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drug and net hods for maki ng and using them even nore
specifically to sterile and stable |iposone
conpositions used to deliver a drug and nethods for
maki ng and usi n$TABHE IHROSSGMINCOMPOSETIONSNTI ON

Li posones, al so known as lipid vesicles, are

C OB oo TR PR T CHor e WG SRmiifgokpids and more

m?;ﬁédi‘ﬁﬁal I8 skdbid ﬁg@slokn%‘ﬁfsed fo BERP 2CRAP ARE Indthods for making and
phosphol i pi ds suc lecithin and related materials

s using dlseng| eyen iopé secifically dostersle pag stablediposeme Fompositions used to
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h?&“ﬁ%ar%?%“ﬁ%‘ﬁﬁ%ﬁb% %ﬁ%ﬁl n%?[erlﬁgnd havi ng an
aqueous space between different nmenbrane bilayers. The

bi |l ayer is conposed of two lipid nonol ayers, each
having a hydr ophBA(EKGEBOUNN @k EﬂEENUm t owar ds
each other with the hydrophl lic portion facing
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en phosphol 1 pi s or er sul
ampdmitprandsivehioln b@deines atrepsdd whede t:ompmiﬁhg an aquepe medium. The
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bet ween |Ia¥ers Simiarly, 1ipo
miilaydrabs nvdiylameilal, dewingemofenthiah eoniei petibeand tikyer and having an

i ncor por at ed | nt 0 emsel al t hou

¢ RESToRS B bebviet et P Br e PIEVEE) 1 ida s Pibosed of two
INPUPnivRY1aG&k COZNI iverg A ByHRRRELIO Hofiirethaf @8R Red towards each
phase. The encapsul ation of materials into |iposones

c athep withdbohyirpplriliel porjion fetimpertwerdsiewaidd sheagvapus phases.
the art. The nethod nost comonly used invol ves
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Ia‘rﬂ]l@wéﬂ wewsl&oinl wWater S)ulat]ahhﬁ Muﬁmus’{f Nmbrkm‘luble materials are
mes are for rregpsgﬁgl ernatively poOsSones

pos
a|n§%u in dhsraqpeys 8 P&éhlé p&ﬁessameemﬁteﬁlabmaﬁ baﬂome trapped
a%’ BRUA g&% yb}ﬁbgg@@vegh thHiSidivila gg@\?g@%ﬂ?ﬁ?tl%}ohlhc materials may

(agi ta h frequency sou
dibs pigsssived imthedipod eull be gicoipesatedintaltiettalayens tthmnlseﬂm, although if

c eaﬁéﬂp%g Stenial also ﬁastahgolzrira Iogp,rﬂuéi grr]c()gupoltnafft e>|< Iegcli into the inner or
outer aqueous phase. The encapsulation of materials into liposomes can be
accomplished by a number of methods known in the art. The method most commonly
used involves casting a thin film of phospholipid onto the wall of a flask by
evaporation of an organic solvent. When this film is dispersed in a suitable aqueous
medium, liposomes are formed. Alternatively, liposomes may also be formed by
suspending a suitable lipid in an aqueous medium. The mixture is then sonicated
(agitated by high frequency sound waves) to give a dispersion of closed vesicles. A
further method for creating liposomes is the rapid mixing of a lipid in ethanol and

water. This is often accomplished by injecting the lipid into an aqueous solution.
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water. This is often acconplished by injecting the
lipid into an aqueous solution. The lipid bilayer
oreovb/0anees of ten functions in a manner simlar PCI/CaRd04/002002

'menbranes. They therefore exhibit some biol ogical

properties such as the ability to be easily accepted
into the environnment of living cells. Liposones may
melhgelipidl tbiilayérvinemgbieeat loftea Fundtiond @y awearmet bigribelte esll membranes.

organell es. As.a.resul t her,e has .been.nmuch int.erest .
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diasfif ghelyt vers themeclegsi ergandlls.r 48 atresit, therediamdpeen much interest in

i po a el.very and tar.getjng means for drugs .
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conventional fornulations are often phase unstable

over tine, which can render such conpositions_ | )
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storage. Known techni ques for .increasi the storage .
S OB e D P RAaas R s DR L0t ARG particular the
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stselitling atidmpasd ppsmatieg, fusingpgehoniguatengtor gelifying npos storage.

i nclude those disclosed in U S. Patent No. 4,818,537,
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i posones. Regardless, "triethanol amne has nag
S INpw13,20d, 1120 ULS] Pascche tNoad, 8045564, fandl 1.8, Paneht M@ 66,003, Stabilizers

stability. aternj zed al kyl ated polynmers, such as )
stf@a}la?me%aVﬁylan&sé# émplpisge, mﬁﬁm%béew_naswaﬂemc region, for
SteBhhle 2R etheedhdtnR; 5¥Qﬁlﬂdé1péb§ﬂl'%ﬁ§ bR q'h@éenﬁa}egules can be added

bi ol ogically active ingredients that are aci
Réd ptevert] aggtagaigort bliposatiey. Ragardiess, trigthaholamine has not been shown

IDOEbHEE PP Resh bR g0 PR e Srtary| Clitrhized alkylated
|t POFmichs, bﬁmhloaeg StedidiBbAVAT BYdbRYRAIR1dsEU AavP KLl u%laﬁ 2?} stabilize

ess desirable for pharmaceutical applications.
t éesithingiyes lippeemes centalying biwlogigallyo aetivei mgradints that are acidic.
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stabilize liposomes but these charged long chain alkyl amines tend to be toxic at

elevated levels thus making them less desirable for pharmaceutical applications.

Other techniques used to stabilize liposomes include lyophilization or spray-drying
strategies. These steps increase the complexity of manufacture and require
reconstitution of the liposomes prior to administration to patients. Reconstitution is

not desirable for products that can ultimately be used in the outpatient setting.
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suitable for |iposonme delivery is inhaled
phar maceuti cal products. Many inhal ed drugs are
d@riev gagituby wey diat amagqbeonsdtabt Lfof o]ﬂpdsbmb idslivery is inhaled

rel eased froma device c bl e of rati ueo
a@haaice %@m&q@c SR ya‘ﬂ’g‘faﬁé rdéléﬁfl r@ Fere'fig} AV, @ aqueous
PRafuRBA g‘patt el tasde(fﬁ:g Whpdbld en‘éfh%ng ragﬁjéb‘hﬁ SerB8ol droplets.
provi ded as steril ornmul ati ons. evi ousl|

s Regtlatyirg sefumemshis rfoﬂ inhaled pharufaCG:utmaIspméudtmq’quirathabtlm products
tratioon or ad

f d terile f
o PEBe O3 eTle Fmalnr.ob T Bosena e ot SERlifion gf liposome

d b B4tiorRY hRvd efab@sreal ohi terileM fil&8tiorP" orf rHaait@hl @F preservatives.
(pul monary or nasal) routes nust be sterile

pridgepauticodiposaraziniferatulatioss | foz ad¢lbfnrsofb>'p parentezddu(ive dm, sc) or
sol,ut | t.hr ough aut n est a l i shed.
AR R BB or A ot B Ahle RIS T e

unstabl e to the harsh condi ti ons of autocl aving

| qathiigl tsneraggidnrr\btfaphm,acéuusalo Roluéibfs ghtdughy auitgclafrmg is well
Ilposones i.n much sane, manner, as observed duri

s eefpbliphed JHowgyer, asstqmakl:g dppsomes iy hser ingiedole g pgstable to the
dipgish d&ﬂhitﬁﬂs 236{‘1{ gi@(fﬁilgsggdﬁhg b i Qlo?{er ol Esio I{:r}‘rﬁa t%gl fying of

degradation an esl eas e éncaps

dilipgsorhesrin emeahpthe sase dwandri dsedsateddgingldorabe, rmsvdl dsdchange in
of. WD 20Q4/ 00246,. Varj.ou roups i.n the pas ave .
at PESATRRZE OF %%ea‘lhs%gi:“iﬁ% Radiofys Piigafionad El@ﬁsaggea&?aé@s&mdaﬂon
Wiah 8 uAEdsAEH FMERG df RO sut R8P 8l KR Skamp®y ased‘éfé‘gi%e% éf’ age 11,
Patent 5,554, 382 and US Patent 5,776,486 both ot

r dineg @100 YEOROA4/00246.t he steril e manufacture of
| i posones, teach that |iposones are difficult to

t\%gslg% glgomaog ;j/n I%g?t,alsfls ﬁagzlrelr%tleﬁgeidstg 21%%12\2;&% itlé gﬁg@% issues associated
I iwathdgutodlaifihe nlposbm&gccﬁﬁpbsmi@ For dXmpW Qfd B¥en10%5,554,382 and US

filtration and then m x in a sterile environnent.

TRateph Oeiost30ebrth qfh\é{hwher&lat%tt@ rngthodst fosnthefsterle manufacture of
thb&g&% ALY Gl gb?oérga fﬁmﬁ ntgesllgﬁﬁ% nagldoﬁ?ét sterility is

0sones does |rre o | r'posone
Pateiiplished! By %pélﬁhﬁﬁyﬁ stetiliging hEcabomp@ﬁdnt pardd + Qipidsf buffer, drug
the final |iposome products is not possjble sjince

héad W Py ayrelavaeiellteripe gad Aisnanbinmie sistile yiampsnt. The
%%ttelhﬁg%g tﬁeﬁ 6ﬁeaﬂ RAfYsidA 6F e ﬁlhlsil%e peSkuct 1s not posrshbele since

|1 pi d suspensi ons may aut ocl aved
abhtamgaodi lipgsafnek dvet ircdparahie ddneagsita Epadoniehe gaseous
lipid particles.

US Patent 5,542,935 teaches that heat sterilization of the final liposome products is
not possible since heating liposomes does irreparable damage to liposomes but
teaches that gaseous precursor-filled multilamellar lipid suspensions may be

autoclaved. The autoclaving did not change the size of the gaseous lipid particles.

US Patent 5,770,222, US Patent 6,071,495 and US Patent 6,479,034 also teach the

autoclaving of precursor liposomes — i.e. liposomes without a drug payload.
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~Patent 5,834,025 provides that ester based |iposones

cannot be autoclaved and al so discl oses that |iposones
made with ether |ipids obtained from archaeobacteria
C&US Pateati b BEK D26 chrovides thaf edtyr bxafsedaéilpemrbessmnot be autoclaved and

o PSRt Tl HEORTS Siog T St Spids obifines g archacobacteria
lid3h a3 du%ocll’eﬁ}éﬁome Isé-ﬁgp &ﬂatr bascipA8thedESE V}B ﬁllle{tlla? choline, is

aut ocl avi ng gel s contal ni'ng
movedl Qst@;llslmﬁmlnjstdrﬂ lyxmttmpgi‘ﬁlmf @helthnd]msmmkmﬂ in an
anmount of up to 300 noles relative to the solids.

Li ent 6,42 7 .des es the ..
SIS PR OpoL ks gt RbClFuRE RS mrelimsope eclscsoppiaing very
(ilitBe nivHstaifel @Amelyt dhl @nddNgetel B Bé‘b&és@htemsénz 8mount of up to 300
reported. U S. Patent 5,676,928 describes the
auneles wlativg te therolids. Irikevepa, &F-S| Raiens GsAd. 85 alesaribee theermtoclaving
st d 0 i
TR Sl B B diipleh UtR) Aol CPL IR B FpicBpft in partice
i nedeueigstedt | east one inmagi ng contrast agent. CNeraII,
the prior art teaches away f rom usi ng heat as the

 hSL P e e e s S Rutlfins Ao indlbr Tesqemgs that have

Olpesi Qﬁﬁﬁfze@%yeﬁﬂgq{l&ﬁﬂﬁﬂtof 'dﬂgl%{@@éﬂi gﬁlﬁ)ﬁib dst yTl‘r@ﬁRentllon is for a

termnal sterilization of Consequent

s tdéagnbstioycoamubsitipn sl nadudey ableastiope smagihg pompat agenbns
has generally been limted to the use of filtration

RS o BT BRaCh rh e B FAEEEh PR RE NS p o
arapﬁmgastdl afugotordsifRE 1HoseAl fre@iatid) andRIdEE A6t 14héh 6f suggest an
ragw |1 posonmes. Gamma irradiation is viewed as

pgh ie phase Sabilityapon el atstiBzaliogrod de limnsowss.

the aqueous |iposone di spersions, (see, for exanple,

T T I St e

9 lingitegeto JtBé usel bfifijtradioarthdoagl 012 madrow iltess R p@@iarabnﬁns containing

only if i posones are sufficiently spall_ to pass
t ﬂﬂpewﬁesabego‘@ Ord BYGRDS 1 cﬁ@ane@y of din appicatios qfkﬂsazttq qpaditions for

Ofmdnt BRALEIBS [PEFHBLIRRS Ghfinflira ﬁ@%evlwgd éﬁ@a@@éb‘fﬁ)le due to

fat
time of a drug at "a given site o? action
mihe wnageeptitde dbgrpwmexf the aquitess lipdsome dlsg@mameesee,ffoi example,

crong sui t abl e pul o very
o B PSR G Glef di R P BREER] Aot £prme Bncyelopedia of
f iPhhfm@dck@ibal Technology, Vol 9, page 13).

Thus, sterile filtration is an option only if the liposomes are sufficiently small to pass
through a 0.2 micron filter system. If the objective of liposome formulations is to
increase the residence time of a drug at a given site of action, larger multilamellar
liposomes are desirable. Liposomes of 1 to 5 microns are suitable for pulmonary

delivery, but obviously are not suitable for terminal sterile filtration.

In the past, preservatives and bacteriostatic agents have been added to pulmonary
inhalation products. When included in bronchodilator formulations, many of these
preservatives have proven to induce pulmonary constriction and counter the beneficial

4
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constriction and counter the beneficial 4effects of

the bronchodilator. Accordingly, addition of

p reéfeets \odt the @sorichodildtor nAbyorﬂlnglys adeitiborafigrederatives to pulmonary
ould be un ertaken caufion and.is
cORePTRT fopg eyl hﬁ&pﬁ%ﬁ Pflfyc‘mt%Palgw@aaqdhlétn%ﬁemdered

b eSitipiabl e for liposone delivery is for sustained

rel ease conpositions of one or nore active

i ngredients, such as those fornul ations disclosed in

Us\m padticubdr d4bed that Tieyr bep switablss for | lippsogaalelivery is for sustained
%QOSIII ons..can afford rapid,.onset of .the

B BB 4ERD o aPEi DA P A e B ot otigh i gnode Frfutations

r Ql'lééﬁ%@d il U9 RE3E, 40TUeEDERK @8 fpsiitics, Inc. Such compositions can afford
| i posone- encapsulated active agent Regul at or

r aguifl r(ﬁﬁ@npﬁ th%ldr@fufwnt GnpoisPrdapLated owilae EOﬁqwr:d &y sustained
o8kt PR Ghaf e BREREP UL LB BN gty

phégereaicatsl for Ol conhpitionh dikewise rédigreathatrtie @e@emecst?aéncapsulated

need to devel op |iposone fornmylations with inpro

stdag g ggpsisient @éﬁrtta%wrt phibe frelations ans caﬁmsqaélwan@ phase stable

a%gaaﬁﬁgle | i posonme formul ati ons of drug products that

are phase stable and chemcally stable and therefore

sui tabl e for pharnmaceutical use. SUVWARY OF THE

| NWiENTIsOhledlefiot adgmheral nebd ts dc@omﬂipb@md forsmlations avith improved
for t

prsgagﬁﬁa R OB BR orE RE SRR b Ropsoiauations of

PraRBAPAIILES that ars PRaRUIRNS an@ChéRaly S@BRL ard"heRde Ruitable for
is considered one in which the dispersed |iposones

s pbetmzaceitidal yser et ain their initial character and
remai n substantially uniformy distributed throughout
the continuous phase for the desired shelf-life.
Stabl e |iposome conpositions of the present invention

do not exhibit ph&sIEgVIONARYCOF FEEIINVENTION and, when
they are sterilized via autoclaving, mcrobia
I posone ositions of the

cont.ani natj on le li
priadidnd mﬁ%ff?ppeﬁ? '51? lﬁpﬁlastaﬁﬁ% QRMEFIGIPLFAONY fnd processes
dyg; Hi%lrogrln ablion ¢ t 41¥ i gg%é’ ﬂaﬁleOfA 081 1iPASHEpreparation for the

constituents or t e encapsul ated drug
purpose of the present invention is considered one in which the dispersed liposomes

substantially retain their initial character and remain substantially uniformly
distributed throughout the continuous phase for the desired shelf-life. Stable liposome
compositions of the present invention do not exhibit phase changes, sedimentation
and, when they are sterilized via autoclaving, nﬁcrobial contamination. Stable
liposome compositions of the present invention show minimal chemical degradation
due to oxidation or hydrolysis of the liposome constituents or the encapsulated drug

ingredient.

Therefore, in one aspect of the present invention is provided a stable liposome
composition for delivering a pharmaceutical agent, the composition comprising: (a) a

suitable aqueous medium; (b) liposomes formed from a suitable phospholipid; (c) at
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| i posonmes fornmed froma suitable phospholipid; (c) atT
| east one pharmaceutical agent being at | east
pdedst ahd yhma@ﬂmhladgedt be’lng h‘elehs't pastiiiysncapydlaped ghe liposomes,

‘selg ed from a.li lic am ne_and a

&g, B5lected °§b dépt E’P i anmgyqad & Hh%rﬁv@ceutwally acceptable
prb@fd']%fe%lh GRS T h%&a%@ﬁt?& a@&‘gﬁ Hlé aéﬁl RCleilidd £ anic or

organi ¢ or ino ganlc aC| a pharnaceutica
adeegiEb lheidpamhiii) @ Iﬂxa'rrriacwatld;albrfacaeptahj@ ptgamocacaimrl'eof a hpophilic

and .opti onal | har ma eutlcall acc e acid
o iR A LonieRaRo g preprratiEdln: SRaaRe e | gemgrising a
Whah@hdbehii@lGU agtcEftyb1ef drgﬁuphaarc{mc Sihdrsial | fhe quantity of  the

acceptabl e acid present in the conp05|t|on IS suc
t méwrmao:eutppaﬁfv at:mtabﬂqam@ meesednip g qowmsxtlgnllesshttharth@pﬂ of the

approxi mat el othe K of .th
oS RhEpdaRELR 10 onvar ploritirrn St 18 5 RS of e amino
erhag otheSphafmideatigiligsReite lipyhilit @fhind. 8 s@ﬁlmddhﬁ&ﬁs of the

are autocl aved, there rOV|d|n both sterile and

s tPEaseRt Inygrionnthe @@W@@@%@%ﬁg auilOﬁ agerb theyphscprogiding eoth sterile and

C resent invention, the pH of the
%ﬁBﬁﬁh%k8&§c8&P§$§%ﬁls about equal to the SK of the

am no group of the lipophilic am ne, and about 50% of

t e one meyder loif d:heacbmposltmnp radtthe preeehti invérteng tiepsis iof ithe) liposome

et anot her, as H the |iposo
ca oftip i ghoth el iohté PRnaf ﬁ»@ AN GEURALEE Hpiglicopmine, and
It BBt FER I C1FPNNR adid 18 ng%tbﬁ’a{tecpﬁf {HeORoR Eo§1ﬁ§n In Jet another

i pophilic amne’is protona in the conpoSition,
t laspect ripopiitaf dire lhpmome ehinpbsitibmistless than Gleqt, of tlpd—hmmo group of

st Bt B iR it Parm e s ipBeflia atitpe i ratopied in the

| RYBPbLEIAGA, driBe ebingéslﬁa{ehéd P ?Hoﬂea%ﬁﬂm Q8§ labbi bH units below the
bet ween about 4 and the he am no group of the

| PBeiithe amimei greup Ph t@dﬁpp@ﬂt@o@nmnhlsyettanethmspsct of the present

b%&@?ne gn E{RQ B L}‘ etfrl?] lals?s\%}ﬁe co%n& O\Rglléﬁtlmggtﬁfge%oﬁmt 4}16andatﬂe pK, of the

y @inig @ﬁohp rof Eﬂl&pl@;fdphﬂfc dﬂ‘ﬂlﬁeplhas‘é)ﬁfét erhbbaeREnt®the bHeis between about
conmpositions further conprises chol esterol and/or

etHardput h o5 hetwespabeuiat.> apd apew e pt alterpatialhetween 5 and about

ezhanol is present at

In yet another aspect of the present invention, the compositions further comprises
cholesterol and/or ethanol. In one aspect of the present invention, ethanol is present at

between about 2.5 % and about 10% of the total volume of the liposome composition.

In yet another aspect of the present invention, the phospholipid of the liposome
compositions of the present invention has a net neutral charge at about physiological
pH. In one aspect of the present invention, the phospholipid comprises

phosphatidylcholine.

In yet another aspect of the present invention, the aqueous medium of the composition

comprises water.
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+| i posome conpositions of the present invention has a

net neutral charge at about physiological pH 1In one

aspect of the present invention, the phospholipid

c anpyet smstheh espdratdfdpk qhedehn anehﬁoy,eﬂleapiaﬁm%aﬂsﬂeﬁgent is both

of the resen nventi on, e ou nmedi um of the

c GRERRSYE} e&d“&fiﬁ’b??%’@? AT mﬁa AlsOatiBt Hiethe AgReRYs Tegdium in the

t REenRb&RBH omﬁegsrbs%ﬂt nmﬁueﬁaﬁm%&%' %#ocﬁ&@ | $he percent of

both encapsulated 1n the |iIposone particles and is

aII@QSdmeemapsmlhfedaadpaHmutmdj iagenti aontpinise abquo SOV tongbont 90% of
i, Ny n.Sone e

t t t
ol B> ERowk bR aisul B R oS e Bbpode sqyppsitions, or
C Bt 6185 teBdt §995%F eherd el tanRdte 6f ?ﬁdi‘ﬁlakéﬁtﬁhl AWt Plesent in the

of pharmaceutical agent present in posone

céwpsﬁm | MEDOsIoNg b o1 tabeake0Ye dboakoB095%f of Hbe ttotahl amount of
gﬁ]rtlacoum%]a en creuet:Il Gﬁig’@ enct) resent in the |iposone

cgrrp05| o1 “SBY PEBY l}tl Snoll &P o/%?nof t he total

anmount of pharnaceutlcal agent present in the |iposone

C Givyeisdriotien asgeot yfthe preotdidnveasips,che pharii€eiicaBe Béceptable acid of

invention, the pharmaceutically acceptable acid of the

| (TR RASRIIS SREPFIEIPRT ROMHAIFET AL @LEaRIR 2Bidgaiingesagic asid. an
inorganic acid. In yet another aspect of the present

I I . » .

o o oL SRR R blesea inPontiol ClipdsDRpGMBticles of he liposome
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| posomne
In some embodiments, the lipophilic amine has a log P value of between about 2 and

about 5 at physiological pH.

In an aspect of the present invention, some embodiments of the liposome
compositions are physically and chemically stable to autoclaving, including
autoclaving under an inert atmosphere, such as autoclaving at a temperature of about

121°C for a minimum of about 15 minutes under an inert atmosphere.

In yet another aspect of the present invention the ratio of pharmaceutical agent to
phospholipid present in the compositions is about between 1:100 and 1:10 mol/mol.
The amount of phospholipids present may also be about 1.5 mM or more in

compositions of the present invention.



conpositions are physically and chemcally stable to
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pharmaceutically acceptable acid present in the

250M3R §‘i:ttai119t'ﬂe1j aspect! 6t BﬁgenE 1Seftion afe ﬁr&ﬂded a method for producing the

stable liposome compositions of the present invention for delivering a pharmaceutical

agent, the method comprising the steps of: (a) providing a suitable aqueous medium;
(b) providing a suitable phospholipid; (c) providing at least one pharmaceutical agent
being capable of being at least partially encapsulated in the liposomes, and being
30  selected from (i) a lipophilic amine and a pharmaceutically acceptable acid, wherein
the pharmaceutically acceptable acid is selected from an organic or inorganic acid,

and (ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
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determi ning these paraneters are detailed below In
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pr O\Q%a(gﬁlx;[iy So&'al?ﬂogo&é ICc):(cj)rslﬁ?)cr)rspi‘tions, said method comprising the steps of: (a)

25 providing a suitable aqueous medium,; (b) providing a suitable phospholipid; (c)
providing at least one pharmaceutical agent being capable of being at least partially
encapsulated in the liposomes, and being selected from: (i) a lipophilic amine and a
pharmaceutically acceptable acid, wherein the pharmaceutically acceptable acid is
selected from an organic or inorganic acid, and (ii) a pharmaceutically acceptable

30  organic acid salt of a lipophilic amine, and optionally a pharmaceutically acceptable

acid comprising a pharmaceutically acceptable organic acid; wherein quantity of the



conposi tions when prepared by the nethods discl osed
herein. In yet another aspect of the present invention

W@e@s5p048986 ded stable and sterilized |iposone PCT/CA2004/002002
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herein. In yet another aspect of the present invention
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sdthery; rofaplicemacsmticali prodatts.om ts«zme Immbozdfmd:ﬂte of ahetinvention, the

rior t .
pcompomgon further comprises at least one of cholesterol and ethanol. In some

embodiments of the invention, the compositions are stable to autoclaving,.

~ One advantage of the present invention is that the compositions are stable and do not
fuse, separate out, precipitate, agglomerate or gellify upon storage. They therefore
remain homogeneous compositions for at least a week and often much longer, in some
embodiments, for more than 12 months, or more than 18 months, or more than two

years even. The shelf-life of such compositions is therefore increased. Further, this

10



centrifugation; wherein the phase stable |iposone
conposition is identified as such if the conposition
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enbodi nent, the conposition is autoclaved prior to
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pipartivabelyt adahntagoousufat ¢ld¢r§’ ngtlmﬁt Ifotthstlulmsnmd dzjy:apsulated drug

concern settl.e ar.at
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shake the conposition prior to use. This may be

p i . | i . ' .
f’lgltgscg#]@%éllﬁlégﬁgﬁ ﬁ%{}ﬁ%@e %&f&ﬁfonedodﬂt r¥qRfd deiSal abitivBEin order
to be stable. Liposomes of the invention comprise a lipophilic amine and an acid, such

as an organic acid, wherein the acid is present in a concentration such that the pH of
the liposome composition is about equal to or less than the pK, value of the amino
group of the lipophilic amine, provided that the pH of the final solution does not
compromise the chemical stability of the liposome compositions, typically seen below
about pH 4. Being at a pH that is about equal to or less than the pK, ensures that at
least a substantial portion of the lipophilic amine is positively charged in the liposome
compositions. In one aspect of the invention, the pharmaceutical agent comprises a
lipophlic amine and an organic acid as a counter-ion, for example, fentayl citrate. This

may be provided in the compositions by combining free base fentanyl dissolved in an

11
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W@ 2009048986 t aken fromthe nore dense | ayer or BEDCABN04/002002
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According to a further aspect of the invention, the stable liposomal compositions are

included in packaged pharmaceuticals and kits along with a device for use in

25 pulmonary delivery of therapeutic agents that is capable of generating aqueous

aerosol droplets of the stable liposome compositions.

In another aspect of the present invention is a stable liposome composition and a

method for the production thereof, and use thereof, wherein the phospholipid

comprises phosphatidylcholine.
30
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admnistration to a patient since it renoves the risk
of side affects resulting fromthe chem cal additive.

WO p0osikso8é nent s of the present invention, the PCPO3200#/002002
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whier piesertt hlﬁ/ephoxs [ihghreph)) Wm]mﬂ‘[d &Ppsarance of a liposome preparation that
phosphathg%lchollne 12BRI EF DESCRI PTI ON OF THE
DRERA Nesiofinedns RiprTaioneind doregs Gigwre e i nventi on

will beconme nore apparent in the follow ng detail ed
deg&iireld skdvd the\WHasdstabilief 6NERcAD ‘3 6§ 140@ ?ﬁqﬁﬂc amine
drawi ngs wherein: Figure 'l shows a e su rlz

v@hamna@elutnq@b@gqul asc@nﬁuostmn ofiptand thch efommslamars (Big. Blag and the

=R BseLof noRATE RSP Msrdbmth oS «o Swiion of pH (Fig

cgnparlson of appearance of a phase stable |iposone
preparation of the present invention (Figure 2a) with
t he appearance of a |iposone preparation that

s&ﬂ%r&t‘éss PBF | Sotbhy SyinBlgay &f | OB dipeswne geenaritigns.ethe pH, the
I ?Lrtlci:e' Y @in%‘f@re%ﬁ& aPtELa%ﬁ ﬁi\ﬁh? lah& ﬁleoghagé S48 P%/ index before

posones I"I"'pop
and after autoclaving;

Figure § shows a graph illustrating the relationship between pH after autoclaving

versus pH before autoclaving for liposome compositions of the present invention;

Figure 6 shows a graph plotting the % change in phosphatidylcholine content after
autoclaving for various liposome compositions compared to the phosphatidylcholine

content before autoclaving, as a function of pH;

Figure 7 shows a graph plotting the change in particle size distribution after
autoclaving of various liposome compositions relative to the particle size distribution

of the compositions before autoclaving as a function of pH;
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pharmaceuti cal agent as a function of pH of the

formulation (Fig. 3a); and the stabilizing effect of a

O 2qwopkHIBé ¢ am ne on the conpositions as a funeCT/OA2f/002002
pH (Fig. 3b); Figure 4 shows a table sumary of

various |iposone preparations, the pH, the particle

size (d(0.5.)) before and after autoclaving, and the
pKagures Saria shoyw phefegrapls of en anstabletlmoseme sompositign, a liposome

Figure . a_.graph_il trati.ng t tel ationship,.
PSR e PRl Rt g styBR ol S0poftion of the
a@t&@ﬁtamszﬁgreSﬂejcﬂ@a e conposi tions of the present

i nvention; Figure 6 shows a graph plotting the %

change in phosphati dyl chol i ne content after L )
adigiHeadi showsor phatogarh |9fpa slipasomenprigpaesitings having aintggmediate
tgtaﬁﬁﬁ phosphati dyl chol i ne content before autocl aving,

a8 3 tlinction of pH, Figure 7 shows a graph plotting

the change in particle size distribution after

alfigiriead 0 nghow's wagraphs ploitongs dine phasg atdtilitgninder! af ithe fentanyl
to the .partigle size distr.i butign of the conpositions

o BPEs G ENR A, B & Scling oF Bl we-aptetasie g es

8a- 8c show phot ographs of an unstable |iposone

COVRAS! 11 @RRowd d LRPEOPBRUIAE RO PhhdeOBtabidiYy Mldex of the compositions
internedi ate stability, and a stable |i’posone

c epiaiding fentany! affigureddeps 2 fumgtion pHPE], past-peoclaviaky ;

Figure 9 shows a photograph of a |iposone conposition

hagv] [ |.ate Lty Figure . shqws _a _graph ..
Y08 1 LTS BRI i LM 19y 131Dy PeBBostions
c onaisintg adangetrbh 9O Figude 48 afuhuiiet 6 pH, Pre-aitoclaving;
pre-autocl aving; Figure 11 shows a graph potting the

phase stability index of .the conpositiaons containing .

f gﬁ“&ﬁyi? iW_QUIae grf.gf} peiting sthe -phase ggbq;g[ index .of the liposome
PeShpSHi ! dthiding™bainSetion oF MBure 95200 PlEidioR%E B post-
phase stability index o I pOSO conposi t1ons

cautbelavingy ondansetron of Figure 4, as a function of

pH, pre-autoclaving; Figure 13 shows a graph potting

| BFREEFR Rl 5inE, B PR3ETE FEIRCBE b1 Fposome
pEbmpesticist echtaMingg onfirgetién f Ft%m & 9§ apuRdtRint bADH, pre-
the phase stability index of the |iposone

autoclaving, and excluding formulations containing palmitic acid as the organic acid

and formulations with 2.4 mmol ondansetron;

Figure 15 shows a graph potting the phase stability index of the liposome
compositions containing ondansetron of Figure 14 as a function of pH, post-
autoclaving; and excluding formulations containing palmitic acid as the organic acid

and formulations with 2.4 mmol ondansetron;

Figure 16 shows a graph plotting the phase stability of the liposome compositions

containing sumatriptan of Figure 4, as a function of pH, pre-autoclaving;

Figure 17 shows a graph potting the phase stability index of the liposome
compositions  containing sumatriptan of Figure 16, as a function of pH, post-

autoclaving;
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Figure 15 shows a graph potting the phase stability
index of the |iposone conpositions containing
orftigexsetl Boshayfs @i graph plbtting ahef mham stabdfty piddex of the liposome

post aut.oc aV| and | udi | ations c ai ni

D apRprSag toinaf brog itk of Wi 41 Auieakniar of PH, pre-
V\Aah’fbc?avﬁlgnno ondansetron; Figure 16 shows a graph
pIottlngthe phase stablllty of the |iposone -

conposi tions containing sumatriptan of Figure 4, as a
flmgmieorl%ﬁ ¥, apeEaphyPeltingy theg phﬁeg gﬁabﬂliy/ igeefathe liposome

of t
p 2 8%&1@0%&%&@%&? %Eega?m n%fygié r}ﬁ?cqf)rn Qf RHL, post-
lautogkvingf uncti on of pH, postautocIaV|ng, 14F|gure 18
shows a graph plotting the phase stability index of
the |iposone_co 03|t|ons contalnl rochl or era2|ne
of Figure 4, DEJAJLED D OﬁEﬁlﬁ
Figure 19 shows a graph pottlng the phase stablllty

| nelaKe @i1dWifg! dROSRMTR, GRIRRNs dpRBiTic CRMIRI ReNGt ffort?| to provide a
prochl or perazi ne of Fi gure 18, "as a function o

élmraugtnlm@mtwglmg)ﬁ‘m IEENDEGERIVERCONE @J‘dnﬁmﬂl\‘/ﬁ[ﬂ'ﬂ& invention
folla desc ti. mer ous specific
ayﬁesp r%Ctlceifngf&Pgtr t?‘ﬁse Sﬁe‘ﬁﬁ% \t}?t&’i ‘a t hor ough

under standi ng of the invention. However, it is

urmtie midtioald dffihé pidhentiiivediibh are dlBiynddeandr @eérivedthevdih R9Ytseries of
these specifjc details. The nmethods of the present

| Bt ohouice be| undgestposin hatidsei etons e rassaciaied stdpesmay be
I;]) SRR 1n|ah¥3(§§9dl dr s Mggeg(l qnétﬁ Qg pg%rme 2lone, or in

a5300|at teps nmay orne
orcagnnctidnrveitly ether pﬂmeedmédmﬂstrdﬁayerhe a(ﬂlﬁfnﬁ@érﬁ& deﬁlre} @aring or after
unction w t her proc(gwres and treatnents

0 S e PR ssens <ot Joklicrian wiihay dspagreriame Hso@epaMe spirit of

stisv&Rionf orth herein w thout departing fromthe
scope and spirit of the invention. Liposone
Conposi ti ons Conponents The present invention provides
| Lijpesome Compesitionsobemphaenthave a phar maceutical agent
incorporated in the |iposones and are phase stable for

atné ’&é‘s‘%ﬁte ﬂlvgf':ft% grandes liposome compositions that have a pharmaceutical
agent incorporated in the liposomes and are phase stable for an extended period of
time. Liposomes compositions of the present invention comprise a lipophilic amine
and an acid, such as an organic acid, wherein the acid is present in a concentration
such that the pH of the liposome composition is about equal to or less than the pK‘a
value of the amino group of the lipophilic amine, provided that the pH of the final
solution does not compromise the chemical stability of the liposome compositions,
typically seen below about pH 4. Being at a pH that is about equal to or less than the
pKa ensures that at least a substantial portion of the lipophilic amine is positively
charged in the liposome compositions. In some embodiments of the invention, the
pharmaceutical agent may already be a salt of a lipophilic amine and an acceptable

acid, preferably an organic acid. Compositions according to the invention are phase
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»concentration such that the pH of the |iposone

conposition is about equal to or less than the pK

val ue of the am no group of the |ipophilic am ne,

prstabiedtﬁdstt)nge forra lgadt ofie whek dndnial messlingtirmes toeb lorger, preferably
rom se the chem cal stability of the |iposone

08 FEIHY IMES typically seen bel ow about pH 4. Being

at a pHthat is about equal to or |ess than the pK

ensyo@s chibdtlindéntd, 8RS bhﬁnﬁb&ﬁk@lni%sﬁi c@gpﬁseg trahqu hi€ amine and an
In e |posone

l'i pophilic amne is positivel
c OHgAFE 24188 a CoHNtSHA, éwwmn@}éw @t%ﬁy CcHeate. fhhéhmiag e provided in
t I?ﬁe (ﬂﬁ]?é'@cfo%gt’ob{cc%hbggﬁghe%Xseatlel ydl&?l\%d%@?lér gioapgl phase with

IcC am acceptab pre

orcgﬁelaeldaﬁlﬁ aquesaastiabé, AN tlaa:plwseb Alpnigowith ehel d’tlrl@‘l’kidr@bnents are
are %hase 15stabl e on _storage for at | east one week

aﬁemi medotogethas tarffosd nigarnylopigete, Withéet dhamsangige of dhe present
invEntibn. Aﬂe@gﬁ@elﬁ nﬁ)‘i‘déﬂﬁ'%ﬁéas thd 381t RBAE 'U?Ctﬁ%'tdrﬁ lfe@@r‘;ﬁ} such as

conprlses a 11 c am and an organi c acl
C denthr eitrate, nfayrbce)cejmtpieemali}e ptuzhydedcast usetlein fhei mepmytlon of the

be. provided in.the conpaqsitions b onbi.ni n
| ZWPW CQIRASH RS oty SR ILRTeEH m%hﬁ% 5%1\%{ ugrﬂ? f %d% additional

a%h‘ﬂ)uhﬁ FnARHE QHeh ANGRR add o tREcRRFRfons3h %P(Q:{% tag‘)ust the pH

t he ot her conpdnents are corbi ned together to a
f o ttlmwlyposonlercatrmowtmhs, rio afferde pHi thg wfabomtesqpabmembelow the pK,

tion. Altern e for .exa aI farm ..
Y e o6iin, e St Taahlhe i rRyied 6 ARG pEf af i tposome
C@Bﬁﬁbﬁ‘d RliloY bBMWCHRRE FHAB M&?&cﬁdﬂn&ﬂ%’c%‘ilﬁ@@ff Qﬁé Ssitions may
the |iposome conpositions. In sone instances, it nay

béefcomprissd. r equi red to add additional anpunts of an
acid, such as citric acid, to the conpositions in

550k Aok ) B BOTEEER gy o
ofbilajres aﬂph@spgbbplﬂs Buitable phiogphpitipids farrifsrening lipusoned intended to

that th H of .the |ipos soluytions i s not bel ow
agghYeréﬁalgpac%tg}aé a P gcpog'pglbﬂ}ei 1ng]hlge but are not limited to,

d"@A Al dyl S10(PG)¢

o TR A PEnE BRSO %9%?po®&§@%ﬁlh%%bqﬁi°llne ®0),

c Iphes;ﬂhabdylethamﬂamﬁlepdm,p pbrbsphatdhllin&itoﬂ z{BI)e phosphatidylserine (PS),
ph dsfor form i.nt ended t .
TR0 il Seh NSy e 105 T BE Wi SH (1 elOs, thenfiposome

' QSﬁlﬂgﬁtlorﬁubf (e pr@bnt idVehifsh by be either charged or neutral. In one
embodiment, liposomes formed from phosphatidylcholine are preferred since they
generally are more benign when administered to a patient and pharmaceutical agents
often incorporate better into neutral phospholipids. In another embodiment, positively

charged liposomes are desirous.

Sterols such as cholesterol are routinely added to liposome compositions to increase
stability of the liposomes and promc;te incorporation of the liposomes into a living
environment. The term “cholesterol” is intended to encompass cholesterol derivatives
such as: (3-hydroxy-5,6-cholestene) and related analogs, such as 3-amino-5,6-

cholestene and 5,6-cholestene; cholestane, cholestanol and related analogs, such as 3-
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phosphatidic acid (PA) and phosphatidyl glycerol (PG,
phosphati dyl chol i ne (PC), phosphati dyl et hanol am ne

(Pl), phosphati dyl B&r/CAZ004/002002
pl asmal ogens, and sphingonyelin (SM. The |ipids

used to formthe |iposone conpositions of the present

i nvention may be either charged or neutral. | one
elhbrdrdlixbrmht)],esﬂahgomdrm]mrg@i niealesterondphivatiyestsiicly lag lvhblesteryl beta.-

r ef Cﬁ%ﬁlg‘?%‘gﬁ?eeﬁ?%lg% %{,}%g@t&?&@g@&rol is present

Erind Tt
ag’ﬁﬁﬁ bOit @R tb UL 0L §F @ﬁt\b&gh i & thenHekpilipids present. In other
ment, positively

phosphol i pids. In another enbo
cwamgémmn‘tqooshm@éerak s derssenbuep et ebQ)ltsl@e/@c f athe weight of the
t are routinely added to |i posone
%%PﬁP@hs to increase stability of the Iiposones
and pronote incorporation of the |iposonmes into a

| iPhitigacentidal agenenof thE peesert invetionl £6 hednd khiat nSayi Y findiatbtered to

to enco

( 3-Riyarlo

ass_chol esterol derivatives such as:
nﬁy agthgrap i ceRrBeRs) Taﬁ dtgfﬂ@ﬁ &f & Bvantigsaresglogted from a

a a e
c%{ﬁ% S%Bgﬁg’hﬁ hmlﬁla&g%%FﬁM N lgpéﬁgﬁal %gfgfé?saag hthelr respective
3 salit hyshphidic- aniobesf ﬁlﬂ@);reﬁnﬁln&b’t&ro@aﬂfec ho heddomiaslthat consist of an

derivatives s | ester bet - al ani ne and
o REAaB: ol VAt AP lpP Ao o e IL 4 B0 A GOty that carries a

?Qélﬁ% ShRbe htsphﬁél%ﬁ%%al EHO Shigdms ipQihid Qmﬁﬁ@ Hg Ec}ﬁ:gar@:&h invention

e wei ght ~of phosphol i pi ds present.
e libowid pesiti dy chirgedammogrousoyar dlsepi rangeod alacbm Btto bBoGtEE

the wei ght of the phospholipid. Pharmaceutical agents

0 esent . nvent a ent a be ... .

o SHjiAts BB s el bls a6 PRSP hal B el g o e

The| ageris of tihenyhhd&nt| o 13h8essl ect ddift@m a gr Obdfbatenone

Co_ns)d@tttércﬁ]g of pghsy 'nGaIIAOYSuﬁiGJ 1ve TThgERN Tl C_ Propoxyphene

am negnaild theliphgsPect | ve gahhs. L[PG e x% ar nefsfopranolol

of tggsetgﬁ esent Iﬂ?ﬁﬁﬁ'%n{ on T el Gleal mole lillargﬁ?ipt rat Protriptyline

Consm&p@l{ne an ]ﬁ%raﬁudgm v r}.,[eup%g ubte UNleip &%) T Pseudoephedrine

noi Clidriafl® | el BaButahe 2111 116 0T BT 5 ttrat I\]Lfoh!mlll ©S T [ yetiapine

pos 1 V]gl crar JY If‘)a§e{"rm,ybl of U*'}_,Iidké'(fa}lm pr1 D.L IN!'Qre eﬁmne Quinidine

I pPi&rol ine” al“ HC:D,eri’e!pez Nl tilcs,{lllbpr) rvents % ,q Quinine

0S| charged —af o—gtat vetr—theprange—of

P Lzatginéﬂ o L DOpAMINg., ;o 3.,\. Lo et h O,ndj'lpsetr:pgonf | Raloxifene

abo O—a o5 otH—taBH praraceuytcadi—agentsS

i NCHERE byt ar OMBET |t e dovaphangl o "¢ 1| Opplnagitic Reserpine

Ac elpREEEPRE D hy PEEBdei ne I IBER or enol n Rimantadine

Pr o t jne _aﬁﬁétrhﬁ“nt am.n Bxyb&tﬂWhllpr i |[fdtodrine

Na| (cBipsFigsn pr opo >}Z?mppridal Mazindol Oxycodone Ropivacaine
Brimonidine Enalapril Meclizine Oxymorphone Scopolamine
Bromocriptine Ephedrine Melphalan Oxytetracycline Selegiline
Bupivacaine Epinephrine Meperidine Palonosetron Sotalol
Buprenorphine Ergoloid Mepivacaine Penbutolol Sufentanil
Butenafine Ergotamine Mesoridazine Pentazocrine Sumatriptan
Butorphanol Estazolam Metaproterenol Pergolide Tacrine
Caffeine Fenoldapam Metaraminol Perphenazine Tamoxifen
Carteolol Fentanyl Methacycline Phenazopyridine Terbutaline
Cefepine Fexofenadine Methadone Phendimetrazine Tetracycline
Cephalexin Flecainide Methotrimeprazine | Phenelzine Thiethylperazine
Chloroprocaine Fluoxetine Methylamphetamine | Phenoxybenzamine | Thioidazine
Chlorpheniramine Fluphenazine Methylclothiazide Phentermine Thiothixene
Chlorquinine Flurazepam Methyldopa Phentolamine Tocainide
Ciprofloxacin Formoterol Methylergonovine Phenylephrine Tolazoline
Citalopram Glipizide Methylphenidate Pimozide Trandolapril
Clomiphene Haloperidol Methylsergide Pinolol Trazodone
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Sot ato uprenot p || nme Ergot ol u VEPT vacar ne renputo
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poufali8 tiop itk thtaGr el My MR lob AT Fpoptitc
Mbhegpraolleg ehotahikerofogester Thnr iabeutCaf(f €i.ae aFpatiticapaefficient in
I\/Iet aram nol Per phenazi nq()e)dTam)mfen Cart eol ol . Fent anyl

faneNwater el erraten Abgy | O mprte PETTRRPY Poiweek phoit feand about 5 at
T . .
Cgﬁgé@ggféaﬁ%l ga@ggg %@g@ gaglregﬁ,nga@géﬁ%f tﬁﬁg iflihMtion include

ZI ne
Ttﬁerﬂeartw IV\[.’IEGIBJZSII‘E[EI'@HHO heys o by li’lealﬁb ebAED| mmiansetron which has a log

N S S T W ——

Pmﬂéﬂ@aqg f'maﬁieer&@SQ@ Chl or qui ni ne Fl urazepam
Met hyl dopa %’hent ol am ne Tocai ni de Ci profl oxacin

For not er ol Met hyl er gonovi ne Phenyl ephri ne Tol azol i ne
OTlhal aspst &om @iei pi the deesent ﬁwmh1SdWeplmnm2¢@@ally acceptable acid.

Hgdbql a# dgzlgggﬁgno?g% eaﬁ@'n%% &/1 o a Iay nefead! tﬂgse acids which

SAMdiME
Mi:ét@lﬁl thier il odecaPieffeyiivansT ind bmﬁteazw ﬁle drug and which are not

biologically or otherwise undesirable. Examples of include but are not limited to

ot
amines that

acetic acid, ascorbic acid, aspartic acid, benzoic acid, butyric acid, carbonic acid,
caproic acid, citric acid, cinnamic acid, decanoic acid, enathic acid, fumaric acid,
furoic acid, gluconic acid, glucuronic acid, glutamic acid, glyceric acid, hippuric acid,
hydrochloric acid, lactic acid, lactobionic acid, mandelic acid, malic acid, maleic acid,
methanesulfonic acid, myristic acid, oleic acid, oxalic acid, palmitic acid, pivalic acid,
picolinic acid, phosphoric acid, propionic acid, succinic acid, salicylic acid, stearic

acid, sulfuric acid, tartaric acid, undecylic acid and valeric acid.

Liposome compositions used to deliver a pharmaceutical agent preferably have a pH
that would be physiologically tolerated by the patient. For example, for inhaled
compositions, the pH of lung tissue is reported to be from 6.8 to 6.9. The pH of the
liposome compositions of the present invention typically have a value of between
about pH 4 and about pH 8. In one embodiment, such as in one embodiment where
the compositions are autoclaved, the pH of the liposome compositions of the present
invention is between about pH 4 and about pH 7. In another embodiment, such as
where the compositions are autoclaved, the pH of the liposome compositions of the
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acl anesu icacid,
achelpresdntirveationl caroba@ hnycwhich dielg dhendtable liposcine gorvsdsitivns of the
acid, picoljni¢ acid,, phosphaoric acid,, pragpionic acid,

s PETSPR 18vertion, frs g eyboimant the congerpiation of gthauel i pefween about

aol gb¢ Ah @1 b3k ¢ tHRClbeh vHﬂﬁfe?flth&gé(fs!oﬂle% pb tﬁh&%cﬁﬁ;}d@iﬁons with
Li posone conpositions used to I ver a pharnaceutica
agénnolpgrehter dirny10fav the plallunheatrenadsd ovithén the context of the present

physialogheal Ly folerated by the patienty 8 PEIRAS: volume,
such as at 20%, the quality of the liposome particles formed begins to be

compromised.

The aqueous medium of the present invention can be any physiologically acceptable
aqueous solution such as buffers or water which do not interfere with the formation of
the derived liposome compositions. In one embodiment, the buffer comprises a low
ionic strength buffer. It has been shown that for buffers, a sufficiently low ionic
strength buffer should be used so as to not effect the efficiency the formed liposomes
to encapsulate the pharmaceutical agent. In a preferred embodiment, the aqueous

solution is water.
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conpositions, the pH of lung tissue is reported to be
from6.8 to 6.9. The pH of the |iposone conpositions
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« bet ween about pH 4 and about pH 8. In one enbodi nent,

such as in one enbodi nrent where the conpositions are

autocl aved, the pH of the |iposone conpositions of the

prIassemte dapase adcﬂitinnalseXbigximareadyidacﬂ tcp thedliposdmebmmpasitions of the
anot her

h .
c SO PP a?ﬁtchaPé\Pé%‘ymF SRR Snisee bogisments at about

Copnesl b 29%SoOthe tiABspR ﬂ@e{%lghﬂvo@ight)owphmp%wﬁﬁng for 0.01 —
about pH 5 and about 6 Al though I'i posonge
c OnP6ftthe rtgtabfvom@ pg ﬂ@emmpqw@m Mdltmyl b@mpm@ that may be

I h b
r ot i P onistiSe 0 ARGt BREcrninelE oply dhosg et do mo
oXiffdatt the phadecktabilityyIeoRbiis |c§m96s1t1d51€s BRO SRy U Aot RMPASImise the

ot her reactions, can occur | ower pH val ues over
t irplustness pﬁ@lemoggp@ﬁlttmnﬁ\lg mprglﬁrre@ ﬁ@b@qim@ﬁnt,tthg compositions consist

C%g&?xﬁ{ﬂ?% 8Pa p%ahﬁa?c%u{l&?gg% 13@8&191% aHBéC?(i Y nﬁ%%sﬁoltp?(\iftegi aqueous

am-no grou

| RElueidh.emid. optlﬁnall}eetﬁatﬂad)dmmﬁthrolt_he pH of the sol ution
IS between about 1 to 2 pH units below the pK of the
am no l%rou of, the |ipophilic am ne. Having a pH val ue

t HAepatign of LAposemnLOmBOSitiens ¢ hat a nmj or portion of

the ami no group of the lipophilic amne is positively

chekgR he ARSI bPYhdReNIddOM e PR tha lifosRRS %ﬂ?pensmns of the
conpositions, particularly where ethanol "i s used

priyeation chie bk ippepsorcby wndardtmﬁbodsefoh peparing taad rsazumg/ tposomes.
arge avail.a d to e th
o d B At ruBilopfich tplL (Gher e IAT iRy grBoteverse-phase

| lekhporitionpon i nhal ati on SUI table alternatives are

glycols and glycerols that neet such requirenent. The

cont ent of ethanol that pay be present in |i [laosoms
QSP@ﬁSCO@?POE*ﬁ’@nE) rléstb‘?ltfoﬂ‘?wléﬂtﬁpéﬁﬁé aﬁi‘aﬁ’é’ @nyeighpienared by

y| r

e A ARSI bl 1 RS i

etcttanol, the k;ﬁamnuwm uhgedt, S%aﬂﬂlaﬁ@yl%djfnel hendt ahalesterol. The

vol une of the Ii oso co[posi tions. ositions with

e@ﬁ%ce@Fcégﬁg?ntt‘ﬁ% %%%é SO r?go ‘g\E%S senststipe i lipophilic

t BEiGQNTR S, &foug Eﬁad%rc%ﬁ%%ed PURP 6 ORjecAbd Qxﬁd*glﬁe ive counter-ion

concentratl ns approach or exceed 15% o e

v &b thesmine provadeddty Md tIh easps afhiete/the fphatmeack it agmlt is a salt of

p%rﬁplo(falﬁl% afmolage algd Qr? gallc?cﬁ tl%e? ac?u%ous phase comprised water for injection. In
some embodiments, the acid comprises a hydrophobic acid, and this can be added to
the ethanolic phase, which is subsequently mixed with the aqueous phase. This may
be useful in the preparation of liposome compositions of lipophilic amines with a

desired acid, where the amine is not available as the salt form thereof.

The aqueous phase could comprise an additional amount of acid that does not affect
phase stability. Both phases before mixing are heated to a temperature of about 56 to
60 degrees centigrade. For small scale preparations of less than 1 litre in volume, the
two phases are mixed and placed on an environmental shaker at 75-80 RPM.
Liposomal vesicles are formed and the mixture is shaken for a further 10 minutes at

56-60 degrees centigrade. The mixture is then removed from the shaker and allowed
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conprom sed. The aqueous nedi um of the present
i nvention can be any physiol ogically acceptable
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conpositions. In one enbodi nent, the buffer conprises
a lowionic strength buffer. It has been shown that
f a6 chaiftd esen temsudtiiedbeagprgximately bvo bows. rEwtgaﬂgebsdaieepreparation

sh d be used so as, to,not.. effect i.ci en

T R NS UG i B SALRl ST L R Rpons hase in
ag@:mor fhi eﬁr RIRMERPBRO onBON featth6s. AHCAMBENROLSULRIA for 10
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C (fﬂ\tl‘ék‘ihﬁi {ba reamgnismayibe miesarpgriRr o1 taﬁ@ﬁd tﬁgyhgemg)@y@gder so long
a%%%ﬁ‘%l {pogcl;hfi émé t1 sesent i nvention include

or'iiTs hose "the phase stability

Ilposone conposi tions, and thereby do not conpromn se

t g somb watbodinsend, thdreteofpiiftidn efeham] phateo tedaqueous phase has
enbodi nment i.tiaqns.consi st esfsentl al ly of

pIPSPRdRuE: ﬁoc%f?ecagémc?q fies distrifytion of dthg forgned liposomes, particularly
@ﬁféﬂh?llgep’vglunﬁrb 4§ BF theST J45in8Rre 9?1@@%}&5@1’[ i¥ not practical to

and a ster Preparation o 0SONe
Cadpdld aquenss phasaitd thebethammo phaeohdlabyetmfmmdsk isbine ¢nibediments

the art that liposone suspensions, of the i nvent.ion ¢
ol i R SRR BRI GHOSRLR B PR AgaLiRga of ethanol to
S'v@dtéiglsl dé&?@a@é@s It RSBe uRBéHE6d h}{ﬂrtﬁé'l%séﬁle'cbﬁip@smons of the
ms, solvent injection, and reverse- F ase
&

e\pa@@ntanvmmonmdudq tﬂagmﬁﬁh e yapelyiof partislei sizetdigiributions.
foll ow ng specific exanples were prepared by m xing an

etA1 %ar%tg Sf ?g}ﬁﬁl tle%] \?einbe%? %ﬁ%&ﬁ dmﬂ%edlfflg%gl ﬁéﬂ%ﬂ%& inﬁines, acids,

ase conpri se ar na

ph;@ssettatth&ybic el deh@ut amcli‘xginfﬂselstaﬁdd in Dider to illustrate the present
pharnaceutlcal agent was sel ected froma group of
ﬂ@ﬁ@ie%n3|st|ng of Iipophilic anines. The aqueous

phase conprised water for injection and a negative

SIS 08, LGl B il AR b
having a total volume of liposome composition as small as 30 ml, as well as larger
batches of 1, 2.5, 5 and 15 litres as described in Example 4, below. Liposome
compositions prepared in both small and large volumes have been found to be
suitably stable over time. Studies of liposome compositions made in batches between
1 and 15 litres have been shown to have comparable chemical and physical stability,
mass median diameter of liposome particles, and comparable percent encapsulation of

the active ingredient.

The pharmaceutical composition of this invention may be administered in numerous
ways, including via inhalation through the pulmonary system, topically, parenterally
and the like. The compositions may include ophthalmic dosage forms, and injectable

dosage forms, and may include medical diagnostic products.
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a lipophilic am ne and an acid, the aqueous phase
conprised water for injection. In sone enbodi nents,
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m xed with the aqueous phase. This may be useful in
the preparation of |iposone conpositions of |ipophilic
affhe éamnf fanerderd¥sis usetl bareid, andiae ieundesstegd tosskilledpstsons in the art

avai l abl e, as the salt r.m 1 hereof. The agueo h .
Y aemhis vt Madrizen MR DG o° BT BB s &
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C @iRydss tisedBientation éidepamichcbptirsend wendderg atvariaty of devices such
stirred aqueous phase in a reactor equipped wth

t @ninprisd apdbetnm el ngoghizsis-es. The mixture is stirred

for 10 m nutes at about 56-60 C, and then cooled to

" Q3R doRIINR AN 41 dhd YRnkeAstfililyod. Stabl e

cgﬁg}(’)m tions lgsf?hgrﬁar acterized isn tl%g? t hey remain
honmogeneous and do not phase separate upon storage )
oVer the mmposeed ithepresand invientiere rstable, linosorme sompesitignst ate those in

E gv 31&?1{1@}% 4ifep%g%at lﬁ)rogg%e%b gu‘as aﬁig” ggﬁqﬁégﬁéf ?%P%d%ﬁgacter and remain

| isRsanRIlg O{iﬁmﬁﬁﬂi{] OdiStribhidd S hiBu b dhéreddhiinudude pha@eeand show
of addition of ethanol phase to the aqueous phase has
bawininiad ghemicel dgerasdetion farithedasired shel@lifx r i buti on of the
formed |iposonmes, particularly when [ arger vol une

b d ' o) R [ Ead

oS i,y §08 RS ° OP e POk EPBN s iRk s bled ydifibeers o the
plbsace bf sigafidasechahgesnih ¢haratmstienbbDthetiposemed) atickt heliposome
particle size of |iposqnes.is de sed. as. the rate of

b ate (Porared s Bemes {neﬁlaflmeri @5-336%13_503 gucipeulated g free drug
béy WS b ARh, Radi Hlfatibh,p%??éﬁti%'moﬁgﬁt's%&%rﬁlfg élﬁﬁerties of the

present invention include those with a variety o
papmpositions ower thesstoragatimnens. A variety of fornul ations
have been prepared using different |ipophilic am nes,

?Ch‘isgl%&g g{efeiri! ﬁimfsa l}ér?r}e g]? 2 i?lﬁ gs%%f@étéiﬁﬁ{iorifnoﬁ‘%’e%e ers Qqhg' particle -

size distribution in a liposomal dispersion as measured by dynamic light scattering

techniques which are well known to skilled person in the art, such as with a Malvern
Mastersizer ™ 2000. A convenient way to report the particle size distribution of the
liposome compositions is by reporting the d(0.5.) value which refers to the mass
median diameter of the particles and represents the median size of the liposomes, with
50% of the sample associated with smaller liposomes and 50% of the sample
associated with larger liposomes. The preferred range of particle size of liposomes of
the present invention is less than about 10 microns, preferably less than-about 6
microns, or less than about 4 microns, or less than about 2 microns. It will be

understood by skilled persons in the art that the desired ranges of particle sizes may
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invention. A variety of batch sizes have been prepared
using this nethod, including batches having a total
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described in Exanple 4, bel ow. Liposone conpositions

prepared in both small and | arge vol unes have been
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i ncl

gREaB; aloutale b ot M7 aho I FRIG bR Q%4 b et 7%

| Riki1RAYSekdoas 119fhe5é1‘b§rllﬁﬁb‘1ﬁ§c1dtt8 i1t ATFFREM G @M sBhcapsulation may be
i ntravenous, subcutaneous, intranuscul ar, or

i atlvantegtans ﬁcrlydliffn]re@t apldwathmm dpmdm duief glg, on the time of initial
b th t abl
o PER 30 bR TR BF leflon Fing 3RID @hae Bl debipd e *™' ©

aqueous or ol eagi nous suspension or inhalation product
f Placgben Hpsdoniki erery i prepabdll inz ahé odbove \neahnieh athat hedvntained no
formul ati ons are phase stable, they may be use
orhamageRiinl i 18ePendbrie bBlagabe  liRpsores &%ﬁr?f@rea contained only
f Shieho ;e
n%%b{pth}ﬁ ﬁld g cl\ﬁ%sggrg#e i agaﬁt%ﬂdp y%?ﬁgea{?e@g g@a{] ”f‘hese hposomes
stwsdne tfoungd tece tulstatyel apd)sladm:vehmphase aggarhtiomwéthin hxmrs to days of
stable | i posonme conpositions” are those in which the
diPEGRRFALIQg- | i posones substantially retain their initia
character and remain substantially uniformy
d 'L%ﬁdsbﬁfé& E%pfafgdoéé%@% b @nfdihi MEOHSe PR aqmpﬁhfevumme drug

m ni nmal em cal degradation for the desired
she|the |p|ha1§naceutlcal agent were also unstable upon storage. A pharmaceutically

acceptable acid was not added to the compositions. Phase separation was noted within

days of preparation.

Liposomes containing the protonated form of the free base of the lipophilic amine
base ion and a corresponding acid counter-ion in were found to provide stable
liposome preparations. In particular, in some embodiments, molar ratios of acid:amine
ranging from about 10:1 to 1:10 (molar/molar) was found to be effective to improve
stability of the liposomes. Narrower ratios of acid:amine of between 3:1 and 1:3 are
also effective. Additionally, these liposomes were also found to be stable to
autoclaving. Liposomes prepared with a pharmaceutical agent, that is the salt of a
lipophilic amine and an organic acid, also showed stability on storage and are stable

to autoclaving.
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The term "physical stability" of the |iposone
conpositions as used herein refers to the absence of
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i pophilic amne in the |iposones of the present
| rineprisingly,i Sitectpries s& theaipdshme pacasnlatgedrog products of the present
phar maceut i r at dJntothe | i S.
By BTon eslts dm Sty SRR B Serls Hopeoms Breaamied gies products
t &2ROtord Q¥eproly, Pitekomhabéabeip %as6g%/§ér%c?*%9é{t staBf% liposome

more preferably abdut 50%to about 75% Ski l
pensapsslaied drhg paeducisi $howsd pmeenibaneeneniof @tabﬂéy edatlve to the pre-

G B AR RS s TR pomaftiel AeRE NS pieEnt pvepign, here s
t ipi®vi@dd 4 Metiodl of increasing the stability of liposome compositions, wherein the
liposome compositions of the present invention are autoclaved under an inert
atmosphere. Even if such compositions are not required to be sterile for their
applications, such as topical compositions, the step of autoclaving may be used in the

method to enhance the stability of the liposomes.

Autoclaving conditions suitable for use with the present invention include those
which allows for the sterilization of the liposome encapsulated drug product and
which do not result in a substantial decrease in the chemical stability of the

compositions over time. In one embodiment, the liposome encapsulated drug products
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onset and total period of action of the drug product
that is desired. Placebo |iposones were prepared in
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particular, in some enbodi ments, nolar ratjos_of
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Addi tiagnal ly, these |iposones were also found to be

s campesiignsofithe P”S\“f‘?nr‘iﬂ“’e‘ﬁﬁl%sorres prepared with a
pharmaceutical agent, that is the salt of a lipophilic
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and aggregation after a period of time.

In the present invention, a stable liposome composition is one that is phase stable and
does not substantially form 'aggregates, preferably ones that do not form aggregates in
about at least one year, more preferably in at least about 18 months or more, even
more preferably over at least about 24 months, although the periods can be longer or
shorter as required, depending upon, inter alia, the active ingredient to be delivered

and the mode of delivery.

The phase stability of the liposome compositions can be also predicted by a protocol
as described in Example 3 herein, which measures the d(0.5) value of the liposome
particles and the obscuration in the supernatant of liposome compositions when

centrifuged. Further details are set out in the Examples below.
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60% 11% sedi rent with HCO buffer Surprisingly,
autoclaving of the |iposonme encapsul ated drug products
ofFurthernporesstaiile liposome encapsadaiéd druigrprediictsad the prespiitenvention are

and ster. i pas nca g I ted dr ug. products ven

o Sfatthised by Bp AR SRR aR, Bore i B e bR FHER storage,
StiARL@nk RS QB 1E ﬁié' @baﬁu&tdagdlﬁg QbEicEs HROMRME RBn sterilized
enhancenent of stabil relative to the preautocl aved

stbalb?ll%’ ofratesdavingas @S@ﬂ)edl hf?rfalii}oF pregxampis Eixaofple ﬁéelow shows the

" REREI i Frab&fonebe Tt Bt o BaBlsc i prosent invention

VVfi@thﬂan tsligstdritiafl§ Qieh e8P @S ért p@fb‘éls Qf tineupt@20thonths of storage,
i nvention are autoclaved under an inert atnosphere,

Ev¥iden¢ing jb¥ the rf%@@}l%ti@ﬁ ofhe prrsentriayentioacere subdantially stable in
g) ntly &9&&%@%5 ea[pH HeP AStai 1§éi%%e@c§1tﬁl9§fe%§&n les helow.
np i eg ep o 89

0Si1t1ons, aut ocl avi ng nmay
the method to enhance the stability of the Ilposones.
AlRuotihbavoragstatde tiposonresersapsudadded fugrprodietsdft the pi‘nsent invention are
sent .invention include. thos ich allows f t he . .
DRz BhorOTHEAY a@iﬁ@e@ﬁﬁg AHNRE e acHHVE ingredient
PrREM e Qﬁlﬁn%"@’co‘ﬂ%dﬁlcﬁﬂingr B §ta1519 li goﬁfﬁ’é&ﬁ:@ ét@ited drur% sproducts
decrease in The chemcal stability of the cohpositio
ovkat havee be¢m stamdizedribydiweynof avbecldvipg sasndescribed herein.  While

enc ul ated dru roduc 24are aut ocl at abou
AR S SRR 3t st At eSSt bt shdRy o effect the
p@ﬁb%ﬁh@ic@p%fbn&ﬁ’ thé bét%QH%‘]@ﬂleﬁf &velo @percent encapsulation of

enbodi ment, an inert atnosphere is one that general

C@gtnm mgrqdé@gg PripB e aﬁ@q},@m&g,g%sdm@gmdeﬂt@dethe difference in percent
n? rs@ltaH{nf S \pé?ytn%% % kcﬁé’@u?s%duﬁgr%w rgtt%ass ?1 e{h rcl?a%ge olcrils percent

ofnul ation can Wt nstan

h edtipaglaton bidrginty 61 tBe thapoditdmihahasHoebédnl aigdclaRd, or dunng the
represents a rqbust, rapid and i nexpensjive nethod To

t BEOTpgCcRe dleTion Pseguent oyRrlaving dids alspo be understood that the

desired percent of free drug to encapsulated drug can in the present compositions for
use can vary, depending upon the nature of the active ingredient, the desired dosage
and the relative contribution of the encapsulated and free drug to the desired

therapeutic effect.

To evidence the physical stability of the liposomes, Example 4 below shows the
stability of the percent encapsulation of the active ingredient of various liposome
compositions of the present invention over time periods of up to 20 months under an

inert atmosphere. Further details regarding Example 4 are set out below.

Furthermore, stable liposome compositions of the present invention are characterized
by being substantially chemically stable over time. The term “chemical stability” as
used herein is used to refer to the absence of significant changes to the chemical
structure of the lipophilic amine, acid, phospholipid, cholesterol or other components

of the final composition. For the active ingredient, specifically the lipophilic amine,
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stabilities tested to further illustrate the stable
conpositions and nethods for the preparation of the

stabl e conpositions of the present invention. It is a

f ehemical stﬁbiiitbeispﬁe@aed]as lasy 8ranjabautt iﬁ’étdegh’dalid)rposdtmge in potency

en sul.at ed dru o) si fions,,c nst .ute

C SRR el SoRtbhy ERTRRR Abe Rl 2y fieridalith Sver the storage
heeREE &R URe 9h§s9§6§;519£‘ Sartisk %h&ﬁlcal §tﬁlﬁﬁ§j iéta%ﬂhed as the presence of
appear ance and do not q]@I re shaki ng prl or

adess thant abwut d0%alosy hﬂe}ghoa lipesheqpéens éiugltg dagr@é@trcmetf the liposome
%@pute (ﬂ t%ngen%% q& an end-user to include such a :
st B%Py OrBEET 858 8% ‘fornms. The stable conpositions

wer e observed to be physically and chemcally stable

o\gbn€& Xﬁ‘lﬁﬁcﬂiﬁﬂmﬂ elid Wstsomb chinpositiont «fithe proterit Mitieptite wardyfound to
vi si bl e %gg ates, In son&ﬁenbodlnents even after 24

o sHastan ple 34,65 BHet ©Or ablsast oBe yerrayifhysmeeriees present. In
ShAuinBr embBaihht 8 B qeSERRE 3 B @ggasaameo@%ﬁ?ﬁ&ﬁrs@mmy of

perlo resent ention
| iphospharedydcinimsiof it]merﬂlpcsomneomlpamwns qiiths prestbiheentind was found

substantjally for r.e s, . pr.eferabl .
o De CRBY ST e haert a6 DR tEtof oL Rb i 2ol Fugher doail
Y 884ardifiP BRaBpRf £4@REVout Beldlv. | €ast about nonths or
nore, even nore preferably over at |east about 24

mont hs, al though the periods can be | onger or shorter

aST hledlﬂllolf dbe ligesvarad porgpentibms ofrthe mr@pnfalnvpmf@m@pioaéy have both

red| I ver
R b i Fabifio, 4 B NS BGRB8 T g bl pr 8. 0
b%n&e&ﬂmﬁfrﬁéiitcﬂﬁdh}méoﬂle@ Ot plesérft 1ﬁ€éiﬁfohtlﬁﬁl'eldhemlcal and phase
ampl e 3 herein, which neasures the d(0.5) val ue of

t ﬁ@bmtb 85 pE %faﬁhﬁ ibgtvessn aheuti it 4 svd ebewl pIb . Imangier embodiment,
RGP B0 FRRINIOR TGRS i

25Fu pHhet between ab@bl4es hridpaboone S porcdoatpitsechddibugt pH 6. Although

products of the pre i nvention are char cterlzed b
s (BetoImR P%WP?SlE%‘E‘s?éﬁ’@rﬂfe??HF WV@PEO%% bR, Bhase; sible at pH values

d%dvé}gﬂfahoélgﬂl@ 4,1 Sfch URd1atD h@P'tg%l:épr%H&ﬁ cally Stable, and

encapsul at ed drug products t ave en-sterilrze
bpxmylomf arad[modllydmlysgp ad dreasmhot}mdlip]d; eamong-arther reactions, can

exa ow.shows the. particle size
cHBREF B A Syl PEE P BOes AT 8R0S 1 ons. of € he
present invention

Liposome compositions of the present invention comprise a lipophilic having a

charged amino group as an active ingredient that imparts stability to the liposome
compositions. It has been observed that liposomes prepared in the absence of a
charged lipophilic amine are unstable and rapidly sediment. Phospholipids commonly
used in the preparation of liposomes include phosphatidylcholine. While not wishing
to be bound by any particular theory, the following provides a description of the
interactions and forces that may contribute to the stabilization or destabiliziation of
the liposome compositions. At physiological pH ranges, phosphatidylcholine behaves
as a neutral molecule with net zero charge. At physiological pH, the negative charge

of the phosphatidyl' group is balanced by the charge of the quaternary ammonium
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substantially stable in particle size over storage

time. Further details are set out in the exanples

bel ow. Furthernore, stable |iposone encapsul ated drug
pnithgen sobfthe hopne seiety. nWethit dhe dirwseinar dat ephiseluitifylcholine

a _sybstantiall t abl. e percent .encapsul ati on of i
AR e TR ool o R REOPAYIST TonGrddip posidvely
t BRESeSt dlife | icRAPOTBE @R6 aARMIdcaleAntirieds PdleddkRiaticAlRAtwith the
have "been sterilized by way of autoclaving as

. Ay .
d pbosphatidyl Igeauei of an\gjacenizlinid eradeaulny The met eff guichadiposomal

of the .present }nveption,has,.b f £ th .
oaroat OBt 2o, R Al of R Ry BT BB e “tnd iBtusion of
I @héHard drigd M6 PRNHPOFEmEd6RABY hdr tbenetfchagie ofehe liposomes. The
i ngredi ent é)rior to autoclaving, it is tq be

ustabiligaiienot the lippsomessevidielipephilisy anine dorgsdp achiaraddty the selection
0 t |.SC _herej r i

o 67 b 4e 1B BRo Sk BRRG DR B FLE el AP oTRFRE: 1o than the
t pEl, offds liyiphbieemiaetiophgingdhe tipoghili¢ agirteheitls imtregigly positive
tipe period.sybsequent tqQ.autoclaving. Jt is . alsg t .
behtiahch BPUBEEY RattER fép@é&% anp sy e Wé@lra&a@?lpﬁphohpld
e . )
SRR b e ol hD & nPer (M BRAE PRLLY Wt Bl positve
i ohargelbéthe, antinewith she eepativelaghbargediphdsphatadyhmoigty and may disrupt

o tatanop Py o1 e s of Bt Sao R os e s By UeDy charged
Sqi@géolnaé B &Psibi&%idai PRSR IEBelicFXA AL Beiflg Red AW 1653aM thBPK, of the

stability of the percent encapsul ati on of the active
i higoehdlie aminsf thus carpehancptheants ivdhg dsigtdsonyalytizeria the liposome

pr.esent.. i nventi on_ ov e periagds.of up t.0.20 nt h
(BRI B e, o ire bl 5 R et “loqiiB 7 g0 s Thareed
EXipo%nfesdnay thus @bped Waclbethemaffbrdidgh@EiiRnes tesighb@tion. This could
Ihgosone conpositions of the present invention are

c

pise apeouad farythe dnahility ipsaraparechptphle giegebe dippgonse gpimpositions
OVieh do' it co};ﬂgn %gfp:@gi;ugi? ea{i%iﬁ?'an& § béaité ttl¥er?cﬁ'§ afé'c% E%harm%ceutically

hérein s use he absence 0 I 'gni fiican

c hadwpebld avid. rthbandreathistould likewisoicdonat forphg rability to prepare
am ne, ~acid, phospholipjd, cholesterol or other .

c Sieblsdinesame compesitipnsayith lipephilic smines that ajerpsescpted pgedominately

I j , hbieglely the Iipophilic am ne,

ZE%HE%%P’ %et%g%ﬂnl tyéﬂles defined as | ess than about 5%
degradation or change in potency of the active

i Angdnehe presewfiovesion, HessH tafdhe dipospmeeordpepitanhatdfdhe present
o‘fl%fren&gr? i$ %ggu%ge%ual to or less than the pK, value of the amino group of the

lipophilic amine active ingredient.

It is to be understood that the various ranges as discussed above and used in the
context of the present invention in relation to stability are to be understood to be
approximate and serve as a guideline, and would be understood by persons of skill in
the art to encompass any variants thereof as long as the resultant compositions are

stable as defined here.

28



period. For the phospholipids carrier, chem ca
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degradation of the |iposone through hydrolysis or

oxi dation. In one enbodinent, the |iposone A
conpositions of the present invention were found to be

sThe tadwinitaddsyofs thebpreseatt invehtiopl—hré fugthemtilluseratetl oynghe following

th di ment
St e ARl B0 A GE s TR (s I pyocnted for
Em@!?&%&%ﬁ 8hlyaCchRluid ﬁotof)e tehstivicR OS OB QABA Hnt fheNFaififs of the

e present “invention was found to be substantially
upchentgecdntbeomr tinme periods of up to 20 nonths.
Further details regarding Exanple 4 are set out bel ow
The pH of the |iposone conpositions of the present
i nvention typically have both phase and chem cal
stability at a pH val ue of between about pH 4 and
about pH 8. one enbodi nent ,Exdmeples posones of the
present invention have chem cal and phase stability at
a_pH of the between ahbqut pH 4 and about pH 7. L
aﬂéﬁme%nﬁdﬁpﬁ'@ﬁwn"tﬂép?ﬁog‘éféone conposi tion of the

present i nvention have chem cal and phase stability at

g(lﬂll ®dst ?ﬁ&éﬁe & I%B%iﬁe ‘bré)a?dﬂféna%éﬂpr@ax%d Wlthapoug [{l{ﬁﬁg‘éd soya

abou th oug posone COo ositions o
ptaesthmt 041a\&¢ﬁqholesteagl dtmokvhéyﬁ Srmof ethaol ppgd Warrn@cgto 56 degrees

an about 4 on [
S8R 15 SRR batrg U B B PR g ot amine
hy#laadanssSthe fligopBiliehesinb (Figure 1) dARmgaablit rthiteprovided she target
can appreciabl'y occur at such |ower pH val ues over

t pwenutmsl@ﬁhe Geahfomnulations Knllovwag gsealeiqn phallbrrnsfyents in the
h
= AR RC oo RGP T B, Faf BARERATPY 8F Aot solution

| peseds SOaRedstCadiss. The zlitpﬁom;ﬂms@blstﬁmaﬁgd cbitained various acids
| i posomnes pr ared _in the abz)nce of.a C

rged .. .
| Pbé?#ﬁ #§ ind eﬁemamutmét PP OWIRg TIXEIEP thegonbighid phases, the
P f
| ?g%@%pnéé’é%}%%?&%@%y atl srfo W{r}%‘élﬁ%ﬂde&ﬂgﬂ shaker and then
Wigsddiuaigy toolbe td ambnbnbyermeyatpm t Theu peesertcdeeryyltijdmeellar liposomes

followgg gc{ﬁw des a des %i n of the int.eracti ons,[ laved at
aM@s fCOPEEECY RAMIAIRCPnt ?8 Pe PSR PP A 1P?sz%¥ Viggaved a
d%ia%éeeszca&lhmrqfs rhidfitek] posome conposi tions. At

physi of ogi cal pH ranges, phosphatidyl choli ne behaves
as a neutral nolecule with net zero charge. At
physi ol ogi cal pH, the negative charge

Example 2 - Phase Stability on Storage

The phase stability of liposome preparations of the present invention affords
pharmaceutically useful liposomes. The phase stability of the preparations as noted in
Example 1 were monitored visually for the formation of sediment or aggregates.
Liposome compositions that are not sufficiently phase stable, typically show
sedimentation very rapidly, often overnight, while others show no signs of
sedimentation even after years of storage. An example of the visual appearance of

phase stable liposomes is shown in Figure 2a whilst an example of the visual
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nol ecul es are generally aligned in a side-by-side

manner so that the positively charged choline group of

one nolecule interacts electrostatically with the
phpsdahmice dyf  gr physe oinstabladpeeperatioh i [ dFignkrec2b e shofe obvious
net .charge of such a |iposomal preparation is zero (as

r é@dl@@]@t@gorb@c%@}age FOPEERWCal neasurenents). The

i ncl usi on of uncharged drugs into the |iposone does

n R%gél?ﬁlg fo Fidarest {)%B@'ogl?pd@f)mb Qﬁnipbﬂﬁm&ing PBarmaceutical agent,

sta ation of e |iposones with |ipophilic am ne
dexegeenemllyqiiiass woktdhye ahdrapedly sedisentstl. pQver thehpd range of 4 to 7,

i poso conposition such that the pH | t_equal

¢ 81757 DoSsapea, ot Fevpctopat flle PCBR oG, afWiise wnstable
| Pghkd BE).t PRickbP BPbohicCpreparatondl thit appradstong! phase stable were
positive charge. A q;l;osi tively charged |ipophilic am ne

t lgererattiyassociated witht the extreracsooprsmely leshiheppek 3 apd greater than
th i. ROSO . nore cl osely
aProhRE Tt i BataPRRREdiRe. [P E £1.0

negati vely charged phosphati dyl noiety and may di srupt

t Refdrfih@ngsn of Fighae getheadditien sfithkaale oH4 liptyshilic pagmmeas found to
to create a net ositiv%l y..charged |ipgso at .

ph9Y @ sigbtizimep aifest; on Sthp liRQsQRE PISRITAHRR NP gOnleghya liposome
| ‘ . i Ni s ; thu . .
e ARpalatof, colBifts Shis (1S opAMC: drhfie TR (WROGER, ccid counter
| iiqan) Soumstbde. mHcateven as fherageof &oyd af the folinngatzonchetegred, the phase

li ome_.at the surf.ace. ed. |.i pos t hus... .
- SpBE Rt e s rgripioraeg LEREPUREE TR oLabPEdRPPOHo amine in
TRbsbmadbd WitheWhs Cappesid EddlcehtRionnai lakidy $i@vides liposome
prepared stable placebo |iposone conpositions that do
notepamtioas thah atei phophsteble ahpHnealeasdesst thaw abqug 7t aseshewn, in Figure

o0 BaBlS8 RRHAEE' b ORGP, Bk, WA G toosome

Phefardioss editEiningROFRFRIIRANIAS hriciphase aB18 ovérpbppHIringze of about
am nes that are presented predom nately as uncharged .
n@bkt4 1 abest 2id 61 vidh theieweeption of REpTaEieBinal GapEe seHumchloride.
pH of the |iposone conpositions of the present

i nvention i's about equal to or |ess than the pK val ue

of the am no group of the lipophilic am ne active
ingredient. It is to be understood that the various

r xgaplas3 di Stabilitydofilvavieundiposemd é¢ncaphidatedntleng cofnpositions,

the present invention jn relation to stability are to
bé“ﬂﬁ@'é‘g%%a‘feﬁ qgapositions.

In the pharmaceutical industry, sterile formulations can be “terminally sterilized”, i.e.,

they are autoclave sterilized after being filled into individual vials. End-sterilizing
liposome encapsulated drug products of the present invention via autoclaving can
provide individually packaged stable and sterile liposome compositions suitable for

use in the pharmaceutical industry.

As set out above, various prior art references relating to the autoclaving of liposomes
evidence the widely held view by skilled persons in the art that liposomes, in
particular those based on phosphatidylcholine, are fragile and unstable to the harsh
conditions of autoclaving leading to agglomeration of liposomes, change in liposome
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conpositions are stable as defined here. 28The

advant ages of the present invention are further

illTustrated by the follow ng exanples. The exanples

asitet dresive pmmquMnarhydmlmﬂ/@lé@tom of fihidse ch¢micak degradation and

C AL RaclEe ot hendPrlAa A L PefiEt e W Buagpess). s

' RA¥ERHEE RercX RAMLERNIRXAOThE liposonty @RAIRItIoAR 0P the present invention
Li posomes Each test batch of |iposone preparation was

pcep apteenlyivtithstand agtoslavintg, but ales apneee ta have, enbanced phase stability

est er ol i SSO r
520110‘)8?% ggto&vgligu g%glieﬁvesl'bt”?nlg qgfrlog%lgg i)?l%%?etergp%qat\ﬁ% tgptﬂe gtgblhty of
etiansdsofeNdbagRsRI0BO of Gt piess 11t1\Fmt1bn papd indasuradiboth Bsfore and
a salt of the |ipophilic, amne ure 1) in an_anount

t [BHer putpslayag tin efttrﬁteg AVideHRe ethts r %Fti IHﬁmBneffﬁ‘é of rayfoclaving on
f o)t f.:. Al
| SoRHbAEbRYr (D pH PR AR L DRICIS ik etfiBNSS, MiRM ol
MIlpﬁﬁoxwatianﬁlcgplmfse stebidiou A distussion onwaclhnefithese fabameters follows.
degrees Cel sius. The aqueous phase optional l'y

ntalned various acids or s as i dIC ed i n

BIF PrEGATRIRS I S BEFRATE PVt Battqps. RO i PRy @dded as the

t I‘Bﬁse"lrf(e&hﬁmﬂﬁén shakestyils éﬁoﬁﬁg 6F%§ff§§ﬁtsﬁdi§s f ®ach test batch of
m nutes on an orbital Shaker and then gradual é cool ed

tdnpammenvtenam’merwasjrpeepamdewmheé@neepmffﬁedumyal aihing0.12 g of

| eBRRIRED G S, 8F Sy oo isCR AR fissp 58 5h e g8 gthanol and

Cedasinté th F6 ddprodsNUbBfus. EAﬁ"ﬁl]#l@Ot% phdsbasger Bigabilatdr Yo Anjection
Storage The phase stability of |iposone preparations

ofortiprellyreoniained yariavsiagids £ fsahe vap rearmgd dotyocdagrges Celsius.  In
u%&&ﬁ“latione QFRALE She T&? agﬁa%gs ﬁ‘p‘?fﬁhé abdl (tlfle 5&8 was glssolved in the
preparations as noted Wer € nmoni'to

Vv leﬁiaﬁblh(yplie@é wihiile aflatheataciuls wadsre dissblnghin the aqug@lue ghztses Followmg
posone con]EosHl ons that are nﬂ%ésuffl ciently pha
f tl

stdaseplétmt 9prit gonsfitushisin depthanelis thershang Faplg}tlon was added
gglg:eé%glg&fsr ge'hﬂlHn tﬁMH’l Qtv&lﬁg 5RaIGR A5 5 Qe ernéelgfus for 10I minutes on

ntation even after years of stor exanpl e
ofan tolnlsital iskakal anp leargumbellpiooled to ambient temperature The presence of

multilamellar liposomes was confirmed by microscopy. Samples of each liposome

preparation were transferred to sealed glass vials and autoclaved at 121 degrees

Celsius for 20 minutes.

A variety of parameters of the liposome compositions were measured both before and
after autoclaving to characterize both physical stability and chemical stability of the

compositions.

Figure 4 provides a summary of the liposome preparations, the pH, the particle size,
before and after autoclaving, and the phase stability index, before and after

autoclaving.

Stability with respect to pH: A concern with autoclaving liposomes is the potential

for chemical degradation of phospholipid or drug components. Chemical degradation
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and phase separation. Referring to Figure 1, placebo
| i posome conpositions | acking pharmaceutical agent,
are generally phase unstable and rapidly sedi mented.

Oiera formulation angewnfreflectad by changee o pH. p@§oﬂ’@§fnom Figure 5, the
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%9@1%?% shs 10&uct o %llfk?s,pt atE #El‘fcﬁ#ﬁe'v&e% telsfad | 1 gg{p}‘m;cﬂsﬁeh%é HBLC using

t1ons c sterl
t haeylicardiolacdlmah ameh Btapordtive ddgh}tfst:e(terbgi degecﬁbh,l ad d gfadient from
vi al End-sterili zi

ual ing |i
fug & (Brheyansy g)rava&aiéeg%m RETHAERRRETHLEAS L to eluent B
L Il
V'(% E?(g;aﬁgl \%’tbln&eﬁ@ @cﬂr %ét@aﬂgg%'p%is???&n%‘o ggﬁ%&g Ffj n%lnutes at 1.5

and sterile |1 poso
use2 inl/mime floWwartenceut i cal i ndustry. As set out above,

various prior art references relating to the

S oL ABEOEEER Y EE P e
of the formulations of Figure 4. Although hydrolysis can be significant at pH values
less than 4 or pH values greater than 10 as shown in Figure 6, liposome preparations
of the present invention between 4 and 9, and more preferably between pH 4 and pH
7, could be autoclaved without significant loss of phospholipid, typically less than

10% loss, more preferably less than 5% loss.

Impact of Autoclaving on Lipid Oxidation: Oxidation of lipids during autoclaving
was minimized by preparing and filling formulations under an inert atmosphere.
Table 2 below summarizes the changes in lipid oxidation after autoclaving for a
liposomal compositions containing as a pharmaceutical agent, fentanyl:citric acid

(1:1). The oxidation of lipid components was tested by a colorimetric assay. All
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particul ar those based on phosphatidyl choline, are
fragile and unstable to the harsh conditions of

wW@i0s0ks86 ng | eadi ng to aggl oneration of | i poSPEEEA2004/002002
» change in |iposone 30size or size distribution,
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hydr ol ysi s/ oxi dati on of |ipids, chem cal degradation
and undesired rel ease of the encapsul ated drug (for |
examples costeininglipids and Gradayls, weredeastad Wil forequsioxidation/xylenol

enbodi of the lipos Ity .
R DR afecth fnd ARASREE af SER AR, PSS Slsvd Bfepored gy reaction
butitialigsheaplipRédphine, hsacured harsoeamphes eutstagtudl frioy the absorbance
fol | ow ng aut ocl avin Mor eover, the follow ng

pé?aéimﬁ el W@P%t@twgtlga{tjorl Wéasggea@.‘rmpc_@ VAR ﬁﬁé&nﬂﬁrgo@gy@ of cumene
o3PRRBELGPD” KRGl S0EEE 1 AR T R ALTP 51 g

t hatostagbig pracesg ef f ect of autocl aving on conpositions
of the present invention: pH, particle size '
distribution, lipid hydrol yst®! g i d oxidation, and
phase st afi TTTYFfnglboiiiions0n 0N €84 hoasd Maddized
paraneterg follows.” Li posone prepar H‘gig% or
prepared wWwith various |ipophilic|am e%tggﬁgggfas th
base in cqnbination with varying|amunts 0 fferept
aci ds. Eagh test bahAegonof |i posofre prepar@si on was
prepar ed Wth—3i-2gpurified-soyatect-thin—0-312gof
chol esterqgl, and aNiEREBase of the | i popl‘ﬁ%i c ami ne
di ssol ved [im 3 g olggLBAN0ol and war ned tfygpb degree
Cel sius. An_aqueous phase of 27 gmwater for inject]on
optional |y contai nedAwrari ous aci ¢s or sal¥dowas war fred
to 56 degrees—€Cetsirus—tnfornutations wherethetest
acid was palmtic acid, the acid was dissolved in the

et hanol i c phase while all other acids were dissolved

i n the agueous phase. Follow ng dissolution of all

c amphéttafexitsclaving oe thd Rhaso|Stabilitydadex:t Tike phdsantability of liposome

sol uti on was .added the aqueous sol ution, the m xture
wESTPRSKeERs &f & RIEYfi 4BV B8 fdoriy phamrperdcadly yepful liposome
or v, o . .

P ChoplyBhekstedag fgRsbafal It £20L R, APELE bl il
wabow cseflimengadiopyofnthe riype shywn Safiges Abiveen chpillyp offemwvernight,

58 SR SR eSSl el e o

V ¥hin@hatcticaP PFRRBE BY Son®d elbB8dilicRRSIE Tho GRAROS hbRNgnder specified
were nmeasured both before and after autoclaving to

cIstoragst eanditionhdion eghmplec i ose dpibiodingerd diposorasricomipositions of the

Stp?ebslmlltl i}1¥en?ifontcgr?taf:n%§rgo fc)a%{atnlyf)cpléate as the active ingredient/organic acid have

D
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shown that the product retains phase stability for over two years at 4 degrees Celsius.

During formulation development for new drug candidates, it is impractical to monitor
stability in real time of a period of months or years to evaluate phase stability. As a
result, we have developed a method using centrifugation to provide an analytical tool

for predicting the long-term phase stability of a liposome composition.

In the assay, liposomal compositions were prepared as described herein and
summarized in Figure 4. Particle size distribution of the liposomes is conducted by a
light ‘scattering method employing a Malvern Mastersizer 2000, after dilution of the

liposomes in dispersant in water for injection. A sample of the liposomal preparations
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Figure 4 provides a summary of the |iposone
preparations, the' pH, the particle size, before and

w@Rdosn48a86¢ ocl avi ng, and the phase stability i nPERCA2004/002002
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before and after autoclaving. Stability with respect

to pH: A concern with autoclaving |iposones is the
potential for chem cal degradation of phospholipid or

dwag veithdpome rend . thehemtid el siatedistitbation rwalinsagured using a Malvern

B L (T e
ai»gceﬁieavwg He 5ﬁ(’tﬂ§)t RIfl R ﬁg&oﬁﬁtp}@aﬁm@gwhﬁ B&REMRed at a 2,292g

conposi tions of Eqr)ese i nvention can be generally
destrd’Gebbrb howsefobewios prfpbsetons gH(abqu@r pf the saniple was

BRI LB BB, B0 e s

VV@i’sﬁhb?llubﬁ hiidayurell kisink e Malwem Masédsizer | Thel igan mass diameter of the
ecifically formulations wwth pH > 8, had | ower pH
aqpelﬂY@flﬂféﬁpmﬂWﬁ“éﬁﬁde@ﬁ@dpm nts on the graph devi ated
fromthe desired |inear relationship. Autoclaving
r
G T e
| Mixanes 8hH-88udehathie rsgmpte wisoplmsatunstgbleh tiei ceatrFogdtmnt provided a

Aé&%ﬂ{ Job bl B SebBoRBERg § Ao Rt Tigure s
SR "akhdydride! \k/ﬁﬁ thg_ hﬁlaﬁz@ﬁﬁ M‘&Eéréﬁérc @éénﬁ@lly no particles were

centrations of twelve fornul ati ons of present
i dvtected om theefupematant] aaccuﬁ'madufoacanaahsnlgram @alue of essentially zero.

Qe e L R s T R

aﬁét%ﬁnﬁﬂ{gotﬁla FYIuRek WBG it dElipssohniee d WHRMGH® Bahpld Was phase stable, no
choline and its related hydrol ysis product

| peligives pirdble @ﬁtﬁr esnbifigationeand thespmae iy the senirfugsipheeremained a
HPLC usin a I t e
A e R O
( BbdiexaRa: valupéondianed thepetdnce af hldi‘rfefdlﬁtlfpﬁb@ﬂtmﬁl the supernatant
81.4:17:1.5:0.8) to eluent B, (2-propanol: h ?(Cetiﬁo

aénd the plagy wﬂaﬁ] diamear af the liwomeas’yaév&'éperf {08t d90% of the
a Twel ve fornul ations from

R’al%leg)ecﬁ?g)\/\eérﬂe{% e t%(t:%%g t ﬁ%@ver ed the full range pH
vaI ues of the fornulations of Figure 4. Al though
hyﬁ;hrg theid§0.6 amalbe as ilgninfikemfor the coidistaicy of phgists sivadisttibution,

ocg:l val E’E‘zﬁg#tgﬁlﬁlg@tdg’? ?Psaﬁadg%%"‘ﬁh% ?olﬁ)iwc'irlilé gqu6a‘tion

Phase Stability Index == d(0.5) post-centrifugation/d(0.5) pre-centrifugation

When the sample was phase stable as defined herein, following centrifugation there
was no visible pellet and the liposomes appeared to remain uniformly distributed
throughout the liquid phase Figure 8c, and the PS Index was about greater than about
0.6.

If the sample had intermediate phase stability, following centrifugation a density
gradient or partial pellet were noted on visual inspection as in Figure 8b, and
typically, a PS Index of greater than or equal to 0.1 but about less than or equal 0.6.

To further illustrate compositions with intermediate phase stability, Figure 9 shows a
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of the present invention between 4 and 9, and nore
preferably between pH 4 and pH 7, could be autocl aved

wowakoussi gni fi cant | oss of phospholipid, typPCEICA004/002002
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| ess than 10% | oss, nore preferably |less than 5%/ oss.

I npact of Autoclaving on Lipid Oxidation: Oxidation of

| i pids during autoclaving was mninzed by preparing
aphbtbgraph nef fao lipubanalonsmpesiten af int@med'mtmmakm rsmbllity After
Tabl e_2 bel ow su es the han
o

%ﬂt QA8 nbPELA! Wltﬁ%ﬁ% 1i ?o%?é’s E&ﬁ&%ﬁﬂgﬁﬁ'su@}ﬁﬁﬁbn This picture
any Xitric acid (1:1 he oxi dation of I|ipid

cwzrpcbai@ntmﬂwhsclﬂlghtnegi t(bpel‘allt: pisualizatien ot thesdemarcgtion between the
np containing lipids, and standards, were

rB%t@"ttéﬁ‘?a]etsﬁp?lg?%ﬂs oxi dat i on/ xyl enol orange (FOX)

reagent and nmeasured at 562 run. Bl anks were prepared

bYhé @BCIrdeR 8¢ Whidusi ok Moapphkitioes W’ﬁeaﬁws&léda,tsnngﬂﬁHnnethod
and subtract ed fromthe absorbance readi ng of sanp

Qheibnrioatie gnd ader predlaying Hhecomypsitionsiaddhs dala e émamanzed n
c €4 hydr oper oxi de. Exclusion of oxygen was observed
tg{%ﬂevent oxi dation during the autoclaving process.

Table 2 Filling conditions %I ncrease in oxidized

| iOwierhllc forhomidtioas tentamingoaily therfgeefrago of 080 dviigy warsrgederally phase

Oxyqge % A 5% act ocl avi on_th . .

pﬁagébqgﬁa At rodEE o s SHL, s BT e fguelgion with
CQR2& élanH%(Jve{réle ﬁfrﬁa?tﬁﬁt‘an' CWREY 120BhALE O4tdsthe pH of the final
armaceutical |y udeful [1posone corrgalgl tions.

L[fqmmd:atmnomqnwuaﬂh thestheharolegules awstunshdrged preonly parsialy gharged at

st.abl pical Ly show sedi nentation of the type shown

i 5111qu Bi-élefﬁ’,al/é)%?ur Pdl'y, often overnight, while

ot hers can sedinent only after weeks of storage. The

desjef1d B8 editodldvige fofrtha IftaoimeChuhulabnpindgestd ithe number of

some enbodi nents i s two years or nore under_ specified
liposome formulations that were” characterized by a PS Index greater than 0.6 as

AP

summarized in Table 3 as follows:

Table 3
PS Index % of Formulations % Formulations
Pre-Autoclave Post-Autoclave
PS Index <0.1 51% 25%
0.1< PS Index £0.6 23% 13%
PS Index > 0.6 26% 62%

Prior to autoclaving, 51% of the formulations generally had poor or no phase stability,
with only 26% of the formulations having excellent phase stability. Following
autoclaving, the number of phase stable liposome preparations increased dramatically

to over 62% of all the preparations.

With the addition of the appropriate amount of an acid, it was possible to titrate the
pH of the preparations to ranges below the pKa such that an increasing amount of the
amino group of the lipophlic amine drug was protonated. At pH ranges between

about 4 and about 7, and following the autoclaving step, the liposomes displayed
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storage condition. For exanple, in one enbodi nent
| i posone conpositions of the present invention

weonwsaismsag fentanyl citrate as the active PCT/CA2004/002002
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i ngredi ent/organi c acid have shown that the product

retains phase stability for over two years at 4

degrees Cel sius. During formul ati on devel opnent for
nesmatkabie phadi smlhgr, Figurs I &igwral 1 eomparettbe pre and post-
stabi | i

ty.inre iod of nonths _or
oAy Sty iy o fpobiie 3ror R ieipgl Bl s the
gfﬂ Shnfic B IFd US| ROFig@F 10, tHegabplashb @ tﬁﬁ@ﬁcﬁ*@o aftoclaving
anal'ytical tool Tor predicting the |ong-term phase

sttmbfohnmlyu@fs wetk ippasorsedismpiation i dypng mntﬂlﬁ@aagg,a%s reflected by a

hk‘?"gig Eﬁ o t I on f auﬁ?céﬁ’rl@)}ﬁleign%@agﬁﬁsc tRZH—I values below

ditsi Bféaubmaf%tdnbﬁ(ﬂn ramsg)w%relmamm@t ed by a light
scattering nmethod enploying a Mal vern Mastersi zer

2000, after dilution of the liposones_ in dispersant in
wRetaring fo iFiguset 1orand /Flgmpﬂé» 5¢ gEAPhS SQUAEY the pre- and post-

pg&?ar gédt Bllse SR d%(%,gﬁetﬁgﬁ)d?ﬁ&ﬂs CéfeF%‘uF@ 4 containing

I on was asu a ‘Mal vern Mast er si zer.
Tbﬂdaﬁ@@:ﬁam@pﬁgn— digned &he (lpoPhidiy ) amoinet héfdri thes ovmepositions with

t ded A3 m_ al| f |
PRy ks 2 ronte aeeios ahprer e, G fidgfte, han 335 rsap amd ths
Cﬁlge&rarszto Rl ?fom';t@}ol ﬁWn'%@asQe%er rfblfn‘dﬂﬁldrﬁ nbhos'?l%(ﬁ‘lltdlﬂl'dg&)aﬁﬁltlc acid

sanple was w thdrawn fromthe top | % of
cemnd thdkel gentamnghlghaamallS@HOp son¢epiretigrisz d hg |p§1ml|“ﬂl§ Lﬂcldo gontaining

asured usi t.h ern_ MVast e The. mean
ot aong Depried, 5 MRJor B0 SGRan B i so o phT iy and the
ARp R EShi&t WP RSO WRi GNP St highNshdh@etred c‘bﬁcdnltl@tlon (2.4 mM)
present protocol is shown in Figures 8a-8c. Wen the

s aisjile cuystalppdagumes absayed h & eartheser thpatubsiesiss i fgeaulations

a solid Il et at ot r.

5 BE, bl 0 BP0 ARG BB ey
%meglwaﬁ/aﬂ&emo&mﬁhg,r Sralations S le Valugsobglawt the 8§, of the
were detected in the supernatant as confirmed by an
obipeptilic poimosas pasestables Blaurey 142086l oscuration is

wel | known by persons skilled in the art as being a

Sﬁe?é?ﬁlﬁésfo?%%ﬁﬁr 196684 "FiduPd 17)€rlRldsRo A8RHYsitRins c?ntaining

| i poso he sanp was phase Stable, no pelle
wasmytriptanl ef Riguee 4¢ enlyr ih Ugahiletioramitht the fsantiilug was phase stable

centrifyge tube.re honogeneo er si

CI9EFP. S BRI 4 VeORE Gy ELTe LS Jamulgiy to lower pH

O HBFAES hA8 sYﬂJﬂw; ARl idd® RNAEENGEmBEr UM HAUSIons. The
| i posones I n the supernatant
required pH is lower for sumatriptan. Importantly, while sumatriptan is a lipophilic
amine, it also has a sulfonamide group in its structure, has multiple ionisable groups
and corresponding pK, values and has the lowest octanol water partition coefficient

(Log P =1.05)

Referring to Figure 18 and Figure 19, relating to compositions containing
prochlorperazine of Figure 4, the formulations were found to be phase stable both
prior to as well as after autoclaving. The autoclaving was shown to have a negative
impact only on formulations at higher pH values, not unlike formulations with other

drugs. Prochlorperazine has a higher pK, of 8.1which is higher than either
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and the mass nedi an di aneter of the |iposones was
generally 60% - 100% of the value recorded in the

W@ L@s0#8986 f or nul ati on. Using the d(0.5) val ue BGI/CAZ004/002002
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mar ker for the consistency of particle size

di stribution, we define a Phase Stability Index (PS

I ndex) by the foll ow ng equation Phase Stability I ndex
=onds&jorpasientayt eraug af itlenfosho]abipng prepated twitlf ondansesron were

e stabl e as defined herein,
?@ﬁ%&hﬁﬁgﬁww ?B At here was no visible pellet
and the |iposones appeared to remain uniforny
dipaiid10Wigs of Nipesdines: tHrl érﬂ@u%gdsfeas’&laFlllgUScﬁn&C shoaldl change
the PS I ndex waS about greater than about If the
s sigpifisantyiin sivefolowing itprages.sPabile ¥4, diftbpiion agthe liposomes
centrifugati o t
b R h Rut SRl R SRk MAaBMaGisizer 2000,
t yRbc@lltion tﬁ’&hhﬁ%ﬁi@s ah d@pemtuﬁrmtmér fmr quwﬁn t Dhdrekults from

but about | ess than or equal 0.6. To f
| Prsirlise asioa mseRtionn Vit PR Indeer Haip ?rea‘Bﬂ%l%Wém& show that the
S r t
Rk X 5) BH e BoSOREs, el ant A0k A8 b lri@gation of the native
Abf@ﬁranentor ntﬁwgamlm;d mepepatin, idvecdsespfiacivaslliyafter the autoclaving
ellet is visib The [ nat ant

ﬁg\%i H%g%ia ofd metiﬁng%lﬁ%or}s %&%LGSF dhan ﬁ%ﬁg/e}qﬁ:rease n \f%gsome size.
SERRRASERMgesT M SipBédihd! Er‘%e"\@e‘re tl@&ﬁ'ﬂed’\ﬂféﬂ“fo@ﬁhﬁiﬁlnbﬁmvhﬂﬂﬁH values

to permt V|suaI|zat|on of demar cati on between t
pbbllowt plardort dbeve pPet ansimmn 1nTFiguF¢S7 | m&tswd\ﬂbpm ule preferred

t d d
B I e
aBﬂtutnhz% tHepRystfa arf Rt @&bilﬁ%Ef e leftird fofMEhEb. ,
formul ati ons containing only the free base of the

drugs were generally phase unstabl e before and after

aut ocl aving. The only exception was the fornul ation

wi th Sumatriptan However, Sumatriptan carries a

c t flnal formul ati on whereas all
tﬁagﬁﬁ élﬁ ‘%u égﬁlgﬁe uncharged or only partially

charged at the pH of the final fornulation. Overall,

t Pecpardtions amitaigingfa mixsureiof dise dentdnyl and hp(bsom dnnapsektesidfentanyl
t he nunber osone fornul.ations that

CREFOBIBAES iy BYREE e s Pah 4 aepiisohagse ot various batch

sizes. The ethanolic phase comprised ethanol, fentanyl citrate, phosphatidylcholine

and cholesterol. The aqueous phase comprised water for injection. Before mixing,
both phases were heated to a temperature of about 56.to 60 degrees centigrade. The
two phases were mixed and the mixture was stirred for a further 10 minutes at 56-60
degrees centigrade. The mixture was then allowed to cool to room temperature over
approximately two hours. Typically, each ml of the final aqueous formulation
contained 500 mcg fentanyl (as 800 mcg of fentanyl citrate), 40 mg
phosphatidylcholine, 4 mg cholesterol, and 100 mg ethanol, in a solution of water for
injection. Afier filling, preparations were autoclaved for final sterilization (some air
was present). Final preparations contained between 30 to 40% of the fentanyl as free

drug with the remainder (70 to 60%) in the encapsulated fraction.
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sunmarized in Table 3 as follows: Table 3 PS | ndex %
of Formul ati ons % Fornul ati ons Pre- Aut ocl ave

wEFonsos980©Cc] ave PS | ndex <0.1 51% 25% 0. 1< PS pe€x2004/002002
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0.6 23% 13% PS I ndex > 0.6 26% 62% Prior to

autocl aving, 51% of the fornulations generally had

poor or no phase stability, with only 26% of the

formul ati ons havi ng excel | efiablrhse stability.

Fol | owi ng aut ocl avi ng, the nunber of phase stable

| i posonme preparations increased dramatically to over

62% of all the preparations. With the addition of th

hppt $ipe i at ¢ Badiiiomgof| Ranticle Stte | Perwers possiPhbsphatdyl-

itrate the Tideaf 4ithe %éogﬁar at i pBscdpsulatadges hel ow t|
4

—
(9]

pbKa such that an incr | amount of the|am no grouj
hf the |ipdphlic am ndm8f 98 mas| pr ot onat ed.(matmpH

r anges bet ween about—4 _and—about—F+—and—fellonwngthe
aut ocl avi ng step, the TF sg S Ei=9pl é?;Péld é%__ erraﬁﬂ%bl e
bhase stabi|lity. Figure 10| 8%8 Fi guré lde donpar etifnae
pre_and postautocl aveld Phase Stabilitly | ndex of
il pissone prldBamenthons| Tdnt pbi ng- f entjanyl |as the-

naonhbid na £

i A€ ne—pf—Hgurer A5 T Frogurg ot0;23td1e phs
5oVt at p% Jpoqtls aut%%l av?‘%g tﬁgbfcréﬁuqlaéﬁbsins \?\%ge
b oMiget 0 sediieaihd | one.dur | 6§ cea3.pi fludar i|33,6 aF34.8
eflected by a | ow PS | ndek—tnicontrast—after
autoclaving, all formulations with pH val ues bel ow
that of the pK of fentanyl (pK = 7.3) were phase
stable. Referring to Figure 12 and, Figyre 13, .t.hese .
oM Bp YIS RPEOTEH PTERAERIORA V<56 SPRGE Bt dRAieeSHRglUS and monitored
Stabichtitity dMec1Okizk i RSN NPLRINMAEdONIr@E eftuiigtich. Particle
cont aéll r%iI?\"'g. ondanséltzr on (pK - 7.;3 a% the I}ép_op ilic )
amiza distiitortiontod theolinseines sreonducidd bine liskiscattmingtmethed employing

SR MR . 0o R 0 e, trd

C lypgse for AbridMOAVTRE bersnt degssaltiontat the deugdavithir ihe liposomes is
acid and those containing hi%h ondanset ron

c tastadrityt eanisiging the lipesomes jat highi cenietiiegalifprc gemax 277816), at 4oC
AN STIRENRERH cbisBoMBhbredRod Y 1b BRARD SBpdYellbt for the

ds mxtures an
very phase stable formulations. The supernatant and pellet were both analyzed for

J

OAAL
VI

drug by reverse phase HPLC using a C8 column with UV detection and buffer of
40/40/20 ammonium acetate buffer/methanol/acetonitrile. The neat sample was also

injected, to calculate mass balance. Percent encapsulated is calculated by:

%E= C(pellet) x100%
C(pellet) + C(supernatant)

wherein C(pellet) is the concentration of drug in the pellet and C(supernatant) is the

concentration of drug in the supernatant.

No significant changes in particle size distribution, percent encapsulation or
phosphatidylcholine content were observed. The preparations were phase stable by
visual inspection and for samples from the 15 litre lot the Particle Size Index was 0.72

after 19 months storage.
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| i posome content was |ess uniform At high ondansetron
concentration (2.4 m\M) visible crystals of drug were

wob®soysds \Wen these two subcl asses of for nmul BET/0A2004/002002

)

are renoved, the trend for the ondansetron
formul ations is consistent wth fentanyl, nanely that
af ter autocIaV|ng formulations with pH values bel ow

t Helthsreh f erbRdimpenis 0fi fhec nysntien dewe &@a@ leggrifsdeherein, it will be
[
%&HEEFO %fﬁlt%sel éklllgg fsl,ﬁfdliéo%g tfcl:%n‘%:a%ﬁ{i&% fhgﬁ E&%H{e%t? without
Fidgparting, ﬁl‘oolfmn the dpirét Jfahmﬂlvanﬂl@ﬂoﬂ/\ﬂhta hcdﬂ%eoffth@ Ep;ﬂahd@c}] ¢labns. It will
abl e u nitia aration. As with ot
519 gin%r tanF’iS%QH e thesPrfiied o the Ao sk %qm‘?%aaftt@e different
pQﬁﬁ% r [ l:ar, Rehner.
RIRhI b o i e b oy e Todi
sunatrlptan. Inportantly, while sumatriptan is a
i pophilic amine, it also has a sul fonam de group in
its structure, has multiple ionisable groups and
correspondi ng pK val ues and has the | owest octano
wat er partition coefficient (Log P 1.05) Referring to
Figure 18 and Figure 19, relating to conpositions
cont ai ni ng prochl orperazi ne of Figure 4, the
formul ati ons were found to be phase stable both prior
to as well as after autoclaving. The autocl avi nhg was
shown to have a negative inpact only on fornul ations
at hi gher pH values, not unlike formulations with
ot her drugs. Prochl orperazine has a hi gher pK of
8. 1whi ch is higher than either 36ondansetron or
fentanyl. Many of the fornulations prepared with
ondansetron were fully 2 pHunits |ower than the pKa.
Particle Size of Liposones: Prior art suggested that
| i posomes shoul d change significantly in size
foll owi ng autoclaving. Particle size distribution of
the |liposones is conducted by a light scattering
nmet hod enpl oying a Mal vern Mastersizer 2000, after
dilution of the |iposones in dispersant in water for
injection. The results from our studies using
preparations with PS I ndex > 0.6 after autoclaving,
show that the neasured d(0.5) of the |iposones,
nmeasured prior to centrifugation of the native
preparation or the autoclaved preparation, increases
fractionally after the autoclaving with nost of the
formul ati ons showi ng |l ess than a 33% i ncrease in
| i posone size.
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Greater changes in |iposone size were recorded for
formul ati ons with pH val ues bel ow pH 4 or above pH 7

w@g2008i0e8a86 i n Figure 7. As di scussed above, thePCT/CA2004/002002
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preferred pH range for the fornulations is about
between 4-7, and preferably between 5-6, to optim ze

t he physical and chem cal stability of the entire
formul ati on. Exanple 4 - Storage Stability
Preparations containing a m xture of free fentanyl and
'kﬂﬁ?@ﬂ? encapsul ated fentanyl were prepared by m xing
an ethanoli ¢ phase with an aqueous phase at various
bat ch sizes. The ethanolic phase conprised ethanol,

fentanyl cjtrate, phosphatidyl chaljne. and ¢hol esterol.
Tﬁe aqéeé@bltep BRse oﬁﬁ'ﬁp%%tepl\,\é re?lelpgxpng nf pg;}p_eunca? agent, the

BeéiRp&itionX | Sfmpridgch phases were heated to a
tenperature of about 56 to 60 degrees centigrade. The

two phases were m xed and fhe m xture was stirred for
a furtffer ndsiiebls aquegs.mesligagr ees centigrade. The
m xture was then allowed to cool to roomtenperature

over agpr OXHFmRbAkyfotWed H@xﬁfassuita_MQi)H@thipi@aCh i of
the final aqueous formulation contai hed 500 neg

fentanyl (as 800 neg of fentanyl citrate), 40 g )
phosph®i dy3tdest pae pharmgeeuting| agsticheing atleest perially encapsulated in

ethanol , 1 M@ 1ipolotics A BeinVRERE(ed bt N €CTL ON. After

filling, preparations were-autoclaved for final
sterilization (some air was present). Final
prepar at i oné) corg lipapbiliceningenl Boharmactdsadly aceeptable acid, wherein

fentanyl as fre Wi, t e renainder. (7 609 .
in the encapsul gpgéﬁlefq?%%ﬂ%gér{hy agoepifle.act tsosteggfegé‘m@ﬁ/%“ organic or

Storage Parti cl ein&igasic Reidcaidt Phosphatidyl - Tinme at 4

Cd (0.5 Encapsulated Choline (mcrons) (nmg/m) T =0
End T =O End. T=0O Epd tine tinme ti 1 litre mpnths 5.7, -
57 1 70 FIy "5 phirmlseeisghiarentPls areatis i 808 pfoi Tipophilc
33.5 32.8 litre amné,hsn. bpherhll§3-a9 ﬁﬁrtﬁa&ﬁt-i&llgdf-agce-ﬁ%le acid

aqueous | i posonmal preparations were stored at 4

degrees Cel si us QnWprigwgathpagaceutically acceptable organic acid;
wherein the quantity of the pharmaceutically acceptable acid present in the
composition is such that the pH of the liposome composition is less than
or approximately equal to the pK, of the amino group of the

pharmaceutically active lipophilic amine.

2. A composition according to claim 1, wherein the pH of the liposome composition
is about equal to the pK, of the amino group of the lipophilic amine, and about

50% of the lipophilic amine is protonated in the composition.

3. A composition according to claim 1, wherein the pH of the liposome composition
is less than the pK, of the amino group of the lipophilic amine, and a major

portion of the lipophilic amine is protonated in the composition.

4. A composition according to claim 1, wherein the composition has a pH of about 1

to about 2 pH units below the pK, of the amino group of the lipophilic amine.
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for stability of particle size distribution and
changes in drug encapsul ation. Particle size

wale@soiadss i on of the |iposomes is conducted byPEI/CA0Y8/002002
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scattering nmethod enploying a Mal vern Mastersi zer
2000, after dilution of the |iposones in dispersant,
filtered Water for Irrigation. The percent

encapsul ation of the drug within the |iposones is
tested by centrifuging the |iposones at high

, cgntrifugal force (gmax 277816), at 40C for two hours.
T

e ex{reMPositiappeGortag thtlan badwesin thepfl of g digogpme composition
Pr oper jsiRtWh abt: 4L A8 MESR, SRS Snib Jr @ 11109 hi
The subser nat ar?t and pelelelfet wer e bot %mélﬁal yzi%oﬁglrhgc?%e'
by reverse phase HPLC using a C8 colum with W
dBt ect Acwnmeeitip pecerding tostgaol wheraimtbncampasiiiondieea pH of between
buf f er ) tonitrile. The neat sanple was al so
injectégﬁ&?gﬂgg#@ﬁ?ate mass bal ance. Percent
encapsul ated is calcul ated by: %= Cfellef) x100%
(I pel | At yomp@Eitpmparcaatizanty cldirar @i whe@eimetHeetgmpasitiohehas a pH of
concen ion Q r ih the pellet and C(supernatant)
is the5%§%%%%¥wgﬁgﬁﬁgg#ﬂdrug in the supernatant. No
significant changes in particle size distribution,
p&r cenf enoppiichatdconliny tplbhiph@t whstkidhthei fengeitiodMias a pH of
were opserved. T arati ons were phase stable by
visualg%WgﬁﬁgPPﬁggﬁﬁga Hfgéanples fromthe 15 litre
lot the Particle Size Index was 0.72 after 19 nonths
S9.0r aga. cohdRsitivaugRoRIiHROW BRI S6,0WhdrbR thBVEeMpRtioNWAR a pH of
been descri banr%d herein, 1t will be understood by those
ski | | Rt abaub #0dabgut & ari ati ons may be made thereto
wi t hout departing fromthe spirit of the invention or
t1® SCARBmPbsitiblLacdpiIRAS d16hal fMBthed dornlir] er
under st ooré@by those skilled in thg a?rn;m tshlgfb%g{eg%oﬂts
of the different enbodi nents of the present invention
nby beAEOMBPsiEeN 3csoming tp sl d) fshaieomprzoestianst. 1. A
stabl e |iposome conposition for delivering a .
phar Mg @uiipb@lioR 9&itdind REISIPPSHAdAR £ gtpglﬁcﬁ 'i@gx]';esén@)at between
a suitabl e aqueous nmedium (a) 11posonmes tornmed froma
sui t ababeuphd Sparsl aboirdt0% of the total volume of the liposome composition.

13. A composition according to claim 1, wherein the phospholipid has a net neutral

charge at about physiological pH.

14 A composition of claim 13, wherein the phospholipid comprises

phosphatidylcholine.
15. A composition according to claim 1, wherein the aqueous medium is water.

16. A composition according to claim 1, wherein the pharmaceutical agent is also free

in the aqueous medium.

17. A composition according to claim 16, wherein the percent of liposome
encapsulated pharmaceutical agent comprises about 50% to about 90% of the total

amount of pharmaceutical agent present in the liposome composition.
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(b) at |east one pharmaceutical agent being at | east
partially encapsulated in the |iposones, and bei ng

w@edosossss from (i) a lipophilic amine and a PCT/CA2004/002002
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pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an
organic or inorganic acid, and (ii) a pharmaceutically
acceptabl e organic acid salt of a |ipophilic am ne,
and optionally a pharmaceutically acceptable acid
.accept abl e organic acid;

i ng har maceuti cal |
whBr i @paﬁm  40GOT gmgt Fe G ridc ewharein| fip percent of liposome

accept &Qlaﬁsui’éié }ﬁh%%’eﬁﬁcdl BodnP BoriBiR0 Sbdult @6% 15 aﬁ&iﬁ I30% of the total
that the pH of |'i posone conposition is |ess

or apposuiel phm@ﬁmabaltaaentmeespm i fhetlipesams mn;g:smmp of
the pharmaceutical ly active Iipophilic am ne.
osit i.gn 1, f
A b R RN Y
t he amenvepgptaedoplmimadeetital pganh ccbmpnwsmlnmx 5e%do abmm 75%Qfothe total

of the Ii il i c am.n ro in the
conpo S?T?Lg’g BP%harIRa%eélﬁﬁag§g?I}t gf?’“?fg ﬁ’&qWQ SQUEE qraRasitipn.
wherein the pH of the |iposone conposition is |ess

t b@an thecqmixﬂftloh%c(&ﬂiﬂgotogﬂﬂﬂploﬁvhbﬂ&ﬁl tHepstfihhdegtically acceptable
portion of the |lipophilic amne is

am ne, r
pr ot on%ﬁ“g slt?Pn@ YIS 4 BEAnigacidy conposi ti on

according to claim1l1, wherein the conposition has a pH
of1.abopt cohﬁo@ﬁ@ﬁ%&or&n@"ioudlélhlslb%%ﬂ ﬂl% }ﬁﬁrrﬁlflcehr@lly acceptable
am no gro@&of the |ipophilic amne.

conpos#id efrsterbyiorprises as|iagragc a@Aﬂrer e| n the pH of

the |iposone conposition is between about 4 and the pK

092t heAaéHnﬁm)sEfoﬁu&c&fdu{Q% lclalﬂﬁpi1 {m&eﬂm:l{%e %&onﬁ particles of the
conposi tion according to claim1l

conposlipdseme kerspesiiit lwfve b enaseaediab digmeterd@. Ypafiessghan about 10
7. A 018[590 |t| on according to claim®6, wherein the
conposition has a pH of between about 4 to about 7. 8.

A conposition according to claim6, wherein the
cb%rposAtcompolsﬂmnaacchdnfg oetlaime 22 alduteint the dipesoatzopirticles of the
6.

liposome composition have a mass median diameter (d(0.5)) of less than about 6

microns.

24. A composition according to claim 22, wherein the liposome particles of the
liposome composition have a mass median diameter (d(0.5)) of less than 4

microns.

25. A composition according to claim 22, wherein the liposome.particle‘s of the
liposome composition have a mass median diameter (d(0.5)) of less than about 2

microns.

26. A composition according to claim 1, wherein the lipophilic amine comprises a
lipophilic amine that has a log P value of greater than about 1.0 at physiological
pH.
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9. A conposition according to claim®6, wherein the
conposition has a pH of between about 5 and about 6.

WA 00548986pOSi tion according to claim1, furthBCT/CA2004/002002
conprising cholesterol. 11. A conposition according to
claim1l1, further conprising ethanol. 12. A conposition
according to claim 11, wherein the ethanol is present
at between about 2.5 % and about 10% of the total
vol une of the |iposonme conposition. 13. A conposition
according to claim1, wherein the phosphalipid has a
né?- nedl PSR FEcHLIng e GHaimAbs PHIersH ﬁlsﬂlnmhﬂlmmm@ has a log P
compostihodr Blrweblitul 3 antARKES Ty bigidbaeARel | pi d

conpri ses phosphati dyl chol i ne. . conposi tion

according to claim 1, wherein the aqueous nediumis

waber . Aleomposilénp fi elpioh lacwberdinnhe: eatiol Qf npliarmegestied] nagent to

t he ph ¥ [ S. A + queous

o unpr g o fboRiERiech 18030 HEGTE 10 rholndly
wherein the percent of |iposonme encapsul at ed

- 5 pRar madenipoaition @ mlaim oppvhiesds thebaunund 08 phaspbdlgid pBRest is about
of the gg@ﬁL amount . of ha%naceutical agent present in
the Iip or e BEThE CORPOSIIOe * A conposi ti on
according to claim17, wherein the percent of |iposone
efAt.apsAl @hedsifiba nomediug ite ahind § cWwherednipon Sestrifipatibn 6D @-force of
to about 80% of the total apou f pharnmaceutical | )
agent é?"_é‘%gwe?rhabtoﬂ&iQoqop?élgéﬁfg“tgbp{@&stg’%lpﬁﬁmel .abgut 4°C, and a time
COMPOShdridArbfa6&@ i, iR @id bfMhbParttehifd MstkBOHALSCEE liposomes
of |iposone encapsul ated pharnmacéutical agent .

10 conpri gledhadivgsorB ogomposibiont afies oseirifppationordativemburthat prior to
of pha C ' t [ | i posone
con‘pos%ﬂ?rglﬁg&t?éié %\(ﬁ%g%p%%%?egn%ag@g%ét I'ng to claim 1,
wherei n the pharmaceutically acceptable acid of step
(B).(i ) Acoompposiiem amcadipgnioc aagi df cPims Al-80npdsirdin oseid liposome
according to. cl.aim1 erein.the pharmaceutically .
coept saesfiohc? ottafl Ehg oo BEwBRRLEIS SHbyeiiBly g shemically
aci d. gable & fidegdpsngd.i on according to claim1, wherein
the |iposone particles of the |iposone conposition

'h i an di gy r . f h
a 5t aAn%gr%pgsEgAna aogcl)r mn%t ?0 a&%( cc)>f Sgl?aimos 1—360? S’w er%ﬂl the - liposome

15
composition is autoclaved and said composition is physically and chemically
stable to autoclaving at a temperature of about 121°C for a minimum of about 15

minutes.

33. A composition according to claim 31, wherein the liposome compositions are
20 physically and chemically stable for at least about one year at a temperature above

the freezing point of the liposome compositions.

34. A composition according to claim 31, wherein the liposome compositions are
physically and chemically stable for at least 18 months at a temperature above the

freezing point of the liposome compositions.

25 35. A composition according to claim 31, wherein the liposome compositions are
physically and chemically stable for at least 24 months at a temperature above the

freezing point of the liposome compositions.
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m crons. 23. A conposition according to claim 22,
wherein the |iposone particles of the |iposone

W@ 09p04s986 on have a mass nedi an di aneter (d(0.B)1/Cak004/002002
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| ess than about 6 mcrons. 24. A conposition according

to claim 22, wherein the |iposone particles of the

| i posone conposition have a mass nedi an di aneter

(d(0.5)) of less than 4 mcrons. 25. A conposition

according to claim 22, wherein the |iposone particles

of the |iposome conpgsition have a mass nedi an i

dP&nret Arcoprpesition poeording fasclpiny Al.aplgien shepereeh encapglation of drug

CompCeh BTSSR S B A RS g f gt e 20

a | og moythk uedepfn fedztmosphbeen about 1.0 at
physi ol ogi cal pH 4227. A conposition according to

chaim 26 sy [ | hiC L I P -
ViTue SreoptibRlEh edshfpe LR a1 ow ARG O Sioth AiSempolivid docs
pH. 28notAhemitplhy d¢drate of mateaha dbound 6 €weightveciphth bveraf period of
pharnacgutgﬁgl agent to phospholipid is about between

1: 100 HAPSEHOTC™S10 nol /nol . 29. A conposition of

claim1, wherein the amount of phospholipid present is

apaut  ASorddositioniaé@rdifg tdelaik® BPOwhérkiarthe 3fouds of phospholipid does

conposition according to claiml, mhgrein upon .
centri Mgcﬁ?mt?ﬁllxafie%a%- WOMOES (AN ARt oV ARG ver a period of

1000 apq.Apsitor®d0, a tenperature of about 4 C, and a
time period of about 2 hours, the ratio of the

particle size distribution of the |iposomes of the

| 3P os ofrecomanpgiiont dceprdist tor claianBii Mhigkein g Hedphilioveming does not
t hat pgi.an [ [ j . .

than psaief9REHEE bl 4906 LB 45Tl REiHRRLEL ppriod of at
cl ai neledst20 montier ei n sai d |i posonme conposition is

aut ocl aved and said conposition is physically and

chemcally stable to autocl.aving. 32. .A.conposi.tion.

caor b Sspeh RoBing®: whGea R R icofBing does not
chemically degrade by more than about 2% (weight/weight) over a period of at
least 20 months.

41. A sterile and stable liposome composition for delivering a pharmaceutical agent,

the composition comprising:
(a) a suitable aqueous medium;
(a) liposomes: formed from a suitable phospholipid;

(b) at least one pharmaceutical agent being at least partially encapsulated in

the liposomes, and being selected from:

@@ a lipophilic amine and a pharmaceutically acceptable acid, wherein
the pharmaceutically acceptable acid is selected from an organic or

inorganic acid, and
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conposition is autoclaved and said conposition is
physically and chem cally stable to autoclaving at a

wao esopessasar e of about 121 C for a m ni mum of aPOIICA2004/002002
m nutes. 33. A conposition according to claim 31,
wherein the |iposonme conpositions are physically and
chemcally stable for at | east about one year at a
tenperature above the freezing point of the |iposone
conpositions. 34. A conposition according to claim 31,

wherein the,.liposo conposj tions e physically and . s
chenical ly gpab! % Waﬁ?n&cgfgétac?@ﬁ%i% o%a};‘é? i@ élrt a‘ir}u'f‘ dipophilic
above the freezi#finBOindtopBibndliea #h&ﬂﬁéﬁﬁﬁcﬂ@'@@éﬂt%l@ BEganic acid,
35. A conposition according to claim31, wherei'n the

| i posonme conposi aidogioaplly grgharmaagepticallcaceemshle aridycomprising a

stable for at | eﬁ%ﬁ%@gﬁ%ﬂ&ﬂ&e@abﬁ &rgmcegcq ;ur e above

the freezing poi 0 i posone composi t’i ons. 4336.
A conposition according to claim 31, wherein the

5> percent encehereinathicoponfositiongisi autbtlevdd, podowberein quantity of the

ot Toast 20P ORI asCepai G bt koo Chn B BSmpSRick is sueh that

conposi t i ontha@Ebsthe Gpdsomelcamposifion tessahan dripprfRbtly equal to

of phosphol | pi d_does not, chem cal |y degrade by nore . .
t han about H9oB st PR gEPYP d’&fe%e Phaenacsuticaly sactive lipophilic
| east 20 noghfas. 38. A conposition according to claim
31, wherein the anmount of phospholipid does not

chem cal | y_degrade by nore than about 5%

10 (4@i ghty/ siwilgiany stabler coanpsition dicesirdiag tp edaim 410 whereimghe pH of the

59, o SRS, LB HOR, L1 ey ARl oup of e

t han alymaphillsYarhine] gint Abwit 009 obvlee lipopielic achimaf isaprotonated in the

| east 20 rmrgt hs. 40. A conposition according to claim
31, whE%"™Re |1i pophilic ami ne does not chenically
degrade by nore than about 2% (wei ght/wei ght) over a

P43.i odAadiertié ahé 3tible26dnifositios -acébtdind 16 il 41, avtérdih @Y FH of the

I i posone conpositi.gn for delivering a pharnaceuti cal

15 agent  liposome composition 1s less than the pK, of the amino group of the lipophilic

amine, and a major portion of the lipophilic amine is protonated in the

composition.

44. A sterile and stable composition according to claim 41, wherein the composition

has a pH of about 1 to about 2 pH units below the pK, of the amino group of the

20 lipophilic amine.

45. A sterile and stable composition according to claim 41, wherein the pH of the

liposome composition is between about 4 and the pK, of the amino group of the

lipophilic amine.

46. A sterile and stable composition according to claim 41, wherein the composition

25 has a pH of between about 4 and about 8.

47. A sterile and stable composition accdrding to claim 46, wherein the composition

has a pH of between about 4 to about 7.
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the conposition conprising: (a) a suitabl e aqueous
medi um (a) |iposones forned froma suitable

w@hbospksBé pi d; (b) at | east one pharmaceut i cal PEYEAR004/002002
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being at |east partially encapsulated in the

| i posonmes, and being selected from (i) a lipophilic
am ne and a pharnaceutically acceptable acid, wherein
t he pharnaceutically acceptable acid is selected from
an organic or inorganic acid, and 44(ii) a

phar maceut i cal ccept abl.e organi c aci.d It of, ..
B O e A S C1E BT S Pyi Pridsi e yhesein fhy compositon
accept pdl 28I bBisehvEertdbotls 4.8 a8l Mt ©pal |y a

pharmaceutically acceptable acid conprising a

pharmaceutjcally acceptahl e organic acid; wherein the .
cHfrposhistehe pad sabls crmpesntionsargording o) i Afhwhegein fhergemposition
phar magaut 'g&ﬁ&wgﬁ%gh@m M6hid Present in the

conposition Is such that the pH of the |iposone

conposition is less than or approxi mately equal to the

pb0.of Ahsferdlsi a1l gieblgpcanpasiiion parapidinge ta ictadn| §1,abtrithee comprising
li pophéﬁoile% e%p' ne. 42. A sterile and stabl e conposition
accordi ng %o claim4l, wherein the pH of the |iposone
conposition is about equal to the pK of the am no

gbbup Af stedile dridostebliel campmsitior, acaoalirgb outcld%4 bf firther comprising
li pophit*]i c,anmine is protonated in the conposition. 43.

A sterfP®knd stabl e conposition according to claim

41, wherein the pH of the |iposone conposition is |ess

t5&an tAestqile @hd tstableactnnsigion uwpcafing te ddimophivhetein the ethanol is

o1 of orRIEREH! h PEREE BB AT o 30 gbous” WA, fheciiel volime of the

st abl ej%RBRe sbpARigEcOording to claima4l, wherein the
conposition has a pH of about 1 to about 2 pH units

bel ow t he _[i)K of the am no_ group of the Iipophilic
afd-ne. A sterile and stable composition according to claim 41, wherein the phospholipid

has a net neutral charge at about physiological pH.

54. A sterile and stable composition according to claim 53, wherein the phospholipid

comprises phosphatidylcholine.

55. A sterile and stable composition according to claim 41, wherein the aqueous

medium is water.

56. A sterile and stable composition according to claim 41, wherein the

pharmaceutical agent is also free in the aqueous medium.

57. A sterile and stable composition according to claim 56, wherein the percent of
liposome encapsulated pharmaceutical agent comprises about 50% to about 90%

of the total amount of pharmaceutical agent present in the liposome cofnpositions.

58. A sterile and stable composition according to claim 57, wherein the percent of
liposome encapsulated pharmaceutical agent comprises about 60% to about 80%

of the total amount of pharmaceutical agent present in the liposome compositions.
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45. A sterile and stable conposition according to
claim4l, wherein the pH of the |iposone conposition

w0 g0060¥888€en about 4 and the pK of the am no greCpCato04/002002
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the lipophilic amne. 46. A sterile and stable

conposition according to claim4l, wherein the

conposition has a pH of between about 4 and about 8.

47. A sterile and stable conposition according to

clai m 46, wherein the conposition has a pH of between

about t 0, aboyt 4548, A steri]e an

gﬁp W araglem‘gowsaoam?w}mgm et eherein the percent of
Co”poshf)ds@fhe Qﬁ&p@u@@dgﬁa&%éﬁﬁzﬁl @@au&oﬁprﬁeﬁaﬁo@@@% to about 75%
6. . A sterile and stabl e conposition according t

cl al m whe Vet ragionnt ofwhemgsoutionl agentyersseat mﬂh@hmsem@emposmon
about 5 and about 6. 50. A sterile and stable
c OSirt i Qi acsRr t Qiith 4 decoldihd PR GQAPrAS! -
cﬁe(j)rlpester%lrﬂl 51. f’islta[si)?eer%ngdo st%olf[e onposiaglpoﬂ’ Werein the
accor dplmgmaceutitalymcdgptableiadidhef stepor(prompuings et hepanic.acidl?.

A sterile and stable corrposi tion according to claim

g%}s X\/’:‘g;rn gkeglb %de 545}?1 1s %cnzbo?ft %ﬁe%co‘? ﬁgeio c?ﬂma béPIUt wherein the
| i posoplearmadenticdllyi aoteptdbbe ackl of step B(H cangrisdsainliforganic acid.

rconposi tion according to claim4l, wherein the

sphol i pi.d has net netral ar
Do oftotFti 23 i Sorap i osSEtie 6: Soind 2o perein g iposome
accor dpffcledof tRi [ipodsme \Wb@p&ditlort hereRhRBR RkHiRh Qhameter (d(0.5)) of
conpri ses_ phosphati dyl choline. 55. A sterile and

st abl eleehpoahiont bhmi@ewt ding to claim 41, wherein the
aqueous nediumis water. 56. A sterile and stable

CREPOShtdiGile ARE @fa@lencgarﬁﬁ)sﬁﬂoﬁ'a%&&mg% Q64 Reherein the liposomes
pharmaceutical agent is also free I'n the aqueous

medi unhavg 2 mass gredien|dianagter (4(0=1) ef lessrhansiboiriohmigsonx: di ng

to claimb56, wherein the percent of |iposone

epgapsyl ﬁ%ﬁ&) aRf @faﬂﬁcgdﬁtlﬂogﬂon aagg&aing qmﬂh’ﬁe&% , %%&Jéin Ft‘lg)é)/‘iiposomes

t o about
have a mass median diameter (d(0.5)) of less than 4 microns.

65. A sterile and stable composition according to claim 64, wherein the liposomes

have a mass median diameter (d(0.5)) of less than about 2 microns.

66. A sterile and stable composition according to claim 41, wherein the liposome
compositions are physically and chemically stable and sterile for at least about

one year at a temperature above the freezing point of the lipbsome compositions.

67. A sterile and stable composition according to claim 66, wherein the liposome
compositions are physically and chemically stable and sterile for at least 18

months at a temperature above the freezing point of the liposome compositions.

68. A sterile and stable composition according to claim 67, wherein the liposome
compositions are physically and chemically stable and sterile for at least 24

months at a temperature above the freezing point of the liposome compositions.
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of the total ampbunt of pharnmaceutical agent present in
the |iposonme conpositions. 58. A sterile and stable

W@ o09p04§986 on according to claimb57, wherein thECPEAR®ND02002
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of |iposone encapsul ated pharnaceuti cal agent

conpri ses about 60%to about 80% of the total anount
of pharnmaceutical agent present in the |iposone
conmpositions. 4659. A sterile and stable conposition
according to claimb58, wherein the percent of |iposone
encaps Iat ed pharnaceuti cal agent con‘prlsegéabout

t 8%-aboftht StEHope stable egpRasitignpATherde tondtifhlbuvhersin e tipophiti

agent RHRR{BptifestMBpdghRRSAHBe HALAS h 16LR valif. of’%reater than about
sterile and stpab |'e conposition according to claim 41,

wher ei hOwhphystedegieetelt i cal |y acceptabl e acid of step
b(i)conprises an organic acid. 61. A sterile and

: pz&b' €A C&%Q}:nﬁ s%lea&ﬁl%c% 39 Jcecgﬁg%i ﬂsi?t cé%i:rb?’lﬂ;%ﬁér@mt € tipophilic

armaceutic y accepta e acl
conpr i semedns 2 lhgrRyahiscofaiteteencibout? sndeabiolied anphysicdddienl pH.
corrposi tion according to claim41l, wherein the

ITZPOSOKE stgl%[a nﬁl s? fcglélpgs@%rf ga'?)ﬁ?mé azllrl]lth E&gfﬁ t%e ratio of

Ss nedl an

m cro npharﬁﬁceuﬁcaﬁ hgemt keptanphdipitbis ®etv@ap @lSOuIt il QDO and 1:10 mol/mol.
accordi ng to claim 62, wherein the [i posomes have a

g?f:r on dl a (‘? gﬁhgqo & é%agofr zw&rgﬁl erem the amount of

accor dplﬁﬁpﬁdh dsPréef3s a1l SirivL d¥endrk ROHE BSpbkiich. a
mass nedi an di aneter (d(0.5)) of less than 4 mcrons

65. A sterile and stabl e cqgnposition accardin
cVi m Bastesjlg eandi Fiable Comppiienascadipg ta clgs 4hse}yharﬁm the percent

di anet &{caé]éiilia(?ioﬁ)o)f dRle neds 1@8%@&%&5%&0{{1 i€ %%&ntlgl@y st‘gble over a

sterile d stable conposition according to claim™4
wher ei mﬂdd@flatlpwaﬁrmoaﬂdﬁpo& tions are physically and
chemcally stable and sterile for at |east about one

y%” ak Forfl EERF&?&% %@n&gg}/o% &tcgc%ergf;nfg%g aa 4 %@%reﬁfthé Do%pos1t10ns

i posonme conposl I'e an
c onposartisastaataldy ciendcdlly st aveH & pervddoofeatiedstZ) months.
| i posonme conpositions are physi cally and chemcally

st abl e,and.,st e or_at. .| east

2o Antig aBd slabel @nelisiof 35arde 18 Bl ) hsisin g amount of
COWDOSpHdsplﬁtﬂLplcﬁ&eséhoﬁ tediédse danch Seaditat degapaidntbyomore than about
accordi n 4géto claim 67, wherein_ the | |gosone

conposi @’ W%lgbtf‘@elﬁlﬁgl 560 &netjod Ak ablsatt2e Momthsst apl e and

sterile for at |east 24
76. A sterile and stable composition according to claim 41, wherein the amount of

phospholipid does not decrease due to chemical degradation by more than about

5% (weight/weight) over a period of at least 20 months.

77. A sterile and stable composition according to claim 41, wherein the lipophilic
amine does not chemically degrade by more than about 5% (weight/weight) over

a period of at least 20 months.

78. A sterile and stable composition according to claim 41, wherein the lipophilic
amine does not chemically degrade by more than about 2% (weight/weight) over

a period of at least 20 months.
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nonths at a tenperature above the freezing point of
the |iposonme conpositions. 4769. A sterile and stable

W@ o09p04§986 on according to claim4l, wherein thBCT/CA2004/002002
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i pophilic am ne conprises a |lipophilic amne that has

a log P value of greater than about .0 at

physi ol ogi cal pH 70. A sterile and stable conposition
according to claim4l, wherein the lipophilic am ne

has a | og P val ue of between about 2 and about 5 at

physi ol ogical pH 71, A sterile and stable conposition .
aggor dndngtheds ey produeingnar %t?%‘et ﬁ%OSPH’Fi gorgposttion for deﬂ"eﬂng a
phar mageit, eakicAA8H, &enﬁn@arzbe{pﬁah teSstdpglopeen about

1: 100 and 1:10 nmol/nmol. 72. A sterilTe and stable

conposition according to claim4l, wherein the anmount

of pho&hol Pisvigéngy witable JaycesMRAUNENM or nore in the
conmposition. 73. A sterile and stable conposition

accordpfg t ' Woidie percent
encapsg?ati@ﬁggﬁﬁ%%%ényﬁgﬁﬁgh@ﬂgg%one conposition is
substantially stable over a period of at |east 20 )

nmont hs(c) 74. piavisiingat leasiseng phemmaceuticehqgsst baiemcapelleofbeigg at least

to claim4l i . i L . .
subst ant 1 al Py ARG o e iR ML RS o fing colojed fom:

| east 20 nonths. 75. A sterile and stable conposition
accordi ng t @) cl ad hipephjliopneineamd a plearmasautitaltyfacceptable acid, wherein

phosphol i pi d does npt decrease due .0 chem ca .
fogr adat | on by nBF EHRRFCLBRLN < LHTe SR Jfogfigm an organic or
over a period ofindtgahieasid, 4 nonths. 76. A sterile and

stabl e conmposition according to claim4l, wherein the

amount of phosphol |pi d does _not degrease due.to : ) e
cheni cal d_eglr adat ipbgmlﬁ‘f/e‘ﬁ’&_?]éy taﬁ‘éerﬁ’ta; QEganty, acid salt of a lipophilic
(wei ght/wei ght) g¥@e, &nde’dpfendly & pR@ShcetHcdIBN Reeptable acid
77. A sterile and stable conposition according™to

clai m 41, wher ei ¢pmisingjambhgrnaciewticalty aecegitsble oiganic acid;

chem cal |y degrade by nore than about 5%

(wei ght / wei . : i 12km -@,t : .

78. A steri ﬁgérglrﬁl gﬁgé%@flgﬁ%ﬂéﬁ%%y t?%r‘#lac c? F éﬁlq)ﬁdgm%tq%mpmsem in the
claim 41, whenmisitionhe sichpbghthé pH cfithe éipckwe® qootposition is less than
chem cal |y degrade. by .nore than abo 2% .

(wei ght / wei $ht PWE?%QYpSWEd%oftﬁ%t Bk caly %) ARG ngrowp of the
4879. A et higgmbeuti@lgdistivdlghophBicablige; | i posome

conposition for delivering a

(d combining the aqueous medium, phospholipid and pharmaceutical agent

to form the liposome composition; and
(e) optionally autoclaving said composition.

80.  The method according to claim 79, wherein the liposome composition is

autoclaved, and wherein the composition is a sterile composition.

81.  The method according to claim 79 or 80, wherein the pH of the liposome
composition is about equal to the pK, of the amino group of the lipophilic amine,

and about 50% of the lipophilic amine is protonated in the composition.
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phar maceuti cal agent, the nmethod conprising the steps
of : (a) providing a suitable agqueous nedium (b)

wEe@siodiong a suitabl e phospholipid; (c) provi dP@rCar004/002002
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15
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25

| east one pharmaceuti cal agent being capabl e of being
at |least partially encapsulated in the |iposones, and
being selected from (i) a |ipophilic amne and a
pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an

okgani LNOoF .G acid, .a iy a_pharmgceutically.

a?:%‘e pt Z%?én éggbgagﬁghgné Ef’ S gllpnggf ()5 8I)Oi pg}éﬁﬁe}l{rglea n%f?the liposome
and optémpaltion inlesneRGK,iof dd smias eRPHIIFHIR 1@opHilic amine, and a
conprising a phar eutically acceptabl e organic acid;

wher ei Walog Bortign of a’?jlpef’hﬂlﬁ a4t Petwaier émthegomposition.
acceptabl e acid present in the conposition is such

that ke pethell abbrdink RO SRR TOUTHOS | WhQbin ke k&ﬁgosﬁttb%”h a pH of
or approximately equal to the pK of the am no group i

t he ph#hodhédeebeus|2 BH awits belowi the pKi lof theaarnine ;grdup) of the lipophilic
conbi nj pg.t he aqueous nedi um phospholipid and
pharmaceutical agent to formthe |iposonme conposition;

and (e%hﬂ(;pti onal |y aut ocl aving sai d conposition. 80.

Téte nethrothethodorcdondingt o clain 976r 8Ghewkeraint the PH pPSBEHiposome

conposi tion..is.autocl aved, ,and wheyrein the, conposition .
isas Oéﬁrpl% lélogzcl)rrpec%’ P %’r? ut éﬁgﬁ?@%{ﬁfﬁgﬂa%cﬂrn&pn the lipophilic
cl ai mam@nar 80, wherein the pH of the |iposone

conposition is about equal to the of the am no group

of. the_lipophilic amne, and abqut 50%of the .

s opnite BN aor i Reviaaya e oh ovhereio fsosamascsition has a pH of
4982. bEhgeciBbbad dGesEIgNg to claim 79 or 80, wherein

the pH of the |iposone conposiition is |less than the of

tp{]ﬁe ani_no %gfgp of .the |ipophilic anm ne, and a ngjor
t i orPedReerE 2Rt ¢laimy AP 9k 8Ds Whetni et eomnpiositiohdas a pH of

CONMPOYetvi @A -ab&A 4 1d A6 ¥Et hod according to claim 79 or
80, wherein the conposition has a pH of about 1 to

about 2 pH unjts below the pK of the am no group of
t¥e | iThsgnsthedaccording to claim 79 or 80, wherein the composition has a pH of

between about 4.5 and about 6.5.

88.  The method according to claim 79 or 80, wherein the composition has a pH of

between about 5 and about 6.

89.  The method according to claim 79 or 80, wherein at least one of cholesterol and
ethanol is further provided, and step (d) comprises the step of combining the
aqueous medium, phospholipids, pharmaceutical agent, and the at least one of

cholesterol and ethanol to form the liposome compositions.

90.  The method according to claim 89, wherein ethanol is present at between about

2.5 % and about 10% of the total volume of the liposome composition.

91.  The method according to claim 79 or 80, wherein the phospholipid has a net
neutral charge at about physiological pH.
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am ne. 84. The nmethod according to claim79 or 80,
wherein the pH of the |iposone conposition is between

w@abwman4s9s@nd t he pK of the ami no group of the PCT/CA2004/002002
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20

|'i pophilic am ne. 85. The nethod according to claim 79

or 80, wherein the conposition has a pH of between

about 4 and about 8. 86. The nethod according to claim

79 or 80, wherein the conposition has a pH of between

about 4 to about 7. 87. The nmethod according to claim

78, or ej he conposition.has a.pH of between .
about ﬁl?qsmangﬁa%:g%r?m%tg_cq‘%g{ lﬁrl%%ﬁ'ef’vﬁ lrggl@d]ﬁms?@hp@ Comprises
cl ai m pifpsphati8@choliner ei n t he conposition has a pH of

bet ween about 5 and about 6. 89. The nmethod accordi ng

ta, claj,m 79. or 80, .. wherei.n at | east one. of chol esterol
a4 et TiEHBFodaqegidinalo %1”6‘\7%%&8 Fheredt Bp aquppus medium is water.

conprises the step of conbining the aqueous medi um

- piDs phTHel imkied apdvadiiB e ulditalo @980t whath 1S HAtmd 8RRl agent is

one of chol esterol and ethanol to formthe I|'i posone
conpo<lis Fedn thepquens msdied according to cl ai m 89,
wherein ethanol is present at between about 2.5 % and

agmut THa%methol hRcdrain@! toV b 908 she AR E [petgent_ of liposome

conmposi tion. '91. The nethod accordi'ng to clal
80, wifasapslated phpmsseishl ggent domprisesrbbutndt teedboah20% ef the total

b ' [ . : hod .di
To or oA EhaBREaTe B B LRGP doBeRpT L o

phosphati dyl choline. 93. The nethod according to claim
79. or 13, methed eiceprding tageleiou§9 nerd3QmwigrsiAttee peftdnt dheiposome

met ho rdibng to claim 79 or 80, erein the

phar e R By B Rl o Aot sbig: 80% of the total
medi unmolht of Phernmetiifed] aeaQirecRbinitRe BpRbME (dmPbsifth.

wherein the percent of |1 posone encapsul at ed

%?ar eut i gai a%ﬁ t conpr.ises about 50%to about 90%
“t he 't PHMOQABIHLDS 1o RIS Bt 7 o Wi thep peent of Hiposome
the | icp@pQiTReS PRRASEdOH agent comprises about 50% to about 75% of the total

amount of pharmaceutical agent present in the liposome composition.

98.  The method according to claim 79 or 80, wherein the pharmaceutically

acceptable acid of step c(i) comprises an organic acid.

99.  The method according to claim 79 or 80, wherein the pharmaceutically

acceptable acid of step c(i) comprises an inorganic acid.

100.  The method according to claim 79 or 80, wherein the liposome particles of the

liposome composition have a mass median diameter (d(0.5)) of less than about 10

microns.

101. The method according to claim 100, wherein the liposome particles of the

liposome composition have a mass median diameter (d(0.5)) of less than about 6

microns.
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96. The nethod according to claim79 or 80, wherein

the percent of |iposone encapsul ated pharnaceuti cal
W@®aN48986pr i ses about 60% to about 80% of theP@DCAR004/002002

anmount of pharnaceutical agent present in the |iposone

conposition. 97. The nmet hod according to claim79 or

80, wherein the percent of |iposone encapsul at ed

phar maceuti cal agent conprises about 50%to about 75%

of the total anount of pharnaceutical agent present in

the |iposone conposjtion, 98, The nmethod according to
1@ m Poe Biethed acoprdingite cleire 1BhayviseB be ga

accept ala{n%te@gd(s Spfof§és§91aﬁ@'ﬁucfb%gpr i ses an organic
acid. 99. Th hod according to claim79 or 80,

wherein the pharmaceutically acceptable acid of step

qu}’l@S have a mass median

cl93 cOhpricthed agerriling teyglaivg 188, whergipghe iipesomst hae a mass median

accofd{iﬁ&e{ ?(ﬁ?% )’HfTe%s %n%f?out‘ﬁhrﬁ{fdng the |iposone

particles o posone conposition have a nass
medi an di anet er (d(O 5)) of less than about 10

5 m@4.onghe llﬁ}Elhodl'et@eordb@HQ dlairo G8radi8Agwhereinl the lipdsdfe compositions are

wherein the,lipgs rt| e.li

conposﬂ?ysgﬁu-‘ﬁ ﬁg‘g e’i%? r‘?@a haﬁn SE?HE% £ %d%@sq%b)ou%f’ne year at a
| ess t kaeringebbdvethfiedaig foint 02the Tiposordd meboasens. di ng
to claim 100, wherein the Iiposones have a mass nedian

di t 0.5 n 4 mcgcron 03. The
o The g abdordh fiiaies B85 i r Eormiethe Bpessme Spppositions are
have agﬁ%ﬁﬁllﬁ%ﬁida@héﬂum Qfabled bRl 5s)tar119ffolr eaSleta&iams months at a

about m crons. 104 he nmet hod according to claim 79
10 or 80, tepperagire alaye the fsepsgwoby aptheilivpenmee epmpositions.
physically and chem cally stable and sterile for at

| et ?ﬂ?@hﬁ%th%& %cc%?éﬂ n%?olt clfint FBEER Wh&eRARRY ﬁp(‘is?ﬁag corFﬁgsitions are

freezi ng poi nt posonme caonposi tions

rret hodplasrcaﬂyjl amg t:laanmbzdlylmmbleo an@Gterikheforiat tehe 24 months at a

St B o PEm AL provs Mo e bF s bafi Sy ne

t enperature above the freezing point of the |iposone

cbofposThe mathod i&ﬁ)rdlﬂ'gl ® ¢iEihTol’0; owlkreig thfs)hpﬁphilm aftin®tomprises

80, wherein.the |i msco itions are [y . .
15 and ch%ﬁv%péﬂlrgﬂ%ws LR pdog el eé)ffga?ategtthqneaggw 6 at Bhysiological
nmont hsplat a

108.  The method according to claim 79 or 80, wherein the lipophilic amine has a log P

value of between about 2 and about 5 at physiological pH.

109. . The method according to claim 79 or 80, wherein the ratio of pharmaceutical

20 agent to phospholipid is about between 1:100 and 1:10 mol/mol.

110.  The method according to claim 80, wherein the amount of phospholipids present

is about 1.5 mM or more in the composition.

111.  The method according to claim 80, wherein the percent encapsulation of drug in

the liposome composition is substantially stable over a period of at least 20

25 months,

52



tenperature above the freezing point of the |iposone
conpositions. 107. The nethod according to claim79 or

w@osmks98€i n the |ipophilic am ne conprises a PCT/CA2004/002002
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20

i pophilic am ne that has a |og P value of greater

t han about 1.0 at physiological pH 108. The nethod
according to claim79 or 80, wherein the lipophilic

am ne has a |log P value of between about 2 and about 5

at physiol ogi cal pH 109. The nethod according to

claim79 or 80, wherein the rati o of pharnmaceuti cal ]
agbht The B}?&@&h%ﬁcprﬁm fosclaigp 89, Bhergiacthe .compagitions: arg substantially
nmol / no i m 80,

wher ei %henﬁéa(?lg SH}%&% gﬂ%sp %th(lf)alg sd %Pgﬂggnt i s about

1.5mM or nore in the conposition. 111. The nethod

attor dTh@mleﬁlodlamqifdlag fo olaien 80.rvhernein ey aromnt of phospholipid does not
encaps 03|t|o

ubat agteraae? i g G AP BF RGNS g e about 10%
nmont hS(WﬁE@ﬁﬁvelg'lﬂ'ﬂ)aomh bexttbdaifcalﬂﬁhsf@ ﬁlenishb.al m 80,

wherein the conpositions are substantially chem cal |l y

ver .a.periad f at 20 nonths. 113. The,
b oq TR ErA AEFr e R Hies R 0 bt of Biisptglpid does not
phosph@iciqaiel ddeen m&&:ma@cnﬁpﬁys@u@ Adat@Nbgahore than about 5%
hydr ol SIS or oxi dation by nore than about 10%
(wei ghtyshitgrsigh t)cﬁY@Faﬂef#@?qfoﬁl‘iﬁﬁt%ﬁmP@té%t 20 nont hs.
14. The method according to claim80, wherein the

arpunt TIY nRARAIPARLERIE 1H1RE3IMmNeS, dfkd:&aSHe qﬁ%ﬁhﬂ]ﬁout g goes not

chem cal hydrolysis or oxidati dn by nore t

(wei gmhema@mcbeg@de by angye thanchbofit 36 (weizbt/wRightymvehs period of at
115. t%%?ﬂ? ;accor ding to claim80, wherein the

li poph| I'C amne does not chem cally degrade by nore

t han about 5% (wei ght/wei ght) over a period of at

| Est DI rrmﬂtokisaccdtﬁﬁlg fthelaimet 800 wheweindibeglifophilicairiine does not

80, vvhrelnt hili S not, chemcally

degra rdg gﬁg &%mbf’%eg? RYVF Vﬁﬁ]lg t)é’\YérraBemd of at
per i odlegbftzatndng@st 20 nmonths. 117. A sterile and

stable Ii posorre conmposition according to claim4l,

exhibitin
117. A stenle and stable liposome composition according to claim 41, exhibiting one

-

or more of the following characteristics over a period of at least one year upon
autoclaving and storage at a temperature above the freezing point of the

composition:
@) a change in percent encapsulation of no more than about 5%;

(i)  achange in phospholipid concentration of no more than about 10%
by weight;

(iii) a change in concentration of lipophilic amine due to chemical

hydrolysis and/or oxidation of no more than about 5% by weight;

(iv)  alack of formation of visible aggregates;
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or nore of the follow ng characteristics over a period
of at | east one year upon autoclaving and storage at a

W eovpessasaur e above the freezing point of the PCT/CA2004/002002
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conposition: (i) a change in percent encapsul ati on of

no nore than about 5% (ii) a change in phospholipid

concentration of no nore than about 10% by wei ght;

(ii1) a change in concentration of |ipophilic amne

due to chem cal hydrol ysis and/ or oxidation of no nore

t han about 5% by weight; (iv) a lack of formation of

vi si bl e aggWegat @ehanggmn,the mass megian dipmetes qfmesners dhasrabout 10%

di anmeter of no Q@thﬁﬂﬁd%ﬁ@&ﬂlloqﬁas det er m ned

optically. A stable 1 poso cghposition of claim,

when prepared by the nethod of claim79. 119. A

st Ey.i | & stablp lposome compepiiinveof st ds ivhemprepired baithm mdthod of claim

when py@pared by the nethod of claim80. 120. A

phar maceuti cal conposition conprising a |iposoma

conposition according to any one of clains 1 through

7819.12A. stdfifle and estable Hpdsoprescwmpositiop afi ddimn4 Boelendpmegared by the

to any o&g o} cjagqs 1 through 78, as a nedi canent.

122, THEDGLTIPmM 8Y © herein the medicanent is

adm ni stered via inhalation through the pul nonary

sy20. en\ phephaabtiosl cahpgsitionndo@ipaising.a HpdbSomdihenklition according to

according to_.c ajnL%ﬁZ, g@erein t he topical medi canment

i s sui YHme of slrgHhiseHeh /8- adnmi ni stration. 124. The

use according to claim 122, wherein the nedi canent is

st abiie hselof RUIpHRGIAE yorﬁﬁcmtmnsc{cﬁ@famgrto apy ene 6Y 18¥ACethrough 78,

for containing a stable |iposone conposition as

cl ai netf dMedi¢angnt.1 and bei ng droplets for inhalation

of the conposition by a patient. 126. A kit for

Ei?itl \égfli/er ?sfsei cﬁ‘ PhawBEEH e GRb i BLGRAT is! RinfinRRddERh infallfion through
tgg pulmongry system, topically, or parenterally. ‘

a

123.  The use according to claim 122, wherein the topical medicament is suitable for

ophthalmic administration.

124. The use according to claim 122, wherein the medicament is suitable for

pulmonary administration.

125. A device for containing a stable liposome composition as claimed in claim 1 and

being droplets for inhalation of the composition by a patient.

126. A kit for delivery of a pharmaceutical agent to a patient, the kit comprising
instructions for use, a device containing a stable liposome composition as claimed
in claim 1 and being capable of generating aerosol droplets of the composition for

inhalation by a patient.

127. A method of increasing the stability of liposome compositions, said method

comprising the steps of:

(a) providing a suitable aqueous medium;
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instructions for use, a device containing a stable
| i posone conposition as clainmed in claim1 and being

we apaisseof generating aerosol droplets of thePCT/CA2004/002002

conposition for inhalation by a patient. 127. A nethod
of increasing the stability of Iiposonme conpositions,
said nethod conprising the steps of: (a) providing a
sui t abl e aqueous nedi um 54(b) providing a suitable
phosphol i pid; (c) providing at |east one

har maceuti cal, _agent  bei ng capabl e of being at |east

Barti alb)y eMevigugiasuieble Riospolinidosomes, and bei ng
selected from (i) a |lipophilic amne and a

phar maegut i 1GaYilidhgaE EBRIAR :pﬁalﬁ&b&tic%@ H’éiﬂghﬁpable of being at least
pharmaceutical | y "acceptable acid is sel ected from an
organi ¢ or paﬂéﬂlg;'&ﬁptpsd@ted,m thadippsanyesqanstheingeselsateil daint: y
acceptabl e organic acid salt of a |ipophilic am ne,
and optionaghly %FHH;' I - | G .
aci d; wher Z@ n qaaalﬁ{b?ﬁ;ﬁo ti%@p%aﬁﬁa%ggﬁﬁg g%f%p HHBIY deid, wherein
accept abl e aci d the pisembcduticdllyeaccepigbdsadid srselested fi®im an organic or
that the pH of t.he |li.posone .conposition is |ess than
or approxi nat el y"¥§ ?a‘flg’ Pfe pK of the anino group of
t he pharmaceutically active |ipophilic amne; (d)
anbi ni ng .t(h'93| acauplwmwa;dibally aﬁi&p'&plaobﬂg@ﬁid #id salt of a lipophilic
phar maceuti cal agent t orm.the |iposonme conposition;, .
and (e) autocl a\ﬁ%H@e=§8$8pthngh¥6%arE’éﬁi%‘§?ﬂbf Reptable organic acid;
conditions effective to sterilize said conpositions,
t her eby af f\liedéin GueRily T thé ?Hﬁjrﬂ&pétﬂichlﬂbﬁ b&RP@Ble acid present in the
stability relative to the stability of the corrp05|F| on

10 prior to afoBwrdiiphé suchghat theepiof ferdlipasewe ¢pmgositon is less than

15

20

claim 127, A S avieng. . Al r |
cut at &t oSSRy SLaR1 Mo, 3 A5 bl Sl B of the
about ni nutphsrmavdetically activerlipophilivsmphes e. 129. The

met hod of claim 128, wherein the inert atnosphere
duri ng(d?ut % ll‘n%\lll‘}ll‘ri] %4 u%cl)ﬁc’se%e&{u%?ghgsioh&ipti WE rIl)harmatceutical agent
to form the liposome composition; and
(e) autoclaving said liposome composition at conditions effective to sterilize

said compositions, thereby affording compositions with increased stability

relative to the stability of the composition prior to autoclaving,

128.  The method according to claim 127, wherein the step of autoclaving is carried out
at a temperature of about 121°C for a minimum of about 15 minutes under an

inert atmosphere.

129. The method of claim 128, wherein the inert atmosphere during autoclaving

comprises argon or nitrogen.

130. A method of identifying a phase stable liposome composition, the method

comprising the steps of:
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130. A nethod of identifying a phase stable |iposone
conposition, the nethod conprising the steps of: 55(a)

WEe@3i0dHoBg a | i posome conposition conprising aPCT/CA2004/002002

10

15

20

phosphol i pi d, an aqueous sol ution, a pharmaceutica

agent, and optionally ethanol and a sterol, (b)

optically determ ning the mass nedi an di aneter

(d(0.5)) value of the |iposone conposition; (c)

centrifuging the |iposone conposition at between about

1000y and ahoqut 500Qg, at about 4 C for, K about 2 hours;

(d) opt® PAPYiinget HPoFORenEPIINNSItIPRSOMAEEINgn2 Phespbekipid, an aqueous

(d(0. 5 hutvl ¥ haﬁ{naéaﬁcﬁ%%@ﬁtpﬁ{d%ﬁoﬁﬁf étl@a%o?a{ndu"s‘?erol,

| i posonme conposition soldtion after centrifugation

step (C); (e) calculating the ratio of the nmass medi an

di amet @) optqally Slpterpiming the masy mediel digmetst (d(8.4))walugef dfe liposome
t he so(HB}ngﬁfter centrifugation to that of the
solutionprior’to centrifugation; wherein a phase

stabl e |iposonme conposition is identified as such if

t he co(pesittifugngtis lfposame coinpositiep a( etwéenatbmut 1000 and about

or gre r. 131, t hod of claim 130, wherein the
phase g@@&%aﬁ?‘ﬁéﬁ%ﬁa% %% 0on is identified as
such if the conposition has a ratio in step (e) of

about @) Bopically eRtepininid® 2he Anawet edianf diehalem A@0%)) value of the

wherein prior to cenfrifugation the conmposition is . )
aut oc| SApegatagigportion of the lipdsome composition solution after centrifugation step

(OF

(e) calculating the ratio of the mass median diameter (d(0.5)) particle size
distribution value of the solution after centrifugation to that of the solution prior

to centrifugation;

wherein a phase stable liposome composition is identified as such if the

composition has a ratio in step (e) of about 0.6 or greater.

131. A method of claim 130, wherein the phase stable liposome composition is
identified as such if the composition has a ratio in step () of about 0.8 or

greater.

132. A method of claim 130, wherein prior to centrifugation the composition is

autoclaved.

56



