 13 gggl (7 /gé’m%%éé% a?lg‘l/o %g%zrgxeﬁ[ YRR s wre gmgeramre In

e mice pla Wwere a SEOpOTAMmin
addltamgvélagnmttmmcedumegﬁﬁawa@cmlagltra:hneﬂh|bﬁibm@fgdamamratlamn?5h@ent that

causgs g‘nal{'%%ll &hCi %ﬂl% gegpolaming ps%%:%ﬁe% S9YE"S d%‘%é{ of CEC and
ustaine Sé trans ermal scopolamlne pa ches (scop hﬁflw
scopobtame@lfwdmttﬂ@vactsdﬁmmt NJ). One-fourth of the patch is applled to
f hours. Can roII I3 nta .

S B S Bt SRR Phvovarts
(Sunhumb\i@, Bng-tonttobbitberppshaterartihd chémblepioadisted-aflafagee every 48
hourgLab Products Inc., Seaford, DE) modified in order to allow the use of

desiccants. The usable floor area of our modified cage was 725 cm2. 15

Th€ eotrfodleh& nuyenmentalidm whlerisolating material in order to make

the[ﬁ@Qﬂ%@erQ%P@J%&FQHH&[HQ*}@JMHEQ{%PE@%%O%WH&EEJW RREEInirol of

A hole in the roof allowed the air to-move outside the CEC

tempsrafiies -atedianahrier ayiEH v W@@&B@M&ﬁ@%ﬁéﬁﬁﬁéﬁa@@ﬂd@pdiﬁed mn
ordefQPiReR RS IGEARIMERAUE eSOl 2T SOMACIIL INEJTHER BEE was 725 cm”.

desiccants, indicating silica gel, packed in cartridges of 114 mm diameter

The goofeod dhenerZE0 WSt EANEAT Cdnisalvingemiarialisn |pydemipinarksttly chamber
mde%ﬂ@éﬁ@ fﬁ%ﬁhﬂ%%&%@ﬂm\é’r@mﬂ" ANBAONT ISELE. AOoSRIBILT allowed the

th of which are commonly used to remove moisture from the

air ta RS AREREdEndaeHon fos iR iRgh SHHE amR eI Wdtebasedlqgsd into the
chanfPECiWasdeonaestac ta-an aiktingand:a demparatersmancbhnlidityh the mice. For

desmrcea?gsrd?xrldéasiggllsll?l\évangélsepgzz?cgﬂn cartridges of 114 mm diameter {Cole-Parmer
Instrument Company, Vernon Hills, 1), and indicating Drierite (anhydrous CaSOs; W.A.
Hammond Drierité Co., Xenia, OH), both of which are commonly used to remove moisture
from the environment, and are non-toxic for hﬁmans and animals were used. The CEC was
connected to an air line and a temperature and humidity recorder. A small low-noise (38 dB)
oil-less linear pumyp (38 liter per minute open flow, 26 watts; Gast Manufacturing Inc.,
Benton Harbor, MI) placed 1 m from the chamber was used as the source of air. The flow
was regulated by a flowmeter (0-50 I/min, acouracy = 5%) with a valve placed on the air line.
The air was pumped into the chamber through 4 tips (1 mm diameter) placed in two opposite
walls, in order to create a laminar flux of air, and avoiding turbulences. The height of the tips
(3.5 and 4.5 cm on one side, 3 and 4 cm on the other) was chosen.to correspond to the height
of the mice’s eyes. The humidity of the air pumped in the chamber can be regulated by a
valve which can direct the air info a desiccant system made of a water separator (SMC
Corporation, Tokyo, Japan), and air drying columns containing Drierite. In the CEC,
temperature (range 5 — 45 °C, accuracy + 1°C), and humidity (0 - 100%, accuracy £ 2%)
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oil-less linear pump (38 liter per minute open flow, 26 watts; Gast
Manufacturing Inc., 25 Benton Harbor, Ml) placed 1 m from the chamber

wyasousersas the source of air. The flow was regulated by a flowmetRhos/o23113
(0-50 Umin, accuracy 5%) with a valve placed on the air line. The air was
wer@umpmmftoﬁbﬂimamb?raﬂp‘ﬂﬂgh dntipe:(dravad dinvigtelgrptaeed bytwaemperature
hu %,osegtct?)r a”?‘%ﬂn ord‘%{ to create a laminar flux of air, and avoiding
mt1 ulences eoﬁe'f‘lg B e (3.5 and 4.5 cm on one side, 3 and 4
Ocutmn Bartfaecoileaty fmﬁgnmm;aycﬂgﬁespond to the height 30 of the mice's

ey The m|d| of the air din the chamb r can be regulated
a Vegs an direc ethaé"saf;rsrgtp Eg éi’eg? Cafitesys e?‘ﬁtﬁ%gdté %lé Wé?e?jy measure
aqumqsacatqno@mcrﬁorp@nahom gfiokyly Japargsednid aitdatingichlDMRSand b) comeal

ﬂuo&%%éﬂagé}%&rgm}é%q arc 8uraceyr%tﬁ %\7 amaofg' Sagd ¥ Eégﬁ%%ﬁy increased

in p@@@ﬁ/@@ﬂﬁ@@sCT/USZOOSIOZBHB were constantly monitored by a probe,
and recorded on circular charts by a temperature humidity recorder
(Supco, Allenwood, NJ). Ocular Surface Tests for Signs of Dry Eye: Signs

Cottgndiespel Weré assessed by performing: a) cotton thread test to measure

5 aguRqUsdeai R QACHRWRICH 15, 9gRaialy, deciease gregﬁyt% Vﬁltphenol red

DES; and b) corneal fluorescein staining which is a niar corn

Zonscfhuisk. dafrEgeditd T genadiPidordhsediitisansntdsiisi DE&O@M@ previously
beenT B&%J@SUQ&-EG@D%Q YRPIERCYE Wfﬂ% GRHRR twesaﬂ(}% Ex,r&ijh jeweler

impregnated with Eeeenol red (Zone-Quick, Lac |med|cs Eastsoun

forcepenpd ity st this é@ﬁf%wﬁ}ésoér&mmw@@mbémm@d thdighs eye for 60
sccolRIMHY R OEERESALIAIR rhe IHEZd WRS It Witicwele WEQW ) using

placed in the lateral cantus of the conjunctival fornix of the right eye for 6

the sgateRfcR RTBABHPEIEENCESH MfMTEYR IR LRYeTHash o uss aqEmisd sike (Figure
1). West&eemanyhusindcis escale of @dg@%ﬁ@%@éﬁ%&%&?@&é&%r%ﬂﬁﬁhanﬂy as
|

was measured in three groups_of mice (Figure 1). In mice treated in t

compiEed Hidhe P8reBayE ta sHdratioh MEchEdan Qiigantly aiseondsansg of mice
Wewt@réhe(baaeinsed@pma) alobayos eadyRYIBay:-8 (I w%éhiﬁacg%qégeﬁ% ®th CEC

axct i §HG b A QEE A S BRI S Qe kbt mic, e

secrdhﬁlseammhﬂmdlghiﬂdcmﬁneﬁsmbmiﬁ@,dsearaiﬂD}BQﬁ@H@fddﬁdﬂﬁfB@%eﬂB’baseline the

ecreased at oth nd Da compared to the baseline, the
etec S RIS B IBURC S TRESEAADAF ISA WA Cetghap e durtion
of ththeepmyhoettthe duration of the expenment.

‘Corneal Fluorescein Staining:

Corneal fluorescein staining was performed by applying 1.0 ul of 5% fluorescein by a

‘micropipette into the inferior conjunctival sac of the eye. The cornea was examined with a slit

lamp biomicroscope using cobalt blue light 3 minutes after the fluorescein instillation.
Punctuate staining was recorded in a masked fashion using a standardized National Eye
Institute (NEI) grading system of 0-3 for each of the five areas in which the comeal surface
has been divided (Figure 2). '

As shown in Figure 3, the chamber alone or scopolamine alone produced significant
increase in corneal fluorescein staining as compared to the controls both at Day 3 and Day 6.
However, the staining was most markedly increased with the combined effect of scopolamine
and the chamber at each time point.

This model recreated clinical dry eye in normal mice
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Corneal Fluorescein Staining: Corneal fluorescein staining was perfonned
by applying 1.0 ill of 5% fluorescein by a 25 micropipette into the inferior
conjunctival sac of the eye. The cornea was examined with a slit lamp
biomicroscope using cobalt blue light 3 minutes after the fluorescein
instillation. Punctuate staining was recorded in a masked fashion using a
standardized National Eye Institute (NET) grading system of 0-3 for each
Eﬁa&ﬁﬁlﬁ‘é@%?ﬂ&i@ﬁﬂﬂ&ch the corneal surface has been divided (Figure 2).
30As show ure 3, the cr Lir@alo r scopolamine alone
produc8t'& ff? ERBPELSES r? °c0 é‘l“ﬂ%b? %lﬁ&%?ﬁ%ﬁﬁ%o&wgﬁgﬁses
Oto%hefchattolg hods. %Bﬁyl&amzaay 8 chiapeser dhestainingaas Mesinega-6
Rl nseaead il e combinad eled 8 SCoRORIE S Emn & was
&r at each tme point. This model récreated clinica ry ey
aﬁ@trﬁnail m@en@xaimtpfbel 2o byl dioneeids Wﬁ‘@ﬁﬂ@l’aﬂ@m@@dm&@smem the

AAranshAdeEARNE formulation.d SAMPrsRS B 1%6ed she fatty acids.

Formulations 2 and 4 comprise a 4:1 ratio of omega-3 to omega-6 ratio.

The fofmulations were gpiglitited in mingtaheskas the VehigigaheMeamjn
E was badded as an antitoxidation agent. (T#¢ fatty acids wrseécstored in
dark to| further decreas® tiracrigkapfroxidatiehecbheforimulatiddsidré
summarized in Table SfWU%lga 3 (ALA) gytt8rentration (wt/wt%) b)
Quantity (wt/vol) c) Malb A{ t/voI Omega-6 (LA) a)
concerjtration (wt/wt%) § y}fyv(g b&?{ of r|ty
¢) Molarity
¢y Molarity
d) ALA quantity
wtfvol
Formulation 1 a) 0.1% a) 0.1% 1:1
{(Low b) lmg/ml b)Y lmg/mi
concentration) | ¢) 3.17mM LA
d) 1.0mg/mlALA ¢) 3.6mM
Formuiation 2 a) 0.4% ay 0.1% 4:1
{Low b) 4mg/ml b) img/ml
concentration) ¢} 12.7mM LA
d) 4mg/ml ALA ¢) 3.6mM
Formulation 3 a) 1% a) 1% 1:1
(High b} 10mg/ml by [0mg/mi
concentration) ¢) 31.7mM LA
d) H0mg/ml ALA ¢} 35.9mM
Formulation 4 a) 4% a) 1% 4:]
{High b} {(40mg/ml) b) 10mg/ml
concentration) c) 126.8mM LA
d) 40mg/ml ALA ¢} 35.9mM

Table 3: Fatty Acid Formulations. Molecular weight of ALA: 302.5; Molecular
weight of LA: 278.4
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Concentration Ratio of ALA:LA Formulation | (Low concentration) a) 0.1%
b) 1Img/m1l c) 3.17mM d) 1.0mg/m1ALA a) 0.1% b) Img/m1 LA c) 3.6mM

wohostmitation 2 (Low concentration) a) 0.4% b) 4mg/m1 c) 12ptM<3dos/023113
4mg/m1 ALA a) 0.1% b) Img/m1 LA c) 3.6mM 4

Example 3: Active Agent Study Design

The study was a prospective masked trial. One eye each mouse was randomized to
receive either vehicle (negative control), or one of the formulations. The active agents were
administered in a masked fashion. 5ul eye drops were administered in one of the eye, twice a
day, that is the interval between the doses is 12 hours.

Dry eye was induced by combined environmental and pharmacological effect (placing
the mice in CEC and applying scopolamine patch for 6 days). There were two main groups of
the active agent trial. Treatment group: Eye drops were instilled after exposure to CEC+Scop
patch for 48 hours. Active agent administration continues from 48 howrs to Day 6. Signs of
dry eye were assessed at the end of Day 6, twelve hours after the last dose. Prevention group:
Eye drops were instilled from Day 0 and continues up to Day 6. Signs of dry eye were
assessed at the end of Day 6, twelve hours after the last dose.

Statistical analysis

The student ¢ test for the aqueous tear production, and the Mann-Whitney test for coreal
fluorescein staining were used to compare the differences between the vehicle and the
formulation groups. Within group changes from baseline were analyzed by the paired ¢ test
(aqueous tear production) and by the Wilcoxon test (corneal fluorescein staining). All tests
were two-tailed, and a p value less then 0.05 was considered to be statistically significant.
Results:

Tear Test: Treatment with Formulation I and Formulation 2 Figure 4 summarizes the
results of tear measurements at Day 0, Day 2 énd Day 6 for four groups, group receiving' 10
eye drops, vehicle, formulation 1 or formulation 2. At Day 0, all four groups had normal tear
secretion. Forty-eight hours after exposure to CEC+Scop patch, all four groups developed
signs of dry eye, that is, significant decrease in tear secretion as compared to the baseline
(Day 0). At this point (48 hours), Sul of eye drops per eye was administered every 12 hours as
the micé continued to be exposed to CEC+Scop. At Day 6, the group receiving no eye drops
continued to have significant decrease in tear secretion as compared to the baseline (Day 0)
and as compared to the groups receiving the vehicle or formulation 1 or 2. The groups
receiving either the vehicle or the formulations had an increase in tear secretion as compared
to 48 hours (dry eye prior to active agent administration) but the tear values did not reach that
of baseline (Day 0). Thus in the tear test (2 secondary endpoint), both formulations 1 and 2
were effective in reversing the decreased tearing in the dry eye.

Corneal Floorescein Staining: Treatment with Formulations 1 and 2
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Formulation 3 (High concentration) a) 1% b) 10mg/m1 c) 31.7mM d)
10mg/m1 ALA a) 1% b) 10mg/m1 LA c) 35.9mM Formulation 4 (High
WOcHfeEntration) a) 4% b) (40mg/m1) c) 126.8mM d) 40mg/mIPATASNA623113

b) 10mg/m1 LA c¢) 35.9mM 4:1
Figures 5 and 6 summarize the results of corneal fluorescein scores for eyes receiving

no eye drops, vehicle, formulation 1 or formulation 2. All groups were similar at day 0
(baseline). Forty-eight hours after exposure to CEC+Scop patch, all groups developed an
increase in corneal fluorescein staining as cdmpared to the baseline (day 0). Eye drop
instillation began at 48 hours and continued until Day 6 as the mice in all the groups were
continuously exposed to CEC+Scop patch.

Both at day 4 and day 6, the vehicle showed no significant decrease in éorneal
fluorescein staining as compared to the group receiving no eye drops, and as compared to day
2 (Figures 5 and 6. At days 4 and 6, the comeal fluorescein staining in vehicle group
continued to be significantly higher than the baseline (Day 0).

Formulation 1 showed a significant decrease in corneal fluorescein staining both at
days 4 and 6, as compared to Day 2 and also as compared to groups receiving vehicle or no
eye drops (Figure 5). Furthermore, comeal fluorescein staining scores in eyes receiving
formulation 1 returned to baseline (normal values) by Day 6.

Eyes receiving formulation 2 (Figure 6) showed a significant decrease in corneal
fluorescein staining at day 4 as compared to the vehicle and eyes receiving no eye drops at
Day 4. There was also a significant decrease within group, as compared o Day 2 (48 hours).
At Day 6, the fluorescein staining scores increased slightly, however formulation 2 still
sho{)ved decreased (though not statistically significant) staining scores as compared to the
vehicle. Both at Day 4 and Day 6, the formulation 2 group had significantly lower staining
scores as compared to eyes receiving no drops.

Figure 7 shows representative images bf corneas stained with fluorescein, showing
normalization of corneal surface with formulations 1 & 2.

Both formulations 1 and 2 had a profound and significant and sustained effect in

suppressing corneal epithelial disease (as measured by staining). This suppressive effect in
treating dry eye was significantly more potent than what the application of the vehicle alone
offered.
Corneal Fluorescein Staining: Prevention with Formulation 2 Figure 8§ summarizes the
results of comeal fluorescein scores for eyes receiving no eye drops, vehicle or formuldtion 1.
In the prevention groups, eye drop instillation began at Day 0 and continued until Day 6. All
mice were exposed to CEC+Scop patch throughout this time. At day 6, the vehicle group
showed borderline significant decrease in fluorescein staining scores as compared to group
receiving no eye drops. At day 6, formulation 2 showed significant decrease in staining
scores both as compared to the vehicle and the group receiving no eye drops.
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Table 3: Fatty Acid Formulations. Molecular weight of ALA: 302.5;
Molecular weight of LA: 278.4 WO 2006/007510PCT/US2005/023113
ngé‘(‘%@:ﬁb Active Agent Study Design The §tudy was a %8?}1%%@023113
masked trial. One eye each mouse was randomized to receive either
vehigle, (rfg%gy S Qt[ol r-pne. of the formulatigns. The active agepts X
were Sédminist%rleﬁ in agrn%s{evéc SSPIONISid gi/aeg dﬁ%ﬁs %8?%‘136 i ‘EV cye signs.
Forngideinistdreddriolranohtiaieyethmipewidalfithat isothpdrtdneal Bebkeepblication in
the dgsesiis 12 Houk ) : induced by combined
regaen\?i’ron%ﬁeinta and p aer‘rﬁgco%%?g}?{?éﬁ%%éct (placing the mice in CEC and
applyin%scopola}mine atch for 6 days). There were two main groups of
Exapple dibaaentiompitiesmubiensup: Eye drops were instilled after
expRsUg iR Al ELiRgeR Hpaiaihinsds H%éﬁaﬁ%Y@cQ&e@—%%%ﬁﬁgﬁ% borate
e

continues from 48 hours to Day 6. Signs of dry eye were assessed at

- bulfifie Gy o/WeI neis attsnpeist Mssd. BrédentioRGrd8: ByeB.0:.10H,0

drapsaweriastiied oo Sey.0. antHeontinkes WAL RaY6: NS At Y minutes at

e were assessed at the end of Day 6, twelve hours after the last dose.

e
mo“é{%lﬁgﬁmﬁﬁ%i@TS‘?H&‘%&JH@%PW@&WQ%@G@%S ThsrsHromgationicd out with
the sandnhbddaimcyWhitiey test for @ﬁﬁ@%fﬁt@éﬁ%@&%ﬁﬁiﬁi%ﬁvﬁgﬁl Y5GchiBved. The

10

. .CO e the differences bgiween the vehicle and the formulation groups.
st Hh R i BB B hird SHe STy o aOMetne mixin:
 Afte(abeeolisiteahqt deesatisineah dobytheaWitcoxandest {£9RahfldURSE&Blution was

achies\;géning). All tests were two-tailed, and a p value less then 0.05 was
considered to be statistically significant. 20Results: Tear Test: Treatment
witAtEaieauletiotich and Ehowatbtion2Figithend strmarizerthaesyiis ¥hich time
[ surements at Day 2 and Day 6, for four groups, group
the Tt%%%?vmg%ag é?/geé ?o%é?gg%%éfleﬂ%t %?gﬁgﬁgieg F?o?%ﬁ’l%ﬁkﬂﬁ? aj{ pyrgpped around
the stlirfogrshréypsthaieneinbktdarceaciefidrefradyedight bouisofiesexpastiend the
Twed SEGLIFW .l four groups developed 25 signs of dry eye, thﬁ is,
" Significant dec?é%a%%s%g fﬁétesgxrn écgscgletl%% rgcc?glr%rﬁafrea fga%gsﬁgs%’lﬁ}f/e% Ygm-E at
TOOM@WWSYQW (48 hours), Sul of eye drops per eye was administered every
12vhay @@%ﬁﬁﬁdﬂ'&%—ﬁﬁg %%('5@9@}105163&3&( RS Seg]l:,[ 16? t% +S€8 %Ats%%x 6édﬂ?ci over

the,group. receiving I:IO eyga rops continued to have significan %Iecre se
a ongdypsqrdtdneis chiipRrdaddlmn e BukdeliveRayedy antkas cbinthared tof the hour

perio G0 RUDSERESIMINGNG %Fkﬁlq{om;?éﬁml%%%rg%h;— 08, HMBS2%n 50 and 75
receiving either the vehicle or the formulations had an increase in tear

rpm. oA ¢ 8o e Hpureats b arners (el eviitpribhighackeemgtmtions of fatty acids
are RSNINIRHRtURRLOUEINE e MalMeS,Hid ek rﬁﬁ%é%ﬁ%ﬁ@%ﬁ‘lw %ISE?%I é%)a'nsiucent.

Thus in the tear test (a secondary endpoint), both formulations
After faisiatfelnvee TRt Srdingitne aadesséanedrivigpinimE arseddetarddat solution
contifid@TRSERIFSIRNNG: R MDA MINFOIMMatoN A 38 28RO ¢ o , 75 mpm.
2006/007510PCT/US2005/023113  Figures 5 and 6 summarize the’
results of corneal fluorescein scores for eyes receiving no eye drops,
vehicle, fommlation 1 or formulation 2. All groups were similar at day 0

(babelidislFserty-eifbadioars! aftereypeayredeREHEeoRMAIER, @lblication cited

in corneal flugrescein staining as compared
prel%rence n 8131; entgtety. J P

.gro veloped an increase i
rere R e R

While this invention has been disclosed with reference to specific embodiments, it is

apparent that other embodiments and variations of this invention may be devised by others
skilled in the art without departing from the true spirit and scope of the invention. The
appended claims are intended to be construed to include all such embodiments and equivalent

variations.
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all the groups were continuously exposed to CEC+Scop patch. Both at
walaydmnsiaay 6, die vehicle showed no significant decrease ircarssak/023113
fluorescein staining as compared to the group receiving no eye drops, and
Whatis ctaiipated to day 2 (Figures 5 and 6. At days 4 and 6, the corneal
fluorescein staining in vehicle group 10continued to be significantly higher
than the baseline (Day 0). Formulation 1 showed a significant
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significant decrease within group, as compared to Day 2 (48 hours). At
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acid %@@m&%%gglg%igmpared to the 20vehicle. Both at Day 4 and Day 6,
rmulation 2 group had significantly lower staining scores as
compared to eyes receiving no drops. Figure 7 shows representative
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6. Formuitigndddawie B sy MpaKEss daastesiiia.plcanical THQIRREaIN weicht %.
scores for eyes receiving no eye drops, vehicle or formulation 1. 30 In th %
prevention groups, eye drop instillation began at Day 0 and continued until

7. Dapnb. Adhipissrvere expasad 10 GECHRCARRaleRARIAONOUL IS HINEs Alorbitan

day 6, the vehicle group showed borderline significant decrease in
monqttttﬁ@séétwéﬁtﬁﬁdr%tésga%aﬁfpat)é&d Yot EeeNIHp RS eyslarpss. SPAN

surfadisig\sbmfarmdatier @ showed significant decrease in staining scores
both as compared to the vehicle and the group receiving no eye drops. 24

WO 2006/007510PCT/US2005/023113 Thus, formulations 1 and 2

8. weareeshowpdsitieaddd aldreragseviitiy eyelsignapbativalaiossih@Bdid: ocular
d demonstrated therapeutic efficacy compared to vehicle application in
2 ml?é%f &t the primary outcome, corneal staining. Example 4: Preparation

of Formulations 5In a typical emulsion the solubilizing material, Glucam

|s added to b te buffered saline /owt of.each component: NaC1
f%@@ﬁgﬁ)gg @ lj ﬁ aid omposmon comprises eye drops.

10. The composition of claim 1, wherein said omega-6 fatty acid compound is a non-

inflammatory derivative of linoleic acid.

11. The composition of claim 1, wherein said omega-3 fatty acid compound is alpha

linolenic acid or a derivative thereof.

12, The composition of claim 1 wherein said omega-6 fatty acid compound is
gammalinolenic acid, dihomogammalinolenic acid, or both.
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0.23; EDTA 0.01; 1-120 98.04). This solution was stirred for at least 30
minutes at room temperature after the solution had become sLLp
homogeneous. The stirring started out with the stirring being increase%lﬁ%
rpm for each 2 minute interval until 100 rpm is achieved. The 10 stirring
blade should be paddle like so that high shear stirring is obtained during
RixingThétcothrosiiotion! HadBedn stheednfoirest loaeead niiteasig compound is
SONRBREIRAL SAWTRNWAR-AEDIBYETeid, o higIear solution was allowed
to stand with no stirring for 10 minutes at which time the Tween 80 was
added. At first the material appeared to be insoluble and wrapped around
ilb the pirringsbaiioRumaienAl ,t%lfé&%%ﬂa%iﬁ%%ﬁ@&@?sdfﬁ}ﬁlﬁig{éﬁ%r topical
was resumed and the Tween 80 dissolved using the same stirring

A& %Rat was used with the Glueam-E at room temperature.
With the solution stirring between 50 and 75 rpm the fatty acid was slowly
added over a one hour period, after this period the solution can appear
Hilky. Abghecapdtifie HothPo perfdertae aty abarpaccalier ccavposition is an
R RREishkeaping the stirring between 50 and 75 rpm. At this time the
solutions will appear to be white if higher concentrations of fatty acids are
used. Low concentration solutions produced microemulsions and appear
teanslucgateAisssthisatiprethiersolulinarwasselirres:andinns deehAbes a sustained
Vitamin E was added and the solution continued to stir for three to four
15358 4EYEFshear rate that has been obtained, e.g., 75 rpm. 25 The
disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety.

Wrhile thi€ FRBPR-GHMR SERM disBiRestiAtiereFerif coes ddifiy acid to omega 6

empadimentsit i anpargnkthat other embodiments and variations of this
invention may be devised by others 30 skilled in the art without departing
from the true spirit and scope of the invention. The appended claims are
istendgthéabaranstiuetdaindudaaltisuch eothadinsris anteguiNalentmega 6
ariations. MCSLI.P WO 2006/007510PCT/US2005/023113 What is
FEAEH S 2R0% ' d SRERAMIL Composition comprising at least one
omega-6 fatty acid and at least one omega-3 fatty acid. 2. The
composijtion of claim 1, ¥v§e_rein sajd omega-6 fatty acid is non .
IftammiatforP FRITGERE! S2hd cBRPBSABAOT IO el i afdd to omega 6
Bempodtionbisisybstantially free of linoleic acid and/or arachidonic acid.
4. The composition of claim 1 wherein said composition comprises a
surfactant. 5. The composition of claim 4 wherein the surfactant is about
A0to aboiwt ddneighsYor Bailbhe compesitionoal falaiohweheseitthecid to omega 6
urfactgnt is about 1 to about 10 weight %. 7. The composition of claim 1,
F&t ésai%’%lﬁrré tant is ethoxylated sorbitan monooleate, ethoxylated
methyl glucoside, DOE 120, reverse Pluronic surfactants, SPAN
ZQ'Hrfacﬁng%e%ﬁemﬁﬁte%ggﬁtgg r?(gf administration to the eye comprising at least one

omega-6 fatty acid and at least one omega-3 fatty acid.

22, The sterile preparation of claim 21, wherein said preparation is substantially free

of Hnoleic acid and/or arachidonic acid.

23. The sterile preparation of claim 21 wherein said omega-3 fatty acid comprises

eicosapentaenoic acid, docosahexaenoic acid, or both.
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8. The composition of claim 1, wherein said composition is suitable for
ocular administration. 9. The composition of claim 1, wherein said MCSLLP
composition comprises eye drops. 10. The composition of claim 1,
wherein said omega-6 fatty acid compound is a non-inflammatory
derivative of linoleic acid. 11. The composition of claim 1, wherein said )
YmegaBeaifilcRIouiibonRf i€laipna inBrkie stif eP4sdefivaliyecid comprises
ghereefindignithRig0mPOSHon Rk aRM:hwherein seihomega-6 fatty acid
compound is gammalinolenic acid, dihomogammalinolenic acid, or both.
26 MCSLLP 13. The composition of claim 1, wherein said omega-3 fatty
BLid cCampouidis gigasanentaenaicReid, dagrsanexaanadendeidr AJRotR. topical
14. The composition of claim I, wherein said composition is formulated for

4t EfHithistration. 15. The composition of claim 1, wherein said
pharmaceutical composition is an injectable composition. 16. The
composition of claim 1, wherein said composition comprises a sustained

Te1east/ HoRtdher OPRRSHEI IS RIBITOF clim™AS WHBRSHIPAiB!of JRRsiicament for
WRegehiatheacitbio PBIeg 6 fauty,asisis /bowicid:d tambatidl i dBeye of an
The composition of claim I, wherein ratio of said omega 3 fatty acid to
iB%EE S fatty acid is about 5:1 to about 1:1. 19. The composition of claim

I, wherein ratio of said omega 3 fatty acid to omega 6 fatty acid is about

1. 20, The composition of claim 1, wherejin ratio of said omega 3 fatt
it oS LA AR RIB AP FOTSAIAKEIG bl ot 10:1

n
administration to the eye comprising at least one omega-6 fatty acid and

t least one pmega-3 fatty acid. 22. The sterile preparation of claim 21,
here Z2A BFePaPARBH REstiS SRR  STBPHALIE (ARG OF omea-3

farachittbadenaeisin®3. The sterile preparation of claim 21 wherein said
omega-3 fat% acig comprises eicqQs taenoic, acid, docosahexaenoic

oaid GBI b AP TAR SA) A SAOBT wheren said

omegap Jaiityacid eotapiiset omega-6 acid and/or at least one omega-3 fatty acid

with the solution of step a).

29.  The method of claim 28, wherein said mixing and/or said contacting is done at

room temperature.

30. The method of claim 28, wherein said at least omega-6 fatty acid and/or at least

one omega-3 fatty acid is contacted with a solution of step a) over an hour.

31. The method of claim 28 wherein a second surfactant is mixed with a solution of

step a) prior to be step c).
32,  The method of claim 28 wherein said first surfactant is ethoxylated methyl

glucoside, ethoxylated sorbitan monooleate, DOE 120, reverse Pluronic surfactants,

SPAN surfactants or mixtures thereof,
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gammalinolenic acid, dihomogammalinolenic acid, or both. 25.The sterile
preparation of claims 21 wherein said administration is topical

administration. 26.Use of the composition of claim 1 for the preparation %FSLW
a medicament for normalizing the ratio of omega 3 fatty acids to omega 6

fatty acids in an eye of an individual. 27.The use of claim 26 wherein said

Formalibedneiedsdbdain Al tovhrsin soid speondnietirsient brapieiidaied methyl
AQEORRRINIRM LIRS IRGBRAMESH61and/opomedry 3 faky:acid t8mPTieiRG tants,

a) mixing a first surfactant with a saline solution; b) contacting at least
HebrEgstenEc Brdeicathessione omega-3 fatty acid with the solution

of step a). 29.The method of claim 28, wherein said mixing and/or said

contacting is done at room temperature, 30.The method of claim 28,

IhereisaRt Ao laus comeyRUS 1AM RE  2haf drast PSQBpRrThigaasithpherein
Rsichincariacied with 2,89/ ytion of:stepra) Qvabanhewr o 31henmathoghefi 0.4

claim 28 wherein a second surfactant is mixed with a solution of step a)
WFi8RtG e step c). 32.The method of claim 28 wherein said first surfactant
is ethoxylated methyl glucoside, ethoxylated sorbitan monooleate, DOE
120, reverse Pluronic surfactants, SPAN surfactants or mixtures thereof

333, Thehnemikebridarmaesinerelriein ¥hoshadnthe tancraation pisdd fatty

Jngthyducosidesigthoxylated sorbitan monooleate, DOE 120, reverse
Pluronic surfactants, SPAN surfactants or mixtures thereof 34. An
ophthalmic composition comprising at least one omega-3 fatty acid

agheremihepsanaant abienefisaicbidhi acid isvRctBs: B esfeem-ahaub Dstid fatty

weight % to about 0.4 weight %.
acid %s about 0.4 weight %. gnt o

37.  The composition of claim 34 wherein the omega-3 fatty acid comprises alpha-

linolenic acid or a derivative thereof,

38.  The composition of claim 34 wherein the omega-3 fatty acid comprises

eicosapentaenoic acid, docosahexaenoic acid or a combination thereof.

39.  Use of a composition comprising a therapeutically effective amount of an

omega-3 fatty acid for the preparation of a medicament for the treatment of dry eye.

40. The use of claim 39 wherein the concentration of omega-3 fatty acid is from

about 0.01 weight % to about 10 weight %.

41, The use of claim 39 wherein said omega-3 fatty acid comprises alpha-linolenic

acid, eicosapentaenoic acid, docosahexaenoic acid, or a combination thereof,

42, Use of a composition comprising a therapeutically effective amount of an
omega-3 fatty acid for the preparation of a medicament for the treatment of adnexal

inflammation.
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35. The ophthalmic composition of claim 34, wherein the concentration of
said fatty acid is about 0.1 weight %. 36. The ophthalmic composition %CSLLP
claim 34, wherein the concentration of said fatty acid is about 0.4 weight
%. 37. The composition of claim 34 wherein the omega-3 fatty acid

comprises alphalinolenic acid or a derivative thereof. 38. The composition
Bt clainhsassrdramithdZombesln ity b Simideseidsebpet tigngiecd
AGid,docosahexaenoic acid or a combination thereof. 39. Use of a

composition comprising a therapeutically effective amount of an omega-3
fatty acid for the preparation of a medicament for the treatment of dry eye.

#40. Th?h‘éﬁi%%?@m%ﬁéﬁ‘é&%?dﬁﬁ@gﬁ@aﬁﬁ? phemagprddatiaGitkifenoic
from about 0.01 weight % to about 10 weight %. 41. The use of claim 39
%?&W%@ﬁf@ﬁ%@%@@lﬁa@ﬁ&ﬁ&r&&m%@% Sighsehyeti g ol
eicosapentaenoic acid, docosahexaenoic acid, or a combination thereof

42. Use of a composition comprising a therapeutically effective amount of

4 omBghes PSP RRRI ST e oI AN EURCHIERISIBE fideast one
dreatinenitef adpexaiatianiationeid43 atlheonserdfGlaino Ao whRBERINUSRIdei ght

0individual has been li]dentified as in need thereof 44. The use of claim 43,
RierBrrsdid Biela’s fatty acid comprises eicosapentenoic acid,
docosahexaenoic acid, alpha-linolenic acid or a combination thereof. 45.
A sterile preparation for administration to the eye comprising at least one
Bmega B8t SRTRHBTSM The! ity A FEEH SPUONTKRHAGH bR RO mPrises
A hlemRiohti 80 docabaiixQebdueight, Upidblidbiesterirl prepasationatbn
claim 45 wherein said omega-3 fatty acid comprises eicosapentenoic acid,
tHgE8Eanexaenoic acid, alpha-linolenic acid or a combination thereof 47.
An ophthalmic composition comprising at least one omega-6 fatty acid
wherein the concentration of said fatty, acid is in the range from.about 0.1, |
Weight % ?B%E@aﬁclﬁ.aowgfg%?%%?ﬁﬂa%ﬁhlﬁ?afrﬂw86%55% . moar%ﬁgwhemm
the cuheieiatihe conse miratiandissaichéatyactebia abost @ 1lweaight e #Hdut 0.4
The, ophthalmic composition of claim 47, wherein the concentration of said
YA&18PhEfd is about 0.4 weight %. 50. The composition of claim 47 wherein
the omega-6 fatty acid comprises gammalinolenic acid or
Ihomggammalinolenic acid. 51. Use of a_ compositign comprising a i
orap b RCRR EHBEEMHILRD 5F A7 s it S 6 T g on of sid fatty
Japamdban®i aeigdicament for treating dry eye. 52. The use of claim 51
wherein the concentration of omega-6 fatty acid is from about 0.01 weight
% to about 5 weight %. 53. The use of claim 51 wherein said omega-6
4arty afidecaihfrivescgammalinme fohdid 4F, dihersbginmalinotenicnacidaid fatty

R B BRI YD ARerSRr

50.  The composition of claim 47 wherein the omega-6 fatty acid comprises

gammalinolenic acid or dihomogammalinolenic acid.

51.  Use of a composition comprising a therapeutically effective amount of an

omega-6 fatty acid for the preparation of a medicament for treating dry eye.

52.  The use of claim 51 wherein the concentration of omega-6 fatty acid is from

about 0.01 weight % to about 5 weight %.
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54. Use of a composition comprising a therapeutically effective amount of

an omega-6 fatty acid for the preparation of a medicament for the

treatment of adnexal inflammation. 55. The use of claim 54, wherein saidMC&LLE
individual has been identified as in need thereof 56. The use of claim 54,

wherein said omega-6 fattyagci_d comprises %ammalir_lolenic acid or _ )
Hhomdgsminafinbinic latibrera ik Biteadon et esid sympritetiggmmalinolenic

a‘l&ﬁ%@ﬂ%ﬁq@’aﬁ%ﬁﬂ@@ﬁ@B&ﬁ,@?%ﬁﬁﬁéﬁ%@%@é&ﬁaﬁ one omega-6
fatty acid wherein the fatty acid is at a concentration of from about 0.1
weight % to about 0.4 weight %. 58. The sterile preparation of claim 57

%_here-'ﬂs%%@@éﬁ S@_tf@ﬁ%ﬁﬁﬁi@@l@@&ﬁ&ﬁ;%ﬁb@ﬂ?@ﬁ@&i@&%m of an
dihomogammalinolenic acid or a combination thereof
omega-6 Tatty acid for the preparation of a medicament for the treatment of adnexal

inflammation.

55. The use of claim 54, wherein said individual has been identified as in need

thereof.

56.  The use of claim 54, wherein said omega-6 fatty acid comprises gammalinolenic

acid or dihomogammalinolenic acid or a combination thereof.

57. A sterile preparation for administration to the eye comprising at least one

omega-6 fatty acid wherein the fatty acid is at a concentration of from about 0.1 weight

% to about 0.4 weight %.

58.  The sterile preparation of claim 57 wherein said omega-6 fatty acid comprises

gammalinolenic acid or dithomogammalinolenic acid or a combination thereof.
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