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25 about 200 nm. This size range of liposomes also favors biodistribution in certain target

organs, such as liver, spleen, and bone marrow, and gives more uniform and predictable
drug-release rates and stability in the bloodstream. Liposomes whose sizes are less than
about 400 nm also show less tendency to aggregate on storage, and are thus generally safer
and less toxic in parenteral use than larger-size liposomes.

30 A variety of techniques for preparing liposomes have been proposed, including, for
example, sonication, extrusion, high pressure homogenization, microfluidization, detergent
dialysis, calcium-induced fusion of small liposome vesicles, and ether-infusion methods. See,
e.g., U.S. Pat. No. 4,186,183; U.S. Pat. No. 4,217,344; U.S. Pat. No. 4,261,975; U.S. Pat. No.
4,485,054; U.S. Pat. No. 4,774,085; U.S. Pat. No. 4,946,787; U.S. Pat. No. 6,139,871, PCT

35 Publication No. WO 91/17424, Deamer, et al., 1976, Biochim. Biophys. Acta, 443:629-34;
Fraley, et al., 1979, Proc. Natl. Acad. Sci. USA, 76:3348-52; Hope, et al., 1985, Biochim.
Biophys. Acta, 812:55-65; Mayer, et al., 1986, Biochim. Biophys. Acta, 858:161-68; Williams,
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distribution of the liposomes can be made quite narrow, particularly by cycling the material

30 through the selected-size filter several times. A number of techniques for extruding liposomes
have been reported. For example, U.S. Pat. No. 4,927,637 describes a method of extruding
lipids through a tortuous-path nylon, TUFFRYN® (Pall Corp., East Hills NY), polysulfone,
polypropylene or scintered steel membrane at low pressure (e.g., 250 Ibs/inch? (psi)). U.S. Pat.
No. 5,008,050 teaches a method of extruding liposomes through a polycarbonate filter at

35 between 100 and 700 psi or more. U.S. Pat. No. 4,737,323 teaches a method of producing

liposomes by extruding a suspension of lipids through a ceramic membrane at 200 to 250 psi.
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SUMMARY OF THE INVENTION

30 This invention relates to methods and devices that are particularly useful for the

manufacture of vesicles, including micelles, and particularly liposomes, and pharmaceutical
products containing vesicles, micelles or liposomes. More specifically, we have discovered
that extruding lipids through hydrophilic screen membrane(s) under high pressure results in
greatly improved flow rates while still producing vesicles of the desired size and lamellarity.
35 The screen membranes, as will be described in detail below, are membranes that have pores
whose channels through the membrane on average exhibit essentially straight lines. The

methods and devices of the present invention are particularly useful for producing vesicles of a
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25 In another aspect the invention provides a method of producing a suspension of
liposomes comprising extruding an aqueous suspension of lipids through a hydrophilic, angled
pore screen membrane at high pressure.

In another aspect the invention provides a device for extruding an aqueous suspension
of lipids at high pressure comprising a hydrophilic screen membrane(s) in a support cassette

30 holder. |

In practicing the methods of the invention, a suspension of lipids is extruded through a
hydrophilic screen membrane at high pressure. The resulting liposomes have an average
diameter of between about 50 and 400 nm and a standard size distribution of about 50 nm
depending on the number of membranes used, the number of times the liposomes are cycled

35 through the membranes, the thickness of the membranes, the pressure of the extrusion, the
diameter and density of pores in the membranes, the chemical composition of the membranes,

use of a step-down method, the type of lipid used, the use of a wetting agent, the presence of a

4



In practicing the nmethods of the invention, a suspension of lipids- is
extruded through a hydrophilic screen nenbrane at high pressure. The
resul ti ngwbiopos@ses have an average dianeter of between @b@msSoHdoand 400

nm and d i I I bt i nber
o mombf Bl EciptiE SIeRL G 0Bl @l acs OB, S TR AR AR S TE
t he nmenbelawe sSThetrheshedsi af Kinemsemfont dhlewnenetio anetsol thdsizpaebsze distpibutibreof the
extrusi IOSO%% rddu%E@ter and density of pores in the nenbranes, the

cheni caf®? rtron of the menbranes, use of a step-down nethod the type

of lipid usetrhe snh@enmen nfay e pedsed tlgowgﬂhe mdrﬂbearmrmslapbemmés eachdiriin the
03/.026588 3101 | i sone s ed agent
i Bosor’rﬁ‘arg% %G ° %éﬁ.[e,me .mfle ‘%@&‘3 §5 838f nggtiogfg]il thabel ow. The

met hods neinbirdre daﬁ\be mévepseddbl @w crmgort of dmrliasmk tl“hmt is,ithesupensionz@ay be

distributio osones pro ced ensi on be passed

©hr ougnDITER HESARe mOTEE N B op PHHELE Gabsid FirgttiR B FataR Bhe BOmPRBRES

t hr oughuhdlieggedrconainion, Alokenghigh vlﬁ’oygh;tuh prodegstiryt evon fof a tomentrited ghedidicn

menbr ane ﬁan be reversed for one or nore of the passes. That is, the

suspensPbAPHEPe passed through the menbrane in an outside-to-inside

digoect i on tOTﬁBdéélfbdﬂlpbblﬁnéTﬁﬂ@frﬁWbelaahla%d usiy DGgeddenithethod, THzithQ\M ng
even for_a con ntraI ed s si an

hi gh throu essin n
| Bosomse P A et T SE o tbihnen SRR RO RSh 8 in 1508 down
met hod. offpaked 1§,0r@er t& pﬁﬂﬁé@hmoﬁﬁes bf mbfbasmglypmed averi@uihmeenbr anes of
decreasi ng p;ﬁ.l neter size ré1 a sertl passes in g)rder toFFg{uﬁduce
| i posonmes of Qg RsPeCct AR depturgs P TSI@P&?SQW@{I‘@HUO*FH@E © dspect s
and feabp'ﬁ&éht@i‘hehhﬁe PLeSAIY ddtaiedHeb@iptioh lof (HRaasRion Rall Wl EohjurRBBRKEML When
the foll ow ng detailed description of the invention is read |n conj unction
wi 1oh 13‘%4‘?@01% h‘tﬁa‘%ﬂ"ﬁ@sdramﬁ ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 presents extrusion volume as a function of time for two different
comer C|aII avai | abl e msrrbr anes 1 m. pore dianeter polycarbonate

JEY DESCRIPTION @ @&ﬁ%@mmcs ("0") and Whatman ("W)) at
400 and 800 P‘?gure f'pﬁ%éélﬁs 3xt'r|§51&1 whmehs §FaRAsn bl FONRA BffBhf USi on through
a single PCTE nenbrane to a si n(c):;l e pol yester track-etched {(PE E) nmenbrane
bot h nefPREISEdalhzavaHable memBranes & dﬁ%ﬁ@lfeéjf*%metﬁ RRlyarbomatedrackeichse (PCTE)

prgsent h%ﬁ?ﬁ{e%'fﬁJn?O%fn%ﬁc@?‘(ﬁ’)faH&‘Wﬂa‘?ﬁa@f“waﬁ§t WVSOO@SEUVG 2B is a graph
presenting flow rate as a function of pass number. 25 Flegll#re 3A is a graph

conpari ng t hEiBRe 2 icreset obeupks hat cumpars grysim thsgqugh gisiglePC P oembrane to
1- pal ni agiﬂgxépcﬁgﬁafkmae e&hy&@fmﬁé n%}R&HH@%BEH m&%bﬁaﬁmlﬁgw PUghpQel mM avg.

pore di anmeter PETE nenbr anes . gure SB [ s a graph
conpar i Aipmerss.eRigurdd 1%gnaﬁlﬁpremt@a§aft1%swws %ﬁummﬂ ‘éfrpaéff n@nb@rpobc

t hrough Fibute 7B 39 oraBR b?esgﬁtﬁ@icﬁﬁ i ﬁﬁgtlgﬁigpass number.

25 Figure 3A is a graph comparing the extruded volume versus time for extrusion of 20%

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) through 0.1 pm avg. pore diameter
PCTE and PETE membranes at 400 psi. Figure 3B is a graph comparing the extruded volume
versus time for extrusion of 20% POPC through 0.1 ym avg. pore diameter PCTE and PETE
membranes at 800 psi.

30 Figure 4 is a series of graphs describing the effects of membrane stack size on the
extrusion of POPC using 1-, 2-, 5-, and 10-stacked 0.1 m average pore diameter PETE
membranes at 800 psi. Figure 4A is a graph presenting average large unilamellar vesicle
(LUV) particle size as a function of pass number. Figure 4B is a graph presenting flow rate as
a function of pass number. Figure 4C is a graph relating membrane stack size to the number

35 of passes needed to achieve an average particle size of about 120 nm.

Figure 5 is a series of graphs describing the effects of pressure on the extrusion of

POPC using a 5-stack of 0.1pum pore diameter PETE membranes at extrusion pressures of 400,
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25 found that the use of pressures greatly in excess of the minimum pressure required for

extrusion provide unexpectedly good results in achieving liposomes of the desired average
diameter and avoiding problems associated with membrane clogging or fouling. The use of
high pressure is especially beneficial for the extrusion of lipids that are difficult to extrude
using conventional methods. As shown in the examples, the greater the pressure used, the less

30 clogging and fouling occurs. There is no apparent upper limit to this relationship. The
pressure used is limited only by the tolerance of the extrusion device, the membrane supports
and the membranes used. At a minimum, the pressure used should be greater than about 400
psi. Preferably, a pressure of greater than about 800 psi is used. More preferably, a pressure
of greater than about 1,000 psi is used. More preferably still, a pressure in excess of about

35 1,500 psi is used. More preferably still, a pressure in excess of about 5,000 psi is used. Most

preferably, a pressure in excess of about 8,000 psi is used.
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|1 pOSONgmhetic compound suitable for therapeutic use without associated bound carriers, adjuvants,

activators, or co-factors. The liposomes of the invention can contain a drug in the aqueous
interior. In certain embodiments, the liposomes can contain no drug in the interior and in such
embodiments, the liposomes themselves can be drugs or pharmaceutically active compounds.

30 These 'empty' liposomes can be useful for the removal of cholesterol from the body and
treating or preventing atherosclerosis.

“Screen membranes” are membranes that have pores whose channels through the
membrane on average exhibit essentially straight lines. A screen membrane can have pores
that are normal to the plane of the membrane and/or angled pores. “Angled pore membranes™

35 are screen membranes wherein the angles formed by the pores relative to the plane of the face
of the membrane is less than about 90°. The “reef length” of a pore is the length of the pore

measured from one membrane face to the other. Thus, a pore that is normal to the plane of the
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membrane pores. These problems can be overcome if membranes with larger surface area or

greater porosity are used, e.g. Whatman ANOPORE™ membranes. Drug-associated lipids,
charged lipids and lipids with proteins also can be difficult lipids. Some lipids that are easy to

30 extrude on a laboratory scale can be difficult to extrude on a larger manufacturing scale.
Examples of difficult to extrude lipids include, but are not limited to, POPC,
dipalmitoylphosphatidylcholine, dipalmitoylphosphatidylglycerol and di-stearoyl-
phosphatidylethanolamine. Examples of easy lipids include, but are not limited to, egg yolk
phosphatidylcholine (EPC), egg phosphatidylglycerol and di-oleyl-phosphatidylcholine.
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30 In another preferred embodiment, a screen membrane useful for practicing the present
invention is made from TEFLON® (Du Pont, Wilmington, DE). In a more preferred
embodiment, the membrane consists of or consists essentially of TEFLON®. In another more
preferred embodiment, the membrane comprises TEFLON® and one or more other
substances.

35 Screen membranes have “straight through” channels (also called capillary-type pores).
That is, the pore channel exhibits or describes a substantially straight line through the

membrane. If this line is perpendicular, or normal, to the plane of the face of the membrane,
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lipid. Without being bound to a particular theory, we note that flow rate and liposome particle

size are influenced by a number of factors, including, but not limited to, pore diameter, pore
density, average pore angle, range of pore angles, membrane thickness and the material used to
make or coat the membrane, as described herein. The properties of polyester, polycarbonate

30 and other membranes are discussed at, for example, Kroschwitz, 1990, Concise Encyclopedia
of Polymer Science and Engineering, Wiley, New York; Domininghaus, 1993, Plastics for
Engineers: Material, Properties, Applications, Hanser Publishers, New York; Zeronian, et al.,
1990, J. Appl. Polym. Sci. 41:527-34 and Gillberg, et al., 1981, J. Appl. Polym. Sci. 26:2023-
51.

35 In a preferred embodiment, the membranes are angled pore membranes. In a more
preferred embodiment, the pores of the membrane have an average angle relative to the plane

of the face of the membrane (i.e., an average pore angle) of less than about 56°. In a most
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T02CP02500, “THSEBEHERD 20X &F eaﬁabser@%ﬁbﬁ%%ﬁb&%ﬁﬁﬁ dg%‘fes ‘?Lfd A nenbr ane
of any pidketiRO&SioBAThE 8izt 864 shdpe o treTRéHIRESe BNEMIURMIGEBy tHe thibRnpE 6586t

I nvention. One of skill i ht(‘;ne art will ap recj ate glﬁ)hat t hi cker nbrane
pr oduc EXIEFHER feyice. §F’E‘Fr arepndie sUdpes a8 a‘?fl ;ES‘?/\F‘F o@ﬁ&Fe@EFrlﬁt‘? °Y hi nner
nmenbr angte WNABEh G hMMER. SA @ﬁdnﬂfranmy deand sizkhe suzq;éefan B 26t frdrfiatla@fr t he

t hi ckneﬁs of. the menmbrane useful in % he nmet hods ?
25 eet of membrane. The membrane can be, for example, circular, square or rectangular with a

surface area of about 1 cm? to about 3 m®. In a preferred embodiment, the membrane is
circular and has a diameter of about 25 mm. In another preferred embodiment, the membrane
is circular and has a diameter of about 47 mm. In another preferred embodiment, the
membrane is circular and has a diameter of about 90 mm. In another preferred embodiment,

30 the membrane is circular and has a diameter of about 142 mm. In yet another preferred
embodiment, the membrane is circular and has a diameter of about 293 mm.

A membrane of any topology can be used in the methods and devices of the present
invention, limited only by the tolerance of the extrusion device employed. One of skill in the
art knows how to manipulate the topology of the membrane to increase the surface area of the

35 membrane that is in contact with the preparation to be extruded, and that this reduces clogging
or fouling of the membrane. In a preferred embodiment, the membrane is flat. In another

preferred embodiment, the membrane is pleated.
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and t hagirddpsof 86 wkathride) g Bempimiklgliis ABilef to Wighsi@dhhesetrusion prepussier r ed
enbodi nent . the nenbrane is flgt. I n agx%t?h r _g’ﬁ)r.efecyed ﬁg‘oodi nent., the
menbr ani §ubjegted 40-edecond. inANeBPIIG R ¢ P@E’@ HRHAGPOLRS, RGP A t h any
average OQ&Iaipﬂigaﬁ@éSQﬁc@@és RethUs@eading pdre demitho deediishifieybreeBavefpokdie present
i nvention. menbrane with a | arger average or?_‘@di aneter w ||l Erod ce
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sy | er ,QUEELASmPRY 6f Gk IBB/LIBE extHiEE by MBEMbRRe.S CBhicglieriBN@ipbleRasityli8 a
preferred enbodi nent he nenbrane has an average.5 Ttlpjore ,Cil ametﬁﬂrE tnat S
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t
appr oxi peefersd Waiaps higheneanbeasrbicyed SHthopecomREPRIsing P ERG

anot her ppraf o 6d; SEROHHTER easinBeh&NRE ABS RRIEdidnBRE bEheicktri@idwmaRleabout 50
and about 460 nmlg%l n a g}rr?)ﬂr&eeaﬁrgferred“?é(iijr)bodi rrel,nt, t he average pore

di amet efThe snasémvashigiaile ordesapkle PaGlensiBOYshimlingitpdbyshe RYSrAg RO™Hr ef er r ed
embodi Mfmerdr 4 i EEABENBONHNBIRL Rt Slafdet MRBILe RROGmERL nanlicaput 125
nm In a nost preferred enbodi nent, the average pore dianeter is 10 about
1 nm maximum pore density than an otherwise similar membrane with a smaller average pore '
diameter. In a preferred embodiment, the pore density is between about 8x10° and 9x10°
randomly distributed pores/cm?. In a more preferred embodiment, the pore density is between
about 8x10° and 5x10° randomly distributed pores/cm®. In a most preferred embodiment, the
pore density is between about 1.5x107 and 2.6x10° randomly distributed pores/cm’.
30 Greater pore densities can be achieved in a membrane without significantly increasing
its average pore diameter by using a non-random distribution of pores. A screen membrane
with a patterned array of pores can be created wherein the incidence of overlapping pores is
virtually eliminated, even at very high pore densities. Thus, in a preferred embodiment, the
pore density is between about 8x10° and 9x10° non-randomly distributed pores/cm®. In a more
35 preferred embodiment, the pore density is between about 8x10° and 5x10° non-randomly
distributed pores/cm?. In a most preferred embodiment, the pore density is between about

1.5x107 and 2.6x10° non-randomly distributed pores/cm’.
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the extrusion is conducted at a controlled temperature. In a more preferred embodiment, the
controlled temperature is a constant tempefature. In another embodiment, the constant
temperature is about room temperature. In another embodiment, the constant temperature is

30 equal to or greater than the T of the lipid being extruded. In another embodiment, the mixture
being extruded comprises a plurality of lipids, and the constant temperature is equal to or
greater than the highest T, of the lipids being extruded. In another embodiment, the constant
temperature is between about 15° C and about 35° C. In a more preferred embodiment, the
constant temperature is between about 20° C and about 30° C. In a more preferred

35 embodiment, the constant temperature is between about 23° C and about 27° C. In a most

preferred embodiment, the constant temperature is about 25° C.
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during the extrusion process and can be sterilized. 10 Methods of the
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proc e vesl cl es, "as descri bed herein, The size of the vesicles
dlameter of a suspension of vesicles produced using the methods or devices of the present

invention is altered after they are extruded. In a more preferred embodiment, the extruded
vesicles are extruded one or more additional times. In a still more preferred embodiment, the
additional extrusion is done using the methods or devices of the present invention. In a most
preferred embodiment, the vesicles are extruded in multiple passes using a “step-down”

30 procedure, i.e., wherein each successive extrusion is through a membrane of smaller average
pore diameter. In another more preferred embodiment, the suspension is passed through the
membrane alternately in the forward and reverse directions to reduce the amount of clogging
or fouling of the membrane.

In another preferred embodiment, the average diameter of the extruded vesicles is
35 reduced further by sonication. In another preferred embodiment, intermittent sonication cycles

are alternated with QELS assessment to guide efficient vesicle synthesis.
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may be determ ned using any technique known in the art. For exanple,
quasi -electric light scattering (QELS), also known as Dynam c Light
Scatteri rngo(o@b%ss can be used as described in BloonfieldpPCIaf02/3Amn. Rev.
Bi ophys. rh%othép f e%%mﬂo'al AR GE ﬂ‘lﬁﬁg%gfys giperﬂrocets&% i Qrdeey) ¢! es have
an average aneter of between out an nmore preferred
enbodi mentoye pcbmamu@n@gﬁ lmpamqserln asotb@tmef@rredibmbodlmntaﬂ@ spspengion tplhea stil |
nore pr r 00 and
150" nim NIGEEE Con DR IERLe «d DB BLARR H AL Blciks aREISERARRL ke 1 160
37 nm w®EE®veBBatSpartipn 0Bde sulxtm thi6 9/a6 not iagorporatad in®3hG vesdPes Inmmdie4. 4
358 n f.
e r%feg%é%gljoodﬁﬁ%&% tﬂé‘luq%éngé;tg Hﬁh&%@?ra%ﬁq%tg‘%ﬁ e%?cilé)s is %g?xﬁa;“g_éﬁ%tany
uni | aneddtize svtesgince, esublags asmalhgloechkydrug, photeimpbemide, nuslaieiadid banel | ar
ve5|cle (;V@m (%prises a plurality of nenbrane |layers. See, Lasic, 1997,
Li posorre ' e Delivery, CRC Press LLC, Boca Raton 67-71. In a
preferred enblocinathots add ddvmes bfthepésont, ineersios penbe practid’:edl\ﬂsh‘lg einy ngxtbetided
using t t hods ,or de resent 2 inven uce a
uspanstIHE imeRinrer dne GEafl i B8 oSGl S dpicR SRl 0y ipBict BSReF
anot hernymlef f smmeﬂnﬁmﬂbmmwlllarave ﬂubxsexcﬂtbw satexiid ptdéﬁbeu&smg:s thhﬁng’ﬁt hods or
devi ces_of  the sent j.nvent Ve5| rod ced us t he ods or
v cesstiplel AEerfe GRRPler I3 AR ol Piiat iy SR eFieH g dSoliet STty
pr ocessitagked aobrapnes. The nﬁmbéﬁff&ﬁdfrﬁbtaﬁéﬁlhdldﬁﬁibé usddia aamekagﬁnmea bﬁllyeby25
di aneter of a sus nsi.on. of . vesicl es g.the t hods o devi ces
of 't he e Serdnce THEERIABIT LVER, B Edrdipat i s s Gdbives Dol
preferr Edncelmﬁﬁmwmes I.rhﬁmesﬂp’ré[@ﬂéd eMbodifleas tl&r@adk%m@eek Isep@eedr2 amd &

ggltlonal tlneﬁ@ nDre refeéred odi nent, the %Hltlonal

r usi BRFOPENgS, aﬂﬁhﬁﬁpﬁe the Siaclsd pembranes are eSSl ent i on.

a nost 1d9ﬁtﬁ3°aﬁrmeiﬂloﬂi&bp@féfwdtmnﬁoﬁﬁnmsat%a%oﬁ(ﬁ texXinethtieghes h thtikdatlpise passes

using a down" 30 praocedure ein.e ccessive extrusion
S 1 e ctgRrEl From st o R b moiBianes MRS uhcl ol AHERTEE S erB or o
preferrge F@f&mﬁt 4TRdets, thé BRSBUSD €Mkl @ffereficddantRdfor Bk AHEIB, ihhke caBpRitRMAcT

alternately in the forward and reverse directions to reduce the amount of

cl oggi n§° RFORERA, CORFINGH PR SIZFERBT 4711 BPTR ARHAAACTHINSPR PT BETBRBE A1ttt , t he
ayer agedsicapetereif the extruded vesicles is 35 reduced further by
soni cation. In another preferred enbodinent, intermittent sonication cycles

are al t er nat Bngiher piofartydembodiments the gxigusierbisperfpanedusingmpliple Ras#hshesi s.
14 WO Ogh8i2h 28Rebrhhd/SOAAKIGHembin&N ot hStacidehanbate SABSHIRRNE usddig

extruded vesicles are processed in order to renove contam nants or
i mpur i t the gxtrysion geltiple Dasses Blay agt RsMrsassapnn, ordes do aghisyedipospmesiisedesissd 1 uded

cont ai NgjameRHDRL @ﬁb&ﬁcﬂl&l@?refé%ﬁ leRMoBrRht | At&p- 8E9n YR& 0§ EmpRYEU.t 1 step
processing step Tenpves ortion of the substance that was not

i Réor pofeweaethodompiiplepaspes| o ghe Juspepsipgrage done through membranes of decreasing
pore diameter. In a particularly preferred embodiment of the step-down method, a first pass is

done through a membrane with a pore diameter of about 0.4 um, a second pass is done
through a membrane with a pore diameter of about 0.2 pm, and if necessary, a third, a fourth, a
fifth and a sixth pass are done through a membrane with a pore diameter of about 0.1 pm.

30 In another preferred embodiment, the membrane is treated with a flushing agent. In a
more preferred embodiment, the membrane is treated with the flushing agent prior to the
extrusion. In another more preferred embodiment, the membrane is treated with the flushing
agent after at least one pass through the membrane has been completed and prior to at least
one more pass being performed through the membrane. The flushing agent can be any

35 substance or composition that removes material from a clogged or fouled membrane pore or

prevents membranes from clogging or fouling or creating a “sieving effect”. In a preferred
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5 preferred enbodi nent, the substance to be incorporated into the vesicles
Is a pharnmaceutically active substance, such as a small nvol ecul e drug,
protein, womsizess nucl eic acid or ol igonucleotide. The meChawez/amd devi ces
of the prese Vi racti a MDEL st acked
m::rrbran‘%’%‘.)em%l{1 to?‘ %El%*]?lg %a?ﬁgﬁlgﬁtsgsa%lpoﬁg%}lg?l cg&{lhgl%/ aan eg{rtffsélfdon t hrough a
gr eat eremi@limeant)the folkshingagkedompnisescatieamoli | | have a | ower flow rate and
produce vesicles having a snaller average dianeter than an ot herw se
simlar extrusion through a smaller nunber of stacked nmenbranes. The
nunber of neBbirasi@sDeviads can be used in a stack is limted only by the

toLerance of ,the extrusi on dewvi.cC referr k
it toe Dep e TR SRS Be nodbind A ShRELER RIRBARIEM wibdBhER"
stack cigigh emerbpﬂemeencaa ended tolﬁraomehhamemodk anddoiti¢es of pireeﬂ:amedd
enbodi nent i dent..cal

th
o of or 1 BRIt A Ao ST B meTn AR RS AekiB af e bRGehE Rapigh dnf 0o e
di f f er eddvides @mefal for pasticiap ehexrhethbés of the pres&mtinivandsn comphie shyaicdphilide

di fferenc an be i n roperty that atfects the extru3|on The

Q11 or ot ifte Beny it abbeRRor kerbfiEhe frbe! Tn b st Bicketiroiimofitfent

cogti ngthemrﬂaramez@ ap@@je@teﬂ&ﬂdd—ét}thed)(@ﬁ@&lﬂ@nﬂmﬂm e agbhpiemore pm’ei?redine si ze,
i bed herein. eferredrﬁe):l? odlrre extru ion is

as 20 desc n _.ano
per f or n%tag‘ﬁémﬁﬂt Fhei frypign ﬂﬁ‘élg‘%%‘wfl‘m FAPRIE Oé’ﬁ’é’g&‘P Cghﬁcef\ ranes.
I'f a staBkep theAbiskieisepediy@athddto usast side oftthenrxibiaikitgm prasshitc- phé passes

may not_ be necessar ord r to achieve |i ones .of a desired d| arreter
In a pabiqyidEpstimy s #épatt Vlggitgrarest s Do t@sit%ﬁﬁ ﬁ&tﬁ?&&“fl%de In

a fnt) ep eerGOits MREOGM, s1d8~6ftth@hﬁnib%ﬁ}%e$n @Fum hﬁ)tép&p@fb;ﬂl e@riiboﬂ[ﬁer? ahe de\hwhgh
ne ranes ecrea5|ng e | anet er nanp rticul ar er.err

ABodi n@%ﬁmfma? Iy GempFigss- hrBtROTRE ﬁworfaprﬁpp%rﬁtuﬁra@gaméher e O
m%'rrbr ange\Wxtrlision BVi& MicenBiged Sichahauhe Q]lﬁtoﬁﬁ suapaﬁﬁ@mn QRS@aﬂij tdsone t hr ough
a nenbrane wi.ith a pore dianeter of about and i f .nec t?‘ arg a.third,

a f our t gxtruged thrpggh %‘ﬁ dnembipng iR tb%ﬁ‘gwé‘ideanééﬁ\éerﬁelﬁlliﬁﬁaﬂnsa Thene fredl a pore
di anmet egmpbdiaRAY thelxdrullon ¥Bvike u@é@@ttmegenﬁmw r eemaiERasiy®ailable aewamhatane

is treated with a flushing agent. In nore. preferred enmbodi t he
menbr anean ke fﬁt%w@athm a@ﬁf@@ﬁéterm%maﬁ@s f’éﬂ&é’ﬁ? wrtbﬁprqsalttlwnuew eolhut 2

angt her iR ©f SHEMIEIERIRTVIER ™ Q. RYBN 6000 (AV ANTED PAIMLEdS, |1‘1‘ib

flushin agent after at [east one pass._through the nmenbrane has

conpl et Adpbastar PR, gee, tSybbarap.«a g, 1994 eBigshiar. yHhetdy 1067 f167‘r§édL1Pﬂ?Q§%th t he

nenbr angy g, éMBlM1%&Em%%&&caﬁxc@§1@mt ARCEMULSIPERE- Cson t hat
renoves naterla froma c gg tOI‘ f oul ed nenbrane pore or revent
Vsl

menbr anBatrigesnta| HggEF‘@WﬁX Agines Ottewat PRigria, C%‘laé@] N2 %@FASTTM’a
preferr ggvesﬁﬁ M), (ﬁfﬁ%@ggﬁﬁtﬁ S04 e3d Ppdds Egb%h@ﬁ{%r BriiRhidoushbing agent

conpri seés an organic a . In a nore preferred enbodi ment, the flushing
agént cEemmdayeQther petrsion devices useful for pract1cmg the present invention include those

described in U.S. Pat. Nos. 5,948,441; 5,556,580 and 6,217,899 B1.

The extrusion device must be capable of withstanding high extrusion pressures. As a

general rule, greater pressures result in improved performance, for example, increased flow

rates, less membrane fouling and clogging and a more rapid reduction in size of the extruded
30 vesicles. At a minimum, the extrusion device should be capable of withstanding extrusion

pressures greater than about 400 psi. In a preferred embodiment, the extrusion device can

withstand an extrusion pressure greater than about 800 psi. In a more preferred embodiment,

the extrusion device can withstand an extrusion pressure greater than about 1,000 psi. In

another more preferred embodiment, the extrusion device can withstand an extrusion pressure
35 greater than about 1,500 psi. In a more preferred embodiment, the extrusion device can

withstand an extrusion pressure of greater than about 5,000 psi. In a most preferred
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Extrusi on Devices 5 Any extrusion device capable of housing an appropriate
menbrane and withstanding a high extrusion pressure can be used to
practi ce wbhasneiskods and devices of the clained inventiolCTIusoz3preferred

ermbodi Bodli»n%% B ) 'f:%ﬂ dgs%hegns Psttg[gd B 8368fon ﬂ;é/s@ﬁ&re'&gre%f@ thaqkea\sbﬁtes

useful Tor prac I'Cl ng e present ‘1 nventi Gn conprise a
hydr ophBJOD@ psi. angl ed pore or hydrophilic angled pore screen nenbrane. In a

more pref ef 1 achyBAL Wilor ad 15 pORERY A0l B e Bk ek Blged

(PETE) nenbr n-an er nore red e extrusion
devi ce adtlictiacmaaproyided it itx@s vatﬁsmndnhagemoa peaskiire ¢hat dinis valgeméd to. Wimer ei n

th hou5| i S rably.,atta hedto y a
pr gssur Bte %ﬁe(ﬁle qf)? it tgglng%ﬁ?ne 15(5’ e%faend %e&%%l che %{ggm\gg@%ﬁp?hseb
posi t i ongghottdholdet e hmsﬁf@utﬂms ﬂﬂmaldmpmnsh mesmbmﬁd: pmsﬂn(bmml Tle iaveioond si de

addi 1 oy PGS Psdasth il af PR B s D RRATE membiReS A Re,
pref er r egplaifposiembines dlirh% Mcgm?mn prabeys. (ﬂ)mlzglbmﬂl::}’lo agnamlaindieh gm%démbd:]?tr]eet |hﬁ e
For war caraer B Pl andep BEHe Fiok e THf Grmbring B iy FEM2 A

exor usi @tlatlctﬂlyl ohergdd.eThésetradigiemhdsentl leasily Aidntiek wi thbhyeleesandldind hetevi ces

t hat fitt wi.th the. a orlate s and. us i.n the. esent
A AP A R o R T e R SR e AR o
610000 GAPAAMEMcHeN t}Ea)ﬂnambtanes 6iSmembeane homleﬁba@tvef IAla)idlt@ﬁePcmmmmmd et

al., 199 Bi ochi Bi o 3:147-54 i pOs uder, Part
Mo, ER. SUENRROSLIGEPERE 1 Serrastile ARG Kgpyre caell eRire, doerts hieeo'
Ext r udeprobia, thé\ﬁ}vem%défﬁ@ﬂioﬂﬁl and fita pa@hﬁmﬁl@iﬁt@rdm@ble(ﬁaﬁtﬂd@)ands ee,

LI POSCF STTIVl (Aves | nc LI PEXT ruders i.ds | nc.
vadicouv&adi IErqfttheslﬁ‘e F%‘F‘r‘b}“éo h eréé’ﬁfé’d%l? aﬁeﬂjg?f‘anéﬂllg %‘HS IB@@ g sBf ul for
practi CifghbrhR fp H&ldbmrﬂel R ekAaplddecdrtiie susRecioled in U S. Pat. Nos.

5,948, 441; 5,556,580 and 217,899 B The extrusi on devic st _be capabl e
of withst andllﬁg’nﬁPﬁlﬁo@ﬂ%@%mgéﬁﬁ’@g or 49l ‘% DG ORPIISG QPUEJ‘F@ther

pr essur g@gfs¢eaflablel of fixmg' Q¥ SRR AltOs T BEAABandsab tRXgHRhdter dfikd &3p6E rihb@Win
rates, |ess nenbrane fouling and ¢l ogging and a norﬁ rapi d reductlon in

size of ASEICRIAR AEUCVSOt RIGE AR SUCk N FER RFETFITCE hd he RPRATRHEH CABRAISE shoul d
beyoc apalbgiify thhrdenfth A tershhdsSh Fariowy @RBRHBE0, p@fte@am RathedRradl0 psi .

In a preferred enbodi nent, the extrusion_device can stand an extrusion

pr essur eabehoused iha sangdsEch’ 08oD2 pasked caniigrraicn. gf EW@FRI%@CH%%?BHF Atshoused; he

ext rusi ﬂ{lth@%tﬁ@gec% AehBBheNGndR BXild 481 dEESR Pofe AiEdhRbiet MRRe about
1,000 psi. In "another nore preferred enbodi ment, "t he extrusion device can

Wi t hst aaBPPa#ue Rt ¢auEidgn ciyt bave g arigty @roéléﬁfé?anﬂfﬁ%rfo%@mi’ e} therrartiigge sUPROE nor e
preferr ﬁgld?f’@ﬁcﬂerﬁ@tlo dEH'%VI@l &H&'aﬁ& q%"dpﬁﬁ'raﬁﬁ@an Bé Et@ﬁfli’éﬂdan@réaﬁli&r usi on

pressure reater t an a . I'n a nost preferred
0?%’502658830%1'%%0@ m@mgmaéeﬁlﬁwnbr@m change-oBkSYSEEY on devi ce can wit hstand an

extrusi on preguseife Wi bHparkild BriyiRhe advantages of minimizing membrane
handling and greater efficiencies in loading the membranes. In addition, the cartridge holder
apparatus provides overall improved efficiency in production because, for example, a clogged
or fouled membrane can be changed while product flow is diverted to a new cartridge holder

30 apparatus while the clogged or fouled cartridge holder apparatus is changed out.

Lipids
The methods and devices of the present invention can be used to extrude vesicles,
micelles or liposomes from any suitable substance. In a preferred embodiment, the methods
35 and devices of the present invention are used to produce liposomes from a lipid or
combination of lipids. Any lipid or combination of lipids can be used. In a preferred

embodiment, the extruded lipid is difficult to extrude using conventional methods and devices.
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8,000 psi. A nenbrane support hol der or housing also can be used that
optim ze the available surface area, provided that it can withstand the
extrusi orwpriaesasse that it is subjected to. In a 5 prefercedsenbodt nent,
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ol di ng. the ne ne_or 0 i.ons ampl e,
t he nmenbPaRuoyl- éﬁe%@ SHEVSEY ?Hﬁ%{sf’lh g &E&) (g)ra ﬂﬁ“@h@&%@ﬁm@ ation.
If mul talphlﬁn@rﬁhb@]ﬂﬁdﬁrg@ca@ua&ﬂdl sltd’&rdﬁ%h@@dhhﬁd}d@ﬁandld&ﬁmﬁeﬁbr anes can be of
the sane or different pore 5 alﬁp(? ]z]: us or_c I dge can
hdve a vari nGENeE PRFETLr tl?é@?entftge 1 %ﬁﬁpgasy -crd PPEgE® Hﬁéort
hogder &flﬁoctzi»%eﬂr fireled d\dm §dl'?df&1nf@6@ﬂ%8groﬁ@gorﬁﬁﬂﬁg@fﬂggy‘(ﬂﬁ be steril ltzed
and easily i ncor pora into an rane. chan system
The car Phasapsidylchglige @Eér %&&@10 C‘f’rﬁ lﬁﬁgﬁ?%’éé’goﬁi ﬁ‘?}ﬂ%ﬂtll?an
menbrane  hapgek ﬁHos@HthﬂH@sﬁhﬁble%f héé'vﬁﬂﬂh@fprésanﬂ ifroshitiog 1ﬁdl'l§ien'8|ﬁ‘ttﬂ’r@ﬁ6t$ I'n
addi ti on, the cart ri d%k?ﬁhOl appar at us owaggxlgg,vergl roved

efficie plw@@a&é@m@r, grlagtoy, Qﬂy “f oul ed
megbr anﬁalﬁﬁ"t@ 1%0%@%@&1@1\{%{ % ?@%kealm%pmllg&g%@gqam yiehslgM, car t ri dge

hol der ~ 30 appar atus ‘while or fouled cartridge hal der appar at us

is changwpwtdylglycercaelemﬁﬁn,n@emﬂs%m&ﬁml ¢risgithivs sphingamyelp gdosphatidylsiiticon can

be us edgﬁ&pﬁaﬁ&@&@d \1¢:$2.9 'c&@ ngg)iabﬁaédeﬁﬁogy)ﬂpmp §§'IIF\SNfN HheRylasiidnalh e
subst an preferred met'ho and devi ces of the

present chlm@aph@sphamcb/l@}bwlmngflm}whm, b@%‘i@ﬁh%’f}d&ﬁﬂ%@np}aﬁ%@’or conbi nati on
of i p'ﬁgﬁ pﬁ%ﬂtﬁg‘lﬁ&'ﬂ‘él Sé%l%lﬁbéaﬂ&()hﬁﬂ &;reﬂrbﬁﬂé%sdﬁ@t@'l s OISh%USI nl n a preferred

enbodi extru 1d 1S ficult to extru g conventi onal
ma@fhods d@iﬁ@y@bwpb@gdyICMme oleoylphosphat1dy1 glycerol,

palmitoyl-oleoyl-phosphatidylcholine, di-stearoyl-phosphatidylcholine,
stearoyl-palmitoyl-phosphatidylcholine, di-palmitoyl-phosphatidylethanolamine,
di-stearoyl-phosphatidylethanolamine, di-myrstoyl-phosphatidylserine,
di-oleyl-phosphatidylcholine, and the like.
30 In a most preferred embodiment, the lipid is phosphatidylcholine or sphingomyelin.
Non-phosphorus containing lipids also may be used in the liposomes of the
compositions of the present invention. These include, but are not limited to, cholesterol, other
sterols, stearylamine, docecylamine, acetyl palmitate and fatty acid amides.
Additional lipids suitable for use in the liposomes of the present invention are well
35 known to persons of skill in the art and are cited in a variety of well known sources, e.g.,
McCutcheon's Detergents and Emulsifiers and McCutcheon's Functional Materials, Allured
Publishing Co., Ridgewood, N.J.
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be controlled. These parameters may affect the physical characteristics of lipids in solution or

suspension making the lipids difficult to extrude. In particular, the pH should be controlled
and consistent, the calcium levels should be low and the raw material should dry well and have

30 good visual characteristics.

Preparation of Lipids

Any preparation comprising one or more substances that can be extruded to form
vesicles, micelles or liposomes can be used in the methods and devices of the present
35 invention. In a preferred embodiment, a preparation comprising one or more lipids is used. In
a particularly preferred embodiment, the preparation is an aqueous suspension comprising one

or more lipids. Any method of making such a preparation can be used. See, e.g., Lasic, 1997,
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35 known to persons of skill in the art and are cited in a variety of well
known sources, e.g., MCutcheon's Detergents and Emulsifiers and
McCut cheowO3/m2a388 | onal Materials, Allured Publishing CoPCTRiSdyawood, N.J.
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25 resulting dry lipid film is rehydrated in 150 mM NaCl and 20 mM
[4-(2-hydroxyethyl)]-piperazine-ethanesulfonic acid (Hepes, pH 7.4).

In another preferred embodiment, the preparation to be extruded comprises an
emulsion of one or more lipids. The emulsion can be formed using any known technique and
mechanical device such as an homogenizer, microfluidizer or mixer, such as a roto-stator.

30 See, e.g., Martin, et al., 1983, Physical Pharmacy: Physical Chemical Principles in the
Pharmaceutical Sciences, Lea & Febiger Publishers, Philadelphia; Gennaro, et al., 1990,
Remington's Pharmaceutical Sciences, 18™ edition, Mack Publishing Company, Easton,
Pennsylvania. The preparation of lipids also can utilize other liposome forming techniques
which may not be able to achieve the desired final average vesicle diameter or narrow range of

35 vesicle diameters within a liposome preparation including, but not limited to, homogenization,
microfluidization, sonication, high-shear mixing, or extrusion through metal frits or ceramic

filters. See, e.g., New, 1990, Liposomes: A Practical Approach, Oxford University Press,
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Any preparation conprising one or nore substances that can be extruded to
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t echni qampho@ricin B. See id. at 1653. In another preferred embodiment, the anti-cancer drug is
vincristine, mitoxantrone or other anti-cancer drugs. See, e.g. Bally, et al., 1990, Biochim.
Biophys. Acta 1023: 133-9, Sugarman, et al., 1992, Crit. Rev. Oncol. Hematol. 12: 231-42,
Kim, et al., 1993, Drugs 46: 618-38; Lim, 1997, J. Pharmacol. Exp. Ther. 281:566-73;
30 Fielding, 1991, Clin. Pharmokinet. 21:155-64.

For liposomes intended for in vivo use, an aqueous buffer comprising a
pharmaceutically acceptable carrier can be used. The compositions may contain
pharmaceutically acceptable auxiliary substances as required to approximate physiological
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents and the like,

35 for example, sodium acetate, sodium lactate, sodium chloride, sodium phosphate, potassium
chloride, calcium chloride, ezc. A preferred embodiment uses an aqueous buffer that has

approximately a physiological osmolality (i.e., 290 mOsm/kg). Examples of such buffers
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mechani cal device such as an honogeni zer, m crofluidizer or mxer, such as
a roto-stator. 30 See, e.g., Martin, et al., 1983, Physical Pharnacy:
Physi cal Wbenizeks Principles in the Pharmaceutical Scien®es/ushzaio® Febi ger
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especially preferred embodiment the nucleic acid is an antisense nucleic acid used to inhibit

expression of a gene. In another especially preferred embodiment the nucleic-acid containing
liposome is used in a gene therapy protocol to treat, for example, a genetic disease (such as,

30 e.g., cystic fibrosis, Gaucher’s Diseases, sickle cell anemia, thalassemia, hemophilia or
familial hypercholesterolemia), cancer (by, e.g., enhancing the immunogenicity of a tumor,
enhancing the activity of immune cells, inserting a suicide gene into a tumor, inserting a tumor
suppressor gene into a tumor, blocking the expression of a gene, protecting stem cells or
inserting toxin-encoding genes under control of a tumor-specific promoter), an infectious

35 disease (such as, e.g., acquired immune deficiency syndrome, hepatitis or herpes), a
neurological disease (such as, e.g., Parkinson’s disease, Alzheimer’s disease or amyotrophic

lateral sclerosis), a cardiovascular disease (such as, e.g., atherosclerosis, restenosis, thrombosis
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anphotericin B. See id. at 1653. In another preferred enbodi nent, the
anti-cancer drug is vincristine, mtoxantrone or other anti-cancer drugs.
See, e.g.wBbaBlgssset al ., 1990, Biochim Biophys. Acta 10P8T/US833019
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25 This may be particularly desirable in patients having atherosclerosis-associated congestive
heart failure or severe hypertension. Alternatively, liposomes composed of irritating lipids

may be diluted to low concentrations to lessen inflammation at the site of administration.

EXAMPLES

30 1. Extrusion of 20% POPC through 0.1 pm polycarbonate track-etched
membranes at 600 psi

The following example demonstrates that a difficult lipid can clog or foul the extrusion
membrane using conventional methods and devices, but that a flushing agent can be
advantageously employed.

35 Two g of I-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) (Genzyme,
Cambridge MA, Cat. No. LP-04-031) was added to 8 ml of a phosphate buffered saline
solution (PBS) (140 mM saline, 20 mM phosphate, pH ~7.4) in a 50 ml conical tube and
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The concentration of Iflgosorres in the buffer, carrier or diluent may
membranes clog or foul much less readily than NUCLEPORE™ PCTE membranes. This

difference also is observed at 800 psi.

30
3. Extrusion of 20% PQPC through polyester track-ctched (PETE) membranes

This example demonstrates that a lipid can be passed through a hydrophilic extrusion

membrane without fouling or clogging the membrane.
In separate trials, 10ml of a 200 mg/ml suspension of POPC MLVs in PBS (prepared
35 as described in Example 1) was extruded through PORETICS™ polyester track-etched
(PETE) membranes, Cat. No.s T04CP02500 (0.4 pm avg. pore diameter, 25 mm membrane
diameter), TO2CP047FX (0.2 pm avg. pore diameter, 47 mm membrane diameter (hand cut to
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15 2. Extrusion of 20%

POPC t hrough 2-stacked PORETI CSTM and NUCLEPORETM PCTE nenbranes at 400
and 800 psi Thasestesultsrdsimongieate that PHT Banerpranesxdorngs clog osfowd vadenceatigons

suspensi.on

roceeds with

where PCTE membranes clog or foul. Furthermore, these results demonstrate that the particle

size resulting from extrusion of a lipid can be reduced by increasing the extrusion pressure.

Extrusion of 20% EPC through 5-stacked PETE membrane at high and low

This example demonstrates that a relatively easy lipid can be extruded through a

hydrophilic membrane.

A 20% solution of EPC was made by bringing 6 g of LIPOID EPC® (Lipoid,

25 4.
pressure
30

Ludwigshafen, Germany), a phosphatidylcholine from egg yolk, to a total of 30 ml in saline

solution (Abbot, Abbott Park, IL)) in a 50 ml conical flask. The flask was shaken by hand for

about 5 min until visually homogeneous. A 10 ml LIPEX™ extruder was set up with a 5 stack

of 0.1 pm avg. pore diameter, 25 mm membrane diameter PORETICS™ PETE membranes
(Cat. No. T01CP02500). In two separate trials, 10 ml of the EPC suspension was passed 10

25
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8 “ 0:19 n.d.
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Thus, high pressure extrusion of EPC through PETE membranes increases flow rates
and reduces particle size.
30 5. Extrusion of 20% POPC through a single PCTE or PETE membrane at 800 psi

This example demonstrates that extrusion through a PETE membrane produces a

greater flow rate than extrusion through a PCTE membrane.
A 20% suspension of GENZYME™ POPC was prepared and extruded through a 10ml
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LIPEX™ extruder as described in Example 1. In separate trials, the extruder was configured
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membranes (Cat. No. T01CP02500). The POPC suspension was extruded through the

15 membranes in five passes at 600 psi. The results are shown in Table 3.
Table 3
Pass No. Pressure (psi) Time (min:sec) Avg. Particle Size (nm)
1 600 2:37 n.d.
20 2 “ : 1:19 n.d.
3 « 1:02 n.d.
4 “ 0:59 n.d.
5 “ 0:55 118.1 +36.2
25

7. Extrusion of POPC through 2-stack PCTE and PETE membranes at 400 and

800 psi
This example demonstrates that PETE membranes clog or foul much less readily than

angled pore PCTE membranes at high pressure.

30 In some of our earlier experiments, a portion of the extruded lipid suspension was lost
post-extrusion due to the excess nitrogen gas escaping at high velocities out of the exit
collection tubing at the end of extrusions carried out at high pressure. This escaping gas
frequently caused the exit tubing to be blown off of the extruder base and also caused some of
the product solution to be splashed out of the collection container. To remedy this problem,

35 we set up a guard tubing to prevent the exit collection tube from being blown off of the base of

the extruder. This guard tubing was essentially a larger diameter piece of tubing that the
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8. Extrusion of 20% POPC through 1-, 2-, 5- and 10- stack PETE membranes
The following example demonstrates the effects of membrane number on the
20 efficiency of producing POPC LUVs.
A 20% suspension of GENZYME™ POPC was prepared and extruded through a 10ml
LIPEX™ extruder as described in Example 1. In separate trials, the extruder was configured
with either 1, 2, 5 or 10 stacked PORETICS™ 0.1pm avg. pore size PETE membranes

(Osmonics Poretics Catalogue No. TO1CP02500). All extrusions were conducted at a pressure

25 . of 800 psi. The results are shown in Figure 4. Figure 4A shows the relationship between pass
number and the average particle diameter of the LUVs produced. There is generally an inverse
correlation between the number of membranes in the stack and the number of passes required
to produce LUV of a desired average diameter. Figure 4B shows the relationship between
pass number and flow rate. For any given pass number, the flow rate is inversely proportional

30 to the number of filters in the stack. As shown in Figure 4C, the number of passes required to
produce LUV of an average diameter of 120 nm is slightly lower for the 5-stack (4 passes)
than it is for the 10-stack (5 passes).

0. Extrusion of 20% POPC through a 5-stack of PETE membranes at 400, 600

35 and 800 psi
This example demonstrates the effects of pressure on the efficiency of producing

POPC LUVs.

28



31:02 n.d. 40:59 n.d. 5 0:55118.1 36.2 25 7. Extrusion of POPC

t hrough 2-stack PCTE and PETE nenbranes at 400 and 800 psi This exanple
deml)nztrawesnmmiss PETE nenbranes clog or foul nuch | ess readiusy2/stoan

angl ed pore ne 19; I Ll
experiments, KEBEOL{EB%{S?O gf I???p‘f& d pg%g%)égn%?g%ﬁgges oougﬁ Rl
post - exLIREﬁ{TMrexdudenas dehmbed ueExamplB loJéw eytisder sagoniggued withla Srefhekedtt | es

f
ni o pr EQRETRCSm Dbl Py APt o b BRSO R BB e kG2t 2

bl own oNb. DH1CH256%) rmdepardaaaealaamlmh adtnmouausqx&rfsmml aﬁfelthcrwﬁ)opﬁﬁfblwt:%OO

or8bl erpeioBsaBoRRiT BN fhapl it e T Ol PO B ey eerip R Kb B
f rom beggmodd0owsi &f cfonﬁ{farédﬁb 4@8@@1 d?lgurbfﬁi shoobws ek the fTdw satgfmracglveumalsg was

CETL St S el 58 b SR B A BEARESS"

guard tpatdss gea\ds deoflex i af 40001591 OFigufe 5@ Bigovesthat to cptddmce LmWstmnearr romthe
base plate. For add%,ftlonajr cont% of the e o ution : ng st and
was set A\FpRECGaReICL A APyt | P HPASTALE H"eedFEB %@ng I‘%,f'@'ﬁ%{?isr?l {0 Pﬁ’i@ %orrect
orjipent af)ésﬁébat 80D bki. t he extruded suspension being adequately collected by
our collection vessel. These two 5 additions to the apparatus added enough
addi tional control over the exit collection tubing to prevent nost product

| oss. A 20% iﬁNZYMEtYMls’@B’ﬁ?GENmmPommgB DagacltXITH hetPETE Exanpl e 1.
I n sepatetrla ] l ._ extruder W .Wth a 2-stack of
EORE]L ~ ‘ = PY2500) or PCTE (Cat.

No. KOLCPO25¢f emﬁfeadé%nstlﬁeﬁhﬁt 1%61%Bs1ﬁl§ tHef}ﬁé‘s@u@QE Bm?usmhthr&@?@ EHIEpensi on
was extruded through the nmemhranes at eith 400 or 800 d the

vdibume WW&WG@E&P%H%@F@F@HWW&P degigrsg 1p : gL S 8&“3r?f§??erhﬁrg 1€, 485 ur ed

as a fupgkiQnnef eEﬂeHEIl EE@nJr@d%b' lif the ipRi Wo@@s@ﬁh’g%dpdc[t bf HerBerdbrafré,ger e 3A
shows that at ere i s not a signifijcant |ffer£ej£?ce betvve n the

PETE aneomn@equt%%rthwg aPﬂT@Jm@néﬁnghE\‘RE expmplefprthgrglmonsicaley | Bat e

PETE m%&%%oﬁa@ﬁ%*eﬂw@%fﬁﬂnﬁ@ﬂnpéﬁwss a 15 significantly |arger voI ume
t han the PCTE rane configuration before the nmenbrane be omai) | ogged

or foul ed. 8A 29¢ POHGsIsBENSIDo PaAPEla dsergibed above. Insepagig A, ag) BETE
MEAP! anggppstiecRld O D & I GdeRRstdAbGRETTES o frexe 5r PETRBRADI ane

I cl ency of producing POPC LUVs
NUCLEPORE™ PCTE 0.1jm pore size membranes (Osmonics PORETICS™ Catalogue

No.s T01CP02500, K01CP02500, and Whatman Nuclepore Catalogue No. 110605,
respectively). For each of these setups, the POPC suspension was extruded through the

membranes at pressures ranging from 400 psi to 1,500 psi. The weight of the POPC

25 suspension extruded was measured as a function of time, and the maximum amount of
suspension each membrane was able to pass at the given pressure was calculated. These
calculations were plotted against the extrusion pressure as shown in Figure 6. For each
membrane type used, the maximum amount of suspension processed before the membrane
became completely clogged increased linearly with increasing extrusion pressure. There is no

30 apparent upper limit to the linearity of this increase. The slope of each membrane’s plot is a
measure of the degree of improvement for the membrane as the pressure is increased. The
slopes for the plots of results for PORETICS™ PETE, PORETICS™ PCTE and
NUCLEPORE™ PCTE membranes are 0.051, 0.028 and 0.015, respectively.

35 11. Extrusion of 20% POPC through a step-down of 2-stacked PETE membranes at

pressures up to 5.000 and 8.000 psi.
This example demonstrates that using higher extrusion pressures reduces particle size

29



A 20% suspensi on of CGENZYMETM POPC was prepared and extruded through a 10m
LI PEXTM extruder as described in Exanple 1. In separate trials, the
extruder wav302588 gured wth either 1, 2, 5 or 10 stackedCPOREVSGBTM 0. 1m

avg. pore_size P r - [ G L &S -

ot cposiey iy ard R A8 St TRERT, S5 BULBLUGE LS AWYGclBossgy The 11
r esul t sxamplesik eiwilar to fhagdeseribed iRiExampleAJEpawsd CG) lescapé inathisoexshipte deeveen
pass number.and the aver i - di rqQf. .t There
P2 gencP A o ROn i R AEfol Mab e sl bn n! MEncr AfoRbi PRt TIET R
st ack and thdwaterinbess pissqiabroagh dehlestadks ofompmbiclneswith/dscredsing pies sized

aver age,. di anetey. Fi e.4B shows the latlo Ls r and
Fiow r aandes, Tty bEn el R sy SR bk B R P D £ R S1IRE

pr opor tthe©daired Paiticlet diee andteace oferdll ploeessingnindis signifidantlAsedsbealan i n Fi gure

4C, the nunher of sse Lred to . produce f .an i ter
oF 100 nm | dserE BA S0k BORE ndeRsioBf SEH oo b TuBla R YR REFHbRIE' 71
10;ﬂs) t aajgff(efedmagge%%%&. B"E)etmgﬂiéxg%scﬂﬁt;cﬁﬁz@&a?@n rplaTsedu ghdacietesiaasek thrbugtEfTF
menbr anes at 400, an Sl I e e nstrates, the effects
oo oS imE o menihras et SytoRig HrSpEs dads Rindt SARR | SYU0HE TS 65 6B%sEh
Pﬁﬂ' / Usﬁﬁéﬁélxgs}ﬂ&rdﬁtg?%%-mammmwsT@EZI\H\@_EIM&H@%MSS, F[ﬁf%l-ti—ﬁpam dzaexfj ruded
t hrou a escribhed in e .l. e extruder
s oS tnftugh 8-k RO ST BETRY SES ey i BE Perduine drseS Bkt
nmenbr angpugkeneitkes PEORRETC SSTME TR 10f i mB¥anes T CALRE2SMeasuens@aw ate

e extrusi gn was, perforned i 400, . 600 or

trials, t at . e , 005 psi. As
shown iﬂ?rgpﬁ?ﬁ t@ﬁ?"lb%??t’qukﬂné?%f’ﬁger%t? ’é’refaibﬁlez% shosyshaldhe Byregers tpé‘gsef ewer
passes Wglifd to GO8e @ arPHRrdR8 ipakl«arPdineeick 6f RODhPS 140 ifedu®B dabas t hat
the flow rate for a given pass was about twi ce as great at 800 psi than at
6D psiliShEEATesHESS| ow rate at 600 psi was about twice as great as the flow
rate at 400 psi. Figure 5C shows that to produce LUVs with an average

di aneter of about 120 nm 8 passes af%Lqugeded at 400 psi, 5 passes at 600
psi and 4 10 passes at 800 psi. 10. usi on of GENZYMETM POPC t hr ough

2-stacd PCTE and PEI T CS and PCTE M menbr anes. at. 40D to
R e e 1 A T
extrusilon through a PETH 15 menbrane causes | &chajesgseatidelsisp diagetgiof #esc) ease
in foulling or clogging of the nmenbrane, and |tHaus40am unexpectedly | arge
I ncr eage— T tHhe T prd—processi g capaci ty of [the menbrane, as conpared to
eX0r usi|IP0® hr ough a PCTH 1988 ane. This examdPe further denonstrates that
there {5,000 apparent uppefsodminit to this effeét. A 20% POPC suspensi on| was
made aqg sgegcri bed above.| d6d0msleparate trials, |d | Ol
8,000 ~55L 4

8,000 ~72L 3

25

12. Extrusion of 20% POPC through 2-stacked Whatman ANOPORE™

membranes at pressures up to 1,500 psi.
30 This example demonstrates that using higher extrusion pressures increases the

extrusion volume and reduces clogging or fouling. In this example a 20% POPC suspension
was made and extruded through a 2-stack of 0.1xm Whatman ANOPORE ™ aluminum oxide
inorganic membranes at varying pressures. A greater volume of material was able to flow
through the membranes at higher pressure.
35
Table 5.
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20 LI PEXTM extruder was set up with either 2-stacked PORETI CSTM PETE or
NUCLEPORETM PCTE 0. 11t m pore si ze nenbranes (GOsnoni cs PORETI CSTM
Cat al oguewoNo/0265891CP02500, KOLCP02500, and Wiat man Nucl eporas@asmiogue No.

PCTE or

110605,
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hi gher extrusion pre es _reduces ticle size 9 03/.026588
PCT UsoSPerEeLes e B Rh ains Bihit G EasionS e b awith s Msaioe o oi ze i s
acdloi eveedmbbdib@nes ofekd inventh RR&ERE. withvat d Ro$hSsphil othd Mivehddn or

described in anpl e Fi gure. 5C
extrusi&ﬁmﬁfégg§ggﬁﬂh %638%&@“%

pressures

W th decreasing pore size 5 dianeters.

pressures,
particle size and hence overal
In _separate trials,
Sphat e
passed as di screte passes through
pressures up to either 5,000 or 8,000 psi.
t hrough a 2-stacked PORETI CSTM PETE 0. 41t m nenbr anes,
t hrough a 2-stacked PORETI CSTM PETE 0. 21t m nenbr anes,
t hrough 2-stacked PORETI CSTM PETE 0. 1m nenbr anes.

p

passes were
Si ze neasurenents were

Tabl e 4

particle size dianeter of

pressures. Table 4. Extrusion Pressure (psi) Production Scal e Nunber of

buf f ered sal i ne sol ution.

performed after
shows that the nunber of passes
| ess than 140

Extrusi on passes required to

except
&l#%-n conbi nation with hi gher extrusion

adl fehegertas Eitddhersif ardiasSporatdirtgusherdes M erileatisie@f menmbranes

fewer extrusion passes are required to reach
processing time is significantly reduced.
20% POPC suspensi ons were made by hydrating POPC in
The resulting solutions were then
extrusi on nenbranes at extrusion

in this exanple a step- down

Because of higher extrusion
the desired

The first extrusion 10 pass

each extrusion pass. The data

required to achi eve an average
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reach average particle size dianeter of less than 140 nm 20 5,000 -350nL 5
5,000 -500m. 5 8,000 - 650nL 4 8,000 -55 L 4 8,000 -72 L 3 25 12.
Ext r usi orwofo3a2E8$POPC t hr ough 2- st acked What nan ANOPORETMPCTAIS02/300¢% at
pressures up to 1,500 psi. 30 This exanpl e denonstrates that using higher
extrusion pressures increases the extrusion volune and reduces cl oggi ng or
f oul i ngW¢ ¢laki s exanpl e a 20% POPC suspensi on was nade and extruded

t hrough,a 2- st f Wat . i i ani c
menbr ané’s at A/%r&!éf)ﬁé’f ?%@sléggggy&né% er ICJ%%#BHHS'M%%P& Iarh\/\ggﬁgbl eto

f1 ow throughoipfising altipaddsoueh atiyghehilpy seseu heemtBanelalbigh pressdfe. WO 03/ 026588
PCT/ US02/ 31019 Extrusion Pressure (psi) Maxi num Extruded Vol une of 20%
POPC (nL) 400 2.06 800 9.87 1,200 22.09 5 F 1,500 27.27 Various

di ¢ he i ) . . A q
oxanpl 62 ar e PSR PHE T e PAE Ry eRcd fVtsiclitR HEROERRN 60°) TS g
I ndeed, it Wiipbsddges. apparent to those of skill in the art that

nodi fications may be made to the various 10 enbodi nents of the invention
described wi thout departing fromthe spirit of the invention or scope of

t he appended.¢l ai forth bel.ow. Al re ' 4018

i ncor posat ed n?egﬁoecfcgln%lgn? % Whﬁgellﬁ Saelg e }r(télf q %@ﬁﬁ-&%gﬁ §q§p%%q?£§%§g@é@ﬁﬁate

PCT/ USO02/ 31048sici¥¢ claim 1. A method of producing a suspension of vesicles
conprising extruding a m xture

10
4. The method of Claim 1 wherein said mixture is an emulsion.
5. The method of Claim 1 wherein said mixture comprises a plurality of lipids.
15 6. The method of Claim 1 wherein said hydrophilic screen membrane has a water contact
angle of about 70 degrees or less.
7. The method of Claim 6 wherein said screen membrane has a water contact angle of
about 50 degrees or less.
20
8. The method of Claim 7 wherein said screen membrane has a water contact angle of
about 40 degrees or less.
9. The method of Claim 1 wherein said hydrophilic screen membrane comprises at least
25 one material selected from the group consisting of polyester, aluminum oxide,
cellulose acetate, cellulose mixed ester, glass, polyethersulfone, polyvinyl pyrolidine
and polysulfone.
10.  The method of Claim 1 wherein said hydrophilic screen membrane is a polyester
30 membrane.

11.  The method of Claim 1 wherein said hydrophilic screen membrane is a track-etched
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conprising a lipid through a hydrophilic screen nenbrane at high pressure.
5 2. The nethod of Caim1l wherein said suspension of vesicles is a
suspensi owoaB/02ds8posonmes. 3. The nethod of C aim 1 wherei RCTAISA2/8M0%2 Ur e
conprises a suspension of nmultilam nate vesicles. 10 4. The nethod of
Caim1l wherein said mxture is an enmulsion. 5. The nmethod of Claiml
wher ei n sai d8Praee conprises a plurality of lipids. 15 6. The nethod of
Claim 1 wherein said hydrophilic screen nenbrane has a water contact angle
of about 70 degrees or less. 7. The nethod of Claim6 wherein said screen
menbr ang2 hasThe wRtRH of UMiact wabgiesad hydabghilic SReclegembmnecompsss a20 8. The
met hod of Claim7 wherein said screen nmenbrane has a water contact angle of
about 40 degfed@gor | ess. 9. The nethod of Cdaim1 wherein said hydrophilic
scr.een nmenbrane conprises at least 25 one material selected fromthe group
consi sting of polyester, alum num oxide, cellulose acetate, cellul ose

m xed egger, Tt arthodRFIQIEHNET GHblkhnaid aotiy iswhydypholic chatiag. and
pol ysul fone. 10. The nethod of Claim 1 wherein said hydrophilic screen
menbrane is a polyester 30 nmenbrane. 11. The nmethod of Claim1l wherein

T/ USh 10 T8° BRI AIAT 5 el R o EEShnale SR 27

hydrophi lic screen nmenbrane conprises a coating. 5 13. The nethod of Claim
12 wherein said coating is a hydrophilic coating. 14. The nethod of Claim
120nher é5n s The metheodi of @ lhisn b whpinistid Besicleschave §8 avarage diametes ohpytween of
Claim1l wherejn gﬁl d vequ%ﬂ es have an average di aneter of between about 50
nm and 400 nAPOHeY HfhE "of Claim1l wherein said vesicles have an
average di aneter of between about 50 nmand 150 nm 15 17. The met hod of

Claim1 wherein said vesicles have an di aneter of between about 100
16.  The method of Claim 1 wherein said vesicles have an average diameter of between

about 50 nm and 150 nm.
15
17. The method of Claim 1 wherein said vesicles have an diameter of between about 100

nm and 150 nm.

18.  The method of Claim 1 wherein said vesicles have an average diameter in the range of

20 about 169 + 37 nm.

19.  The method of Claim 1 wherein said vesicles have an average diameter in the range of

about 158 + 39.5 nm.

25 20.  The method of Claim 1 wherein said vesicles have an average diameter in the range of

about 136 + 42 nm.

21.  The method of Claim 1 wherein said vesicles have an average diameter in the range of
about 153.6 +45.2 nm.
30
22.  The method of Claim 1 wherein said vesicles have an average diameter in the range of

about 138.6 + 35.6 nm.
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nm and 150 nm 18. The nethod of Claim1 wherein said vesicles have an
average dianeter in the range of 20 about 169 37 nrn. 19. The nethod of
Claim1 wwermgiomssai d vesi cl es have an average di aneter i nPCRAISOZABIHE Of

about 158 39.5 nm 25 20. The nethod of Claim1 wherein said vesicles have
an average dianeter in the range of = _abqut 136 42 nm 21. The _nethod of

Cl ai m 1 2aher i nagdogl Qfdslpin davisesie sdd Vas}éﬁ%éaevecﬁnmﬁag? diametardn thefgrect
about 153.6 45,318 +3$832%, The method of Claim1l wherein said vesicles
have an average dianefer in the range of about 138.6 35.6 nm 33 WD

03/ 026588 PCT/ US02/ 31019 23. The nethod of Claim1l wherein said vesicles
have an average di aneter in the range of _ about 114.4 35.8 nm_ 24. The

met hod &f- C a%me%ﬂe@fé?lﬁu% Aivehopedn saf gesiglgy Baveranayerage diagieisran He 1Ppeg ¢e
range of 5 t 8 2 nm 25. The nethod of Caim1l wherein said
Iig?d has a ??%#gﬂ%ﬁd%%?%gg%rature at or below roomtenperature. 10 26.
The nmethod of Claiml wherein said |ipid has a transition tenperature above
room tenperature. 27. The method of Claim1 wherein said |ipid conprises a
rigid a@yl cHapmeths! offClaind wherdip gaidipid kasm transifjen ienpera@iestor §elgWacy |
chain is a nnno-gqg&;g&&;ed acyl chain. 29. The nethod of Caim1 wherein
the m xture E%HB RIS I'nmpurities or contam nants. 20 30. The net hod of
Claim1 wherein the lipid is a drug-associated |lipid. 31. The nethod of
Caim1l wherein the lipid is a charged lipid. 32. The method of Claim1l
whir ei n 26he [(Thgireethed eisSlein dtvéerain std dipjst base transitipg teygperyiyee FVAERPIB! O ai m
1 wherein said |i gd is selected fromthe group consisting of 1-
paInitoyl-Z-gpggvgpfh-glycero-3-phosphocho|ine,

di pal m t oyl phosphati dyl chol i ne, di pal m toyl phosphati dyl gl ycer ol

di - st ear oyl - phosphat i dyl et hanol am ne, egg yol k phosphati dyl chol i ne,
di - ol eoy’- phd$pmaather,ofcEleim Aavhesgin isaiddipyd grivepyipaae tigid aybehiane, di 30
| aur oyl phosphati dyl gl ycerol, ol eoyl -pal m t oyl phosphati dyl chol i ne,

gl ycoli pid-linked phospholipids, phosphatidylcholine,

phpsphatigdy| gkGestRdd of €&l R Ruhefedn said rigid acyl chain is a mono-unsaturated acyl

chain.
29.  The method of Claim 1 wherein the mixture comprises impurities or contaminants.
20 30.  The method of Claim 1 wherein the lipid is a drug-associated lipid.
31.  The method of Claim 1 wherein the lipid is a charged lipid.

32.  The method of Claim 1 wherein the lipid is associated with a protein.

25
33.  The method of Claim 1 wherein said lipid is selected from the group consisting of 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, dipalmitoylphosphatidylcholine,
dipalmitoylphosphatidylglycerol di-stearoyl-phosphatidylethanolamine, egg yolk
phosphatidylcholine, di-oleoyl-phosphatidylcholine, di-lauroylphosphatidylcholine, di-
30 lauroylphosphatidylglycerol, oleoyl-palmitoylphosphatidylcholine, glycolipid-linked

phospholipids, phosphatidylcholine, phosphatidylglycerol, lecithin, B,
v-dipalmitoyl-o-lecithin, sphingomyelin, phosphatidylserine, phosphatidic acid,
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y-di pal mtoyl -a-1ecithin, sphingonyelin, phosphatidylserine, phosphatidic
acid, 34 WD 03/026588 PCT/ US02/ 31019

N (2, 3- diwe-0A)6s8&t adecenyl oxy) ) - prop- 1-yl - N, N, N- t ri net hy lpemrasn?/swen9

chl oride, phosphati dyl et hanol arri ne | ysol eci t hin,

LXFZEPSZFSZ‘EM LoGanaeinaealon Tareniit wﬁi\t“" hSieRipi ghfohde ' P M
dyl chol
pal m t oy iy ?.%%’3}?&@5@05;) 16k &y{ﬁ?ﬁdl?ﬁthn% 19§opﬁ5aﬁ5@a91emmmsl yl chol i ne,

st ear oyl -
di - pal m t oyl phbsphptidglindyitet de@hﬂiﬁranrmmlﬂthpm cerebrosides, dicetylphosphate, di-oleoyl-

di - st ear oyl - phosphatl dyl et hanol am ne, rst hosphat i dyl seri ne and
di - ol eyl - phoPpRsRRYIENEFTP Qalng@yl—ﬂ;:gy g%a Péﬂé&n 33 wherein the lipid
i s phosphati cy! f daiml
V\,hejroel n sai dq%géé %Pﬁ)s@ha‘[ ggﬂfr?re lﬁﬁtoﬁ %ﬁ%@ﬁ %%ggg di anet er of

about 0.4 m Qlﬁ-phlﬁﬁﬁ)yl—ﬁﬁosp]ihtﬁlymtlhmﬂhmhe Cﬂlatamro%&phb@hemdylahmmlmyﬂepphl lic
screen nmenbrane has an average .15 pore_ dianeter of about 0.2 mor |ess.

37. The net hééwrsteylphospimtighlseeand dipley -apophrtidichoipgen menbrane has an

average pore dianeter of about 0.1 mor less. 20 38. The nethod of Caim1l
wherein said extrusion is performed at a pressure of about 400 psi or

gr eat er .3439. ThaendieédefiClafm BB aihered® thet1i¢isphospititidyichiclie@n splinganyedinned at
a pressure of about 800 psi or greater. 25 40. The nethod of C aim 39
whetein said extrusion is performed at a pressure of about 1,500 psi or

2 prossa?s of Tagsarod S Bl g Mol St ASAEpRIRALSHchith het in BRI AEG,

wher ei n sai d dearhdterSdfaBonts). P ahi o legd at a pressure of about 35 WD 03/ 026588
PCT/ US02/ 31019 8,000 psi or greater. 43. The nethod of C aim 42 wherein
sai d aqueous suspension of lipids is extruded through a plurality of

stacked Jger3ReRemcl Sctalh 85 THRDE s nf bRl 38l hBHrFR s 2 AREH

nmenbr ané e Sahe average pore
15 pore diameter of about 0. 2 pm or less.

37.  The method of Claim 36 wherein said hydrophilic screen membrane has an average

pore diameter of about 0.1 pm or less.

20 38.  The method of Claim 1 wherein said extrusion is performed at a pressure of about 400

psi or greater.

39.  The method of Claim 38 wherein said extrusion is performed at a pressure of about

800 pst or greater.

25
40.  The method of Claim 39 wherein said extrusion is performed at a pressure of about
1,500 psi or greater.
41.  The method of Claim 40 wherein said extrusion is performed at a pressure of about
30 5,000 psi or greater.

42.  The method of Claim 41 wherein said extrusion is performed at a pressure of about
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45. The nethod of C aim 44 wherein at | east one stacked nenbrane has an
average pore 10 dianeter different fromthe average pore dianeter of at

| east onewotohez658% acked rmnenbrane. 46. The nmethod of C ai mCF#ESez0ed N sai d
stacked nenbranes are arranged so that said mxture is extruded through
menbr anes of ?Q&gressive smal | er average pore size. 15 47. The nethod of
Cl ai m 1 where’h &1 ¢ %ftsi on is conducted at a controlled t enperat ure.
48. The nethod of C aim47 wherein said controlled tenperature is
approximately constant 20 tenperature. 49. The nethod of C aim 48 wherein
sai d apptoxi mBheengthod o Claim 42empraeiatsaideqgiieoua lsospensiom oflipidsrperxandedthr@gh50.
The net hod of C}lﬂail.m 4%3 wherei n.sai d approxi mately constant tenperature is
bet ween abouft PUFLE PislaEd megPT@eSs 1 The nmethod of O ai m 50 wherein said
appsoxi mately constant tenperature is about 25 C. 30 52. The nethod of
Claim1l wherein said mxture is extruded through said hydrophilic nenbrane
at a fl ud.r at’Eheobethed ne€laimaGuvhadei0@odh simked bwutbra@® hak tind sahrerderagé p®

03/ 026588 PCT/[.US02/ 31019 53. The nethod of Claim1 wherein said vesicles
conprise a pH4PREEEuUtical |y active substance. 54. The nethod of Claim1
wherein said extrusion conprises nultiple passes. 5 55. The net hod of

Cl aim 54 wherein said extrusion conprises a step-down extrusion. 56. The
met hod of5.d dllm mhethbé pEChaimaiddvimrein at astone xtackediaderhbiraoe bis @edverdyy gorephi | i ¢
screen nmenbrape alterpately in the forward and reverse directiqgns. 10 57.
e et hod of SERSRRAHICHEFERHDE AY PR RATE PRSI of At leath ORe AlERMEClRds a pore
density gre bfaﬂﬁ.n about 8x105 pores/cnR. 58. The nethod of Caiml
wherein said hydrophilic screen nmenbrane has a thickness of 15 between
about 3 and about 50 m 59. A device for extruding an aqueous suspension of

P 9o S o R At g Db ST 1 T

mixture is extruded through membranes of progressively smaller average pore size.

15
47.  The method of Claim 1 wherein said extrusion is conducted at a controlled
temperature.
48.  The method of Claim 47 wherein said controlled temperature is approximately constant
20 temperature.
49.  The method of Claim 48 wherein said approximately constant temperature is about
room temperature.
25 50.  The method of Claim 49 wherein said approximately constant temperature is between
about 20° C to about 30° C.
51.  The method of Claim 50 wherein said approximately constant temperature is about
25°C.
30

52.  The method of Claim 1 wherein said mixture is extruded through said hydrophilic

membrane at a flux rate of between about 0.0001 and about 40 mL/min/mm?.
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20 60. The method of Caim1l wherein said hydrophilic screen nenbrane is
rinsed with a flushing agent prior to said extrusion. 61. The nethod of

Cl ai m 60 wbhaesmeeasssai d fl ushi ng agent renoves cl ogged or f @airaso2/2H19at eri al
fromsaid nenbrane's pores. 62. The nmethod of C aim60 wherein said

flushin ge . o r foul ed terial fromsai d.nenbrane's
por s, 95 03, T BEHETRE GRaRIAT B B S TRABl SR b Dy i Gt
conpri ses et habsthnced4. A net hod of producing |iposones conprising extrudi ng
a mxture conprising a lipid 37 WD 03/026588 PCT/US02/31019 through a

hydrophi |l i ¢ nmenbrane at pressures greater than about 8,000 psi. 65. The

met hod of, C a},m 64 .n.sald vesicles .have an aver di anet er of

bet ween §4ab03¥he§86tﬁﬂ¥\§ﬁ§?%d %f}r?re@ Séjéf ex%ﬁgoﬂﬁ?WBHs%ﬁn'éﬁgﬁrﬁa%%’&her ein the

| i ppsones have an average di aneter of between about 50 nmand 150 nm 67.
The nethod of C aim 65 wherein the |iposones have an average di aneter of
bet ween 5510 aBwurnethod ofiglaamdP4pdEEreimsai@RxtrTsion pempiises afstep-dawn Sdrusioar ei n
sai d vesicles have an average dianmeter in the range of about 169 37 nm
15 69. The nethod of C aim 64 wherein said vesicles have an average

di amet ersg N tHe hehee of OfaidoNherdinGaid3RixuB R extRided NRotdt HRFhyofHigd M 64
wherein said vesicles have an average dianeter in the range “of ‘about 136
42 nm 20 71.scier nmeatbrent dfen@tely m 6 folverd amd maede dizsitivnes have an aver age
di ter in the range of about 153.6 45.2 nm 72. The nmethod of C aim 64
wherein said vesicles have an average dianeter in the range 25 of about
138.6  357.6 NMe righod BECHRLNOPhGEinGhid hYRECRIER nfhista SR Gl foe BdhéRy N
average dianmeter in the range of about” 114.4 35.8 nm 30 74." The ma¥hod
of O ai m 64 vgreaterthasahait 8K posss/cndve an average dianeter in the range of
about 118.1 36.2 nm 38

58. The method of Claim 1 wherein said hydrophilic screen membrane has a thickness of

15 between about 3 and about 50 pm.

59. A device for extruding an aqueous suspension of lipids at high pressure comprising a

hydrophilic screen membrane and means for entry and exit of liquid under high

pressure.
20
60.  The method of Claim 1 wherein said hydrophilic screen membrane is rinsed with a
flushing agent prior to said extrusion.
61. The method of Claim 60 wherein said flushing agent removes clogged or fouled
25 material from said membrane’s pores.
- 62.  The method of Claim 60 wherein said flushing agent prevents clogged or fouled
material from said membrane's pores.
30 63.  The method of Claim 61 or 62 wherein said flushing agent comprises ethanol.

64. A method of producing liposomes comprising extruding a mixture comprising a lipid
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65.

66.

67.

68.

69.

70.

71.

72.

73.

4.

through a hydrophilic membrane at pressures greater than about 8,000 psi.

The method of Claim 64, wherein said vesicles have an average diameter of between

about 50 nm and 400 nm.

The method of Claim 65 herein the liposomes have an average diameter of between

about 50 nm and 150 nm.

The method of Claim 65 wherein the liposomes have an average diameter of between

about 100 nm and 150 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 169 + 37 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 158 #+ 39.5 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 136 + 42 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 153.6 +45.2 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 138.6 = 35.6 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 114.4 +35.8 nm.

The method of Claim 64 wherein said vesicles have an average diameter in the range

of about 118.1 #+36.2 nm.
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