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PRO- NANODI SPERSI ON FOR THE DELI VERY OF CYCLOSPORI N

FI ELD OF THE | NVENTI ON The present invention is of a
w@e@7ngasedi sper si on preparation for the del i vepgr/uf2007/000264

cyclosporin, and in particular, of a

pr o- nanodi spersi on preparation which provides a

delivery systemw th high bioavailability of

cyclosporin and rel ated substances, for exanple for

ophtpteh N/ NePRPERS IRl FOR. THBACKERGENY OF JHELONYERINON

Many di spersion systens axe currently in use as, or

bei ng explored for use as, carriers of substances,

i ically active conpounds. These
3l ¥ _bﬂﬁd to protect the substance fromthe

envih t infheiti digis @€ b ipwenanodisgersion prapatatiendor the delivery of
controlled rel ease of the substance to a targeted .
-cyclgparinand SopEticnd o  PHEDRRRIDS SO0 §reparGaR VEpRLRPYides o

del@).aeégér’s{e&\gﬂlg g%ﬁl%béﬁhﬂli{g% cgélg.ﬁ%ﬁﬁiaﬁ@ relhfBd QttieInces, for

'S to prepar rug carrier system
exdnfjié faaopbthalsiaadmbsstation. at the site of inj ection
Di spersion systens used for pharmaceutical and
cosnetic fornul ati ons can be categorized as either

BA BSHENBFOFLE T/ ENeNBN Suspensi ons are defined as
%‘rﬁrﬁ——- rcres ranging 1h size froma few nanoneters
up Maﬂy@sjneexﬂ? nfstem scare ogrrendly Sip esesasdor heingmedered ey use as,
nonagueous medi um usi suspendi.ng_ agent s. | i
car S S B PREU A POLH o P e 8 s are
deﬁg}{é@wb&&&%@he%ﬁyétﬁ&ﬂﬁm@ﬁﬁ Reirelehdnadrias deivepeasi opsovide a
of one liquid in another, stabilized by an interfaci al
corftidllerl ofleaspraf tiefsitbstance die A tageted areadp APME castd the gpajds to target

i.t e. t.hei | on i st . i
I eyt S
carkigh@isRnat thitstsedsid desarvoiEaths sienoffinjectidrat i ons i ncl ude

m: Sﬁi,séﬁ%igrlg,\}@fsgeggsey?ﬁ%{i gé)rwr}lgﬁgug%gﬁ &%ﬁﬁg%&éﬁﬂtﬁms can be

cattg%&fz%g LOBhfRt %spgﬁ%oﬂsi RRFRMEBShs. Supbii QRMA SfafRdias solal particles

ansparent or “substantially transparent emul sion
rangfrigcih sizs from a few nanometers up to hundreds of microns, dispersed in an

aqueous or nonaqueous medium using suspending agents. Solid particles include
microspheres, microcapsules, and nanospheres. '

Emulsions can be defined as dispersions of one liquid in anothér, stabilized by an
interfacial film of emulsifiers such as surfactants and lipids. Despite their long history,
emulsions are used less often today than many other dosage forms due to the inherent
instability. Emulsion formulations include water in oil and oil in water emulsions,
multiple water/oil/water emulsions, microemulsions, microdroplets, and liposomes.

A microemulsion is a transparent or substantially transparent emulsion which is
formed spontaneously or substantially spontaneously when its components are brought
into contact.

Microemulsions are thermodynamically stable and contain dispersed particles or
droplets of a size less than about 200 nm. Génerally microemulsions feature droplets or
particles having a mean diameter of less than about 150 nm. These particles may be

spherical, although other structures are feasible, such as liquid crystals with lamellar,
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formed spontaneously or substantially spontaneously

when its conponents are brought into contact.
woOrL@romset si ons are thernodynam cal |y stabl e aPdI/IL2007/000264

contain dispersed particles or droplets of a size |less

t han about 200 run. Cenerally mcroenul sions feature

droplets or particles having a nean dianmeter of |ess

t han_about 150 mm These particles may be spherical,
hexagarRbUgsPtOPeyIERFHes UYigoandsipesar preallystrble ST prrqdsdn
echsrs)()?E@h&nW th lamel | ar, hexagonal or isotropic

symmetries. Mcroerrm sions are usually stable over

per th:semmlsﬁms: easaled b2dsed @b b Smidvbanwieion Ipseoon&ntrare" akisioh is a

be used a a "m croenul sion preconcentrate gh -i.s

ly%

00@0@8%8‘@ i SBATARTQURLYSIBERT ARG OETYISIoR ingn aaueous medium, for
exa{l\ﬂg)t (10 SRk Sik qllrﬂltlaﬂ S aRYAsRE 1Ué§‘af€e?5ra?%ﬂ@;{zﬁ(§5§oﬂf I?.)ﬂu’uon of

upo utton, or in the gastric |j
the un(aberalpipﬂlon @bt carDbé fotriepamyle foheaboiut i oefold &i about I 10 fold

wat er can bé for exanple fromabout 1: 1 fold to-

’dﬂuélB But. 1: 10 fold dilution. As noted above, while

enuhshoRd BBSRA Wik eMRINorsYRL £OB:vaF }ﬁﬁy%ﬁlfs Yhe &s‘agn ¢& deftbd

applications, the delivering .vesicles are subject to
apppeaiohs die daliyeuime véredeume safedt ttepltysicabalpelm hd:QEmE affth¢ tedicate

| i quj,di. ruct | si base
naye B i E G B Rrenal SRk, Plrtisian Gt FliveReniiess also
havk k&ﬁ&ely@hbhﬂ@l%ase‘ thmésS Polithdr] i€ ié' difficQlt kS RbRtLrRMbA baRd

based vesicles fromthe aqueous ‘medi a used for storage
vesfclss fogbibe gaeasus medensed fartstosage fphs@qsmt@nweccm@@émn

di f

LU} b B3 PEAC GBI RLATS SPNELRBIRG IR U fpcess

|very SYsS

" delipbigrshmeay o @aﬁalﬁ@m Wi PRarirRediticglWoripounds) pRevilddy setefounds

as nengers the c closporln cl ass, which are cycllc
such p§ GEPETE Sliths CY?]I"?éPQSbeCP B8pBhich at cyelic phigangatédes. The

cycRYPRIARLE S dhdbs @Qbs?ﬁﬁéw Jﬁé&l{lédl 'ilﬁhtyg Rr eﬁéﬁ

as I mmunosuppr essi ve agent parasitir¢ agent and
Imnagesiprdseive toents, ean’ar;&mlsmofagems and Egeng foethe sds\&mabof aslti-drug

' 1em§t€€<¥eﬂ gsé&%v%ﬁa%ﬁ%fsﬁ @d ub‘ge]eagcagiwﬁxsr qr)%ql g B}Q{I%S%%rms include, but

are &éqgfzgaggg 'rdlj%e%s{p@hﬁ% VIR oS 28 RAY FRERIT 8 hekdh RET@EBsRSIn"),
Cyclosporin G, [0- (Z—hydroxyethyl) (D) Ser] 2~ C1clospor1n and [3'-deshydroxy-3'-ket-
MeBmt] - [Val) 2-Ciclosporin.

The first of the cyclosporins to be isolated was the naturally occurring fungal

metabolite C1clospor1n (Cyclosporine). Ciclosporin is the cyclosporm of formula (1)

MeBmt——aAbu——-Sar——MeLeu—Val——MeLeu——Ala———(D)Ala—MeLeu——MeLeu——MeVal

1 2 3 4 56 71 8 9 10 11

wherein-MeBmt-represents the N-methyl- (4R)-4-but-2E-en-1-y 1-4-methyl- (L)

. threonyl residue of formula (II):

SUBSTITUTE SHEET (RULE 26)
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Cyclosporin G [0- (2-hydroxyethyl)- (D) Ser] 2-

Ci closporin and' [ 3' -deshydroxy-3' -ket- MeBnmt] '- [Val)
WQ2@@7o9%37 rorin. The first of the cycl ospori nsPCDIL2007/000264

i solated was the naturally occurring fungal netabolite

G closporin (Cyclosporine). G closporinis the

cyclosporin of formula (1):°2i- .

MeBmt - aAbu- Sar - MeLeu- Val - MeLe HAI a- (D) Al a- MeLeu- MeLeu-

MeVal - 12345678910&31

wher ei n- MeBnt -represents the et hyl -

(4R) - 4-but - 2E-en-1 -y 1-4-net h;{l - (L) . threonyl

residue of formula (I1):in whiych x-y is CH=CH

(trans). Ciclosporin is well kn&Wn as an

I mr anosupr essi ve agent. |y addiclyi on, Ciclosporin is

bei ng exam ned for the treat?reﬁt(g)bch—\gautoi mmune and

i nflammat ory di seases. Since the original discovery of

Ciclosporin, a wide vari ef?'fESHﬁ%q_uTal ly occurring

cycl osporins have been isoleat;ed and identified. Many

further non-natural cycl osporins have been prepared by

total -or, sem -syn iC S_of. ; | cation of
ot PR I T B e e ey abl Bads &7, 07 2
MBS OB RV EreROM hatiHisk] €3clodporFinexbeipg exaniihed foathertadatryent of
occurring cyclosporins Athrough Z [c. f . Traber et
autaimmu:I;emdi #matonyt €igeasen: 1247- 1255. 1977; Traber et
al . ...Hel, v, .Chjm: e PD; - . : ;
nui S i Rischl 9 o PRIehBR JRRE AR o S8Rl Rocuring
cy%lg 30240h4vE H82) isolatddchnd ddeniMied. My fatthed nop-1Rthwgl eyskosperins

. 38; 28-45 (1986)], X ) .
bavRhren SR bR DS MEH I GE RS DRE TP e o magpficd

" ou%gﬁ;t/egr o"g';9&ﬁé‘@ﬁp@ssmisg%qﬁlgﬁim@ﬁ@&@‘mideg dor example, the

ycl osporins, In the noiety x-y of the
natulEBroceurtiag icgelesponing drthuough ZI[£)1. Abeberetiad. Hedvfhir edicteg0:

A T R e AT D

Euf Al RBP. ¥ 95816 arld0BEK.CPB 2732881 1082) abnd Yo Wartburg el al.,
position of the ¢

cl osporin nol ecul e); cyclosporins,in
Proghésstin Allergy\VBBRs-45 @QB%&@S weellips aaEps wqa-maé\&ﬁle%xCESP%%

deléx%gwgé %cf&ﬁﬁ%@jwés%ﬁ}hggg {:}L %ﬁ%ﬁﬁﬂcﬁﬁﬁ%?ﬁm @9—%.5.1t1écpcﬂﬁydro-
cyclosporins, in which the moiety x-y of the -MeBmt- residue in Formula (1) above is
safurated to give x-y of -CH2-CH2- ; derivatized cyclosporins (e. g. in which a further
substituent is introduced at the a-carbon atom of the sarcosyl residue at the 3~ position of
the cyclosporin molecule); cyclosporins in which the -MeBmt- residue is present in
isomeric form (e. g. in which the configuration across positions 6'and 7'0f the-MeBmt-
residue is cis rather than trans); and cyclosporins in which variant amino acids are
incorporated at specific positions within the peptide sequence. Many of these members of
the cyclosporin class exhibit pharmaceutical utility which may be comparable to that of
Ciclosporin.

Unfortunately, many difficulties have been encountered in the effective
administration of Ciclosporin difficulties which appear to be inherent in the nature of the
members of the cyclosporin class. Cyclosporins are characteristically highly hydrophobic
and thus require a lipophilic carrier. The selection of a suitable carrier is particularly

critical for the administration of cyclosporins, as the bioavailability of these compounds is

SUBSTITUTE SHEET (RULE 26)
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Is cis rather than trans); and cycl osporins in which
variant am no acids are incorporated at specific

wEoTNYBEs W thin the peptide sequence. Many oPCT/II29€7/000264

menbers of the cyclosporin class exhibit

pharmaceutical utility which nay be conparable to.that

of G closporin. Unfortunately, many difficulties have

been encountered in the effective adm nistration of
kigivel inshowt to i fighly yeriside, dﬁmrcdin&mmathe propbwies phidie eatrier.

PSP SRl TRERSE S, B SR BL 35S,

s1gmﬁcirmyaoemww ihdvidubls ORRivaiigti@ak bhgiculallh das@h@atdi e the side
of a suitable carrier is particularly critical for the

efaast Hicyeloanars, ED ayRInbEpiOFIFis, Thats the@igplsapaiar abst proyide
o&d ﬁlgﬁfﬁga&g@g Eg JJO?lIﬁQ 15] stdiBnRhly Edﬁs?’?epﬂg&w&(n individuals.

vari , upon t e properties o
c ar r Absorptian tulte metabelismh hefs@ydaenpprin rats _h@hday keadatre thimm patient to

have _bj.oavai l abi.li.t, var [ i cant |y, o g ers
DB BN i o el by AT RAteh o T Blekpr e aipmpaily biliary,
Wit RART @4 D B\ BB fafen? HH@ a%ﬁfn?éiib%l&fs? E¥E4 88 RONALRS  THR W osition
as nephrotoxicity. Thu the suitable carrier nust ‘

ofpthe wralky @mmsbradad.rag Iﬁ@m blobg mger@sedllydrsplmswrmth\/mt@hnn@ half life

i SRR b 8 DG PRlaP S ES T bBI PRVEr Lt agippistered dose

anBdxipafilre isflinea Wialiihehd the@ppatd @Rt rangel | owi ng or al
adm ni stration, the elimnation of %yclosporln 'S
pri mEelfawingpral admynisgatipn ﬁw@m?fe%aage& D 4 gse2-0 parsrmnd

(%‘Irxﬁigstrgln 1 0L ] o‘? %l lglto%)to sei ijgh éféds@?n Aﬂ@e?nd Cm%)f.oo q |

I SPOSI e ora ered drug from

LZnS’Eﬁeﬁﬁlﬁé's{ o RARLe ohzg@@&er SR PP ber B8 e

alietb \wa eddert digreadyi the SIYPr-BAl 1@@@%uﬁﬁldi 1&&@@3 UITI% drsg islarl‘Sbaer substrate
within the therapeutic dose rangk Fol | n
foz tha relyeerietesn(BH- Trhdsast higetabe %ﬁhalveée@n Qigeetlﬁ%wémman bile,

feg&d bRAR ﬁfli%g'hg %JHI%%&#% %Q&Mytlé)%%gl‘ﬂ? e %(l) ﬂﬁrbtarent

eérease ru
dnmgt(nlmimﬂaedmecfmm%mﬁ%urhaﬂsqmés@@w |2‘.846h?é§B) ver

and to a | esser ree by. the CYP-3A.in the g and
ki dnéy ROTRIPTRYIR 1. &y i hies St AR pgied g A i etmulsion

cefr’rléij X@%Hi%g% éﬁﬁ%l)ons 6of su!cﬁ @%16?5&%%@%\% 85O aM &he carrier

been i dentrf human bi |
generally contains a hyd1oph1hc solvent, such as liquid PEG200-600 ethylene or

propylene glycol, ethanol or propanol, Glycerin, water soluble fatty acid C6-C18 esters of
sucrose, dimethylisosorbide, ethyl-acetate, glycofurol (fatty acid derivative of a cyclic
polyol), PEG derivatives of tocopherol, or PEG-fatty acid esters; a surfactant such as
Tween 20, various PEG (polyethylene glycol) derivatives or phospholipids; a water
insoluble oil such as corn oil and other oils from plahts and mixtures of oils; and
Cremophor and similar PEG derivatives of castor oil or other fats which are used as an
amphiphilic solvent, emulsifier, surfactant and so forth. Unfortunately, none of these
background art formulations provides high bioavailability for cyclosporin.

The currently commercially available formulation is disclosed in U. S. Patent No.
5,342,625 to Sandoz A. G. This formulation includes a hydrophilic phase, a lipophilic
phase and a surfactant. The hydrophilic phase could be a C 1-5 alkyl di-or partial-ether of

a mono-or poly-oxy-C2 2alkanediol, for example.
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feces, blood and urine. The immunosuppressive activity
is primarily due to the parent drug (Physician Desk

wRedoengasse 59t h edition. Thonmson NJ, 2005; 234BCRB28)7/000264

As noted previously, cyclosporins nmay be adm ni stered
with a mcroenulsion carrier. According to
fornmul ati ons of such carriers that are known in the

art, the carrier_generally contains a hydrophilic
sol vekil, AgnlishtiesNpi Yl Qﬁ/l:é@éo@ Sendpzetersritep eoppositions for

e RIS LR o Sl 2L R R, AL Doy B
plgkawhitfilihdadsdahettyli®bdiildeagebat eowdl yioo bilkandic edtat, & Yipophilic

acid derivative_ of a cyclic polyol), PEG derivatives
phgse achphEclnt. The ppiticlrsiaerafich dispersion ¢ be 20Q pmebytisgpeferably
I yar.
1R Pl AR By lp ok i3, RS, LR, AR AR or
disethyliassogtnda(adiityciindthet)hElhe hibhwihbibiny pf @cdmspaiithn containing
nLgture%v@g oiLs;.anddLIe phor and simlar PEG
CYGOEPLR Phe GRrriehis gl disslpsedr ot her fats which are used

as aPC‘?‘WﬁBlﬁQiiéﬂ RoSWoreniosemibstd idoz 3Mesdret adthp@ftthns
so forth. "Unfortunately, none of these back roundpart

which prel tas¢bers PR alerivativel of srtiviatsd idfaxtyithiiyt geidsoruch as PEG-

e Ot el RN o el B oG Al

bib&vadabitiezoAuckza cdiibssific iBubadibdesed N CPCH @ppHcation No. WO
hydr ophilic phase, a |ipophilic phase and a . )
Oslirlade Mevartivhescrpes eprositionp fyeal edmiggsttion of cyelgsporin which
i ial-e ; ; ,
oty 8 AL Bbs el TR ALY AES 10
a6l Hy@2akhilioplBandihichdesayéthgsne gypasintlion adowaralcohol (not more

cyclosporin and. other macrolide drugs such as. )
thﬁhﬁ%«%}?ﬁﬁ,fé%ﬁ@%ﬂ%wracmmt@m high BIPY L pfrtigle size of 10 to
1307ch UE&S di%é@%ﬂyfﬂelst?&gfsﬁd ?@vaﬁ'&%g o ﬂgcﬁ% E’dgﬁﬁosﬁldﬁk’ ks their ability to

al kanoi c ester, a pophilic p surfactant. i
beTtably avitthintdwithinen lefrd eapsuiesHewsvanne specliie 200 disclosed that is

relg%éqg g]lf]eo r'agvﬁgéﬁg%%y%ﬁéﬁgfv%lgﬂ% (gc?/rg]{))c%ﬁpolnl IA(s: ngpe %oni/e? the
bifdaEhBIYity SRSeIoBhEH ik BndihE 3Chd I gBlyRRFible, [d¥ending upon the carrier.
bi oavai l abil'ity of a conposition containing
cycl 85gotpmlicatien Nhew&?%‘b@ﬁt@ PRY4 Tadustriagisseribepeqmpositions
th@%ﬁn%% g?\{ﬁ%@lg)sn'c\:l%bly\{%%rﬁye%lg grgc%()ss%ﬁcgd ED%GSWy (agﬁﬁﬁf jnbﬁ%(tm'es
thereof and monoesters of fatty acids with a short alcohol. Again, the bioavailability of
such a composition is not disclosed.

U. S. Patent Nos. 5,603,951 and 5, 639, 474 to Hanmi Pham. describe
compositions of dimethylisosorbide as a cosurfactant and a primary alcohol, medium
chain triglycerides and a surfactant having a HLB value of 10 to 17 such as Tween 20,
formulated in soft gelatin capsule. The particle size is about 100 nm. Again, the
bioavailability of such a composition is not disclosed.

U. 8. Patent No. 5,583,105 to Biogel describes cyclosporin formulations
composed of PEG esters of tocopherol and a lipophilic solvent, an amphiphilic solvent
and ethanol. Again, the bioavailability of such a composition is not disclosed.

U. S. Patent No. 5,614,491 to Dr. Rentschler GmbH describes formulations of

PEG fatty acid monoesters as emulsifying agent and a polyol as solvent. U. S. Patent No.
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whi ch are based on PEG derivatives of saturated
hydroxy fatty acids such as PEGiydroxystearate and a

wo ow7adsehol such as et hanol or propyl ene gl ycpPCT/IL2007/000264
Agai n, the bioavailability of such a conposition is
not di scl osed. PCT Application No. WO 98/33512 to
Novartis describes conpositigns for oral
adm ni stration of cyclosporin which do not contain
5,894,331 ﬁ@s&h@auan ddyerslees dompaatians sompessdtodiTncephssofacndnt

plbhe Riobl. Phod b Ben A v Ak KRR Sharec VR e fes °

cylclporlR8ly 2l e; lfﬂthml'[&ts CP@&nﬂN@ PRELBILRIBahadtasdenbrids
provi de a ﬁ)artlcle size of 10 to 150 nm upon

foﬁlifl§1|§§?1§=’| Hrilcopleandiaddi G swdaciany sormapgpasticle ﬁ@§ detween 200 and 400
onpositions is their ability to be stably contained
within a hard capsule. However, no specific data is
di scBospdart hz&éntiAgaphehtainédo IHEP 0T692B7 MV@Cipakbcﬂdsbmb/esoaf

closporin with t sition, As noted above, e
R e AL O AR e LS s CHCB i

t
PSS AR TR s s TR

hyslpenholésd soleens prépaienmgdtcobont ai n one pol ymer, |inear or

Chor BB ot b ar by 51 Bl Mg posories o

cyalosphiile. foAg@htion feh@ribE @?étﬂblbsaklfhé bﬂie\drgfs uS&I6ils fuich as soy bean oil,
con‘posn tion is not disclosed. U S. Patent Nos.

cottopgpgd o, seaarae 6il, serBowermil, corniqikh Aisqriens ajesesepgaenoic acid and
cosur f act ant
ﬁsgér%g&)’gﬁb% ongi?e S%g‘ieg{sh@%ﬂea g&ﬁf &kgl%ﬁ 8t%vra?eg1 yceri des and
as LSWmPaMt Nira b4 D3 Gaddsitaftbeg al ayelogiorih® fomulaticauelich$eatures a

o8l DO o4 B U SOBIeHh AGHK Rotlvcol. These products
caﬁ'b@%ﬁéﬁéésﬁﬁﬁ'céﬁo\ﬁ ﬁBdM&’f t@«o‘iﬂ&&Pﬁé&tmﬁEof a?tr@cende of a natural oil,
di scl osed. U. Pat ent 1'ogel

sugle g erbod, dmh@sﬂopaanutfqﬂ whiv@ml ami;/ompnhp@slewmﬂl drE@ain
ocqfherol and a lipophilic solvent, an

t .af.
V%ﬁtsﬁf‘éﬁ%rlﬁ “dHi%ent and ethanol. Again, the

bi oawahinathe |bﬁda)éa1@afb11$t ehc I@%ﬁﬁ%ﬂﬁﬁrﬁﬁeﬂﬁ vﬁﬁhtsuch a composition is
di scl %sed U S atht ﬁ) 5,614,491 to . P

nokéiselostfl er GrbH descri bes formul ati ons of
None of these disclosed background art carrier formulations features an organic

solvent which is a liower alkyl ester of hydroxyalkanoic acid, such as ethyl lactate.
Moreover, none of these disclosed background art carrier formulations features a
combination of a surfactant with hi gh HLB and a surfactant with low HLB. Furthermore,
none of these background art carrier formulations is disclosed as having high
bioavailability. Furthermore, none of these background art carrier formulations is
disclosed as having a solid fat as a core component which results in a dispersion when

mixed with aqueous media at room temperature.

SUMMARY OF THE INVENTION

There is thus an unmet need for, and it would be useful to have, a composition for

the administration of cyclosporins, particularly for oral administration, which would

provide a high bioavailability, and which would preferably contain an organic solvent
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PEG fatty acid nonoesters as emul sifying agent and a
pol yol as solvent. U S. Patent No.5,798,333 to

w®h@nrogas3tdescri bes formul ati ons conposed of PCT/IL2007/000264

Tocopher sol an and a pol yhydric al cohol. Tocophersol an

is a water soluble surfactant which dissolves

cyclosporin only at a 7: 1 ratio. U S. Patent No.
5,827,822 to Sangstat describes formul ati ons of
walchahalovealky] BEG ofihyflmeyakindondid agd paurficting whichds preferably

bet ween 200 and 40 . ean Pat ent [.i cat.ion )
< R BB ol 7t eaiony Wt TG EES F BRGCine SHIR g aad which
m@Q Rb@hinl A@lidv@get abl e oi |l triglycerides (castor,

peanut, or coconut oil), phospholipid, a surfactant

( Twe&be pgsenh grvgaiigi ovrocamed thge defi @enciesstfdhe brckproundian by

p%gﬁlﬁégg{xéégﬁ qu{[g{uYagf%‘_h 52%% E%J[‘%%\%‘&Eé‘{ §P"|va clqj @%ﬁ%‘s e Patent
descUnbigrcadlyy edsvotirhes foandthattlieavvee@imnlatign, which is a pro-

eyedrops. The eyedrops use qQils such as soy bean oqil, )
nabpipreat B1om e itge oFRourag AylidomReticley of & relptinclsilanes garticle

siSOMAd BN Ehedan g?éa?e?%@ﬁgtb@ﬁ)lﬁ/? b @&Bﬂ)earlﬂic}&cﬁ?p%gsgﬁ{ %)tog

azone. The soOlvents disclosed are ycero
tegpesurPatwtieriioce, 4 1i8&6tod baodisdoasred tit clupsisimeiynthe formulation,

PR s B st e
m'ﬂﬁ%ﬁn? EHdfieScoffosiien Eﬁ@{)‘h‘r}ﬁ gIE afkef I %gfeg?&epﬂh@ Q641 l%l‘ﬁ{ulation
i

two nolar fractions of a glyceride of a natural
prgvides exgeHend dieayritebslity chameterigticoiap desseberdin gseater dstaiMeslow.
oi | / L1 a: Wh are ain. v table oil. ...
{11 gryednyBRlomBlominlih 84RG8 APk ARGAER f afbhipnisc
sodyent oijphris cheaabtenied thebethg\w 1bWeSAIRY1 edte€ OFRREbLLYalANDES acid; a
not di scl osed. None of these disclosed background art
S%§Fﬁ% Prelf??ﬁ‘h]ﬂflaa‘ioil‘fg%ﬁ%amé&f apwsackt gihaiish §88B/ent  whi ch

(higgro ?fﬁ%ﬁﬁ{ogﬁiﬁik%&aﬁ%%ﬁd LRy 01! ABROHERAG] péiégﬁﬂf and

ct at e. reover, none of these disc
profeedbly oumptising a eelid fak r THeosohi IfEtis o fig Whidlt isrseld at room temperature

blﬁ %%}%‘é A o{qq?t[s g%{ %%%r%g{g? %éﬂﬁ%l} %l?oult_%g Ca a[]n(gl vghich more
preferably melts at body temperature, such as a fatty acid ester. Preferably, the solid fat
comprises a triglyceride such as tricaprin. Other non-limiting examples of suitable solid
fats include trilaurin, fatty acids and fatty alcohols of 10 carbons or more, esters of fatty
acids such as ethyl stearate and hydrogenated triglycerides that are solid at room
temperature and melt at a temperature of at least about 30 C, more preferably fnelting at
body temperature.

Optionally and more preferably, there is a large difference between the HLB of
the low HLB surfactant and that of the high HLB surfactant, such that the low HLB
surfactant preferably has an HLB of less than about 6, while the high HLB surfactant
preferably has an HLB of greater than about 10. More preferably, the low HLB surfactant
has an HLB of less than about 4, while the high HLB surfactant has an HLB of greater
than about 14. The high HLB surfactant preferably comprises'Polysorbate 20 (for
example Tween 20) and the low HLB surfactant preferably comprises Sorbitan oleate (for
example Span 80). Polysorbate 20 has an HLB of 16.7, while Sorbitan oleate has an HLB
of 4.3.
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none of these background art carrier formulations is

di scl osed as havi ng high bioavailability. Furthernore,
woene/0e%531 hese background art carrier fornmul at POBEL2067/000264

di scl osed as having a solid fat as a core conponent

which results in a dispersion when m xed with aqueous

medi a at roomtenperature. SWYMVARY OF THE | NVENTI ON

There is thus an unnmet need for, and it woul d be

usef The foomhkvien aBo posfpalsly tfeaniref @ phosphoksitiand st ethbkfated fat

for oral adm nistration

of cycl osporing, particularly
S BF Boplianers Fibysh 6% blavkeorabymes ¢! pelighghene glycol
hrepREer ~contain an organi c solventwhich is a
alomegmg#§y5 %g%gr of hydroxyal kanoic acid and a -
sur f &be puaternstinodanidsanptefof tlabpayticle obiibiresdtharfonulation is

sur f.act an i t h, hi HLB and surfactant with | o
e R Bt S T P Tl B3 i B prefetablyless
thiaf) WBd: i1 00 nBY RO PR EerdtIe &8s B2h aBhRHOIRS 28l niddEpreferably from
background art by providing a novel formulation for

ahowb 5 Ao roe et ¥ e Fot atdeasiaiogs pbEi shchthas tie pudidieysizetine
j t hat . cnpvel  fiormul ation,. whic
NGB R YRR Bk Bl T AR s e
cambdsitiopa fdabalngsirepleta of préitley Biying ah@an ARnhictdd o€ le8s #RNn aBout
%’\escri bed .in greater detail below, can becone a ., .
130 P oS PF s FROMTAREOUSHEAPTIDR A aRo IReBIOTRIrRIGEN RIS iontip g1
. a 3 | . TS

e S kAP et T SR P YR figes e o
intase Nl eimperfabaipm;nangdispeative irf watenuanebet fonexahpjefiom, about 1: 1

i ntai nj ] me c oSifi nd particle .size.

roR ol o0 i AR5 P lek e . Bt SpeEsta e o
dibpeRavid /bidubdus Iﬁ&aﬁxﬁ@&fgwﬁakb 6B vésiclEestelnb Baforhters or less at

greater detail below The fornulation according to the
basydermperaiuisent i on f eat ures an anphi philic sol vent

whi ch is characterized by being a | ower al kyl ester of

hydr oxyal kanoi c acid; a surfactant, preferably a
BRIEFHDEICRIPTION OFSTHE &RAWINGSt h a hi gh HLB

(hydrophi lic/lipophilic, balance) and a surfactant with

a | obfeHnpentigrds g‘iﬁ‘ﬁm&%ﬂﬂb?dadwdw@f o xaamls o I efgenog to the

gl lg fat is a fat which is solid at

R e g et .
FIG. 1 shows the mean percent of drug (CsA) released versus time for test

(Dexcel Ltd) (0) and reference Neoral® 100 mg from Novartis (m) using USP 24 method.

Both test and reference products exhibited very similar dissolution profiles; and
FIG. 2 shows the mean CsA concentration-time profiles after single oral
administration of 200 mg of the drug given as soft gelatin capsules test (o) (Dexcel Ltd.)

and known drug reference (Novartis Inc.) (m) to 24 healthy volunteers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a novel formulation for the administration of a

cyclosporin.

This formulation features an amphiphilic solvent which is characterized by being
a lower alkyl ester of hydroxyalkanoic acid; and a surfactant, preferably a combination of
a surfactant with a high HLB (hydrophilic/lipophilic balance) and a surfactant with a low

HLB. Optionally and preferably, the formulation further features a solid fat that is solid



10

15

20

25

30

but which preferably nelts at a tenperature of at

| east about 30 C and which nore preferably nelts at
whowy/ovsaper at ure, such as a fatty acid ester.PCT/IL2007/000264

Preferably, the solid fat conprises a triglyceride

such as tricaprin. OGher non-limting exanpl es of

suitable solid fats include orilaurin, fatty acids and

fatty al cohols of 10 carbons or nore, esters of fatt

ataetnd demepeediuned ue prefierakly aepltsmba tempetapac oherrai®d. The higg HLB

L PSP L BB 0 o
supfacth &y ablleyabed drhpidsea Soldirahy olegtdify: akathgle Spat BONdhk ymdhgdhilic

nor e, prefera}l,%ly, there_is a large difference between .
sof yeat isipeelerblyrahyl degtate R} fagistedn an amghiphilic selvephehaggcimized

. f . r .

by e R batcP UGS 0%, RMSOR TN TN o oty o
estdr ghd HuBors prdfeiabhnt trigiyebedabl y has an HLB of greater

t han_ about 10. Mire preferably, the l.ow H_B surfactant
e H PiBIgon Gdione Rty CORPIES pREoHAgHPRY b tonally
arﬁ%(ﬁt@%l@%bl@aﬁle%lﬁhﬁi&f coli PRt S RGT1ABPEE sddh as B1¥8mophor or

high HLB suffactant preferably conpri'ses Polysorbate
arpthet fiorilaesuhsisinee. Tween 20) and the | ow HLB surfact ant

f b'l . i .n " l n f 3 l 3 -
B0y . TdrotagoBitas st ) BBt e Yo p AR P Fid o
lipli@atpehelynbt tdob @fnplraburd h@rdforablil, eiel @Mpaki®ion of the present

. preferably features a phospholipid and an et hoxyl ated
inpeption deps 2 imgledpopradkylgicopel wehaeethanghi ch are bl ock

f . | | .
R e L I s
letshtart gimut 1@0timf morapraferabiy less theeblerab0 yogaedtmest grbferably from

about 150 nm at rqom tenperatute (25 C) h IS
abgptt BRdp |a90qté§§m-ﬁaﬁé%a dﬁswﬁqsé Hhsresis %%f é?lawa@wesuhan‘f
folA8EHN AR Sggic[é"ﬁze SNeks Rt atBLEf R @R by bédngﬂnggﬁ‘nﬁtfe in
5 nmto about 50 nmfrom at | east about 33 C, “suc

ortléretd be kinisabbeafor il aslnsinistration efeyclosyedinatSupprbyngly, it was discovered
rei

R B BB a1 e, e At FIERU g fRF pregpy mvention s a

lehseabaitt il BY nfll SPIHBESANatRAN foirhd £ olitiadicReisherieeH) yei @Bk to the
of | ess than about

teachings of the art, is still able to achieve a suitable particle size upon administration to a

subject.

Furthermore, surprisingly the inventor has discovered that the particle size at room
temperature does not control bioavailability, which is contrary to the teachings of the
background art. It is possible to have formulations with the taught particle size at room
temperature that exhibit poor bioavailability, while other formulations (such as the
formulation of the present invention) may have particle sizes greater than that taught by
the background art, yet may still have excellent bioavailability. Also in direct
contradiction to the teachings of the background art, the pro-nanodispersion does not
spontaneously form a microdispersion upon dilution in water of the desired particle size
without the application of heat (namely the presence in the body of the subject to obtain
particle size of less than 100 nanometers, as body temperature is about 37 °C).

As described in greater detail below, the combination of these components has

unexpectedly been shown to provide higher bioavailability than had been previously
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150 nm and whi ch spontaneously fornms a nanodi spersion

or m crodispersion in an aqueous nedi um for exanple
WO poor@9%ss7 upon dilution, or in the gastric jui PERI2NA700264
~oral intake. Dilution of the pro-nanodi spersion in

wat er can be for exanple fromabout 1: 1 fold to about

1 1000 fold dilution. Hereimmfter, the term

“nano-di spersion” refers to a dispersion in an aqueous

showai furrfomlﬁlukaaoms aflcgslognoripe Ennthermond, thedformmadaidansoé il ryesent

mh%z\%%&g%ﬁ é’ld {;%ﬁ o?t ﬂt l?egmﬁg:g EER gg?% %g gge}lntb oxfglﬂll?ts oo order to
ol RNATBbE st iy chibkdcker 1"sﬁ‘cfse‘ﬂ7\ﬂﬂﬁ)@t Washidaao &6 Gadiednyh ﬁlggle mechanism,
drawi ngs, wherein: FIG 1 shows the nean percent of

it wrlu@o(h@mgd thef the geg!lem stabdity oftherformylations obthedugsent gyention is
dL{eQZ) ik ‘%éfg?f oi(u?rﬂ% ﬁwl\ﬁg Eﬁbrg]fa):tageoa% fbe é@{t@f ldtil bdlow.

usi ng t est nce products
exhi Enhyleldcme[ MldetHﬂrllﬁdfmbhrs shihist family mf edihvd:nas hawmheﬁpé}:tedly
2 shows .t he ne CsA _concen €F?tlop tlne rof s af

PRt BAPPSRGIRR LB om0 RGPUTt (B Erear b g G For
)%ﬁxg?@ g}yg@cﬁ{é i nf RS i:EBoth ®8danic z)nd(a@ﬁ%%?ﬁ |sol%1‘ijts,)snﬁ:%(it 1s more

reference (Novartis |
hydmbplmbmethm etmmtmllmt@hasrmghmmﬂﬁmmm @tﬂmps Ethanol
n is of el f.ornu

e ok B e LSRTELRA g e wo

offe@@etﬂé[ BSthé eu@éﬂﬂtwapme{bué:ba%ﬁgx\o@ﬁa aMibretuldtions had dedrelidadeghtage
eing a | ower al kyl ester of hydroxyal kanoi ¢ aci d;

Ofatg,éseefogmlﬂmant preferably a conbination of a

surf ( i liclkli i |

ot Ll S B AR BRI ot crn
alﬁlf]lﬁ‘ogﬂfeﬁéngIm otfideetof sebitideahé aloolialy whieh isf apather disadvantage of

sol i at that is solldat roomte re but
ingerppEatiag eipapelinte afprpulplion, é%?@%&@&%%ﬁ@ﬁ’g byith#
£ @mﬁHﬁJ@ﬁ@@ S&ﬁg&g% y conprises Polysorbate 20

or exanpl e” Tween and the | ow HLB surfactant

pr ef diha lpkqsemmmmnhsm maPbe midra neadilp anderftbod with asfpteacspathe
fo?loZ)vmg il ustrat Ve e Qllnloles It should be noted that reference is made generally to
"cyclosporin", indicating any member of the cyclosporin class having pharmaceutical
efficacy. The particularly preferred member of the cyclosporin class is Ciclosporin
(Cyclosporin A). The preparation of the pro-nanodispersion compositions of the present
invention is described first with reference to the following general description and then
with reference to the following non-limiting examples of the preparation and application

of the compositions of the present invention.

Amphiphilic Solvent

First, as noted previously, a suitable organic solvent must be selected. The solvent
is preferably selected from the family of lower alkyl esters of hydroxyalkanoic acid.
Hereinafter, the term "lower alkyl" includes C1 to C4, for example ethyl. The preferred
amphiphilic solvents of the present invention are Cl-4 alkyl-hydroxy alkanoic acid ester.
More preferably, the amphiphilic solvent comprises ethyl lactate.

Ethyl lactate (2-hydroxypropanoic acid ethyl ester), is a colorless liquid which is

miscible with water, alcohol and ether. Ethyl lactate is considered to be suitable for
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solvent is preferably ethyl lactate. Ethyl |actate is

an anphi philic solvent characterized by having an
woedoangdsswat er coefficient of 0.06. The solid PEI/IL2807/000264

preferably a fatty acid ester and is nore preferably a

triglyceride. The fornulation optionally and

preferably conprises a phosphpolipid. Optionally and

nore preferably, the fornulation conprises an
hLEmdmcadmiBﬁB’eaﬁdnaWiﬂs ac hDa8 wOidrmopiaghen thearfog/kein siew wiam given an

nce. Herei r he ternms "sol.id fat" and .

ork o5t et S BRels P g e os S e Buenp G it
ingRaRAEC ok ﬁﬁérmac&iudapéﬁﬁlﬁo@ﬂi@ﬁﬁ ature. Preferably, the

conposition of the present invention does not include

an aEthyh lagthiedt @tlnpbmgwc a8d therpders|possehass pm@ﬁéaer elpcharacteristics.

(ﬁ’easl#’lﬁ abt(l)l { ﬁglbs(i)c% E)fhe(?llng g%v%tiﬁ% e{cr)loorrg&ﬂiggolgpo 15190%%1{ is much

slcfpmfaad abhtyolleds®nipasd bta hiphty IWrcﬁpmhcas:cwvemMucp ge ét@amg Io)éI

ro out 5 nmto about 50 nm_  In fact, as describe

PrPRAIg o) Ao aaélpaplrta%z?aaw a3 &} @ibiypion mayresHLpATmsHiate

P’-’Ea%a@é“’ﬂlee?‘ae?ﬁé%dﬁ% g REemebiap T SOR AR A e s

diffdses osloaty may 0bt oy Hiesiesirédparttele pize 8$ thglfyrmddt droglsts are not
di scovelg](e;d that the particle size at roomtenperature

SPERLaRGOMS JPHY ti on of the present invention is at

| easyy 1tﬁ@@%1sﬂa§§ 16188 lidfed Bea kRGO Bt'h@:ﬂs ok @ﬁpé‘rté‘l@ bhx‘ameter for
ni crodi spersi on, yet contrary to the teachings of

theybehavios of the| formplation @f the hiesens na/egumt Jabh@rapea@ dlffu%ms pﬁ%&e

so%ﬁpfr&g%@bi&r?ﬁﬁob? r% o?ﬂ% ect s et éox%n%aﬁie rﬁte of diffusion -

SUrprising

depamfinies s Sdrd€le 31ze a0 ﬁbl‘hﬁ(ﬂiﬂ&fnaiflﬂlli@foﬁﬁe@pmble@ addi@lvithout
bi oavail ability, which is contrary to the teachjngs of

. wighjag B%E%bm&eﬁ ay arstnglq ypothepissasiapidaateof diffigsion will result in

précqg‘p Blodlde ?eﬁlge kel ﬁ%gf tﬁé’g eoﬂ%ﬁﬁe&ﬁln, lv@h%%%ﬁ sPw Fef\?ﬁ?il} delffu_smn

erature-t at ex oaval ity
frant Itiearprﬁmanmmqtamns ints theh;tmch tiguidonageanli nrump‘ropdn @article

T TR TR ER R R a—
to B YpBodK aRddraRY vﬁth%?ﬁl@'sblﬁpfak bdr¥ier A tBOpleSerlité@fflation. Also, it may
cause one or more components in the stomach fluid to interfere in the process of particle
formation. Thus the rate of diffusien from the oil droplet inté the aqueous medium is a
very important feature, as it must be neither too rapid nor too slow. The diffusion rate is
related to the partition coefficient.

The partition coefficient of ethyl lactate is exactly on the border between
hydrophobicity and hydrophilicity, with a value of 0.06, which means that 50% of the
solvent is in the octanol hydrophobic phase and 50% is in the water phase. Therefore, the
diffusion rate is neither slow nor rapid, but in fact is exactly in the middle.

From the chemical view point, ethyl lactate combines the properties of an alcohol
and an ester where the ester group provides hydrophobicity while the hydroxyl provides

the hydrophilicity and the ability to form hydrogen bonding with water.

&
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contradiction to the teachings of the background art,

t he pro-nanodi spersi on does not spontaneously form a
worR@rogssper si on upon dilution in water of thePCEHI20€W00264

particle size without the application of heat (nanely

the presence in the body of the subj ect to obtain

particle size of |less than 1080 nanoneters, as body

tenperature is about 37 0C). As described in greater
Suwifacnt belom1 t he conbi nati on of these conponents has
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dﬁ’f? @{ ]Trln? RS ééljng %%Oé]t c}f Ig rgacﬁagngss a g I%géﬁ% lrﬂ'h%\é\etglﬁ gérgf)c%gt?ons of the

presenf mnélht)bna)aﬁ ibke @hdagly Eﬁ?&k@m@teﬂ@ﬁcan thdise tanghigihitiisack groénd art on
ear di sadvant age of these faqrnul ati ons Furt her.nor e,

the hasieotihe RW%Eﬁ%coa}ktmaﬁle? Rb® syrfastant Wi lpw HLB and a surfactant

] gn of ethanol and propyl ene glycol in order
WI to glillb {JI ze the al cohol, which is another

dis aEma]nu]agg podferreticampbaradiph gl theseammofctants deadure a large difference

RS B, S aticnlane, M oh, 5 oucrears LS 1,

hlgl{‘H?L@t duPRCERY, I%IJ@%re[BP;f SorfRAEd PM HHERE SDIRA ei@élrhﬁle Tween 20) and
reference to lowi ng 1| ustratlve exanpl e
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Span hydrophobic surfactants are a group of sorbitan fatty acid esters such as

sorbitan monooleate, sorbitan monopalmitate, sorbitan monostearate, sorbitan tristearate,
sorbitan monooleate, sorbitan trioleate and sorbitan monolaurate (Fiedler, H. P.,"Lexikon
der Hilfsstoffe fur Pharmazie, Kosmetic und Angrenzende Gebiete", Editio Cantor, D-
7960 Aulendorf, 3rd edition, 1989, pages 1139-1140). Span 80 is an example of a low
HLB surfactant, with an HLB of 4. 3, and is sorbitan monooleate. They are commercially
available from various producers, which include but are not limited to, Capital City
Products, Croda Chem, ICI, Lippo Chem. and Atlas, under various commercial names:
ArlacelTM, Armotan, Crill, Emsorb, Liposorb, Protachem, and Sorbester TM. Examples
of suitable surfactants from this group with HLB values given in parentheses are as
follows: Span 60 (4.7), Span 65 (2.1). Span 80 (4.3), Span 85 (1.8), Arlacel 83 (3.7),
Arlacel 85 (1.8), Arlacel 80 (4.3), and Arlacel 60 (4.7). These molecules are generally
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efficacy. The particularly preferred nenber of the

cyclosporin class is G closporin (Cyclosporin A). The
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numb&veest susfiateatstass sadeble sn welsy betywirisl @l Thhebethichlgifughure of
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is an inportant feature as a fast diffusion may result
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Wth Wi shing to linmted by a.singl.e ot hesi s,
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di ffusion of the :

Other suitable high HLB surfactants may be obtained from manufacturers such as

Gattefosse Ltd., and include but are not limited to, sucrose fatty acid esters such as
saccharose monopalmitate (HLB of 15) and saccharose monostearate (HLB of 11) or
PEG-32 glyceryl laurate (HLB of 14). Suitable high HLB nonionic surfactants are
polyethylene glycol (PEG) nalkanol esters of the Brij family such as Brij and 99 which
have an HLB in the range of 12.4 to 16.9. Brij 56 is polyoxyethylene [10] cetyl ether and
is an example of such a high HLB surfactant which can be substituted for Tween 20. Brij

56 has an HLB of 12.9.

Phospholipid
According to preferred embodiments of the present invention, the formulation

further comprises a phospholipid. A phospholipid is a phosphorylated diacylglyceride
molecule or its derivative. The parent structure is diacylglycerol phosphate, or

phosphatidic acid. Phosphatidyl choline (lecithin) is the choline ester of phosphorylated
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sol vent fromthe hydrophobic m xture of the
pr o- nanodi spersion, as the rate of diffusion
wa@ledoen9eses the particle size and conpositi on PET/12007/000264
formed particles. Again without wishing to be linmted
by a single hypothesis, a rapid rate of diffusion wll
result in precipitation of Igrge particles fromthe
aqueous nmedium while a slow rate of diffusion from
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DD A RS draéﬂﬁeﬁpégn% TR BB Fecishih are aifo
avagfificient. The part ition coefficient of ethyl

| actate is exactly on the border between

hydr Gpﬁ@inipbbiwloapids reycln @qaxbholsphaititi;c acid, phosphatdyd serirfe,

0.06,. ich ns tha f.t sol ent|S|n
oiaetnigh oD S RRe iR B shcbely P ol i s SaptRitt elycerol,
caﬁfﬂ@a%ewﬂﬁféﬁlcﬁfl@ [rfsertitiEcalbihf BSdrOghtioatoe tﬂesolﬁkﬁhé BELipSspRWes to cell

nor rapid, but in fact is exactly in the mddle. From
mepbragefeni cal vi ew poi nt, ethyl lactate conbines the

prop ' I e

o oopibie g bl B SRR kP A ERU Y AR IR oSbhotpias
wiplt noncdk$urh bmdmgohsmsﬁhdlih;idstsyc}ammbyﬁlaabyﬂch@1ynet Bhdﬁ@hﬁﬁdlc acid

h d th Sur f act ant
ca G iU BOPreaB AR TS dGY B Healy ISaPoy bd DARHIeH and
dlﬁéﬁgﬁr(ﬁ?ﬁl‘dh\%ﬁ Janabi %’Bf@(féalﬁloéh{{rﬂﬁf%@%ﬁ% by ﬂhaﬂdﬁ'sgxhne is also

HLB (hydrophilic/I1 pophi bal ance east’ abolt
availatdn cbramsmdl}a[dﬂma Gherical CaooWwt. HloBispMd. )ai’iaomhand}dbmsitol can

f to the, hyd h | |
e R 808 Mt PP sl St cesaCatarelaty S Sanpiriesh R Powns &
babﬁéﬁélos@hfdeb.%ho%%ﬂahﬂ;@gl?ééﬁcﬁl%ﬁﬁ anb b@"pﬁﬁﬁé@ﬁ/oﬂﬂ%cte%al fermentation.

hydr ophobi ¢ erefore, the conbination of a
surfactant with high HLB and a surfactant with

Solid Fat

Yet another optional ingredient is a solid fat, preferably a fatty acid ester such as a

triglyceride. A non-limiting example of such a triglyceride is tricaprin. Tricaprin is a
hydrophobic triester of glycerol and caproic acid. Tricaprin does not dissolve in water and
thus remains as a component of the dispersed cyclosporin-loaded particles after
dispersion in aqueous solution. Tricaprin solubilizes cyclosporin in a fatty medium which
is dispersed by the hydrophilic-hydrophobic dispersing agents. Other such fatty
components which are suitable as replacement for tricaprin include, but are not limited to,
pure and mixed alkyl esters of fatty acids and mixtures thereof. Examples include but are
not limited to ethyl esters of fatty acids such as ethylstearate and ethylpalmitate
triglycerides such as trilaurin and mixtures of solid fatty acid esters. Mixtures of fats
include hydrogenated vegetable oils. The preferred fats are those that solubilize

cyclosporin with a melting point between 25 and 37 C such that the resultant pro-
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low HLB, as is preferred for the conpositions of the

present invention, is actually a conbination of a
whyaropsst i c surfactant and a hydrophobi ¢ sur f BCT/HIZ007/000264
"Thi s conbi nati on has never been taught or suggested in

t he background art as being suitable for a

pharmaceutical carrier for cyclosporins. \Were the HLB

of the surfactant has been specified in the background
naaodlspm sloh aernivéagion gorvesre thigradisperstoyef sotid Partisleg Gvhichhinelh into a

_g ¥ gb(ﬁ’ rent %ron1the conbi nati on of

1n§ﬁf QE?QW &Py aﬁppﬂg?eln Thus, the conpositions of

the present invention can be clearly differentiated

fromthose taught in the background art on the basis

of tHhae fﬁ breng engcidis epraRles dhisiaate yageursaspechne! the presept

A
belaw,gmlds bilerene gatbéttimepartitle @iz-lloBtlef protrenddispekiidh was measured

f act d that of .the h LB factant. Th
Wil i R G 6T PGt A Rz SR BTN SOl G P ERGOpBr Ll S o
de?&méﬁa%n emgp hx%lpgf YESB g?ooﬁm@ag pERfon! vide la@}&d% e %ﬁﬂa’ftels of

preferably conprfises Sorbitan ol eate (for exanple Span
w6 Thobarticlersize of tlheeprovanddispeniddmdidinoh sha:lgg e hegire-o

nelREan e Epet e aap apultrs A LETERRPE fheTheiiRr 8t v

cyORBSHIEARE, wisieK Whd @Rd fRrR etk deS@itdbaldw was Ciclosporin
nonost earate, sorbitan tristearate, sorbitan

(Ciyelsisitdade, sorbitan triol eate and sorbitan
nonol aurate (Fiedler, H P.,"Lexikon der Hilfsstoffe
fur Pharnmazie, Kosnetic und Angrenzende Cebiete",
Editio Cantor, D 7960 AuEesfgefl, 3rd edition, 1989,
pages 1139-1140). Span 80 is_an exanple of a | ow HLB
surfactant, with an HEmferedfFormulaion’ j s sorbit an
m”?ﬁﬂi?ﬂ&ﬁn E0RYrBEE, GRMIRE il AXR! b ARk S Rbrding to the
various pro ucers ch inclu ut are not limte
présent iGspittonl P@fegab]?g dﬂlfeﬁmlat@xﬁaufds@mlos@trm dsnlpfp@twe

ing%‘pgirgnete@gaﬁ%ﬁ%g%# % ?ﬁ%{rg Iogﬂgie g\rpeTf{gg%@%p gout 59 described herein,

ot AoRe May Q?ﬂo@?@%ﬂﬁr proWlediX anB kS cofiphk@dey] lactate. In
surfactants fromthis group with HLB value$S given in
this arefprpdembodimentathe formulation features a solid fat, which in this Example is

triglyceride (such as Tricaprin for example). The formulation also features a combination
of a low HLB solvent and a high HLB solvent as described herein; for this Example, the
combination comprises Polysorbate 20 and Sorbitan oleate. Preferably, the formulation
features a phospholipid (in this Example, preferably lecithin). Also preferably, the

formulation features an ethoxylated fat such as Cremophor for example.
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w@\edoaneds3Bo (4. 3),
nol ecul es are general lysoluble in oil.
sol ubl e in nost organic sol vents.
general ly insol ubl e but dispgssible.

foll ows: Span 60 (4.7),
Span 85 (1.8), Arlacel

surfactants include but are
gly Lmonool eate (HLB of
ene gi ybul

Span 65 (2.1).
83 (3.7),
and Arl acel

Span 80 (4.3),

85 (1.8),
ThesePCT/IL2007/000264
They are al so
In water they are
O her | ow HLB
not limted to PEG 6
about 3 or 4), and

I ¥ hi |

Arl acel
60 (4.7).

Fop
In ]@:d eéét ants (Pol ysorbates)

1 " £ 1 n
autrate (T

r@ Ofti47\' _T{Eé‘*oeseé :..é'g ophtt+e

CRspbdimn esters (polyoxyetht

esters) for exanple nono-

/emgosorbitan-fatty acid
nd tri-lauryl, pahnityl

Palyseabajt 2&nd ol eyl esters of

16300 ype known and

p H 11 PP | lad |
el dl Ty avar i dul € Uliuc

T

= C hetratde—rane
S(tr ]it%rﬂ?lg?‘t,e H P.,"Lexi kon def 1@?"5@5& of fe fur

Lédnammazi e, Kosnetic und Angfrgmppgnde Cebiete™, Editio
Cantor. D 7960 Aulendorf. 3rd edition, 1989, pages

Trigpoeride304) . Tween 20 (pol yox§®0hyl ene (20) sorbitan

et a—ll- N . ~f V"3 2 trrope—af T
—O1 TYypPeS—or—rweer—

o ——C-her
usef E?E{P%r t he conpositions of

solubhl e
The33he%i cal structure of

but not- in oil.

T famty of —surfactants tgres—one;, two or—three—
Flgﬁ%erigngG chains, generally g?&gbout 5 to 20 ethyl ene

gl ycol wunits, connected by an ester bond to sorbitan.
These surfactants are produced by various conpanies
(O oehd thip Ermusiieg cpartiqlf igf UPoR MaSRe Akl ok mappaagdispersion
N EE bl VALY St §did9enPaTER whRER SReHn, R
WlI\/bn?et anTMa Crtltflet T"ﬁ%n svg forgﬁ.ﬁ)l{ﬂe elrlsﬁg)féf%&ﬁg%found

upoa.vafymghe phl cithe patey fomzbbes2 80abod10.0, 60, 61, 65,
80 and 85 have an HLB between 11 and 16.7, and
therefore woul d be suitable for the present invention
as high HLB surfactants. O her suitable high HLB
surfactants nmay be obtai manuf acturers such as
Gattef osse Ltd., C 1t limted to,

sucr f id. rs_.such..as _saccharo o

ronopar oty Pipf R e L BRaARi S ATRE (apgpio). cee
phobpiBlipfd AWhhn@rUPEGTSZ el RY,cSyay| 80! aad Gt R0tk Ba®brebdded with
. Sui tabl e high HLB nonionic surfactants are . )
increasing amounts of ethyl lactate, as given in Table 1 (all amounts of ingredients are
given in milligrams). The effect of adding increasing amounts of these ingredients to the
composition of the present invention on (mean) particle size is also given in Table 2.
Briefly, all compositions which contained ethyl lactate had a particle size of less than 100

nm at a temperature of 37°C. The particle size decreased as the amount of ethyl lactate

" was increased.



pol yet hyl ene gl ycol (PEG nal kanol esters of the Brij
famly such as Brij and 99 which have an HLB in the
WO 2009099587 12.4 to 16.9. Brij 56 is pol yoxyet hyP@ne.2pd0j00264
cetyl ether and i-s an exanple of such a high HLB
surfactant which can be substituted for Tween 20. Bri]
56 has an HLB of 12.9. Phosphwlipid According to
preferred enbodi nents of the present invention, the
f or mifiehleiZs Bffet aftfolvesbppPisiels Sizgphosphol i pi d. A
phosphol i pid is a phosphoryl ated di acyl gl yceri de
nol ecul e or its derivative. The parent structure is
Ingireaiiatt gl ycRaralul o pha8ee, or phosphatide acid.
tildyl choline (lecithin) is the choline ester
of phosphofylai@ddlaéylgly%erlde. Synthetic lecithins
e Wt ch engths ranging from4
Cﬁ&ngHcarbgﬁg. ﬁ%% preferir ﬂj | ecithins for biologica
Ewpplat@et i gns af eod h s@omntmxﬁl<yl chain lengths in the
—biological range (10 to 18 carbons). Naturally :
rhysehglivichg T%ci t AP n ¢dR bel Bbtained froma variety of

h—as,egy; T -Bpvineseart, or soy bean.
'%n urat%gwlep? irngdio éby ; dilinoleoyl;
TRCpha pal |nmi3poy 13@etq30|eqﬁo, al pha pal mtoyl, beta
linoleoyll; and|al pha ol e heta pal m toyl),

SrAngNachi dolr%l)l é@ﬁthilﬁo(hlkﬂﬂ y| unsaturated and a
THHAN ut d—al pha pal mto beta
Cﬁ%ﬁi@@g;l gcit @% ﬁﬁe alégmavallable. Certain
Elphosphol ijpi ds, | such jas phosphati dic acid, phosphatidyl
serine—phosphatidyll inositol | cardiolipin
Pariclp iz phadody %I ycé?ol )|,2%nd| phosphati dyl gl ycerol,
can react W tiT catciumin—serum causing aggregation
or the binding of |ipospheres to cell nenbranes. These
unfavorabl e reacti ons can be m nim zed by conbi ni ng
t hese phosphol i pids with noncal ci um bi ndi ng
phosphol i pi ds such as phogéﬁaﬁﬁéylcholine
Phosphati di ¢ aci dEﬁ&?oP@m‘a?c‘E Bﬁ afticfiR;299 or prepared
synthetical ly (dinyris nd di st ear oyl

der i Amatxengdarzcomgposiiiba bd)rﬁammgrﬁhﬂabﬂmrmc beaphosBianipie (95% pure
fr(pnq PN hatlljgﬁd eﬁle aré‘%té e?s aasofvent Tween 20 and Cremophor was prepared

w1th increasing amounts of Span 80, as given in Table 3 (all amounts of ingredients are
10 given in milligrams). The effect of adding increasing amounts of Span 80 to the
composition of the present invention on (mean) particle size is also given in Table 3.
Briefly, the compositions provided a liquid solution. When dispersed in deionized water
at 37°C , all compositions which contained Span 80 had a particle size of less than 100
nm. The particle size decreased as the amount of Span 80 was increased.
15
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PR T Or B &

ticles whi

ch nelt i

nicro-disper5|on at body tenperature. The foll ow ng

specific exanples illustrate various-aspects of the

present invention, and are not intending to be

l[imting in any way. For Bidm@xperi nents descri bed

bel ow, unl ess othermnse stateg the partlcle si ze of

t he pro-nanodi Efeetafdthed PagfiddrSiga N4- Coul t er

part [

par et AR S uiai éﬂ?t ﬁoxfu? bie RO fhdescribed n
Tapleot (aH nadhivapesfshgradiasts ere@,dwheqdnmufgram@mrhé efiféct of e

) The partic|e size of the pro-nanodi spersjon did
m%teéle@ﬁ SR WRESIC Sie Ogths @5978@1@&@?@1051@0 nd’i’lseﬁé‘]ﬂ%’é‘@e

walinPatH dt Birtd: {81 Gled Ta%fé' AB Ay, JeHdTRTRE W Hati%oth Jow
and high HLB surfactants (such as Tween and Span) had a particle size of less than 100

-----

nm at this temperature (which is body temperature). Tween and Cremophor can be
substituted for each other as high HLB solvents (HLB > 10) but a certain amount of either
surfactant is required to obtain a suitable particle size, depending upon the quantities of
the other components. A combination of Tween 20 and Cremophor 'permits the use of
reduced amounts of each ingredient, as described in greater detail below. In addition, the
presence of a solvent such as ethyl lactate is required. A solid fat such as tricaprin is also
optional. The presence of a phospholipid is also preferred to obtain a particle size in the
range of 30 nm, although the particle size remained below 100 nm even without the
phospholipid as for Formulation 3, in which no phospholipid was added but the particle

size was 95 nm at 37°C.
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cycl osporin class which was used for the experinents
descri bed bel ow was G closporin (Cycl osporin A).
waEx@mpds3l Preferred Formul ati on This Exanpl e PEsOR2007@90264

a preferred but illustrative fornulation according to
the present invention. Preferably, the fornulation
features Ciclosporin as the gctive ingredient (this
Exanple |ncludes ICIhg of the actlve i ngredi ent, but

& 4 @iler Igrdi Bl mxe optionally al so
be prOV|ded) The solvent conprlses ethyl lactate. In
this preferred enbodi nent, the fornulation features a

InfRdied f at ,Fdﬂﬁhﬁhohmuh{ueﬁ Exanple is triglyceride (such

as Tricaprin for exanple) The fornulation also
features |a comi najBon pf a | ow I-}ILGB sal~vent 8and| & hi g0

e Ton P TP e IR ' AL oo

EtalEaége Rraoeriabby | 4bte| oy mudoat |jomof abor €50@ 400 400

phospholipid (lin this Fxanplle prieferghly lecit

phasglipicef k081|100t h8 f of kAl alt 1N |88t (rlé8 aA00 16600

TR Thi & [aPmi01 A% phril cI'e o1l 28 udanom 20h| A of

TR@e pr o- napodi|per spom Wedd |1fborl| ©f Weber [ abo bpdyo | 200

temperature was folind tb be 30 - nm Noleffe¢t was found

SpapdA var yji 20§ {/780pH260 1 fe wedlr [1208m|206uf 200 t p2bo)i200

CERaRB ar D9 GOD | ORC c bRl il |01 adpor | A SpPvent 00
EIJRC (tricaprin), egg phospholipid (Avanti, |USA)| Tween

20, Qnan,Sﬂgard (Tgnnnhh Wwals__prepared mLt increasinago

Pagnganes df28t HyA0 @85& 2187%s| Hive?30n [ P41 ¢32 (aV¥ 64

amounts—of T ngredirents—are girven rmnrHgrans).—The
ef fect of adding increasing anounts of these
ingredients to the conposition of the present
invention on (nean) particle size is also given in
Tabl e 2. Example 5

Storage Stability of Preferred Formulation

The composition of Example 1 was prepared at two different total quantities (all
amounts of ingredients are given in milligrams), with the second quantity featuring 10-
fold larger amounts of each ingredient. Both compositions were easily prepared by
dissblving all components to a liquid solution by mixing with mild heating (about 40 °C).
Preferably, the phospholipid was first dissolved in ethyl lactate, and then all other
components were added with continuous mixing, apart from Cyclosporin which was
added last. The mean particle size of the composition was measured after dispersion of
different amounts of the composition in deionized water at 37°C by using the light
scattering technique with a Coulter N4 particle size analyzer. Both volumes of the
composition had a particle size in the range of 30 nm which is preferred This composition
was used for human studies, as described in greater detail below.

The stability of the composition was tested by loading doses of 50 mg of
Ciclosporin into hard gelatin capsules (size 00) or in glass containers and then storing the
composition at room temperature (25 °C) or at refrigeration (4 °C). The particle size and
the Ciclosporin content were détermined after 3 and 6 months of storage. All samples

were found to have a particle size in the range between 17.2 and 32.6 at any dispersion
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Briefly, all conpositions which contained ethyl
| actate had a particle size of less than 100 nmat a

wao esopeyEsur e of 370C. The particle size decr eaBeHI2807/000264
the anmount of ethyl lactate was increased. Table 2 :
Ef fect of Solvent on Particle Size Exanple 3 Effect of
Surfactant on Particle Size #n exenplary conposition
contai ning G closporin, egg phospholipid (95% pure

rafigefd tAnrops pesiml) whétyimehsactdat @ taspaatsed fSTC. Anedoulated

20 and enmophor S .pr d Wwth increasin nount
£ (R AR AgeURN Do TRap (e B PRI SR PO RORARES), the
CicREp&sH edtidht ar@1Gkored forMulBtibhd G5 8B&Neenthe r&@fufi8€ linfs of 95 to
addi nglpl ncr easi ng anounts of Span 80 to the

1058mpbdie dnibd concanfratipn awanitel hyems phivopricfiparghye storage.
particle size is also giv ' able 3. Briefly, the
conmpositions provided a lﬁQarh e-g | ution. Wen

di speCsahatisondeivaeh Raddiwah@te Ndord A the Pdesent Formulation
con'peé)si tions which _contai ned Span 80 had a%iptgrt icle, )
si zebgrerimsats weie perigmed bo cotprarg Hhe foppelalion of the presend dgvention

i ' . CLo
s 30 ARl PRS0 B0l B2 oA e A
Intx.her Ingredients on Particle Size D fferent

GescHRHEER R FAE Ge RO M GROUNGE BPHHorL CAe s o
GG Al KGN Ao, TAEIE6AE o0kl LHESS SO BlFRs (0

on the E\Iar‘tl cle size of the pro-nanodi spersion
cogrglag the iNopreé Foraiudgtien yath that afdhewigeané invaptigy Obepe anglyses

ST e S ST A
inhadiod viahldilaled il vater &f ver e 8isfeldnd frokDBat e Ndord1®I. S

tenperature (which is body .tenperature). Tween_and .
Cr enbGHO¥HE apRroseibEes kel OBIPAEHER THe AEterass The gemulation
: ut. : . r
of B ki o s o A B R R b B e Pl
Sasid memuoie® dlie diali®) forperantoileineuaat érhileisn efhetentbe otlh eomponent is

SDANEN Sy A SRIDLIAL 00 Gl TUSE20 0k S SRR g

hypothesis, it is believed that this different behavior is related to the differences in the

compositions, particular in that the formulation of this invention preferably uses tricaprin
(a solid fat that has a melting point of 32°C) as the hydrophobic core component of the
particles, while Neoral® formulations use corn oil (liquid at room temperature) as the
core component of the particles.

To examine these differences, the following experiments were conducted. Both
concentrated formulations were dispersed in water at 25°C with shaking and the resulted
dispersions were analyzed by the following methods: confocal microscopy (Ziess Model
410 confocal scanning microscope) for visualization of the dispersion particles; particlé
size analysis of the dispersion by a Coulter particle size analyzer; isolation of the
dispersed particles; and analysis by DSC for melting point determination of the isolated

particles. Each of these is discussed in greater detail below.
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reduced anounts of each ingredient, as described in
greater detail below In addition, the presence of a

waolovems3such as ethyl |lactate is required. A BOI/IIR0§7A100264

such as tricaprin is also optional. The presence of a
phospholipid is also preferred to obtain a particle

size in the range of 30 nm although the particle size
remai ned bel ow 100 nm even wi t hout the phospholipid as
for Forrmulation 3, in which no phospholipid was added

QE éclqﬁ Eartlcle size was 95 nmat 370C. Table 4 :
r Ingredients on Particle Size Exanple 5
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measured at a tenperature of cal cul at ed

almost clear solutions that do not show any parucles under confocal microcopy due to its

low sensitivity. The particle size of the dispersed formulation at 25°C and at 37°C was

determined using Coulter N4 particle size analyzer.

Experimental: 0.2 ml of cyclosporin oil formulations taken from soft gelatin
capsules of Neoral® or the invented formulation were added to 5 ml double distilled
water at 25°C or at 37°C and hand shaken for a few seconds to form a uniform dispersion.
The dispersions were anélyzed for their particle size. The formulation of the present
invention showed a mean particle size of 0.5 microns with most particles in the range of
0.2 to 0.8 microns when dispersed in water at 25°C while the Neoral® formulation
showed a particle size of 30.2 nanometers. The formulations at 37°C showed a particle

size of 33.6 nanometers for the formulation of the present and 32.6 nanometers for the

Neoral® formulation.
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fromthe peak size after analysis by HPLC (high
pressure |iquid chromatography), the Cyclosporin
weonwems3tor all stored formul ati ons was bet weR@I/112007/000264
required limts of 95 to 105% of the initial
concentration even after 2 years of roomtenperature
storage. Exanple 6 Conpari sopm between Sandi nmune
Neoral and the Present Fornul ati on Experinments were
performed to conpare the formulation of the present
. e st andard avai labl e
HIC th ER ACs | nc).

The E@’eﬁbﬂeﬁiall qzbt@fforhﬁﬁu@ﬁ@%ﬁat dlgﬂa’ﬁm m%ﬁ&&d%&' 4854 (0.5

reI ease properties as described in greater detail
mhid 2o wagr s gendmshaking eteng @ﬂntraﬁt;ade@/@é@"@émewpemﬁws nmdg
o) n wth t
R R T T L s S

ths formiuiasion @lfyhet;héseﬁt ihvekioh @e@?ﬁe@ﬁhﬁ)@l 18¥er8fa sbh@ layer and a cloudy
ormul ati on of the present i nvention when diluted in
gy T lilf‘ssoglérpgie%w’faﬁeewwﬁolﬁﬁeé kY dRcantasion qad pseqanyl centrigigation
I e r.
f°§§’éla§éﬁ%ﬂ&%ﬂ%f§?‘ﬁ%ﬁ§’?f?%ﬁﬁ§f A58 SRTRATD il & precipiate

wisarbtesneal adl thﬂdso‘}utm‘rdwc&pe clsaro'ﬂThaNem&Dmlehmlﬁxﬁf whddle centrlfuged
or al f.or an il -in-wate

o SrnCiEn e e ¥gpséy Bomingd dlserapd eslem@é%peags withno
pr&ﬁlﬂﬂiu%h STHig N%Bﬁl@@hﬁ[ﬂd?lh@%efarﬂygr c@ﬁ’tﬁ"ﬁfué@d 19 vO%{ﬂ{pﬁ?{or 30 min

limted by a single hypothesis, it iIs b
a‘f%le a@ﬁtlﬂﬂ@r%mlslbemmalmdulsfomalaadehtato the differences

f or t'nlg‘:'% eocg[ﬁ%g? %r %nﬁar tci f ul a%lfl'g]? gvtraggri?ci Pigem air over night
antl theciiplet Wag &aﬁ&led Ey Datferbiedl Sbamids ('Jﬁbﬁin@&r @S@Méﬁer) for

320C) .as_the hydrophobic core conponent of

melng peipiedhe mltnr@ E8 o erdredipitateiivas QAL Wh@homhcatca that the

the co nt of
b 9 S ARER PR AT B8k D E P S DRRERL o0
f ol IT@ch@o@opmrtbmﬂaﬁonVﬁftEe sresuiuivestiorBokMs a microdispersion,
centrated formul ati ons were di zgersed in water at

thg DEGSE msxﬁgtgq Hembient {omperatarg|(22§). The formed solid particles have a

particle size greater than 0.2 microns, and included particles in a range of up to about 0.5

microns, with a melting point of 30°C. By contrast, the Neoral® formulation formed a

true nano-emulsion of oil droplet size of 30 nm at ambient temperature.

In Vitro Release

The comparative drug release rate was assessed using a dissolution apparatus test
according to the USP-24 method. Both formulations achieved an in-vitro release rate of
more than 90% within 15 minutes. Methods and results are described in greater detail

below.

Methods

Comparison of the dissolution profiles of Ciclosporin 100 mg capsules (Dexcel,
Israel) and Sandimmune® Neoral® 100 mg capsules (Novartis, Sweden) was carried out
under the following conditions. The dissolution apparatus was a 2 paddle apparatus,

containing 0.1 N HCL, containing 4 mg of lauryldimethylamine-N-oxide per ml as the
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di spersions were anal yzed by the foll ow ng nethods:

confocal m croscopy (Zi ess Mddel 410 confocal scanning
won@rosssepe) for visualization of the di spersiPCI/IL2007/000264

particles; particle size analysis of the dispersion by

a Coulter particle size analyzer; isolation of the

di spersed particles; and anakysis by DSC for nelting

poi nt determ nation of the isolated particles. Each of
digshgion neddins.c ks eaj)sillas gereatisolvaéiai kolbaleo] Caarfodeiad dissolution

I 0SCO Th for on of. Exanpl e 1 was prepared
o e RO AT F CoRY 0P OKPT S A8y A SRGBIScime points
(0fthiho rlgsl@lﬁ[‘tam?ffulf Ghd BSmB)C UMl webd) G ifMARQR! g?l‘blgll 81 dissolution

fornul ati on was pr epar ed W th the addition
apRRTRIES ﬁ@@lwsd argasted eviNiesr AR ¢ ﬁpp{amtmrm G}:ﬂt@‘hillyb the &Vlehdnﬂ @dlosporin

n L 0SSRl R 50 BLSHR03650021, 199 Pl

and lﬂhdnathhﬂln@ l(ﬁﬁl ancheesaamedlungewith Be £osf ©6 Aissolution medium,
mcr pscop room tenperat ure. Confocal m croscopy

Wog| st t rfﬁ@ theufRLG ﬁw)éﬂ Pt mobileshase featwied asnighureof 0.05 M
f he f ormul ati on

phbbrbfE a£ANAE i Rutrbh, b 62 Ro oo P R 1

f or mul ati on did not show any particles but a

congégéags vi ew whi ch indicates the presence of a

nan ion. Particle Size Analysis Sanple
pre t

! en‘pnggt% ?govﬁt}%hefﬁéor}ﬁf oggitcg)rs%&lfr{gfgl@#é@ H'Pteacﬂ forrpulatlon at the
vafigusrtimgriztdded to 2 M of double distil I ed wat er

(250C) and hand shaken for a few seconds until m xi ng

was uniform The Neoral (r) fornmulation fornmed a clear
Tablelaut édHipaMyoh of FdMasd Afegul ation of the present
invention formed a mITKky |like dispersion. In a second
experinent| the foﬂ)mbbzteﬂmhm(%)m I y forﬁn wer e
di spersed .| *'" (B30 —and—the—dilspersi on was
Vi ZV\%%J%IBV)ﬁ cggcgﬁg Bot|h for I'gf‘gr ons flormed al nost
clear solutionspehay do rjot shQwiapy particles under

anf acal crocopy due tg jts |ow sensitivity. The

partilcle s ze of Ohe di spersed foOrnul ati on at 250C and
s—aet crldélrcu SESTaE ¢ Cuuédm N4 parti cle size

anal er.
30 103 96

60 103 97

Similarly to Table 6, Figure 1 shows the mean percent of drug (CsA) released
versus time for test (Deximune®) (o) and reference Neoral® 100 mg (m) using USP 24
method. Both test and reference products exhibited very similar dissolution profiles. Both
formulations showed a very fast release rate with more than 90% of the drug released and
dissolved within 15 minutes (Fig. 1). The release rates for both formulations were

superimposable.
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Experinmental: 0.2 m of cyclosporin oil formulations

taken fromsoft gelatin capsules of Neoral(r) or the
w0 pooeessa7 f or mul ation were added to 5 m doubl BCT/IL2007/000264

distilled water at 250C or at 370C and hand shaken for

a few seconds to forma uniformdi spersion. The

di spersions were anal yzed for their particle size. The

formul ati on of the present |nvent| on showed a nean

particle size of 0.5 nicrorixawpid7 m)st _particles in

the range of 0. 2 ) RELSE din

wat er at 258&Y¥ EOHEH] (Hat1 67 showed a

par ¢ 5%'11‘11%3 fIde ladtiyofas 400 mg

370@1‘%&@5&%“%@??. cﬁlgrs?%}’erﬁoﬁ& 6 nanonlge{mers y?fgr t he
Cid aponib. aftiepartiofe sitee Cprlesperit cantantatheanorakmemt &fthe fmet he

paral\lglgégm{céﬁ% Hg%é%udolo%tgl g}?UI bt "ilé:s,e\g%sr e&ei&%%reggﬂbeoémﬁc@i%ty of the
CidRpetin f@ﬁh@e{tlonaﬁtﬂﬂcdh@wwlaﬁbldemnmﬂt er di spersion in
deioni zed water at 250C (0.5 m _in

gentlhe petiigle sigg)of alldpandetinng irmg@@@etgfeegéﬁ@ é%}i}méﬂlen dispersed
at _ny‘@m ec%{olf%lgﬁ %l 0983 N 1%&9{1 s Jé?@wlé'@l@& ay(r)

I'ne ar an orm whi )
Trefn@rh[ﬁﬁioﬁtﬂlédﬂroﬁﬂ\/ﬁchﬁccﬁTeQ?EEM) al mgannagmﬂmma rS@hsmcaa partighss with

s e SRR i GUrReed B MEVERCRRTET- AR By of the
pat‘? el Wag H&gltn'uggi l{z}pgl%fefgnﬁg esc!aiﬁﬁlﬁé cd1b8mbe} m)%d was found to be

cond t1ons or 30 mMmn at 2

. in Ple@Giepitiratamgaas froht H méd Girithetchmpesition wgﬁhllgblyaﬁa%cﬁve at

I
o PR DUAACPIS) T AP TR o BREAR e gt
t at Thi
R e e et i  uged at 100, 000

rpmfor 30 mn at 200C, again the enul sion remi ned
uni form and clear. The prec fromthe invented

formul ation was dried in roﬁ)%‘}l E%over ni ght and the
pel I et was anal yzeHaipactkihétes EnhbabtuBaanni ng

Cal ori neter éD_SC Metier) for rreltlng(gomt b
mel t mgdcpmizﬁ pidgt phpangspliaeti SadE vamdndse %@Weétfgatet e
| ndi R th floRf wieal i d

ph%tg}atcP Elpgt %ﬁ—mgﬂ‘&% o?ltlfépc%grﬂibgi]ﬁoh%f Exe%ﬁ@s@ﬁtri oflw

enperature melting point. The

copile® Wﬂfelsfhnﬁﬁﬁ rRumaterasilyodvailbisle poresdattonifonictosperief O¥aeral®,

a m craodi spersion,
Novartis Inc).

The investigation was designed as a randomized, open-labeled, two-period, two-
treatment crossover study, in 24 healthy fasted male volunteers. The subjects were
administered a single 200mg cyclosporine (CsA) dose of either formulation. The
formulation according to the present invention that was tested is given in Example 1.

Serial venous blood samples were obtained over 24 hours after each
administration to measure cyclosporin concentrations in the blood. For both treatments, a
mean maximum blood concentration (Cmax) of approximately 1200ng/ml was obtained
at about 1.6 hours (tmax) after administration; the area under the blood concentration-
time curve (AUC) was, on average, 4900ng x hr/ml.

As a summary of these results, bioequivalence was conclusively demonstrated for
both rate (Cmax and tmax) and extent (AUC) of CsA absorption, between the two

treatments.
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when di spersed in water at anbient tenperature (250C).

The formed solid particles have a particle size
wW@e@aness3t han 0.2 microns, and included parti cCPEBII2N07000264

range of up to about 0.5 microns, with a nmelting point

of 3Q0C. By contrast, the Neoral (r) fornulation forned

a true nano-emul sion of oil dsoplet size of 30 run at

anbi ent tenperature. In Vitro Rel ease The conparative

dr ugThereakestimates and s 98¥eosbdenas imgvals aicsswithinitharespective

t..according.ta the USP-24 nethod.. Both

oFRPRR gk Rl prifrgiern dates g n fhsrenge fo
nérf@in tROHewd dtups he: nutes. Methods and results are
described in greater detail below. Methods Conparison

of tMethersaw Eeulsrrphiseussekingtoredetddplori n 100 ny

capsul es (Dexcel, Israel) and Sandi mune(r) Neoral (r)

100 ng capsul es (Novartis, Sweden) was carried out
undeMethuelsf ol | owi ng conditions. The dissolution

apparatus was a 2 paddl e apparatus, containing 0.1 N

HCL, containing 4 ng of |auryldi nmethyl am nle- N- oxi de

er ; i ' medi um The capsul es were

B e ViR bl R R BOE 1o Vo of tho di Saol utt on

medi T stady avas epepermedi vathofweaBBGuaidalshy aiakt velanspgewho all

75 ioys tinme points (0 mn, 15 mn, 30
St%erﬁi agrﬁgron@ﬁé%ﬁd]\ﬁ% IStgg)Frpl es V\gr e withdrawn fromthe
di sSTHeUkth@y pRRBE] akaks a 3BRIIMNBRE&, Q%QYé%gn%’ﬂt,t %@Eeﬁfd‘q%sgover

. apparatus to determ ne the |level of cyclosporin i ﬁ.t
In¥esHaRton Witk earrshew, phese pherawbek betdeeythsGwogstady periods. The

wdbRS AR 0% S oshl A AR U5 (0 Be Sohelath chbsues)
with 34bhltvieen medi um was used to calibrate the HPLC

res s. The nobjle phase featured a m xture of 0.05 M
phogd{lflﬁcfsé’veé% contasd te thersidy seateufram, 10ak2 hoursbaforeamtil 24 hours

afePedth éﬂfﬁn:%ﬁﬁtiaﬁ(?! O e da5S (ljli1 dé.rﬁg g&%ingsg%ﬁ?%?ﬁ% %?ﬁ%g ﬁor 12

anmobunt of ciclosporin release om'e
hoats tefwre dasingustilt4 hoeypoafter dosing. Thereafter they were given standard,

scheduled meals that were identical on both dosing days. The time of day of drug intake
was identical for a given subject for each dosing. Fluid intake was also standard, and no
alcohol or xanthines were allowed during the periods of confinements. Study participants
were asked to refrain from the use of all drugs, including over-the-counter medication‘s,
for at least 2 weeks before the first administration, as well as during the entire study.
After each administration, venous blood samples to determine cyclosporin in whole blood
were obtained before and then 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4,45,5,6,9,12, 15
and 24 hours after dosing. Samples were collected in EDTA-containing tubes, gently

inverted several times. Two whole blood aliquots were immediately frozen at - 36° C,

The following bioanalytical method was used to analyze the level of Cyclosporin
in the blood samples. Blood analysis was performed by a pre-validated method of
Fluorescence Polarization Immunoassay — TDx, with TDx/TDxFLx cyclosporin
monoclonal whole blood assay kits (Abbott Laboratories), for the determination of drug
plasma concentrations having an LOQ of 50ng/ml. The assay was used according to

manufacturer instructions.
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Tabl e 6-conparison of release rates Simlarly to Table

6, Figure 1 shows the nean percent of drug (CsA)
WO 2dogaswsa’ versus tine for test (Dexinmune(r)) (PQT/H2007/000264

reference Neoral (r) 100 ng () using USP 24 nethod.

Both test and reference products exhibited very

simlar dissolution profilesg Both fornulations showed

a very fast release rate with nore than 90% of the
Stoficticnl nehlesised and di ssol ved within 15 nminutes (Fig.

1). _The rel ease rates f J both formul ations

sup BRREBISAEraENRRA RO RIPSP ?%MSFecﬁngg}dlﬁggglethe analysis of

0 Vi tH@n AGtYiVh toeh0RakabP @&ididsoN A8f analysis of
ph%x %i%ﬁédg @m%% d;%gpar ed 5 tllmas ?e-rjiidependently for 400

vam@ca(AN@ém)r was péffiemed oni tb¢ eh@m@lﬂ@t@lmswtﬁnﬁ AUC and Cmax,

cont en t he ol o for
aftpr Qg ?cntéanﬁgf E%If %ﬁ% 8]&? & vvas %g%ﬂﬁ 'ﬁ)cg@lﬁ%d SAS
pr@r&ﬁCtAﬁﬁr C})ha@éc sthlificel loaslp @éﬂtzﬁnﬂ‘n@ rouhatiésign of thE- iedudvalence

was al so term ned. The particle size of all
stutlwmmqnplow ranged between 18 to 29 nm when di spersed

par ;31?18 %glg n%geesé e%, é}%@%&ﬂ%&e 85 9, 3. e ﬂgé’ﬁ’ﬁ%'cé’ Rverd M&sted for

ransm ssi on
At GhOTROREDY E&h@tm@tm@ ﬂ@m()‘?agmﬁdenai mdrmvals;ﬁcbrethe catlo between the
particles wth a narrow s Wﬁllcf utlon1 %@6%}%
teso P BIoPHOREN e12805% e FReeaNEeTIvE CoRHdg DRI Y gteor ax) was
setpt% r8'i)b/§ ﬁ% ‘ﬁ@?%gg l%géﬁtﬂﬁﬁjcaﬁ tﬁhgff)ﬁﬁe%rﬁa'taaéncﬁt%@ MhRGwas evaluated

oun to be in a tenperature

| byhﬁh@eth@hoﬁ;ramméiﬂc tanalg&s @r tiheedianpodérencsnworssoringtadyall based

effectiy biting the activity of T-cells. The
ont %Eptagdgpéagquahl,lr}?a, cate the superior stability,

J eprA:lF Wetifidai tcb{mﬁﬂﬁu@ﬁsf WERCYerRmbd &ypthef XS edftware version 8.0,
formul at1 on. Exanpl e 8 Pharmacoki netic Human Studies A
Carpoesd pil ot phar macoki netic study was undert aken
to investigate the pharmacokinetic performance of the
conposition of the present invention, when

Results and Discussion

Figure 2 shows the mean CsA concentration-time profiles after single oral
adminiétration of 200 mg of the drug given as soft gelatin capsules test (o) (Dexcel Ltd.)
reference (Novartis Inc.) (m) to 24 healthy volunteers.

Superimposable blood CsA concentration profiles were obtained and the mean
relative bioavailability of Dexcel's formulation compared with that of Neoral® was 101%.

The values for the main pharmacokinetic measures and pertinent information on

the calculation are summarized in Table 7 below.
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cIcapsul es 109 - 110 109

L.ower Limit

Upper Limit

Median ' 0.00 0.05

Difference ‘ -1.50 -5.21

Minimum 1.50 8.41

Maximum

90% Non- -0.25 -0.99
. [Parametric C.I.. 0.25 0.26

conpared to the standard commrercially avail abl e
formulation for G closporin (Neoral (r), Novartis Inc).
wah@7ioyesest i gati on was desi gned as a random zePRCT/IL2007/000264
open- | abel ed, two-period, twotreatnent crossover
study, in 24 healthy fasted mal e vol unteers. The
subj ects were adm ni stered &7si ngl e 200ng cycl ospori ne
a&CsA) dose of either formulation. The fornul ation
TaRlec 6 hrmpecobnefeP #rBesHt i nvention that was tested is
given in Exanple 1. Serial venous bl ood sanples were
obt ai ned|over 24 hpurs after i‘F\ach admpnistration to
gea;szure d;yCAICDG@_g{i N CARIRAY I al i oOmak N t heThlagod. - Fori/2
ol=hp4t r eat S a| (Rahd@xIMU /A0d congerky atli ORkours
(Cmax) of ggfg/m nat el y 1200?;%1@ vva%g bbtn(gli ne{i at ( )
DEIRHEEL 6 nours (tex)af ter admmirstratiom —thearea

(DERS SE the bl ood copcentrationtinme cur vef (AtL]JC) wals, on
; 0 . As :
esul ts, | B00bg P s 53 bR PV v Rk oS [ 30ep42

Mepy= SRt h|rat e (Cmak and tmax)|and extent (AUC) of CsA
_a_bigpti n, betweepn the two treatnents, The point
Neosall mat e$ and its P0% confidepce interials were wthin
(thaaﬁs)espépptive equ| val ence rahges for |he _
phar macokiyped + ¢ 1Al anRisef §9@n?1mf£231n0'1!@eﬂo.?%4t 5 +9.48
h

MehBg® for narrow tpherapeutic grugs index . M S an
results are discussed in norefdetail below MetHhods:
th—Vi-vo—htoeguval-pree—Study——The—study—was—perHerred

with twenty-four hgalthy mal e| vol unteers who all
started and conpleted the study. The study protacol
was a random zed, two-treatnent, two-period, crassover
PointrRssinatgat i ohOWi t hj a wddhout phas®9 of jone week between
(Ratib¥ two study peripds. The treatnents [consisted [of a

00% IANIDEAof al 20 ng| dosegy 2 x [LO0 ¢y soft gelatin

I.ower Limit

Upper Limit

* The presented ratios expressed in percentage (%) are geometric means of the

individual ratios between test and reference parameters. Parametric estimators and 90%
Parametric Confidence Intervals, based on the linear model with logarithmic

transformation, are brought.

Therefore, it was concluded that these oral CsA formulations are bioequivalent
This human study clearly indicates the efficacy of the formulation of the present
invention as compared to the best commercially available formulation. Sandimmun

Neoral® (Novartis Inc.).
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with 240 mM water. Subjects were confined to the study
center from 10-12 hours before until 24 hours after
w@2aohoghsey adm ni stration. On the days of drugPCT/IL2007/000264
adm ni stration, they fasted for 12 hours before dosing
until 4 hours after dosing. Thereafter they were given
standard, scheduled neals tha were identical on both
dosi ng days. The tinme of day of drug intake was
identical for a given subfeahpkd each dosing. Fluid
i ntake was al sq st nd- d -nd no aIcohoI or xant hi nes
vere al | oned dHP$A SR A Y pevlaionant s. St udy
par { EftqRE tepide CemBskatoh ot C?cle ﬂanf [ QML Bg: 458aLadt e
drugs, including over-the-count nmedi cat 1 ons,
climniagte 1@ a Wegkextgftlor gystehdc fide sﬁfecaﬂbm mbsictiag haivityds thedbtus of

@ 3pRibT b ek lertl SibotafiisTer SHERERTRRI ek Rbrie have
bdah@qd)ém fza@ dg&iéﬁ)bg @csirselstglfr@rem 8riphtt ke, mééh%m eQndEUS Paﬁﬁo -
6 ﬁ%%?kS Hovsvergthei wjity sa%f@ﬁww&oﬁ@ml@meu A treatmg diseases

mﬁ%ﬁa\l\ﬁﬁ{%} &ibpé g;ge ﬁ# .k%% 1%8%\%(? énulmr §8 t?x%? A% If 81%%4?11%?}76 ~drops

whBiSh Gre abhpted o ﬂhevieli)@té)mm Al el o8l E}féedrbp}ﬂsﬁbﬁﬁi 1tk @Bhude Patient
of .Cycl osporin in the blood sanpl es.

anal \V
dl%lo grt éﬁ% q}f&%@%@@fﬁ@r% e e RdaypiEatipr regimerdbyeat mesghiring
P AReang oL p ol AL LITHRERS5 R e 4 evima
angliintsrnaNsigons of tiseyatd furﬁs) diffiadtytihthedetyepotrzalubiiny of
o} oosBL 35 RalP S8 Rl 1t b Waiieaion st v AOTHrt A from
aquB&iscy46dd %esa@sa&mmgqﬁajomam §f (B8 emw b}?&rﬁﬁl@ apal

i near rocedures are reconmended

. cogmpgrgisily a’(ﬁllablﬁefﬁmd@mrn Bestesig@ (rodimed by dxll‘ergwm),u s eansed many

nc tudi es. An_ana f .variance
pe RO R s P S D dBE P hbierieL  ¢
par arteteis shudlde vaght 6o@bio da¥dley a topaal, io :\/gﬁt'ﬁhﬁmc formulation which
transformati on _using General Linear del s

capses dwa FiEadiop o BRSYRT dybedier adapisddp pV@ﬂsedlgtrﬁwtesw porin A in the
eygpgﬁf BoeP R ALY ﬁgcﬁnﬁ’atfolﬂ%f ‘39&55%'81:18.“ Afs&e Qébqg et ellt%rﬂ%

cyclosporine that remains in an anhydrous form in storage, while still being capable of
dispersion into a microparticulate formulation shortly prior to administration, is preferred.
Such a formulation can be mixed with water to form a microdispersion which is stable for
a few weeks of treatment.

According to preferred embodiments thereof, the formulations of the present
invention can be mixed with a sterile aqueous medium that is suitable for eye drops to
form a dispersion featuring 0.01 to 10 mg/ml of cyclosporin as active agent (after
dilution). These clear diluted dispersions/ can optionally be administered in the eye with a
conventional eye dropper The formulation is optionally and preferably stored as a pro-
nanodispersion in the bottle while at the time of initial treatment, the pro-nanodispersion
formulation is diluted with isotonic sterile buffered solution to form a concentration of
from about 1 mg/ml to about 0.01 mg/ml. These dispersions require little or no
preservative as the formulation is preferably mixed with water shortly before use. This

also increases the stability of the drug.
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study were enpl oyed. The two one-sided hypot heses at
the 5% 1 evel of significance were tested for AUC and
W@w/0949397 constructi ng the 90% confi dence i nt ePUHIIR0670000264
the ratio between the test and reference averages. The
range for concl udi ng bi oequi val ence (AUC, Crax) was
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cofififd MRL e A&hst %h%r%ngl@%‘idbl as’\lgfese%e %&aﬁﬁbl@%n—hmmm

Di scussion Figure 2 shows the nean
exgonlee nf ethel Wostrative presevatives uatﬂnseﬁalﬁe mg;lemptar)ahmounts (optional

rei P P R0 BebfhoBlint g, Shebufor P St Redin i - 005

Phéﬁ#lttﬁfchhﬁ al:dﬁ@te)or Phertydmdutieaitrhiz)0. 004 %@R)& hlorobutano] and
uperi nposabl e bl ood CsA concentration profiles were
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t of. Ne
() o B A GRS Bl b I bk e
fommeAstimeBatared cpﬁbipo_l;_lﬁgl}i a pi;ﬁ%linllﬁﬂdispgrrﬁglﬁ @yit&tﬁ coalpeikih@hbeBorbate-
a
20 R PREBER G o hesiar o1 1ot e PESed Fecerbiabs solutons.
s%ﬂh%ﬁ@% ip @5&&1&&@%@ s&foe@fopéty@ ;Jﬂsg'vz—ﬁgﬁe&ﬂ%f the

individ rati os between tes _
Phpramaamoat Exmpaamaheqf reditioas 2DOR whﬂe mumae% Bamch'ﬂgﬂydeﬁde are

co ] I E PR RBR ARG I RLIoRs GO ent e e 5 ¢
cotfideréPidWeldRd ad &Bﬁ lhhme e Lfodk ag@ﬁvé 91'%15'8%1' IR 100 %o%e%n used yet

bi oequi val ent This human st udy clearly |nd| cates the
in @Yefﬁoﬁé‘él?tlms the formul ati on of the present i nvention

f or %%?@?{n%dco p%ﬁ%edm%egodlmen%f t%e presgnt%/gentlon, the ophthalmic

compositions are preferably formulated as pro-nanodispersions, which upon mixing with
saline suitable for eye drop formulations, form a microdispersion. With these ophthalmic
compositions, very good therapeutic results may be obtained even when the cyclosporin ‘
is present in low concentrations; for example within the range of from about 0.01 to about
1.0% (w/v), preferably about 0.1%‘ (Wiv).

In a typical formulation, Cyclosporin is preferred as the active ingredient (this
Example includes 10.00 mg of the active ingredient, but as described herein, other
dosages may optionally also be provided). The solvent preferably comprises ethyl lactate,
but may optionally comprise N-C1-4 alkyl pyrrolidone, optionally and preferably N-
methyl pyrrolidone, used in a similar amount as for ethyl lactate. The formulation may
optionally and preferably comprise a splid fat, which in this Example is a solid
triglyceride (such as tricaprin or trilaurin for example). The formulation also preferably
features a combination of a low HLB solvent and a high HLB solvent as described herein;
for this Example, the combination comprises Polysorbate 20 and Sorbitan oleate.
Preferably, the formulation features a phospholipid (in this Example, preferably lecithin).
Also preferably, the formulation features an ethoxylated fat such as Cremophor for

example. The different examples of ingredients previously described in the specification
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Neoral (r) (Novartis Inc.).

Exanpl e 9 Opthal m c Topica
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‘from aqueous- based eye-dr

T wat €15
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aLhQR 45@N be m xed with water
L which’is stable for a few

Phaepliodipest (Ieaitha)nent . Accol
t her eof

the fornmul ati ons

dfrarg aboutpr tefaboutedd (Entnadonent so
gf 5 present
about 2.

Solid fat (tricaprin, ethyl stearate)

From about 3 to about 30 (from about 0.3 to
about 3.0)

Ethoxylated hydrogenated castor oil
(polyoxyl 40 hydro castor oil,
Cremophor; or any ethoxylated fat)

From about 1 to about 20 (from about 0.1 to
about 2.0)

Ethyl lactate or N-methyl
pyrrolidone

From about 3 to about 30 (from about 0.3 to
about 3.0)

Saline for eye drops

10 ml

The amount of each component

is preferably determined according to the amounts

of the other components. For example, reducing the amount of hydrophilic surfactant

(Polysorbate 20) may require increasing the amount of Cremophor.
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that is suitable for eye drops to forma di spersion
wo e@vaedsey 0.01 to 10 nmg/ M of cycl osporin as BCIL/iNn2e07/000264
agent (after dilution). These clear diluted
di spersions can optionally be adm nistered in the eye
with a conventional eye dropper. The formulation is
optionally and preferably stored as a
pr omasedisi@es & @Rmnipiary betidabfdrirmlanoh laecoading keth iprasenf
initial treatnment, the pro-nanodi spersion formnulation
investiafi- | ut ed wit h |soton|c sterile buffered solution to
forma concentration of fromabout 1 ng/m to about
0.01 ng/m . These dispersions require little or no
Taple®servative as the fornulatlon |s preferably m xed

wi-t h wat-er chnrfl\l before
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_%f_CBHLth of the drug Alter

modispersion i s opti onaldoy pre m xed with the
Ch% #?Q? solution and packedlin single use vesicles or

PolySomate@lt i dose bottle whi ch 1oed) optlonally contain

| cohol—or—ehl b eniea

+HoH €rHOf uupl ﬁ. asS |JI ESTI le.l VA S I Of1
Sopignpie’e Non-1imiting exanpl éggof other illustrative

Le lrthl?er vatives w th sui tabl §,g gxenplary anounts
?oo i onal ranges) include benzal koniumchloride 0.004

TrighRefide % edetate sodi um 0.|/03.80 0. 05% Phenyl mercuric

—acet at e or PhenylrereureHi-trate—0-062% —and/or
Mm@#gibw@ﬁaﬂr%ﬁﬁefﬁéﬁ?zyl al 0.5% (the pH of the

(p@gg»é;rl Qg?, éggtﬁ%ﬁ[ably buf flered to 5.0-5.5) According

inents ofl the present invention a |

Etipylédcerte ed formul ation featurﬁgﬂbyclosporln in a

nnrh enar Sl nn Sy St ___o5n
ST OTr—oyot eMm-—-C St ”U IJUl ybUl Ud.l [S] ZU
Sagﬁélf?fcﬂy 63&’91’5 40 hydrogenat edeé’ﬁ.L,t or oil that are

approved for opnthalm ¢ solutions. Sorbitan nonool eate
Is considered as safe for eye fornulations ("Handbook
of Mhathimiilestitiva) ndBddiiiing rfommlaummhp@aplp isga wporppgg 100 mg of

while | C|th|n l i er
thegros RS TR L H Prl O JUHE N oE YO PR Bhar e TRt o B less
tha'ip%()()erﬂﬁﬁ ?EQ bo-hals %)Srsio‘ﬁ feRmghweriedable fhemsaftean @& year when
et hyl acta eis a addi tive although it has not

kep‘eai moars éempyesatuierin @ysealébglazs vdeli Brier to Ase é];tedlpq{%e 1s@pened and 10
ﬁ{uﬁ rr%?% gr%%s? di B0y andosfhaltcgﬁege%ﬁ? $8 Rrm! iA%ERLA QP o tlBQucent

dispersion which does not cause irritation to the eye.

Experimental Example I

A diluted formulation of 0.1 mg/ml of the formulation described in Table 9 was
instilled in the eye of a rabbit every 30 minutes over a period of 4 hours. The eye was
inspected for any adverse effects. No adverse effects were noted immediately or one week

following the treatment.

Additional Examples of Formulations

Additional examples of illustrative formulations according to the present
invention for ophthalmic administration are described in Table 10 below (the exemplary

ingredients are intended for illustrative purposes only and are not meant to be limiting in

- any way).
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A number of formulations have been tested, resulting in particle size of 40-50nm

having very minimal dispersion. Preferred ingredients of those listed above are as

follows: surfactants - Tween, SPAN, Cremophor and polyoxyethylene caster oil;

triglycerides - tricaprin, trilaurin; solvent - propylene glycol. Preferably, an osmolarity

maintainer, which is more preferably glycerin, is included.

Table 11 shows an exemplary, illustrative preferred formulation. Percentage of

each ingredient is shown before and after dilution 170 times.
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Exemplary formulations were tested on rabbits. For each rabbit, one eye was

Example 10

tested while the other eye served as control. A formulation according to the present
invention as shown in Table 11 above was tested for irritation caused to eye, as compared
to the commercially available formulation, Restasis. The experiment was performed on 2
rabbits (one per composition). The formulation according to the present invention was
clearly less irritating (6-8 blinks per minute with Restasis vs 2-4 for the inventive
formulation). PBS (phosphate buffered saline alone) caused 1-2 blinks per minute as a
control. Thus, clearly the formulation according to the present invention was much less

irritating to the eye than the commercially available formulation.

Methods of Administration of Cyclosporins

A cyclosporin, such as Ciclosporin, can be administered to a subject in a number

of ways, which are well known in the art. Hereinafter, the term "subject" refers to the

human or lower animal to whom cyclosporin was administered. For example

administration may be done topically (including ophtalmically, vaginally, rectally,
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Tabl e 11 shows an exenplary, illustrative preferred

formul ati on. Percentage of each ingredient is shown
whedoooessand after dilution 170 tines. Table 11 Pei/mebo7/000264

Testing Exenplary fornulations were tested on rabbits.

For each rabbit, one eye was tested while the other

eye served as control. A fogqrul ation according to the

present invention as shown in Table 11 above was
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of the subject to cyclosporin. Persons of ordinary skill in the art can easily determine

optimum dosages, dosing methodologies and repetition rates.

Example 11
Methods of Treatment with Cyclosporins

Cyclosporins are particularly noted for the treatment and prevention of organ or
tissue transplant rejection, for the treatment and prevention of autoimmune disease and of
inflammatory conditions, and for the treatment of multi-drug resistance (MDR).

With regard to the treatment and prevention of organ or tissue transplant
rejection, the compositions of the present invention containing cyclosporin are useful for
the treatment of the recipients of heart, lung, combined heart-lung, liver, kidney,
pancreatic, bone-marrow, skin or corneal transplants, and in particular allogenic
transplants, for example. In addition, the compositions of the present invention are useful
for the pfevention of graft-versus-host-disease, which can sometimes be seen following

bone marrow transplantation.
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di luents, flavorings, dispersing aids, emulsifiers or
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w@ew7/9ssT at i on preferably include a soft or he€TIL2007/000264

gel atin capsule. Formul ations for parenteral
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th sponsiveness of the subject to cycl osporin. )
Stedrs pheses SY&\F/‘EﬂHﬁaﬂW@ﬁW FIR AamEne gHlmepaipiyipowel disease
> c oo, : . .
e Ll Ty R Bisy R, A SPHRl RGBT, Bl scase
sagypadasisp oriltige @Yarbos poimang bidliery partosis juaerily daierd (diabetes
the treatnent.an revention of organ,or .tissue
PRy TR LBt Pt AR G PR OB BCA S proct e Yeswe
kedto @t IRtk HEiabRn @ Re:Rfs b%@ﬂaﬁ@%&{ﬂmﬁ%‘f@h%}\l&%&hﬂﬁs
and for the treatnment of multi-drug resistarce .
Wity andrveighaugnenbratissyndrenensish asitiopatlev eephiratic syﬁldxnmg?asr minimal
j nspl ant rejection, the conpositions o
Acﬂgﬁ%é%e?@gog)ﬁﬁ{y?nventi on containing cyclosporin are
usef U additiort, liesé scRaiosRivhs fay bl @artRalaply @8] Rf idtRalhatory
| yng, conbined heart-|ung, liver, kidney, pancreatic,
COBgﬁ@nWﬂﬁh&weﬁgl@gh inshuding Aeprtoimmips sPEpeBent awed dsprthritis (for
' I Gt t [ ex le..l
EBEN PA AR SR Sl TR oo s BB ST R aia Ffgpmans) ma

rheureatirsdifaakesf or t he prevention of

raf {-.ver sus- host - di sease, i ch can sonetinmes be seen
]9 ol | }hﬁgar to muitl—grug resistance (MDR), the compositions of the present

invention containing cyclosporin may be useful for reversing or abrogating anti-

neoplastic agent resistance in tumors and the like. The following examples are
illustrations only of methods of treating these disorders with the compositions of the
present invention containing cyclosporin, and are not intended to be limiting. The
method includes the step of administering the composition of the present invention
containing cyclosporin, as described in above, to a subject to be treated. The composition
of the present invention is administered according to an effective dosing methodology,
preferably until a predefined endpoint is reached (if possible), such as the absence of
symptoms of the disorder in the subject. For other disorders, such as o~rgan or tissue
transplant rejection, the composition of the present invention may need to be administered
continuously without any endpoint.

Hereinafter, the term "treatment" includes both pretreatment, before a
pathological condition has arisen, and treatment after the condition has arisen. The term
"treating" includes both treating the subject after the pathological condition has arisen,

and preventing the development of the pathological condition.
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di sease ar coi dosi_s 4] 11 I ' [ :
breiy o6 £ haep R o BaPa et 3l Pusp B fBied separetely
or Bk istiti®1d d@Eohinatibeei ti s (anterior -and posterior),

kerat oconjunctivitis sicca and verna

keratoconjunctivitis, interstitial lung fibrosis,

psoriatic arthritis and gl onerul onephritis (with and

wi t hout nephrotic syndrone, such as idiopathic

nephrotic syndrone or m ni mal change nephropathy). In

addi tion, these conpositions.my. be .particul.arly.
us ef\thoyghythe H’FVF%IPﬁ?g{Jaé ?’?eq: ‘??Eiliﬂ{’%%dﬁ §°Wﬁ?“ﬁm§ﬁ” B RS F{lgl gy
em'%g@#ﬂéﬂisﬁﬂerﬁd;f, R4 Lk IIRURS: SOFPRARSRYivEY Glod@Scadibhdid Vaiations

exanpl e rheumatoid arthritis, arthritis chronica
wilp be gpedine int dosersitilbdtin thietdrs Alesootinglhis) isanigndadeig paitrece all such

di seases. .\Wth regard. 1.0 | td ~dr .S
altqrﬁ%tlv§&rm%@¥\r{:artlgﬂg ang vary o%s;?gx%tefﬁ{l Vlglfllé\%]efljl]j? ?’%Ehltt %tgclfl g%%/%e of the
apFhALOSRRES. TAIMBOblREH B EHantE Sid FeRte bpplivgtians radmtivged imifis

antineopl astic agent resistance in tupors and the .. .
spdcifkaatio hes herstin ingpipgratsdainhaseniivety by pefsrepsg e sRpSHig o,

t hods_of. tr i N0t i. i . L.
to BE e rrEer e AR PR B phARbATAaEL o Epptiation v
spde¥fidati§ RO indiviandly aidcaat toi betiacutpatated hibeid bynieférmeee. The

met hod i ncludes, the step of administering.the Lnoth
ad@lﬁﬁ@cféfﬁtl@fp@if igentifigation @Esaé‘ﬁ tr.eﬁewgq:] t a@Bﬂ‘?“S‘PH ﬁ% not be
coy@ﬁ%le? R 5rcﬁnis§o°‘n A68Gch P&ErehPe RROYBHIL B Riod BRIt G He Préschte

reat ed. € conposition
invention. : ‘



of the present invention is adm nistered according to
an effective dosing nethodol ogy, preferably until a
w@e@deddssed endpoint is reached (if possi bl e), PGUOIR0E00264
t he absence of synptons of the disorder in the
subj ect. For other disorders, such as organ or tissue
transplant rejection, the cgpposition of the present
i nvention may need to be adm ni stered conti nuously
wi t RAHATARClehd@BDAb. Herei nafter, the term
"treatnment” includes both pretreatnent, before a
pat hol ogi cal condition has arisen, and treatnent after
t he jcQRgitiibhRBpRE E&%hthlﬁﬁcb@ﬁﬁﬁtstﬁdt@ﬂﬁi B additied otediluent,
both treating the subj ect after the pathol ogica
compnsing:i on has arlsen and preventlng t he devel opnent
of the pat hal oqgi.cal
cer CarR R EREY Do B e, SRt L R R LB B o cye
an@b bdp¥ringlescri bed in the context of separate
odinents, may al so be provided in conbination in a
SI ngl e errbodl ment. Conversely, various features of the
| nventyon rn)Mfétfcnl (?frc?al flog,tr@lrefsc\!drﬁ sﬂﬁ%%ﬂa@%ﬁtlu@m{ Q}ﬁerem said
context of A el h , y al so FrOVI
pr@ﬁaxafdastpeﬂsmcfbnnma disyersiuh tipdal elmlwbwﬂbsaurhtultah e leuﬁmtoug h
the invention has been described in conjunction with
speci fic enbodi ments thereof, it is evident that nany
al t ar fpt ks tﬁﬁ@%l‘aﬁﬁ‘@' @H&etﬁ@gtd\(ﬁs’ﬁeﬁ%rpébinpﬁdsbé Fé}ﬁcles
apparent to those skil in the art. According
coht@ining enthsgortize @itmtacabOIHISDOIguch al ternati ves,
nodi fi cations and variations that fall within the
spirit and broad scope of the appended clains. Al
publ ¢aL FRRRIatRAE B ofd MR at B Rihea D kaid diurieN Somprises
mentioned in this specification are herein
i nCdﬁmoéﬁé@tal ntheir entirety by reference into the
speetf §§. to the sane extent as if each
i ndi'd Aol pu 1|cat|on patent or patent application
was (e tddst wal duyfaataks |cn1@tpm1dg| aldw HLswiredt 4wl Hegh HLB

i ncorporated herein by ref e. ddi.
sughataat Shoien & GgkTans bR ﬁsmwf‘éf L% and sicieh HLB
uﬁﬁ‘glﬁﬂtg%t t‘?éés Hakl 5 0gks: Bgg construed as an adni ssion

suc erence i$ available as prior art to the
pr egénin d:thme;ﬂﬁted)fatV\HAT IS CLAIMED | S:

5. The formulation of any of claims 1-4, wherein said cyclosporine is present

in an amount of from about 0.01 to about 1.0% (w/v) upon dilution.

6. The formulation of claim 5, wherein said cyclosporine is present in an

amount of about 0.1% (W/v).

7. The formulation of any of claims 4-6, wherein said hydrophilic surfactant

comprises Polysorbate 20.

8. The formulation of claim 7, wherein said polysorbate 20 comprises from

about 0.3 to about 4 mg per ml of the final formulation.



1. Aformulation adapted for ophthal mc adm nistration
upon addition of a diluent, conprising: A
w@e@7n02e3di spersi on conprising a carrier suitabdEIE2007/000264
adm ni stration to the eye and cycl osporine. 2. The
formulation of claim1, further conprising a suitable
di luent, wherein said pro-naggodi spersion forns a
di spersion upon dilution with said suitable diluent.
3. The f ahetdratulmion of aml Efichids 4whevieian sad ﬂ)mﬂéﬁeﬂt@faoﬁant
conpr i g@gjﬁﬁgrtl cl es containing cycl osporine of up to
COIRPIORFE S 4. The formul ation of any of clainms 1-3,
wherein said carrier conprises (a) a solid fat; (b)
ethyl lactate; (c) at |east two surfact ants conpri si ng
a | 6 HLElsuofradegon ofkime, rhgteinad serbftacelggie is present in an

smOs) PR e (g P 08 PRaEL 2t o PR pont

units; and (d) an ethoxylated fat. 5 The formul ation
of any of clainms 1-4, wherejin said cI ospor i

predént i Fheallorrawigion ofgmy of é]lﬁfa%‘ﬂ)'l}p @glntsg Bgif at poppgises
trléal?g}l@i‘f ﬁﬁlggf:tgellr!at%t roancom%maIBﬁ dgLdpul ation of claims

os orine I's present in an anmount of
about O. 1%(vv/v) 7. The forrrul ation of any of clains
4-6, wherein said hydrophilic surfactant, conprises, . .
ol y2or bal e POMUBLOTASIBY HhuPETdh A8 SEIRT PP R igrRy D
CATRM §880rh 8RN afdui3 Paiof the
ani@éﬁu‘?@#%ﬁ%@?@éihﬁl naI Tor rr%l gtl on. 9. %I' he b 72
ﬁnfandthﬂtlbﬁn of any of clainms 4-8, wherein said | ow HLB
surfactant conprises sorbitan ol eate.

13. The formulation of any of claims 4-12, wherein said ethyoxylated fat

comprises ethyoxylated hydrogenated castor oil.

14. The formulation of claim 13, wherein said ethyoxylated hydrogenated
castor ol is present in an amount of from about 0.1 to about 10 mg per ml of the final

formulation.

15. The formulation of any of claims 4-14, further comprising:

a phospholipid.

16. The formulation of claim 15, wherein said phospholipid comprises
lecithin.

17. The formulation of claim 16, wherein said lecithin is present in an amount

of from about 0.1 to about 2 mg per ml of the final formulation.

18. Use of the formulation of any of claims 1-17 for manufacture of a
medicament for administration of cyclosporine to the eye of a subject in need of

administration thereof.



10. The fornulation of claim9, wherein said sorbitan

oleate is present in an anount of from about 0.3 to
wW@bwan9ss3ng per m of the final formul ation. 1ACT/II2€07/000264

formul ati on of any of clains 4-10, wherein said solid

fat conprises tricaprin or ethyl stearate, or a

conbi nation thereof. 12. Thegformul ation of claim 11,

wherein said solid fat conprises tricaprin and said .

trigapri A isnposiieefitr admizistednyanyclodpofin comadaudt, the, @mpgsition

about 3 ng per m of the final fornulation. 13. The
coppyfi®ati on of any of clains 4-12, wherein said

eth \ i sﬁ&i WaiaS RSz adelchydsedes f contact

casgg;%yﬂg?%%gﬁjjf%ﬁ' e fgrar%}u[ at&%%%@ég?[écl% m 13, V\h&el?igi@n
withainthgeeduscriptianqartvjesiod g siratod dess than 6bowi 100 n& Hademperature of

n a t of from.about 0.1 to. about 10 ng per n

at %PSt@H%‘%frgla#glsa @F?fﬂ%d?sgﬁr.smf'fomfﬁlem%br nul ati on of any
of clainﬁggt@éﬁoﬁygkﬂ@ﬁm@@ﬁ@rising: a phosphol i pi d.
16. The formulation of claim 15, wherein sajd -
phosphol () @b arenhiphikiesolyest Fempsing & lowey allg bhyfipaligpoic acid
of claim 16, wherein said lecithin is present in an
amo it of fromabout 0.1 to about 2 mg per ml of the
final forpal ation. 18. Use of the fornulation of any
of clains 1-17 for nufacture of a di canent fo
admi(h) sphaampesatinlly nfgp%‘éep%w% 0?@669{ ORPELSPIROWR D) ect
in need of admi nistration thereof.19. A conposition
for adm nistering a cycl osporin conmpound, the
conposition conprising: (a) a pro-nanodi spersion
characteri zed by being capable of form ng, upon
contact with an aqueous solution, particles of a size

of 1s$nd hAfpRRRMIor 2080 N IvHerdn bRARRIR B hedroxy alkanoic acid

ester comprises ethyl lactate.

21. The composition of claims 19 or 20, wherein said at least one surfactant is a
combination of at least two surfactants, at least one surfactant of said combination being a
hydrophilic surfactant, and at least one surfactant of said combination being a

hydrophobic surfactant.

22. The composition of claim 21, wherein sajd hydrophilic surfactant has an HLB

(hydrophilic/lipophilic balance) of at least about 10.
23. The composition of claim 22, wherein said hydrophilic surfactant has an HLB

of at least about 14.

24, The composition of claim 22, wherein said hydrophobic surfactant has an

HIB of less thar_1 about 5.

25. The composition of claim 21, wherein said hydrophobic surfactant comprises

a sorbitan fatty acid ester.



at | east about 30 C, said pro-nanodi spersion

conprising: (i) at |east one surfactant; and (ii) an
w@ephiopsst i ¢ sol vent conprising a | ower al kyl PCT/IL2007/000264

hydr oxyal kanoi ¢ acid ester; and (b) a pharnaceutically

effective amount of the cycl osporin conpound. 20. The

conposi tion of claim19 wheggin said | ower alkyl

hydroxy al kanoic acid ester conprises ethyl lactate. 2

1. TheTleaoppshitibnof diinc? Biwterd® sad c@Bbinafier giarrogdiimhtian of

| east. one gsurfactant igwglco in@%%?n of a% | east two
polygryeitienst(30) seFbriap AAAPOBHENS TG LRI MEROCLAHY

conbi nation being a hydrophilic surfactant, and at

| east one surfactant of said combination being a

hy d 26 ghehiompssitibaof daim 2R furthireomprigiogi ti on of claim

21, erein i.d_hydrophilic surfactant has an HLB
(hy&‘i'\%h&ﬁﬁﬁ}oﬁgﬁfng%tphi lic balance) of at |east about 10.
23. The conposition of claim 22, wherein said

hydrophilic surfactant has an HLB of at |east ahout
14. 284TheTompositipo of elaioh2 biwhearein seid sthoypieieditnf is s¢lgcted from the

hyd bi t th bout
e B RS PR I e B BRE, 20 37
hydr ophobi c surfactant conprises a sorbitan fatty acid
C BBk RO M CE B A SHTOR SHAIBIy BT eRsS g from the
g&r@: ' | eate. 27. Th
grcgugja%gél?et&f n o ﬁ%#@%@?%@ﬂ?@h&?c?nﬁ??s?ﬁg? (c) an °

et hoxyl ated fat. 28. The conposition of claim 27,

wher_ei ideth [ .
er3((e)! "?hescgmpo%ftiog)é lc:lael}n(qe 87,f t%}ihclersco%%n%ﬁltg?d from the

(d) a phospholipid.
31. The composition of claim 30, wherein said phospholipid comprises lecithin.

32. The composition of claim 31, wherein said phospholipid is selected from the

group consisting of egg phospholipid, bovine heart phospholipid and soy phospholipid.

33. The composition of claim 30, further comprising:

(e) a fatty acid ester.

34. The composition of claim 33, wherein said fatty acid ester is a solid fat at

room temperature.

35. The composition of claim 34, wherein said fatty acid ester comprises

triglyceride.

36. The composition of claim 19, wherein said particle size is less than about 60

nm at a temperature of at least about 30 C.



group consisting of polyethyl eneglycol - hydr ogenat ed
castor oils. 29. The conposition of claim28, wherein

wa@ atod/ogtsboxyl ated fat is selected fromthe groRQI/IL2007/000264
consi sting of Crenophor and Crenophor RH 30. The
conposition of claim?27, further conprising: (d) a
phosphol i pid. 31. The conpogjtion of claim 30, wherein
sai d phospholipid conprises lecithin. 32. The
conposTtie cmpobitioh af oiaBd 36 wikren maid padichozpldl # Fnge o§ from

sel ected fromthe group consi.stin f e
e HGGEHE AIHES0 BBV ATHEI BregH G5 RO B ' soy
phosphol i pid. 33. The conposition of claim 30, further
comprising: (e) a fatty acid ester. 34. The -
conP8sThd @muokitiohal mads 1 Owtesrein theserictpsperin omaRq W ds t er
s asolid fat at roomtenperature. 35. The
Ciglsh98%i ti on of claim 34, wherein said fatty acid ester
conprises triglyceride. 36. The conposition of claim
19, wherein said particle size is |ess than ahout 60..
nm 80. A comppsitian fradenigeripgneyclopent cappengytheFaaposition
COMDOSI 1 i . . . . : e |
cof PR amERboafly Trdliv- dhEe & EOLAABIoTUElaR o, bt an
aqhespeslation & Hfilaint feasit phlvauicedally efectivEhmount of the
conpasition of claim19, wherein the cyclosporin
coppapbemerl ¢18im | osporin. 39. A conposition for
adm ni stering a cycl osporin conpound, the conposition
conprising a pharnmaceutically effective anount of the
c onpios Atdonposition faiadmigsteringla ayclespotin gempenng thereogpogition

di luent for  said pharpaceutically effective
cottie e ARG OPPaT ipinotd oy AT et T B Bl fom e
pHAARAREIEAY ef8ctf G BB HOht Bori SERRIINGE, cldiine] Seaidpe iqheds
solution as a diluent for said pharmaceutically effective amount of the composition of
“¢claim 19 to form a diluted solution, said diluted solution being lyophilized to form said

lyophilized composition.

41. Use of a composition for administering a cyclosporin compound to a subject n
need of treatment thereof, the composition comprising a pharmaceutically effective |

amount of the composition of any of claims 19-40.

42. The use of claim 41, wherein said subject is in need of treatment of a condition
selected from the group consisting of autoimmune disease'and inflammatory conditions

and said composition is adapted thereto.

43, The use of claim 42, wherein said subject is in need of treatment of organ or

tissue transplant rejection and said composition is adapted thereto.

44, The use of claim 42, wherein said pharmaceutically effective amount of the
composition of any of claims 19-40 is administered to the subject through oral

administration and said composition is adapted thereto.



conprising a |yophilized conposition, said |yophilized

conposition being fornmed froma pharmaceutically
webdogo995%e anount of the conposition of clai mBOI/HRA07A00264

aqueous solution as a diluent for said

pharmaceutically effective amount of the conposition

of claim19 to forma dilutgg solution, said diluted

sol ution being lyophilized to formsaid Igophilized

conpHsitei wza of ddim L& evisfeimsaid phasiat¢wivaliypetfective amount of the

adm pistering a.c or.in .conpound.to a subject in
compR s U A Chal Bt Gy BOLPeron Wang FulRy
solﬂt}jcﬁh@sref@ Wt érﬁ%al&/coﬁ{foﬁﬁbh YendapRier@h. t he conposition

of any of clains 19-40. 42. The use of claim41,

wherein said subject is in need of treatnent of a

condition sel.ected,fr.om.the,qyou L StEng: af
aut e 3 SAi 2P A A Bep R E R  amoynt of te
coBAbSHEOHRRTIdf cRfind $0-20l apidethitiidab the shBjeciiheough eoméal
claim 42, wherein said subject is in need of treatnent
adronissiatian ant said eempositionis plapiad thep®et i on and sai d
conposition is adapted thereto. 44. The use of claim
42, wherein said pharmaceutically effective anmunt of
t he 4z onmosse toff olim #2 amereh satl ahamatOutibally sfedivierisust eidhe
to the subject through,oral adninistration,and, said
cogpesyid of as ot §laaa%1b?-g@ i aEyRsisreAgo th%%ﬁﬂlfggths ughjpayeRferal
142 . ' [ j ffective anount of
a&%ﬁgﬁ%@ﬁ%g%@€§§%&gﬁ&%ﬁgﬁgg&%$§?ﬁg¥%g_40 I's adm ni stered
as a dispersion with an aqueous solution as a diluent

and sai d _conpositi.on . js.adapted thereto. 46...T
o 4Fal mihs g P SaepR el e et 1 of
theAd BRI o BBy SOSTRASI DL BimBMtered afh 8ip¥Blekdd 48ldicBmposition
adm'ni stered to the subject through topica
is aldpieditlsdretat i on and sai d conposition is adapted
thereto. 47. The use of claim42, wherein said
pharmaceutically effective amount of the conposition
of apy ofThehgé obcldifr 4) vihsrendsmidplstreneshtivalst dffectiubpmotnt of

t hrough parenteral adm nistration gnd S E‘d C rrapgsi tion, .
the epmpgaisicadlepeplelams 19-40 is administered as a tablét and said composition is

adapted thereto.

50. The use of claim 42, wherein said pharmaceuﬁcally effective amount of the
composition of any of claims 19-40 is administered as a powder and said composition is

adapted thereto.

51. A method for determining storage stability of a formulation containing a
cyclosporin compound, the method comprising the step of analyzing the composition of
any of claims 19-40 for particle size, such that if said particle size is less than about 100

nm, the formulation is determined to be stable.

52. A formulation for topical administration to the eye, comprising:
(a) a pro-nanodispersion comprising:
1 a solid fat;

(i1) an amphiphilic solvent;



48. The use of claim42, wherein said pharmaceutically
ef fective anount of the conposition of any of clains
wAa 2004099537 admi ni stered as a capsul e and said PCT/IL2007/000264

conposition is adapted thereto. 49. The use of claim

42, wherein said pharmaceutically effective anmunt of

the conposition of any of cliginms 19-40 is adm ni stered

as a tablet and said conposition is adapted thereto.

50. The u&®H ohx&habnehﬁhoﬂhhcahﬁw&mkdnﬂharnaceuticalIy

ff f f
T0- 30 1 5 (BMPRPSREHEH e BN AL AL A7t DB SO BRgRe:
i s difs thel J?)Fl{p%héhts Al adébté@fo? Qm{iBér-H8h & e Rya g

storage stability of a formulation containing a
cycl osporin conpound, the method conpr|3|ng the step

For o RE ST SRR A B PR i o

anlREBoft G a8baW 0148AbaM1.0% ewhgr mul ation i s determ ned
to be stable. 52. ' A fornulation for topica

admnlstratlontothe eye, conprising: (a) a

pr o- anogllme 1811 %l%tfon 1 @Pa&ﬂn%'Bn&h 11‘)% @%dsﬂ%ﬁ%tr Bﬁé ﬁtman

an hi vent ast “one

anfodinf @Cdbant 0.19@v/ () a pharmaceutically effectlve
anount of the cyclosporin conpound; wherein the
conmponents are adapted for adm nistration to the eye.

53 .5sThe fiprdl abi ordhy flafhds 234, W&1ﬁ's&d§@'ﬂ [g)hlhc surfactant

cyclosporlne I'S present’in an anount of froma

cothphlited Rolpdaobite 20. O% (Wv). 54. The formul ation of claim
53, wherein said cyclosporine is present in an anount
of about 0.1% (wy). 55. The fornulation of any clains

52- 5%, WhEIShmSaich iSRRI vherefidal @dIRgbbate 20 comprises from

about 0.3 to about 4 mg per ml of the final formulation.

57.  The formulation of any of claims 52-56, further comprising a low HLB
surfactant, wherein a difference between the HLB values for said low and HLB surfactant

and said hydrophilic surfactant is at least about 5 units.
58.  The formulation of claim 57, wherein said low HLB surfactant comprises
sorbitan oleate.

59.  The formulation of claim 58, wherein said sorbitan oleate is present in an

amount of from about 0.3 to about 4 mg per ml of the final formulation.

60.  The formulation of any of claims 52-59, wherein said solid fat comprises

tricaprin or ethyl stearate, or a combination thereof.

61.  The formulation of claim 60, wherein said solid fat comprises tricaprin.



conpri ses Pol ysorbate 20. 56. The fornulation of claim
55, wherein said polysorbate 20 conprises from about
w@2®@7025about 4 ng per mM of the final fornul apCDIL2087000264
The formul ati on of any of clains 52-56, further
conprising a |l ow HLB surfactant, wherein a difference
between the HLB values for sajd | ow and HLB surfact ant
and said h%l/drophi lic surfactant is at |east about 5
uni t §2. 58Therfoembletionbelaiont bfwlekeih maib Tricaphis tSirasesBinthn amount
w_HLB actant conpris rpitan ql eate. 59. The
O#%?% 8&"@3#0 OatIJa’Tllﬁ]p%gfnh aﬁ@%fnﬁ? ZYla8eR-bi t an ol eat e
is present in an anount of from about 0.3 to about 4

mg per m_of the final fornulation. 60. The
f or nPi-at i B¢ formalatiorodt sy aif ekaie 5892, wherieisaidsaifdctsut further

C%%S%%%%Qgﬁﬁ?ﬁ&ﬁagaprin or ethyl stearate, or a

éreof. 6 1. The fornulati on of clai m®6o0,
wherein said solid fat conprises tricaprin.62. The

forn‘éjhatiﬁ? of claim@6l, wherein said tricaprinis

pres&nt i hheRrmanation ofomyfof slpimp duto3 owlereis saildsiltyosylated fat
18k @bl e fid l:on. 63. The fornulation

Cdgﬁﬁlényeo?x}{:{{a?&%&%e}%%?wmﬁ%tr%?n sai d surfactant

further conprises an ethoxylated fat. 64. The

f or ati.gn of any of_ cl.ains 52-63, wherein said

et h%iw aﬁbeo‘&f‘%‘{ a%%\ﬁr"ﬁaé@édfe%m sai¢ ethpradated Bydipaenated
BRSbLs fedent B afl¥em ' ' |
© sai d .ési}%gxe;/ll at ed hyd? g%%t% ggﬁ?éﬁooérﬁogfl %T}nggj%ﬁfggéne?}nﬁl
fogrulghiount of from about 0.1 to about 2 ngy per nl of

the final formulation. 66. The formul ati on of any of
clainms 52-65, wherein said solvent conprises ethyl

l'acted. e. Bhé-forhiBatldd dTuhPoF GRS SBBY, Wier&h 34iHB0 a3 mprises
et}\{\},irwlelgc%tg sai d sol vent conprises

67.  The formulation of any of claims 52-65, wherein said solvent corprises

N-methyl pyrrolidone.

68.  The formulation of any of claims 52-67, further comprising;
a phospholipid. | ‘

69.  The formulation of claim 68, wherein said phospholipid comprises

lecithin.

70.  The formulation of claim 69, wherein said lecithin is present in an amount

of from about 0.1 to about 2 mg per ml of the final formulation.

71.  The formulation of any of claims 52-70, further comprising a suitable

diluent.

72.  Use of the formulation of any of claims 51-71 for treatment of a condition

of the eye.



N-nmet hyl pyrrolidone. 68. The fornul ati on of any of

clains 52-67, further conprising: a phospholipid. 69.
wab@7ersaul ati on of claim 68, wherein said phoR@ihol2oei/a0264

conprises lecithin. 70. The fornulation of claim69,

wherein said lecithin is present in an anmount of from

about 0.1 to about 2 ng per 481 of the final

formulation. 7 1. The formul ation of any of clains

52-70, further conprising a suitable diluent. 72. Use

of the formulatjqon of_ a of ¢l ai. 51-71 for
tredtne ntThequ%O_%%ﬁa} {g,gﬂ?équ &1 Sléglgle?‘éueﬁﬂé Steg! sgparately from
th& %o‘cffnmaﬁg? c%ﬁﬁs@hé‘ﬁé%’c@veﬁﬁ feaRRhearddl Weah phidr &t RUEsHministering
y omthe f

Separate ormulation conprising the active

saidnfgrredlngont, said duivdbdy diluenpisingked with diedomapRindst eri ng
said fornmul ation, said suitable diluent is mxed with
the fornul ati on.



