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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
producis containing vesicles, micelles or liposomes. More specifically, we have discovered
that extruding lipids through hydrophilic screen membrane(s) under high pressuze 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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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
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versus time for extrusion of 20% POPC through 0.1 yum 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 0,1pm 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 S-stack of 0.1pm 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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synthetic 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.
35 '
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30 In another preferred embodiment, a screen membrane useful for practiéing 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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CE? rged b ta:'ngsl gllsd t tai.r tlhlfseﬁhg ence 1s pgltlréleﬂarly great when the extruded lipid is a difficult
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 propertiés of polyester, polycarbonate

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

35 In 2 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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d E W | . .Y : h 1993, Pl f
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the face of the nbr.ane n qverage pore angl e an ,about
560 | i et of SRR bBGEITRR OGS PErr g 1 borees Ahask Jandy
egogl bBiht SO je iAvidElagss. Hﬁra%@;ﬁ@ik&eﬁréd ahbotiméat, ﬁiemléiﬂﬂﬁﬁted Is befvRfel labedt 3h
enbodi ne aver e i out rder ;to mpimze the
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%nmr@babﬂya@/a@ohﬁpjﬁmgﬁltmm nmenbr anes sui tabl e for use in the present
i nvention i ncl.ude, but are limted to PORETM PETE nenbr anes,

Cat. No.s 18488191?1 rangf gny sizq @@Pe qa3phegesed 1%@6@56 ods g gevines ofds04

(What myRdsentGYGHEBERERMIZE 1 SRBD 6ANR mertithne AinfiteiQly B toldRfde 3184,

7061- 2502, 7061-4702, 7061-2501 and 706 1 - 4701 (Whatman) and PORET. | CSTM
PETE meispsiordeviesstIn grperal, theylassenthp surfapg srgagf Hpmembrsnesibo gsater the At 4700,
TOl CPO250ehrfich hOntRAAARD A SRAMRATRr any BedireARFRIR BRapRlcaR BY clilTidik B emgecan be

used in the nethods and devices of the present
25 sheet 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 fopology 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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or fouling O nbrane. In a preferred enbodi nent, the nenbrane IS

flat. |fiaseamn sreatepﬂenéherr@trdémsm ithfereobrae, tHaniiFR e GaysepicEsgse mihe 7
Maipch 2006, eV@aﬂét/epgﬁﬁg %ef @3 éﬂ@%%lééia? i rﬁerﬁﬁﬁﬁé a@@nééhﬁffht@nﬂ Gré A iPOr €,

di aneter ca used in the nmethods and devi ces he Pr esent I n\ﬁent I on.

A menbr awéerwdtthatas pehigh gs aaﬂebeeayéwprs«i é'ﬂhp@trra@mowsmg tbr trarsidestrey
vesi cl eg.nitch *B’il c% fea&:!nﬁ%é A e?ﬁﬁ%@l@&%@é@f Si'tRic Wkirtlied veSelel. er

aver age Eore er otherw se s ar conditions. In a preferred
enbodi nhe matcn@m@ﬁlnmbée dralosizableperesignsity ahwria ligitgby die avenageipore

appr oxi ggh e e Qﬂ%&ﬁé t I n
anot her pr e#%ror?g%%?%&éﬁ%eﬁgﬁ e avgﬁgé%%e%ﬁﬁgbg% cg?lﬁr&gpgée%%lv}\igen about 50
add abowiaxia®on pare densitytham A ofherstise sleulaemmbramn’rlth 3 soalipravergee poke

di-amet e&a{n%t&e Wﬁﬁf&gﬂ%&b%ﬁlﬁé}ﬁ], 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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preferred enbodi nent, the pore density is between about 8x 10' and 5x 101
non- ¥ angigaes/than pkeut 400 paids pende In euptheripreferrsd empediment. spresss & gsiater thage
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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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di anet e era esi cl | aneter, as explai ned
_aBﬁve dinmetgy of aggpensmn of ves1clcs 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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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 pm, 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. Ina
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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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
rafes, 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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_n

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 fo extrude using conventional methods and devices.
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25 dioleocylphosphatidylcholine, dioleoylphosphatidylglycerol,

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.

o 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 McCuicheon's Functional Materials, Allured
Publishing Co., Ridgewood, N.J. '
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35 and devices of the present invention are used to produce |ipo
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30 good visual characteristics.

Preparation of Tipids
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, €.8., Lasic, 1997,
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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, ef al., 1983, Physical Pharmacy: Physical Chemical Principles in the
Pharmaceutical Sciences, Lea & Febiger Publishers, Philadelphia; Gennaro, et al., 1990,
Remington's Pharmaceutical Sciences, 182 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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amphotericin B. See id. at 1653. ki 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, ef 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 vive use, an aqueoué 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, potassitm
_chloride, calcium chloride, efc. 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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expression of a gene. In another especially preferred embodiment the nucleic-acid containing

[ 4- (2- hydroxyet hyl )] - pi perazi ne-et hanesul fonic acid (Hepes
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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., ath_erosclerosis, restenosis, thrombosis
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* heart failure or severe hypertension. Alternatively, liposomes composed of irritating lipids
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ese

EXAMPLES
30 1. Extrusion of 20% POPC through 0.1 um 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) (Geniyme,
Cambridge MA, Cat. No. 1.P-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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30
3. Extrusion of 20% POPC through polyester track-etched (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/mi suspension of POPC MLVs in PBS {prepared
35 ag described in Example 1) was extruded through PORETICS™ polyester track-etched
(PETE) membranes, Cat. No.s T0O4CP02500 (0.4 pm avg. pore diameter, 25 mm membrane
diameter), TO2CPO47FX (0.2 pim avg,. pore diameter, 47 mm membrane diameter (hand cut to
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size resulting from extrusion of a lipid can be reduced by increasing the extrusion pressure.

25 4, Extrusion of 20% EPC throueh 5-stacked PETE membrane at high and low

pressure

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,

30 Ludwigshafen, Germany), a phosphatidylcholine from egg yolk, to a total of 30 ml in saline
solution (Abbof, 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 ym avg. pore diameter, 25 mm membrane diameter PORETICS™ PETE membranes
(Cat. No. TO1CP02500). In two separate trials, 10 ml of the EPC suspension was passed 10
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as described in Exanple 1. In separa bﬁ ?a t he extruder was confi gured
with either a 2-stack of PORETICSTM o EPORETM 0. 11t m avg. _pore Si
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po{ est & frark-nfrh&i__uzﬂa_mabr_aae.s,_ca No.-s--T04CP g* 4 gmiavg.
pore di anmeter, 25 mj¢renbrane dijanet er) TO2CRE4 7FX (0. 2 gmavg pore
di anet ef5—47 1 menpranedirametgr —(tramdcut— o 24~ 17 varcfr 2006 VWO
03/ 026588 PCTI US021311019 a 25 nm|di arreter) anfi%401cP02500 |81 m avag. ﬂtore
di anetef, 25 mm rrerrbr ne dianetgr). The resulpsgare presegnted in Tabl ¢ 1.
A freshibatch-of ROH _t or—eachtit-al—TFhe axifuder—was
flushediwith saline bgatvveen each|trial. The ayes@age parti clmﬂs ze of fhe
extiude' SUSPENST ON Ss—determ ngd by CELS US 9 a 380 ZLJ part g; € suer
5 Santa Bai r¥ara, CA) adcording to th®3anuf act urle? g

instructihbons. Table |l 10 15 20 Tiigg} No. Pass \l@,,levg Porel\lqrd
of Pr ess preFreAvg— ﬂrt: ete—bampterMerbrafresp-A—seeSze—Are—steagk

2 “ 0:17 nd.

3 * 0:16 n.d.

4 n o:15 nd.

20 5 “ 0:18 138.6 +35.6

6 * 0:18 nd.

7 “ o:19 nd.

8 “ 0:19 nd.

9 “ 0:22 n.d.

25 10 “ 0:25 114.4 £35.8
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
LIPEX™ extruder as described in Example 1. In separate trials, the extruder was configured
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ml LIPEX™ extruder was set up with a 5-stack of PORETICS™ 0.1um avg. pore size PETE
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)
1 600 237 nd.
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 Jess readily than

angled pore PCTE membranes at high pressure.

30 Tn 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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A 20% GENZYME™ POPC suspension was made as described in Example 1. In
separate trials, a 10 ml LIPEX™ extruder was set up with a 2-stack of PORETICS™ 0.1xm
avg. pore size PETE (Cat. No. T01CP02500) or PCTE (Cat. No. K01CP02500) membranes.
10 Yor each of these setups, the POPC suspension was extruded through the membranes at either
400 or 800 psi, and the volume of extruded suspension that could be processed in one pass
measured as a function of time. The results are presented in Figure 3. Figure 3A shows that at
400 psi there is not a significant difference between the PETE and the PCTE membranes.
Figure 3B shows that at high pressure the PETE membrane configuration can process a
15 significantly larger volume than the PCTE membrane configoration before the membrane

becomes clogged or fouled.

8. Extrusion of 20% POPC through 1-, 2-, 5- and 10- sfack 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. TO01CP02500). 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 LUVs 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 LUVs 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).

9. 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

- POPCLUVs.

28



PORETI CSTM O. | jLm avg. pore size PCTE nmenbrane (Osnonics Catal ogue No.s
TO1CP02500 and KO CP02500, respectively). As shown in Figure 37 M%ﬁ@h 2@@39
condi t i onwo o3d26ss8CTE nmenbr ane produced smal |l er particl es puttsok8igs passes
than the PET rane .5 ' ver , extyusion through,t PETE
merbr ane occ%%\}\ﬁﬂeﬁﬂgﬂ %FGWE&%@S BIARTEC & qx%ge%&'@(%ggramt n the
fl ow r al ESEXOheaWRdr 3 ddicrithed iPEXEmpRh rEhecextindeurss cdBfigutd withta Srstadnodf 20%
POPC th -stack PETE me at .600 i Thi nstrates
that a ij g’ﬁﬁ%ﬁg%ar}#‘%a‘éﬁ' 113’15’1‘%'5(‘,??%{iI ] P&m@web@é%lﬁw imﬁcﬁg&l{%d into
a 3us pe !l\‘lﬁnl qgwﬁoﬁ%).bm s@ﬁﬁr%!égﬂégﬂ, théléﬂﬁﬁY ?ﬂm@c phéd hieitherd00e.660 gtsoo
noderately hi pressure o(ﬁNZ suspepsi on was nade .as
descr i b®8- 45 ERWRAN I@FeQAiW?WS QI@@%EM‘E?WP%&M@?“&?IWSFﬁuﬁn%-stack
of POREEbE-ST dPpst B 8viHlparb@tc00 ke Fislie SBTEIHWsahfshd Ga rat®ifor algléelisb00) .

The POPC suspensjon was extruded through the 15 rrenbra%f) In Tive passes at

600 psi Waypkoytdwice s seabatd0fmst than Ocpsy ang the Hoveraseat AP WasgPBt essur e
(psi) Ti gRick 3 BredCMIAY Howatelat $0Ppsel PRutdS sAGRORRZ6 Drétuce LUMNwith ad1: 02n. d.
40:59n.d. 50:55118.1  36.2 7. Ex]gru3| on of POPC t hrough 2-st k,PC;E and
PETE neAWagrediameten obabont1 2500, $HBassarare nesder st @W?eﬁﬁéég‘fﬂ%@n TE
MeyRor anggssed AB00psf, 0Ul nmuch less readily than angled pore PCTE nmenbranes
at high pressure. 30 In sonme of our earlier experinents, a portion of the
extruded |ipid suspension was | ost post-extrusion due to the excess
nitrogen 9as6SCapkfsd o GENZNEOk bhPE Biiugh it PO andeBIECt i ON 1 Ubi ng
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A 20% POPC suspension was made as described above. In separate trials, a 10mL
20 LIPEX™ extruder was set up with either 2-stacked PORETICS™ PETE or PCTE or
NUCLEPORE™ PCTE 0.1jm pore size membranes (Osmonics PORETICS™ Catalogue
No.s T01CP02500, KO1CP02500, 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 exirusion 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



the exit collection tube fromthe base plate. For additional control of the
extruding solution, a ring stand was set up to act as a gui dey frarehEndHe
t ubi ng t ow@omi2es88N t he correct ori ent ation, with the extetuuedz/smwspensi on

Do S Bh b LT B T L LR B L Sl eRef k| o

t ubi ng é&xampbe Bwanilaro shat desodbed inl Eresnplé\S ZRiZnEE ERESpivi m:gmﬂmmsmpn was

d d bed LIP
ot ruacf TS st RE Bedoduthond TRk gl RpyRtigh b, pere
( Cat Nmd tﬁ@h&é@ﬁb@ﬁé p&Bed%ﬁiTcE:gh @atibletackKOMLGENBHAEY with dbcramsieg pat®siEer each

thesgi fﬁ:gﬁﬁ ensi on was xtru ed. throu h the gbran s at
o Shar BesHEg SO ATER T et AN SRS A 40 72501 o be
proces smg dbﬂrdd@ﬁrﬁb@@%ze mﬂmwdvaslglpmfcmﬁtglm isfsignificantl ¥ hedurabul t s are
presented i ur e E shows that at

si gni fi cant ? P@ﬁ&%‘ﬁé@%@@ﬁ&%&?@ﬁé S Wte pade WM@@#@Q? ﬁ’qs—Polb"\ﬁ?e 3B
shows thidferad sallihg Bolpi®s @ﬂﬁe&Mm{’HﬁlmrﬂMraﬂen@eﬁéd gudidticpaess tipvogless a

15 significant | arger vol unme than the conf uration before
he marEREN AR 2 PGSR WL Ba B0 CEher AP g5 FOROGR S0 Bere ARBugh
tlglo Z%f a'§% W@ﬁlﬂlrdl%h &@@&&@tﬁmﬁmt am&eo @. ?Enﬁﬁbﬁ%&@ﬂ@@g@i aéggads;sct rL 3&/ es
e effects ef ficienc r.oduci n S.
A 5005 SHEE o kel BAREAER o BERE { e graplriits: SR hE A 008 CAREO TG a 1o
LI FEXgl\ﬂlﬁ?ﬁ hlzoteﬁcfka& P@RSHTICQ’fﬂPEITZH@( bfénibradeﬁ p?giaretaéiﬁkﬁlgasgﬁne%tschgem 01
ext ruder onfigured w ei t he or st acke m
avg,  pdreEoEPsdamrFec 108 Rgss. (&er%m tnsTabls b o toshths Bijubengh passes
TOLCPOZ28fed thlabhi8Vd ditkfvcfips pARIcR: SR AHSERE oflessthi S4THH & réBucell dBOf psi . The
results are shown in Figure 4. Figure 4A shows the rel ationship between
phs AuBEPesHECY-he average particle dianeter of the LUVs produced. There
is generally an inverse correlation between the nunber of nenbranes in the
stack and the nunber of passes required to produce LUVs of a desired
average dianeter. Figure 4B shows tHeb#tationshi p between pass nunber and
flow rdt€ For _any 0l Ven pass. ngnber, the 11pw rate 15 L nversel
pr opor f| EFEsIon BEsPS @he | fRBBFOBFCHe | tors in { NEOREF HHLMSID PAY X‘f 4% dure
4C, the nunber of passe< requi red to producerekdiVeerag patirlesize diageerdf gt er
of 120jnmis slightly Iqwer for the 5-stack ﬁmpﬂagﬁs) than it is for| the

o004

10- st a¢k-{5passes)—9—Extrustonof—20%POPEthrough—a 5=stack—of—PEJfE

nEhbr anédoht 400, 600 J53%md 800 psi This ekdnpl e denonstrates the efffects
of presswoe on the effidi~somyl of producing POPC LUVs. 28 WD 03/ 026588 17

March 28060 ~650mL 4

~ |'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 0.1pm 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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PCT/ US02131019 A 20% suspensi on of GENZYMETM POPC was prepared and extruded
through a 10m LI PEXTM extruder as described in Exanple 1. TR RrdreRI2006
was confi §uo ex2asssh a 5-stack of  PORETI CSTM 0. 114m avg mmwsmzrzmlf’ETE

menbr ang CSTTO PORE CstivirCatarogug NO 01O o0 — Br&t-8
trials, |the ext rErxiusionBaressper(be) ned at ¢i MaemudBxiréd@l YoluBBOf 30BHOPAS
shown irl Figure 5A, particles of smallef size were ac%ed after fewer
passes usi-neo 6000 Q00. NS 3 ompared tao 400 ﬂQI re 5B shows t hiat
the fl oy rate for a gr \490 pass was abo t tw ce as gregbsat 800 psi thgn at
600 psi, 6 560—- abou as—thef | ow
rate at 400 psr. Fi gur805C shows t hat u produce LUVs gryg‘yh an average
di anet erff"ofabour—120—TmT—38 pasSEeS are reeded—at—466 pst—5S—passes—at—600
psi and|{4 10 passes at2®D0 psi. 10. Ex{rusi on of GENZ2ZNETM POPC t hr ow |h
2-stack |[PCTE and PETE P ITCSTM and to
1, 500 pdi_This exanpl &- nstrates thal increasing tRé2dressure of

extrusion through a PETE 15 nmenbrane causes an unexpectedly | arge decrease

in fouling orgclo h nbrane,. a us e pectedly | ar ge

increase in tHR9Y ?g?’gg gs@i%“&’ﬁ%ﬁ’@iweg?e“t ‘?’Eﬁ%bura'ﬁ desciiptioptidar ed t o

ext r usi @mamprema@hnan&ﬁﬁﬁ hmmme offthie Snvexaop ki ﬁétﬂinﬁlﬁﬁ%dﬁiﬂiﬁétﬁ irvalige t hat
OPC suspensi on was

there is_no ent [ is'effec A 20%

nmade as aBB%tSI%ﬂE 838 1‘? ﬂaesagptg %&EF?%% maéftbféﬂidze to ghe yapiewerM ext r uder
wal) set e@oﬂﬁdﬁtﬁﬂtﬁ@fnv@nﬁd@&éﬁ&%dﬁ%ﬂu@g Tiﬁoﬁrthéaga-[gt 6fthe i}{%%ETM
PCTE 0. 19@0 &sr ze rane%{(lxhgoﬁpl cs PORETI'CSTM Catal ogue

TO1CP028 Clag s Ofucl epore Catal ogue No. 110605

respect i vel y)All fofdrereas Bitedf herbin ot inebrpBdted Qe fitdice HUERRRALIRAAS extruded
through the nenbranes at pressures ranging from400 psi to 1,500 psi. The
wei ght of the POPC 25 suspension extruded was neasured as a function of
time, and-'the maxi mum anount of suspension each nmenbrane was able to pass
at. _the given pressure was cal cul ated. These calculations were plotted
glér nst the extrusion pressure as shown in Figure 6. For each nenbrane
type used, the maxi num anount of suspension processed before the nenbrane
becane corrpl etely clogged increased linearly with increasing extrusion
pressure. There is no 30 apparent upper |limt to the linearity of this

i ncrease. The sl ope of each nenbrane's plot is a neasure of the degree of
i nprovenent for the nmenbrane as the pressure is increased. The slopes for
the plots of results for PORETI CSTM PETE, PORETI CSTM PCTE and NUCLEPORETM
PCTE nenbranes are 0.051, 0.028 and 0.015, respectively. 35 11. Extrusion
of 20% POPC t hrough a ste -down of 2-stacked PETE nenbranes at pressures
up to 5,000 and 8,000 psi. This exanple denonstrates that using higher
“extrusion pressures reduces particle size 29 :
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WD 03/ 026588 17 March 2006 PCT/US02/31019 nore rapidly and therefore the
desired particle size is achieved in fewer extrusion passes. TieMarchr@DE6
is'simlar to that described in Exanple 9 (Figure 5C) except in this
exanpl e a step- down extrusion processing nethod was used in conbi nation

wi th higher extrusion pressures and the material was passed through
doubl e- st acks of nenbranes with decreasing pore size 5 dianeters. Because
of hi gher ext¥Wes¢bmimsessures, fewer extrusion passes are required to reach
the desired particle size and hence overal|l processing time is
significantlyred I e trials 0% POPC syspensi ons were nmade
by hydrating PCPC:lilgﬁg ggﬁ 3%?%?@%“%%& EE§GPWFF8W% The resul ting

sol utions were théﬁ%ﬂd@ﬁmlxmmwmmﬁgdﬂubugug BydrepHilicigiedn nieviliaaNes
at ext rllﬁiviﬂga&ﬁﬁ&%@@o fisst.extrusion
10 pass was thr ouﬁ} gefﬁ liI;33 gﬁﬁﬁ%@&mﬂﬁtﬁpgﬁé t he
second pass was r’fR}%‘FP © PN YESINERET| CSTM PETE 0. 21t m nenbr anes, and
t he remai ni ng passes were through 2-stacked PORETI CSTM PETE 0. 1m
menbranes. Pagrtic ur ene erforned .after each extrusion
pass. The datga mﬁﬂ%f?é'%gn?%@ H’E‘F" ‘ﬁ%ﬂﬁg@s“@fo ﬁ’ﬁgéé%marﬁﬂﬁﬁﬁwl%lf’fo

achi eveliposomesr age particle size diameter of less than 140nmis reduced due
to 15 higher pressures. Table 4. 20 25 Nunber of Extrusion passes required

to Extrusio Presﬁure s SI Productl on Scal ereach average particle size

di aneter of Y'ess Otberein GaidmIxhee OoBpses B sGspOA:He6G M 4 :
8, 000- Fhultidantn£0 Qesldded, 3 12 Extru5| on of 20% POPC t hrough 2-stacked What man
ANOPORETM.- nmenbranes at pressures up to 1,500 psi. .30 This exanple

denonst r at eg, that-mgﬁe%ﬂ f trusl or1 pr.essuy es i ncreases the extrusion
vol ume and réduces ?‘ﬁnﬁ@ said pixwreisansmylsion, 209, POPC
suspension _was nade and extruded through a 2-stack of 0.1m What man ANOPORE

TM al umi numdoxi déke meghogenfiGairelyiwhareins said mistnys cronmisess pusadity € grignt er

volume of material was able to flow through the nenbranes at higher

pressure. 3B, The method of Claim 1, wherein said hydrophilic screen membrane has a water
contact angle of about 60 deprees or less.

7. The n¢thod of Claim 6, whereln said screen. membrane has a water contact angle
of about 50 degrees or Iess.

8. The method of Claim 7, wherein said screen membrane has a water contact angle
of about 40 degrees or less.

| 9. The metho_d of Claim 1, wherein said hydraphilic screen membrane comprises at
least one material selected from the group consisting of polyestet, aluminum oxide, cellulose
‘acetate, cellulose mixed ester, glass, polyethersulfone, polyvinyl pyrolidine and polysulfone.

o 10.  The method of Claim 1, wherein said hydrophilic screen membrane is a polyester
- membrane,

11,  The method of Claim 1, wherem said hydrophzhc screen membrane is a track-
- etched membrane.

. 12.  The method of Claim 1, wherein said hydrophilic screen membrane comprises a
coating. ' SR . '
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Table 5. 30 WD 03/026588 5 17 March 2006 PCT/US02/31019 Extrusion Pressure
(psi ) Maxi mum Extruded Vol une of 20% POPC (nlL) 4002. 06 8009. 8717, RiXieh. 2906
1,50027. 27 Various enbodi mrents of the invention have been descri bed. The
descriptions and exanples are intended to be illustrative of the invention
and not limting. Indeed, it will be apparent to those of skill in the art
that nodifications maybe made to the various 10 enbodi ments of the

i nvention desgs. bem\memewadﬁﬂ@'m'%%@?d%ﬁw'b hydB 1@@0&& ention or

scope of the appended clains set forth nces ci ed her ei n

are |ncorpora I r entlretles 5 31 17 Mar.ch 2006 W
claim 1. A me hod tﬁ?fﬁﬁﬁ@ﬁﬁ“ éi‘ﬁéeﬁ@-ﬁ FOHREIES WB@%@W ‘ng;, (a)

extruding a nixture co rising a lipid through a hydrophilic screen
nmenbrane havifg alksuné i Gagi hrwlyrmatsmdvbhelbslﬂ@etiym&égmmmﬁr@fessure

great er He@EerdBBu’s0 nm aAdgod R, i SOl ating the produced vesicles. 2. The

met hod of Claim 1, wherein said suspenS| on of vesicles is a suspension of

| i posones, 3. The vvherel n_said m xture conprises a
suspensi on oft% my I@fﬁ&?ﬁ&fﬁ%‘@s ’ gaid ypalclpchave an ayeregedigmater ofher ei n
said m bt:twmmabom‘j(]emuam P0.an6. The method of C aim 1, wherein said mxture
comprises a plurality of lipids. 6. The nethod of Claiml wherein said

hydr ophi tic ggree%ﬁﬁﬁw a . nt ct 6Q. degrees
or |ess, 7 The éﬂ O? gpgh(ﬁ%l6“wg 3 %iuﬁ ciqsdm %arﬂé as a
wat er cB#W mafﬂnélb&hnmso degrees or less. S The met hod of Claim7,
wher ei n sai d screen menbrane has a water contact angle

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

range of about 169 % 37 nm,

g

19.  The method of Claim 1, wherein said vesicles have an average diameter in the
range of about 158 + 39.5 nm.

20.  The method of Claim 1, wherem said vesicles have an average diameter in the
rauge of about 136:!:42nm

21, Themethod of Claim 1, wherein said vesicles have an average diameter in the
- range of about 153.6+45.2 pm,

22,  The method of Claim 1, wherein said vesicles have an average dlameter in the
~ range of about 138.6 = 35.6 nm.

23.  The method of Claim 1, wherein said vesicles have an average diameter in-the
. mngeofabout 1144 35.8 nm.

24.  The method of Claim 1, wherein said vesicles have an average diameter in the
range of about 118. 1 + 36.2 nm,

25.  ‘The method of Claim 1, wherein said lipid has a transition temperature at or
below room temperature.

_ 26.  The method of Claim 1, Wherem said hpld has a transition temperature above
 Foom temperature, . .
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of about 40 degrees or less. 9. The nethod of Claim1l, wherein said
hydrophilic screen nenbrane conprises at |east one material 441 ktareh 2006

t he group consisting of polyester, alum num oxide, cellul ose acetate,
cellul ose m xed ester, glass, polyethersul fone, polyvinyl pyrolidine and
pol ysul f one. 10. The nmethod of Claim1, wherein said hydrophilic screen
menbrane is a polyester nenbrane. 11. The nethod of Cdaiml, wherein said

hydrophi | i ¢ 2@r eefhemethod 0EClabmd, wheekr sabf 18418 Sorfiprees & R ciHe nethod of
Claim1l, whin said hydrophilic screen rrerrb]?liame conpri ses 2?Qlc%lcoal ing. 32 17

March 2006 13g . ThEmBBbAOfCRn O Nldin a\é\%ggﬁeﬁcil %%ﬁfgpgloﬁééogﬁﬁa@mﬁwgl,s a

hydr ophi,l i,c coatl ng.
?}Bﬁ“& coat i ng. 15 The nethod of Claim1, wherein said vesicles have

hydr oph
an average di aneter of between about 50 nmand 400 nm 16 The net hod of

Caim1l, wheR®in mmmammmwm@ﬁmm about
50 nm V4 1w. et hod of. C a |nS|dvsc,eshvean
q@%t%d%er ) W’fﬁé‘“ﬂ%ﬁﬁﬂw hagvy JORHEAGf |

aver age
Cl ai m residpaesing. sai d vesicl es have an average dianmeter in the range of

about 169:6 37 nm 19. The nethod of Caim1l, wh=irr said vesicles have an
average di arggt er Th@n%ﬁﬁ) qmﬁ] met hod of
Claim 1, wherein said vesicles avepeg#%hg\]}@?daﬁé%ﬁgé%gbgggpkE range of
about 136 4 od-of C aim1, wherein said vesi cI es have an
average dia terﬁﬁ#ﬁ@gﬁ%@ lohepsin the liphi ig a chargedlipidh 22, The net hod of
Claiml1l, wherein said vesicles have an average dianeter in the -range of

about 138. 632.35. Chamrerdad of\Glaim i hroticretn 16k Hpidid assvdigbd withspirdekesi cl es have

an average dianmeter in the range of about 114.4 35.8 am 24. The net hod
range of

about ah:%;l T el ot 1 B SR ° Wherei 1 said |1 pid has
transi4 Yoé( @Wb-?'égléfﬁer@ﬁ-phmphmhohmﬂi -peipitopitphospharidylolivkingret hod of
O ai md-panhitsydiphosphhtiyli1pédol @stdarof IS HatiBethSIRIAR Ak Uids IOV
phosphatidylcholine, egg phosphatidylglycerol, di-oleoyl-phosphatidyicholine, di-lauroyl-
phosphatidylcholine, di-lauroyl-phosphatidyiglycerol, oleoy-palmitoyl-phospharidylcholine,
glycolipid-linked phospholipid, phosphatidyleholine, phosphatidylglycerol, lecithin,
B: y-di-palmitoyl-a-lecithin, sphingomyelin, phosphatidylserine, diacyl-phosphatidic acid,
N~2,3-dif9-(Z)-octedecenyloxy))-prop-1-y1-N,N,N-trimethylammonium chioride-
phosphatidylethanolamine, lysolecithin, lysophosphatidylethanolamine, phosphatidylinositol,
cephalin, cardiolipin, cetebroside, dicetylphosphate, di-oleoyl-phosphatidylglycerol,
- palmitoyl-oleoyl-phosphatidyicholine, di~stearoyl-phosphatidylcholine,
stearoyl-paimitoyl-phosphatidylcholine, di-palmitoyl-phosphatidylethanolamine,
di-stearoyl-phosphatidylethanolamine, di-myristoyl-phosphatidylserine, 1,2-dimyristoyl-
phosphatidylcholing, 1,2-distearoyl-phosphatidylcholine, -oleayl-2-myristoyl-
phosphatidylcholine, 1-oleoyl-2-stearoy!-phosphatidylcholine, 1-myristoyl-2-olecyl-
= phosphatidylcholine, 1-oleyl-palmitoyl- phosphat:dyloholme or 1- stearoyl-2-oleoyl-
phosphatidylcholine, :

34.  The method of Claim 33, wherein, the lipid is phos;:haﬁdylcholme or
'sphingomyelm.

35.  The method of Claim 1, wherein saud hydrophilic screen membrane has an
, average pore dmmeter of about 0 4 pm or Iess
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roomtenperature. 33 17 March 2006 27, The nethod of Claim1, wherein said
lipid conprises a rigid acyl chain. 28. The nethod of d ai m 271/ Marchi 2006
said rigid aryl chain is a nono-unsaturated acyl 29. The nmethod of Caiml,
wherein the m xture conprises |lipid manufacturing related inpurities or
contam nants conprising non-bilayer lipid pi es, heavy divalent ions and
residual -resins. 30. The nmethod of daiml, V\/nerein t he Iipid is a

drug- associ at3& Il'mladnetha'ﬂ]ode&Wt\ﬁﬁgb@@& ,}#}&Fl B6ldsRid s a
i

char ged m1, wher Int | S associ at ed
with a pa!?)e{yggﬁo‘%%@éﬁﬁg%ﬁ@‘ﬁﬁcﬁ”ﬂmg%l m 1, wherein sai d I ipidis
1- pal mtoyl 2 ol egyl -sn-gl ycero-3 phosphochol i ne,

di - pal ni t oyl 3ghos methadoif 61laime36, v\dherenedatd iydydphilivosphen mayrateitsan| |

di - st earQ¥ag aﬁg@kgﬁfg&ﬁﬁaql egg yol k  phosphati dyl chol i ne, egg
phosphatldylg ycerol eoyl*- phos atidylcholine di - | aur oyl - .

phosphat i dyI i ol sphatl dyl gl ycero

ol e0) - pal i Lo - phﬁ%’ﬁ‘ﬁﬁf’fl gﬁiﬂﬂé b 'yn mme@mmmmfd
phospba@bﬂ]&lgﬁﬂhmllongmaqahosphat| dyl gl ycer oI lecithin, (3, y - cli
palmtoyl-a-leci hin, spit gonyelin, phosphatl dyl sei i ne,

di acyl - phosp t| dic acid, 2, 3- d| (9-(2)-ocdecenyl oxy)) prop-1I.-yl

N, N, N- hi net b wether Ioﬁﬁlé@ %ﬂammsﬂyi&xtmmhmpmrmwmiﬁcssuﬂcwf

I ysophmhmsomﬂsw | am ne, phosphatidylinositol, cephalin,
cardiolipin, céerebroside, di rlphosphate, di-oleoyl phosphati dyI gl ycerol,
pal m t oyl - oI eoyl - pl usphati dyl ehoi une, di-stearoyl - phosphati dyl chol i ne,

. stear oyl pan tmmﬂﬁﬁwfﬂlﬂdw%hﬁﬂebeﬁ?smﬂémmnm edata
pal mtg @mgﬁ{ hi anol am nc, -di-stearoyl- atl d%ﬁ ﬁea | am na,
d|-rnyr|s a dylserlnelzdlrryrlstoyl
phosphati dyi cholire, 1 2 distearoyl phosphatidyloholinc I-oIeoyI-2
nyrl stoyh- ghosp MINAR Q tidylchaglim
I-rryrla? l% @ ol 1gg‘%/ phosp at |dd§7mcm W ﬁ/«‘-’%&"%ﬁﬁﬁ Q/ c('%J
phos ph@Rav 1008 PF}IQYW | - stearoyl -2-ol eoyl - phosphati, dyl oholine. 34. The
met hod of O aim 33, wherein the |ipid is phosphatidyl choI i ne or

sphi ngonyel } | m1l, wherein said drophilic screen
nenbr ane” ha ansﬁéﬁ)f@?‘g‘gf%aﬁeﬂ Teip 65 RARSUS SEPRNSIeHe pldsexggmslﬁdn Mar ch
2006 aﬁmughaphn'ﬂktydfmﬁckad@m&amgymg ein said hydrophilic screen nenbrane
has an average pore dianeter of about 0.2 mor |ess. 37. The nethod of

G ai m 36, wger e'ﬂe Sthd DECI2RMS, Whes Sl SSR s%ﬂ?cf SRSEaR Bl the same average

pore diameter,

)

44, . The method of Claim 43, wherein a1 least one stacked membrane has an average
- pore diameter different from the average pore diameter of at least one other stacked membrane,

43. - The method of Claim 44, wherein said stécked membranes are arranged so that
- said mixture is extruded through membranss of progressively smaller average pore size.

46,  The method of Claim 1, wherein said extrusion is condueted at a controlled
- temperatore,

_ 47,  The method of Claim 46, wherein said controlled temperature is apprax:mately
constant temperature,

| 48.  The method of Claim 47, wherem sald approx:mately constart temperann'e is
: aboutrocm tempcramre
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average pore dianeter of about 0.1 pmor less. 38. The nmethod of aimlil,
wherein said extrusion is perforned at a pressure of about 8047 Marchr2006
greater. 39. The nethod of C aim 38, wherein said extrusion is perforned at
a pressure of about 1500 psi or greater. 40. The nethod of C aim 39, '
wherein said extrusion is performed at a pressure of about 5,000 psi or
greater. 41. The nethod of C aim 40, wherein said extrusion is perfornmed at

a Pressure 0f49, abOie nfaltd ofthind %ﬂﬁ%ﬁf’ : @rc : éu@ﬁ!ﬁn rﬁﬁ':f@ 1,
wherein ggw%gﬁo&?gse%a%%sj% of‘sl"i pi ds {a%d tr%%gtﬁ[?, roﬁgglﬁ% p uéal ity
of staclP P & WO Cret hod of O aim 42, wherein each stacked
menbrane has the same average pore dianeter. 44, . The nethod of O ai m 43,
wherein at | Sfst dhe methodiof Claimms; wherehesmidappostineely cops tethpermiyis

di ff er egppifiogremt he average pore dianeter of at |east one other stacked
menbrane. 45. The nethod of C aim44, wherein said stacked nmenbranes are
arranged so % at aid mxture is extruded through nenbranes of

progr essi vel yisnmalfemethed of bl ds whereinsaidmixtma ds enidedithorugtisaidm 1, wher ei n
sai d_exhydropldlic hembedd ek Hdx fte 8f ARienbb. 000 IRA LB 4D mEomAdte?, Tet hod  of

Claim4t%wherein said controlled tenperature I's approxi mately constant

t enper at ure. ¢£8. f | mA7,. . wherein sai.d agproxi mately .
const ant ten%ée}r a @%%%EP?%%QL Eip spig vesic %@PW&{EB%%W?W%W

met hod S¥PsteRagi m 48} wherein said approxi mately constant tenperature |s
bet ween about WC to about 30C. SO. The nethod of C aim49, wherein said

appr oxi mat elgg, co FHthd Bk I qu ? I Jﬁﬁagc tond of Caim
1, wherein said g'q%ture 'S egﬁﬁ(ﬁ] t ?‘@ggﬁ sai O%F%%%wﬁ%rane at a
flux rate ofs bet ween abaqut. 0..00 nd, about 40 nL/m n/mR. 52. The net hod
of O aim 1, her A methad of Claipy @m&#&@mm@maw Q¥ct i ve
subst aexwusi@B. The net hod of claim 1, wherein said extrusion conprises
mul ti pl e passes. 54. The nethod of C aim53, wherein said extrusion
conpri ses aggtep t [+ QN .. The. met hod of ibm 1. wherein said
ToXEUre §S g_?{t N uggﬁﬂ%ﬁg%@%@%ﬁ said mixure 15 extru%ea through said

drophilic screen membrane alternately in the forward and reverse directions.

56.  The method of Claim 1, wherein said hydrophilic screen membrane has 4 pbre
density greater than about 8x10° pores/em®,

57.  The method of Claim 1, wherein said hydrophilic screen membrane has a
thickness of between about 3 and about 50 pm.

, 58. 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, .

59.  The method of Claim 1, wherein said hydrophilic screen membrane is rinsed with
a flushing agent prior to said extrusion.

60. . The method of Claim 59, wherein said flushing agent removes clogged or fouled
- material from seid membrane’s pores,

61.  The method of Claim 59, whersin said flushing agent prevents clogging of said
membrane’s pores. '

62 : 'Ihe method of Claim 60 or 61, wherein sald flushing agent comprises ethanol.
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hydrophilic screen nenbrane alternately in the forward and reverse
directions. 56. The nethod of dain 1, wherein said hydrophil iid Marebn2006
menbrane has a pore density greater than about 8x105 pores/cnR. $7. The
met hod of Claim 1, wherein said hydrophilic screen nmenbrane has a

t hi ckness of between about 3 and about 50 run. 58. A device for extruding
an aqueous suspension of |ipids at high pressure ~conprising a hydrophilic

screen menbr #3e awdmemad of fratusiiy 1 'ﬁﬁﬁiﬁﬁ- &hﬂéh
pressurﬁ %é %ﬁﬂl ai ml?thsai\i/\iﬁserel n s | %‘g Ic SC eerg
menbr anePiSGuRE 2 4, ¢ IEmBIe At RS AR grealpy 4119“%%9 Bkt rusi on. 60. The

met hod of C aim59, wherein said flushing agent renoves cl ogged or foul ed
mat eri al froRfsai dhesnihedef Qaiposd svhesin saftheesiolésiase af averaietidtstendfer ei n

sai d f| berveBaRAR 50 i V0L smC! 0001 ng: of said nenbrane's pores. 62. The
met hod of d ai m 60 or 61, wherein said flushing agent conprises ethanol. 36

17 NMarch 200 hod in 0SOnes conpr|5|ng extruding a
m xture conp 'si n'géam fi&wggudﬁh lgr)r'éq&wp %P‘Weeﬁmﬁ#fégg res
gr eat erbettweanmmﬂm:@ﬁﬂlﬁ&nm 64. The method of Caim63, wherein said
vesi cl es have an average di aneter of between about 50 um and 400 nm . 65.

The et hod qfg. O gya n@égmy@ Eﬁ |% an avera di er of
bet wee bout 50 man Iﬁﬁr%]pti% 'Ral%ngﬁg &ng%c%etgr t he
Iiposoﬂ’ég’v%&@b"‘g A OGvar et Sinttet er of  bet ween about 100 urn and 150 nm
67. The nethod of Caim 64 wherein said vesicles have an aver age di anet er

in the range of TabaietholGITIAmA, Whkrefibsaid xdiat]ﬁ%’aﬁveg ein
sai d V%ﬁe ﬁgbdﬁg’g%%g? ver age di ameter int range of out 158 .5 nm.
69. The g 4, wherein said veS|cIes have an average dlaneter
in the range of about 136 42 rim 70. The nethod of C aim64. wherein said
vesicl es hab® anThemethgd 0flClaim 66, whereinsaid vesiztey hued anvdversige ildefor.if the. 5. 2
nm 7 lgndber {RLPPSR L89 Glngf, m 64, wherein said vesicles have an average

dianeter in the range of about 138.6 35.6 nm 72. The method of O aim 64,

wherein sai g vesjcles an average dianmeter in the range of about 114.4
1:35.8 nm S'hle (? oie Claim 64, wherein said vesicles have an averape diameter in the

range of about 136+ 42 nm.

70.  The method of Claim 64, wherein said vesicles have an AVETage diameter in the
range of about 153.6 % 45.2 nm.

71.  The method of Claim 64, wherein said vesicles have an avetage diameter in the
range of about 138.6 £ 35.6 nm.

: 72, Themethod of Claim 64, wherein said vesicles have an average diameter in the.
range of about 114.4 + 35,8 nm.

73. . Themethod of Claim 64, wherein said vesicles have an average diameter in the
range of about 118.1 = 36.2 nm.

74.  The method of Claim 1, wherein said vesicles have an average diameter of about
125 nm.

75. A method of producing a suspension of vesicles comprising:
(a) extruding & mixture comprising & hp;d ﬂ:raugh a polyester screen membrane ata
_ pregsure greater than 400 psi.; and
' (b) molaﬂng the produced ves:cles
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73. The nethod of C aim 64, wherein said vesicles have an average di aneter
inthe range of about | IS. | 36.2 rim 74. The nethod of O diinMarchh2066n
sai d vesicles have an average di aneter of about 125 nm 75. A nethod

of produci ng a suspension of vesicles conprising: (a) extruding a m xture
conprising a lipid through a polyester screen nenbrane at a pressure
greater than 400 psi.; and (b). isolating the produced vesicles. 37 17

March 2006 7@6. ThEhemtthadofilaigl7a] Whetdin # BElyRRIMRShRFhthalate
pol yet hyl ene terephthal ate (PET). 38 Wﬂh& Byﬁ?} phthiflate (PET).
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