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exanpl l—f? rmnerjI es th del aved loading f vesPM®fes car be acfonplishkd
t hr ough 1 hegg®Coboibithat i pn of ediadwtrati on gradkents and the 4
dehydratilon/rehydration process. TABLE | ACTI VE/ R#®S|I VE TRAPPI NG OF
ANTI NEOPLASTTC AGENTS TN LTPUSOVES Dr ug ITappi ng

Ef fi ci gncagel dig enc@ﬁ@iatndﬂﬁh@eﬁﬁﬁal Bt arddl WMrsbpBE blQ WeieX&iRed with either a KCI or NaCli
33 buffer as specified. Ts'ﬁﬁ deates ARY | hrﬁémgédgd for release of 50% of the trapped gq?nt from the
99 Cyt 0Sivaiciés: kbl RQghblEerol 44.5 +

adri amycin 98 : _ 98 Vi nbl asti ne
90 36 Adrianycin TABLEI -' 95 -

95\@%0 det hotrexate was trapped passively at a concentration of 20 nMduring
preparation of vESTCIESg 1R IRE oA VESdies TR HE RN GDRIANIEN T apped
enploying a tran - I nonmycin
wth a vesicle concentration corresponding to 1 Asrigmysindloptentd]| and a
starting adriany¢in concentration of 100 uM Oyt S|(W'9§fua‘8'i°|'|@§)l e was
trappel passively, a&bfom deRyar@sh ration of 25 mM during greparat]|on of
vesicles (187 umpl Iihédibhebl after RRlIratib P dshiydradnwas t r appssg enpl oyi ng a
transnmenbrane Nat/ K-onbhoupafteel dedipdration aidrehyafaismence |of val 1s8omycin|with a
vesi cl e concentrati Gwo bass disidahylivation 4nd réhydritiophoshol i pi tisand a btarting

vi nbl agti ne conc 918224 Br—Tabfe |1 DRUG
RELEA FROM LUVs | N THE PRESENCE AND ABSENCE OF A TRANSMEMBRANE POTENTI AL

p—P

5 Ri&mEonposi tion Agent Trapped External Buffer
[err] (h) Egg PC adri amycin KCl .

1.5 NaCl 1. A method for loading &s&%-ﬁ%@aw\f&iﬁﬁ&p@% ionizable antin8dbidstB4eAt Yo that it wil

KCI 35 partition into the lidos@md thembranes with a trapping efficiency of 95% and higher for preparing a
NaCl pharmaceutical pRpdr@ign Eéighibing thd stdps of: adrianycin

KCl (a) preparing a Wpoddaiel preparation wherein the liposdhes havé\k icericertiiatitn geativRid Yheddri ON

t he external rberé foberganspetind marpgsetieid membrasgse stid Ebaentction Hriadiant thdiay capadksl ofor
Cl, buffer agmnegiagiaftrassinembeng potentiali havingean driamtation whichhwil dauge therionizeble agent of
50% of 4ot he t rkederded ingdhetlippsomes; et vesi cl es; Chol = chol esterol. TABLE |11
20 ABILITY C]:(bDEH‘?‘IDRNPEEDiz@%ﬁmﬁgmamwthw‘qﬂlMOW@Nﬂm-ri anyci n Cont ent

(nnol es/ urml elip 25 Bef ore de Iydr ation
197 I medr a @Pagm&ff‘t’é?ad'ﬂ% i"ih aa(ﬂﬂ"’?')é hillgy ipnizgble antingapiastigagent §a thahi willr
dehydr at i onPHEn B 1BAsprig, membranes with @ %ﬁ[ﬁ'aé’cya?ft%?l’ HHYPrator BiFPUiHG @

rehyd r Gt i Onpharmaceutui @ acrnﬁzgsmg the steps of:
(a) preparing a Inposome preparation;

(b) dehydrating the liposome preparation;
(c) storing the dehydrated preparation;
(d) rehydrating the dehydrated preparation; and
50 (e) admixing the ionizable agent with the rehydrated preparation;
wherein sither the liposomes in the liposome preparation have a concentration gradient of one or more
charged species across their membranes, said concentration gradient being capable of generating a
transmembrane potential having an orientation which will load the ionizable antineoplastic agent into the
liposomes, or wherein for rehydrating and admixing steps (d) and (s), the liposomes are surrounded
85 with an external medium which will produce a concentration gradient of one or more charged species
across the membranes of the liposomes, said concentration gradient being capable of generating a
transmembrane potentsal having an orientation which will load the ionizable antineoplastic agent into the
liposomes.
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1.. A nethod for Ioading |iposones W|th a relatively Iipophil
anti neopl astic agent so that it w E artition into ,IH"I ﬂ"’mﬁmlmﬂ
menbranes with a trapping efficien b 02188881y i gher for preparing
pharmaceutical preparation conprising the steps of: (a) preparing a.

l'i posone preparation wherein the |iposopggyhave a concentration gradient of

one or nore charged species across théir nenbranes sai d concentratlon

gr dl ent '\DI na.canahl o of oratinog A~ t.r no.nmo. nonaoat.ont Avzl AN

or it at | DPRUEREIEAGE FROM LyUs N THE FHEREDGHAND aa%tncwaﬁwwwwwga ENTIAL o
the |i pospnepid @nﬂos(uth). adm xi ngg&riwrapml zablte aEl&érﬁHEBtﬂ‘eﬁSt C agent,(hyvl th tthe
| i posone gt ¢ (IF§L o2~ fFor—toadr g+ Fm:a Wi T C_l %LI vety

| i pophilit abl e anti heopl agqr'ia@yca'bent s¢ that will parti t into
the |iposphne nenhranes with a trapping effidi ency OF 9504 ahd hi nhpr faor.
pr epari ng| a Ed&PClegg-P@&R)mageut i cadriapvcirpar ati gn comif€l si ng the st ep1s5 of : (ét)
preparimg| a | i posone prepgration; (b) dehydfati ngNefle |ipofone pr&paratign;
(c) stori N0 eE§iPcaRGiNdy at el prepafhian: (d) [rehydigiing the dehydyated
preparatipn; “and 50 (e) admxi ng the |on| zalpa€ agent w th gde

I‘ehydl‘ate > ref-et-—e e r—the—t FPOSoes—i -“+he Ti"ﬁf}%ﬁuc

preparati n h ve a conce tr adi en ne or m)re c
acr oss ’fh Qf‘ﬁ l t'°"rs} ;H(Ee lg{qf F:}ft ‘g{ se ?8’? V\%%?aée E":ﬁ%‘
generatin ,es AL % 'a ent I'ar h a t'i on RO 1'P™ Cad
t he ioni za%‘e’l a | neop as?l C agent into the I [ posorres or wherein for

rehydrati ng and adm xing steps (d) andthg)epmthe |iposones are surrounded 55

W thy angexternal medi umwhich will produce a concentration gradi ent of one

Or . re Char ged S’\I)f\l rx&Ar\v ac.c t hn nondkr Anac aof + ha |1 nnc:nna: I d

concentration grafli ent KSILAY QFREHYPBATHD YRESIHESTORE AN 405, rarfe
potential having fn orientation which will |oad thg a@amzadbentent
antineopl astic aggnt into the |iposones. 17 Tab e(nh\blemm |IB&

HASE FROM

LUVs | s THE PRESENC S e OF A TRANSVENVBRANE PO Li pi d
Conposi tion iy fglgpc?eq dration and rehy@é{io%r na BUf f q§5 [err](h)
Egg- PC One hou ﬁ Gén jagz ég KCl 158

]kCIS NaCl Twoh ﬁiglga |1§ on adrggnycin

NaCl 30 6 Egg PC/ Chol (1:1) adrianycin

KCl 4 NaCl 30 15 After drug encapsul ation
the exter @PA™MBuffer and untrapped drug Were repI aced with either a KCl or
NaCl buf f gr gs 90 lo Sd om S WI dal rglalE elS lipophilic o:r'lrilzaa r]eaen meeg) lf lc éeen &8

50%0f Lhe't L0 ! #5 g
20 ABI I°f TY R‘W gin

(nnol es/ unol e (2)' pré |poso e preparatlon erem ﬂfo?onﬁi:@ mx&rﬂoh%tratlon radient of one or
197 1 nmredi at elnYor@ ﬁﬁed jed %Erbé%nthatp PIYEY, 3 Ofbncentratib Jrdddft g&ﬁﬂ bi& Tof
defigdlr at i on angdndr&iny dlt@hdnidhbrane potentidid BriHiaflonadthich wil éédtﬁ@fohﬂbleaégdnt to

dra.t,lon be Ioadddlinto H ifpbsdMBE add A met od for loading |liposonmes with a
relatively |i gorBinlxing tnewﬁzzabhrﬁnéuprastmeg@it @BH the lippgens pregaratibrat it will 35
partition into the |iposone nenbranes with a trapping efficiency of 95% and
hi gher foR pk ewetird foy laadipd iposeness Utith earblatysle ipephilic Dhizabienguiinesplasijc byemt sa st il
(a) prepari neprtiion infpolbe firospme pambrenesrwithiectrapping elficiercy (9 8%hand highes for preparing a
concent at i athagpagelitieah propiratiom eorprisingthe stepfafged speci es across their

nmenbr anes, sai® Prapaingftiiperome pregerationient bei ng capabl e of
(b) dehydrating the liposome preparation;

(c) storing the dehydrated preparation;
(d) rehydrating the dehydrated preparation; and
50 {e) admixing the ionizable agent with the rehydrated preparation;
wherein either the liposomes in the liposome preparation have a concentration gradient of one or more
charged species across their membranes, said concentration gradient being capable of generating a
transmembrane potential having an orientation which will load the ionizable antineoplastic agent into the
liposomes, or wherein for rehydrating and admixing steps (d) and (e), the liposomes are surrounded
§5 with an extemnal medium which will produce a concentration gradient of one or more charged species
across the membranes of the liposomes, said concentration gradient being capable of generating a
transmembrane potential having an orientation which wnll ioad the ionizable antineoplastic agent into the
liposomes.
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generating a transnenbrane potential having an orientation i
the ionizable agent to 40 BP ol 197884 B} Nt O the li posoneﬂ"l“mm(“'l“mﬁﬂm
adm xi ng the ionizable antineoplastic agent with t | posone preparatien.
2. A nethod for |oading |iposonmes with a rel atlvely | i-pophilic ionizable
ant i neofd a¥iid rastigen tnysume bhaldims 1 antd 2 whepsirr the tdncantratioh gratibre atrogsaisomamimaebofanes
with a tr appiipogoradsfin maemgme)lbreﬁfﬂxbraadroﬂucgmw for preparing a 45
phar naceut i clal engapsylating @aificsh medinmp in the lligpserhes, sAicepediunt having)a fivst spreentratipnzot the
\pdsone pr egapamorenharqey)spwnwtt ating the |iposome preparation; (c) storing
t he déhydr at®&dsyseaaging e 'tE‘PP°m(5%I)" 3 eerpert meqipng heving %%Wr@t‘@ﬂ"%?’bﬁath%tt’"%?f and
50 (e)m%ﬁ'?aﬂqeﬂgpetcﬁé i oni zabl e agent with the rehydrated preparation;
wherein eit her t e I |$osones in the g'osone repar ation have a

concent rat f gch fi‘??e“é‘?’eaﬁ?)?f §' é 'zég'e A Lasttct‘?g?'i’ so that
menbr anes, &% p “' t%m" F‘ ane g ? Q}Fefq mep lg'f\ ﬁi@présmg
t rans’r‘f*enbraI 'a

o i %E‘ ?E*t g.»;a?:g é%:tm? 4 fz;g@ e vepmhzab.e_

| t d
adni xi ng s ot b tsnst Bt 1 hopfi m&a ods

ext er nal produce a concentration gra |en one or nor e

char ggd speC| es acr oss t he nenbranes of the |iposones, said concent ration

gr adi ents, binitgho8 % adalisingothe BRI FeMabd)§t adtelktivalih RFBRRIRY iGHIRDIS @AtAGUplagtlc ahéhY bd@atan
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| i posoOnes. béerh loaded5k alipdsBrhe 8y 4 nBihofCof lodding lsbcording 3o anyhi> oTHelviziinsOf-3, aymehod Of

clains 1 afedredushigetheirate tihveledse comprisingt stwing thedifosemb irnatr odsnal nedioe sichahe s of

t he | 20pos otrmsmembrériscpotentzbis awrintanee peresstthediposome prepticaoescvtih:hag ar orientetipp sudhat i ng
'r st nmethslihihe aganhis psifyely ghasged, e intbmatpiitantial bizihd kngsamek jisr negative retativet tp &tei on

of the onepdmtighsf theshrigmgicme dwa@n@é thezggent iz negatively chasgeds the inteiedl Rejentiplcof the

- 1i posones lingsqines dcenasitivarelaiivarie ttawtﬁrg'a'apf Hesstamal depdiberxpludinadhe mpthedsaceerdingor

nmor e char gOie2(4EPC.4. A nethod for reducing the rate of rel ease of a

reIat‘FverIl h|I|C|on|zabIe antlneolastlcaent so that it wil
partitidn 'getﬁ) U_HQS'@ a"ﬁﬁl’r‘b? ﬁ fnsm ?‘5?%735@&5‘[36'?8 orgipd-y °é%?¥’¥9r nal
nedi um co Aprreel rﬁt{j’"f ent %ﬂ?r?é?‘g‘?l ?jgeg SPYoR LR P8 MEMPIeaT®: acr oss t he
|i posong, Jm&ﬁ'o%zpf Jh&!a ?lﬁnm@q el ‘ﬁgﬁaﬁttﬂ O&nﬁ?eHﬂi:on &%nent s atuti‘ﬁma%a{lﬁm at?on

posi t}j very ernal oten osones I's negat|
rel atlve t83 the potential of the external medi um and I f the agent IS

negat i v y Tl 1Rdustads aryldRe bf'l:iaﬁr'ié"l% 7RRbBA toftbndBhtratidhEorddieROS @ BR grabiisntPOS1 ti ve
relative to the potential of the external nedium  excluding the nethods

accor di g 1% MéthdaCdf Ampére’or clalrle. 1 1B herefh thE biiRsbplatiic ah6H iCdeldBted fm ikt Goupf

rel eage of coansisting at daofdribidin, AEHRbIcH CvirnbRRing,cdnl PhaiidetRaIy| sacdptable 38 1Hhd aétvé-hat

it will patvestie@tt. i nto the |iposone nenbranes fromliposones stored, the
anti neopl asti c agent having been |l oaded in a |iposone by a nethod of

| oadi ng 1ac 8 ovetlion gedoslingrty @me oref of iclainscl @i SshetsirBthe tibreome ishroldrgé onilameldueasiely t he
rat e of relld¥se conprising, storing the Iiposone in an external medium such
that 4 20 transnenbrane potential is maintained across the |i posone '
menbr andd- Mpraspssiaseerding §rany: Areaf| ciinss i iond eomprising P"PPPé'"fag mvtt"arns"apw clej iy gey
char ged, t #Reencarbegaic spwinkerdeieroenss CQ"PPés“I'q ‘b%‘%‘ﬁ‘é’@ | s negat ive relative to
the potenti df "(!?P"’P'H%a@t‘t'éraﬂé uspHS $PIYRTE al"F“ ativel

char ged,  t hd)FREY tReenoy P e P"ab‘fes‘t"ﬂé° rat e e PP o
the pBtenti df Wfipg, e éertﬂgle e APYRRYSIRE ng t he methods according to

Articl e ngzth@epr%'é’gof%ém% wIQrSin’ﬂg&&‘:ﬂﬂog‘é’{)ls%ﬂ}ﬁog?eﬂ‘?n Qlp @i M 1 1o 5 wherein the

t ransmendr an eating a concentration gradient
of one qg mr&o DG YRfh $P€c9ﬂp\?ﬁnftﬁé Qmowaet oSG Tnd ) vesicle aibRRIAC! hod
of any onenRligd GHiydRbdnate@nd®. WNEr el n the concentration gradient is
concentration 30 gradient. 8 The nethod of any one of clains 1 t o] 7
wher ei N 14N eheGRateYs Eidinl 19 WhekeiR Gieps i) 4nd (@) aRtivaiindsdi ent . 9. The nethod of any
one.of clains 1 to 8 wherein the antineoplastic agent is selected fromthe
group 395 A phaémasuthl pigpaafiondampsingld elatively dipophilic dhiedbid, antinenfildstis hgenteso taa dt
phar neceut wit plidtijonaioto el ipotanesmériganas enadpsulated-in a liposome which has been loaded into

liposomss obtainable by the method of any one of claims 1 to 14 wherein the liposome comprises a

transmembrane potential across the liposome membranes which has an orientation such that if the

agent is positively charged in its ionized form the internal potential of the liposomes is negative relative
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ti ves»thereof. 10. A nethod accordi ng to any one of clains to 9 where :
the |iposone is a |arge unil anel I%y g (LUV). 40 11. ﬂm ll m&n‘“ull“l
according to any one of clainms 1 to conprISIng prepari ng

vesicle in the absence of origanic solvent or detergents conprISIng

steps of : (i }heCHofpRal &f thedetortal Pbdiunh, And i HACHFEOR iSneGatviiE Bilarded irf G iBRIZdd form, the

mul til amel ligemal poteribleof the lipostragsi isipogitive riative fothd Prlential lof thé extemial medionesi cl e to
obtain a frozen |ipid-aqueous nedium m xture; and 45 (c) warm ng the
\ni Xt ure 16 Arpharmacheicsl qrapenationmeniprising al@lativély dipgnhiic @pabisl agehtasorthat 1 wilhgariiom

| i qui &b ni t rinigéhe lipgsomermeniranbsioncapsulated (ih3 liposaine sTing ip aroedemal médiun) sol that the rate
conpri sing er@a%ﬁmﬂlelaoﬁmwlﬂceﬁsems reducedsaceording le@nyieretof ¢laimef ka4 vesi cl e

di spersi on 50 t hrough a ycarbonate filter. 14, The process of claim
11 wher ef'f A piayracey a'a"I‘R!’a‘;gz' F‘Iéd"Iq Peelgim o or 1§8°"‘95Is'ﬂ$1&?'1¥ﬁ’é‘éﬁt"m§8mes having

pr epar, at i orP"E%y ds ?‘Iﬂ"‘é{‘ a&P'F?I'%F%P“I i poph| I | c | on| zabI e anti neopl astic

agent a& tf g ? %

phayma i eo 01 compr|s
encapsul a#elg Fgr'ﬁm'l Faé|§s§ °§afi 8e§f|ﬂ$8 Bgmza'ﬁ bl e
by the net hy one ere n sorre corrpr Ses a
transrrenbra e potentlal across the Ilposorre rrenbranes V\:hl ch has an

or i ent,at h@nrmg Yhbmbbidical Eresmo@aem dnd oP G153 iz GBS loRedbloSaniRBhERE
formthe i e,{tligadox@mcﬁn duRdruiidin rivRblkdiR@SOMES 1S negative relative
O 191 824 BI * M S to the potential of the external medium and
if the age ntheipﬁarmﬁcﬁaichwﬁéﬂﬁraﬁd’had? @RClorieldf tikifhs 11611 #/ewhelel 13 twol? mioRd Mtiibdplastic
potenti al cdgertdidcllde/diosaubii and mpstickdtaie rel ative to the potential of the
exterral medium 16. A pharnaceutical preparation conprising a relatively
I ligphi | 2t The pharmbdesticalgeeparatian df laayt orietof vigink 15 &r 17 whein the two or moret amtiieogastic
| i posone neagbmaindwleakngaybicinland eylosing a@bihesjgesone stored in an external nedi um
so that the rate of release of the antineoplastic agent is reduced
accor di nBateatapspfichfe of clains 4 to 14. 17. A pharnmceutical preparation
accor @ ng to claim15 or 16 conprising deh drated |iposones having
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pr eparati on Qhorft Bor

Konzent
ant i neopl ast i 8 ikt; Iaﬁ'ﬂans.a EI énﬁéi P bind! ”2?: er%?z e?.The
phar mmceut  cape ﬁfﬁ%e@gw&‘mm il bl ook g T oo,
nore antineop ﬁﬁéﬂeﬁd&g&m}%awﬂ%ﬁhd@p brﬁ'nﬂtd%m.u Pl &a&ate 20 21. The
pharmggeutical preparation of any one of cI aims 15 to 17 wherel n the two or
mor e ant phewghinéi 1uf BRI FBNE) WOIE LifesMériRit ®inbm aBHEIRKIESd RedpRila inidvbards .
Pat ent ansprantirebtasiisehén Agéas, fsalar s gichninBish aghosom(Mddhdraney verIit rhip GiseIEnfangviir-
ei nem ver hadubgspradrada 95 % iupddhiel, ewr Hetstellihg @nbsiprarmaasittisaheroPriipesdts, sasdfolgeles, SO
g? es si cistifen weaBt:Uposom Menbranen verteilt mt ei nem Ei nfangw r-
kurigsg@e ad vom) Bdstsiungwainel GlpesomzRuépatdisr st el | ung ei nes phar mazeuti schen
Praparats, d&kDehydratisiofune desciposimiPréparalssf aft: 90 a) Herstellung eines
Li posom Pr | p&}'eeerungsiss delwdrrtsieden Prgpatalie ei nen Konzentrati onsgradi enten an
ei nem oder nﬂh'f‘e @F@G@ﬂ%ﬁesl\ﬂﬂl‘@mI%H" @E‘F’atid‘"‘i'hren Menbranen auf wei sen,

wobei der Koﬁ Misig adest'? M Vd pa’

Tr ansfenbr diP d@ﬁf’?’ "' Wi ?5"9"‘7@ _I?,’h?!" gder
Bel aden (B% onti e ? zu r . I, We g F%ﬁ |posome ?h?:‘thquvd b)
M schen desloms lareh & lnﬁr% e%?lrggﬁ“ E' ﬁe o ur D cthhrun der

Li posom Pr I isio ﬁr,kH uﬂér qu m IEE

ei nemgyerh nte r?EIndan eFIn ékﬂl@r‘? ofi2 deﬁ ﬁBr ?

daB es sich, udoEb E‘d?zebﬁio&Pm b G5t Ceth N&éh&’n -ﬁ&éntué?h@&?&uﬁéxﬂ &' Yih¥/ Grientierung

aufweist, welche die Beladung (Befllilung) der Liposome mit dem ionisierbaren antineoplastischen
Agens bewirkt.

65 3. Verfahren nach einem der Anspriiche 1 und 2, bei dem der Konzentrationsgradient quer zu den
Membranen der Liposoms in dem Liposompréparat erzeugt wird durch: a) Einkapselung eines ersten
Mediums in den Liposomen, wobei das Medium eine erste Konzentration an einem oder mehr
geladenen Moleklllen aufweist; und b) Suspendieren der Liposome in einem zweiten Medium mit einer
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kungsgrad von 95 % und hoher, zur Herstellung eines pharmazeutische
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