WO 2006/ 050838 PCT/ EP2005/ 011650 OPHTHALM C O L- I N-WATER TYPE EMULSI ON W TH
STABLE PQCSI TI VE ZETA POTENTI AL 5 The present invention concerns ophthal mc
cat i oniwo 2iobsisss wat er type enul si ons having a zeta p8CEMPRNSOLIWARKI ni ng
positive overtime. By "ophthalmc emulsion”, it is neant an emnul sion which
is suitable for an ocular application and which may have a 10

phar maceuti cal effect or a cosnetic effect. Emul 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 possessERHTHAIMIE t i OEL-Dfi-WARTEK acTYPE. FMULSIONosE8VIOFH st ABABLE Y
testing is to rovi de_evidence on how the quality of a drug substance or 20

drug pr OdUPpS\EZEVEQZ&TM%r the influence of a variety of
environnental factors such as tenperature, humdity and light, and enabl es

recommesded st ofRg6 rLMHh tiQASHEI6n t €SicPets odshandlshel Eativgsct oibe
establ ished. 25 Although real-tinme stability studies include an evaluation
of those faetofatathatYRe t ERELSILPNES flettinthed &ffiar RN detle 5PMERBLIBB UGS,
they are tj . C -.econsum ng. Conventionally, accelerated stability
studi es ar E%ﬁgg °f gggﬁtf%@?éti ng the shelf |ife of pharmaceutical 30
products. Such Bgceb@raiedn st uelivess saib] ecit t he syshensnt emalsienpehathre of

40C during .at | east .6 nths. In order to.understand the intrinsjc stabilit
WD 2006/ ogeﬁsﬂﬂéﬁf"éﬁz% A686uL8T application and which may have a Y

10 pharmaceutical effect or a cosmetic effect.

Emulsions according to the invention have a zeta
potential remaining positive overtime that 1is, 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., its 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 light, 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 1life 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



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

anal yt i wel20pe5688ur es to be used, the Applicant has dBGEEBHE0LEss
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 the2Arrheni us 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(
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(Klang et al., Pharm_ Dev. Technol ogy 2000, 5, 521-532) is known in the art
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3 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 vyears, oil-in-water type emulsions, in
particularly emulsions having droplets of a submicron size
(hereinafter “submicron emulsions”) gained increasing
importance, in 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



is a neasure of the magnitude of the repulsion or attraction between
particles (Washi ngton, Adv. Drug Deliv. Reviews 1996, 20:131-145).

For mul aW Q#8839 ibni cron enul sions reported in the SPETEBINFIHES Y, o
usual | y based on a conbination of lecithins which are m xtures of

phosphol i pi ds of various conpositions obtained from natural sources,
non-ionic or ionic surfactants and of o3l such as vegetable oil. Lecithins
generally conprise as major conponents phosphatidyl choline, 10 which is
neutral over a w de pH range, negatively charged phospholipids such as

phOSphat!dx§§%r%%%S@Q@ %&O%ﬁﬁﬁ%ngQtu@@ %fa@%epQ%kgh%ﬁbﬁ chargedaction
phosphol i pids such as phosphati dyl et hanol am ne. a consequence of their
conposi ti omettweencophoitdcparst i ¢Weshinghost akdv | ab?ends OsldsphoRepiidwbased

enul si ons ﬁ&ggﬂegigaﬁﬁFéﬁﬁﬁarged. Addi ti on of enough anmounts of cationic

agents suc €, oleylamne, chitosan, {NJ[i-(2, 3-

di ol eoyl oxy) pr opylhut &k i Dh A téf NMefumiiareNi emul DOPAB) Pspopteer Sncamheever se
this surface charge and produce a 20 positively-charged colloid, as,
reflect &d byiteHaitargetare peeBatinl PEREHI mvithCembingtier af. lechREhiPRys

Li pi ds 2004,, . 131 - 1-13: .| t,al : . 0F996,.:13::1856- | ang
ot ai i ntmiftt e e Ela oo e o e R SR SR g
col | oi ds (eolgraingabsorfesm 25nakuenilll si eoskcea, si gmri+tanic decrreaséonnczet a

potential is bserved overtipe, .dque to the hydro Ls of, phosphol | pi ds
into free f%Hﬁ%%%ﬁﬁqif (2ﬂgda aﬁﬂgfrﬁﬁﬁgli$ﬁ %eﬁﬁg¥ﬁh§ci°l€99 FClthlnS
84:1113- 111Q3naWH 10K, Cadmpei e SOUI 880k tdkigorende gt fnlilcavwilnge,

adm ni stration (Varveri et al., J. 30 Photochem Photobiol. A 1995,
91: 121- R 4)whigh ch$ | BRLEr2ghdsifHol # pivdsecat of @R9et heegaEiEgdy ichareges

potenti al VE%&%B%%ﬁ%B%%%? ggzhEeggoéﬁQﬁﬁﬁﬁgkid§lserine 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] -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. 1996, 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



evi dences that the systemis not conpletely chemcally stable (Tam | vanan
et al., STP Pharma Sci ences 2001, 11:421- 426) and in sone cases could
resul t WO 20060398361 cal destabilization of the fornul apCoEPa@sOEfeS®Ct ed by
the 5 droplet size. For exanple, in chitosan cationic formulations

contai ning 0.25-1.5% chitosan, 0-1.5% phospholipids, 0-2.5% poloxaner in a
castor: soybean oil phase, only the forgrulation containing poloxamer with
chitosan di spl ayed 10 good stability during autoclaving, while the

coexi stence of chitosan and phospholipids resulted in a destabilization of

t he emul si on ring s ation ordin 1.0 the hqr
|nteractlgﬁ ngﬂégg hﬁ bos ?iﬂﬁ%ﬁ%% rgeh |toé:z(ijﬁpeiuetttﬁa(1 ne&g%P§8F§l¥harged

phosphol i pkdgpnai Qhaﬁl@wbh@d b8 aldamsged pharpauksitheesf Rbouar cund2the oil
dropl ets provoked the coal escence of the droplets (Int. J Pharm 1999,
183: 175- 84¥6)Thé§é efitll sSERS weREeEvacedted FapuhEr f8r {heirphysical
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foll ow fig pabtehes sdeallng wi th cationic enul sions for t opi cal ocul ar,
adm ni stration:_US Pat ent 007,.826 di,scl oses a cationic oil-in-

enul si on mhich'%%ﬁprl%ﬁﬁpQﬁﬁﬂ 0|djbarfF51 M th€ 66§?fiveF9rm§%m%H8P Jed

i nterfaci al.ohithimife d msenf agi alnfidsan,s 601 ned @Mog?hbﬂ)ﬂpﬁdél pbds .68. 05- 3%
by wei ght) such as C10-Cl14 primry alkylanlnes (di scl osed are stearyl am ne

or ol eyl anpedpxaced- G4 ptiner§tarkangioakiend orid crighaster oPnbet athat e;
PPl o EalSo Sy, SOHIRRAT SoRuLLEL i MR Mo
acid eSOer@oba &&éﬁmllE&Kﬂdﬂﬁdﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁid@:ﬁﬁﬁﬁDﬂStﬂé165@xi5tence of
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 £ilm around the oil 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 Cyp—Cy4 primary
alkylamines (disclosed are stearylamine or oleylamine), Cio—
Co,y 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



concentration of the oil is maintained within the 3-20% range. US Patent

6, 007, 826 enul sions zeta potential are not stable to thernal stress (see
Tanm | vavepoosiosmbs , STP Pharma  Sci ences 2001, 11:421- RCE/ER2DSBLHD| e 12 as
given here- 5 after). US Patent 6,656,460 to Benita and Lanbert describes a
met hod of treating a dry eye condition by topical application of a positive
subm croni c enul sion containing 0.1-0.5% phospholipids, 0.5-2% enul sifying
agent such as 10 pol oxaner and benzal koni um chl ori de as a preservati ve.
Since these preparations contain 0.1 to 0.5% by wei ght of phospholi pids,

their zeta.potentlal;bs exPeched 40 degr afo 2y &C@%%Exegg'yg%z;q%

Al t hough sone” 0 prior art emnulsions may show a good
stability r&gs di g duephet 65008, 8kereawuilsioasi lzZeta meetknftdalcaticomet
opht hal m ¢ enul si ons which_are physically stable, and ich _do not contain
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be phosphotipeds, and any substances whi ch becone negatively charged upon
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nmust be such t , 'the a posi tive charges in the

enul sion i geohoye e atmuHdigf Aegatrdywe har gesndByiewer biyne tdpidel
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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



believed that said enulsion has a potential zeta that is not affected
overtinme. By "good tolerability" in the present the invention, it 1is

under stwoGobdnabssghe rati o therapeutic benefit to ocul arCT/EPW0FCIM00Ort i s
acceptable by the patient, and preferably simlar to a placebo or NaC 0.9%
solution. It is generally accepted that in order to show good ocular
tolerability the cation content within the fornulation should not exceed
0.1% preferably not exceed 10 0.05% and even nore preferably should not
exceed 0.03% Primary am nes such as stearyl am ne or ol eyl ami ne were shown
to be safe for ocular adm nistration 0.1%or 0,3%wWv (K apg,et al., J.
Pharm PhaPfhéered15eat 381dg8mydsy oy ?%rﬁap9£§ﬁ¥héi Soth géa ehia??%nium

chloride, ,}p-.bepgodedecifbum brom de and benzethonium chloride are allowed
by health autﬁori ties for ophthalmc adm nistration up to concentration of
approxi matel y BW03%Wqdurielerabhlity” Eir .tle Phasent BilophdnvenpooR, it
53:263-280). Even though .t.h esence of ,an _inpartant a nt, of catiagnic
agent in 2 ser‘ﬁﬂldﬁrgﬁgoﬁﬁyt%aﬁtccgé% A A ﬁpgirﬁipﬁél%écstbaeﬁ]lere&%oswi98‘1% ta
potentisl @yekohifBetbyi£ancetdpiybleebgi nghaeqsd t Véntgnt ehidespréseeakxanpl e
13), such emul sions are not conpatible with conmmon recommendation for

opht hal ni cSéBipasi EPoAsPLAEEBRPPE NeBlrRdPEeSPhBLEAR on concentration woul d
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object of this Tnvention to propose bm cron ophthal mc enul sions
i ncl udi ng ocnilewl abouatsbblitwgti obhe agenitorand csintleinthavivaghand kekping a

o an opht FFREL oGP FRGhIb, PeDp AT DnLE PRk SERRtYodO ot ForaY
partici@s WO02Q064Q9083% PChoER20064 HdAHT0; Bhould not exceed 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 Dbenzalkonium chloride,
15 Dbenzododecinium bromide and Dbenzethonium <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 entitieq
(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



having an oily core surrounded by an interfacial film said emnulsion
conprising at |east one cationic agent and at | east one non ionic

sur f actvaopbeos®sosds enmul si on having a positive zeta pot ®COTERR0ENd165@et | ng t he
zeta potential stability Test 5 A B, C and/or D requirenents. The

enul sions according to the invention are physically stable overtine as
defined hereabove and keep a positive zgta potential in the specific

measur enent conditions as described in Tests A, B, C and/or D. 10 According
to the invention, the enmulsions do not contain a sufficient anount of any

subst ances. suscepti bl e ,of affectin u&&eed el a_ potent i é%g%f;}f:l]%; said

Advant ageo&?lvy},ngt RE Emut’siTns. df the dhvention 4o no

phosphol i pigg:l siBnZebappaikaniy ale Zehatpehentihal oAeasygestaaplysktcakaptroperty
which is exhibited by any particle in suspension. Zeta potential can be
used to prédiectt@ehdonstr B fartadiispetridnemylaiPreheMtindenyi PORAEAYS, to
optimze t 0 QRS Qfq SesRens 20 -a . ShO I to

pr edi ct ov%%qan%@setggttgﬁﬁiﬁt fl%q n orgQ?’ ;Eg%a\?(%?a ?%gggen%?gi %Eagri(%\gl%gt ggt§8 nmer ge
one W 5h tzhe Mt kemnandrf o meaggdiregaheés .of successively increasing size, it
is necessary to confer repul sive forces, to the particles. One of t means
Lo confer repul S0 SBELEGRIE Ao SEGR GRS oy SUBRE CMbg T8l EBYRISEALY . or
charge stahidyizat dedrt Bh&CtIDOSHAE{ £ @ nehEERval altid | Zakbom hasstiheve
benefits of stabilizing a systemby sinply altering the concentration of
ions in thesisteatemhiali sim téeersnetidianaciaaExpBABE Y CPrdiclelsans 38sTher e
m ght by na r.i gi,ns _of. this ,surf ace rge dependi ng upon the nature of
the parti clcgé/sac%&bl%fls TfO%J@S&SOE%%P&%pZBgOBB/011650 8 surroundi ng nmedi um
but thdonoHAcddmidmiganio nenbannsertaoe, t ke emulsions do not contain a

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 is 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 1is a reversible
and inexpensive process.

30 There might by many origins of this surface charge

depending upon the nature of the ©particle and its



ioni sation of surface groups or the adsorption of charged ions. The
interaction of particles in polar liquids is not 5 governed by the

el ect riwelogwatsessgi al at the surface of the particle, BCK/EBY0OSHHOHS fective
potential of the particle and its associated ions. To utilize electrostatic
control of dispersions, it is the zeta potential of the particle that nust
be nmeasured rather than its surface charge Charged 10 particles w |

attract ions of opposite charge in the( “dispersant. lons close to the
surface are strongly bound; those further away form a nnre di ffuse region.

Wthin this gl nis a not|8n§ ounda&y kno as th |ng pkg
within mhléHrfﬁ APBi BPELERGPHENE NS f1ORE 4T8Fh PQ efit STRE®p&t&nt i al
at the slipphRgaRliane B K@ewacas dfigzet 8r I@Qéefafdﬁ ﬂitoxhagfl @Iﬁgr@@an
recogni sed that the zeta potential is a very good index of the nagnitude of

the interdensen between colloidal particles and neasurenments of zeta

potental are copmonly Msediba aseens ke stali Ly of 20 goldol dal systers.

The zeta poten measured in a |cu ar syst mis St on"Chie
cheni st 5y gbvehkaed rs,urftmeela@ﬂratsm pbteheindy aitt tihd esaetfscai bh ithe
surroundi ng environnent. Therefore zeta potential nust almays be studled in

a wel | def PAedi&h@irr Biveky 85 eLFeGtivEaPaFephland Ofoite HATdrgeR) and
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el ectrical charges on the surface of particles is that they interact 30
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appl i edoel gelrtiie 1fdsel ehililt bstPBEE 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 1s 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 1is 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. TIf the



specifically nanmed el ectrophoresis. Wen an electric field 1is applied
across an electrolyte, charged particles 5 suspended in the electrolyte are
attract & 2000030838 t he el ectrode of opposite charge. VPETEBB0HOII6ES acti ng
on the particles tend to oppose this novenent. When equilibriumis reached
bet ween these two opposing forces, the particles nove with constant
velocity. The velocity is dependent on 1§ the strength of electric field or
voltage gradient, the dielectric constant of the nedium the viscosity of
the nediumand the zeta potential. The velocity of a particle in a unit

ot ont | 8l 1@ nEh THTHes olbet rBRRor it corise okt £ Juy hiftcrShfye

equation: Wne 2nfidukfixa) oB8rlan WappeibE = kiectiopidread,c nobiild t yora= zeta
potential, e = dielectric constant, r%: viscosity and f(Ka)=Henry's_ 20
function. BER&GITiFtOrEt | BaERA ePARRALPBRSIBF LS et NSt et | aleabeic modeld

comonly nma i us & and.noder l.ect rol nc han.
f(xa) in Fﬁl?sg caBBItEa)” é,ggagr?él’thgg i%elz oyl EhErafRnCRakrabIeS.
appr oxi fat isarspeire@f dire  thal celattonlygtezedee pdEMaated r dowahrelsnobihkei ty is

straightforward for systens that fit the | uchowski nodel ,. i.e. rticles
o ger t harf LSOO S5k CPBASLAP s Soread i 1L 6Puct 1 DTSR e SoHad nehg hr o
that 10-3 rpda¢ispdd . c&ed {écsmbﬂa?égepehaisc}n@Sein@nkowwﬂ%al RGuiileneenamt ant
medi a (eg non-aqueous nedia), f(Ka) beconmes 1.0 and allows an equally

sinpl e WO 20987050838 tREPNEFATOB? 0 L¥O500PAYS e cdlogdiesn. e sPirgtieflésred to
as the HUCKl%ve a%&%ﬂx'éﬁﬂt%%t T@éf@cfty.B’ Tlgea@g.lgcity is dependent on

10 the strength of electric field or voltage gradient, the
dielectric constant of the medium, the wviscosity 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 £(xa)
3n
where Ur = electrophoretic mobility, z= =zeta potential,
g = dielectric constant, n= viscosity and f(xa)=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-aqueous

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



5 Test A consists in neasuring the stability of the enulsion zeta potenti al
under thermal stress conditions. Zeta potential of the emulsion is neasured
at T=0w0.2806/6a883800n as the enul si on has been prepar edRCUER08501d6ed val ue
bei ng nanmed Zo. dass vials (Type I) of IO effective 10 capacity

cont ai ni ng between 5-10m of emul sion and seal ed under nitrogen atnosphere
(W thout bubbling) are stored at 80C {fen at T=15 hours the zeta potential
Z15hi s measured. The value SA = Z15h-Zo is then cal cul ated. 15 For each
measurenent of the zeta potential, it is operated as follows: The zeta
potential of.th sio pl et _sur e | determ ped b |l e retic
mobi lity i a%%uug%gg?%t usnIs'%J(::% a%sa I\}é v%]f]ﬁg%et aé?zerggoooéﬁz%al \C/%LE%PQP

| nst rumrent sppkk) ikt eami pped with suitable software and calibrated with the
supplied standard. The enulsion is diluted in double distilled water if
needed in order to obtain the scattering intensity allowng optinal

particle detecLifgn.gThe sagphe count rate should be 25 between 100 to 1000
KCps, in hmg-yﬂe—de{-ect—ron—%-r' f heterodyne detection is used, the
contributi on of Tehe & efcomerictshedm sheadsulr begdetheedtabiiieg cofisechy i ve
measurenents are perfornmed at, 25C usin constant cell dr.ive of 150nV. The
el ectropho?@??ﬁlﬂgb?‘?ﬁyp?ge%%h% r?%‘&e“gd:a}?%{%a et B PRt e‘?ﬂr}céitj\f’é}%es t hr ough

t he Snol UChOWSkZetSE%@Eé@ﬂiaySbﬂgthbeerﬁﬂﬁﬁé@@i&ri§ RERstL ALY Ssaang-¢yj scosity of
WO 2006/ 050838 PCT/ EP2005/ 011650 11 water. The neasured val ue corresponds

to the avep@ges¥int Bé hobeaiAsd ofal s, been sPEeRaredr edheha?bdbnedul si on

reets zeta,potentidhg ALARK! bhY dERls AL Al °BF LFalbd%s2800AKS error

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;s; is measured.
The value 8A = Z1s5—%¢ is then calculated.
15 For each measurement of the zeta potential, it 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 between 100 to 1000 KCps, in homodyne detection (if
heterodyne detection is wused, the contribution of the
reference beam should be 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



5 nmeasurenents, preferably less than | OwW, and even nore preferably |ess

t han SnV. According to an advantageous enbodi nent, the ophthal m c enul sion
accor di WQ 200/85488i nventi on neets zeta potential st abifGWFP2PREUIE0 10 Test B
is simlar to Test A except that the enulsion is stored during 48 hours at
80C, the zeta potential Z2 is measured on after 48 hours and SB = Z2 -Z0 is
cal cul ated. The enulsion is consideredips neeting the requirenents of zeta
potential stability test Bif SBis |less than the standard 15 error of
nmeasurenents, preferably less than | OnV, and even nore preferably |ess than

5mV. Accor giipg -t OTRe TRES sAP¥ANLAGREUS o2 FRAEIBIAL tQf thRe avdPuey ign. tHde
opht hal m ¢ enul sion according to the invention neets zeta potenti al

stability Fesbt&ing@d Tatueg.is sinmlar to Test A except that the enmulsion is

stored during 7_days at_ 80C t zet otentjal Z7 is _neasured on .day 7 and
S0 L9770 s Ta R St el enft R F S e e SR AT

requi re”e”%%ann?‘é‘gaT%%tterﬁ gk Rt abl hidys 8840 Cehl SCahfakB85S A dihe
standard error o 5 measurenents, preferably less than I Ow, and even nore
pr ef er abl ymeassrehant5pV. pAeferahng tless stiHdn nilevVadvantagewoes enbedi nent
of the invention thﬁ oghggalgﬁc enul sion according to the invention neets
zeta pot enPr&LeEERbY| LB§STERE D™ WD 2006/ 050838 PCT/ EP2005/ 011650 12 Test D

is simlar to TestoABxFeRd dRabaddre £58%SE 0BnbSAimd o £0t I bt Heh rdhay's at
SCC, the zeta potential Z14 is neasured on day 14 and SD = z14 -z0 is
cal cul at ed eMPAE ioamMAGFAFAIRI c6Asi W edngsnFdon nBeethe Zeg§ai rreemEladf zeta
5 potenti al Lt s, Dif SDis less than the standard error of
neasurenenﬁgéhg?é%gr¥ %g éss than | O, and even

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, -Zp is calculated. The
emulsion is considered as meeting the requirements of zeta
potential stability test B if 6B 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 ~Z¢ is calculated. The emulsion

is considered as meeting the requirements of zeta potential

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

25 measurements, preferably less than 10mV, and even more
preferably less than 5mV.

According to a still more advantageous embodiment of

the invention, the ophthalmic emulsion according to the

invention meets zeta potential stability Test D.



nore preferably less than 5nV. According to an enbodi nent of the invention,
the 10 concentration of the cationic agent is conprised between(_ 0.001 and
0.1% pWerwepEeE38vet ween 0. 002 and 0.05% and still nBFEFERZUPMEPEN v bet ween
0.003 and 0.03% by weight of the total weight of the enulsion (wWw).

Advant ageously, the concentration of the oil is not 15 higher than 7%
preferably about 0.5 to 5% and still nore preferably about 1 to 3% by

wei ght of the total weight of the emulsion (wWw. In another enbodi nent of
the invention, the weight ratio cationic agent/oil is conprised between

0.0025 and 20 906, pPR&f eyidhiurbebneent 0 ant Qrid. dNefanalod ram
0.01 to 0.02. In the emulsion according to the invention, the concentration

of non-i oni steersht diisihgssl4 hdayavatpr 8@ e€ablyhe czmpr | pedebétivider?0. 0I5 t o
0.6% by wei ght of the total wejght 2$3 of the emul si on i(’lvviw% In. the
opht hal ni c B3SH4R%aCEr GRHI siOn2BEcofli g Eo The fAvertionlathd- cathnic

agent is seliel&thd il NeodloiBro00RY SHANG RS HO- (24uPLbMBhY sAlkyl At es,

tertiary aliphatic am nes, quaternary ammoni um conpounds, cationic |1ipids,

30 anm ng al sebenisiabi guapidetgatést oatifordre pol yoes staad the dJdaddael of
two or nore thereof. WD 2006/ 050838 PCT/ EP2005/011650 13 The primary am ne
i s preferabtyree| eEt BgaprERMERESyr e fedardivstiaff ofhan ey Paiy nangngven

stearyl am ng; & I}%%}f&té@fo la?gcgoho | s _alt can be dinethyl |auram ne or

di et hanol am ne, e am can be tris (hydroxynethyl) am nonethane.
5 1n a preferred enbodi nent, the cationic agent is a quaternary amoni um

conpound pr ef e ably sel ected, from the group consi 91ing of, benzal konym
10 concentration of the cationic agent is comprised betweeé
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 o0il 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 Ci0—Cy4 primary alkylamines, tertiary aliphatic
amines, quaternary ammonium compounds, cationic 1lipids,

30 amino alcohols, biguanide salts, cationic polymers and the

mixture of two or more thereof.



hal i de, cetrim de, hexadecyltri nethylamoni um hal i de,

tetradecyl tri net hyl anmoni um hal i de, dodecyl tri nethyl anmoni um 10 hal i de,

cet ri noNMO2M6HEIE38e, benzet honi um hal i de, behenal koni FATHERZP116¥t al koni um
hal i de, cetethyldi nonium halide, cetyl pyridiniumhalide, benzododeci nium
hal i de, chlorallyl methenam ne halide, nyristal koni um hal i de,

stearal konium halide or a m xture of twpzor nore thereof, 15 halide being
preferably chloride or brom de. Advantageously, said cationic agent can be
selected fromthe group conprising benzal koni um chl ori de, |aural koni um
chloride, benzgdodecii UmAiioN des Derzetdien) Waidddd d€rom the group
hexadecyl t ri nmet hyl amoni um brom de, 20 tetradecyl tri nmet hyl ammoni um brom de,
dodecyl t ri methykaimoni ofm brleyldaiore a andkt gteaol lambner nbhe tdwirisofy The

cationic po r.can _be_ _chitosan, the . cationic Jlipid can be 1. 2-dioleyl-3-
71 ot hyl AATORTAREBr SBdfoca. D3 I b oA iy & cATe Parts Farfl f2,
phosphat i dyhet hanabagl BEhoLata@NbE O V€ OBRPU NGOy Thd tH flS) imGRIrc@Matre .

chol esterol derivatives. Exanples of biguanide salts may be selected from
the grdup conpil signgPEAFOFFRGI diMROGBAEal t §hehe?abioni¢olaganitnops opy |

bi guani de, 1N, i g%}m r 1 xt ur, f r

t her of . Exg%%?gtéﬂé ngr@!c’lé%lhg sur aogﬁégt%&m%%%ﬂréy ggl%r%%ﬁﬁgefgo bt
2006/ 050838 rBGH/ ERZOBE/N1HGH0 ofi4 ibentzhaé kemilimi ormadfidehe | hanerd 1 loom iarme

tyl oxapol ,  pol.oxaners such as Pluroni¢c F68LFTM qr Lutrol. F68, Pl uronic
L) OLFTM aRE11BFr onice EInRer ( BASESRRAEIoE Do R LA Y anyh 3 N

USA), pol ysetbatgeysdehmashprhysonbahendiasf aoky¥sprbat febh Pammonium
pol yoxyet hyl ene castor oil derivatives, sorbitan esters, polyoxyl stearates

and a nPxt brédide,two ertabReninker eof halAdoant agedwstyorhemoi | -inligg er
enul si on a%%ﬂ%ﬁ%@%oh?um 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 be selected from the group

comprising benzalkonium 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— phosphatidylethanolamine, 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



the instant invention conprises benzal konium chloride as cationic agent and
tyl oxapol as one of the non-ionic 10 surfactants. According to another
advant ag¥02806/430838 t he enul sion conprises benzal koni unPCHEB200§@116% cat i oni c
agent and tyl oxapol and pol oxamer as non-ionic surfactants. According to
the invention, the colloidal particles 15 have an average particle size of
equal or less than 1 gm advantageously;gqual or |less than 300 nm nore
advant ageously in the range of 100 to ZSb nm The oil phase of the enul sion
may conprise one or nore conponents sel ected fromthe group consisting of

bl I I
g???tgas$orzg|$h :ﬁ%%¥'§P§gy ag?§ ﬁygé%% ngkfe %%gﬁggﬁg%rolé§%é$§%§?$|qU|d

paraffin), sedhuasclaipohicgkyeerfties LUYZDL (Er68e RLUrdrgly cRrG2RED hndn
whi ch t he carbohydra e qgaln has about 8-12 carbon atons), oily fatty acid,
25 i sopropyPlHyPREEatibZRdi | y(BRRY y WXWIRStE, E£8Ters 0P3§6%BP§BVr aldJfatty

acids, oilyy ro n geaqer, ;@ﬁ%: y~gU £
phyS|oIog|ca$#? 3%”5% §§t$%eqﬂ%?%rggoﬁ%g'entkﬁgk%h£§0|%ha asggafpﬁ s
preferaliy 8be ponpexyaem£IQMéecmstoanddlwdéﬁﬂﬁa@ﬁveg,asmrbutmnfe&tgrsBO

al cohol s e included in cases where the hObIC subst ance_to be
carried by %ﬂ YRRl sP PP TR Gt 2R f?lTﬁ%ﬁHqﬁ/Qﬁg 92005/ 011650

15 soluble in the pidayphass:, Ex@EPbes-oh-Miepi bmmlsqbnr@ecbﬁda%@;i t8

emul sions of the present invention are TCMIM (Soci ete des O eagi neux,
France), M §h§olimapeam ( DRH&ERtt oRovepmpShEien Persad eyl Uept FBARK i€6mpaands

whi ch may be.pfgsent Lo.fhe ,gqul sl %‘x &PrgAlé‘g &?ethg | nMent i 00, 8 5 f o

exanpl e anionic surfa tant s and v r|o s additives suc as osnotic pressure
10 surfactants.

According to another advantageous mode, the emulsion
comprises Dbenzalkonium 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 um,
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 o0il, cotton seed
oil, castor oil, sweet almond o0il), 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 1isopropyl myristate, oily fatty alcohols, esters of sorbitol
and fatty acids, oily sucrose esters, and in general any
oily substance which is physioclogically tolerated.

The major component of the o0ily 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



regul ators, e.g. sucrose, glycerine or mannitol; antioxidants, e.qg.

al pha-tocopherol, sodiumbisulfite, 10 sodiumnetasulfite, sodium

t hi osul Wat200&050838r ous, citric acid nonohydrate, ascorbGI/EP2DFDL1630c and
ascorbic acid; or preservatives, e.g. thionersal, chlorobutanol, benzyl

al cohol , phenoxyet hanol, phenyl et hyl al cohol, sorbic acid, EDTA and

met hyl -, ethyl-, or butyl paraben; said;gptional 15 conpounds may only be
added in specific concentrations that do not inpair the zeta potential
stability. Exanples of anionic surfactants are anionic lipids intended for
phar maceuti cal ., such_as. phosphol | pids. Exanples of phospholipids, which may
be used inSPﬁgbzﬁquigﬂg 8%E¥h8h§6ernvention, are |ecithins; Epikuren 120TM

(Lucas Meyer, frinpuns »hi oliTi Hid MnGdW endf BBOWed0%rphasphat belyl ehol i ne
and 12% phosphati dyl et hancl ami ne and about. 15% ot her phosphol i pi ds; Ovothin
160TM or OF&€hi RTPPTIM (ANKSE My erre phe¥phatieA’ttol des, 289pgineux,
phosphatid nol gm n 200 r phal i.pi.ds; a purified
phospholip%gg&ﬁngugg?Egég.gléucﬁ%&ﬁ?@ %igeg%?éi%ggakﬁzﬁlegg yol k; Lipoid
ES8OTM (ki poi d &hetudptdshall esnmpSemaesnyyh idih cmaiys e ppesphaki pird that ure
conpri si ng abqut, 80% phosphati dyl choline, 8% phosphatidyl et hanol am ne, 3.6%
non-polarIqqﬁ¥ﬁéoﬁn80586992@%t9ﬂf HITGORET refe A ef 87FRYS pRPEANE Re
agueous Phasg alctbheseces! o8l b Y0.4006( 950838 RCESERANS 01163055460 he

invention is 4.0-8.5 6.0-8.0 being particularly preferred. This invention
al so rel at eequd agopsecess fdr t heucpeepar at gdiycefriag ophhal ningnoikolp- wat er

(e, oSl QuARRBLe! "% 19, 1% KRASBL et SO ERLARL
enmul si d0 comaiwd nge@hshddstepnescd@iumnithiageniifate 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 lipids
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% phosphatidylethanolamine and 12%
25 other phospholipids; a purified phospholipids mixture, e.qg.
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-polar lipids and about 2%

30 sphingomyeline.

A preferred pH in the aqueous phase of the emulsion of



at | east one non ionic surfactant said emul sion having a positive zeta
potential and neeting zeta potential stability 10 Test A requirenents, said
process wO2Mo6050838 t he steps of shear m xing and t hen HOTHEP200H6136/0e
honogeni zation of the coarse enul sions obtained through m xing of the
aqueous and the oily phases. Ophthal mc emul sions in accordance with the
present 15 invention nmay be fornmnul ated i?to phar maceuti cal conpositions
wi t h various hydrophobic active ingredients for a |large nunber of

phar maceuti cal applications. Al so hydrophilic agents can be adm nistered
w th these | si.ons. tAccor di ng %o gge inv%ntoi_gnD t%e .emul si on, may, be, 20
formul ated FBF otBVEPTAGR niktratt on® ot satd "act Pve PG RS edP@hEECH 3 i s
oi | -in-wat eprepansé@®n, the waterY- insoluble drug is solubilized in the
internal oil phase, thereby remaining in the preferred nolecular state. In
addi tion, the bThdised WAvENdA BauddédOby r6iRESSs KPni & SRECHFSS5 £Pe welter in
t he externa . Furt her e, cent:rat .o th ug.l oi
phase can b r%@?ﬁ%%égy tgfngggnfgiﬁfﬁ%%ﬁghy%géi%hag??%Fty?ygﬁuseéﬁgééﬁéng
drug pehetratooiding desperthéssuevenCdosgquenhligh t lhemprdtsas | cvEndidn
provi des the use of 30 an oil-in-water emnul sion accordi ngrbt_o t he_instant

i nvention PBFLIRECHr BANLE0I GF ALY etk afERt OHRERHI Prordthr ERERTf gD WO
2006/ 050838 £PE/ @3995439%1@5%1&' %Embﬁ:@%&hlﬁg Aphthaltman di sof dehse ddent

invention also concerns ophthalmc fornulations conprising an oil-=i n-wat er
enul si on acebr dieagtt conde niomst gnic | Avshersanandad pharwhgeani d@vipg a

cocept bl o SALILFIGTFbER. P A ARE JEPLPRGOTREL Y00 SVEt Bhcouy s
conpri sé) a pbat MAcetddebtényents, said process comprising the steps of
shear mixing and then high pressure homogenization of the
coarse emulsions obtained through mixing of the aqueous and
the oily phases.
Ophthalmic emulsions 1in 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 invention, 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. In
addition, the blurred vision caused by oils is minimised by
25 the water in the external ©phase. Furthermore, the
concentration of the drug in the o0il 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



effective anount of an active ingredient in or wwthin the pharmaceutically
acceptable carrier. 10 The instant invention also provides a nethod of

t r eat reMO W06/683¥8%r conditions conprising a phar maceut PCHMEP2M6/IGSI t | On
conprising an oil-in-water type emulsion as defined above. The invention
also relates to the use of an oil-in- 15 water enul sion according to the
instant invention or of an ophthal mc, conposition as defined above for the
preparation of a nedicanment for the t#iatnent of ocular conditions. A w de
vari ety of ocular conditions such as glaucoma, ocular inflamrmatory

condi tions such as keratitis, uveitis, 20 intra-ocular inflammuation,

al | ergy afidedEyngyerBihatBie dtsPBAeTAf ections, ocul ar allergies, ocul ar

i nfections, cerQus. g h.,11eo %%%%%ln%r°8%9t85hﬁkeatEBEmLEQ@l&Q§
oed di abettc Y,

cornea, retina ema, nacul ar oedema, di abe retinopat r et nopat hy
of prenat eoipyistirgearr atllvén2atieseanedsobnt hecoetiinag foathkatnstant
degeneration, retinal _ dystro hies%igéiiinal di seases associated wth glial

prol i f er atPERM A b Pr 8vBAELHAGRY ¥ BEFRQCFRECCERTOAPE SBAEFSFAns

accor disng ¢t-gnt he Hr esgRbyh NVERHHPNs i 9T DS taRees Sithbad] €1 dor d@*évery to
the eye may 30 include, for exanple, antibiotics (such as tetracycline,
chl ort et r adpchieng, babkheawia, gagenycin, pol ynyxin, WO 2006/ 050838

PCT/ EP2005/ 011650 8 granicidin ephal exi axytetracycline,. .
chloranphenico'%“jkéﬂgﬁvgg%}o?%fgﬁgi@ﬁﬁot%éﬁ%ﬁ%%%ré EgéfgﬁﬁgFE}cally
ci prof | oxagifactarencaidies, €f yhhr eowive anthpenient | in, orquingiionethe
ceftazi dine, vancomycine inipenenei; antifungals 5 such as anphotericin B
and ni con®NGIrBacsHLLGact¥r RSFEPERRhS S8TEFF onani des, sul f adi azi ne,

sul f aget an de, pisull f aptBhzol envandish! fia30632 @)@y ikidd ofdIr agopgo@nd, godi um
proplonati}eatment 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 variety 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 oedema, 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,



antivirals, such as idoxuridine, trifluorotymdine, acyclovir, ganciclovir,
cidofovir and interferon; 10 antibacterial agents such as nitrofurazone and
sodi umwe@nogsiosssas e; non-anti biotic, anti-infection, arGVBEIIENE0 or
anti-mcrobial drugs such as iodine based preparation triclosan,

chl or hexi di ne; antiall ergenics such as sodium cronoglycate, antazoline,

met hapyriline, chlorpheniramne, 15 cetigizine, pyrilamne and
prophenpyridam ne; antiproliferative agents such as thalidom de; synthetic
gl uocorticoids and m neral ocerticoids and nore generally hornones forns

derivating from.t chol et ahagl i ter ;
androgenicg 8&2%%§§néucﬁgéégggkﬁg§togggkgggé&%hgiﬁghd %ﬁEPFQQEp?gggﬁ&és);
anti- infl aagrakhgeias such mistdyst oLy t | Soneobnaityedar,t i sonefenaenyatea,
dexanet hasone, dexanet hasone 21-phosphate,  fl uoroci nol ene, nedrgiﬁne,
predni sol oRéPAEEELQKECINY o PBHERR4 G, (FHYAREI Ot afldt r PEREFALI-éRe

acet oni de géiﬂeﬁog@?i oGRS | v Rt dahi gBhbmb NE | GAFREQRLESs Such
as salicylate, i1 ndonethacin, 1buprofen, diclofenac, flurbiprofen and
pi r oxi cam andhC@L amphdienirsisuBhaasl wigfomemdly: dactobanberialsresukbhde,

nepaf enac; antineoplastics such as carmustine, cisplatin 1tonycin.and 30
quorouracFF;SﬁhgﬁﬁﬂpééﬁéalsﬁﬁgaglgﬁéﬁeasSvggéFﬁggméﬁﬁ' Fw&ghgeggFﬁﬂﬂﬁnts;
insulin, caheitanilfispatabhyloi dikebranezyie2086405838 WRCTHEBBOBRAEE}650
19 and peptide and vasepressin hypot hal anus rel easing factor; beta

adr ener gi caplagkErd Ssuch saSht i noAdl nafestel dineyoburdidilupetamidpeeaxol o
HCL, tinol Qg'gt%%%ir?e'[ ax@éﬁ&ﬁcl@fz???' ol iBBIFRGRRN | Ne g i pi v }1¥Erf8§§ﬂ9l ol,

acet azol am base and”net hazol am de; cytokines, interleukins, and growth
fact or $0 (growtibatdetrard saghnds epwder nas groithofacapone famdobkagtiugr owt h
factor, pl%&%gﬁ%ng%gtvegoglgn Pb{ggigr’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 testosterone, DHEA and their derivatives) ; anti-
inflammatories such as hydrocortisone, hydrocortison?
acetate, dexamethasone, dexamethasone 21-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



transform ng gromh factor beta, ciliary neurotrophic growh factor, glial
derived neurotrophic factor, NG, EPO, PlGF); 10 antibodies or antibodies

f ragnegi$ao0phiodapt aners, aptanmers and gene fragnent pctaiPz@snumseot i des,

pl asm ds, ribozynes, snmall interference RNA, nucleic acid fragnents,
pepti des, antisense sequences); i mrunosuppresants such as cycl ospori ne,
sirolinus and tacrolinus, immunonodul ators 15 such as endoxan, , tanoxifene;

antithronbol ytic and vasodil ator agentl® such as rtPA urokinase, plasmn,
nitric exide denors; antioxidants such as lutein, vitamns and/or their
derivatives; and/or optically acceptable salts thereof. 20 According to an
advant ageaisi epbptiidentndt he st d sed ns ubgpanicel asusat rkéastsioge factor;

i mrunosuppressi ve agent, . preferably chosen in the group consisting of
cycl ospor iRfea pﬁ@F%P&E CtycL g?%ﬁ A SEGRr ol #fus 9t ol iBAiEATe,

Advant ageoyus}ybuddidihesel eanbisbergxbNel i MUNOSURMIRSSHAGe25 RGQUSIdIS i1 an
amount of 0.01 to 0.4 % preferably 0.05 to 0.2% (ww). Advantagepusly,

t hese enulastemslalo nepisephaiine, plogEvAlyi ds oxadvant agemesiaz o deigte -
enmul siqns .of the .invention contain ori,ne, .sirolinus _and/ or

Caorof 259, SndelFEras EoREERe gy BRI BR8T st Py a PR Wb Biing 30

linked by gadthepsy.(gtbatuser&ttdMd, sacreges alegidersellecyedwt AMong-@&d,, may
provide stability and bioavailability to the WD 2006/ 050938
PCT/ EP2005f Ban@sbrs2096pHtRal Fi et &ul Bi8ReL8F (IR HRANIFENtRofaF g at

east - one, | IUAOSIARY GRS 280 or IAIE! aD) i £YF AR Mk Mrlowdips been

found to have goo Izing properties of cyclosporine, may pl ay

a role in fhetobsegVeal i dproved Bebrotvaphabi fiatcyoot SGEEL oSREY,i ELGH it he

enmul sippns of the .invention vant%geousI¥ th anount of MCT is fromO0.5
a |

. L A ,
Lo 4 U waPGIOTHECEATE s PORTPRIVANT AG8GUERYS 1 et HRARGeBI 57 (R-amesS

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

20 According to an advantageous embodiment, the
active substance is 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



i nvention contains an i mmunosuppressive agent, preferably chosen in the
group consisting of cyclosporine, preferably 10 cycl osporin A tacrolinus
and si rwoi200&050838d MCT and tyl oxapol . Advant ageousl y, PERVEPAWSANOSOT

tyl oxapol is from 0.05 to 0.5 %ww of the enulsion. Preferably, the weight
rati o of i mmunosuppressive agent to oil is from0.0125 to 0.1. In a
particul ar enbodi nent of the emnul sion tg% wei ght 15 ratio of

i mrunosuppressive agent to oil is from0.083 to 0.1. In another particular
enbodi mrent of the emulsion, the weight ratio of immnosuppressive agent to

oil is from 0.0125 to 0.05. The enul sions of the inventiaon containing at

| east one PRMFREIBPEr S8 B AenPLard $attvERFaPPy GodrdN Y 285t Leéastry
eye condi tiQns,; s JECTRIA00N] YACELVADL Y cFEES8EKERYL, nat gRiC

ker at oconur?g{éi vjin{tn{&snggiu%a (AP%C) aaﬁgt ver n%l ker at o§co(r:u§unctl|3vi tis (VKC). The

i nvention alaso beént efoumdt Heo ubevef grodi | sphubpatzinemp siwer s aiofi ng or
not an active _substance fgr. ﬁﬂhe 25 . prepar atli on oft an %)pht halcﬂ.c cogp;f)jisi tion
for treati @C&P?POE;}E%OH itrofigY ?ﬂr@ye_r‘?ulré)l Sh e E8FAPRS S5 Sh e PR on
may al s9 beidaraliudediinya gel ipEdosieyt Tge selectad fEéRE §06nsr WP the
conprising lenses, ocular patch, inplant or insert. 30 The drug or active
subst ance rayenE ipnes&avangagieougduntthsf iRt 00DOYAT t bS5 B RePghe of

t he emul sign.g 1050 RCTLEP20Q5/ endi :URo her

t he drug ig ﬁygggfo%%?itg%or%%%&f%ﬁh%bl c,nq:;latjg%v%cqsll%%ele%%yy c%%ll;;ﬁp?g\ggﬁte in
the oily pHasentdoni nctheadgseaurs donpaosapprEssilbestagmade, ofp nefeiragland
using the present , 5 invention are described_in the foll ow ng exanples.
These exaffRSEMarid gFienIEARY (S dPf eG¥E ﬂsaﬁﬁlaﬁ?d%?fgeirﬁki%w to

make ang usgdikeporvent in, @iwkauren®t dnbendedol Onus, and MCT and

tyloxapol. Advantageously, the amount of tyloxapol is from

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 weight

15 ratio of immunosuppressive agent to oil 1is 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) anf
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.



[imt the scope of the invention in any way. 10 EXAMPLES In the foll ow ng
exanpl es, the follow ng abbreviations are used: 15 CTAB: m xture of
hexadecMQ 204€039§38 armoni um brom de, tetradecyltri net RGT/ERMIHDUGIDOr om de
and dodecyl trinmethyl ammoni um brom de MCT: TCMIM ( Soci ete des O eagi neux,
France) BAK: benzal konium chl ori de 20 BEC. benzet honi um chl ori de BCB:
benzyl di net hyl dodecyl anmoni um br om de - Oeylamne (Sigma (USA) SA
Stearyl ami ne (Sigma, USA) CsA: Cyclospdrin A 25 Crenophor: " Crenophor EL
(BASF, France) Lutrol: Lutrol F68 (BASF, France) Oxypol (CGattefosse,
France) Montane 20 (SEPPIC, France) Oxypol: Gattefosse (St Priest, France)
30 Mont ane Pe8epdEpp| C,UEF?%ncéf)’leEgﬁSi d E8® (19%@ D G%H,hbé‘?%@)l or
2006/ 050838, RCTHHEBRARS/ 11639) B2 En?g_ﬁk-@llx Brepahat iancAb 681{0Phsse
emul si ons erefn the cationic agent is CTAB Met hods: Conponent ZO1EMD42
Z01EMD43 GCTABn( taki eqiuecageathpOneB8% 0. 1% MCT (o0il) 2% 2%

Al pha-t ocopherol (anti xidgnt Qf %ybgf01w iLi oid E%Oi anhé?ic sgrgagtant)
0.32% 0.32% Lutrol F (n%]il i 6WIC sUr f Actan ‘H.’%% 0.15% %/C%Flﬁ n

(toniciby agedhridn258e2. 2% cribed in the following examples. These
examples are given only to provide direction and guidance in
how to make and use the invention, and are not intended to

limit the scope of the invention in 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: Lutrol F68 (BASF, France)
Oxypol (Gattefosse, France)
Montane 20 (SEPPIC, France)
Oxypol: Gattefosse (St Priest, France)

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



Water 94.87% 94.82% 5 The oily phase conponents were successively wei ghed
in the sane beaker and then magnetically stirred under a slight heating
(40C) UQtg 200c03085d ow, |inpid and slightly viscous phageyj 2&Eh?h@§d-
Aqueous phase conponents were 10 successively weighed In the sane beaker and
then nmagnetically stirred under a slight heating (40C) until a

transparent, linpid and fluid phase is obtained. Both phases were heated to
65C. The coarse emul sion was forned by 2Apid addition of the aqueous phase
in the oily phase and was then 15 rapidly heated to 75C. The aqueous phase
and coarse enulsion beakers were protected by a filmto avoid any wat ei
evaporation. The enul sion was white and slightly transparent. The enul sion
dropl et size was then decreased by a 5 minutes high shear mxing with a
POLYTRON PT 61&xampie 28 : e RAeRanrbmneni fadiomie emulsionst coipe¥aiBre was
cooled do etgaggghyéigge€€ jSecPRph- The final enulsion was obtained by
honogeni zation tn a mcroflurdi zer (C5, Avestin) using continuous cycles
for 5 mn at Mguressre of 10,000 psi. The enul sion was m | ky, 25 very
fluid and _did not adhere on the glass  The emylsion tenperature was.
decr eased| fompseentts pH was nmeasured and WO 20881 8M84838 ZGEMOEZ)()5/ 011650
23 then a@{T8Befcabigndo agéeémeg) a 0.1 M HC1 or |0. 0 MNaOH| sé.dts on.] Enul sion
was condi {Momedoib)tinted glass vials w th niftrogeh bubbling@%and tjhen
sterilizeflalphanrcagbprbave (20t dbrudestpt 121¢ 9 0w mean paolscl e size of
the enul saRs;050RBETS (dasondel etmrRedaRy)quagi- & &sid ¢ [T ghi3sgat flering
after dil pEfpHoy T Pl ShoASE R & SLgFaBELhR) TCeohasl i C[ & g zgr (1jal vern

I nstrumenpEyy SN T TR ETEy CRPOREY TC MUDTIT Ty VRS FEAS et s
Water 94.87% 94.82%

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 aqueous phase in the oily phase and was then

15 rapidly heated to 75°C. The aqueous phase and coarse
emulsion beakers were protected by a film to avoid any wate
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



at 25C in a Malvern Zetasizer 2000 (Malvern Instrunents, 10 UK) follow ng a
1: 200 dilution in double distilled water as detailed above. Results:
ZOLEMDAROZ®@MREB38 Dropl et size (nm) 126 128 Zeta potPSTVERPPOYHIN036. 4 49.5
15 Exanple 2: Stability of cationic enul sions described in exanple 1.

Met hods: 20 The stability of the autoclaved enul sions (droplet size, zeta
potential) at 80C was nonitored for 14 gays. Results: ZOLEM)42 ZO1EMD43
T(days) 0 7 14 0 7 14 Droplet size (n 126 143 155 128 140 151 Zeta
potential (nmV) 36.4 39.0 38.7 49.5 53.8 49.9 25 ZO1EMD42 and Z0O1EMD43 neet

zeta potentjal stabilit tes requirenents. 6/ 050838

PCT/ EPZOOSHﬁTGﬁJ %eéiaﬁ& eé 3(5)0 Prug‘déltgat‘? or? *df Vg ?g i ofif ¢ QZ‘n]uI & oMaQer ei n
the cationkg1agesh.i EhENZAKORaEM €M @It ih&n MehhodsatLpnpanant #01EM42
BAK (cationic agent) 0.02% MCT (oil) 1% Al pha-tocopherol "(anti oxi dant)

0.005% TyWoxhpalitmegen kb king agednthen. s6erilired P63 nentpohpte
sur f act ant)200m§%utgsyggrwl%gni city agent) 2.25% Water 96.07%

5 The mean particle size of the emulsions droplets was
determined by quasi-elastic light scattering after dilution
in water using a High Performance Particle Sizer (Malvern
Instruments, UK). The electrophoretic mobility 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 | ZO1EMO043
Droplet size (nm) 126 128
Zeta potential (mV) 36.4 49.5
15
Example 2: Stability of cationic emulsions described in
aexample 1.
Methods:
20 The stability of the autoclaved emulsions (droplet
size, zeta potential) at 80°C was monitored for 14 days.
Results:
ZO1EMO42 Z01EM043
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 Z01EM042 and Z01EMO043 meet zeta potential stability

test D requirements.



Preparation according to the process described in Exanple 1. Results:
Z01EMD93 Zeta potential (nV) 20.4 10 Exanple 4: Stability of a cationic
enmul si orWOS8MWIB]IE i n exanpl e 3 15 Methods: The st abi | PET/ERI00§/PH63Ut ocl aved
enmul sion (zeta potential) at 80C was nonitored for 15 days. Results:
Z01EMD93 T(days) 0 2 57 9 12 14 Zeta potential (nV) 20.4 23.2 21.5 21.6
22.7 21.0 21.3 20 The zeta potential of_the enulsion presented in this
exanpl e was nore stable than previously Zhown forrmul ati ons WO 2006/ 050838
PCT/ EP2005/ 011650 25 (data not shown) . ZOLEMD93 neets zeta potenti al
stability test D requirenents. Exanple 5: Cationic emulsions wherein the
cationic 5 agent is ol eyl am ne N@thods m/m1201ENn65 A eyl am ne 0. 05
Mneral ofl 1 WiL@hE0%0. broluiaxang) QoXIBhIE Znkid il Shntbeif 100
Preparati on acco g to the process scn%e In

the cationic agent is benzalkonium chloride

5 Methods:
Component Z0O1EM042
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 96.07%
Preparation according to the process described in
Example 1.
Results:
Z01EMO093
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}123.2|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



Exanmple 1. 10 Results: T(days) ZOLEML65 Droplet size(nm Zeta potential (nV)
0O 186 51.3 3 184 47.2 8 194 52.1 13 163 48.2 15 175 47.9 ZO1EML65 neets
zeta poVerPeeAs08IBabi ity test D requirenents. 15 ExarBITEERR00S/4éNRods: %
(ww) ZOLEMD92 CTAB 0.005 MCT 1 Vitamn E 0.005 Tyl oxapol 0.16 Lutrol
0.25 dycerin 2.25 Water Up to 100 WO 2006/ 050838 PCT/ EP2005/ 011650 26
Preparation according to the process deigribed in Exanple 1. Results:

Ermul sion Z0O1EMD92 T(days) 0 2 5 7 9 1214 Zeta potential (mv) 19.8 21.9
22.4 18.5 20.3 18.5 20.5 5 ZO1EMD92 neets zeta potential stability test D

requi renents. Exanple 7: Catiaonic emulsions with BAK _ o
(data not shown). Z0lEM0O93 meets zeta potential stability

test D requirements.

Example 5: Cationic emulsions wherein the cationic

5 agent is oleylamine

Methods:
g w/w Z01EM165
Qleylamine 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.
10 Results:
T (days) Z01lEM1l65
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

ZO01EM165 meets zeta potential stability test D

requirements.
15 Example 6:

Methods:
g (w/w) Z01EM092
CTAB 0.005
MCT 1
Vitamin E 0.005
Tyloxapol 0.16
Lutrol 0.25
Glycerin 2.25
Water Up to 100




10 Met hods: Enul sion ZO1EMLO5 ZO1EML55 ZO1EML62 ZO1lEML63 Conponents % w w)
BAK 0.02 0.02 0.02 0.02 MCT 2 1 11 Castor oil 0100 Crenophor 0 0.25
0.1 0 wWeI2006456$380. 32 0 0.3 0.3 Mntane 20 0 0 0 0.1 PCTLEPHSOIKHSD. 1 0 O
Oxypol 0 0.25 0 0 Vitamin E0.01 0 00 dycerin 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
emul sions (droplet size, zeta potentiag§ at 80C was nonitored T=0O, 7 and 14
days. 15 20 WO 2006/ 050838 PCT/ EP2005/ 011650 27 Results: T(days) ZOLEMLO5
ZO1EML55 ZO1EML62 ZO1EML63 EXopIet si ze 0 nd 288 243 249 (nn) 7 nd 290 261
262 14 nd nd 264 234 Zeta 0 24.9 19.7 22.3 .18.8 8otent| %T%Z nd rid Nd
(mV) 7 21.3 14PXSRRIAYEE 3FFGing nf thhels DBOSeRY ngeRgr: d*Rd 17. 4

15.7 15 28y2npdend. Nd

Results:
Emulsion Z01EMOO2
T (days) 0 2 5 7 9 12 14
Zeta potential (mV) |19.8121.9)122.4}118.5]20.3(18.5}20.5
5
Z01EMO092 meets zeta  potential stability test D
requirements.
Example 7: Cationic emulsions with BAK
10 Methods:
Emulsion Z0O1EM105 | Z0O1EM155 [ Z01EM162 | Z0O1lEM163
Components 3 (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



nd: not determ ned ZO1EMLO5, ZO1EML62 and ZO1EML63 neet zeta potential 5
stability test D requirenents. ZO1EML15 neets. zeta potential stability
test C MQ&I06OMSBE s. Exanpl e 8: Cationic enul si ons whereirEPRbUS/08 R85 ONi C
agent is BBC or BCB Methods: Enmulsion ZO1EML70 ZO EML71 conponents % w w)
EEC 0.02 0 BCB 0 0.02 MT 2 2 Tyloxapol 0.3 0.3 dycerin 2.25 2.25
Lutrol 0.1 0.1 water Up to 100% Up to 1000 Preparation according to the
process described in 15 Exanple 1. WD 2J006/ 050838 PCT/ EP2005/ 011650 28
Resul ts: 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 ZO1EML70
and ZO1EML71 nmBetsudétsa potential stability 5 test D requirenents. Exanple
9: Cati onjc—emi-si-on—wth-—BAR-and—m-nreral-oH—Mthods—Emil-soR—2Z01EMIS1
Droplet size 0 nd 288 243 249
(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
(mV) 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, ZO01EM162 and Z0l1EM163 meet zeta potential

10

15

stability test D requirements. Z01EM115 meets. zeta potential

stability test C requirements.

Example 8: Cationic emulsions wherein the cationic

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

Example 1.

10



Conponents % (ww) BAK 0.02 0.02 0.02 0.02 0.02 Mneral 11111 oi

Tyl oxapol 0.3 0.3 0.3 0.3 0.3 Lutrol 0.1 0.10.20.10.1 dycerin 2.25

2. 25 2.0 280625083825 Water Up to 100% Up to 100% Up t PCIUBR2005/¢1639 t 0 1000
Buffer 0 0 O Up to 100% 10 The stability of the autoclaved enul sions
(droplet size, zeta potential) at 80C was nonitored for 14 days. 15 WO
2006/ 050838 PCT/ EP2005/ 011650 29 Results: T Z0O1EML51 ZO1EML52 ZO1EML53
Z01EML64 ZO1EML73 (days) Droplet size #825.8 26.0 23.4 16.7 20.7 (nm 3
22.2 23.0 26.2 18.3 nd 5 23.523.824.2 ndnd 7 ndndndnd 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 (mVv) 5 170 213 182 nd nd 7 nd nd nd 213
200 8 nd nd nRemblids:

T (days) | 201EM170 | Z0O1EM171
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 ZO1lEM171 meet =zeta potential stability

{

5 test D requirements.

Example 9: Cationic emulsion with BAK and mineral oil

Methods:

Emulsion Z01EM151 | z01EM152 | Z01EM153 | z01EM164 | ZO1EM173

Components % (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

Lutrol 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



10 182 311 186 nd nd
188 nd nd 15 Ind nd Ind 203 216 Al
test D WOZI06939%BNt s.

results:

12 176 221 224 nd nd

with the cycl osporin added to the oi

enul si ons (dropl et

si ze,

pbase.

phase.
10 Preparation according to the process described in

13 nd nd nd 218 nd
enmul si ons neet zeta potenti al
5 Exanpl e 10: Cationic enul si onsPEHEPHIOHPHGSO
Cyclosporin A (CsA) as active substance in the oi

14 168

Met hods and

Exanpl e

216

stability

1,

The stability of the autocl aved
zeta potential) at 80C was nonitored T=0O, 7 and 15

si ze

15 days. WD 2006/ 050838 PCT/ EP2005/011650 30 Enul si on ZO6EMD44 ZO6EMD45
Conposi tion 0. 0% BAK 0. 02% BAK 1. 5% MCT 2% MCT 0. 24% Tyl oxapol 0. 32%
Tyl oxapol _0.0T%TtE 0. Q1% /itE 0.375% lLutrol 0.5% lLutrol 2.25% d ycerin
2.25% A ygerin Water t¢T100% MeALEV1Flol 20GY ST AP IGMIS I ERYRMY 64 TERMA T 3
potential |[TQ 224 TQ 21ddaysh) T7:220l T7:214 | T15 2391 T15: 211 |Dxr opl et
TO 25.3 TOropieg siam) 1@7 22[ 25 78: 2p26.0715| 23348 TJ46.70 8] 20.7
(nm) 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
(mV) 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 o0il 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.



Emul si on ZO6EMD46 ZO6EMD47 ZO6EMD48 ZOG6EMD49 Conposition 0.02% BAK 0. 02%
BAK 0. 02% BAK 0. 02% BAK 1% MCT 0. 75% MCT 2% MCT 1% MCT 0. 16% Tyl oxapol
0. 12% WO 0omm(950839. 3% Tyl oxapol 0.16% Tyl oxapol 0. 01%RAHER2005/QJ1630\i t E
0.01%vitE 0.01%vit E 2.25% G ycerin 0.1 % Lutrol 0.1 % Lutrol 0.1 % Lutrol
Water to 100% 2. 25% d ycerin 2.25% d ycerin 2.25% d ycerin CsA 0.05% Wat er
to 100% Water to 100% Water to 100% CsA 0. 025% CsA 0. 025% CsA 0.05% Zeta
TO 22.7 TO 20.9 TO 19.6 TO 25.0 potd®ntial T7: 20.7 T7: 18.9 T7: 19.6
T7: 24.7 (nV) T15:20.7 T15:16.9 T15:19.4 T15:19.2 Droplet size TO 188 TO
165 TO 212 TG 159 (nn) T7: 186 T7:188 Ti: 193 17: 173 T15:195 T15:194
T15:200 T 706ENI2S011650 31 Enul si on Z 06EMDS0
ZO6EMD51 (¢ N RART 0. 02% BAK 0. 02% BAK 0. 02%

e

&y

BAK MCT 0. 3% Tyl oxapol 13% Tyl oxapol
0. 3% Tyl o 1%itE 0.1 %Lutrol 0.1%

Y

001%'

tE Q.
Lutrol ). l|% Lutrol .1 (P FYp 5% é?‘?og .25% d ycerin 2.25% d ycerin
2.25% d yderin \ater ?Ql%’()‘ﬁt’/gV\atq Qlge Yiddioo vat ¢r to 100% Water to 100% CsA
0. 05% CsA|0. 2% CsA 0. p98¢0ed.utd za0a%pbtitipk i al ¢: 17.9 TO 20.1 TO 28.4 Q
23.5 (mV)| : 20.3 T7:|225% Glycain q2125% Qkycerif15{18. 9 T15: 19.0 T15:23.0
T15:20. 3 Oropl et size|Watd24100®% JWMatddo 1008 10] 204 (nm) 7: 212 T7: 195 7:
201 r7: 21 15:221 T1%C2A0.1%%: 195 |TkA 0.2%6 Emnul $i ons cont ai ni ng CsA as
active subiegljofential | $TV: 224 T0: 216
(mV) T7: 220 T7: 214
T15 239 T15: 211
Droplet size TO: 25.3 TO: 24.8
(nm) T7: 229 T7:22.2
T15:21.8 T15:20.8
Emulsion ZO6EMO046 Z06EMO047 Z06EMO048 ZO6EMO049
Composition |0.02% BAK 0.02% BAK 0.02% BAK 0.02% BAK
1% MCT 0.75% MCT 2% MCT [% MCT
0.16% Tyloxapol 0.12% Tyloxapol |0.3% Tyloxapol [0.16% Tyloxapol
0.01% vitE 0.01% vit E 0.01% vitE 0.01% vit E
2.25% Glycerin 0.1% Lutrol 0.1% Lutrol 0.1% Lautrol
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 TO: 20.9 TO: 19.6 TO: 25.0
potential T7:20.7 T7: 189 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




5 zeta potenti al

IS

stability test D requirenents.

enmul si ons whose zeta potenti al not stable over tine. Methods

Exanpl e 11:

Cationic
and

resul t VO 206/P308ffar at i on according to the process descPFE@?d’zi)WmER%npl e 1.
Enmul si on Z01EMLO2 ZO1EML72 Conposition 0.05% SA 0.12% SA 1 MCT 0. 01% BAK

0.16% Lipoid 2.5% MCT 0.005% Vit E 0.5% Lipoid 0.25% Lutrol
2.25% d ycerin 0.42% Lutr ol

Zeta TO :
Dropl et size TO:

60.6 TO 55.8 potential
161 TO 166

(nm T2 :

T2 :

158 T7:

164 T7

0.01% Vit E
Water to 100% 2. 25% d ycerin Water to 100%

Bo. 1 77: 27.8 (mv) T7 10.0 T15: 4.3
:ND T15: 176 WO

2006/ 050838 PCT/ EP2005/ 011650 32 The stability of the autoclaved enul sions

(droplet size,

stability test C

zeta potential) at 80C was nonitored at T=0O, 7 and 15 days.
5 Z01EML02 and ZO1EML72 do not neet zeta potenti al

requi r emefEgmulskoranpl [Z04EMOSERL | oni EZESENIOS DN COIESEMOLR Ver y [Z06g@MOoszt | on
content Wiggk 5ﬁﬁﬁ“ QI09BAK TS S| '"65 S, BXET (! HPgoRBAK 10 Wiy 6% A ROt
suitable tor 8p th al )\ feGe ‘Met h g@ @q- resul t@/'“\}fé@paratl )j'%%(f@@l’dl ng tjo
the process describg 3T yloxapol 0.3% Tyloxapol |0.3% Tyloxapol [0.3% Tyloxapol
0.01% vit E 0.01% vitE 0.01% vit E 0.01% vit E
0.1% Lutrol 0.1% Lutrol 0.1% Lutrol 0.1% Lutrol
2.25% Glycerin 2.25% Glycerin 25% Glycerin  2.25% Glycerin
(Water to 100% Water to 100% aterto 100%  [Water to 100%
CsA 0.05% CsA 0.2% CsA 0.2% CsA 0.1%
Zeta potential [T0: 7.9 TO: 20.1 TO: 28.4 TO: 23.5
(mV) T7.20.3 T7:21.9 T7:24.5 T7:23.2
T15: 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 1l1l: 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 ZO1EM172

Composition 0.05% sSA 10.12% 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

(mV) T7 : 10.0 T15: 4.3

Droplet size |TO : 16l T0: 166

(nm) T2 158 T7: 164
T7 ND T15: 176



Exanpl e 1. Enul sion ZOLEML86 Conposition 1% BAK 10% Soybean oil 1.2%
Lipoid 2.25% dycerin Water to 100% Zeta TO: 57.5 potential T7 55.1
(mMV) TIEO.20868059838Dr opl et size TO: 182 (nm T7 : 198 RUHEP2@IN116§6 The
stability of the autoclaved enul sion (droplet size, zeta potential) at 80C
was nonitored at T=O 7 and 15 days. Although ZOLEML86 neet zeta potenti al
stability test D 20 requirenents, its cationic agent concentration (BAK) is
50- fold that generally used for topicaﬁzocular adm nistration. Said
enul sion is not suitable as ophthal m c enul sion. WO 2006/ 050838
PCT/ EP2005/ 011650 33 Exanple 13: Cationic enul sion containing lutein as
active ingredient. Method: As described previously. 5 Z42E 0001 Z42EM)02
Lutein 0.4 0.4 _Saff]| ower, . 1. il Tyl.oxapal. O. a3 an 0 -
01 BAK 0. 02 Ole% i}io%/%lxlal#é? OO€ Ot.q’ie asﬁto)&q_avedo %m%l%:.o%% M{@l&op‘ie%
size, zeta potential) at 80°C was monitored at T=0, 7 and 15

days.
5 Z01EM102 and 201EM172 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
p
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.



G ycerol 2.25 2.25 Deionised gqsp 100 gsp 100 15 water Preparation
according to the process described in Exanple 1. Z42EMOOL Z42EMOO~Y

Dr opl etWQR2006/07@®3847 255 (nn) T7 290 236 T14 285 321 PZEER205t0e1és9al TO 15. 8
16.0 (nV) T7 8.8 8.4 T14 7.1 8.9 25 Enulsions containing lutein as active
substance satisfy zeta potential stability test D requirenments Exanple 14:
Cationic enul sion containing |low catiorg3 30 content whose zeta potenti al
and/ or droplet size are not stable over tine. Methods and results:
Preparation according to the process described in 35 Exanpl e 1. The
stability of tﬁﬁaﬁ\giecl atéed emsme (LhPPd £n Si Z6n ta Hfis At 80C
was nonitored days. WO 2006/050838 PCTI 2005/011650 34
Emul si on Zﬁwam Corrp05| tion 0.01% CTAB 0. 02% BAK 2% MCT 2% MCT

0.32% Li poid 0, 32% Lip i \/t E 0.5%Lutrol 0.5% Lutrol
2.25% d ycer| n-ﬁﬁi Ggﬁcgﬁsﬁrl gPr‘ﬂSl‘i’éﬁ W vater to 100%

Z42EMO001 | Z42EM0Q2

5 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.
Z42EMO01 | Z42EMOGY
Droplet size TO 347 255
(nm) T7 290 236
T14 285 321
Zeta potential TO 15.8 16.0
(mV) 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.



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

ZO EM)8Q 200d/0FB83EMI89 do not neet zeta potential st aRAIVERZ0GSEE165C

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 emulsions (ZO EML34, ZOGEI\/Diﬁ],‘I 10 ZO6EMD50 and ZO6EMD53; see
conposition in previous exanpl es) after Itiples daily ocular topical

adm nistrations for 28 consecutive days into the right eye of albino
rabbits. Methods. _15 Ten (10) per group (5
mal es and 5 fenglBw)lsvesm i nvol VEULEMOGhi s st ud)Z0TEMEH Sent s (50 1 ocul ar

t opi cal admi ni stircdmpus)tieie gjveld aras i mes ( 0PRy BAK 28 consecuti ve
days. Ceneral tdlerance (body e g)(m'; food and| amtverT consurrpti pns, gener al
aspect, 20 clinijcal signs, henma pcul ar

tol erance (obserjvations with an nati ons and
ocul ar hi stol ogy) and necropsy mai n or gan
wei ghts) were ijnvestigated. A test) was WO
2006/ 050838 PCT/|EP2005/ 011650 gan wei ghts,
on food and wat g—consunpti-on 9 ochem cal

parameters 5 Redu#®%® General bpF At er
potential

(mV)
Droplet size
(nm) T15 : 167 T15 : 172

Z01EM086 and Z01EM089 do not meet =zeta potential

stability test C requirements.

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 Z06EM050 and ZO0O6EMO053; 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 pl 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



consunpti on, body weight, organ weights were unaffected by treatnents.
There were no remarkabl e observations at necropsy due to treatnent.
Opht hal W$ 2096/630B3%bser vati ons and 10 nmi croscopi ¢ exam prariepp®soiiecshe eyes
and adnexa revealed no adverse effects. Ccular reactions were confined to
slight conjunctival redness that were observed in all animals in the study
and are commonly observed in rabbits after nultiple instillations of
opht hal m ¢ products 15 36 CLAIMS 1. An3dphthalmc oil-in-water subm cron
type enul sion, which conprises colloid particles having an oily core
surrounded by an interfacial film said enulsion conprising: 0.001%to
0. 1% by weight eﬁoﬂnﬁé’%ﬁtorprtﬁ)cfﬁﬂtéﬁkﬂ"§r§9§n¢1elc§l‘ﬂ:§c" 8e froed Lha 9heUR
s consi sting of CIO-C24 primary kyl am nes, tertiary aliphatic am nes,
quat er nar y comsmowitdianc odedends, an@lat iaani élelmamodwlmlno BHICboﬁUIOs?heHmC@dam de
salts, cationic ;%olryrrers and a m xture of two or nore thereof, |ess than
1% by wei gl?t an I"east one non ionic surfactant selected fromthe group
consi sting of tyI oxapol , pol ysorbates, polyoxyethyl ene castor oil
derivatives, sorbitan esters, polyoxyl stearates and a m xture of two or
nore thereof, R&PHLBAYI sion nmeets the zeta potential stability Test A
requi rement s aSGQﬁ%kgfd | BehB61 dBSCr i Plelam, EE:.HF @lto%at (Li‘% emy-3iqn does
not contain phospholipids.” 2. An 6phthal'm c enu n according to claim1,
whi ch neet scontshenpdstcn ,pobedy | aéighabi IqrtgysnTealﬁtrsequererremaf&scdeﬁl ed in
g?e descri pttrea me?ﬁt An O’Ptrl]t nal mwgrerrul 3 Onrgrr(l:goka%fg t%b%re] va 181]:130' altms 1
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



2, which neets the zeta potential stability Test C requirenment as defined
in the description. 4. An ophthal mc emul sion according to anyone of cl ains
1 to 3, which neets the zeta potential stability Test D requirenent as
defined in the description. 37 5. An ophthalmc emul sion according to
anyone of claims 1 to 4, wherein the ggnhcentration of the cationic agent is

conpri sed between 0.002 and 0.05% w w and still nore preferably between
0.003 and 0.03% w w. 6. An ophthal m c emul sion according to anyone of clains
1 to 5, wherein the concentration of the oil is not higher than 7% (ww),

preferably about 0.5 to 5% w w, and esgiM¥pore preferably about 1%to 3% w.
7. An ophthal m c enul sion accordi ng toanyone of clains 1 to 6, wherein the
wei ght ratio cationic agent/oil is conprised between 0.0025 and 0. 06,
preferably between 0.005 and 0.04. 8. An ophthalmc emul sion according to
anyone of clains 1 to 7 wherein the concentration of the non-ionic

surfactani.i fin epARhbIAEcPicaflernabhs thet REMiGh 1O/ He 64l Wi ofl, ARich
ophthal mc oil-in-water enulsion according to anyone of clains 1 to 8,
wher ei n t feMphi$ON| cohbeht ParséFéeselavinghan gibuipcesaspyriragnerdCchy- C24

primary alky| ?F&ci%fﬁ%gﬁ}’ Sgkgpgﬁ%ﬁ%@ Qﬁnﬁgr%% [nary amonium

conpounds, “catronic I , amno a uan "salts, cationic

polymers ard @ Gox§Ues Of 18WBOkdTRiR (JTETROM1cdd: AR OBBENBLAECagent
oil-in-water enulsion according to claim9, wherein the biguanide salt is
sel ected from sakegtedp fronpithsi ngrowp ordemdiditnenaandfsaltios Cbhepzgafiary

pol yam nopropyl ., bj guani de, phenf.orm n, _al kyl bi guani de or a m xture of two

or nore jthere%}].{yjl%“l%ﬁSOphﬁ—‘r?ﬁgﬁiafyoi I§‘?hp%ﬁ_€ég el 'St acd8f Fﬁ&airg claim

9, wherein thgmgsai €hnadymsenmds Um eapaiing 1S pselect eghificomatiBehol s,
biguanide salts, cationic polymers and a mixture of two

or more thereof,

¢ less than 1% by weight of at 1least one non ionic
surfactant selected from the group consisting of
tyloxapol, polysorbates, polyoxyethylene castor oil
derivatives, sorbitan esters, polyoxyl stearates and a
mixture of two or more thereof,
¢ said emulsion meets the zeta potential stability Test A
requirements as defined in the description,
e provided that the emulsion does not contain
phospholipids.
2. An ophthalmic emulsion according to claim 1, which meets
the zeta potential stability Test B requirement as defined in
the description.
3. An ophthalmic emulsion according to anyone of claims 1 or
2, which meets the . zeta potential stability Test C
requirement as defined in the description.
4. An ophthalmic emulsion according to anyone of claims 1 to
3, which meets the =zeta potential stability Test D

regquirement as defined in the description.



group conprising benzal koni um hal i de, |aural konium halide, cetrimde,
hexadecyl tri nmet hyl ammoni um hal i de, tetradecyl trinmethyl ammoni um hal i de,
dodecyl tri net hyl ammoni um hal i de, cetrinmoni um halide, benzethoni um hali de,
38 behenal koni um hal i de, cetal koni um hal i de, cetethyl di nonium hali de,
cetyl pyridi nium hal i de, benzododeci ni ugshal i de, chlorallyl nethenam ne
hal i de, nyri stal koni um halide, stearal konium halide or a m xture of two or
nore thereof, halide being preferably chloride or brom de. 12. An

opht hal m ¢ enul sion according to claim11l, wherein said cationic agent is

sel ected &1 omnt BEhOHQURI EOBRLNSHBY aReBZAl %mtwna&ﬁl&{é def Lyfakkentgm
chl ori de, benzododeci nium brom de, benzet héni um chl ori de,

hexadecyl%rln®m©y¢amnnhhan1CQMOﬁnUEatiQMradécythelneahybamnonagﬂnbromsde,
dodecyl t ri net h) nlbronld xt ur e  of t or re_.thereof. 13.
An ophthafﬂT%r% @ﬂDQﬁEﬂEEBrdln 2 gﬁggn@ 8% cIéY §Flgﬂer@Pﬁethe
cationic Qﬁ@ﬂéra§1?€$@ﬁwégnf00@b§haﬁ@s@no34 R

di ol eyl -3 trlnethé anmoni um propane, 1, 2-di ol eoyl -sn-gl ycer o-

phosphat i Byl BEhaRBERALHEC EHHLEAPE GIOFOsEdmEngs: IaTpiae vt ehei®ni & to
chol est er gl Qﬁ%f&fﬁ'yﬁé c8£c£h§£g£§8n°£f ¥RC°51fD£§ P%Pe§§8£ rlenafiNoe

ophthalnlc emul'ston accordin 0 anyone o | ai ns erein thé

non-ioni c ﬁﬂmfactpﬁéfesably1xahoetofotmo o6 B®Brewpen-i andc ssuehaciapes
sel ected fromthe group consisting ,of poloxamers, tyloxapol, polysorbates,
pol yoxyet ByFEpeab %ﬁs?%?uBli d%?l%aY(Wes sorbitan esters and pol yoxyl

Stearat esy 1y é{ih@HQiR%”’e&u@.@‘i’oﬁ' %c%%faqrn@ D LhyNONSr 0F1 &4 AL NS Eot 0

14, conprising benzal koni um chl ori de as cationic agent and tyl oxapol as
non-i oni c6 suwhateant .thks. weigluphtraaliol cagnohsicormgmootadingi ¢ ocanpeoneedf
clains 1 égtween 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 surfactant is
comprised preferably between 0.01 to 0.6% w/w.
9. An ophthalmic oil-in-water emulsion according to anyone of
claims 1 to 8, wherein the cationic agent is selected in the
group consisting of Cip-Cps primary alkylamines, tertiary
aliphatic amines, quaternary ammonium compounds, cationic
lipids, amino alcohols, biguanide salts, cationic polymers
and a mixture of two or more thereof.
10. An ophthalmic oil-in-water emulsion according to claim 9,
wherein the biguanide salt is selected from the group
comprising chlorhexidine and salts thereof, polyaminopropyl
biguanide, phenformin, alkylbiguanide or a mixture of two or
more thereof.
11. An ophthalmic oil-in-water emulsion according to claim 9,
wherein the quaternary ammonium compound is selected from the
group comprising benzalkonium halide, lauralkonium halide,
cetrimide, hexadecyltrimethylammonium halide,
tetradecyltrimethylammonium halide, dodecyltrimethylammonium

halide, cetrimonium halide, benzethonium halide,



15, wherein the emul sion contains benzal konium chloride as cationic agent
and a conbi nation of tyloxapol and pol oxaner as non-ionic surfactants. 39
17. An ophthal mi ¢ emul sion according to anyone of clainms 1 to 16, wherein
said colloidal particles have an average particle size of equal or |ess
than 1 Am advantageously equal or |essg than 300 nm nore advantageously in
the range of 100 to 250 nm 18. An ophthal m c enmul sion according to anyone
of claims 1 to 17, conprising a pharmaceutically active substance. 19. An
opht hal m ¢ enul sion according to claim 18, wherein the active substance is

sel ected £LQ0%E e P QHP 1EPRId ST NG AMIRIRE | 6S168UCh ascLet ?gx&bh@ m

chlortetracycline, bacitracin, neonycin, polynyxin, gramcl , cephal exin,
oxytetrachelide, cldedwydmyheniicolum kahahyden, Marempicianiniwbr ahptide,

gent anycin, . Ci f] oxaci n, am nosi des, . .erythronycin d penicillin,

Ui ol oneCHEGFERET b mene S ARBRY I nebs? hponeryLoEALRPIAGH! o BALASs
anphot er i & 82 81118881 (Fh CORAZQIEL; o ANGI hastEltal §rsuahy agrsubdanaghdesor,

sulfadia2|nez sulfacetanlde, sulfaneth(zole and $u|fisoxazo|e,
ni t r of ur akahedankde sodi pre pevpbbriaceloradei orrarenidach as i doxuri di ne,

trifluorotym dihe iLr, ci.cl gyi idofovir-,and interferon.
non-antib#%tigyla%?$€¥%¥§¥%i5W} aﬁ?%b%%%é%?g goﬁxﬁn %gﬁﬁcf% ﬁaWES?SéE such

as i odi neshagedpriepdrcat hgantt riLl ssdsctehl adwxi dhae,grdip akbepgeriag such
as sodium cronpgl ycate, antazoline, nethapyriline, chlorpheniram ne,
cetirizi neSnpgtrPakiReChhar piopheapyrilianiHe; chhatrigrol PPERAEPJECABEHTS such

o o) | SBPLESE b En g UROC L bERLLS SR TLBET Aot LG 2LdfoRO o
(progest ebooejidest rogens, aadradeaytthomaohgsasmohias testost eromedeDHEA
and thEirdggééyfééygg%h§lg£%éﬁium 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-
dioleyl-3-trimethylammonium-propane, 1,2-dioleoyl-sn-glycero-
phosphatidylethanolamine, cationic glycosphingo-lipids or
cationic cholesterol derivatives, or mixtures of two or more
thereof.
14. An ophthalmic emulsion according to anyone of claims 1 to
13 wherein the non-ionic surfactant is a mixture of two or
more non-ionic surfactants selected from the group consisting
of poloxamers, tyloxapol, polysorbates, polyoxyethylene
castor o0il derivatives, sorbitan esters and polyoxyl
Stearates.
15. An ophthalmic emulsion according to anyone of claims 1 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.



i nfl ammat ori es such as hydrocortisone, hydrocortisone acetate,

dexanet hasone, dexanet hasone 21-phosphate, 40 fluorocinol ene, nedrysone,
predni sol one acetate, fluoronethal one, triantinolone and trianti nol one
acetonide and their derivatives; non-steroidal anti-inflammatories such as
sal icylate, indonethacin, ibuprofen, disgl ofenac, flurbiprofen and piroxicam
and COX2 inhibitors such as rofecoxib, diclofenac, ninesulide, nepafenac;
anti neopl astics such as carnustine, cisplatin, mtonycin and fluorouracil;

i mmunol ogi cal drugs such as vaccines and inmune stinulants; insulin,

cal ci toni fiy, Py ab by gk tallor SRnes 884 RERLLAEnGNd; YAFOREESE! B1AYRAL hakgmus
rel easi ng factor; beta adrenergic bl ockers Such as tinolol naleate,

| evobunol bf, Fﬁneamdn @@idxobblokﬁal panbiole@ahevebanaaubmbgeapamohoﬂe

eplnephrlne |va nol ol , acetazol agi de- base and net hazol am de;
oyt oks neseEa e | S h o AhBoE: BURR § etk or S0VT SHRRCaYC bR BRRADI OGr ORPR

factor, fiksQbkast ngrowdid agaﬁntagé&x&yetlﬁethéeéa%@m f864 Ofo 250
transfornlng growt h factor beta, cil iary neurotrophi ¢ growth factor, glial
derived meurotrophic factor, NG, EPO, Pl1GF) ; antibodies or antlbodles
fragments,gol)g %ﬁ@ﬂ'g{rﬁ a&%&{[@ 209 geqe ng8‘9 ”Eﬁe(S g Qlijr%lse?tlcges’
pl asm ds, rlboz erference » Ruct ef @ aC| ragnents,

pepti des, mnt¢§r@pﬁﬁsnsgq@epl@@ﬁmaceumapwp@cﬁew@néﬁbguahc@s cycl ospori ne,
sirol i mus_and tacrolinmus, i mmunonodul ators such as_endoxan, _tanoxifene;
anti t hr onbdt y%mco@hﬁah%@bﬁu?ra%ﬁlageﬁflgog%ﬂga‘éo £ pAan aﬁokwhagélonagm n,
nitric ox no xi dant as ei
der|vatlv%gglg%d/%§b89Q%%§aI?§ a%%%%?ggﬁe E% b ere%?ghgo 8% g%ﬁ?ﬂ§|ﬁlc
enul si on agcopiotijcso clauohls, amhereeﬂrahpclané;ve shubsikasceaktygcatne,
|nnunosuppre55|ve agent selected in_the group consisting of c¥clospor|ne

sirolinmusPapytracin, 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, sulfacetamide, sulfamethizole and
sulfisoxazole, nitrofurazone and sodium propionate;

antivirals, such as idoxuridine, trifluorotymidine, acyclovir,
ganciclovir, cidofovir and interferon; non-antibiotic, anti-infection,

antibacterial or anti-microbial drugs such as iodine based preparation

triclosan, chlorhexidine; antiallergenics such as sodium
cromoglycate, antazoline, methapyriline, chlorpheniramine,
cetirizine, pyrilamine and prophenpyridamine;
antiproliferative agents such as thalidomide; synthetic

glucocorticoids and mineralocorticoids and more generally

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,



tacrolinus. 41 21. An ophthal mc enul sion according to claim20, wherein
the active substance is cyclosporin A 22. Process of preparation of a
submi cron ophthalmc oil-in- water type enul sion according to anyone of
claims 1 to 21, conprising the steps of shear mxing followed by high
pressure honogeni zation of the coarse gpul sions obtained through m xing of
t he aqueous and the oily phase. 23. Use of a subm cron oil-in-water enul sion
according to any one of clainms 1 to 21, for the preparation of an
ophthalmc conposition for treating dry-eye conditions. 24. Use of an

opht hal m £1 g sl &e€or di ngfeargaynane of plajimdssdiiodo 21, feechbe,
preparation of an ophthal mic conposition for treating ocular condi tions
such as gf hucoraethatohar |Uﬁ1&mnmnqﬁ®mﬁls&mhesrsamhlaslb@eataCeSpnmdelt|s,

intra- ocula i.nflamation ry-e dro ocu fections, ocu

| or g1 st RR At BURE b ORE hreRo vRehErE TR he Ribs T bP hLe PGP ot AECBor nea,
retinal OQQenH,safI&@Sﬁl%rte oedefdoméaRgtif, I et iiRAldBen M et i AQPaAbR¥NAE,
prematurit degeneratlve di seases of the retina (nacular degeneratlon
retinal Z@?b@h¥@%§n refdnaPinpseases asdocfaXed whhhbgkpap En@hlféﬁatlon
25. ht h b ) t

of ol 5 mf"“af‘%&%‘iﬁ”‘.J%f%%nﬁ.e%%?%%@?%fﬁg e

sai d fornyhamlem;beaﬁguSﬂlhée dﬂyﬁmwﬁuﬁyemﬂtomﬁc1ﬁyenﬁinEmﬁb&ouﬁéc1l
opht hal m ¢ gel . ht hal m ¢ fornul ati on according to claim25, conprising
a phar rracé‘i]‘f“ﬂ%%]r?gl‘é? c6FPgE asitht 29 VARCABEFY @1ich g BRIt SEARUSADEEY hi n
Lhe OPN hahigh £ ACCERLAD] Eof A | Glar Aty RPId VIR Corie! Sebed bl omshe
group conprising’ lenses, ocul ar patch, inplant, insert, evi ce

cont ai ni ngasapressisi dwmdﬁw]ohmgs t vedpysiegof fatadne betm 2ddrenergic

blockers such as timolol maleate, levobunolol HC1 and
betaxolol HC1, timolol-base, betaxolol, atenolol,
epinephrine, dipivalyl, oxonolol, acetazolamide-base and

methazolamide; cytokines, interleukins, and growth factors
(such as epidermal growth factor, fibroblast growth factor,
platelet derived growth factor, transforming growth factor

beta, ciliary neurotrophic growth factor, glial derived

neurotrophic factor, NGF, EPO, P1GF) ; antibodies or
antibodies fragments, oligoaptamers, aptamers and gene
fragments (oligonuclectides, plasmids, ribozymes, small

interference RNA, nucleic acid fragments, peptides, antisense
sequences) ; immunosuppressants such as cyclosporine,
gsirolimus and tacrolimus, immunomodulators such as endoxan,
tamoxifene; antithrombolytic and vasodilator agents such as
rtPA, urokinase, plasmin, nitric oxide donors; antioxidants
such as lutein, vitamins and/or their derivatives; and/or
optically acceptable salts thereof.

20. An ophthalmic emulsion according to claim 18, wherein the
active substance is an immunosuppressive agent selected in
the group consisting of cyclosporine, sirolimus and

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

22, Process of preparation of a submicron ophthalmic oil-in-
water type emulsion according to anyone of claims 1 to 21,
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 a submicron 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
claimg 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-ocular inflammation, dry-eye syndrome, ocular
infections, ocular allergies, cancerous growth, neo wvessel
growth originating from the cornea, retinal oedema, macular
oedema, diabetic retinopathy, retinopathy of prematurity,
degenerative diseases of the retina (macular degeneration,
retinal dystrophies), retinal diseases associated with glial
proliferation.

25. Ophthalmic formulation comprising a submicron emulsion
according to any of claims 1 to 21, in combination with an
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 21.



