WD 2006/ 050838 PCT/ EP2005/ 011650 OPHTHALM C O L- I N-WATER TYPE EMJLSI ON

W TH STABLE PQOSI TI VE ZETA POTENTI AL 5 The present invention concerns

opht hal mwocata3m838 oi |l - in water type emul sions havi ngpraTaPe@spoteent i al
remai ning positive overtinme. By "ophthalmc emulsion”, it is neant an

emul sion which 1is suitable for an ocular application and which may have a
10 pharmaceutical effect or a cosnetic effect. Enul sions according to the
invention have a zeta potential remaining positive overtine that is, they
are stable overtinme. Stability is defined as the extent to which a product
15 retains, within specified limts and throughout its period of storage
and use (i.e., its shelf life), the sane properties and characteristics
that it possessedCBETHAEIEG neOlof INBWATERt UTEPEThEMIIISHONe GIITSE abs TABYE

testing is t%os&&%Y}EdEE?Xi gggﬁﬁﬁgé how the quality of a drug substance or
20 drug prod i er the influence of a variety of
environnental factors such as tenperature, humdity and |light, and enabl es
recomrendéd st or afee pomskniohsyentitomstopesimssopinthsheld ddtviesnio del-
est abl i shed. i2nS WAI tgough real - isrr% stabil.ity studies i clﬁ)gile an eval uation
of those factdrs"that of BT mat ¥y "8 Pect® B_XFAL i B Bt e Lof TR Y,
they are ti mpaidicesbvee@nsen ng. Conventionally, accelerated stability
studies are used_for Egtgedi cting the shelf |ife of pharmaceutical 30

products. Such acB¥l PR P EiHai @8UEHEot thel SyReans 3 duksigrerdtifke of

40C during atid eastth1ROMS. ah NootdgF ag%yﬂesf%ﬁnqnah%&ehr i3S have a
stability WO 2006/ 050838 PCT/ EP2005/ 0116
10  pharmaceutical effect or a cosmetic effect.

Emulsions according to the invention have a zeta
potential remaining positive overtime that is, they are
stable overtime.

Stability is defined as the extent to which a product

15 retains, within specified limits and throughout its period
of storage and use (i.e., 1ts shelf 1life), the same
properties and characteristics that it possessed at the time
of manufacture. The purpose of stability testing is to
provide evidence on how the quality of a drug substance or

20 drug product varies overtime under the influence of a
variety of environmental factors such as temperature,
humidity and 1light, and enables recommended  storage
conditions, re—test periods and shelf lives to be
established.

25 Although real-time stability studies include an
evaluation of those factors that ultimately affect the
expiration date of the drugs, they are time and cost-
consuming. Conventionally, accelerated stability studies are
used for predicting the shelf 1ife of pharmaceutical

30 products. Such accelerated studies subject the systems to a
temperature of 40°C during at least 6 months.

In order to understand the intrinsic stability



2 mechani sm of the system by establishing degradation pathways and
identifying the |ikely degradation products, and thus to adjust the

anal yt i cavopor@osassses to be used, the Applicant has devermpeassiresss
stability testing during which the 5 enul sions are subjected to extrene
conditions that is a tenperature of 80C during specified period of tine.
Mat hemat i cal extrapol ati ons, such as the Arrhenius equation, are then used
to calculate the product's predicted shelf life. Application of Arrhenius
equation in 10 pharmaceutical stability testing is straightforward. In the

| sother mal meidiadniLicoBy Shem:8:be bvesthoRl &fihs SLOLSt: e, RvEral

high tenperatures with all other conditions fixed. ExCess t osure
accel erates el degradavion thadlikesyafi¢ownsdahéon aprodwniss amsd tiohbe to

determ ned i 5 or i.e peri od, recent years, qil-in-water type
emul si ons, | %d%ﬁlggct i%%l aérqe{/l%ﬂr%u%leasji o%%&%a?}wnegs dggp &t susc?%’achlueoné]%?mﬁhc%r? e
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ionic characteristics and dipole attributes. This charge, which can be

negative reswhdldg i Aifani onferémaksions opfposhtilenproductqenichei oniim
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isothermal method, the system to be investigated is stored
under several high temperatures with all other conditions
fixed. Excess thermal exposure accelerates the degradation
and thus allows the rate constants to be determined in a

15 shorter time period.

In recent years, oil-in-water type emulsions, in
particularly emulsions having droplets of a submicron size
(hereinafter “submicron emulsions”) gained increasing
importance, 1in particular as vehicles for delivery of

20 hydrophobic drugs.

However, stabilizing emulsions, including submicron
emulsions, may be a concern for one skilled in the art. One
known approach to stabilize an emulsion is to confer an
electrostatic charge to the droplets surface which will

25 result in droplet repulsion and less droplet coalescence.
Colloidal particles dispersed in a solution are electrically
charged due to their ionic characteristics and dipole
attributes. This charge, which can be negative resulting in
anionic emulsions or positive producing cationic emulsions

30 (Klang et al., Pharm. Dev. Technology 2000, 5, 521-532) is

known in the art as the “zeta potential”. The zeta potential



WO 2006/ 050838 PCT/ EP2005/ 011650 3 is a neasure of the magnitude of the
repul sion or attraction between particles (Washi ngton, Adv. Drug Deliv.
Revi ews WO2606/B083831- 145). Fornul ati ons of subm cron emulrgirons/oneported in
the 5 literature are usually based on a conbination of lecithins which
are m xtures of phospholipids of various conpositions obtained from
natural sources, non-ionic or ionic surfactants and of oil such as
vegetable oil. Lecithins generally conprise as nmjor conmponents
phosphatidyl choline, 10 which is neutral over a w de pH range negatively
charged phospholi |ds suc pho hatldyl erlne an sp |d
and p03|t|veF$ 2ng @%ﬂr%h%gpﬁﬁ?l A d§ phos] &iéiﬁﬁ anoréﬁFﬁé

a consequencgeeaeéﬂelgarﬁihmpg§ltlwmmhﬂﬂyidnﬂ | aidet. pabfu@IeBeliw1mD$bv1ews
avail abl e 15 phosphol i pi d- based emul sions are negatively charged. Addition
of enough anégﬁﬁs of: %g%l%ﬁ$b agents such as stearylam ne, ol eyl ani ne,
chitosan, {N-[i-(g3mnidileey! exy)pasrytionN, eanN‘ﬂoHs”e'Eragbémmiﬂn (RATAP)
or others can reverse this surface charge and produce a

posi tivel §- chatgedtent| i, ussiaddd] &a b?ntﬁeﬂpm@éﬂétlﬁﬁtéﬁi|%ﬁClthlnS
(Rabi novi ch- Gui. |l at e P 0 C |l ,
Pharm Res. égg %§8 g@gtufgg rzglfKlan Hﬁfﬁgfa%iﬁﬁ' J. (ﬁﬁigﬁ? 19 ld%s
132: 33-44). bbtahheﬁhosﬁh@mlanhtunakurnsqyanSLoidSOOelgnltlposnnegonZ@ or

enul sions), a S|gngfigant d crﬁase n zeta otentl 1 erv, d tlne
due to the thFS §SPEEBf PHosPhol THi dS"GTnt 6 freéﬁ? V2 aC|§s (ZUi n1and

Crommelin, JgRRarALSgi cokB5 se84isl ki3rdd 189mpdn et < aph depltaa Sy ehadfi riegXi €
si de effects foll om ng adm ni stration (Vhrverl et al., J. .30 _Photoche

Phot obi o0 AvWDdeb, i1 A2Mtadh) OVeR Eat'fioifi cPH range, rlegatively charge
phospholipids such as phosphatidylserine and phosphatidic

acid and positively charged phospholipids such as
phosphatidylethanolamine. As a consequence of their
composition, the colloid particles 1in most available
15 phospholipid-based emulsions are negatively charged.
Addition of enough amounts of cationic agents such as
stearylamine, oleylamine, chitosan, {N-[i-(2,3—
dioleoyloxy)propyl]l -N, N,N-trimethyiammonium (DOTAP) or
others <can reverse this surface charge and produce a
20 positively-charged colloid, as reflected by their =zeta
potential (Rabinovich-Guilatt et al., Chem Phys Lipids 2004,
131:1-13; Liu et al., Pharm. Res. 1896, 13:1856— 1860, Klang

et al., Int. J. Pharm. 1996, 132:33—44).
In all phospholipid-containing colloids (e.g. liposomes
25 or emulsions), a significant decrease in zeta potential is
observed overtime, due to the hydrolysis of phospholipids
into free fatty acids (Zuidam and Crommelin, J Pharm Sci
1995, 84:1113-1119) which can be a source of toxic side
'effects following administration (Varveri et al., J.
30 Photochem. Photobiol. A 1995, 91:121-124). 1In cationic

phospholipids colloids, the decrease in =zeta potential



phosphol i pi ds coll oids, the decrease in zeta potential W 2006/ 050838

PCT/ EP2005/ 011650 4 evidences that the systemis not conpletely chemcally
st abl e ( oi2bacasessset al ., STP Pharma Sci ences 2001, 11pr¢ZEP20b2@)16and i n
sone cases could result in the physical destabilization of the fornul ation
as reflected by the 5 droplet size. For exanple, in chitosan cationic
fornul ations containing 0.25-1.5% chitosgn, 0-1.5% phospholipids, 0-2.5%
pol oxamer in a castor: soybean oil phase, only the fornulation containing
pol oxanmer with chitosan di splayed 10 good stability duri ng aut ocl avi ng,

whil e the coexn&ten %hqcf chltglosagzgggmph hr[g& plé%gn#le { dlchgm Catlﬁé’

dest abi | i zat§6n ot e errul sion ring s erilizati “Acc
authors, thgtigiter ardmOdlvaeimean dihe EIEd tHheaina cslmregexdascmomsammah—
negat i veI y- char ged phosphol |Ao| ds which resulfed in rruI sifier
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(Int. J Phar g sd 99911 4831 di(S of84)cheTh@§Qm§mHl:§bﬁnSa?s’Ver@e@l/@é‘d@i edyf urhber
for their antimcrobial activity for mucosal or parenteral adm nistration

(Eur. J. ?hadmp-BFpra?@n 2002, 53: 115 23). 20 O particular interest are
the following patgps &%@ggﬂsw CaLhoBLSa MUl SlONSIOr (2phedh coculsar

adm ni stration: ent 26 discloses a cationic oil-in-water
enul si on whi chncanpinges .26t ob¥ phaitbehes Wflh5a posisphedlipidgs Ohdr-gé&d
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chitosan and phospholipids resulted in a destabilization of

the emulsion during sterilization. According to the authors,

the interaction between the positively charged chitosan with

negatively—-charged phospholipids which resulted in a damaged

15 emulsifier film around the o0il droplets provoked the

coalescence of the droplets (Int. J Pharm. 1999, 183:175-

84). These emulsions were evaluated further for their

antimicrobial activity for mucosal or parenteral
administration (Eur. J. Pharm. Biopharm. 2002, 53:115— 23).

20 Of ©particular interest are the following patents

dealing with cationic emulsions for topical ocular

administration:

US Patent 6,007,826 discloses a cationic oil—in-water

emulsion which comprises colloid particles with a positively

25 charged interfacial film. The interfacial film is formed by

cationic lipids (0.05-3% by weight) such as Ciyp—Cis primary

alkylamines (disclosed are stearylamine or oleylamine), Cio—

Cys primary alkanolamine or a cholesterol betainate;

phospholipids (0.5-3%) and non-ionic surfactants from the

30 group consisting of poloxamers, tyloxapol, polysorbate, and

polyoxyethylene fatty acid esters (0.05-3%) . The



30 group consisting of pol oxamers, tyloxapol, polysorbate, and

pol yoxyet hyl ene fatty acid esters (0.05-30). The WO 2006/ 050838

PCT/ EP20080QadsaB08385 concentration of the oil is naintaPoE®EPashlrese he
3-20% range. US Patent 6,007,826 emnul sions zeta potential are not stable
to thermal stress (see Tamilvanan et al., STP Pharma Sciences 2001,

11: 421- 426 and Exanple 12 as given here- 5 after). US Patent 6, 656,460 to
Benita and Lanbert describes a nmethod of treating a dry eye condition by
topical application of a positive subm cronic emul sion containing

0.1-0. 5% phogpheLhpi-98i o8- 2% gaul §ifying ﬂQ?H%a%&@ s thd nPol xangr, @nd

benzal konium chl oride as a preservative. Since these preparations contain
0.1 to 0.5% bgngei gt @htephoépﬁ@Wh@Q@semmﬁéupnzeu@tpbﬂ%ﬂﬁamﬁhaﬂsaeﬁpenﬁed

to decrease C.(s 12). Alth sone of .th r t
enul si ons nay sﬁ§8 tg %%e%éggPS%gélcals§Fabl ﬁlvaPéaar&‘ﬁﬁ- %ﬁé%%ﬁ%ﬂﬁ
there is st Bbh.eacéeedZ(j(D]r catli: anile 4apht dvad ME& agwllesi DS ashi @hv@me here-
physi cal | gble and mhich do not contain a sufficient anmount of any

subst ance |bIe of affecting the zeta potential overtine, while

presenting a goodyd obgtahi | it %501 6020 OCHERL + 2dEhGI Stdrtd AN deSURShagces
susceptible of affecting the zeta potential may be phospholipids, and any
subst ances WREERCHecoHe Werpltivel yachalged eipon SPBAAGEON ThEYandinmi &fl

subst ances agggiabaglbhe #eta polential saém&yﬁéﬁwe S BE oic alt*}gfngat

any time, the anmount of p05|t|ve char ges In e enulsion is ove
anmount of négétpvéochmmol%pm,ﬁe,rtlorré A tereuhediy iy ofagehks swmuentdson,
it is 10 poloxamer and benzalkonium chloride as a preservative. Since
these preparations contain 0.1 to 0.5% by weight of
phospholipids, their zeta potential is expected to decrease
at 80°C (see Example 12).
Although some of the prior art emulsions may show a
15 good physical stability regarding droplet size, there is
still a need for cationic ophthalmic emulsions which are
physically stable, and which do not contain a sufficient
amount of any substances susceptible of affecting the =zeta
potential overtime, while presenting a good tolerability for
20 ocular administration.

Substances susceptible of affecting the zeta potential
may be phospholipids, and any substances which become
negatively charged upon storage.

The amount of substances affecting the zeta potential

25 overtime must be such that at any time, the amount of
positive charges in the emulsion is above the amount of
negative charges.

By overtime in the meaning of this invention, it is
meant a duration exceeding 1 year, preferably exceeding 2

30 years, more preferably exceeding 3 years. In this invention,

if an emulsion meets any of tests A to D requirements, it is



meant a duration exceeding 1 year, preferably exceeding 2 30 years, nore
preferably exceeding 3 years. In this invention, if an enul sion neets any
of tests Wotooddsossgui renents, it is WO 2006/ 050838 PCT/ ERZP2408HIBS5Q 6
bel i eved that said enulsion has a potential zeta that is not affected
overtinme. By "good tolerability” in the present the invention, it is
understood that the ratio therapeutic bengfit to ocular 5 disconfort is
accept abl e by the patient, and preferably simlar to a placebo or NaC

0. 9% sol uti on. IS generally accepted that in order to show good ocular

tolerability. e i 0 wiihin the far n shoul not. exc
0.1% prefer%%?y ﬁ%@ égégégg %ﬁ%é%%%ﬁl even%ﬁ%¥% pr gFably sﬁoﬁld ﬁg

exceed 0. 03% ff@ctoaryvedmmes such as stearyl am ne or ol eyl am ne were
shown to be safe faqr ocular adnl atron at 0.1%or 0.3% wv_(Kiang et

al., J. Pharm PH3 m#o52 tdesan 6 §g3)- a’[reersr?a“rty thRi neYeSidRtas -

benzal koni um ghk.@ieger ood5 taa&zoac@e@amdmmé@a@;éi@tﬁadb@%zﬁﬁ hepi WAu1ar
chloride are allowed by health authorities for ophthal mc adm nistration
up to contenfi&EPBARCBE dppr ecCrRCely 0. PB%trur Patiental .and Emreferapiar m
Bi opharm 2002 53 265- 280)a cEusNo£ Nowah ¢ pnesenge of an i mpor t ant
amount of cationic agent 50 sions may succeed in nmaintaining a
stabl e positive 2@1alSpQ&ﬁmﬂﬁéﬂaove¢C¢@mBibyhoanchilpngeenﬁxgragomegmtxwe

entities (see anple 13 ch e srons are not co trble t h
reconnendat|8ﬁuE%F opht % %%ﬁ%i%? ggi i ons? ﬁf?enp?gngg% redﬁb3$¥he %&tron
concentratroﬁoumuudtiemdshouJZE west akcbédato.a ,of ptdeeemilsi nEs (R@Red
Exanpl e b S an ob%ect of this |nv%gglon t o propose subm craon .

opht hal eﬂu 2ford nEVGBI MEPHT nitFET SEABAL sSoPutSht POhi cexceed 0.03%

Primary amines such as stearylamine or oleylamine were shown

to be safe for ocular administration at 0.1% or 0.3% w/v
(Klang et al., J. Pharm. Pharmacol. 1994, 46:986-993)
Quaternary amines such as benzalkonium chloride,
15 benzododecinium Dbromide and benzethonium chloride are
allowed by health authorities for ophthalmic administration
up to concentration of approximately 0.03% (Furrer et al.,
Eur. J. Pharm. Biopharm. 2002, 53:263-280). Even though the
presence of an important amount of cationic agent in
20 emulsions may succeed in maintaining a stable positive =zeta
potential over time by cancelling emerging negative entities
(see Example 13), such emulsions are not compatible with
common recommendation for ophthalmic compositions. Attempts
to reduce the cation concentration would lead to
25 destabilization of the emulsions (see Example 14).

It is an object of this invention to propose submicron
ophthalmic emulsions including minimal amounts of cationic
agent and still having and keeping a stable positive =zeta
potential overtime.

30 The present invention relates to an ophthalmic oil-in-

water type emulsion, which comprises colloid particles



agent and still having and keeping a stable positive zeta potenti al
overtine. 30 The present invention relates to an ophthalmc oil-in- water
type enulwoangé/osb83gsh conpri ses colloid particles WO 200@C08®2®3/011650

PCT/ EP2005/ 011650 7 having an oily core surrounded by an interfacial film
said emulsion conprising at |east one cationic agent and at | east one non
ionic surfactant, said enmulsion having a ppsitive zeta potential and
neeting the zeta potential stability Test 5 A B, C and/or D requirenents.
The emul sions according to the invention are physically stable overtine as
defined hereapoy i tentj ' specifigc. .
measur enent Cmdﬁgﬁ%ﬁg%@% S%cglgfi%%y Th edgt A?gB%ﬁ%%Pnadé%a‘ral Dgl {0 Said
Accordi ng t o dnmhelsiovnecbmpristing ermullshehsode netioontaagenat snfifaci Badst

amount of any_ subs(g ances.susce i bl e of af.f(gcti n? .the zeta potential,
overtime. Advant ageousPy;Ct He "Sus SHFY ¢ RBUTRYRt PBR1EE ot Pedht i S
phosphol i pi dszetlb péelea tpelierindimeéetiagp@hentcak FBasHE €81 asPAYSI €8 Test

property ich is exhibited by any particle in suspension. Zeta potenti al
can be used &0 Br &drEE/BEh& TS 1EETERESsuspensi on i n different

environnents, to epld whZe slike d QIRYat hgns 0t LeUSREDSE P85 420 gﬂgsﬁgyhg%ons
I d mul si

as well as to predict overtinme stability. In order to avoid the

droplets to rEtgjdoneveqiifhet e ofabinemhdheoeabaygr egat ekeep sucpessiiety
Increasing sz, 1L Ls, Peces y C r=.rep es. taq.the _
particles. One of ]tgﬁe eans f%{cgﬁger%%u lsﬁev}é{ggéx %@%&g tcc()mad%éc&lolngl RE
system i s by adsntibest din Femrtscar e Cstabvbrzation. El ectrostatic or

crarge Stghl LZAIANS A, t0fe BROERESnf REARNTLE0.A Y SIRM Bl AP
sufficient amount of any substances susceptible of affecting
the zeta potential overtime. Advantageously, the emulsions

of the invention do not contain phospholipids.

15 Zeta potential

Zeta potential measures a physical property which is
exhibited by any particle in suspension. Zeta potential can
be used to predict behaviour of the suspension in different
environments, to optimize the formulations of suspensions

20 and emulsions as well as to predict overtime stability.

In order to avoid the emulsion droplets to merge one
with the other and form aggregates of successively
increasing size, 1t 1is necessary to confer repulsive forces
to the particles. One of the means to confer repulsive

25 forces to a colloidal system is by electrostatic or charge
stabilization. Electrostatic or charge stabilization has the
benefits of stabilizing a system by simply altering the
concentration of ions in the system. This is a reversible
and inexpensive process.

30 There might by many origins of this surface charge

depending upon the nature of the particle and its



concentration of ions in the system This is a reversible and inexpensive
process. 30 There m ght by many origins of this surface charge depending
upon t he weateemsos3st he particle and its WO 2006/ 050838 PCT/HER®G0516801650 8
surroundi ng nedi um but the nost inportant mechanisns are the ionisation of
surface groups or the adsorption of charged ions. The interaction of
particles in polar liquids is not 5 goveryied by the electrical potential

at the surface of the particle, but by the effective potential of the
particle and its associated ions. To utilize electrostatic control of

di spersions, _it i e 7 . pot i o] e. (e hat . _nust he
nmeasur ed ratﬁg%r? gﬁgﬁgsﬁéé%BgcggéhngeEO%Ea%gé%%E%A%é%??%?%%sﬁﬁIﬁr%u?F%ct
i ons of opposiohésehapge afh thefack spepsast .od otise chaserpoibhe csurdracerar e
strongly bound; those further away forma nore diffuse region. Wthin this

d
region is a d6ffonal boundary, known as the slipping plane, within which

the particle and tw8siaekrastaofi R epeptityes 1onThR 1RAL ent hal aat sEheor
slipping plane is known as the zeta potential. It has |ong been recognised
that the Zet §OVEEHEAL iRY TR 2R HdH PREERUHEL tak Fagnitwdacsf ofhehe

interaction betweencoklei dgl taare&%e;ﬁi@ad%ﬁ@@ﬁy{ﬁeafs?ﬁé ZeL A potepy i al
are comonly used to assess’the stability of 20 collolda sy%tens. he zeta
potenti al nedssr eds$pchatedr tioosl.arTey sttdmiize depariderstani¢ heocheoil stafy of

e o Lace g ALSR-CT Sl L PLERRSER LN S
defi ned envi mostente 2easspedi fradidy pHaanditisonsersieengiiarge. Charged
EleCtrOpQBre%g%tg%Hggit%ill attract ions of opposite <charge in the
dispersant. Ions close to the surface are strongly bound;
those further away form a more diffuse region. Within this
region is a notional boundary, known as the slipping plane,
within which the particle and ions act as a single entity.
15 The potential at the slipping plane is known as the zeta
potential. It has long been recognised that the zeta
potential 1is a very good index of the magnitude of the
interaction between colloidal particles and measurements of
zeta potential are commonly used to assess the stability of
20 colloidal systems. The zeta potential measured in a
particular system is dependent on the chemistry of the
surface, and also of the way it interacts with its
surrounding environment. Therefore zeta potential must

always be studied in a well defined environment

25 (specifically pH and ionic strength).

Electrophoretic mobility

An important consequence of the existence of electrical
charges on the surface of particles is that they interact
30 with an applied electric field. These effects are

collectively defined as electrokinetic effects. If the



An i nportant consequence of the existence of electrical charges on the
surface of particles is that they interact 30 with an applied electric
field Thweeoailfsess8s are col |l ectively defined as el ectr ekirmeroosoefeSects. | f
t he WO 2006/ 050838 PCT/ EP2005/011650 9 notion is induced in a particle
suspended in a liquid under the influence of an applied electric field, it
is nore specifically named el ectrophoresiogs. Wien an electric field is
applied across an electrolyte, charged particles 5 suspended in the

el ectrolyte are attracted towards the electrode of opposite charge.

Vi scous forcgs, agl E% gﬂgh%d Rar %\‘ gvla%scitceigd sth8 888%%6 s ’Ifec’;‘é%'a%- efhen
equi li briumis "reached between t hese tWwo opposPng or ces, t particles
nove W th copbstanin¥khecid yofThenvaelpdiited | sldependentiaid,10ithei st meagt h

of electric field_or | tage gradient, the dielectric constant of th
dium the oPeEagirs iy’ Mgl A s or el i Gt BLecTraSy drgdtt y

of a particlesinagpouidd eheebssc farel delé’gtfﬂp{tf@,d t @nasqgkls particles

el ectrophoretic nmobility. Zeta potential is related to the el ectrophoretic
15 robi | i ¥y BySPREJRENnr yleqtht | h:eAE A YEeC 2re (REfragegd visrardse £he

el ectrophor eth e MOBL th Z5pAAld PULEALd alys s &ods dEELEELT LEr eonStaNtnd | =
Vi scosity an%hffKa):henryxéx)ZO funcf?%%. Efg%tﬁg%horetgc getgr 'ngtﬁbﬁ% of
zet a potenti phraielespsendormromipporedeiis agpyeoes tredrerarmdividdérate is

oLect ol te (Sameshlratione [ (halsl VAN BeEas6ole Ao 1O, AR
zeta potenti abver om tttheconbtdnt yvedocstyal ghef oratascli fyor i sysikpaadehat dn t

the SnDITghO%igi ggggkgth of electric field or voltage gradient, the
dielectric constant of the medium, the viscosity of the
medium and the zeta potential. The velocity of a particle in
a unit electric field is referred to as its electrophoretic
mobility. Zeta potential is related to the electrophoretic

15 mobility by the Henry equation:

Ug = 2 ¢ z f(xa)

3n
where Uz = electrophoretic mobility, =z= =zeta potential,
g = dielectric constant, n= viscosity and f(ka)=Henry’'s

20 function.

Electrophoretic determinations of zeta potential are
most commonly made in aqueous media and moderate electrolyte
concentration. f(xa) in this case 1is 1.5, and this 1is

25 referred to as the Smoluchowski approximation. Therefore
calculation of zeta ©potential from the mobility is
straightforward for systems that fit the Smoluchowski model,
i.e. particles larger than about 0.2 microns dispersed in
electrolytes containing more that 10-3 molar salt. For small

30 particles in low dielectric constant media (eg non-agueous

media), £f£({xa) becomes 1.0 and allows an equally simple



i.e. particles larger than about 0.2 m crons dispersed in electrolytes
containing nore that 10-3 nolar salt. For small 30 particles in | ow
di el ectriwocomasesss nmedi a (eg non-aqueous nedia), f(KapChareomssibs@ and
allows an equally sinple WO 2006/ 050838 PCT/ EP2005/ 011650 10 cal cul ati on.
This is referred to as the Huckel approximation. Tests AL B, Cand D5
Test A consists in neasuring the stability, of the enulsion zeta potential
under thermal stress conditions. Zeta potential of the emulsion is
nmeasured at T=0O, i.e. as soon as the emul sion has been prepared, the
obt ai ned ' anmed..Zo. d ass Type of, 10m_. ef fect.i 10
capacity con{:‘g?ﬁ?%@%e{?me%}é—ﬁom fl%f erfe\aﬁezrlrt()ené/ancﬁc}sealae% ur%% ni%EJrc\(g{%én
at nosphere (ampphoximbubbhi ng) are stored at 80C. Then at T=15 hours the
zeta potential Z15his neasured. The value SA = Z15h-ZO is then cal cul at ed.
15 For each neasurenent of the zeta potential, it is operated as follows:
The zeta potestial apfrihe enalsi on droplet surface is determ ned by
el ectrophorefic nobiTity 1 n an apparatus such as a Malvern Zetasizer 2000
(Mal vern ¥ nstrunmehes§t Lﬁ/() O Sdfitisppéd W Wi tabld s oftdlt &1 and Tl itheat ed
with the suppliedof! 20dargordhie; emubsion dise.did uiad ddt donBlhedhstil led
water if needed Iin ord 0 obtain the scattering intensity allow ng
optinmal parti cI e detecprpbent Thk sénphe woukrigmtis shradukdse a25 ThdL,wders -100
to 1000 KCps, . n et [ [ ef.erqdy ecti [ & he
contribution of Q&W%}éf g?kg%cgﬁ%ég%oéhouﬁ;] %g g o‘g?é%q’le&fhrgkgecgjn;%g i've
value being named 7y, Glass vials (Type I) of 10ml effective

10 capacity containing between 5-10ml of emulsion and sealed

under nitrogen atmosphere (without bubbling) are stored at

go°cC.
Then at T=15 hours the zeta potential Z;sy is measured.
The wvalue O8A = Zisp—%Z¢ 1s then calculated.
15 For each measurement of the zeta potential, 1t 1is

operated as follows:

The zeta potential of the emulsion droplet surface is
determined by electrophoretic mobility in an apparatus such
as a Malvern Zetasizer 2000 (Malvern Instruments, UK)

20 equipped with suitable software and calibrated with the
supplied standard.

The emulsion is diluted in double distilled water if
needed in order to obtain the scattering intensity allowing
optimal particle detection. The sample count rate should be

25 Dbetween 100 to 1000 KCps, in homodyne detection (if
heterodyne detection 1s used, the contribution of the
reference beam should Dbe deduced). Three consecutive
measurements are performed at 25°C using a constant cell
drive of 150mV. The electrophoretic mobility is converted

30 into zeta potential values through the Smoluchowsky

equation, using the dielectric constants and viscosity of



measurenents are perfornmed at 25C using a constant cell drive of 150nV.
The el ectrophoretic nobility is converted 30 into zeta potential val ues

t hrough twe 28maisossRowsky equation, using the diel ectri ecearztodant ssand
viscosity of WD 2006/ 050838 PCT/ EP2005/ 011650 11 water. The neasured val ue
corresponds to the average of the 3 obtained values. It is considered that
the enul sion neets zeta potential stabiljjty Test Aif SAis less than the
standard error of 5 neasurenents, preferably less than | OnV, and even nore
preferably | ess than 5nV. According to an advant ageous enbodi nent, the

ophthalmc emulsio ccording.to_the invention peets t nt i al

stability TegggﬁF'18h$e§§a%ufgds¥ﬁ; %rc?5g%%%§n%§e§éeﬁﬁgt%ggg%ﬁ% 8§u E?on

is stored darbpgafiBedowibuas. 80C, the zeta potential Z2 is measured on

after 48 hours and 3B = Z2 }ég isiéelculated. The enulsion is considered
r%%n a

as neeting the réduirerrits CpotentSTL SORMSELY £658 BOTFR8B s

| ess than the, ghanday drlScenf of e Of PASHERTERIR, PrEd eLabldal o8, LhaN LMY,
and even nore pretetrably |less than 5mV. According to a nore advant ageous

enbodi mreni ofnetherenanest i qrre fdmakdpht Ralsk ¢ teanl siiomv accordi ryeno thee
i nvention neets zetg go%entig% st§3}lity Test C. 20 Test Cis simlar to
Test A excepPTEHEFPhE oftf st i ¥ stored during 7 days at 80C, the zeta

potential Z7 is amasuwiety ab day it aSCcus/embdlinentdl chkatopththihfic
enmul sion is considered as neeting the requirenments of zeta potenti al
stability teS§MUESIPRSAGOYEIY t han HiRe LPRAULE A" eMEGTESof 2957 mPRSGRERBAL s,
preferably | esspthap, 198y, 8nd even nore preferably less than 5nv.

10 Test B is similar to Test A except that the emulsion is
stored during 48 hours at 80°C, the =zeta potential 2, is
measured on after 48 hours and 8B = Z; —-Zy is calculated. The
emulsion 1s considered as meeting the requirements of zeta
potential stability test B if 0B is less than the standard

15 error of measurements, preferably less than 10mV, and even
more preferably less than 5mV.

According to a more advantageous embodiment of the
invention, the ophthalmic emulsion according to the
invention meets zeta potential stability Test C.

20 Test C is similar to Test A except that the emulsion is
stored during 7 days at 80°C, the zeta potential 2Z; is
measured on day 7 and 6C = Zy ~Zgq 1s calculated. The emulsion

is considered as meeting the requirements of zeta potential

stability test C if 8C is less than the standard error of

25 measurements, preferably less than 10mV, and even more
preferably less than bmV.

According to a still more advantageous embodiment of

the invention, the ophthalmic emulsion according to the

invention meets zeta potential stability Test D.



According to a still nore advantageous enbodi ment of the invention, the
opht hal m ¢ enul sion according to the invention neets zeta potenti al

st abi | i t ywOests/ 30830 2006/ 050838 PCT/ EP2005/ 011650 12 PeItEPRIOS®IBEN | ar to
Test A except that the emulsion is stored during 14 days at 80C, the zeta
potential Z14 is neasured on day 14 and 6D = z14 -z0 is cal cul ated. The
emul sion is considered as neeting the reqyhrements of zeta 5 potenti al
stability test Dif 8D is less than the standard error of neasurenents,
preferably | ess than 10nV, and even nore preferably |ess than 5nV.

According to an epbodi gept o Emwgrl@gep%%gn%néyge chgaczpc&pé b?a ugn]to%f the

cationic agent is conprised between pref era

0. 002 and 0. B%reanddusind | 1dordaypr eder ai0I°¢, betNEeleBaOQ&mrtl&lOS%4byls

wei ght of the total weight of the enulsion (ww). Advantageously, the
concent r at i offSGHSWRE oP? i ot d 13%hi §Rer=t Ifan 7% pref élaglé‘ll}aébéut s to

5% and still r prief e t y i ot ht
of the emul sf%ﬂr?s?v(\)//nvwl%f Ién&g%l%? er en% %lgﬁg%%leoftﬂt@hg%:qnveﬁh@gﬁts tO%Ie %\%aght

rati o cat |50n|pz>taagﬁr1ta/10|sjtamlgm*yprﬂe.°saﬂ et pedn 0s0025sarthan?C-H: O&andard
preferably between 0.005 and O preferably from 0.01 to 0.02. In the
emul si on accdi'dittg 3% Ii‘?l%s‘ﬂﬁ%?ﬁt?%n PYpker ehe? at FBARO OHdn- i3 & jent

is less than pde preirer-abhy 1@ggpgh§§d5lta@t ween 0.01 to 0.6% by wei ght of
the total weight 25 of the emulsion (Ww. In the ophthalmc oil-in-water

enmul sion according to the invention, the cationic agent is selected in the
group ConSiStingAQéo£&9ﬂ§24t8riQﬁryeﬁ$gaiﬁ@%@esofte{ﬁééﬂﬁhégﬁgggﬁj(:the
10 concentration of the cationic agent is comprised between
0.001 and 0.1%, preferably between 0.002 and 0.05%, and
still more preferably between 0.003 and 0.03% by weight of
the total weight of the emulsion (w/w).
Advantageously, the concentration of the oil is not
15 higher than 7%, preferably about 0.5 to 5%, and still more
preferably about 1 to 3% by weight of the total weight of
the emulsion (w/w).

In another embodiment of the invention, the weight

ratio cationic agent/oil is comprised between 0.0025 and
20 0.06, preferably between 0.005 and 0.04, preferably from
0.01 to 0.02.

In the emulsion according to the invention, the
concentration of non-ionic agent is less than 1%, preferably
comprised between 0.01 to 0.6% by weight of the total weight

25 of the emulsion (w/w).

In the ophthalmic oil-in-water emulsion according to
the invention, the cationic agent is selected in the group
consisting of Cjip—Cz¢ primary alkylamines, tertiary aliphatic
amines, quaternary ammonium compounds, cationic lipids,

30 amino alcohols, biguanide salts, cationic polymers and the

mixture of two or more thereof.



am nes, quaternary anmmoni um conpounds, cationic |ipids, 30 am no al cohol s,
bi guani de salts, cationic polynmers and the mxture of two or nore thereof.
WO 2006/ O80&8&/BGBREP2005/ 011650 13 The prinmary am ne PETmPedosnalsty
selected fromthe group consisting of ol eylam ne and stearyl am ne; the
tertiary aliphatic salt can be dinethyl |auram ne or diethanol amne, the
am no al cohol can be tris (hydroxynethyl);sam nonethane. 5 In a preferred
enbodi ment, the cationic agent is a quaternary anmoni um conpound
preferably selected fromthe group consisting of benzal konium halide,

| aur al koni um hal+de, h I i a e
tetradecyl trimet r?;l%a rcl‘r?falrj ﬁlgﬁfn %)gag)g%? N ?%&%%nﬁ%ﬁlgh%apfggg)

cet ri noni um hahsdetibenzef h@tilewmahalmedeandbehemﬁkbmum,haIUhdae teetakkgni um

08 <UL ke S, LR g

st ear al koni uahhahmﬂﬁooalcaommdﬁre o 430 OfhyioR vikeheaf), akdnbabtHenbei ng
preferabl$/ chloride or brom de. Advantageously, said cationic agent can be
sel ected ?rom t héyr BupPT e Si RGBTSR Eoni IR cIM3&iodd.C | 3gRRF kdrf um

chloride, bgnzededesy NLHALRLGHAT d@mp Qﬁﬂéekﬁ%ﬁ%%@bqglOrégfécted from the
hexadecyl t ri net hyl ammoni um br om de, 20 tetradecyl trimet hyl anmmoni um brom de,

dodecyl t ri ne@RYPRNMTSHNFHSBAOHi d@fbr beptatkeriwt twelofdepor daurhékeofiumThe
cationic po'MH@Edgan b%e%&hﬁ?ég? o5 %%% e%&ﬂ%%lm%%ﬁggaﬁﬁBHQGml 2hg59 %yl 3-

tri met hyl anmoni uny pr opane, eoyl-sn-
phosphat i dyl éehaadtawi heimeddty lomneon iglny dosiphiang @ddquiyds: aimetatyil enmon i um

cholesterpl dafiyalives, EXAMRL 8%, OF BLGHAN de SadS Sy, 19,5 eghed oLr om

behenalkonium halide, cetalkonium halide, cetethyldimonium
halide, <cetylpyridinium halide, benzododecinium halide,
chlorallyl methenamine halide, myristalkonium halide,
stearalkonium halide or a mixture of two or more thereof,
15 halide being preferably chloride or bromide. Advantageously,
said cationic agent can Dbe selected from the group

comprising Dbenzalkonium chloride, lauralkonium chloride,

benzododecinium bromide, benzethenium chloride,
hexadecyltrimethylammonium bromide,
20 tetradecyltrimethylammonium bromide,

dodecyltrimethylammonium bromide or a mixture of two or more
thereof.
The cationic polymer can be chitosan, the cationic
lipid can be 1,2-dioleyl—3— trimethylammonium-propane, 1, 2—
25 dioleoyl—sn—glycero— phosphatidylethanclamine, cationic
glycosphingo-lipids or cationic cholesterol derivatives.
Examples of biguanide salts may be selected from the
group comprising chlorhexidine and salts thereof,
polyaminopropyl biguanide, phenformin, alkylbiguanide or a
30 mixture of two or more therof.

Examples of non-ionic surfactants which may be included



group conprising chlorhexidine and salts thereof, polyam nopropyl

bi guani de, phenform n, al kyl bi guanide or a 30 m xture of two or nore

t her of . Bxerpéeasos38 non-ioni ¢ surfactants which may be PoTiRPd@d/ 0Y¥050
2006/ 050838 PCT/ EP2005/ 011650 14 in the enulsion of the invention are
tyl oxapol, pol oxaners such as Pluronic F68LFTM or Lutrol F68, Pluronic
L- @LFTM and Pluronic L62DTM (BASF Wandgtte Corp., Parsippany, N.J.,
USA), pol ysorbates such as pol ysorbate 20 and pol ysorbate 5 80,

pol yoxyet hyl ene castor oil derivatives, sorbitan esters, polyoxyl

stearates and_a m xture of t or. nor her eof A us%%,
oiI-in-maperlgnﬁg%!§fu & Spdﬁﬁb %etﬁgv%%g dﬁtafﬁvgﬁﬁggﬁggghp i%ggg%ers
benzal koni umsgBhoridelasontat FeaLe™agentLuandlt yieexapdlurasioné—-6RLERE and

non-ionic 10 surfactants..,Accordi ng to anot her advant geous node,

™ t
enul si on  coRPRESBSCheZ kont R EhI"6ATGET4E &P BNt ¢ PR / t?%gﬁapol

and pol oxanegsas n%lilﬁ'&ir%a%@rsf asiant s ARAQEOrRE th0 1heahavetiiyebrddie
col | oi dal partlcfes 5 have an average particle size of equal or |ess than
1 m advant 8§eonsiyosyebity ben¢ egas t oA BOE SRV aToree s adPartdg o FSI%F 5% t he

range of 1004983010k e Ihe: 0L 2 pBaz Gl cilie AMILY ) HRY CORRELSE One of
gn g S Ile

nore component: cted fromthe group consisting of vegetable 20 oils
(i .e. soybean oi|ladointegyemiuslysestme oil;imotater seedleién easpodivpgl to

t al d,oil ] . oil (i.e. I i quj i
et um chai n T b1 YREr ted ™ ERERP | cRRER T4 o REA re gl BEAHA s

yceride ol t he
car bohydr at e ca¢hahi chaagahbut afd 12t gaohaponat ans) ,ome | yoff atithe aciah-2Hmic
i sopropyl nyristate, oily fatty alcohols, esters of sorbitol and fatty
aci ds, oify Sucfsséadsfers, and in general any

According to another advantageous mode, the emulsion
comprises benzalkonium chloride as cationic agent and
tyloxapol and poloxamer as non-ionic surfactants.

According to the invention, the colloidal particles

15 have an average particle size of equal or less than 1 pum,
advantageously equal or less than 300 nm, more
advantageously in the range of 100 to 250 nm.

The oil phase of the emulsion may comprise one or more
components selected from the group consisting of vegetable

20 oils (i.e. soybean oil, olive o0il, sesame oil, cotton seed
oil, castor oil, sweet almond oil), mineral oil (i.e.
petrolatum and liquid paraffin), medium chain triglycerides
(MCT) (i.e. a triglyceride o0il in which the carbohydrate
chain has about 8-12 carbon atoms), oily fatty acid,

25 isopropyl myristate, oily fatty alcohols, esters of sorbitol
and fatty acids, oily sucrose esters, and in general any
oily substance which is physiologically tolerated.

The major component of the oily phase will preferably
be either vegetable oil and/or MCT. Fatty acids or fatty

30 alcohols may be included in cases where the hydrophobic

substance to be carried by the emulsion is not sufficiently



oi ly substance which is physiologically tolerated. The maj or conponent of
the oily phase will preferably be either vegetable oil and/or MCT. Fatty
aci ds or wetwe6/058€38al cohol s may be included i n cases whece/mRrh@shywsophobi c _
substance to be carried by the enmulsion is not sufficiently WD 2006/ 050838
PCT/ EP2005/ 011650 15 soluble in the oily phase. Exanples of MCT oil which
may be used in enulsions of the present jywention are TCMIM (Societe des
A eagi neux, France), Mglyol 812TM (Dynamt Novel, Sweden). 5 O her
optional conpounds which nmay be present in the enuIS|on according to the

i nvention are floglexarrpth an| ni ch surfact ants and various additives such
as osnotic pressure uf ator$,? sucrose, glycerine or mannitol;

anti oxi dants, e. mxaadppm tcmomcberohl sidictimmaiys Ubd | tiesd 10nsedulBions of
nmetasul fite, sodiumthiosylfate anhydrous, gitric . acid rmnohgdr at.e,

ascor byl pal fP€at RESHP fasc@VEnE 188 dardr Cﬁ? eserPgiriEs, @ ISRl |

chl OrobutanO'Fa:aH%e?-KlMléi_\s?@thélzvh%ngmiba@@\belphmd&{ hyl al cohol , sor bi ¢
acid EDTA and , ethyl -, uty par aben; said optional 15

conpounds3 may onI@fC}W aglBHON AL s FEEPPREAE otEiflY AR BnEet Hatesedy: ndh ithgai r
the zeta pot %gﬁlégfmo tQE!:E!cBXn EX3TRAES i ﬂfveﬁ@' ; QR ¢ Suractan é%;) f‘aerg’Hng][H c

lipids inten arrmceqt i cal” suc hosphol i pi ds.

phosphol i pi dgunﬂaicd;hnhay abnel usadidus ta‘t@ilemﬁea 0$|130th as h@sz\@tllnvemeimreare
| ecit hins; Epi kur en 120TM (Lucas Mg wé is.am xpure Cl
about 70% phgsﬁll’ilaf3 8y?tho| e and’ %% pﬁiosph% yfertl%ancham ne and abdut
15% ot her phesphaliophds; Owotdin ABﬁfmeC@mfnn 20838t (lhuc asi dvBEyEIrte,

phosphat i dyl chol.ine, 18% p hati dy|.et han and 12% 25 other , |
phosphol il g. d§°déu5‘urlf‘?’f%%lu ﬁjog?)holsi Bﬂﬁ?&ﬁéta. anhydrous, —citric

acid monohydrate, ascorbyl palmitate and ascorbic acid; or
preservatives, e.g. thiomersal, chlorobutanol, benzyl
alcohol, phenoxyethanol, phenylethyl alcohol, sorbic acid,
EDTA and methyl-, ethyl-, or butyl paraben; said optional

15 compounds may only be added in specific concentrations that
do not impair the zeta potential stability.

Examples of anionic surfactants are anionic 1lipids
intended for pharmaceutical such as phospholipids. Examples
of phospholipids, which may be used in the emulsions of the

20 invention, are lecithins; Epikuren 120™ (Lucas Meyer,
Germany) which is a mixture of about 70% phosphatidylcholine
and 12% phosphatidylethanclamine and about 15% other
phospholipids; Ovothin 160™ or Ovethin 200™ (Lucas Meyer,
phosphatidylcholine, 18% phosphatidylethanclamine and 12%

25 other phospholipids; a purified phospholipids mixture, e.g.
such which is obtained from egg yolk; Lipoid E80™ (Lipoid
AC, Ludwigshaf en, Germany) which is a phospholipid mixture
comprising about 80% phosphatidylcholine, 8%
phosphatidylethanolamine, 3.6% non-poclar lipids and about 2%

30 sphingomyeline.

A preferred pH in the aqueous phase of the emulsion of



such which is obtained fromegg yol k; Lipoid ESBOTM (Lipoid AC, Ludw gshaf
en, Germany) which is a phospholipid m xture conprising about 80%

phosphat iwpl2obs0isisse, 8% phosphati dyl et hanol am ne, 3. 6%PoorEPp@iSalicse pi ds
and about 2% 30 sphingonyeline. A preferred pH in the aqueous phase of the
emul si on of WD 2006/ 050838 PCT/ EP2005/ 011650 16 the invention is 4.0-8.5,
6.0-8.0 being particularly preferred. 1T1§ invention also relates to a
process for the preparation of an ophthalmc oil-in-water type ermulsion 5
according to the invention, which conprises colloid particles having an

oi |y core surrundgd O san Inerfacoay sT11e osglg emulsion comid.sing At
| east one cationi ¢ agent,  at 1easSt one non’ionrc surfactant” sai'd emulsion
havi ng a posiref¥ergata potential and neeting zeta potential stability 10

Test A requirenments, said process conprising the steps of shear_m xi and
t hen high pressuﬂguﬁbnﬁﬁEWégﬁﬂﬂnonagﬁothﬁekégﬁﬁset%nU$siQﬁﬁF%ﬁﬁeﬂqﬂﬁj Fﬁ%bugh

m xing of theraghequsoAndort hey Oidphtphases. ORMthalwh e Ml PhONSEril sion
accordance with the present 15 invention may be fornulated into .
phar maceufi calccesapngi t itohs thet h Waenédenhy dr dptabi c CABPE¥ECEngredil®its

for alarge Jebeicgl RAGMRCATICA) APPLT CALLORSacAl BO MMM ORldddzsa)
agents can b8 adm ni st er e &f%% t%ese emul si1 ons. Accord?ng to the
invention, tHelanuissiion ereyl sien 20mpoiruhat @d flerstcwingr cadiianiist reaEndn of
AL SOV TR L S RO TBLEE e Ol DM S 0
in the prefepoedtivkeerltar pptaheial nana@ddedtbng 1dies darraredi ad sdtarbidaused
by oil's 58 mfgsqi%edrgéuirements, said process comprising the steps of
shear mixing and then high pressure homogenization of the
coarse emulsions obtalined through mixing of the aqueous and
the oily phases.
Ophthalmic emulsions in accordance with the present
15 invention may be formulated into pharmaceutical compositions
with wvarious hydrophobic active ingredients for a large
number of pharmaceutical applications. Also hydrophilic
agents can be administered with these emulsions.
According to the dinvention, the emulsion may be
20 formulated for ocular administration of said active
ingredients. In this oil-in-water emulsion, the water-
insoluble drug is solubilized in the internal oil phase,
thereby remaining in the preferred molecular state. 1In
addition, the blurred vision caused by oils is minimised by
25 the water 1in the external phase. Furthermore, the
concentration of the drug in the oil phase can be adjusted
to maximise thermodynamic activity, thus enhancing drug
penetration to deeper tissues.
Consequently, the instant invention provides the use of

30 an oil-in-water emulsion according to the instant invention

for the preparation of a medicament useful for preventing or



25 the water in the external phase. Furthernore, the concentration of the
drug in the oil phase can be adjusted to maxim se thernodynam c activity,
t hus enhawoi2n@/d083g penetration to deeper tissues. ConPeqmErndosypiicshe
instant invention provides the use of 30 an oil-in-water emul sion
according to the instant invention for the preparation of a nedi canent
useful for preventing or WO 2006/ 050838 PCT/ EP2005/ 011650 17 treating

opht hal m ¢ di sorders. The invention al sdconcer ns opht hal m ¢ fornul ati ons
conprising an oil-in-water enul sion according to the instant invention and
a pharmaceutical |y acceptable carrier selected 5 fromthe group conprising
eye drop cobpoxtiiomry g demrdegsnt hal nic gel . Said fornul ati ons may

al so conprise agphar mpGeHLE GAl | Y1567 f @8t d e AN Hfindlk aGlirk@1hRYLRGI ent
in or wwthin the pharmaceutically acceptable carrier. 10 The instant

i nventi on atswproviges sohetiodadfer tamdisimm agtosedingr teordiet ilpa§ant
conprising a pharmaceutical ., co o f20 ISl n _Qil -:i.n- pe
emul si on asln‘g%]%rlh%rb %%%vae.p rerp%)cﬁe\s}letﬁﬁﬁoaoqnﬁg{%le?}let{g%t%s Ct% 5] rtlﬁg \l%gﬁéS%F Eén
oil-in- 45 waster enwl sigaudccaraipg tiodg heeyastdmndp i neenpbpentdenpf amge

opht hal m ¢ conposition as defined above for the preparation of a

medi cament  POPTURHRT ¢ rRR MRS Il ar conditions. A wide variety of ocul ar

condi tions such sas Ol @&t AUl Ry | 8 kamaehprys eoadigHang e casly
keratitis, uveitis, 20 intra-ocular inflammatiaon, allergy and dry-

. ry-eye
syndrome oc@ffecihYecemeHst fulal arteérgi d89T8ELraF iAY et i BAsNL céﬁ@erous
growth, neo uessel.gr out b oriSidating foamtdhe cornea, retinal oedem,

ma, tic

macul ar oed® di abe
10 The instant invention also provides a method of
treatment of ocular conditions comprising a pharmaceutical
composition comprising an oil-in-water type emulsion as
defined above.
The invention also relates to the use of an oil-in-
15 water emulsion according to the instant invention or of an
ophthalmic composition as defined above for the preparation
of a medicament for the treatment of ocular conditions.
A wide wvariety of ocular conditions such as glaucoma,
ocular inflammatory conditions such as keratitis, uveitis,
20 intra-ocular inflammation, allergy and dry-eye syndrome
ocular infections, ocular allergies, ocular infections,
cancerous growth, neo vessel growth originating from the
cornea, retinal oedema, macular ocedema, diabetic
retinopathy, retinopathy of prematurity, degenerative
25 diseases of the retina (macular degeneration, retinal
dystrophies), retinal diseases associated with glial
proliferation may be prevented or treated using the cationic
emulsions according to the present invention.
Some substances suitable for delivery to the eye may
30 include, for example, antibiotics (such as tetracycline,

chlortetracycline, bacitracin, neomycin, polymyxin,



retinopathy, retinopathy of prematurity, degenerative 25 di seases of the
retina (macul ar degeneration, retinal dystrophies), retinal diseases
associ at esownadnsgsssal proliferation may be prevented oPCTmPat0smi1ese ng t he
cationic emnulsions according to the present invention. Sone substances
suitable for delivery to the eye may 30 include, for exanple, antibiotics
(such as tetracycline, chlortetracyclinejgbacitracin, neonycin, polynyxin,
WO 2006/ 050838 PCT/ EP2005/ 011650 18 gram cidin, cephal exin,
oxytetracycline, chloranmphenicol, kananycin, rifanpicin, tobramycin,

gentanycin, gebpkehhexaci @epﬁmé‘ﬁ?ﬁ?ﬁgesongé@%@y@fi@? 9ndcr9fa15a%§4ﬂéhﬁcol,
qui nol one, ceéftazidi ne, vanconycine im penene);” antifungal's uch as
anphot eri ci nkBnanscihnconazol®; fampidiact eri al sobuehycas, sul f ongaries;cin,

sul f adi azi ne,..sul M. de, | f thizol e nd_sul.fi soxazole, . .__.
ni t r of ur azonglggagf@%g?grﬁn}lbr oﬁiﬂ‘%ﬁg g?esant ie\ﬂy}:gfg,mygﬁgh &9 d BVt
trifluorotynidinelonagycledviar iddanci claedomny cthdofimige it )i;ntLrdiemoiya 110
ant i bact egi al agents such as .nitrofurazone and sodi um propionate;

non- ant i bf ot PE  aft -F TR BRGSO 1 Tant i 2BEc M FPARZ04R 7 a EiRAGES B Al Sd g

such as iodi ne basednpmepasat 5aNralifh el ASANs, LA Q& hexd i Nesy, BNt Al ser feni cs
such as sodium_cronogl ycate, antazoline, methapyriline, chlorpheniram ne,

15 cetiri zi nendpy FRLARPAE2ARHE pr oPhERPRT EAATe; aNcint $QUBIN f ayrstd v adgent
such as thal bdeni,degzsynt heti.eg gluocoriiaQi,dsy; m n tJ cai and
nore generally hor r?ongs forms derivati ndg ro?nilt € cho\?{eﬁggogoeﬁéﬁfgéeﬂsm

(progest er on@cyedprogens, @ bekevEr hor nohésfeuth as &0dt estiogtearfanen ;DHEA

R TR s R e L S D T g e
propionate; non-antibiotic, anti-infection, anti-bacterial
or anti-microbial drugs such as iodine based preparation
triclosan, chlorhexidine; antiallergenics such as sodium
cromoglycate, antazoline, methapyriline, chlorpheniramine,

15 cetirizine, pyrilamine and prophenpyridamine;
antiproliferative agents such as thalidomide; synthetic
gluocorticoids and mineralocerticoids and more generally
hormones forms derivating from the cholesterol metabolism
(progesterone, estrogens, androgenic hormones such as

20 testostercne, DHEA and their derivatives) ; anti-
inflammatories such as hydrocortisone, hydrocortisone
acetate, dexamethasone, dexamethasone 2l-phosphate,
fluorocinolene, medrysone, prednisolone acetate,
luoromethalone, <triamcinolone and triamcinolene acetonide

25 and their derivatives; non-steroidal anti-inflammatories
such as salicylate, indomethacin, ibuprofen, diclofenac,
flurbiprofen and piroxicam and COX2 inhibitors such as
rofecoxib, diclofenac, nimesulide, nepafenac;
antineoplastics such as carmustine, cisplatin, mitomycin and

30 fluorouracil; immunological drugs such as vaccines and

immune stimulants; insulin, calcitonin, parathyroid hormone



fl uoroci nol ene, medrysone, prednisolone acetate, | uoronethal one,
trianci nol one and trianti nol ene acetonide 25 and their derivatives;

non- st er owoaboezosv838i nf | anmat ori es such as salicyl ate, POREPREOSACIGN)

i buprofen, diclofenac, flurbiprofen and piroxicamand COX2 inhibitors such
as rofecoxib, diclofenac, ninesulide, nepafenac; antineoplastics such as
carnustine, cisplatin, mtonycin and 30 f] uorouracil; inmunol ogi cal drugs
such as vaccines and inmune stinul ants; v%sulin, calcitonin, parathyroid
hor rone WD 2006/ 050838 PCT/ EP2005/ 011650 19 and pepti de and vasepressin
hypot hal anus releasin% factor; beta adrenergic blockers such as tinol ol

mal eate, | e#BBURSPGIARCIANEhdVHERRXDTDIN HEIROENAbpBIS baséeabénaxdlasitor;

atenol ol , epjBephriN@re R val Yy xenal ol . ,aget azol an bas
nmet hazol am de; cyt oki nees,nqjllnt er | euki ns, anaugr owt% fgc%ls%l( grg“\ﬁkal%%ftaeét ors

such as epi déewabugpbwt hHE&ctaod, beftiabpdbl asiClgr dvitie fcdetbarse, plattelxetiol,

derived gro r, : fQrmn row-h factor _beta, ciliar .

neur ot r ophi \c%g?{%%%?' f aeé’%%%?%éﬁf%:' g%%lvveadlynle’ur 85?88%2’ f f&egﬁzy%@g}ldﬁpq

P1GF); 105 anbabedies ortantbbadiee;fcagornhes, olingeaptarens, apHamicythand
smal |l interference

gene fragments (oligonucl tiges | asm ds, ribozynes,

RNA, nucl eic 38£8r?rdﬁﬁﬁﬁﬁ', %5??8§§Fuc np?%eﬁ%@‘géﬁﬁénd%§§WFh factor,
| Munosuppr egapksbsuEh @S owk¥Cl OSPO6E Nep1 sLEOLENMUS AN E agF iU actor,
i mmunonodul ators 15 such as endoxan, tanoxifene; antithronbolytic and

vasodi | at or 5§BREEOEHERT aFTPWER Lk hefe, pHidsiny, neumdteopdiicd @ nemor s;

anti oxi dant sesgHeBasqh ug i Lkam,Rs-ap i ot el er jxat i ; r,
opticalIﬁiacceptaﬁfegsaltsaef%ereof.ﬁgg %égéﬁﬁiEghﬁggénkggvaﬁ?§gegﬂg! ’

enmbodi me eheibadi¢veosubatineodies drapmastsone liigmaposmppses siptamgent
and gene fragments (oligonucleotides, plasmids, ribozymes,
small interference RNA, nucleic acid fragments, peptides,
antisense sequences) ; immunosuppresants such as
cyclosporine, sirolimus and tacrolimus, immunomodulators

15 such as endoxan, P tamoxifene; antithrombolytic and
vasodilator agents such as rtPA, urokinase, plasmin, nitric
exide denors; antioxidants such as lutein, wvitamins and/or
their derivatives; and/or optically acceptable salts
thereof.

20 According to an advantageous embodiment, the
active substance 1is at least one immunosuppressive agent,
preferably chosen in the group consisting of cyclosporine,
preferably cyclosporin A, tacrolimus and sirolimus.
Advantageously, in these emulsions the immunosuppressive

25 agents is in an amount of 0.01 to 0.4 %, preferably 0.05 to

0.2% (w/w). Advantageously, these emulsions do not contain
phospholipids. Advantageously, these emulsions of the

invention contain cyclosporine, sirolimus and/or tacrolimus
in a vehicle comprising or consisting of MCT. Without being
30 linked by a theory, the use of MCT, a vegetal oil selected

among all, may provide stability and bioavailability to the



preferably chosen in the group consisting of cyclosporine, preferably
cyclosporin A tacrolinus and sirolinus. Advantageously, in these

enul si onswoOheos/asnssaOoSUppr essi ve 25 agents is in an anouRrCTEP2@501165@ 0. 4
preferably 0.05 to 0.2% (w w). Advantageously, these enul sions do not
contain phospholipids. Advantageously, these enulsions of the invention
contain cycl osporine, sirolims and/or tqz olinmus in a vehicle conprising
or consisting of NOT. Wthout being 30 |linked by a theory, the use of NOT,
a vegetal oil selected anong all, may provide stability and

bioavailabilit% to_the WO 2006/ 050838 PCT/ EP2005/ 011650 20. opht hal.m c
ermul si ons of OPRENAKDERL CBNLSERESI MhgtaE 1 ¢R&ER tigie ?%%h%ﬁ%ﬂﬁgrégsi st

agent, prefegapl Xnﬁxﬁﬁb@ﬁﬁ?&é@%i% M5dnthag keen boyndackawe igeod. wmcr
sol ubi li zing properties o cycl osporine, which may play a role in the

observed i nphevedoSebi davaid alsidl i Byvef I3ed ofsdtivid izanghePeaResHons Gif t he
| nventi on. A%V%g%%gswﬁg phignabynds & NGIois 1£0MO. Sbdfovéty Bl the

enul si on. Adv ageously e enulsion i nvention contal ns an
i mrunosuppr eddioneaagent 1 ipyefef ablygloshoseme nithetlgy oepudsnsnst i 0f dfhe

cycl osporine, preferably 10 cl osporin tacrol i mus d.siroli = and
MCT and tyl SBF?ORdvéﬂf’QB%GEPX}g?%’hetﬁﬁof}ﬁ‘?u%}]t % @gpchs EEF G 05
to 0.5 % w wyofy the emukseoBmuPsebel abliVanthgevesUN! thHatdmu§ion of the

i rmunosuppressive agent to ojl is fromO0.0125 to 0.1. In a particul ar

enbodi ment of-WVKETARTI TR HES weght™MMER e JEPRE TS} FRrnuREEHppr dREFVF Ryeht
to oil is frome@ed83d ocnd. drohp aBaLhSEiRar dcubpk1 adingnty drdhe 1y

emul sion, the weight ratio of Inmunosuppressive agent to oil is from
0. 0125 t 300. G¥clPseosinl sPens tECroRdMugy e@icon Toitldimwisng a&nd | st il

inOSUPDT SSNGRIET! (AR e ebiud 30 LSRR BI° eron
0.05 to 0.5 % w/w of the emulsion. Preferably, the weight
ratio of immunosuppressive agent to oil is from 0.0125 to
0.1. In a particular embodiment of the emulsion the weilght
15 ratio of immunosuppressive agent to o0il is from 0.083 to
0.1. In another particular embodiment of the emulsion, the
weight ratio of immunosuppressive agent to oil is from
0.0125 to 0.05. The emulsions of the invention containing at
least one immunosuppressive agent are particularly useful to
20 treat dry eye conditions, in particular keratoconjunctivitis
sicca (KCS), atopic keratoconunctivitis sicca (AKC) and
vernal keratoconjunctivitis (VKC).

The invention also relates to the use of an oil-in-
water emulsion containing or not an active substance for the

25 preparation of an ophthalmic composition for treating dry-
eye conditions.

The emulsion according to the invention may also be
included in a delivery device selected from the group
comprising lenses, ocular patch, implant or insert.

30 The drug or active substance may be present in an

amount of about 0.0001 to 5% by weight of the emulsion.



sicca (KCS), atopic keratoconunctivitis sicca (AKC) and vernal
keratoconjunctivitis (VKC. The invention also relates to the use of an

oi | -in- waDepoesus38i on contai ning or not an active substrammP2006ni1tehe 25
preparation of an ophthal m c conposition for treating dry- eye conditions.
The emul sion according to the invention may also be included in a delivery

device selected fromthe group conpri si | enses, ocul ar patch, inplant or
insert. 30 The drug or active substance be present in an anount of
about 0.0001 to 5% by wei ght of the enul sion. WD 2006/ 050838

PCT/ EP2005/ 011650 21 Dependi ng upon whet her éhe dryg is_hydrophilic or
hydr ophobi c, PEReRFEI1I be YIS ¢ ET'E}‘%‘? es&Rf i " THE oiffy pRELECPIGH T t RE

agueous compRPERtphdbe- Pest wode 1f Jrakd thand disiskGitt hey pHRS@Ally Bhase
invention are described in the follow ng exanples. These exanples are

gi ven only torpiovilde aiveets crrmuii&fi-dance in how to make and use the

i nvention, and are not intLe t i . SC0 of.. 1 i nt.i iR any
way. 10 EXAMPLES In theer %I {%%qngﬁ%gi(%ng:ftes%gt%hi&f gﬁfiovl\fi%llg%abgl\r{gvibg% :gglrrllsr%
are used:5 15i €TAB: ioh xtarree désbeXeedcyitr i behyloldmwmigunexbnphegle, These
tetradecyl trinet h%/I anmoni um brom de and dodgcﬁétrri et hyl a niilé% l%reom'nde
MCT: TOMTM ( S5eTFRT 85 dBs P it ndtY '¥e dey T IBAK: " Sens4l Kot R ERIAGF d& 20
BEC: benzet hgpisufoCilaid denBGRie bemzyl grart hyh dogdesybhasmasicurmbeadide toOA:

A eyl am ne (Sigma (USA) , , ,
limit the scope of the invention 1in any way.

10 EXAMPLES

In the following examples, the following abbreviations

are used:
15 CTAB: mixture of hexadecytrimethyl ammonium bromide,
tetradecyltrimethylammonium bromide and

dodecyltrimethylammonium bromide

MCT: TCM™ (Société des Oléagineux, France)
BAK: benzalkonium chloride

20 BEC: benzethonium chloride
BCB: benzyldimethyldodecylammonium bromide
OA: Oleylamine (Sigma (USA)
SA : Stearylamine (Sigma, USA)
CsA: Cyclosporin A

25 Cremophor: Cremophor EL (BASF, France)
Lutrol: Lutrel F68 (BASEF, France)
Ooxypol (Gattefosse, France)
Montane 20 (SEPPIC, France)
Oxypol: Gattefosse (St Priest, France)

30 Montane 20 (SEPPIC, France)
Lipoid E80 (LIPOID GmbH, Germany)



SA : Stearylamne (Sigma, USA) CsA: Cyclosporin A 25 Crenophor: Crenophor
EL (BASF, France) Lutrol: Lutrol F68 (BASF, France) Oxypol (Gattefosse,
France) Mvotaems5258( SEPPI C, France) Oxypol: Gattefosse @BI/HPR0SS11650-r ance)
30 Montane 20 (SEPPIC, France) Lipoid E80 (LIPAO D GrbH, Germany) WO

2006/ 050838 PCT/ EP2005/ 011650 22 Exanple 1: Preparation of cationic

enmul sions wherein the cationic agent is AB Met hods: Conponent ZO1EM)42
Z01EMD43 CTAB (cationic agent) 0.05% 0. 7% MCT (oil) 2% 2%

Al pha-tocopherol (antioxidant) 0.01%0.01% Lipoid E80TM (ani onic
surfactant) 0.32%0.32% Lutrol F68TM (non ionic surfactant) 0.5%0.5%

A ycerin (tonicity agent) 2.25% 2.25% Water 94.87% 94.82% 5 The oily
phase conponent Sgyef87 SUCCLSBLYELYaWeLANGSE | BatiBRisaEMDRAlR: alllelben
magnetically stirred under a slight heating (40C) until a yellow, |inpid
and sl i ght | ythe smhisnighagenits ishCFABed. Aqueous phase conponents were 10
successi vely wei gh i;n.the sanme beaker and then magnetically stirred
under a slight hgig&%%-s-moq until a transparent, linpid and fluid phase

i s obtai ned.cBaidhgitases were heated to 65C. Theemse ¢niliHMIMvGs
formed by r@Eapidk @HH 1401t Glgdnat® aqueous phase jn dhessily phase and was
then MCT (0il) 2% 2%

Alpha-tocopherol {(antioxidant) 0.01% 0.01%

Lipoid E80™ (anionic surfactant) 0.32% 0.32%

Lutrol F68™ (non ionic surfactant) 0.5% 0.5%

Glycerin (tonicity agent) 2.25% 2.25%

Water 94.87% 94.82%

5

The oily phase components were successively weighed in
the same beaker and then magnetically stirred under a slight
heating (40°C) until a yellow, limpid and slightly viscous
phase is obtained. Aqueous phase components were

10 successively weighed in the same beaker and then
magnetically stirred under a slight heating (40°C).until a
transparent, limpid and fluid phase is obtained. Both phases
were heated to 65°C. The coarse emulsion was formed by rapid
addition of the agueous phase in the oily phase and was then

15 rapidly heated to 75°C. The aqueocus phase and coarse
emulsion beakers were protected by a film to avoid any water
evaporation. The emulsion was white and slightly
transparent. The emulsion droplet size was then decreased by
a 5 minutes high shear mixing with a POLYTRON PT 6100. The

20 emulsion became milky. The emulsion temperatﬁre was cooled
down to 20°C using an ice bath.

The final emulsion was obtained by homogenization in a
microfluidizer (C5, Avestin) using continuous cycles for 5
min at a pressure of 10,000 psi. The emulsion was milky,

25 wvery fluid and did not adhere on the glass. The emulsion

temperature was decreased to 25°C. Its pH was measured and



15 rapidly heated to 75C. The aqueous phase and coarse enul sion beakers
were protected by a filmto avoid any water evaporation. The enul sion was
whi t e andwel2ogntshgss t ransparent. The erul si on dropl et siPZE/RRa@®50NESKO
decreased by a 5 mnutes high shear mxing with a POLYTRON PT 6100. The 20
enul si on becane m I ky. The emul sion tenperature was cooled down to 20C
using an ice bath. The final emulsion mas%?btained by honogeni zation in a

m crofl uidizer (C5, Avestin) using contintious cycles for 5 mn at a
pressure of 10,000 psi. The enulsion was mlky, 25 very fluid and did not

adhere on th | ass.. The | sipon, . tenperatur s decreased tqQ 25C._Its pH
was measured%Q%B \&Sijjb%beﬁgggggggﬁ@n Eééﬁ@S/"’bl% 0 Mzglcrlhe‘ﬁr adj-dst ¥d NaPHs. 00
using a 0.1 MbiGtien.0.FhuMNaH wsel Widmi.t iFRdsi of veseendiihoned if s
tinted glass vials  with nitrogen bubbling and then sterilized in an

aut ocl ave Zﬁlﬁﬁn@t%sm&?nlﬂ@b%‘?%ea%aﬁh%r preréliped én Bhe AT
dropl ets wasqdgt gppned: by>guasi -el astic light scattering after dilution

in water using a High Performance Particle Sizer (Ml vern Instrunents,
UK). The &l ectrophio? ebfen mpgidtiitol enasi reaslr édie a¢ma2b€ioms adkbpletn was

doubl e di st i 1Teq nater oy a5, & TAs AT o teNgas Fo e o7 |
Dropl et sizeifnmatlR6 12Bng Zet dlipyit epérBbrifande 36a4t49156 sisekxanpliersdn
Stability OfI%%EEB%%%tg?Ubﬁggn%h%F%sgc %%p.gre%égn%k>iﬁity was measured
at 25°C in a Malvern Zetasizer 2000 (Malvern Instruments,
10 UK) following a 1:200 dilution in double distilled water as

detailed above.

Results:
Z01EM042 | Z01EMO043
Droplet size (nm) 126 128
Zeta potential (mV) 36.4 49.5
15
Example 2: Stability of cationic emulsions described in
example 1.
Methods:
20 The stability of the autoclaved emulsions (droplet
size, zeta potential) at 80°C was monitored for 14 days.
Results:
Z01EM042 Zz01EMO043
T (days) 0 7 14 0 7 14
Droplet size (nm) 126 143 155 128 140 151
Zeta potential (mV) 36.4 | 39.0 | 38.7 49.5 53.8 49.9
25 Z01EMO42 and ZOlEM043 meet zeta potential stability

test D requirements.



Met hods: 20 The stability of the autoclaved enul sions (droplet size, zeta
potential) at 80C was nonitored for 14 days. Results: Z0O1EMD42 ZOQJEMD43
T(days) Ow® 200¢6/3088814 Droplet size (nm 126 143 155 12@CcTAP205MD116Z@t a
potential (nmV) 36.4 39.0 38.7 49.5 53.8 49.9 25 ZOLEM)42 and ZO EM)43 neet
zeta potential stability test D requirements. WO 2006/ 050838

PCT/ EP2005/ 011650 24 Exanple 3: Preparatjon of a cationic enulsion wherein
the cationic agent is benzal konium chl ori“de 5 Met hods: Conponent Z0O1EM)42
BAK (cationic agent) 0.02% MCT (oil) 1% Al pha-tocopherol (anti oxi dant)
0.005% Tyl oxapol (non ionic surfactant) 0.16% Lutrol F68 (non ionic
surfactant) 0.5% dycerin (tonicity agent) 2.25% Water 96.07% Preparation

according to the g@raeess :QBS'EEéBQQa&:ﬂon E&%ml Ccdeifledl| &fn1 L0dEMMP3refat @
pot enti al (rrV) 20.4 10 Exanple 4: Stability of a cationic emulsion

described ifthexeapleniz: 1&%@ hbgiseenzalkonium chloride

5 Methods:
Component Z01EM(042
BAK (cationic agent) 0.02%
MCT (oil) 1%
Alpha-tocopherol (antioxidant) 0.005%
Tyloxapol (non ionic surfactant) 0.16%
Lutrol F68 (non ionic surfactant) 0.5%
Glycerin (tonicity agent) 2.25%
Water 96.073
Preparation according to the process described in
Example 1.
Results:
Z01EMO93
Zeta potential (mV) 20.4
10
Example 4: Stability of a cationic emulsion described
in example 3
15 Methods:
The stability of the autoclaved emulsion (zeta
potential) at 80°C was monitored for 15 days.
Results:
Z01EM093
T (days) 0 2 5 7 9 12 14
Zeta potential (mV) |[20.4)23.2[21.5(21.6(22.7(21.0{21.3
20

The =zeta potential of the emulsion presented in this

example was more stable than previously known formulations



The stability of the autoclaved enmul sion (zeta potential) at 80C was

noni tored for 15 days. Results: ZO1EMD93 T(days) 0 2 5 7 9 12 14 Zeta

pot ent i alwOnM)6/@@083¢ 23.2 21.5 21.6 22.7 21.0 21.3
the enmul sion presented in this exanple was nore stable than previously
known fornul ati ons WO 2006/ 050838 PCT/ EP2005/ 011650 25 (data not shown)
Z01EMD93 neets zeta potential stability test D req
Cationi c emul sions wherein the cationic % agent is ol eyl am ne Met hods:
ww ZO1EML65 O eylamne 0.05 Mneral oil 1 LutrolF68 0.1 Tyl oxapol
glycerin 2.25 Wter up to 100 Pregaratlon accordi ng

descri bed i n(dgkanmplPé 1shawn ResdPt
Zeta potentialLtmVy 0,18fepdn3s. 3 184 47.2

10

15

MOS¢ d&\PS) SZ0AENL 6B°t9f151513

20 ThreTmPL@spotesnt i al of

ui renents. Exanpl e 5:

to the grocess

t S$iapddhky
8 194 52.1 13 163 48.2

Example 5: Cationic emulsions wherein the cationic

agent is oleylamine

0.3

Methods:
& w/w Z01EM165
QOleylamine 0.05
Mineral oil 1
LutrolF68 0.1
Tyloxapol 0.3
glycerin 2.25
Water Up to 100
Preparation according to the process described in
Example 1.
Results:
T (days) Z01lEM165
Droplet size (nm) Zeta potential (mV)
0 186 51.3
3 184 47.2
8 194 52.1
13 163 48.2
15 175 47.9
Z01EM165 meets zeta potential stability test D
requirements.
Example 6:
Methods:
g (w/w) Z01EMO0S2
CTAB 0.005
MCT 1
Vitamin E 0.005
Tyloxapol 0.16
Lutrol 0.25
Glycerin 2.25
Water Up to 100




15 175 47.9 ZO EML65 neets zeta potenti al
15 Exanple 6:

Met hods

Tyl oxapolw0.20&/050838r ol
PCT/ EP2005/ 011650 26 Preparation according to the process described in

stability test D

requirenents.

: (ww ZO1EMD92 CTAB 0.005 MCT 1 Vitamn E 0.005

0.25 dycerin 2.25 Wter

Up t oPLOEPIOSADG8¢ 050838

Exanple 1. Results: Enulsion ZO1EM)92 T(days) 0 2 5 7 9 12 14 Zeta
potential (nV) 19.8 21.9 22.4 18.5 20.3 .5 20.5 5 ZOLEM)92 neets zeta
potential stability test D requirenents. anple 7: Cationic enul sions
with BAK 10 Methods: Emul sion Z0O1EMLO5 ZO EML55 ZOLEML62 ZO1EML63
Conmponents % w w). BAK 0..02 0.02 0.02 0.%2 NET 2111 stor.oil. 0,1 00
Cr enophor 0 0. 25 & epagation according © the process escribed in
Example 1.
Results:
Emulsion Z01EM0O2
T (days) 0 2 5 7 9 12 14
Zeta potential (mv) | 19.8121.9122.4;18.5}20.3|18.5(20.5
5
Z01EMO092 meets zeta  potential stability test D
requirements.
Example 7: Cationic emulsions with BAK
10 Methods:
Emulsion ZOlEM105 | Z01EM155 | Z01EM162 | Z01EM163
Components ‘ E{w/w)
BAK 0.02 0.02 0.02 0.02
MCT 2 1 1 1
Castor oil 0 1 0 0
Cremophor 0 0.25 0.1 0
Tyloxapol 0.32 0 0.3 0.3
Montane 20 0 0 0 0.1
Lutrol 0.5 0.1 0 0
Oxypol 0 0.25 0 0
Vitamin E 0.01 0 0 0
Glycerin 2.25 2.25 2.25 2.25
water Up to 100% |Up to 100% |Up to 100% | Up to 100%
The stability of the autoclaved emulsions (droplet
size, zeta potential) at 80°C was monitored T=0, 7 and 14
days.
15

20



Tyl oxapol 0.32 0 0.3 0.3 Mntane 20 0 0 0 0.1 Lutrol 0.5 0.1 00 x I
00.2500 Vitamn EO0.01 000 dycerin 2.25 2.25 2.25 2.25 water {Jgoto
100% Up two20@%estysst o 100% Up to 100% The stability of wPhe/rratsolmsed

enul sions (droplet size, zeta potential) at 80C was nonitored T=0O, 7 and
14 days. 15 20 WO 2006/ 050838 PCT/ EP2005/011650 27 Results: T(days)
ZO1EMLO5 ZO1EML55 ZO1EML62 ZO1EML63 Droplet size O nd 288 243 249 (nm) 7
nd 290 261 262 14 nd nd 264 234 Zeta 0 4.9 19.7 22.3 18.8 potential 2
207 nd nd Nd (nV) 7 21.3 14.2 14.7 16.5 10 23.2 nd nd Nd 13 22.2 nd nd
Nd 14 nd nd 17.4 15.7 15 23.2 nd nd Nd 71 nd: not determ ned ZO1EMLO5,

Z01EML62 and ZO1EM6&Bcsreet zeta potential 5 st
S o and foEAs T,netentri e E+ te stability test D requirements.

Hl B
Cationic e Y8t ??;QEWO% o701 Sl BTSRRIk | ARFES P
Droplet size D 1 o nd ] 9288 '~ |7 243 PYP 249
{nm) 7 nd 290 261 262
14 nd nd 264 234
Zeta 0 24.9 19.7 22.3 18.8
potential 2 20.7 nd nd Nd
(V) 7 21.3 14.2 14.7 16.5
10 23.2 nd nd Nd
13 22.2 nd nd Nd
14 nd nd 17.4 15.7
15 23.2 nd nd Nd

nd: not determined

Z01EM105, Z01EM162 and Z0lEM163 meet zeta potential
5 stability test D requirements. Z01lEM115 meets. zeta potential

stability test C requirements.

Example 8: Cationic emulsions wherein the cationic

10 agent is BEC or BCB

Methods:
Emulsion Z01EM170 | Z01EM171
components | % (w/w)
BEC 0.02 0
BCB 0 0.02
MCT 2 2
Tyloxapol [0.3 0.3
Glycerin 2.25 2.25
Lutrol 0.1 0.1
water Up to 100% | Up to 100%

Preparation according to the process described in

15 Example 1.



Met hods: Enul si on ZO1EML70 ZO1EML71 conponents 4w w) BEC 0.02 0 BCB O
0.02 MCT 2 2 Tyloxapol 0.3 0.3 dycerin 2.25 2.25 Lutrol 0.1 0.1 water
Up to 10080Upoais0sB80% Preparati on according to the procesI/mremsnitséd in 15
Exanpl e 1. WD 2006/ 050838 PCT/ EP2005/ 011650 28 Results: T(days) ZO1EML70
ZO1EML71 Droplet size 0 210 239 (nm 7 232 250 14 233 nd Zeta potential
0 23.2 9.1 (nV) 7 22.4 6.4 14 24.1 7.2 ZOLEML70 and ZO1EML71 neet zeta
potential stability 5 test D requirenentz Exanple 9: Cationic enul sion
with BAK and mineral oil Methods: Enulsion ZOLEML51 ZO1EML52 ZOLEML53
Z01EML64 ZO1EML73 Conponents % (ww) BAK 0.02 0.02 0.02 0.02 0.02 M neral
11111 oil Tyloxapol 0.3 0.3 0.3 0.3 0.3

Results:
T (days) | Z01EM170 | Z01EM171
Droplet size 0 210 239
(nm) 7 232 250
14 233 nd
Zeta potential 0 23.2 9.1
(mV) 7 22.4 6.4
14 24.1 7.2

z01EM170 and Z01EM171 meet zeta potential stability

S5 test D requirements.

Example 9: Cationic emulsion with BAK and mineral oil

Methods:

Emulsion Z01EM151 | Z01EM152 | Z01EM153 | 701EM164 | Z01EM173

Components 3 (w/w)

BAK 0.02 0.02 0.02 0.02 0.02

Mineral 1 1 1 ) 1 1

oil

Tyloxapol 0.3 0.3 0.3 0.3 0.3

TI,utrol 0.1 0.1 0.1 0.1 0.1

Glycerin 2.25 2.25 2.25 2.25 2.25

Water Up to 100% | Up to 100% | Up to 100% 0 0

Buffer 0 0 0 Up to 100% | Up to 100%
10 The stability of the autoclaved emulsions (droplet

size, zeta potential) at 80°C was monitored for 14 days.

15



Lutrol 0.1 0.1 0.1 0.1 0.1 dycerin 2.25 2.25 2.25 2.25 2.25 Witer Up to
100% Up to 100% Up to 100% 0 O Buffer 0 0 O Up to 100% Up to 100% 10 The
st abi | i t ywof2oadnsossat ocl aved enul si ons (dropl et size, zeCa/nretsniicad ) at
80C was nonitored for 14 days. 15 WD 2006/ 050838 PCT/ EP2005/ 011650 29
Results: T ZO1EML51 ZO1EML52 ZO1EML53 ZO1lEML64 ZO1EML73 (days) Dropl et
size 0 25.8 26.0 23.4 16.7 20.7 (nm 3 23 2 23.0 26.2 18.3 nd 5 23.5 23.8
24.2 nd nd 7 nd nd nd nd 19.7 8 nd nd nd 16.5 nd 10 34.1 20.4 17.7 nd nd
12 23.3 21.7 23.9 nd nd 13 nd nd nd 12.7 nd 14 23.9 23 20.3 nd nd 15 nd

nd nd 13.2 17.8 t 174 220 185 209 200 potential 3 178 215 184 200 nd
(mv) 5 170 213 1%—82‘&%%

7 nd nd nd 213 200 8 nd nd nd Ind nd 10 182 311
186 nd nd 12 176 221 224| Ad nd | Z208EMidlndoheMid2 g 2QdEM1PE | ZESEMIBE | 17885 d 3nd
15 Ind nd ng_203 216 (days)
Droplet size | O 25.8 26.0 23.4 16.7 20.7
(nm) 3 22.2 23.0 26.2 18.3 nd
5 23.5 23.8 24.2 nd nd
7 nd nd nd nd 19.7
8 nd nd nd 16.5 nd
10 34.1 20.4 17.7 nd nd
12 23.3 21.7 23.9 nd nd
13 nd nd nd 12.7 nd
14 23.9 23 20.3 nd nd
15 nd nd nd 13.2 17.8
Zeta 0 174 220 185 209 200
potential 3 178 215 184 200 nd
(V) 5 170 213 182 nd nd
7 nd nd nd 213 200
8 nd nd nd nd nd
10 182 311 186 nd nd
12 176 221 224 nd nd
13 nd nd nd 218 nd
14 168 216 188 nd nd
15 nd nd nd 203 216
All emulsions meet =zeta potential stability test D
requirements.
5
Example 10: Cationic emulsions containing Cyclosporin A
(CsA) as active substance in the oil phase.
Methods and results:
10 Preparation according to the process described in

Example 1, with the cyclosporin added to the oil phase.

The stability of the autoclaved emulsions (droplet
size, zeta potential) at 80°C was monitored T=0, 7 and 15

15 days.



Al'l emul sions neet zeta potential stability test D requirenments. 5 Exanple
10: Cationic emul sions containing Cyclosporin A (CsA) as active substance
i n the oiwophexs083kket hods and results: 10 Preparati on a®cormpevg/olwse he
process described in Exanple 1, with the cycl osporin added to the oil
phase. The stability of the autoclaved enul sions (droplet size, zeta
potential) at 80C was nonitored T=O 7 and 15 15 days. WD 2006/ 050838

PCT/ EP2005/ 011650 30 Enmul si on ZO6EM)44 ZGBBEMD45 Conposition 0.02% BAK
0.02% BAK 1.5%VCT 2% MCT 0. 24% Tyl oxapol 0.32% Tyl oxapol 0.01%itE
0.01%vitE 0.375% Lutrol 0.5% Lutrol 2.25% d ycerin 2.25% d ycerin Water

to 100% WAt grErh@sid®0% CdeMibdado Cs \Zgégl%(ﬁgt a pojential TO 224 TO 216
(MV) T7: 220 Jompodikdn _ T 18.025BARO- 6J02 BRET SsTge TGO 25.3 TO 24.8 (nm
T7: 22.9 T7:{ 22.2 T15: SI on ZP6EMD46 ZO6EMD47 ZO6EMD48
Z06EMD49 Cdnposition O] gfi@ apgﬁ 02% BIAK 0. 02% BAK 1% MCT 0. 75%
MCT 2% MCT 1% MCT 0. 16% g% by, §§%P|8 | | 0. 3% Tyl oxapol 0.16%
Tyl oxapol 0.375% Lutrol 0.5% Lutrol
2.25% Glycerin |2.25% Glycerin
Water to 100% | Water to 100%
CsA 0.1% CsA 0.2%
Zetapotential | TO: 224 TO: 216
(mV) T7: 220 T7:214
T15 239 T15: 211
Droplet size T0: 253 TO: 24.8
(nm) T7:22.9 T7:22.2
T15:21.8 T15:20.8
Emulsion Z0O6EMO046 ZO6EMO047 ZO6EMO048 Z06EM049
Composition |0.02% BAK 0.02% BAK 0.02% BAK 0.02% BAK
1% MCT 0.75% MCT 2% MCT 1% MCT
0.16% Tyloxapol 0.12% Tyloxapol [0.3% Tyloxapol |0.16% Tyloxapol
0.01% vit E 0.01% vitE 0.01% vitE 0.01% vit E
2.25% Glycerin 0.1% Lutrol 0.1% Lutrol 0.1% Lutrol
Water to 100% 2.25% Glycerin  |2.25% Glycerin |2.25% Glycerin
CsA 0.05% Water to 100% | Water to 100% | Water to 100%
CsA 0.025% CsA 0.025% CsA 0.05%
Zeta TO: 22.7 TO0: 20.9 TO: 19.6 TO: 25.0
potential T7:20.7 T7:18.9 T7:19.6 T7:24.7
(mV) T15:20.7 T15:16.9 T15:19.4 T15:19.2
Droplet size |TO: 188 TO: 165 TO: 212 TO: 159
(nm) T7: 186 T7: 188 T7:193 T7: 173
T15: 195 T15: 194 T15: 200 T15: 177




0.01%vitE 0.01%itE 0.01%/itE O0.01%WitE 2.25% dycerin 0.1% Lutrol 0.1%
Lutrol 0.1% Lutrol Water to 100% 2. 25% d ycerin 2.25% d ycerin 2.25%

G yceri n wG00d0508% Wat er to 100% Water to 100% Water t ®@CTOP20089M680 025%
CsA 0.025% CsA 0.05% Zeta TO 22.7 TG 20.9 TGO 19.6 TGO 25.0 potenti al
T7: 20.7 T7: 18.9 T7: 19.6 T7: 24.7 (mV) T15: 20.7 T15:16.9 T15:19.4
T15:19.2 Droplet size TO 188 TO 165 TO 212 TO 159 (nm T7: 186 T7:
188 T7: 193 T7: 173 T15:195 T15: 194 T15: 3200 T15:177 WO 2006/ 050838

PCT/ EP2005/ 011650 31 Enul si on 06EMD50 ZO6EMD51 O6EMD52 ZOG6EMD53

Conposi tion 0.02% BAK 0. 02% BAK 0. 02% BAK 0. 02% BAK MCT 2% MCT % MCT 2%
MCT 0. 3% Tyl oxapol 0. 3% Tyl oxapol 0. 3% Tyl oxapol 0.3% Tyl oxapol 0.01%vit
E 0.01%vit E 0.01%vit E 0.01%vit E 0.1 %Lutrol 0.1 %Lutrol 0.1 %

Lutrol 0.1 YEoutisiod 2[ZRBEMGbY Ceri nj 20880408 ycer lz06EM&R G yC 05E1\/’f’05gb%
dycerin Vi®mpositibh 0 d@%EAKtO 100%0!%1%160 MU?GQO 70
0. 05% CsA 0.2% CsA 0. 2p '% ntlal4 Qo ]
TGO 23.5 f T7. 20. ) :
15: 20.3 Dgcr?)/l)et si ze 673/ {3 ’i@ ap?b ST o 78 Tyl
7: 201 7: 211 Tis: 221 con (yrﬁ’éingCsA ap
active substlance sati s %S( a 3 abl I | 50 g i’P R S.
Exanpl e 11: [Cationic e Vhosp gff‘g‘ntl e Ghycsrin
tine. ater tol OA ater to Water to 100% Water to 100%
CsA 0.05% CsA 0.2% CsA 0.2% CsA 0.1%
Zeta potential [T'0: 17.9 TO: 20.1 T0: 28.4 TO: 23.5
(mV) 17.20.3 T7:21.9 17:24.5 T7:23.2
HWS 18.9 T15:19.0 T15:23.0 T15: 20.3
Droplet size {T0: 224 TO: 179 T0: 176 T0: 204
(nm) 17:212 T7: 195 T7: 201 T7:211
T15:221 T15: 206 T15: 195 T15: 226

Emulsions containing CsA as active substance satisfy

5 zeta potential stability test D requirements.

Example 11: Cationic emulsions whose zeta potential is

not stable over time.

Methods and results:

10 Preparation according to the process described in
Example 1.
Emulsion Z01EM102 Z01lEM172
Composition 0.05% sSA 0.12% SA
1 MCT 0.01% BAK
0.16% Lipoid 2.5% MCT
0.005% Vit E 0.5% Lipoid
0.25% Lutrol 0.01% Vit E
2.25% Glycerin [0.42% Lutrol
Water to 100% 2.25% Glycerin

Water to 100%

Zeta TO : 60.6 TO: 55.8
potential T2 : 39.1 T7: 27.8
(V) T7 : 10.0 T15: 4.3
Droplet size |[TO0 : 161 T0: 166
(nm) T2 : 158 T7: 164

T7 ND T15: 176




Met hods and results: 10 Preparation according to the process described in
Exanpl e 1. Enul sion ZO1EMLO2 ZO1EML72 Conposition 0.05% SA 0.12% SA 1 MCT
0. 01% BAKvVOQodsdaBe438 poi d 2. 5% MCT 0.005% Vit E 0. 5% Li pecu/Epeoidd¥besut r ol
0.01% Vit E 2.25% A ycerin 0.42% Lutrol Water to 100% 2. 25% d ycerin
Water to 100% Zeta TO: 60.6 TGO 55.8 potential T2 : 39.1 T7: 27.8 (V)
T7 : 10.0 T15: 4.3 Droplet size TO: 161 TO 166 (nm T2 : 158 T7: 164 T7
*ND T15: 176 WD 2006/ 050838 PCT/ EP2005/ 01¥650 32 The stability of the

aut ocl aved enul sions (droplet size, zeta potential) at 80C was nonitored
at T=O, 7 and 15 days. 5 ZO1EMLO2 and ZO1EML72 do not neet zeta potential
stability test Crequirenents. Exanple 12: Cationic enul sion containing

very high cation,content .whqse zeta, pat er}é?%%%§e§ta&l\@lsoi]oﬁgs_ ti(rgar‘ogfla%?cl Oﬁo

whi ch is not suitable Tor ophthal'm c use. s and resu Prep
accordi ng tostihe,pretaspotiesciabedatn80 Examd endnittmediaon ZZOLEML864 15
days.
5 Z01EM102 and Z01EM172 do not meet zeta potential

stability test C requirements.

Example 12: Cationic emulsion containing very high

cation content whose zeta potential is stable over time, and

10 which is not suitable for ophthalmic use.

Methods and results:

Preparation according to the process described in

Example 1.
Emulsion Z01EM186
Composition 1% BAK
10% Soybean oil
1.2% Lipoid
2.25% Glycerin
Water to 100%
Zeta TO : 57.5
potential T7 @+ 55.1
(mV) T15 : 53.9
Droplet size TO : 182
(nm) T7 : 198
T15 : 212

15
The stability of the autoclaved emulsion (droplet size,

zeta potential) at 80°C was monitored at T=0, 7 and 15 days.

Although Z0lEM186 meet zeta potential stability test D
20 requirements, its cationic agent concentration (BAK) is 50-
fold that generally used for topical ocular administration.

Said emulsion is not suitable as ophthalmic emulsion.



Conposition 1% BAK 10% Soybean oil 1.2% Lipoid 2.25% dycerin Water to
100% Zeta TO : 57.5 potential T7 : 55.1 (nmV) T15 : 53.9 Droplet size TO
: 182 (W 2006/0508898 T15 : 212 15 The stability of thepraurpedoawedsenul sion
(droplet size, zeta potential) at 80C was nonitored at T=0O, 7 and 15 days.
Al t hough ZO1EML86 neet zeta potential stability test D 20 requirenents, its
cationic agent concentration (BAK) is 50-35fold that generally used for

topi cal ocular adm nistration. Said emulsion is not suitable as ophthal mc
emul si on. WD 2006/ 050838 PCT/ EP2005/ 011650 33 Exanple 13: Cationic

erul si on contai ni 4iei 4 33S ca%&bxec' ”&B@ﬁéﬁ&ﬁ Mitodiifp desdiibeds
previously. 5 Z rT—Z42ENMD Lutein 0.4 0.4 Safflower 1.6 1.6 oil

Tyl oxapol 0. 3cBige ighichiame. 20 - 0.1 BAK 0.02 0.02 Pol oxaner O. 1 0.1

G ycerol 2.25 2. . .
y %%thod: As described previously.
5 Z42EM00L1 j Z42EM002
Lutein 0.4 0.4
Séfflower 1.6 1.6
oil
Tyloxapol 0.3 0.3
10 Montane 20 - 0.1
BAK 0.02 0.02
Poloxamer 0.1 0.1
Glycerol 2.25 2.25
Deionised
15 water gsp 100 gsp 100
Preparation according to the process described in
Example 1.
742EM001 | Z42EMOGY
Droplet size TO 347 255
(nm) T7 290 236
T14 285 321
Zeta potential TO 15.8 16.0
(V) T7 8.8 8.4
T14 7.1 8.9
25

Emulsions containing lutein as active substance satisfy

zeta potential stability test D requirements

Example 14: Cationic emulsion containing low cation

30 content whose zeta potential and/or droplet size are not

stable over time.

Methods and results:

Preparation according to the process described in

35 Example 1.

The stability of the autoclaved emulsion (droplet size,

zeta potential) at 80°C was monitored at T=0, 7 and 15 days.



Dei oni sed gsp 100 gsp 100 15 water
described in

potenti al

containing | ow cation

are not

the process described in

TO 15.8 16.0

ﬁa pot e
ults:

Preparation according to the process
Exanpl e 1. Z42EMDO1 Z42EMD Droplet size TO 347 255
290 236 ™O 2085838 Zeta potenti al

(nm T7

(mVv) PTTAPS008/0416F04 7. 1
8.9 25 Emulsions containing lutein as active substance satisfy

nti al

zet a

stability test D requirenents Exanple 14: Cationic emul sion
30 content whose z
stabl e over tinme. Methods and re

and/ or droplet size
Preparation according to

35 Exanple 1. The stability of the autoclaved

emul sion (droplet size, zeta potential) at 80C was monitored at T=0O, 7 and
15 days. WD 2006/ 0pB838s o/ EP2005% OUANMEDS 34 Er’rquZé)ilﬂfMOﬁ@LEl\/DSG Z01EMD89
Conposition 0.01% (TébBpr0sD2%eBAK |2% MCICTAB MCT 0.B2%Lig#x d 0. 32% Li poi d
0.01% Vit E 0.01%p)it E 0.5%Lutfdd McBH% Lutrol {22 268% G ycerin 2. 25%
A ycerin water toj 100% Water to [00%32% Lipoid 0.32% Lipoid
0.01% vVit E 0.01% Vit E
0.5% Lutrol 0.5% Lutrol
2.25% Glycerin |2.25% Glycerin
Water to 100% Water to 100%
Zeta TO 41.6 TO 33.7
potential T7 29.8 T7 20.4
(mV) T15 -15.6 T15 -5.1
Droplet size TO0 155 TO 141
(nm) TL15 167 T15 172
Z01EM086 and Zz0lEM089 do not meet =zeta potential
stability test C requirements.
5
Example 14: Ocular tolerability test after chronic
topical administration
The aim of this study was to determine the ocular
tolerance of cationic emulsions (ZO1EM134, Z06EM048,

10 Z06EMO50 and Z06EM(053; see composition in previous examples)
after multiples daily ocular topical administrations for 28

consecutive days into the right eye of albino rabbits.

Methods:
15 Ten {(10) New Zealand White albino rabbits per group (5

males and 5 females) were involved in this study. Treatments

(50 ul ocular topical administrations) were given four times

a day for 28 consecutive days. General tolerance (body
weight, food and water consumptions, general aspect,
20 clinical signs, hematology and blood biochemistry), ocular
tolerance (observations with an ophthalmoscope, slit lamp
examinations and ocular histology) and necropsy (gross
macroscopic examination, main organ weights) were
investigated. A statistical analysis (MANOVA LSD test) was



Zeta TO: 41.6 TO: 33.7 potential T7 : 29.8 T7 : 20.4 (nV) T15 : -15.6
T15 : -5.1 Droplet size TO: 155 TO: 141 (nm T15 : 167 T15 : 172
Z01EMD86 woodse$®89 do not neet zeta potential stabi PCTEPR@S11650
requi renents. 5 Exanple 14: Ccular tolerability test after chronic topical
adm nistration The aimof this study was to determ ne the ocular tolerance
of cationic enmulsions (Z4O EML34, ZO6EMD48, 10 ZO6EMD50 and ZO6EMD53; see
conposition in previous exanples) after nddtiples daily ocul ar topical
adm ni strations for 28 consecutive days into the right eye of al bino
rabbits. Methods: 15 Ten (10) New Zeal and White al bino rabbits per group
(5 nmales and)5-fgaRkesheenr bouo! uad orgthi sesthdy, Thealdmentahd Weldegl
ocul ar topical admnistrations) were given four tines a day for 28, 1
consecuti ve @apsUNEEAeRal debfer HRR (PRIYERRIYIRILFDod %fifg i hemica
consunptions,_ generalsaspect, 20 clinical signs, henatol ogy and bl ood
bi ochemi st ry?, ocular tolerance (observations with an ophthal noscope, slit
| anp exam nations and ocul ar hi stol ogy) and necropsy (gross nmacroscopic
exam nati on, mai N, Or gan weights) were investigated. A statistical analysis
( MANOVA LSD test 2006/ 050838 PCT/ EP2005/ 011650 35 al so perforned
on body and orgarGew gt s, leshdwisthmgnd water cormsumptiom datad andiarer
hemat ol ogi Calcogggmgltggpl?mb%%ly eairg%q:e,t ecgrsggn R%‘g}_]éﬁgs were unaffected by
treatments. There were no remarkable observations at
necropsy due to treatment. Ophthalmological observations and
10 microscopic examinations of the eyes and adnexa revealed no
adverse effects. Ocular reactions were confined to slight
conjunctival redness that were observed in all animals in
the study and are commonly observed in rabbits after
multiple instillations of ophthalmic products

15



General behavi our, food consunption and water consunption, body weight,
organ wei ghts were unaffected by treatnents. There were no remarkabl e
obser vat iwoo0@t0s0838cr opsy due to treatnent. QOpht hal nol ogctaiP2@sseres@t i ons
and 10 mi croscopi c exam nations of the eyes and adnexa reveal ed no adverse
effects. Ocul ar reactions were confined to slight conjunctival redness
that were observed in all animals in the study and are commonly observed
in rabbits after nultiple instillation® of ophthal mc products 15 WO
2006/ 050838 PCT/ EP2005/ 011650 36 CLAIM5S 1. An ophthalmc oil-in-water
type enul sion, which conprises <colloid particles having an oily core
surrounded by an interfacial film said enulsion conprising at | east one
cationic agent, at |east one non ionic surfactant said enul sion having a
positive zeta potential and neeting zeta potential stability Test A
requi renents. 2. An ophthal m c enmul si oncacaegs ding to claim 1, which neets
Zzeta potential stability Test B requirenents. 3. An ophthal mi ¢ emul sion
according to claiml or 2, which neets zeta potential stability Test C

requi rement s1. 4an ABpREHL DAL T 61 £V I 9P ACCRS) ' af &laing d to
3, which neets zrét appot enti al %st ability Test D %}%a%%%%ﬁ{r}g&}a.%@ﬁses
opht hal Micd-lerdl simarbicelr i ngavbnanyene ofilyl aiasrd t seurdoumdted ei byt hean

concent r.at.i f. _the..gatiqni. t .is conpri.sed between 0.001 and 0.1%
Wi pr SrSEaRTy ot uden 02005 aAH s iy Ak R o o 1T HRe Brereraic
bet ween a@e@@3 ard VefB% wiav. n6n Annophtshakateasfiulssiian «aeaer8hndaka ngnyone
of clains 1.t.0 558¥\€erein the concentration of the oil is not higher than

: |
7% (W WS e er FVRES t 678% W, 12hd 285én RBFe bt erdlifRility

Test A requirements.

2. An ophthalmic emulsion according to claim 1, which meets
zeta potential stability Test B requirements.

3. An ophthalmic emulsion according to claim 1 or 2, which
meets zeta potential stability Test C requirements.

4. An ophthalmic emulsion according to anyone of claims 1 to
3, which meets zeta potential stability Test D requirements.

5. An ophthalmic emulsion according to anyone of claims 1 to
4, wherein the concentration of the cationic agent is comprised
between 0.001 and 0.1% w/w, preferably between 0.002 and 0.05%
w/w and still more preferably between 0.003 and 0.03% w/w.

6. An ophthalmic emulsion according to anyone of claims 1 to
5, wherein the concentration of the oil is not higher than 7%
(w/w), preferably about 0.5 to 5% w/w, and even more preferably
about 1% to 3%w/w.

7. An ophthalmic emulsion according to anyone of claims 1 to
6, wherein the weight ratio cationic agent/oil is comprised
between 0.0025 and 0.06, preferably between 0.005 and 0.04.

8. An ophthalmic emulsion according to anyone of claims 1 to
7, wherein the concentration of the non-ionic agent is less than

1% w/w, comprised preferably between 0.01 to 0.6% w/w.



about 1%to 3%/ w. 7. An ophthalmc emul sion according to anyone of clains
1 to 6, wherein the weight ratio cationic agent/oil is conprised between
0. 0025 amsoQo@dsogssef erably between 0.005 and 0.04. 8. AoTmpRadsalsse
enul si on according to anyone of clains 1 to 7, wherein the concentration
of the non-ionic agent is less than 1% w w, conprised preferably between
0.01 to 0.6% w w. WD 2006/ 050838 PCT/ EP2005/ 011650 37 9. An ophthal mc

oi | -in-water enul sion according to anydbhe of clains 1 to 8, wherein the
cationic agent is selected in the group consisting of Cl0-C24 prinmary

al kylam nes, tertiary aliphatic am nes, quaternary anmoni um conpounds,
cationic |i%i dsn aphoakbhtohelis;: lbr@@%ﬂ?d@m@éﬁﬂ§n G%¥$%ﬂﬁh§gpdﬁynéﬁ¥0%%d a
m xt ure Wo_or re thereaof. A S

accor dih ‘Fﬁ)aé’ﬁ%ﬁ ofr c"REHE T ?%169’2; \(I)\chgre%%glaénrg?c]e |guan e sa(?myg1 e
selecte@r5ﬁ§n1cbhglgtﬁu@ campncﬂoﬂyzmﬂ(pﬂmmarwneaahglsmim$siheteut;ary

pol yam nopropyl biguani de, phenform n, K uani de or a, mxture of two
or nore2ihehebic 1EMiRRSepht BAFHFERGIY - i ﬁm%Q Mo mif SRS Kt or dFRGTPHC
anyone 9@&& ai 0Ridot 91 Son¥h8r ebnghhie: Ghlat &1 PAY Y caBIBAL dMpeDYMeLNdahs a
selecteﬁ rom the group conpr|5|ng benzal koni um hal i de, | aural koni um

hal i de, mmaturﬁ1dé tﬁ@x&@@&ﬂ%rﬁhﬁ%%?iannnnlun1 hal i de,

tetradecyl trjqre %q/ bal, iﬁ%nw@&&@ﬁ%ﬁﬁl%&ﬂ%é@@@iw ba! kdgone
cetrinoni um-hal i enzet OﬂlUﬁ]ha|Ide behenal koni um hal i de, cet al koni um
hal i de, ofcetletimd di moni @m heid e n cery| byguénmdamﬂﬁ@tl de peheodededranum
hal i de, chl orall met henani he haI i st al ko hal.i
stearalﬁgﬁiun9ﬁ8ﬁpde PR T XTUr e ékqﬁé?%ﬁ&%ééeetlgfgo%alﬁglldeheggﬁﬁ
pref er apby yehlappdep9l bbarudeide?. Aheophtrtvelmi ¢ @by ldiiguaadcsr di oy te

anyone of clains 1
mixture of two or more thereof.

11. An ophthalmic oil-in-water emulsion according to anyone
of claims 1 to 9, wherein the quaternary ammonium compound 1is

selected from the group comprising benzalkonium halide,

lauralkonium halide, cetrimide, hexadecyltrimethylammonium
halide, tetradecyltrimethylammonium halide,
dodecyltrimethylammonium halide, cetrimonium halide,

benzethonium halide, Dbehenalkonium halide, cetalkonium halide,
cetethyldimonium halide, cetylpyridinium halide, benzododecinium
halide, chlorallyl methenamine halide, myristalkonium halide,
stearalkonium halide or a mixture of two or more thereof, halide
being preferably chloride or bromide.

12. An ophthalmic emulsion according to anyone of claims 1
to 9, wherein said cationic agent is selected from the group
comprising benzalkonium chloride, lauralkonium chloride,
benzododecinium bromide, benzethenium chloride,
hexadecyltrimethylammonium bromide, tetradecyltrimethylammonium
bromide, dodecyltrimethylammonium bromide or a mixture of two or
more thereof.

13. An ophthalmic emulsion according to anyone of claims 1

to 9, wherein the cationic agent is selected from chitosan, 1,2—



to 9, wherein said cationic agent is selected fromthe group conprising
benzal koni um chl ori de, |aural konium chl oride, benzododeci nium brom de,
benzet herwormahisesssde, hexadecyl tri net hyl amoni um br omPd®/EP2005/011650
tetradecyl trinmet hyl ammoni um brom de, dodecyl tri net hyl amoni um brom de or a
m xture of two or nore thereof. 13. An ophthalm c emul sion according to
anyone of claims 1 to 9, wherein the cagionic agent is selected from
chitosan, 1,2 WO 2006/ 050838 PCT/ EP2005/011650 38 di ol eyl - 3-

trimet hyl anmoni um propane, 1, 2-diol eoyl-sn-glycero-
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opht hal m ¢ enul si.on accor%%gf%t one of clains 1 to 14, conprising
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15, wherein the enul sion contains benzal konium chl ori de as cationic agent
and a cofBPHAt i GIPTEFLXHAKap@f aneo poxarar®r asyleoepiodni ¢ poifactiaumtss, 17.

An opht hgh M, & eoulsi O acerdifig tg; anyo (/s 1_to0.16, wherein said
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to 14, comprising benzalkonium chloride as cationic agent and
tyloxapol as non-ionic surfactant.

16. An ophthalmic emulsion according to anyone of claims 1
to 15, wherein the emulsion contains benzalkonium chloride as
cationic agent and a combination of tyloxapol and poloxamer as
non-ionic surfactants.

17. An ophthalmic emulsion according to anyone of claims 1

to 16, wherein said colloidal particles have an average particle

size of equal or less than 1 um, advantageously equal or less
than 300 nm, more advantageously in the range of 100 to 250 nm.
18. An ophthalmic emulsion according to anyone of claims 1
to 17, comprising a pharmaceutically active substance.
19. An ophthalmic emulsion according to claim 18, wherein

the active substance is selected from the group comprising

antibiotics (such as tetracycline, chlortetracycline,
bacitracin, neomycin, polymyxin, gramicidin, cephalexin,
oxytetracycline, chloramphenicol, kanamycin, rifampicin,

tobramycin, gentamycin, ciprofloxacin, aminosides, erythromycin
and penicillin, quinolone, ceftazidime, vancomycine imipeneme) ;
antifungals such as amphotericin B and miconazole;

antibacterials such as sulfonamides, sulfadiazine,



19. An ophthal m c enul sion according to claim18, wherein the active
substance is selected fromthe group conprising antibiotics (such as
t et r acyclwoepoenisbssst et racycl i ne, bacitracin, neomyci n, PROIBPRY0SION;650
gram cidin, cephal exin, oxytetracycline, chloranphenicol, kananycin,
rifanpicin, tobranycin, gentanycin, ciprofloxacin, am nosides,
erythronmycin and penicillin, quinolone, ceftazidinme, vanconycine

i m penene); antifungals such as anphot®ricin B and m conazol e;

ant i bact

erials such as sul fonan des, sul fadi azi ne, WD 2006/ 050838

PCT/ EP2005/ 011650 39 sul facetanm de, sul fanethi zole and sul fi soxazol e,

ni trofur
trifluor

ant i bact®19 al 3§ehl's SUEP HE Hi37 of GPazdnée

non- ant i
such as
such as
cetirizi
such as

azoieetand &di solpanptbhabee antd vistalfs sosdeblas igoxts fidh Nesne
otym dine, acyclovir, ganciclovir, cidofovir and interferon;

iﬁd sHFum Fréopi Tiatw:idine,
D O i r AR id iffe§ Ct | Ay @t r bact gghdl c Dsv AL i - THi6Iebal. dr ugsy
i odi ne based preparation triclosan, chlorhexidine;, antiallergenics
1R AR B ooyl e e tdrtlaz AT HE S mettdbyrds i el trehimergsiveni rammd ne,
601 YT | | SNSRI PY OPRGRAPYKL Ao NG andhproldfgtali e agens

t hal | domide; synthetic gl uocorticoids an ocert’i coids and

mor e genexaldnialhor avnesarftorwsl ddetiivadt | ngrfigom tshehchokest épdinaet dxdddsm

(progest
and t hei

, bc h . . t est ost , DHEA
PTG R POPRAGHIPEITALS SUHa2 veyBRbeorr sore, °

hydr ocor¢ocione cacetatle;catexanet hasaneoclidexanmet hasone 21- phosiiai€iline,

fl uoroci

triancin

qLen , _edrysone, €rednisolone acetate, |uoronethal one,

T Hirci Aot Ehe? Hiet oRYdéaRdREhéY dBF PRERIRMSIdamine;

non- st er gl rolafd raditfd amaglearises suwef asasal i eyhat QontfdometNAGIHb 1 ¢
i bupr of en di cl of enac, flurbiprofen_and piroxi camand COX2 inhi'bitors such
as rof ecdOXIW OHiidPfEhac 2 Hi neBiNFaRlCpeBat &ieds amficheopbast i caenerally

hormones forms derivating from the cholesterol metabolism
{progesterone, estrogens, androgenic hormones such as
testosterone, DHEA and their derivatives),; anti-inflammatories
such as hydrocortisone, hydrocortisone acetate, dexamethasone,
dexamethasone 21-phosphate, fluorocinolene, medrysone,
prednisolone acetate, luoromethalone, triamcinolone and
triamcinolene acetonide and their derivatives; non-steroidal
anti-inflammatories such as salicylate, indomethacin, ibuprofen,
diclofenac, flurbiprofen and piroxicam and COX2 inhibitors such
as rofecoxib, diclofenac, nimesulide, nepafenac; antineoplastics
such as carmustine, cisplatin, mitomycin and fluorouracil;
immunological drugs such as vaccines and immune stimulants;
insulin, calcitonin, parathyroid hormone and peptide and
vasepressin hypothalamus releasing factor; beta adrenergic
blockers such as timolol maleate, levobunolol HCl and betaxolol
HCl, timolol-base, betaxolol, atenolol, epinephrine, dipivalyl,
oxonolol, acetazolamide-base and methazolamide; cytokines,
interleukins, and growth factors (growth factors such as
epidermal growth factor, fibroblast growth factor, platelet

derived growth factor, transforming growth factor beta, ciliary



such as carmnustine, cisplatin, mtonycin and fluorouracil; i mmnol ogical
drugs such as vaccines and i mmune stimulants; insulin, calcitonin,

par at hyr ovo 2bh@vasosse and peptide and vasepressin hypot hacampsooselsasi ng
factor; beta adrenergic blockers such as tinolol naleate, |evobunolol HCl
and betaxol ol HC1, tinolol-base, betaxolol, atenolol, epinephrine,

di pi valyl, oxonol ol, acetazol am de-basg, and net hazol am de; cyt oki nes,
interl eukins, and growmth factors (growh factors such as epidernal growth
factor, fibroblast gromh factor, platelet derived gromh factor,

transform h, f or. beta iliary WO 2006/ 050838 PCT/ EP2005/ 011650
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said emul sion having a positive zeta potential and neeting zeta
the active sSubstance is an immunosuppressive agent selected in
the group consisting of cyclosporine, sirolimus and tacrolimus.

21. An ophthalmic emulsion according to claim 20, wherein
the active substance is cyclosporin A.

22. Process of preparation of an ophthalmic oil-in-water
type emulsion, which comprises colloid particles having an oily
core surrounded by an interfacial film, said emulsion comprising
at least one cationic agent, at least one non ionic surfactant
said emulsion having a positive zeta potential and meeting zeta
potential stability Test A requirements, said process comprising
the steps of shear mixing followed by high pressure
homogenization of the coarse emulsions obtained through mixing
of the aqueous and the oily phase.

23. Use of an oil-in-water emulsion according to any one of
claims 1 to 21, for the preparation of an ophthalmic composition
for treating dry-eye conditions.

24. Use of an ophthalmic emulsion according to any one of
claims 17 to 21, for the ©preparation of an ophthalmic
composition for treating ocular conditions such as glaucoma,

ocular inflammatory diseases such as keratitis, uveitis, intra-



potential stability Test A requirenents, said process conprising the steps
of shear m xing foll owed by high pressure honogenization of the coarse
enul si onswohwaiosessst hr ough m xi ng of the aqueous and t lreTmPRgosphwse. 23.
Use of an oil-in-water enul sion according to any one of clains 1 to 21,
for the preparation of an ophthalmc conposition for treating dry-eye
conditions. 24. Use of an ophthal mc enul sion according to any one of
clains 17 to 21, for the preparation of4lan ophthal nic conposition for
treating ocular conditions such as glaucoma, ocular inflamuatory diseases
such as keratitis, uveitis, intra WD 2006/ 050838 PCT/ EP2005/ 011650 41

ocul ar igdfd laret n Oymndityi-cey,e dapndryemes yreoumer, iodweldn onsfeaddnar, ocular

al l ergies, ocular infections, cancerous growth, neo vesz I g}lrovvth 1
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retina (macul ar degeneration, retinal dystrophies) , retinal diseases
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with an ophthal mc acceptable carrier, said formulation being in the form
of eye drapisyalkydyeicmbpehes)or, ophthathi digelasess. agpdeirian cwhohmudlaitdlon
accordi \r}%to. J__cel aitni1 2n5, conprising a pharnmaceutically effective anmount of
an active c?]hjgr edient in or within the opht hal m ¢ acceptable carrier. 27.
Del ivery gjevizae wmﬁﬁaedxifcr oﬁnﬁnhﬂaglipup mmnnsslm@g ard e&nmﬂsi_oumﬂmozpﬁtr@,
mplant, insert, said device gonta)ning, an. equlsion aceording to,anyone of
ophthalmic acceptable carrier, said formulation being in the
form of eye drops, eye ointment, or ophthalmic gel.
26. Ophthalmic formulation according to claim 25, comprising
a pharmaceutically effective amount of an active ingredient in
or within the ophthalmic acceptable carrier.
27. Delivery device selected from the group comprising
lenses, ocular patch, implant, insert, said device containing an

emulsion according to anyone of claims 1 to 20.



