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STERILIZATION TO TERMINALLY STERILIZE

PHARMACEUTICALPREPARATION$-AND MEDICAL PRODUCTS
BACKGROUND OF THE INVENTION Technical Field The present
invention prowdes a process for sterilizing a pharmaceutical preparation
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and products therefrom. Background of the Invention: There is an ever
increasing number of organic compounds being formulated for
therapeutic or diagnostic effects that are poorly soluble or insoluble in

: 1 utBd MoHMBNNused by medical personnel. One
potentlal solutlon to this challenge is to produce small particles of the
insoluble drug candidate by preparing micro- or nanoparticulate

Techpieldtigilhs therefrom. Benefits derived from such a formulation can

inghyd fé&%‘?ﬁﬂ@éﬁ‘éﬁﬁ ﬁ)%&gsdat?ﬁ%igés IV zmgn d aturat O

solublﬁy and/or dISSO|L§%I0n rate, improve cacy 10&“56? aration
such gmpibypristals Wagmeliupmthbsvoe r@rpp@xmﬁlg phanimamheaﬁaxynauiate@ompound

ta ble for tes of
wing ) AIEOHR PRRE XTAm A0 08 MAdG-SulNle fraefloug roptes ©

tration. Preparations of sma rtic sperslon
insoluble drugs may be delivered via intravenous, oral, pulmonary,
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drug stability.

In this way, drugs that were previously unable to be formulated in an agqueous based
system can be made suitable for various routes of administration, Preparations of small
particle dispersions of water insoluble drugs may be delivered via intraveneous, oral,
pulmonary, topical, intrathecal, ophthalmic, nasal, buccal, rectal, vaginal, and transdermal
routes. The optimum size range for these dispersions generally depends on the specific route,
particle characteristics, and other factors, e.g., in intraveneous administration it is desirable o
have a partticle size of less than about 7 um. Particles must be in this size range and
unaggregated to safely pass through capillaries without causing emboli (Allen et al., 1987,
Davis and Taube, 1978; Schroeder et al., 1978; Yokel et al., 1981).

Depending on the route of administration and other factors, these small particle
dispersions have to meet cértain requirements of sterility. One nseful sterilization method is

conventional terminal autoclaving of small particle dispersions at 121 °C. It is well known
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suspensions are protected from particle growth and/or aggregation during
storage at normal temperatures by tH&-presence of surfactants in the
formulations. Even in the presence of these stabilizing surfactants,
however, small particle suspensions are often quite heat-sensitive and
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one surfactant-poor phase. At such temperatures, the surfactant often
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above 121C, preventing the disassociation of the surfactant from the drug
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pointtEETURALSIESIZANAD S an isotropic surfactant solution into one surfactant-rich and one

surfactant-poor phase. At such temperatures, the surfactant often dissociates from the
particle, causing the unprotected particles to aggregate and/or grow. Consequently, a number
of patents (e.g., US 5,298,262, US 5,346,702, US 5,470,583, US 5,336,507) disclose using
ionic and non-ionic cloud point modifiers fo stabilize particle suspension during antoclaving.
These modifiers raise the cloud point of the surfactant above 121°C, preventing the
disassociation of the surfactant from the drug particle, and subsequently stabilize the particles
from growth during terminal sterilization.

United States Patent No. 6,267,989 alsc discloses that an optimal size range is most

important to minimize growth and instability during autoclaving. The ‘989 patent reports that



United States Patent No. 6,267,989 also discloses that an optimal size
range is most important to minimize growth and instability during
autoclaving. The "989 patent reports that 3 the highest stability is
exhibited when at least 50% of the surfactant-stabilized drug particles
have a weight average particle size between 150 - 350 nm. Therefore,
there is a continued need to developmnew and improved processes for

terminal sterilization of. Il particle dispersjons.in the pharmaceutical
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solutions such as pharmaceutical preparations. The meth6d has the
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Diclosed herein is a method for sterilizing systems. Such systems can be, but are
not limited to, compositions, such as particulate dispersions and devices, such as
containers, which can contain aqueous solutions such as pharmaceutical preparations.
The method has the advantage of providing for sterilization without significanily
diminishing the efficacy of such systems. Disclosed further herein are sterilized
pharmaceutical preparations. Suitable containers include any container that is stabile
under the present method including medical delivery devices containing medical
solutions.

The method may invoive supplying heat energy to the system and pressurizing the
“system in excess of (125 Mpa for a period of time sufficient to make the system sterile.
Preferably, the system will achieve a temperature in excess of 70°C. The steps of
supplying energy and pressure are carried out simultaneously for at least a sufficient

period of time to sterilize the



system in excess of 0.25 Mpa for a period of time sufficient to make the

system sterile. Preferably, the system will achieve a temperature in

excess of 70C. The steps of supplying energy and pressure are carried

out simultaneously for at least a sufficient period of time to sterilize the 4

system. The system can then be allowed to return to ambient temperature

and pressure for use. The method can be used on empty containers or

containers containing any of a wide variety of solutions including solutions

for parenteral administration, solutions for acute or chronic hemodialysis,
systemdititratisienoedretimodiafilieionh isokition fonkicutécorpohramiensaritonealfor
usdialysis, ambulatory peritoneal dialysis and automated peritoneal dialysis.

The method is particularly useful in the sterilization of solutions that
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droplets having a stable state and an unstable state; and withdrawing
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SYSRE (RPUBHIPESIY BesfAcriptselseed HonetHegrtigreotsistidl mrbeles or
drOp1BOIE feRBess of 0.25 Mpa to increase the temperature of the system to in excess of
100°C for a period of time sufficient to achieve a sterile system, the dispersion system
having micro- or nano dispersions of small particles or droplets, and the small particies or
droplets having a stable state and an unstable state; and withdrawing pressure from the
system before the small particles or droplets of the system reach the unstable state,
wherein the particles or droplets comprise a therapeutically active compound and an
excipient, the excipient (i) being associated with the therapeutically active compound and
(i1) comprising a surfactant selected from the group consisting of one or more of an
anionie¢, cationic, nonionic and zwitterionic surfactants and biological surface-active
molecules.

These and other aspects and attributes of the present invention will be discussed

with reference to the foliowing drawings and accompanying specification,

BRIEF DESCRIPTION OF THE FIGURES:

FIG. T shows a micelle;




anionic, cationic, nonionic and zwitterionic surfactants and biological
surface-active molecules. These and other aspects and attributes of the
present invention will be discussed with reference to the following
drawings and accompanying specification. BRIEF DESCRIPTION OF
THE FIGURES: FIG. 1 shows a micelle; 4a FIG. 2 shows a reversed
micelle; FIG. 3 shows a lamellar phage; FIG. 4 shows a hexagonal phase;
FIG. 5 shows a cubic phase; FIG. 6 shows a pressure-time-temperature
profile; FIG. 7 shows a patrticle size distribution curve (Example 1); FIG. 8
show3@ patiele sizecdistiitputioir;for a control sample (Example 1); FIG. 9
showsa Righ-pressure st ﬂgégtion cycle (Example 1); FIG. 10 shows a
particle size dﬁt%bu%{on cﬁirve; "FIG. 11 shows a flowable materials
contAitert FNesvs1pheragnsal Adifple chamber peel seal container; FIG. 13
shows@ gnelayesfilopiiés; 14 shows a two-layer film; WO 2005/030273
PCTH&%OQ&IO\;S%M? ﬁ5'-!c:il(%19é?n5h%¥¥§ a;;(r)]ﬁe. layer film; FIG. 16 shows
a three rayerOme; & 7 Shows B Tour ﬁa@/er fifn; FIG. 18 shows a four
layediiim? shres pstilssardive et dilroyr@ Ghaoshkols a six layer film;
FIG. 13 shaws ashalayersilmyidfiieuda f’rﬁoélvéoﬁtﬁﬁ\é%ﬂxﬂﬁé’ @iﬂ%le b

FIG. 9 shows a high-pressure sterilization cycle (Example 1);

FI1G. 10 shows a particie size distribution curve;

FIG. 11 shows a flowable materials container;

FIG. 12 shows a multiple chamber peel seal container;

FIG. 13 shows a monolayer film;

F1G. 14 shows a two-layer film;
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device; and FIG. 25 shows a fluid access device. DETAILED
DESCRIPTION OF THE INVENTIONWhile this invention is susceptible of
embodiment in many different forms, there is shown in the drawing, and
will be described herein in detail, specific embodiments thereof with the
uﬁd@r%mﬁmmﬁtﬂaé@ms@m disclosure is to be considered as an
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pharmaceutlcal system The pharmaceutical preparation can be prepared
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f ped. In general, the method
provides subjecting a system to high-pressure sterilization. The method is
preferiediannianpressure sierlizatenof Sl Rarticle JIRRINENT T more is
invention ur er row es stefilized pharmaceutlca ISpErsions

showhlghibﬁeémwélgtalﬂﬂzwm&rbmﬂmb@é bfrthe preként,inpenifiocafodifoents thereof

with te““ mﬁj‘al[ %lartlcflge%lts L 6%{}13@‘%%%‘% caNS é&g algmflcantt:n?fhtﬁcahon of

e radﬁafgon 0 fmaceutica y active compoun gegra atl
the psmchﬁtantﬁ ﬂuecmmsmgna ehdrigents tdended to limit the invention to the specific

embodiments illustrated.

The present invention provides a method for sterilizing a system without significantly
diminishing the usability, stability, and/or efficacy of the preparation. The present invention
provides a method of sterilizing a dynamic system (i.e., a system capable of going from a
stable to an unstable state) wherein the system is subjected to high pressure for a time
sufficient to sterilize the system without causing the system to go from a stable state to an
unstable state.

As used herein, the term “sterilization’ and its variants shall mean the kili or control
of bacteria, virus, protozoa or other biclogical microbes in a system -such that the system
provides a reduced risk of infection upon use with a mammal, preferably a human. Preferred
methods of the present invention shall stenlize a system to the point that all or nearly all of
the biological microbes are killed or rendered non-replicating.

Preferably, the method is used for sterilizing a pharmaceutical system. The

pharmaceutical preparation can be prepared by numerous techniques known in the art and
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throughout the dispersion due to rapid adiabatic heating of the
formulation during the compression-dtep. It is anticipated that the
high-pressure sterilization techniques are sutiable for use with many small
particle dispersions containing various pharmaceutical compounds in a
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provifeehoiis:bf thefaresantinientioinite plaktiagetiealye microbe load. It is well
known to stabilize pharmacentically active compounds from aggregation and size changes
using surfactants. The surfactants can be associated with the pharmaceuntically active
compound in one of many ways well known in the art. The high-pressure sterilization
techniques of the present invention allow for sterilization without causing a degradation of
the pharmaceutically active compound, or causing a significant disassociation of the
surfactant from the pharmaceutically active compound. The method and products of this
invention do not require the use of chemical cloud point modifiers. The term “cloud point”
refers to an increase in turbidity of a pharmaceutical preparation when, a change in a physical
property of the preparation such as a change in temperature or pH or other physical property,
causes the surfactant to disassociate from the pharmaceutically active compound.

It is contemplated that the high-pressure sterilization techniques are suitable for use

with a number of organic compounds.
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hydrophobic region (e.g., surfactant assembled hydrophobic phase,
cyclodextrin cavity, oil droplet) in aqueous solution. Pharmaceutically
active compounds can be selected from therapeutic agents, renal therapy
products, diagnostic agents, cosmetics, nutritional supplements, and
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am;:v{%%[géﬁ{@SmaEfEJXRfo"éE‘éﬁﬁvéér?&ﬂx%&%&%&%&ﬂ&&%ﬁ&%‘%@&%&@ﬁiﬂy%E‘éﬁts, contrast

_ ._Th’e protein can be an antib%dy., which can be polyclonal 8_r _
medipnonditorarowo 200803073 RET/JS2004/03ak0Ts, S Digyrostivsgsgsagents,

diure.m:%l,u d@o%ﬁi@é’i@a%gﬂa&gﬁmﬁ aﬂ@rﬁ%&@g’?&@qu@n@(arﬂ%@%&n modifiers,

liormones, hypnotics, immuriological agents, antihyperlipidemic and other lipid regulating

agents, muscarinics, muscle relaxants, parasympathomimetics, parathyroid calcitonin,
prostaglandins, radio-pharmaceuticals, sedatives, sex hormones, anti-allergic agents,
stimulents, sympathomimetics, thyroid agents, wvasodilators, vaccines, vitamins, and
xanthines. Antineoplastic, or anticancer agents, include but are not limited to paclitaxel and
derivative compounds, and other antineoplastics selected from the group conmsisting of
alkaloids, antimetabolites, enzyme inhibitors, alkylating agents and antibiotics. The
therapeutic agent can also be a biologic, which includes but is not limited to proteins,
polypeptides, carbohydrates, polynucleotides, and nucleic acids. The protein can be an

antibody, which can be polyelonal or monoclonal.



WOMNP#HEGing agents include WIN-8883 (ethyl PCT/US2004/031107
3,5-diacetamido-2,4,6-triiodobenzoate) also known as the ethyl ester of
diatrazoic acid (EEDA), WIN 67722, ige., (6-ethoxy-6-oxohexyl-
3,5-bis(acetami.do)-2,4,6-triiodobenzoate;
ethyl-2-(3,5-bis(acetamido)-2,4,6-triiodo- benzoyloxy) butyrate (WIN
1681&oatbyldiatizeimcaiate AV hAZRR1 s eihyhdd (Cobtrast media. Examples of
his(acetamido)-2,4,6-triiodobenzoyloxy)propionate (WIN. 16923); N-ethyl

12y 30 SR D B HR UBYD Gy oS P s e eGepEpyoate) lso

knowiSePIRP YR 3cbertis (@aatamiicayid, (G ilod arexzomioxy) acesannisiey(¥iNohexyl-
12855); diethyl 2-(3,5- bis(acetamido)-2,4,6-triodohenzoyloxy malqonate

3’5“51&%@?6#&91%6@1 OfeheREOBRetamido)- SAYEArcdINEREBABRYS)-2:4.6-riiodo-

benzopterylangiaie: (VNN 12898 premgneginiczasithditife- (WIN 12901); eth%ri 2-(3,5-
. bis(acetylamino)-2.4 5-triodobenzoy_I]oxy]bis(l-methyllester (WIN 68165);
bls(acgm-z%fbﬁég?dg obenzoyloxy)propionate  (WIN 6923); N-ethyl = 2-(3,5-

bis(ac3trhltipoefHamin@ivd: &y 1bR¢0-4cte - ethwiy2-Bytangatekesiepyl  2-(3,5-
(WIN 68209). Preferred contrast agents include those that are expected

bis(acgiamdsinlsgrhts FERARRIGZAIRAY) unthsi BRolog AN corditiots, titighyl  2-(3.5-

bis(adRHHNNEINY AENHBHEYEASSREIA RSN NRINN % 77E8) 0REe1 ,@J?waﬂée&&?amia@_

may result from enzymatic hydrolysis, solubilization of carboxylic acids at
2,4,6-HHOSNGBROAIDH] or BRFRFAEEHENISHEIT huS7 Podky SermBRedtinategid.  [[3,5-

bis(acerhennlis- Beids,sbitdhas-iodiBanise; dialirgit-aeidrand aeli30ie @6ithzoic acid,
along with_hydrolytically labile iodinated species such as WIN 67721, WIN
3,5-bipsoy PPN S1 65, W WnEBEIGoSh Sl DURpEe prefiived. OTRRY  68209).

PrefeGetiRsimnedis-ins yeaubitrssnallinited ipePRIIcY I alg RLPALAANSRly rapidly
magnetic resonance imaging aids such as gadolinium chelates, or other

unden, ftifairR comfalenagdhts. ERampRDBUCHPedifloapsiated inflammatory

respof@dopapteiatendimealy raing: (MagnavsEn ARdagadigtetdab{frananee Mboxyiic
A description of these classes of therapeutic agents and diagnostic agents

acids ghahyfiting caf BPe e stiiihincchenienss Chah@reticuiaradiratedremsboxylic
acids BXtRR k@&@@ﬁ&@g%@tﬁz@@%&ﬁaﬁ@ Bt hed *A?J@%ﬁﬁ@ﬁ%ﬁf&?ﬁm labile

.. London, 1989, which is incorporated herein by reference and madea par

iodingigdenrecteiosidrap i &ddhils NBNdIZNstY By &vid arandoNedSidiy or others

may GVgiaBle.gnd/or can be prepared by techniques known in the art. Renal
therapeutic agents include solutions for continuous ambulatory dialysis,

altbPrateenpertonedicdianisidearttith erso sty WO R0pBI03dst P 3preparations of
magn@&?éé&?a@x@é@&%@g aids such as gadolinium chelates, or other paramagnétic contrast

agents. Examples of such compounds are gadopentetate dimeglumine (Magnevist®) and
gadoteridol (Prohance®).

A description of these classes of therapeutic agents and diagnostic agents and a listing
of species within each class can be found in Martindale, The Extra Pharmacopoeia, Twenty-
ninth Edition, The Pharmaceutical Press, London, 1989, which is incorporated herein by
reference and made a part hereof. The therapeutic agents and diagnostic agents are
commercially available and/or can be prepared by techniques known in the art.

Renal therapeutic agénts include solutions for continuous ambulatory dialysis,

automated peritoneal dialysis and hemodialysis.



WORSE3&Rtic agent is any active ingredient capable of havirRfa/E62rEe1 107
activity. Examples of these active ingredients can be, inter alia,
emollients, humectants, free radical- inhibiting agents, anti-inflannnatories,
vitamins, depigmenting agents, anti-ache agents, antiseborrhoeics,
keratolytics, slimming agents, skin coloring agents and sunscreen agents,
andiincpartitidalpine|aicaagitorBingloretingic @aggbx@sgpmﬁ%%nﬁégggmm activity.

ester olyunsaturated fatty acids, nicotinic esters, tocophe nate
Exaﬁ}?ies,pysaa Aty , , P ,

SRS S5 B BT St A s i eiansrmeBianjer bipedticss tiste radical-
inhibisiglycgbaac idnmﬁ@ﬂg@ti%n%?Oémr}?ﬁ@_g%‘g@n%nti~ fhe agents,

anti %gg a-orizanol and_ stearyl glycerate. The cosmetics are commercially

SndfSPOMIGS SHEPRRY Beetish Ak ce lono@rm gentseaad. sunscreen agents,
and Exampleisabnutiiisal Siéﬁlﬂ'e'i@ﬁﬂ@ﬁ,C%iﬁf@ﬁlatﬁ@df,orééﬁgrﬂ‘icth%c%acﬂﬁ% esters,

of the @res?nt invention, include, but are not limited to, proteins,

pob&%_ﬁ?ﬁ%ﬁ §fa 8LY et USRIV ittt qeoghamhine = conspfemifiables of rice,
soybesaminshafddhadikes, falyariublemiaming (59 'gl})@gqu'%ié’ kel a&e%vatives,

“ the like), and herbal extracts. The nutritional supplements are
antighants, b5t aiRSe SRR BHRABRlAEga HeRDy) teltasiates Kibwmdametics are
comihednTheiReR a&&&ieﬁiﬁéﬁ@ﬁ%‘a@ﬂﬁ%&ﬁﬁ&&éggﬁ%ﬂ igides,

|ns§ct|0|des, acaricides, nematicides, ectoparasiticides and fungicides.

Exaffpieecst SomptintetisseaisrriiicRriraplettifie insthémtasentctice of the
preséfiveRtianigyReldg Hitlude Hheasnifiazinestiagole %&fﬁé r}?ﬁ?eﬁte%?’water»soluble

hoslf?horic acid esters, dinitroanilines, morpholines, a es,

Vit B BBl aBrgorRises, dipmeylembrdaritkpolyayslit:ble vitamins (e.g,
vitarialogg nated, ydipeaihoMie$Patdlic-examples.af é'%ggerr]ﬁfcr)] gg%lgg[ements are

these classes are listed in Pesticide Manual, 9th Edition, IS

compprialyRy ebbiandie sadtcrienid bpianiaigisdy kavaitabletandior can
beTieparadpRy RN MAMRR KA the .. .
harmaceu?i%éallly active compoungﬂi’; %H%%bﬁa\%rtqelrgfg)%{ﬁsé (RisSErdoneagicides,

nem s E S6IATd B8Ry SheHmlomoumohioateabionshich e
pesti%@@%br@@eﬂﬂgﬂvéntﬁﬂ%?fﬁéﬁm iess g malml., Th et%%z%?e?sr,l%arbamates,

h ater-soluble agents are most suitable for aqueous susperision
phospaans aaid fsismcd i Brenagim red g mesivaoy lokitresuitatingitbidsebenzilic acid

ester QNS RILBAUGANSIBRANITR. The PLESRY 'ﬂygﬁﬂ%gﬁé‘ algo b‘le. example

.practiced with water-soluble pharmaceutically “active compouﬁ%psfliﬁ ples of
p@Stlgé%ai]ﬁl EAER OB RIFAps iR diedoin fsaridisliniasalit] 19yidiphiohjGBritish Crop
Protection Council. The pesticides are commercially available and/or can be prepared by
techniques known in the art.

Preferably the pharmaceutically active compound is poorly water-soluble. What isl
meant by “poorly water soluble” is a solubility of the compound in water of less than about
10 mg/mL, and preferably less than 1 mg/mL.. These poorly water-soluble agents are most
suitable for aqueous suspension 4preparations smee there are limited aliemnatives of
formulating these agents in an aqueous medium.

The present invention can also be practiced with water-soluble pharmaceutically
active compounds in certain cases, by entrapping these compounds in a solid hydrophobic
dispersed phase (e.g., in polylactate- polyglycolate copolymer or solid lipid nanoparticles), or
by encapsulating these compounds in a surrounding surfactant assembly that is Impermeable

to the pharmaceutical compound. Examples of surfactant assemblies include, but are not



WOREhE T hhase (e.g., in polylactate- polyglycolate copolymeirEsHIBRI107

nanoparticles), or by encapsulating these compounds in a surrounding
surfactant assembly that is impermeable to the pharmaceutical
compound. Examples of surfactant assemblies include, but are not WO
2005/030273 PCT/US2004/031107 -10 limited to, vesicles and micelles.
limitedxamyaidsial sdterissieblebhaiplacedteatagenislishdgadutisbdsehts include,
but Iimitedttc;ggimgle organic compounds, proteins, peptides, nucleqtides, )
o R B9 Bl Bnd ERREo nYHRSs TGS S DEP ISR e Brobdrsiomucleotides,
oligomndeRitee i Adbunistraien When the pharmaceutical agents of the
present invention are in particle form (i.e., not dissolved in solvent), the
particles will have an average effective particle size of generally less than
11. _PatioltSigddnias Digasuiady dunamisrigniseaiieiag methods, e.g.,
photocorrelation spectroscopy, laser diffraction, low-angle laser light
scattering (LALLS), medium-angle laser light scattering (MALLS), light
obstisraierhmetheder 0o uienmetieg priReexapigh heola®hrGEle form (i.c., not
& g%roscogkl (Ig%gr electron). However, the particles can be prepared in
1SS0 HidB FANGB LT B EaTLHER R hbMcaBB i TOTE et aHBEIPEEGR Stsnet generally

less @RQUIHIuM 10@bERE 14 NRAMADOYT 3yRA2:RDqN O Juifiam ?xpé%féés, e.g.,

m to about 10 ran, from about 400 nm to about 50 rim, from about 20
photogirriatigB APSEMRASE o ankpsei S Ectiem brvatraslef lesey dighh cresitieriie (LALLS),

mediﬁ&ﬁ&%ggﬁdlés\é? IRGS %B‘Qc@éwﬁgpévﬂ&ﬁ@?,e}%@%@5&9&6@%‘?&&8&&*ﬂ?o%ﬁ‘e% method,

intended route of administration, formulation, solubility, toxicity an
for expgmlahabmlosy e asivissoery Tliehbe euilanado). pdfemteral. the particles can be
prepaREINEHRION R UDECSCIERBN DANE: NCNRI9 S ST AR Shout 10
size of less than about 7 m, and more preferably ’[Less than about 2’gm or
pm taalyordri§enor, combibativd phirdmgbsuthtbeim, Farentsoal ddminis WaseI ¢ nm, from

includes intravenous, intra- rteriaij, intrathecal, intraperitopeal, intraocular,
abouﬁn@&-a"rﬁcﬁ?ar%lﬁﬁ?aa?rﬂ?l ’Inﬁgl\][/}er? r?gﬁle?mnﬁﬁbéﬂcﬁga}ﬁl,?ﬁﬂﬁuﬂcﬁﬁr,mﬂge or
combimirtoie nialopsulisertaneoThdnjecfieredartcies siffesifos atiRSa@e depends on
form?‘can ein %x i

ess of 2 m.The particles can range in size up to .
fcto G S0 00 1 APBVIRED RAIRY (AT RSOE: AR Dol ey and

abou
bicavathbiidharkittedstipewidn oral dosage form. Oral dosage forms include

e S B TR g R R b A e average
effective particle size of less than about 7 um, and more preferably less than about 2 pm or
any range or combination of ranges therein. Parenteral administration includes intravenous,
intra-arterial, intrathecal, intraperitoneal, intraocular, intra-articular, intradural,
intraventricular, intrapericardial, intramuscular, intradermal or subcutaneous injection.

Particles sizes for oral dosage forms can be in excess of 2 pm. The particles can
range in size up to about 100 pm, provided that the particles have sufficient bioavailability
and other characteristics of an oral dosage form. Oral dosage forms include tablets, capsules,
caplets, soft and hard gel capsules, or other delivery vehicle for delivering a drug by oral
administration. .

The present invention is further suitable for providing particles of the

pharmaceutically active compound in a form suitable for pulmonary administration. Particles

sizes for pulmonary dosage forms can be in excess of 500 nm and typically less than about 10



WO A Zton. The present invention is further suitable for pRfvidiFg004/031167
particles of the pharmaceutically active compound in a form suitable for
pulmonary administration. Particles. gizes for pulmonary dosage forms
can be in excess of 500 nm and typically less than about 10 WO
2005/030273 PCT/US2004/031107 -11 m. The particles in the

pm. SURPSRSISECRNIRS Assessbeeshan AdmIRIsIPshR L ENaRMIZAI 9% nebulizer for

pulmonary administration. Alternatively, the particles can be administered

PulmgRany AORRIEFANP . dryeBRRiRTEinths Dreiiess sARRARgHBIRSERd phagepowder by
2 dryfpRmdBeiSMERL REINALIIRINENRMAIL HHERE REHERUSRSRARELD 8r the dry powder

non-aquequs propellant for administration by a metered dose inhaler. An

can bgresnspensied SRR IsMTORC A drs RdsrsEaB e € Mtiered dose inhaler.
An dtlibple3éa {Ishibdsirepemineiianch aldhibloaf&R (HFC) such as HFC-134a

(1,1,1,2.3,3,3-heptafluoropropane). Unlike chlorofluorcarbons (CFC's)

(1L IRF e hans br 1 o35 de pratidn prembidi vienwiinesmeamier).  Uniike
chlorégfesiaupatiiclerand, dreplets:ahtheirigapiscompounssdraphansize

ra%s set forth above as small particles. Dosage forms for other routes of
de

WHksrlipeevrismial srtisirsmamioniasa! thecemie cannmagidmfrom the
size Imagmmﬁt@mo%eaﬂlgﬁﬁﬁ%%gae formulated from the particles made

from the present invention. Other forms of solutions can be sterilized by

th&Prage TR oRhe davipreelatadingsy sehshorstipeil denitrrortbabicis, nasal,
buceA eparAlioRdRRDareRigsahar ministatgR and %@&@%ﬁ&f—ﬂ{m&ﬁ@@'ﬂ’éﬁ{yﬂé}pmcms

such as hemodialysis and peritoneal dialysis solutions. Ill. Preparation o
madedFan) the HieseTHISHERERINS There are numerous techniques for preparing
pharmaceutical preparations of small particles of pharmaceutically active

coptperfidmsHiashariizationde shmpues wiseessestRelounars SHlablgiirof such
sterilizing, such pharmaceutical preparations. Representative, though not

solutarR et PIERSH S RGCRITOiderrBrisTicial s SriiptietcRas Gplutions for

renal phasriacauticaleastiyenane passoarkisfxidigausses next. A. Energy
Addition Techniques for Forming Small Particle Dispersions In general,

I l;pee iPﬁ}Qr?g fcg prepari 1915’@1%" r%{t'cée dispersions using energy_addltlon
“—te@nmques-mc g the pharmaceutically active

compound, which

There are numerous techniques for preparing pharmaceutical preparations of small
particles of pharmaceutically active compounds. The sterilization techniques discussed
below are suitable for sterilizing such pharmaceutical preparations. Representative, though
not exhaustive, examples of methodologies for providing small particles of pharmaceutically

active compounds are briefly discussed next.

A. Bnergy Addition Technigues for Forming Small Particle Dispersions

In general, the method of preparing small particle dispersions using energy addition
techniques includes the step of adding the pharmaceutically active compound, which
sometimes shall bé referred to as a drug, in bulk form to a suitable vehicle such as water or
aqueous based solution containing one or more of the surfactants set forth below, or other
liquid in which the pharmaceutical compound is not appreciably soluble, to form a

presuspension. Energy is added to the presuspension to form a particle dispersion. BEnergy is



WS shall be referred to as a drug, in bulk form to a sUREBESAaMQa1107
such as water or aqueous based solution containing one or more of the
surfactants set forth below, or other. liguid in which the pharmaceutical
compound is not appreciably soluble, to form a presuspension. Energy is
added to the presuspension to form a particle dispersion. Energy is WO

adde 09503927 RGHAER004 03 139 ind 2raddad iovdneshanicabaiagdinguid cnerey

pearl milling, ball milling, hammer milling, fluid en%ﬁgg] milling or wet

milling;agifg SiRHESHMER SCHHANRSAEs cisrged. ip dlentRisns Nas R ,084, which

is incHipiShidd InserpesalaE-beceimbyeieepsa asskarade a part hereof.
Energy addition techniques further include subjecting the presuspension

to FRGreReditien ferhsil s ARG Oainds SHOISTERR NP ArFSRER iR dQ high shear
condiiizng Auaicsotilidize, ThRaRrRsentinyaptioprBsthaticonteMplaifuidizer. The

adding energy to the presuspension using a piston gap homogenizer or
Preseéémﬁ%‘?tlﬂ}hg‘ﬁ?’%ﬁ%m R ASIBRE S5 S SR TG BEFSUB Y PN isiagapiston gap

homd¥eni A0S HERNNIGH R RS RRIAIE RIS INRY FRIBRECARNAM NI B PR ent No.

hereof. Suitable piston gap homogenizers are commercially available

5,091 heRe M iistp i BreEPRIH ndFreEREcavediadsirerE R HreSyifable piston

gap KeRllsSaldby RRESRRIGINSIUMEaNiD IS vilRlde MuCsAllSiZ IR AVIUL SIFLEX by
available from Microfluidics ot{%a'll'ﬁhe step of adding energrg can also be

Avestigegathlisonsh Bepsepso helitistddinmaerdorindusiepontsonisifhly augrpuidizers
are 2GAHER AULVIRA0Y, Suilalelg ponication device such as the Branson
Model S-450A or Cole-Parmer 500/750 Watt Model. Such devices are well
kndWhSISRINS APHUEECTE)eaIRh B BrfeatRIF Bl sinE seH cbiore sgidmiques. The

step OPEBRERIAPEANBLISINRAMIRA 0 ARG BEASHRPENSIORAR 8ONSANIH SRGHY Branson

into the solttion. The sonicating device, in a preferred form of the

Modghrifieh ps Spdealermer 2H¥quentiypbfedrhbouch evitesatisurdd kagyn in the
induBf MYISRIES %@Q%ﬁ&%ﬁbﬁ%%%h%b' %é%ﬁ!@%ﬁ%ﬁ' HO5ARY FANGE Bserted into

combination of ranges therein. The probe sizes can vary and preferably is
the predistABEiSizde stioH 296z SREFEHr IMOINER dolbbdike. Regaraiestys wievice, in a

prefee R R-R0G1IA0 (BChRIgHE L sperag 9@9@@&%&@5@%&@%@&@1 fi&@?%%tabout 90

meet appropriate sterility assurance levels before use. Sterilization can be

kHz gndoneptishedabingion mghtpiesdirdosabais bk e ohnigues de stibatination of
rang%?é%%}agﬁo n@ﬁ&@'&%@%%%@PQ&W&%%P@@%@%Qrfﬂ' %’i%%fzs?geg) Q{gﬁlgs Y inch or
Y inch or the like.

Regardless of the energy addition technique used, the dispersion of small particles
needs to meet appropriate sterility assurance levels before use. Sterilization can be

accomplished using the high-pressure sterilization techniques described below.

B. Precipitation Methods for Preparing Submicron Sized Particle Dispersions

Small particle dispersions can also be prepared by well-known precipitation
techniques. The following are precipitation techniques used to produce solid submicron

dispersions.

Microprecipitation Methods




WOHLYO3%tle dispersions can also be prepared by well-knowrCT/S2004/031107
precipitation techniques. The following are precipitation techniques used
to produce solid submicron dispersigas. Microprecipitation Methods WO
2005/030273 PCT/US2004/031107 -13 One example of a
microprecipitation method is disclosed in U.S. Patent No. 5,780,062,
witigh is:ineaIRorater harainbyipaiaience aRddnade R AL Pee A Berutent No.

‘062 patent discloses an organic compound precipitation process
3, T80 BT Ol 8 ITRAERIER T6FgHN Ry ctfensisdandanwedeer mistibiecfifst The ‘062

patenB QIR I eRBENG 2RI %9&1@!&3%6&%0@&@"&%%5&@%:%f‘r&issoivmg the

aqueous second solvent and in which second solvent the org

OTEANG, ROFRRATERIS B At Y6 I(Tespiveréhiiia prstyaniog ansphiibiief polymer and
an aRpmpIER isformednand GiDJmixinghe splutionsem siepsddand {%a'l)rg@é’ organic

as to cause precipitation of an aggregate of the organic compoun
Compﬂ%@%&ﬁﬂlé%ﬂﬂHi?bﬁﬁ@léblﬁmé%@&ﬁcﬁmmambp&i@mex is formed; and
1) pRResipitati is giscl iN:60- j d_commeonl signed
T e e D e A DN B St of
the owcﬁ%ﬂmﬁ@%@m@mﬁ@mﬁmﬂﬂ:@m@mmg a part hereof. The
Praceasgs.disslasest é”&@ﬂﬁi@“&ééﬁﬁ&ﬁén@%&?@ hng 2 ?soer 4'So-pending and

compound in a water miscible first organic solvent o create a first

comwbt_ia_ﬁﬁi@yﬁinﬁ%ﬁg&ﬁéa@irklpgoﬁ%?ﬂwﬁ?ﬁ;aogé&%a%méf&vém@ateandoi 0/021,692,
whiclPEeS RIBIBIG"8a8IG 59%%593?{%3%8@&%3&%%?5? oR; AN B¢ disclosed

. adding ener%;to the présuspension in the form of hi ~Shear miXing or
includgs thasipps e albpersios er wrgmipaivkesOrie arwitee ptidhial first organic

I ] t L CAl 0 the first organic solvent
iR ROPE SRR el DRI ] OSSN e
to pr%wa%tbﬁmwm@@mmfowtmtﬂ@m@mm iméh¢ peddéngingrgy to the
presu%sﬁﬁﬂﬁ‘%yf@ﬁﬂ%}eﬂig}'&é? rfﬁ]féyxlﬁ;g %?g%gaﬁ %8 3P#vvh1|&epflaT disnersion of small

incorporated herein by reference an made a part hereo

particisorédshoxasroeRiEenHcutfesetieodidos okt(1)rrdxbtingean rhaltiphale the first
organsy SLERRRRYING a-9raanic-phass.angd an aqueous phase, the organic

phase having a pharmaceutically active compound therein; and (2)
sonicating the system to evaporate a portion of the organic phase to

EmulSRYSE-RreanitaiRn.gfie compound in the aqueous phase to

One suitable emulsion precipitation technique is disclosed in the co-pending and

commonly assigned U.S. Serial No. 09/964,273, which is incorporated herein by reference
and is made a part hereof. In this approach, the process includes the steps of: (1) providing a
multiphase system having an organic phase and an aqueous phase, the organic phase having a
pharmaceutically active compound therein; and (2) sonicating the system to evaporate a
portion of the organic phase to cause precipitation of the compound in the aqueous phase to
form a dispersion of small particles. The step of providing a multiphase system includes the
steps oft (1) mixing a water immiscible solvent with the pharmaceuticélly active compound
to define an organic solution, (2) preparing an aqueous based solution with one or more
surface active compounds, and (3) mixing the organic solution with the agueous solution to
form the multiphase system. The step of mixing the organic phase and the aqueous phase can
nclude the use of piston gap homogenizers, colloidal mills, high speed stirring equipment,

extrusion equipment, manual agifation or shaking equipment, microfluidizer, or other



WHHHA38%Bersion of small particles. The step of providing a rtgIifiisases /631167
system includes the steps of: (1) mixing a water immiscible solvent with
the pharmaceutically active compoung; to define an organic solution, (2)
preparing an aqueous based solution with one or more surface active
compounds, and (3) mixing the organic solution with the aqueous solution

equiptx%efl‘?r&) @E'?@Fﬁré?ﬁ&&[g ﬂt%\gs‘ﬂ@& QhiniRgLN eI GANIE BRASE AN have

_the aqueous phase can include use of piston gap homogenizers,
oil drapilefieian higlsyaighodpe g st Egapatelit lesx tamionteytiphiengter. The crude
manual aaianan oS RakingL AU RM AR M AZEH Ot BB, dispers;
em‘ﬂzoos;/osoz?:% PCT/U52004/031107 -14 equipment i P(?echﬁ%ues o dispersion of
smalkpaidiegy high shear conditions. The crude emulsion will have oil droplets

In EeL At as7 e LaRRRITAIalESH 3R B diameler, T in co-
crude emul’%%on IS sqoni%a ed to define a finer emlsl?fggl(lﬁinnpan(?iever?tua I;c{?)ed meo
pendimpeidecardispels ignsiphedrhal. e &0 MBS Eidpmizich toipeeppaiagdberein by
rerlSpSiRIOn Rl STl Pacisles indisclosed i cormending At -
e e’%ﬁg‘@%é Serial No. 10/15_153,%35, %vh{g%ﬁ?s ?%cogp%r ?e h@ig}%@xmg a crude
disparsfenerfceranitihastessistran ireiogfafing grocaswiecindes tquasteppluk¢lhe organic
rovidli ispersio Iti .Syste ing anic
phasf XD £ S R Y B YL TRIRP B e ruce
dispgptiantademicaficodispensththéPeifiet2ing dviding dirpagyico; thedcideophilizing the
i ion to.form a fine.di rsiq. (1 fi-eezi ine dispersion; an .
e A Ao SR Bt parcites
can phsiemboalitizdhedechognds THdethdicpartiorthasnadiepsttrilisethptheconstituted
in antgc@gggyrense g%ﬁggﬁla Qt%l gc[__t_he small particles can_b_e reconstif[uted in
arraqueous medium and sterilized. The step of providing a multiphase
sy&tensinglofipsotiidistepsroffphmixingtawateldesniscibpssolvElt witting a water
immth1 Q asrorpv%%%u%% I%heefzé%z\{%a m@%&&déﬁ%%{%ec%%g) a&'%?sgle 1 Vony organic
preparing an aqueo ased solution with one or more sufface active
solutbam p@inpsspand €3 pmixingdhe dagadicssbitiben with thecaquemosesalutiore active
comiDiR4 e @pﬂ?ﬁ&aﬁg St&{gmﬁé‘%o ﬁﬁo%f %iﬁ%”ﬁqtﬁhgr%%é%%é‘.'%o‘i@&%? A% the
Rhe aqueous*phase intludes the use of piston gap homogenizers,
muliqdiisdsyeitls, Highstpeetstingdlequgmenphestrasiothe equipmephase includes the
nual agitatjon or shaking eguipment.migrofluidizer, or other equipment .
e R TR PO S Kottt g bRERE Srrusion
equipment, manual agitation or shaking equipment, microflmidizer, or other equipment or

techniques for providing high shear conditions.

Solvent Anti-solvent Precipitation

Small particle dispersions can also be prepared using solvent anti-solvent precipitation
technique disclosed m U.S. Patent Nos. 5,118,528 and 5,100,591 which are incorporated
herein by reference and made a part hereof. The process includes the steps oft (1) preparing a
liguid phase of a biologically active substance in a solvent or a mixture of solvents to which
may be added one or more surfactants; (2) preparing a second liquid phase of a non-solvent
or a mixture of non-solvents, the non-solvent is miscible with the solvent or mixture of
solvents for the substance; (3) adding together the solutions of (1) and (2) with stirring; and

(4) removing of unwanted solvents to produce a dispersion of small particles



WOIRERO Adti-solvent Precipitation Small particle dispersions C&ITAISHHE31107
prepared using solvent anti-solvent precipitation technique disclosed in
U.S. Patent Nos. 5,118,528 and 5,108,591 which are incorporated herein
by reference and made a part hereof. The process includes the steps of
(1) preparing a liquid phase of a biologically active substance in a solvent
Phase dnamsidiheabielients to which may be added one or more surfactants;

(2) preparing, a second liquid phase. of a non-solvent or.a mixture of . .

n%)lrlfas%%rrﬁg%eth RO i CTBIEHF TR P B e ARG e dpitation. 2s
disclosalvent®Ifr theisubdlance,135,adding lagether dhe Sol9tianseh (WandA#n No.

i irring, a 4) removing of unwanted solvents to produce a

200 S E T SORE G Py PSS 004 sy Pars hescot.
Phase Rivaseionvisrsionriy esipitabofeSoiisd By tigiesiisPIRAB &N DL {KMed polymer
dl.sseluség% %has%nigver;k% precipitation as disclosed in U.S. Patent Nos.

235 D5 AP SE" BATERt AREHE Ao AL ornrrsmusiondar network
in whiehcheopoifictr ifs ieosparaieah el byowferRac apdmade A RATEREIESH is by

Phase ipversion,is a term used to describe the physical phenomena by

the addifih Y SoR RS "TsBVEE FPBCRBRERURR phALE BOREHE syaderaap arignsition
from ntangisofitlageagsommolaciubleneiuarkadl WG EBAMBELINGd polymer poor
ﬁacﬁocon%uog?ﬁ%%%% C\)}gﬁﬁmezﬂod tQ n;%g}ce ﬂo_hase Inversion is by the o
RGditoR" SRR ABSHER i DRI BREL Sk mBas6 PR emeigatien sites
and beadnansition] fomn wBRgE Thasea RERsiaRIR WA AREIXINSIon of polymer
onmgr rich and f%% 1er poor fractions. Micellar droplets of nonsolventp

SOMiJl) SthE b Sy P oA SR SRR shestaaRerp efumatisnated discrete

micropuitfchelmeidihenddppaien diseloses hatphasgdave Eﬁé@@l%%qymgf)ersing a
i solutions underr%er ain conditions can bring about spontaneous formation
POIYIOgE it FlY Hiic ééﬁ?@&?%ﬁdﬁs&ﬁéﬁéb%@éﬁﬁwﬁ@r 2ppragshin the solvent.

The pelipelasecdiganatving eicioPRIZNGRRHRRIYIEN iMa:8alNallvifl a continuous phase,
Whereﬁlgf rmagceutical agent is also dissolved or dispersed in the solvent. The

FS7TYRRE iR SRBHRPES DRt g bR RIS RCal PRt énfradiRgda mto at least

tenfol¢ontiRsoustphaggscieraihibRsalVant isdhe eantiiiaus NASe HSion of the
mixture is then introduced into at least tenfold excess of a miscible

miCrogSHRBRARY (& CHIEHRESPoltaAgERIsitmaRBTorass ratrdestapslsteden 10
nm adBig@particies ofdrRoGRE h@"iﬂﬂt@ﬂ&\ﬂe%%gﬂ%@%@%&%&%}@’%@uﬁ% ratio,

nm and 10m. The particle size is influenced b vent:nonsolvent
polymgg) RS ERE O, the viscosity of the polymer-solvent solution, the molecular wei ght of

the polymer, and the characteristics of the solvent-nonsolvent pair.

pH Shift Precipitation

Small particle dispersions can be formed by pH shift precipitation techniques. Such
techniques typically include a step of dissolving a drug in a solution having a pH where the
drug is soluble, followed by the step of changing the pH to a point where the drug is no
longer soluble. The pH can be acidic or basic, depending on the particular pharmaceutical
compound. The solution is then neutralized to form a dispersion of small particles. One
suitable pH shifting precipitation process is disclosed in U.S. Patent No. 5,665,331, which is
incorporated herein by reference and made a part hereof. The process includes the step of
dissolving of the pharmaceutical agent together with a crystal growth modifier (CGM) in an

alkaline solution and then neutralizing the solution with an acid in the presence of suitable



Wengfi?ﬁ%{f'zgﬁncentration, the viscosity of the polymer-solvent s%ﬁ%}ijigﬁz,ﬂt(ﬁéos 1107
molecular weight of the polymer, and the characteristics of the
solvent-nonsolvent pair. pH Shift Prggipitation Small particle dispersions
can be formed by pH shift precipitation techniques. Such techniques
typically include a step of dissolving a drug in a solution having a pH

surfac@lﬁﬁ)r:ﬁfﬁiﬁg disenis selible Jaloweskbyithe S0l chanpirgtitie ddgerdon of the
point where the drug is no , longer soluble, The pH can be acidic, oi(??ﬂsic,. d
pharmgepisatEeH G saPrEERI T FERSHRF SPOUNEY THESShAGT gaton o
purifidd§shnautialigeshiadarmodisears it ehsmall dasticlesOne osutiabizmirbion to a
_shifting precipitation process is disclosed in U.S. Patent No. 5,665,331,
desiredkiel-is incorporated herein by reference and made a part hereof The
PosRsSinplbRe S thersiemals dissaivineafifepiaunatetidcall a9@NS. Patent Nos.
together with a crystal rowt% modifier (CGNI) in an alkaline solution and
5,716k ﬁé@@é@z’aﬁ@{ﬁ@@ﬁatm i %A il th &5 SeRI B ESBR R e ference
and are Q0039243 EBEdUS2004/031107 16 surface-modifying surface-active
agent or agents to form a small particle dispersion of the pharmaceutical
.agent. The precipitation step can be followed by steps of diafiltration and
Infisi t-%ﬁé@%@ersion followed by adjusting the concentration of the
digprisienit@Rise predavabiOtbasyamples fobpHsshiftinguideinligpiasions are
methods are disclosed in U.S. Patent Nos... 5,716,642; 5,662,883; .
disclogggn, 990 ahd ATO P A A oTBO Chc Wb 5, HEREPaRgd bereim by

refercR0d Ae Made dpandeseoriniysioniZbeeipiiatliosbethod; Sditablecd in a suitable
infusion precipitation technigues to_form small particle dispersions are

organifbSEH ITED SIVHERINTS: 41887 A4S A BB WL fable with the
organCURLFARINRIEINAY 4RGSR ARCHRAHE At BANPAIRObérskPasuilableC and

solid compound is dissolved in a suitable organic solvent to form a

aboutsbI8Rt anikeire MHesion precifaemhenstiVerrhnscmiewnfciskowr daRftml per

nufP NS dRiniused infor the Qe mixiyre,ala EMASA-REMRSPADOIE] solid
IOy G& gr?g‘ngﬁoglﬁglégé% ﬁﬁ%t an infusi%{n rate of% f}é\;bou? 0.01 m% per S8
partigkinuteite abopbifdoth pesubsikotebenuiome oE80 drnwisrodlitsathan 10pm.

., suspension of precipitated ngn-aggregated.soli rticles of. - :
A U e e e ERA R Efing onsotvent
preferred.  The nonsolvent may contain a surfactant to stabilize the particles agamst

ageregation. The particles are then separated from the solvent. Depending on the solid
compound and the desired particle size, the parameters of temperature, ratio of nonsolvent to
solvent, infusion rate, stir rate, and volume can be varied according to the invention. The
particle size is proportional to the ratio of nonsolvent:solvent volumes and the temperature of
infusion and is inversely proportional to the infusion rate and the stirring rate. The

précipi‘fating nonsolvent may be agueous or non-agueous, depending upon the relative

solubility of the compound and the desired suspending vehicle.

Temperature Shift Precipitation

Temperature shift precipitation techniques may also be used to form small particle
dispersions. This technique is disclosed in U.S. Patent No. 5,188,837, which is incorporated
herein by reference and made a part hereof. In an embodiment of the invention, lipospheres

are prepared by the steps of: (1) melting or dissolving a substance such as a drug to be



WO\HPalSHE(@.g., by stirring) of the solution being infused with theT/US2004/031107
precipitating nonsolvent is preferred. The nonsolvent may contain a
surfactant to stabilize the particles ggainst aggregation. The particles are
then separated from the solvent. Depending on the solid compound and
the desired particle size, the parameters of temperature, ratio of

deliver@PRSRIMRNCIOY SHMRND HIUSIONIRAIE HihElaLaad ol 'Ehed‘éﬂfaédﬁﬂ?gdfding a

according to the invention. The particle size is proportional to the ratio o

PhosphalipdoRIERE SBIRHR GHaHTeEsa e e e fptiatamelisd isrbstanrcanerisrehicle at a
temperAA4Sr BRINCPHARA HHRNRLIAIBaIAMIRREALS ARAIGIEHEING \RIGCENSs) mixing the

p_reciPitating nonsolvent may be aqueous or non-aqueous, depending

SuspengipR Al th FTHETHB SEhaR i DR toivpBeiiEn aftfe debiede wilpehetirgenous

fine profRbi6ls, FmBgIaiuLR RIS pr&gﬁ@ﬂﬂ%%ﬁﬁﬁfélp t& (Eggﬁtilsgfﬁperaﬁue

techniques may also be used to form small particle dispersions.
or belogchnique is disclosed in U.S. Patent No. 5,188,837, which is incorporated
herein by reference and made a part hereof. In an embodiment of the
SolvenirBientiamchiBsphetaso@re prepared by the steps of. (1) melting or

giélsolving a substance such as a drug to be WO 2005/030273
TS SHPAGE TR0 P ET P LRRR RTS8 veRRSRS BtntaSiqBRricet No.

4,973 dbevehibbiansetphataeliesnb 2k rading AdoReseRqlipid aleng With 485 patent

. aqueous medium to the melted substance or vehicle at a temperature
dzsclosq;ﬁ »‘;}%

P TRy TRFFRRY At o o bstaies of (Ehrryidayg a solution
of a phERiXiREE] SUSRRNSIRM aha iePasRLES AbrvsHkEe meltingiempsraite é)?)flvent

he vehicle until a homogenous; fine preparation is obtained; and then (4
or Comﬁ%ﬁ}lc%ﬁm%@pﬁ%)ﬁ%%%w@mﬁér%rtﬁfévm@m(%mwdmg the
film oHRIARDBLSNRILEBHAIOMS YR SYAROTRHAMRTEL RIRINR BHNAYSS 8 rous
.. disclosed jn U.S. Patent No. 4,973,465 which is incorporated herein by
Stimgr@rg?BﬁéedEﬁafﬁﬁ% amatt prarkdts ThEe aeky ek eam baisanssed euddinsfererey
to the SIRABHRY FIGGERYSIAEARGAIRAMNA S EPH ORdIERI QLRGSO A & the

pharmaceutical composition and a phosphog%;:l dissolved in a common

compodanitEioBIT o F B Al Ao FRBISEH ertsO 1Bt eVraB kAt thestatiiusst Bich as
applyirSoiventaand (R siepeRdneitiantimeainadby.eyanartion of the

solvent or solvents in an aqueous solution by vigorous stirring to form a
ersion.of small particles. The solvent can be removed by adding

Reactie%ﬁprempgﬁ on

Reaction precipitation includes the steps of dissolving the pharmaceutical compound into a

suitable solvent to form a solution. The compound should be added in an amount at or below
the saturation point of the compound in the solvent. The compound is modified by reacting
with a chemical agent or by modification in response to adding energy such as heat or UV
light or the like such that the modified compound has a lower solubility in the solvent and
precipitates from the solution to form small particles.Compressed Fluid Precipitation

A suitable technique for precipitating by compressed fluid is disclosed in WO
97/14407 to Johnston, which is incorporated herein by reference and madé‘a part hereof. The
method includes the steps of dissolving a water-msoluble drug in a solvent to form a solution.
The solution is then sprayed into a compressed fluid, which can be a gas, hguwid or
supercritical fluid. The addition of the compressed fluid to a solution of a solute in a solvent

causes the solute to attain or approach supersaturated state and to precipitate out as fine



WQgi#aeitition to evaporate a sufficient quantity of the solvenbtorasiises/n3i107
precipitation of the compound. The solvent can also be removed by other
well-known techniques such as apglging a vacuum to the solution or
blowing nitrogen over the solution. Reaction Precipitation Reaction
precipitation includes the steps of dissolving the pharmaceutical

© particl&QMPABdAEHORe SHiiRRIR SRR RiouD.A %9@@8&6@%&%@%%#%% dhe cohesive

should be added in an amount at or below the saturation point o

energy dsmpoimidia b seivathichdhsommpimdissatisdiied by reacting with a
CARBRIEENAGE AL ORRY HHICETAN R ENEIY puch.as
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power BEfHElesiE OMBEGSSeA it Rregipiialiogn ée%qigr?%\ll/‘%{gmq%zgf:;%% particles in the

precipitating by compressed fluid is disclos
aqueou§gilisto dnIHICPRRS e FBHAre MR Iy tsafe resdeeand made a part

narerleTheamathackindideadie slsns ol dissaling aiater insalyble

drug in a solvent to form a solutioR. The u%%ll’lo% t%gh}r%%:r%%o i gfuch as a

surfactenfas inskilediindhishrshnianene a gas, liquid or supercritical fluid. The
addiion:ef she compransed g dnigsaluian gla.solute ina solvent
causes the solute to attain or approa sg%rg rggjar%?é'dsgtlg@ %f%‘crg;’ dispersions,

The PIgfERi PR agdiidayve PeUSFI02Y IMCENIEROR4OITIOT: -4&h dispersions

withouP RGeS RISCRE6 . 1S cRIPRressed fluid acts as an anti-solvent which
lowers thﬂkﬁgive %nergy dengity ﬁ%#@gggﬁéﬁflin which the drug is

dissolved. Alternatively, the drug can be dissolved in the compressed fluid

s ANCe A spors e an aqueous phase. The rapid expansion of the

compressed fluid reduces the solvent power of the fluid, which in turn

causes the solute to precipitate out as small particles in the aqueous

pﬁﬁﬁ%@lll Raris e leneronorap fes st mdidram s dydrophadne. testrdén the agqueous
system@bilize theRaHiGleaAg RSt ARATRYALAR:E §Hr€ﬁ8§15r?f difie &%uﬁglgnansageuﬂcally

surfactant, is included in this technique. There are numerous other

active fﬂmg&o@m%ﬁeﬁéﬁm@m|r?ﬁ!ﬁmﬁésqiépfei@iammm active. The
hydroplidtRatesday Qﬂm%%@c%tmgﬁﬁ%ﬁ%%ﬂ@gﬁg?t%;%ﬁ%' rc‘;%ﬁ*ﬁlggnd bgrgﬁ%lﬁlber of

) dispersions without significantly impacting the éfficacy ot the prep
differen{ mephampnsiadhsi spetsitipjpdispersion. For example, the hydrophobic region

can be associated with the pharmaceutically active compound via a covalent bond, and ionic

bond, dipole-dipole interactions, induced dipole-dipole interactions, or Van Der Waals forces.
In addition, the pharmaceutically active compound can be encapsulated in the hydrophobic

region.

A, Hydrovhobic Regiang

Surfactant Assemblies

Hydrophobic regions are kmown to form in agueous solufion from single or
combinations of amphiphilic-type surfactants in aqueous solution (e.g., phospholipids).
Surfactant assemblies include micelles (FIG. 1), reversed micelles (FIG. 2), mixed micelles,
reversed mixed micelles, lamellar form (FIG. 3), reversed lamellar form, hexagonal phase

(FIG. 4), reversed hexagonal phase, cubic phases (FIG. 5), reversed cubic phases, L.3 sponge
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the aqueous system (e.g. surfactant assembly, cyclodextrin cavity, oil
droplet) and the pharmaceutically- &étive compound, or from the
hydrophobic region itself if it is pharmaceutically active. The hydrophobic
region can associate with the pharmaceutically active compound by a
phases,ntevdes &f3 difxfﬁfg&‘ltph]ﬁeklamhﬂrﬁﬁtbﬁmm afipasticl g Hisiensigiutof normal or
reve ex% gle the 6g?/dro b|c reg n be as ciated with the
TS RAATA CRERR c%% 8%0%80%6%% &rRre, and
temperﬁhmle{ibpbdﬁtat@mmtbm}splfnihmmjmbeﬁhpﬁle interactions, or Van Der

Is forces. In additio harmaceuticall actlvec ound can be
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icelles, lamellar.fo FIG, 3), reversed lamellar form, hexagonal
B e RS i IS AT B S S GBI P L ESpes 18y he mmicele of
FIG. 1 r@c&mﬁeﬂ@pbl&rﬂhm@&:ﬂhiﬁ S0 BgRN Gh2Q08P3ORAA the core and the non-polar
ail I;’C IU%%O ?/031 10g hases, eyer 33po %géhases and

S O R AT AR T e rlcr?é[ﬁbn eONLSES Wopriivgd and
their reotrsh ecsmﬂmp‘am tYhes,suff, gﬁaﬁbm&ﬁﬂ@ﬁ@i&ffoﬁm@eﬁeﬁnﬁed
rﬁeg\(ﬂ:gch ?ﬁqes woul als fall withjn this class. FIG. 1 shows a

mi el bR rthnipRfidRsHE RS2 ke rﬁ?é?éﬂt%}?hlphiﬁc

me1ecmmﬁ>ﬁnmgm&mﬁaeam@thmmg§m NORNLE bOWHEPDRIE. 1S déhctures

the am hilic. mol cuI extendl axially |nwardlydef|n|n acore 16
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The paltie:doteyte Bieimieyarapﬁam a@d Ei@pa'tllﬁd&@%@aﬁe&@@f&ﬁ@}@%ﬁﬂ?h%o which
rﬁ? me in.all res ect%to the né’celle of FIG. 1 except the polar
y d{f S e R Bt barth TGP AH PR pﬁﬂ&i‘“ﬁéi@leﬁ as a
series ceixtendadutvealidly @NGEYifyenkihel eares bisondlhsdisedortne RRases fructures
42 general and their reverse counterparts. Thus, a figure for each reverse

form has been omitted. FIG. 3 shows a lamellar phase 30. The lamellar
fiasesAhbas spacediaplphiphiliGubic phase 50. Seven cubic phases have been

identified to date and the structure tentatively described. The bicontinuous cubic phase 50

has a series of bi-layer structures 32 which define an interconnected network of intersecting
tubes providing aqueous pores 52.

The 1.3 phase is described in U.S. Patent No. 5,531,925 which is incorporated herein
by reference and made a part hereof. The L3 phase is very similar to the cubic phases, but

lacking the long-range order of the cubic phase.

Complexing Agents

Hydrophobic regions can also be formed in aqueous solution by the addition of
complexing agents, such as cyclodextrins. Cyclodextrins are also commonly used to interact
with an insoluble drug compound in an aqueous solution as disclosed in U.S. Patent No.

4,764,604 which is incorporated herein by reference and made a part hereof,



WO 8188388312 forming stacked bi-layer structures 32. The areBHEHIE0H 031107
the bi-layer structures 32 and the area between the hydrophobic tails are
known as the pallisade layers 34 ancb36. The pallisade layer 34 is
hydrophobic and the pallisade layer 36 is bydrophylic. FIG. 4 shows the
hexagonal phase 40. The hexagonal phase can be envisioned as a series

TWO-%Q@H@M' gHes (FIG. 1) stacked on top of one another to form tube like
structures 42. FIG. 5 shows one example of a_cubjc phase 50. Seven

Hydrephebisnss88Tad® e AIRFENSHTS HafeBnt e Ktr it efipmyayumber of
heter 885G Gl BMANIE QNIBO Um Shidie P BARASh ) a5 @ SEHIeSiOhf) da¥Riisions, as well

structures 32 which define an interconnected network of intersecting
as othgies providing aqueous pores 52. The L3 phase is described in U.S.

PaignhNeroned lofdrWiieh j3d8GarpaiRigbhesain vy Fataiearaandany of these

made a part hereof. The L3 phase is very similar to the cubic phases, but .
formyefifng HeKSHYS RHGEGRBHE LB (RAREMEMAENRITS Kb hydrophobic
regiofaraphobicseaiops-GaR @ﬁ%&@iéﬁ[%ﬁdﬂ'elﬁ%%%%ﬂ%{bbbé% itself if it 1s

addition of complexing agents, such as %/clodextrins. yclodextrins are

phargpcs iGNV Gs e e ersceuitpl s o BRI S3mpe dptpTRoGR ed info the
hydréSieRussabtionpsdisglased iy o RaemiMond FPAROAMNIEEIS mechanisms

incorporated herein by reference and made a part hereof. WO

mentinss/Geey 73 PEIN SHdbase sTIFns areT HespHsde iDigisérdidis “Surfactants and
Powyﬂ@m@r{a&ﬁ@ GIORBIR, 2N AIHIO0HA WHEMLRRASOREIIIRESFOSRRA herein by

number of heterogeneous two-phase systems, including emulsions,
refergnRg GefRgs P BLBE8ASIons, as well as others. As mentioned earlier,
the present invention can be practiced with any of these formulations
where the pharmaceutically active compound associates with the
bic region to form a small particle dispersion, or from the
hydrophobic region itself if it is pharmaceutically active. The
pharmaceutically active cmound can be incorporated into the

hydrsheapityregrawaE ofitbseaifpeslarfsrmelatisnahighitie nomBsuys include
phosgié%giﬁs?argfgﬁ?gg an@glgd ApavenMany of IRSeGIYAILMRRLS dRSFHDH nydroxyl
groups of the glycerol ester linked to fatty acids {defining a polar tail) and one termunal
hydroxyl group is linked to phosphoric acid. The phosphoric acid in turn is linked to another
compound (e.g. choline, ethanolamine, ethylamine, glycerol, or L-serine) to define a polar
head group. Suitable phospholipids include, for example phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, phosphatidylglycerol,
phosphatidic acid, lysophospholipids, egg or soybean phospholipid or a combination thereof.
The phospholipid may be salted or desalted, hydrogenated or partially hydrogenated or
natural semisynthetic or synthetic.

Suitable surfactants of the present invention include anionic surfactanis, cationic
surfactants, nonionic surfactants, zwitterionic surfactants, or biolbgical surface-active
molecules. Suitable anionmic and zwitterionic surfactants include but are not limited to
potassium laurate, sodium lauryl sulfate, sodium dodecylsulfate, alkyl polyoxyethylene
sulfates, sodium alginate, dioctyl sodium sulfosuccinate, , glyceryl esters, sodium

carboxymethylcellulose, cholic acid and other bile acids (e.g., cholic acid, deoxycholic acid,

glycocholic acid, taurocholic acid, glycodeoxycholic acid) and salis thereof (e.g., sodium



WPHIA#8937#h Aqueous Solution,” 2003, John Wiley and Sons, aghials1804/031107
incorporated herein by reference and made a part hereof. V. Surfactants
Particularly important and safe classgs of amphiphilic surfactants include
phospholipids. Phospholipids typicalfy are triglycerol derivatives having
two hydroxyl groups of the glycerol ester Ilnked to fatty acids (defining a
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polypmp(yrﬁneagkyczy}atteﬂghaimhﬁactam’&mgwmﬂ aneangl dlovted oyl alkyl polyether
tassi um Iaur SOdI m Iaur Ifate, SOdI m dodecy sulfate, alkyl
alcohBP 1 Sl%

QO&HX%ne sﬁﬁé’t"eé"’xéﬁ%” a?grna%gpa SRR Shcchelpramines,
methylg@hécybeh@mmeﬂimmmahpdmw@hi’dgigzﬁihllﬁﬁﬁseph?@fbﬁ?Iﬁr@pﬂxﬁﬁﬁﬂﬁceﬂules}e,

noncrgfs%ﬁrcrds Igmcholl %%'9 de X Cla J@%%% ?é%/é:.och Jﬁ% éft%%%&réghgmh i

yco eoxydh ¢ 3Gid) and

hydrc2Q08/030273 @{E),) $2BEHOBALORL ixmepmwh@taﬁr@iﬁdb@uﬂabl@ne preferred
nrc surf cta s include. but e not limited fo rnary ammonium

form 0E%Im polnds. Crrglas SEhZaficonh %m&ﬁlgrrﬁé’ i@%?l éﬁﬂﬁaﬁrﬁ%raﬂwmpﬂene

copollymm igle] pmﬁqrt{hmetbwbkmzptﬂmm@mﬂmﬁfﬂﬁiﬁegiw £8dliR%ene glycol. Such

drochlorr lp r |n|um le .nonionic surfactants
: po}Lyrrllnc?uae pog/oxye({ I@{ne hpt?;ﬁﬁggh@g@ 561 sareBgss referred to as
PLUIﬁGNHZ%thnycBerseléobbltméaﬁty@pmzemerﬁc({miﬁgoﬁ)ﬁms).ﬂ@@b{ﬁﬁe@%ﬁﬂ@ah and

_ fatt acrd e g(e itan.esters (S lycerol monostearate X
Rugers, %ﬁy % %ré’pﬁegn%mgﬁ?c émé 4 bgrohavassteialis! chains.
One tatautpdﬂ:, sfeani alemiﬁmitmt}dsa‘i@&l,vm@lﬁ&m 15, polyethylene-660-hydroxystearate,
manufactured by BASF Aktiengesellschaft.

Surface-active biological molecules include such molecules as albumin, casein,
heparin, hirudin or other appropriate proteins.

For oral dosage forms one or more of the following excipients may be utilized:
gelatin, casein, lecithin (phosphatides), gum acacia, cholesterol, fragacanth, stearic acid,
benzalkonium chloride, calcium stearate, glyceryl monostearate, cetostearyl alcohol,
cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers, e.g., macrogol
ethers such as cetomacrogol 1000, polyoxyethylene castor oil derivatives, polyoxyethylene
sorbitan fatty acid esters, e.g., the commercially available Tweens™, -éolyethylene glycols,
polyoxyethylene stearates, co.iloidol silicon dioxide, phosphates, sodium dodecylsulfate,
carboxymethylcellulose  calcium, carboxymethylcellulose sedimn, methylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose phthalate,

noncrystalime cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl alcohol
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polaxamines, methylcellulose, hydroxycellulose, hydroxy propylcellulose,
hydroxy propylmethylcellulose, noncpystalline cellulose, polysaccharides
including starch and starch derivatives such as hydroxyethylstarch (RES),
polyvinyl alcohol, and polyvinylpyrrolidone. In one preferred form of the

- (PVADVERIBBLR NeRenik s fasian! ISR RUYKYEIMENGARre described in detail in
the g‘i)lyoxypropylene copolymer and preferably a block copolymer of

Sifenk gRfcol Baransyiasé Jfyeapistisn pulisesd ateiddyd bideftheAmerican
Phariiadememe RQLENANER@Isprsompimasdefriein.aty PLURGNIC gy, the

sold by several suppliers including BASF, Spectrum Chémical, and
Phanpageutical it pbigoxyBiayaheceamy ifiers srsremmenrcialy avedeblaentor can be
prepSB@IAHSARRGIRS . KENCSXAMPIOT SMEh B SHIRCANES SQLHEQL QS: used in
15, polyethylene-660-hydroxystearate, manufactured by BASF
combidiiesellschaft. Surface-active biological molecules include such
molecules as albumin, casein, heparin, hirudin or other appropriate
VL ingi JToF It s mere atie faliowing.excipients
may be utilized: gelatin, casein, lecithin (phosphatides), guns acacia,
cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium
stagraiepplyaaty/| saanopinarRieRRIoSIRAIAI Ao CRIPMAGKAARE: of different
emulsifying wax, sorbitan esters, golyoxyethylene alkyl ethers, e.g.,

meC S Y it S0 S e O RO EIa G0 VBRI areasiae her deamdicdiyolume of
activalesalVES RO N RMIRvIeNSo B prolind 3l ARicheSIBSuRIGr MGsically stabilize the

commercially available TweensTM, polyethylene glycols, polyoxyethylene

phargpespicall i oAGHHS SIRESH i R FIsepRat@84didhe dadsimatobic region
asso MR IHBE eI & GG (ReXVmeRVIcs IS SO hamic stabilization

. . methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,

is the, GRS Rir B rREtRSER MNGRE PRikhRaE! AbmobSIRRy eatussctants. For these

systcASSILPd RMAIBUMSHCRI g1 i@m@@&m%nﬂﬁ%\@ﬂ)@%%gﬁ IS enhancement
2005/030273 PCTIUS2004/031107_-22 (PVA%, and polyvinylpyrrolidone

and disvpfi et by dhere Ricchnedicard-qusedmsanin quwll iertisermigons that are

unsta%ﬁc?ﬁ\ﬂﬁﬁ?@%%ﬁﬁé@@%@i;%@@ﬂﬁ%i@@?ﬂﬁé@%ﬁh&ﬁg@&ﬁ@ﬂized by performing

Pharmaceutical Association a he Pharmaceutical Society of Grea
termiBpk siFTitatipR Attt REaTpres sud et the domdeeiniaitessarctant system is
createPFACrgiadly available and/or can be prepared by techniques known in

the art. Two or more surface modifiers can be used in

Example 1

High-Pressure Sterilization of an fraconazole Nanosuspension

A 1% iftraconazole nanosuspension conta{ning 0.1% poloxamer 188, 0.1%
deoxycholate, and 2.2% glycerin was manufactured using a combination microprecipitation-
homogenization procedure (US Patent Application 2002/0127278 Al). The initial particle
size distribution as measured by static light scattering (Horiba LA-920) is shown in FIG, 7.
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Dispersions High pressure can stabilize small particle systems by a
number of different mechanisms, whigh_can either be thermodynamic
(volume of reaction) or kinetic (volume of activation) in origin. In addition,
high pressure can chemically and/or physically stabilize the
phar, ' tive ingredi d[ nd/ok th i~ . ,
B e e R A s S iglgod wing o
normahasteriaplegoditbleroid@yfanfic SfabilimationTistheselffettotinighqiesagresation of
on.the cloud point.of polyoxyethylene surfactan ofr these systems,. . . i
e o B R e GH CETAB RS O L 8-y ORBERR AP this sort s
typicahlfiancemenpeasididistiplivrdhhydsophohietbondigcicanpeaentyss than 121°C
small particle dispersions that are unstable during autoclaving due to

(CloyRRIF T JrREEHEREEA Tart bé Stbilized by performing terminal

stqﬂliéaﬁﬁﬁg@txﬂmeﬂ@r@%@ﬁ%@ﬁ&%&@@w&&m%@fdﬁﬁg%ﬁéﬁﬁigﬂlpressm
.Systemis greater than 121 C. Example 1 High-Pressure Sterilization o
steri ﬂ?&c&lﬁ%?%o?@%é%ugﬁgns%ﬁ}}? TS HHERD RS sivss dipEhslsm of the 1%

itracSRAUSIN NG Qe RAlRXAMBIEAR Bp Jorctieaxyshlate naug %R 1R Blveerin
was manufactured using a combination microprecipitation-
homogenization procedure (US Patent Application 2002/0127278 Al). The
- VIL initia] pasdicle ﬁ%ﬁi@bﬁfﬂ@@!ﬂﬁbﬂ%ﬁﬁ%ﬁﬁ@tﬁ&ﬂﬁ% light scattering
(Horiba LA-920) is shown in FIG. 7. W
PCT/US2004/031107 -23 As a positive control, a 5 ml sample of the
na@Hgﬁ?@aﬁi@_%%ﬁﬁib[ﬁ&ﬁt%ﬁﬂt?&ﬁéﬁ%m%idmm@u@%@ﬁ!ﬁ‘ﬂaﬁé{ﬁ'%I?meer with
0

121 r 15 minutes. This resulted in significant aggregation of the
temnSEFER A BISHBRH OB RS ligH s ehwehagasta i migc inggred ditbh while in use.
The UpBSMdS IS5l DANGSHSRRRSIONS iz \fpsur
© tc(*E)ﬁud poin% g%ess than 121C§%oud po?ri:t?g? é?%%e% 1%%32[%)?%%%5%0 has
heat sepies dhabwisherbtha siaitigatensharmiieniovadSieAndedaising the

highrprassiee sielization cyeleshRWRIMRIC 12 E!a@pgeéf*g _ieﬁ{dg%esystem in a

size distribution of the 1% itraconazole nanosuspension rémaine

desir@énﬁﬁ%l%héwaﬁ@éé PRETEPRSRIFR I REePRoatms Hieh IRregzaifen will be a powder
formo RNNZEISP EAMRMRBLAPSMehrdRlngies In a preferred form of the nvention, the

pharmaceutical preparation is contained within a container which changes in volume or shape

in response to pressure applied {o the container. Such containers can include a flexible
polymeric container or other flexible container such as a syringe barrel, cartridge for a jet
injector or a metered dose inhaler. These containers will be discussed in greater detail below.,
The present invention further contemplates adding the pharmaceutical preparation directly to
the sterilization chamber.

The pharmaceutical preparation is inserted into the sterilization chamber where the
preparation will be subjected fo a change in pressure, a change in temperature or both
simultaneously. Unlike present aufoclaves for sterilizing LV. containers and the like which
only reach pressures less than 0.25 Mpa, the present method subjects the preparation to
pressures in excess of 0.25 Mpa. In a preferred form of the invention the preparations will be
subjected to pressures from above 0.25 Mpa to about 1500 Mpa, more preferable from 0.25

Mpa to about 700 Mpa and any range or combination of ranges therein.
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chamber with temperature and pressure controls. The chamber has a lid
which is closed tight while in use. Thgsapparatus is capable of reaching
pressures up to 1000 Mpa. The apparatus also has a heat source that
can heat the sterilization chamber to 120C and above. The method for

using the RRPHRLNF Hdestha Glers %Brggigi@&ﬂ;%&?é%ﬁaapﬁ@sﬂf@dm as to

form. In the case of pharmaceutical preparations, the preparation will be a

minigi e (eModolgoRTEPASHIN alfuEFRO Ak titte Wperaioiesih pretssrarf 25°C.
Pxefemm;e&ﬂa%mﬁgﬁae theaRhguRaceHiicat eﬁe%@géogfi%@e?@&%dg%%}%zy 90°C,

a container which changes in'volume or shape In response to pressure

momdﬁﬁﬁ@_é‘%b’th@&@n@ﬁ#n&?%@%hﬁ rﬂé@“@aﬁﬂddp;@lema flgRings gemypaesiiore-time-
pressEANAIRELOLRINEE HRxhie SRRIAIRRERYCH (%;%eé’e\é%&tﬂai ais | i?xgg%qgg }E%paration

. ajet injector or a metered dose inhaler. The ers w
witheysepisdag drvlppsecdreatiir stably stathdqies anstahle stidn 36 tivgrreparation.
conterpRiERAde e Pharmce g BERARIBAIRIN B8sie where a
sterilization chamber. The pharmaceutical preparation is inserted into the
pharggsenissoprepriptinay \wspestb ippepatatonivilias 20bbtteditd encgngadded to
raise ThOIERPUIEnACRARIRIN mPesaniLe of bafh, Sigultane e
presgﬁ?autoclaves for sterilizing F\Jl; cont%ners anﬁ%ém%wgﬁﬁ/mm cycle
of lysgdngibsspressitss ihariDmEBivpa, Hhsprssendniethatbgulthects there to room
ternpRERAI NI, PIESSURSSHIN £XEesS . .In a_preferred form of the
empinventi.on the(,%reparations will be s%%gc%gglﬁ%%?ggs&rg%s%g?n Saé%)\}goé?%”erame
changgp duoreboeh SesWpatlsord nsftsatyerftons Ch2Bgdd pee tdibmdtbydstantaneous
diabMpa apd: g nati ges therein. WO.2005/030273 .
i S e R e e e e gession
resperdivigiaraiineienl dipresbu rsldovassteriliining ze e pedimd fheipugparditan BSor more
. cycle@’é‘i’é)ﬁ?éjd.to temperatgres in excess of 25C. Preferrably, the temperature
of the system will be in excess of 70C, more preferably 90C, more
prdfes pbartocdized prestptieferabiytideedsidriighé wiéaribarobability of 2 non-
¢ -lgelmgqgaet&{}( ime- ile h as-the ope.shown in EIG. 6.can
stert be emplo eggtl{%n%égrlggjg %%%%%ﬁ%%“wﬁ‘ﬁ%% %ésus%%?gjﬂléﬁglga%ggsfrg%@em and
tapanpge pladstoasienedie thgursstable state of the preparation. In particular, FIG.
6 shows a temperature-time-pressure profile where a pharmaceutical

VIILPIeRaatory i &xpased.ioRigssuLes of about 700 Mpa and energy is
added to

The 1% itraconazole nanosuspension processed above using a high-pressure
sterilization cycle is currently being tested for sterility. In saline, the effect of high-pressure

sterilization on the 1etha1ity of Bacillus stearothermophilus has already been demonstrated

(using the most heat-resistant of the strains mentioned to have demonstrated high moist heat
resistance with respect to bioburden — see reference ANSIAAMIISO 11134-1993,
Sterilization of health care products — Requirements for validation and routine control —
Industrial moist heat sterilization. American National Standard developed by the Association
for the advancement of medical instrumentation and approved by the American National

Standards Institute, page 12, section A.6.6.). Test and control units inoculated with at least

one million spores of Bacillus stearothermophilus were subjected to two different processes -

the first process used a pressure of approximately 600 MPa for 1-minute and the second



WG AN tEmperature to about 121C for a period in a first cy@ETfERAEEE1107
by a second cycle of lowering the pressure to atmospheric pressure and
lowering the pressure to room tempe@sature for a period. FIG. 6 shows the
preparation experiences rapid temperature changes during each pressure
pulse. These temperature changes are induced by instantaneous
proceadiglidighaestingoangnosline e tbeorkork €6 TRERPEASIQBIANThe initial and
decompression, res&sctively. Typical times to achieve sterility are on the

highes} JemBFTAiHGRE RAG PSR iRbEE LS afadiddd” Shemaitalbeulisasurvivors
were HRRAralieRisaansidaredRigulizehenthePrabadility. of A nens StlSated that

. ..unitis equal to or less than one in a million. This satisfies United States,
sumilen fesydts P H bo dpud sehem dhe doe plereragpliremiantysRATBi R tisaingcstated and
sterillh&i Sterilization Process The 1% itraconazole nanosuspension processed
above using a high-pressure sterilization cycle is currently being tested

for sterility. In sﬁmgﬂh[e ﬁgﬁ%} 8gjhh%rﬁ%e§sure sterilization on the

; i
|ethal|ty of Baciif#s=steatraticts 1O s i onstrated
(using the most he@@émm have

demenstrated-high-meist-heatresistance-with respect to bioburden - see

olution iizati g
SIS ANSHAANHISO 1113 R THESTE EANULNSh ot healih-care o

prouucts = Requireneyty ﬂﬁ’a}’éﬂé‘lf‘-ﬂﬂ;&h@‘d R,:tﬁmﬁ ?&hbtéﬂiﬁéuém stria
salindEyslikeat stenilization. Amedcanbalionat Standaro-deyetoped by the
SalifkskoaiatipnCat-dhe pdvancement of medigal Instrumentation and  —37g1¢¢

approved by the Amefiganthl &troiadecStaneded Sningtitutecpage=-12, section
Saling igipnfesteaifieréontrol LASAS. FighRtatent Withrgtieast 191G millidn spords

of Bacillus stearothennophilus were subjected to two different processes -
the first process used a pressure of approximately 600 MPa for 1-minute
X, @pstihegecond WO 2005/030273 PCT/US2004/031107 -25 process
used a pressure of approximately 600 MPa for six 10-second cycles. The
initial and highest temperatures in both processes were 90C and 121C,
respectively. No survivors were found in the saline solutions for both

procensesc(seadad)edjeiiis/antisinaetdnicsioilacrreylts, wilkhe losmdceatical
adm%&%‘%]netgﬁéﬁ%g@g%%ﬁ@%&y) e%&*ﬁﬁé@%@%ﬁdbgggeﬂsﬁgfrzldh%grdrhetheds of
the present ir;wentien. Examples of such containers include, but are not limited to, fluid
administration sets (including those containing syringes), blood collection assemblies (e.g.,
blood pack units), disposable assemblies for automated blood processing, dialyzer
assemblies, and peritoneal dialysis bags, catheters and assemblies. Typically such systems
will contain a fluid transfer member (e.g., tubing).
FIG. 11 shows a flowable materials container 150 having two side walls 152 defining
a chamber 154 therebetween. An access member 155 provides for sterile access to the
contents of the container. FIG. 12 shows a multiple charnber container 166 having a first and
second chambers 162, 164 connected by a peel seal 166. Such multichamber containers are
particularly suitable for storing a liquid in one chamber and a powder in the second chamber
or liqud in both chambers. The peel seal allows for mixing of the components just prior to
usage. Swuitable muliiple chamber containers include, but are not limited to, those disclosed

in U.S. Patent Nos. 5,577,369, 6,017,598, incorporated herein by reference and made a part
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Conditions CPU/mt Saline Solution | - Control None 1.9E10 600 MPa,
One I-nunute cycle, Initial Temperatug# = Saline Solution 1 - Sterilized
90C, Hi h Pressure Temperature =121C 0 Saline Solution 2 - Control
None 3.7EIO0 600 MPa, Six 10-second cycles, Initial Temperature =

hered3aliTie: SodlHod L2 clstenlwee90ChHighteiessre: Eemp satufeeloddb e Shsisting of
IX, Containers Various contaipers, preferably those used as medical

a Sea@/ﬁ‘é‘é EeyanEh ArATHER (?’afeﬁ%Fi &tion, renal dialysis and blood

coligciinakrepeasshng Can e Sterdicre byhmeldedeAfs the: piesRNrom a non-PVC
invention. Exangwg{les,of such containers include, but are not limited to, fluid

containing-RAMRER S8 FIRGHANR HbRE OMEn IS AR BTGB ERIE A (FIG. 13)
or a afifambliesce1g1 Halgad RIS kedisPPRARIEIFISATP e SsTRRALIATREd 4. 1t is

blogd pracessing, dialyzer_assemblies, and peritoneal dialysis baﬂ%j?,_

contergmaed hang LR HSs 2ropRaIR herEPstdmangiiee dRtamed Hifdmvention, the
side Walsiae MEMhrh{eddndulingd: thesiddrshaws.-aripakie materials

container 150 having twaq side walls 152 defining a chamber 154

theBHRRITER: TAY A cRualing RBLEs fSFFaHBl foihs iR malke e lgdpaolyolefins,
ethyeaBtants Rhifie LRntainslaf! Cophows arpukiplameh asker gRaimSsituted alkyl

160 having a first and_, second chambers 162, 164 connected by a peel

| p
acrylage| s8R0 BNER-mEHHIRHLEBBNAIRE aroPBhSHTary Luhuiadisaes, polyesters,

polySioideg adiciidn-ong Bhambabandso9wees in the second chamber or
liquid_in both chambers. The peel seal allows for mixing of the

compnrefueleins ingludedpenanismesand srpelanmeeigiaiiarpolymerizing

alphiPsluges Rubasginetdisnites 19, trosgslisciaseds, indd SafateRtNASIy from 2 1o 10
5,577,369, 6,017,598, incorporated herein by reference and made a part
carbqney 26beRIgTR A¥BeH DShobHos Ietrde B Ersss Tk seemlymercRiipropyiene,

ethylb¥heeindhe sontainer @ﬁ@@ﬁxpﬂgaﬂéﬁe,ew%@%aﬁ@ﬂ& of Riegaledhonene-1
fluid container, a sgrln e and a sealed tubing. In a {)referred form of the
and geseReon, Messrisifaheyaie malyelfimia h Bampe veemtanmg Puaier! propylene

ora i{&%@gﬁ,ﬁ@}lg%@%@%ggg{?&h@%@nolayer structure 170 (FIG. 13)

Suitable homopolymers of polypropylene can have a stereochemistry of amorphous,
isotactic, syndiotactic, atactic, hemiisotactic or stereoblock. In one preferred form of the
iﬁventitm the homopolymer of polypropylene is obtained using a single site catalyst.

Suitable copolymers of propylene are obtained by polymerizing a propylene monomer
with an o-olefin having from 2 to 20 carbons. In a more preferred form of the invention, the
propylene is copolymerized with ethylene in an amount by weight from about 1% to about
20%, more preferably from about 1% to about 10% and most preferably from 2% to about
5% by weight of the copolymer. The propylene and ethylene copolymers may be random or
block copolymers. In a preferred form of the invention, the propylene copolymer is obtained
using a single-site catalyst. ”

It is also possible to use a blend of polypropylene and o~olefin copolymers wherein
the propylene copolymers can vary by the number of carbons in the o —olefin. For example,
the present invention contemplates blends of propylene and a—olefin copolymers wherein one
copolymer has a 2 carbon c-olefin and another copolymer has a 4 carbon c-olefin. 1t is also

possible to use any combination of o—olefins from 2 to 20 carbons and more preferably from



WHrAEPle layer 171 having a first and second layer 174, 1PRBLASSSHBIBI107
in FIG. 14. It is contemplated having more than 2 layers in the film. In
another form of the invention, the siderwalls are non-oriented and are not
considered heat-shrinkable films. Suitable non-PVC containing polymers
for forming the side walls include polyolefins, ethylene and lower alkyl

2 to Benrisiascopalynitigiyethylereanddeveionl kuhauRstiiard Al b AR e and o
1e6S0 olg/mers, ethylene vi.n%/ll acetate C(ggolymers, C%(ajrlybutadlen_es., o

Vb G e e T e T ———

carbc@uitahtemolysiafins indgde ﬁxmmﬂlgrsxﬁuda%wwﬁﬁa%@m% R¥re than 2

olymerizing al -olefins containing from 2 to 20 carbon atoms, a
poiy;r%%}r/q] R i

PRy 59BeigmEsT HBrikieTheRgtore iiiahlsro blgietimsbe obtained

usingactatidipoproress@nd copolymers of propylene, ethylene, butene-1,
p teneé]rlﬁ;f-rfrilﬁth l-l-pentene, hexene-1, heptene-1, octene-1, nonene-1

b B0 AR TR 5T A EB R AE ROIgIaRes ih mell strongth
polypropylynesicef PLORYIBARHRLAREBOREHETIR G @ﬁ@!ﬁ@ﬁﬁé@%ﬂ%@%ek flow

ind Suitg blettﬁomo onrPeri of polypropylene can have a stereochemi
X ?)ﬁﬂo & THUgtaltic L\ HEBEAt O tadaco A e CER staretblpekerably 30

gramisiOn@ipretepes gamnbthgni,rmeaﬁ?@@&Wﬁﬂiﬂﬁ%&&?%@%}f%ﬁ High
It |§Fobt meiﬁjsmg a single site catalyst. Suitable copolymers of propylene
met 8 5%%"3 PR SRR BropiasRelivrrainionsviliziarbaanrbiin of propylene

unitshaEIgodo BT Brip 20 epdIopo PP BB RIEIQHSH IRy INe gQgﬁgé{O&a}ggteﬁstic
have E{%E/I%ne%g copolymerized with ethylene in gn amount by weight'from .
IS5 R Sh S 900h 217 Nore e AHN ABM dlGu S Aerah 6t 0% which are
incorpadiRDHeprrfarablyrfient2%nto abeut DRy meight ofthe 5%%0%1%}%5& includes
ocC

e propylene and ethylene copolymers may be random or

. .Th
IrradighRg) s REat nPEOBYATEF RPFSRMTOfihalinGBTRERENS jRopiliishe topatyivieroxygen

concdateiaiNRAbISING % BPeenaie GatRlySh |§ﬂ§&§%ﬂﬁ§%ﬂ&keeﬁl%§%§%§lgﬁgg 2 dose
f1 g)olﬁligropylene and a-olefin copolymers wherein the propyleng copolymers
of L AR dRF BRI R bR Eab 8RE9R pletineaificist &xasmibstatiéal amount of

chainfyeis€ioh By el iBRecOptepMatesdNends: O RPYENE AR RoRI8 M. 1use {he materiai

; Ijco olymers wherein gne copolymer has a 2 carbon a-olefin and anot
° %%%%Tyrﬁ@laﬂ%uﬁ 4 chSorTERdidien 1F RsaiSo iposhiite ssiggerany The subsequent

e A 0 SRR R B v
chain fragments fo chains to form branches. This further results in the desired free-end long
chain branched, high molecular weight, non-linear, propylene polymer material. Radiation is
maintained until a significant amount of long chain branches form. The material is then
treated to deactivate substantially all the free radicals present in the irradiated material.

High melt strength polypropylenes can also be obiained as described in 1.9, Patent
No. 5,416,169, which is incorporated in its entirety herein by reference and made a part
hereof, when a specified organic peroxide (di-2-ethylhexyl peroxydicarbonate) is reacted
with a polypropylene under specified conditions, followed by mélt-kneadmg. Such
polypropylenes are linear, crystalline polypropylenes having a branching coefficient of
substantially 1, and, therefore, has no free end long-chain branching and will have a intrinsic
viscosity of from about 2.5 dVg to 10 dl/g.
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propylene and a- olefin copolymers wherein a first and second ix-olefins;
have the following combination of cargan numbers: 2 and 6, 2 and 8, 4
and 6, 4 and 8. It is also contemplated using more than 2 polypropylene
and a-olefin copolymers in the blend. Suitable polymers can be obtained

Usﬁ’ﬂﬁhﬁ)@ﬁﬂ%ﬁﬁffﬁ?&k‘ 6 Hiiahe/sechRRIaniba0IRA158 AdHAR B¢ breater than

strength polypropylene. High melt strength polypropylenes can be a

0.915 sfpoor il edesolsory Arasisr pobstbpirenchbliEy anedinmoleniiberolyethylene
(MDPEURdRSERRGRRY 1,919&@[9&@@@'@]59‘800 grams/10 min., more

preferably 30 grams/10 min. to 200 grams/10 min, or any range or
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Diagram 1

The R group refers to alkyls having from 1 to 17 carbons. Thus, the term “lower alkyl

acrylates” includes but is not limited to methyl acrylate, ethyl acrylate, butyl acrylate and the
like.
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ethylene include those having a density of greater than 0.915 g/ec and
includes low density polyethylene (g@gg), medium density polyethylene
(MDPE) and high density polyethylene (HDPE). Suitable copolymers of
ethylene are obtained by polymerizing ethylene monomers with an
a-elefi Y/ 10,2 [ ore preferably 3-10 carbons an
o e S B R e B e formuta

set forthpolymeeofBthylene to have a density as measured by ASTM D-792
of less than about 0.915 g/ce and more preferably less than about 0.910
g/ce and even more preferably lessghan about 0.900 g/cc. Such polymers
are oftentimes referred to as VLDPI (very low density polyethylene) or
ULDPE (ultra low density polyethylene). Preferably the ethylene a-olefin

copolymers are produced usin ingle site @gtalyst and even more
preferably a metallocene calaliyst systeargls. Single site catalysts are

believed to have a single, sterically and glectronically equivalent catalyst
position as opposed to the Ziegler-Natta_type catalysts which are known to
have a mixture of catalysts sites. Such single-site catalyzed ethylene
a-olefins are sold by Dow under tﬁ&ag?g?zpame AFFINITY, DuPont Dow
under the trademark ENGAGE& and by Exxon under the trade name
EXACT. These copolymers shall sometimes be referred to herein as

mRILBP B2 SiREIKMsdsoNM et BrBaRAcHE srdwie demsemg rrahenal carbons or
have lQW@RRIYL agi¥iBle sopRiysers Bihylengs Q@Qﬂo‘%ﬂﬁ”&ﬂﬁﬁﬁﬁg&‘%@ IﬁX}'ylates”
ny

acrylate copolymers and ethylene vinyl acetate copé)ﬁlgmers having a vi

includes Bith oMb Bt avsirsbiaieacthbymabaghylafemethyl ethacrylate,

thy GRRSVRRE, TheTialthalwar-alivl remmlaicsaels nonomers having
) ythe f%la sﬁgforth ?n gia r;hrggl: HH C?C? I?t]é)%afﬁgggm | The R group

refeviiFblia Rplatig ofc s frechiboprd Trdrsdfivcrmrodomenalkyl-butadiene
(thesB GRS IREMGSHBYL ISRA iMiteshigrmativlagylate, GIBY BCLYAIS: form of the
. butyl acrylate and the like.
mvention, the polymer is a 1,2-addition product of 1,3 butadiene (these shall be referred to as
“1,2 polybutadienes”). In an even more preferred form of the invention, the polymer of
interest is a syndiotactic 1,2-polybutadiene and even more preferably a low crystallinity,
syndiotactic 1,2 polybutadiene. In a preferred form of the invention, the low crystallinity,
syndiotactic 1,2 polybutadiene will have a crystallinity less than 50%, more preferably less
than about 45%, even more preferably less than about 40%, even more preferably the
crystallinity will be from about 13% to about 40%, and most preferably from about 15% to
about 30%. In a preferred form of the invention, the low crystallinity, syndiotactic 1,2
polybutadiene will have a melting point temperature measured in accordance with ASTM D
3418 from about 70°C to about 120°C. Suitable resins include those sold by JSR (Japan
Synthetic Rubber) under the grade designations: JSR RB 810, JSR RB 820, and JSR RB 830,
Suitable polyesters include polycondensation products of di-or polycarboxylic acids
~and di or poly hydroxy alcohols or atkylene oxides. In a preferred form of the invention, the
polyester is a polyester ether. Suitable polyester ethers are obtaimed from reacting 1,4
cyclohexane dimethanol, 1,4 cyclohexane dicarboxylic acid and polytetramethylene glycol

cther and shall be referred to generally as PCCE. Suitable PCCE’s are sold by Eastman
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alkyl acrylates" refers to comonomers having the formula set forth in
Diagram 2: R1 1 C ~" -OR2 H2CC Djggram 2. Rl and R2 are alkyls
having 1-17 carbons and can have the same number of carbons or have
a different number of carbons. Thus, the term "alkyl substituted alkyl
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ref red far the joyen he lo in tic 12
and % éad%ne fﬁ) {abe % crygé%al nﬁ 1?evis%%t %é&k}x Hﬁs’&gg %?r&e%%ra ‘i“ﬁ% sfrom the
condﬁmaamhoﬁaatﬁ% ofdemamoes hneiegabweee thanbabmﬂﬁﬁ%$m@mﬁ2}ﬂe’3 aliphatic

rabl stallln will be from abou %. bout40% ndm st
poty SRR, S 8 LIRS TRt 45068 ARBHLATHBA MR witnn

a ranlgweﬁﬁdrii,, thdiamidey statlinitg, SyndibtaatividtRapohivatidie néd/mdidn datgyaacids, and

eIt| Qint temperature easuredl dance |th STM
R PR T S e SRR ot Mem M exarmple,
nyloﬁlﬁﬁmylﬁmmmmmbe&mdﬁﬁmwmdeggnatlons JSR RB 810,

JS RB 820, and JSR RB 830 bIe esters include
pol %nsatloﬂ%‘roaﬁ’rf?s of%} yca?%%xycfl 3f § ra%algfigsr S%I'rene and the

variduygd mytatﬁedhcﬂ@mnaﬁcmehﬁmg d-.dkyln saﬂpn'ﬂfewafédsfmma)fame Imlegdiorsubstituted
X T TR TR G Y TR,
substaittdndtpehtetraniatiy lahshglyethylstyrene, beta-methylstyrene, vinyltoluene, 3-
methylstyrene, 4-methylstyrene, 4-isopropylstyrene, 2,4-dimethylstyrene, o-chlorostyrene, p-
chlorostyrene, o-bromostyrene, 2-chloro-4-methylstyrene, etc. Styrene is the most preferred.

The hydrocarbon portion of the styrene and hydrocarbon copolymer includes
conjugated dienes. Conjugated dienes which may be utilized are those containing from 4 to
about 10 carbon atoms and more generally, from 4 to 6 carbon atoms. Examples mclude 1,3-
butadiene, 2-methyl-1,3-butadiene (isoprene), 2,3-dimethyl- 1,3-butadiene, chloroprene, 1,3~
pentadiene, 1,3-hexadiene, etc. Mixtures of these conjugated dienes also may be used such as
mixtures of butadiene and isoprene. The preferred conjugated dienes are isoprene and 1,3~
butadiene.

The styrene and hydrocarbon copolymers can be block copolymers including di-
block, tri-block, multi-block, star block, and mixtures thereof. Specific examples of diblock
copolymers include styrene-butadiene, styrene-isoprene, and the hydrogenated derivatives
thereof. Examples of triblock polymers include styrene—bntadiene—lstyrene, styrene-isoprene-
styrene, alpha-methylstyrene-butadienc-alpha-methylstyrene, and alpha-methylstyrene-

isoprene-alpha-methylstyrene and hydrogenated derivatives thereof.
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sold by Eastman WO 2005/030273 PCTIUS2004/031107 30 under the
trade name ECDEL. Suitable polyestgys further include polyester
elastomers which are block copolymers of a hard crystalline segment of
polybutylene terephthalate and a second segment of a soft (amorphous)
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here %tyrene and hydrocarbon copolymer includes styrene and the various
Substituted styrenes including alkyl substituted styrene and halogen
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of ahaﬁhlﬁﬁﬁﬁﬁmaﬁaﬁ%ybdlﬁ{bw@d@tﬁw{aﬂeﬂs X 2-Anaethyl- 1652 which is a
1,3-but rene 1 3 (gant iene, e, et tures
b g RS SOk TR TBC 1 DBt R B ek Savtent i
a co;hnlgaﬁieemﬁ‘ atin/ispprene] Hn&me(ﬁﬁ)ed Thiyjugalied dierasharekisoptdnaer is often
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also mixabies thereaf &lﬁ&ﬁﬂlﬁ sxampiesaBdibdpekymers are sold by Kurary under the
tradename SEPTON® and HYBRAR®.,

It may also be desirable to use graft modified styrene and hydrocarbon block
copolymers by grafling an alphabeta-unsaturated monocarboxylic or dicarboxylic acid
reagent onto the selectively hydrogenated block copolymers described above.

The block copolymers of the conjugated diene and the vinyl aromatic compound are
grafted with an alpha,beta-unsaturated monocarboxylic or dicarboxylic acid reagent. The
carboxylic acid reagents include carboxylic acids per se and their funcfionai derivatives such
as anhydrides, imides, metal salts, esters, etc., which are capable of being grafied onto the
selectively hydrogenated block copolymer. The grafted polymer will usually contain from
about 0.1 to about 20%, and preferably from about 0.1 to about 10% by weight based on the
total weight of the block copolymer and the carboxylic acid reagent of the grafted carboxylic

acid. Specific examples of useful monobasic carboxylic acids include acrylic acid,
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hydrogenated derivatives thereof. Examples of triblock polymers include
styrene-butadiene-styrene, sty’rene:i§ap_rene- styrene,
alpha-methylstyrene-butadiene-alpha-methylstyrene, and
alpha-methylstyrene- isoprene-alpha-methylstyrene and hydrogenated

005/030273,PCT/US2004 7.-31 Th

derivatives thereof. WQ S2004103110 .
methAE G 6y RO O T H e DGR BB BA S B A el
acryldiy and/arigfesimedckyiavwn gico desseslinaldig dbydsdperadoanid dheful derivatives

esence of such catalysts.as nickel, noble,metals such as. . L
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citracoutlr agieh éhoonicasgsskriivhitheancenbgéd doentbaseethelrealthe: dinomssodium
containing polymer or copolymer is dissolved in an inert hydrocarbon
mal&%ﬁu%tﬁt such as cyclohexane and hydrogenated by reaction with hydrogen

inThe gresenaadiirisataiien bjsbiogepaltnrecatalystniuddhicdradecied aneh as the
.. described in U.S, Patent Ngs. 3,113,986.and 4,226,952, the disclosures . .
ol TP H RS b NI e BN U P REREesgnation
KrAPamiastadyg useful hydrogenated block copolymers are the hydrogenated

block copolymers of styrene-ispprene-styreng, su sa
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the resulting product resembles a regular copolymer block of ethylene and
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prefeigeRrenes the nesulingdiydiogenatser pralustrasendates aeguiarblend having 2

copolymer block of ethylene and propylene (EP). One example of a
com B e EIR S 03 B S BIBETORIY PGP UematE REIRRITN Eispgpsiymer blends

can fOBICH isnaldyreaRRated o8 Sdtiklogioansaphsing: 3Rl stykenaipng Lldeksibed in
and a midbloclc equivalent.is, a copolymer of ethylene and 1- utegg (EB).
us. ?ﬁt@ﬁ%ﬁoﬁgﬁﬁt@b%}s}emm@ AR AECTETS §?§B’§"’ s hereot.

G-1657 is a blend of SEBS triblock and SBS diblock which is also
Thres\itablen@th€osyitable:8EBS or SIS copolymers are sold by Kurary under

st hBBREIEPLAL AN cHOHSHN SSER Ao ierd By i conter
heat assRiphes hetdh Andgbititatedibeaneesrtioioylic Dhidicanooydic acig beagiemin from the
grou]g né&;[ggﬁ%egleé: i\é%%r%%%{l%gggg'gp glg?&%(s)pgzlycfn perlé qubsﬁfri?se% e?{\{ﬁb polyolefin.
These polyolefins should resist distortions to high temperatures up to 121°C, having a peak
melting point of greater than 130°C and be highly flexible, having a modulus of not more

than 40,000 psi and more preferably, not more than 20,000 psi. In addition, certain

polypropylenes with high syndiotacticity also posses the properties of high melting point and
low modulus. The first component should constiﬁlte by weight within the range of 40-90%
by weight of the composition.

The second component of the three component composition is an RF susceptible
polymer which confers RF sealability to the composition and may be selected from either of
two groups of polar polymers. The first group consists of ethylene copolymers having 50-
85% ethylene content with comonomers selected from the group consisting of acrylic acid,
methacrylic acid, ester derivatives of acrylic acid with alcohols having 1-10 carbons, ester

derivatives of methacrylic acid with alcohols having 1-10 carbons, vinyl acetate, and vinyl
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compound are grafted with an alpha,beta-unsaturated monocarboxylic or
dicarboxylic acid reagent. The carboxylic acid reagents include carboxylic
acids per se and their functional derivatives such as anhydrides, imides,
metal salts, esters, etc., which are capable of being grafted onto the

alcolRaleqtiuaby @M&’c@gﬁi@%ﬁmgWM@%&E&&V%@M&%@M% consisting of

usually contain from about 0.1 to about 20%, and preferably from about

PolyperssastaineorEBy WeRf RS snarRo EF eRf RO bieide, polysulfones,
and FORAYIIE m&@%@{i%%m@ﬁaqgr%egaﬁh% haeafteq W{fﬁﬁ% ﬁg&‘ampﬁm@

Specific examples of useful monobasic carboxylic acids inc
polymsrd, ThoRibestsstbleriomw shovd ooastivrte. By wrishherifiinadielrange of 5-50%
of thEIRRARAG@GId, crotonic acid, acrylic anhydride, sodium acrylate, calcium
acrylate and magnesium acrylate, etc. Examples of dicarboxylic acids and
usgvrsf@é%yafnfe theramei s crnalamescd athxlene matydrideyfuenaiie methyl
acrylﬁfé%ﬁﬁ%@ﬁé’%ﬁg%%@’1'???%%%%@%?9?%%@%&?%&0 YAHSShent of the

citraconic anhydride, monomethyl maleate, mondsodium maleate, etc.
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functioadlined cdme itk sreappamipdipé corstidateo binwetdmpoentée range of 5-30%
of thAesarRed;above. Particularly suitable polymeric blends are disclosed in.
U.S. Patent No. 5,849,843, which is incorporated herein by reference and

made a part hereof. In a preferred form of the invention one layer will be

falAcEEEPRO AR MlERErh ity Ses RpBRentsidiimorReditgtroreonent confers RF
sealdDFEIOTARMY IBFREIRT BRACBOTIRSNRNSmbBSSRPMBET BIRNGR sCRBIRIR: confers

. . single layer film or can be incorporated into multiple layer films as
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first embodiment of a three component system, the first component wi
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and preferably is a flexible polyolefin. These polyolefins should resist

and Hexibilisnever HhgHiesinsddrrrpraatus isnee CTvakih gelyeakis selected from the first

and second groups identified above with the exception of ethylene vinyl alcohol. The second
component should constitute by weight within the range of 30-60% of the composition. The
third component ensures compatibility between the first two components and is chosen from
SEBS block copolymers and preferably is maleic anhydride functionalized. The third

component should constitute within the range of 5-30% by weight of the composition.

Four Component Compositions

The first component of the four componenﬁ film is to confer heat resistance. This
component may be chosen from polyolefins, most preferably polyﬁropyienes, and more
specifically the propylene alpha-olefin random copolymers (PPE). Preferably, the PPE's will
have a nairow molecular weight range. The PPE's possess the required rigidity and the
resistance to yielding at the autoclave temperatures of about 121°C. However, by

themselves, the PPE's are too rigid to meet the flexibility requirements. When combined by
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modulus of not more than 40,000 psi and more preferably, not more than
20,000 psi. In addition, certain polypBapylenes with high syndiotacticity
also posses the properties of high melting point and low modulus. The
first component should constitute by weight within the range of 40-90% by
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polypr?%e/lene and polymethylpentene. Preferably the first component
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are not suited for autoclaving applications. Furthermore, only a limited range of proportions
of each component allows the simultaneous fulfillment of the flexibility and autoclavability
requirements. Preferably, the first component is chosen from the group of polypropylene
homo and random copolymers with alpha olefins which constitute by weight approximately
30-60%, more preferably 35-45%, and most preferably 45%, of the composition. For
example, random copolymers of propylene with ethylene where the ethylene content is in an
amount within the range of 1-6%, and more preferably 2-4%, of the weight of the polymer is
preferred as the first component. |

The second component of the four component composition confers flexibility and low
temperature ductility and is a second polyolefin different than that of the first component
wherein it contains no propylene repeating units (“non propylene based polyolefin™).
Preferably it is ethylene copolymers including ULDPE, polybutene, butene ethylene

copolymers, ethylene vinyl acetate, copolymers with vinyl acetate contenis between
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selected from the first and second groups identified above with the
exception of ethylene vinyl alcohol. e second component should
constitute by weight within the range of 30-60% of the composition. The
third component ensures compatibility between the first two components
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arrow mo r weight range. T : ssess the required
4023 st thendeti2tafoectmyietdinhoai disoraitadtaby veright rppresoftabodi-50%, more

ver the e.PPE:s ar igid to.meet th . .
B e e o Ty A 0 B IR 08 B =P i
loss B20bwodtngmeBLatippngonittetertalmiow mizufid geoliyniess jugedients (“RF

flexibili i ' C ble, PPE's.include th
T L T
from Mip92Fep THBSeplopmmudul i dogolythersccdreinoiude Ettijlenerbased
SO U0 ST SR B VAL SRR O P

ole r the so-called ultra’ low density (fypic ess than
copohuivethitenebdtiolk D Rl ppitdseiyi DR ncludetRbEENEOR diyon Carbide).
sow BYBI3BIS ProduCis seldunpet e rademars TARMERILIMISH! porycrs wouta

Petroctemical Co.) under the product designation A48 , xg}é{’(%) ?El%n
rend € htwni calnGomipanyhdesiiebih eap rodintdtsig naticnshd @28:4644], avrwhld generate
inor Iglsié%g?dtsechnology polymers (Dow Chemical Co.). In addition,

ofybu ene-1 ("PB"), such as those sold by Shell Chemical Company
undiee paigeni dissidribtiGisseBB0bE; PE83:1ardheefopibstideladtGmearsliphatic

based on SEBS. black copolymers, (Shell. Chemical Company), pol
Pl B S e e R PR Yo, mober

within 3260nkel 40 TH¥ ahihemisdly Sodgsarag); ltathyiene alkyhdoryisits thection of di-
. thyl acrylate copolymers (\EMA") such as thase under the product

ek B B A PG RE i, SRt T, from e

cond@ishiA yefQuamntofdThenticty) svete feuhditoibes aceepiable copdlymeerSiandom,

blocEtQXch greaﬁ?p%lgwgﬁ elél%?lc Cas nylons are widely used in thin film material because

they offer abrasion resistance to the film. However, rarely are the nylons found in the layer
which contacts medical solutions as they typically contaminate the solution by leaching out
into the solution. The most preferred RF susceptible polymer are a variety of dimer fatty acid
polyamides sold by Henkel Corporation under the product designations MACROMELT and
VERSAMID, which do not lead to such contamination. The RF susceptible polymer
preferably should constitute by weight approximately 5-30%, more i)referably between 7-
13%, and most preferably 10%, of the composition.

The fourth component of the composition. confers compatibﬂity between the polar and
non-polar components of the composition (sometimes referred to as a “compatibilizing
polymer”) and preferably is styrenic block copolymers with hydrocarbon soft segments.
More preferably, the fourth component was chosen from SEBS block copolymers that are



WA 3Hnd methacrylic acid copolymers and their partial\PAERa0H031107
salts and ionomers, such as PRIMACOR(r) (Dow Chemical Company)
and SURYLN(r) (E.I. DuPont de Nemgurs & Company) were also
satisfactory. Typically, ethylene based copolymers have melting points of
less than about | IOC. are not suited for autoclaving applications.

modiﬁ@ﬂtwm'i@icoﬁl%ﬁiﬁ%}eé#&ﬁg%Iof:ﬁm%ﬂ-&?@%ﬁ@%ﬁﬁ%Bﬁﬂ ferably is an
u

allows the simultaneous fulfillment of the flexibility and autoclavabi ity

SEBSdjafte prnmnismrsictarhenpiams malworpivrbHsdensisamiimrnsd fosperalized”).

SuchPPWRIARY €00 lIOROTHRY eRIAMLE ﬁxﬁiﬁ@rﬁ!ﬂ?@ﬁéﬁg{ﬁﬁéﬁhﬁﬁm N RP-
canstitute by weight approximately 30-60%, more preferably 35-45%, an
6509m6§?;9@¥a1§8r9145%p9%m6 @&%ﬁésqﬁeﬁﬁm& benphe apaersimately 5-40%, more

prefesafIQlyIness, %ﬁr%{%eﬂﬂ’ﬂlftmb}? B¢ WBREHIPSRIDY eRGLQURR! Lil%gﬂa%]ﬁ;e to add

%, and more préeferably 2-4%, of the welg

amount within the range of 1-6
2 Gfigropmpionieia ?ﬁ@f%w@%@lmé fEBSonpeienpolvResarshdas the ones seld by
ShelCORRAPANE Gh R JARUEPPRSRLER ﬁ%ﬂ&ﬁﬁﬁﬁﬁ@@ﬂ%@%ﬁ?ﬂ’mn The
at of the

temperature ductility and is a second polyolefin different than
fifth GrapponapbiedeBsEfe bontaisdhanprepitesielyepdlingnmisspeadonbly 7-13%,

and 1RERPYIGRE fpRlyolefin”). Preferably it is ethylene copolymers
including ULDPE, polybutene, butene ethylene copolymers, ethylene

viriTagetare! dBpsyminsitans virlyicatetete toritemeybetwiseiralo to add, in trace
amo@ROYFRZRRCTHSRRUBLIOR, SRR malely 18003 BNISIS necded
methyl acrylate copolymers with methyl acrylaté contents being bétween
and g$droXmhtERPPD- 400k mjianelrBusy dbeyibnelcepoipasiistwithesiuy physical
requAGHALe PRIt Ahetween 20-40%, ethylene acrylic acid copolymers
with the acrylic acid content of greater than approximately 15%. An
exaRfpidamgazde pradiesiarisclsiqeeseciklinpvrdddot tdubigratibios asmple, the
g%fé'ﬂf.-g : ESLH = D5 evron),: 4 024
abovand 4 g%e?lgf%%z %ﬁ%&%ﬁ%titu ef%%?l/v}egg t}%\ pﬁgi?%%@%%%%%m as a
Wel%&_lémé@émb”gﬂssm%?&wdmosrpeeterapm@wmmmm [gostinatrically fed
into I@J‘éﬂﬂﬁf&%ﬁ)ﬂﬁlﬁﬁ%%xk?&&eﬁ%@&xé%ﬁ%&p%& lga%%?;ga? N-FRran Pfleiderer,

known high dielectri€ loss ingredients ("RF suscep mers") aré

and e RipEtimEYDe spebiibin TdEeipsiandssiay Her deltctpelldtoeithed dried for
use. ITOMR,SNIRERQFBE I e frsiand.second RPHIPED above: Qiher

> RF arz;R[ive rr%at%rial%g inél% e PVC, \%nﬁié\?ne cﬁ%?r%{dgeos(,? g?{ ?ﬁj%rrll e&sl,e ottput of the
compounding extruder directly into a film extruder. It is also possible to build into a film

Y

extruder a high intensity mixing section so that an alloy film may be produced using a single
extruder.

The multiple layer film 171 can utilize the above-described blends as one layer 172
and another layer as 174. In one preferred form of the invention the layer 174 is a skin layer.
The skin layer 174 confers heat distortion resistance and abrasion resistance and is preferably
a polypropylene and more preferably a polypropylene copolymer blended with styrene and
hydrocarbon block copolymers. More preferably, the skin layer 17@ 1s a polypropylene
copolymer blended with SEBS block copolymer within a range of 0-20% by weight. The
skin layer 174 should have a thickness within the range of 0.2-3.0 mils thick.

F1G. 15 shows another embodiment of the present invention having a core layer 176
interposed between the skin layer 172 and the RF layer 174. The core layer 176 confers heat
distortion resistance, and flexibility to the film structure 10 and compatibility among the



WORIBIRAME? of bis-phenol-A and epichlorohydrines known as PCT/US2004/031107
PHENOXYS(c) (Union Carbide). However, significant contents of these
chlorine and fluorine containing polysers would render the composition
undesirable as incineration of such a material would generate inorganic
acids. The polyamides of the RF susceptible polymer are preferably

compSRRERM fremial phaliarPeHRPeGS HE3Y URg é@@ﬁ?&%ﬂ%ﬁﬂ%@e% within

reaction of di-amines having a carbon nhumber within a range of 2-

the ragge(0le. Fd ) ARt @G BaTEHe SfeTePlY chriderEatidhecesstidavef di7@digindes three
compHRARY 2108 IR NLERRBLYHNIE 2 f@?fﬁﬁéﬁlg‘gx?ﬂ %9%%?%%3% 8 in an
es containi

the condensation reaction of dimer fatty acids, and ami
amougl St RS RIAYGM 2 DiRse &fd?é’réﬁfzp?@‘jyawgbg efidheasmyidnzeard 76, more

prefentiiphsuated i iadiy ereiesil hocasg. bsy lfer fhgasion resistance to
e la

the film. However, rarely are the nylons found in yer which contacts

MERCCSEr GORD aBetH ey 1 ceary davenhiifaie ehessoldtion bysisaphiogsisting of
comp&HidiNiadne Sakion;fenast arefered Blsusgept ﬂigglym%ﬁﬁeo%egiybutene

variety of dimer fatty acid polyamides sold by Henkel Corgoration unh
copolymeisroBtiietbly fbtisrroMMCREMEL PEHE VERBAWID LLANIE do patybutene-1

in an ABRFHER SHGRiSANAMINALIRN, THERF-SHEEERIREsROly Ier &Jﬁflsr%fé%b;y 40%.
eferably

should constitute by weight approximately 5-30%, more pr
&b & corspenapioohidst ersrérapny 199% chbsme Bompogitiop of lerfpenthds that

confeCRBRPRaN:Rf H}ﬁ&%ﬂiﬂ@%@gﬁiwﬁéﬁ{%%?%ﬂ&“%ﬂ@'?Ié’,}ﬁ%s?t 0 eix?c%a(lfeg " yrene-

non-polar components of the composition (sometimes reterred to as a
hydrocaghamp Bl irrppsmriempdiasterersbnply SHABRIGIdticoppyiperers The third
Wity drOSRTBAR 50138 iore Riefer uth component
e was chosen from SE&BBS %%?Eg%%ﬁfﬁé?ﬁﬁ4%%@dﬁ tO (?e core layer
176, rpqeerpepsoebly G3otorend saprbaitser By nidi%ic anhydride, epoxy, or
carhoxuats lpauqpalifies f | ﬁﬁfﬁ logk.copalymer 4 i
that cpntalélos maleic anhyér?gg %ﬁcﬁ%ﬁ%&?ﬁ%s uhgé{%o%g égg% rg%rgﬁnd tnm
scrap F3FeaUcttssEIeby SHel Bhemicafcompanyiurdsniresdedgnations material is

disper$R - T patibjli lymer Id constitute b
e T B R v
apPropiEfdsibly 0P srvsekbmsbsition livmalbakss desiegbledamibgdyalfiftthe range of

10-30@9%%%&&1%9@%9&19%}9@@@35 ﬁ%k copolymer such as the

ones sold by Shell'Chemical Conmpany under the product designations
KRATONeE e 8Likmd 8 besinamelution contact layer 182 adhered to a side of the

RF layer 174 opposite the skin layer 174. The solution contact layer 182 may be of one of
the materials set forth above, more preferably will contain a polyolefin, and even more
preferably will be the same material as the skin layer 174 or the same material as the core
layer 176. Preferably, the solution contact layer 182 has a thickness within the range of 0.2-
1.0 mils and most preferably 1.0 mils.

FIG. 17 shows another embodiment of the multiple layer film structure having the
skin layer 174, core layer 176, and RF layer 172 as described abové with an additional
discrete layer of scrap 190 between the skin layer 174 and the core layer 176. FIG. 18 shows
the discrete scrap layer 190 between the core layer 176 and the RF layer 172. FIG. 19 shows
the scrap layer 190 dividing the core layer 176 into first and second core layers 176a and
176b. Preferably, the scrap layer 190 should have a thickness within the range of 0.5-5.0

mils and most preferably 1.0 mils.



Wit $¥38nent should constitute by weight approximately 5-BO¥U$a6kE031107
preferably 7-13%, and most of the composition. For each of the
compositions set forth above, it may g desirable to add, in trace
amounts, other additives such as slip agents, lubricants, waxes, and
antiblocks as is needed and as is well known in the art as long as the final

copRoSIiPRBEE S BhYSinlalseirements PREOENANETHE D six layers

may be made using techniques well known in the industry. For exam

inclugheg Hisoikarcbipesrmid maydoRiblarmed 73 tscusydd ﬁhovﬁawm@iﬁuham@tiayer 200
interPIERFGERHER ARqofielers RIRNeer RYd-Ledsinta,an 8RR TR with tic layers 202

components may also be gravimetrically fed into a high intensity mixing

attacksdritioppesite swlnassefeliedbaign: dush 26% WidfaeR Pribidescthe draritie layer 200
bethé:HchE aY% Q%EP%’?%“&%QH@%B‘%%PQ% in grwatey batl, gl eﬂ%%ﬁsr Javer 200

dried for Use. The pelletizing stép may be avoided ina thir

leldBB@fé%ﬁfgﬁh‘@)@Jtéﬂﬁoﬂﬁ@e%@rﬁ%@uﬁdﬁg dstbacerdditactly iftocabfimer layer 200
increﬁ%_gg_%gr AE 'ﬁﬁﬁ&% %Q‘i? 0? ﬁg iﬂi% trl’[gx%r@aﬁjl%r f%%n%& is selected
e produce

mixing s ctlon sot na oyf m may using a si
ﬁomethﬁmpmmum@|@t1ta&memrml7azmlatmz@uhe téubbvel@asdnbei@b name Evalca

(Eva@ﬁi@i%?nve%ﬂg @é%?éyer 41s at3<8 #%é%ﬁrg ai;(ll’] ayer‘gigf i fg:gb hemical

Co.) Hagh distdethoniesistapioniantt a@aémmemias&m ® pmbiémﬁmmh Petrolenm.
prefagiyyrapyl@a%aﬂ%géfrfoefgeg % R% rapasﬁqg CO@%xmeig;' %ssdwm the

with“$tyrene and ocarbon cop lymers. More pre erably,
rangeRi{aylh 17idlsisnd p@iybpmp”yl@hb/ b@p‘nﬂmer blended with SEBS block

o R B R RS s
Such_aa@nh&fr ﬂﬂdamnﬂméhbqﬁmqt ré@egmanvamﬁmxha@mwéﬂm;mcaﬂﬁ) ) and Bynel
(Duﬂlgé%rrgﬁé ﬂc;iﬁ?% ﬁ%e ?ﬁéﬁ% ikl tﬁ@‘%&ﬁgnﬁ@ ¥ I% [ TQE most preferably

confe n resistance exibili
0.5 ngtkucture 10 and compatibility among the WO 2005/030273

L 4 1 nts of film str cture 170
C%raé %ﬁeg %greggal)}gr Wil ave Alth ci%l?ne%s il %ﬁve OGSt Y8 qytable for
sten]mﬁga}mipﬂydkeﬁpréf@alﬂy tedan{ls\Pihengdiedayes 4v6 inchbhdesthieer disclosed in

Usgpﬁ?égf(ﬁ%rl‘ésh%gﬂﬁi g e S%%Q%ﬁgr%&? W&Eﬁ%%‘éfg{gﬁgéaa% glade a part hereof.

Other containers suitable for terminal sterilization using the high-pressure sterilization
techniques of this invention include flexible cell culture containers such as those disclosed in
U.S. Patent Nos. 5,935,847, 4,417,753, 4210,686 which are incorporated in their entirety
herein by reference and made a part hereof. Protein compatible films and containers such as
those disclosed in U.S. Patent No. 6,309,723 which is incorporated herein by reference and
made a part hereof, can also be sterilized using the high-pressure sterilization techniques
disclosed herein. Further, the sterilization techniques are also suitable for sterilizing
containers for containing oxygen sensitive compounds such as deoxygénated hemoglobin as
is disclosed in U.S. Patent No. 6,271,351, which is incorporated herein by reference and
made a part hereof. Because the sterilization techniques only require exposing such
containers for a short period of time to temperatures greater than 100°C many containers that

are unsuitable for terminal sterilization using standard techniques of exposing the -container o



WOHBURPHTAL constitutes in a range of 20-60% by weight of thBEHES p)p31107
176, more preferably 35-50%, and most preferably 45% of the core layer
176. The second component of the eagge-layer 176 is chosen from a group
consisting of compounds that confer flexibility to the core layer 16
including ULDPE, polybutene copolymers. Preferably, the second

stear§ QN PRITEN QT 1hBoRere dygtaisl b DRIm @ raehihlieN@er LiFeaRvK QNI pressure
weight of 40%-60%, more preferably 40-50%, and most preferably 40%.

techrgCH ol RS RETEPHf  core layer 176 is chosen from a group of

COFTIRWINhEWA CamareonPRINl ReDIbE SQMPERABEs #54N8 SO kmown
layer 176 and i_ncludeé ségéene- hydrocarbon block copolymers and most

in the, afk 2 DRPSYERERIGE owpgoﬁ‘?g e &b 15 dgsaribeshabave. The

syringecharadly ity fialdanaen afife- 40 Yadayiveiattiaf dhe,5058 e b AFE, aceutical
referably 7-15%, and mosté)referably 15%. It is also possible to add a

COmAEHR, BB MG HAFE ot SS5aheLr 6 3y LG PSS A ShREr A feraly both

the BageVar@AdITRG e MAnWachiing: o CORARRESyJINM SRR PEIEER IS increase

dispersed throughout the core layer 16. Scrap may be added inan
PressiRtotiitt BrifePSEYy BEAWEEN*2hdRaRImAtSy BIBOTRbpsHidRtat tReresiptance to be

capalayer $6ihanehdnosenpreferahlysyuinming Reesse b8 AXaRgmost
preferablé/ ithin the ra_nge of 3-12%. FIG. 16 shows a film 180 having a

soRBEoarsI& QAR RS diaEine thEoR- 13 slefiming spehumaber 234.
The Wienakist l23£1id taithasalutivDoiactbayer k82.may beotgneiphdi&sary. The

materials set forth above, more preferably will contain a polyolefin, and

cartrigge CdYe IETRIEB RHeHYThedeNine Tteiial 6 WecirrPahas thaspset forth in
U.S. thasaMmednatenales the carariay flek (6P rigtabiatng QW40 60Natksing the

tla)éer 182 has a thickness within the range of 0.2- 1.0 mils and most
con

rafAbhF R R H end felinsiinedhe aratermisaisent of the multiple
layerdilms sifdeiy e fiddna e &iiRiayss dd¢neoredayRuL 4B A9 nd an access

Jlayer 172 as described above with an additional discrete layer of scrap

devigdife e Actressknips BRI ESrimyEIzITeAres 18 hows4 or can be

adaplp@ disgsete scandayae L Reweandne care lsysrl76and 015&?\15’: fRYE rom the
172. FIG. 19 shows the scrap layer 190 dividing the core layer 176 into

contgngr IASEE P EBAL MRy iordetiveR ARk nEPeBL Prafctapicr e derapadyedeliver the
comp@@rhould pavg.a thickness within the range of 0.5-5.0 mils and most

preferably 1.0 mils. WO 2005/030273 PCTIUS2004/031107
There are a number of containers such as certain polymeric medical containers that

cannot withstand a terminal sterilization process of exposing the container to steam at 121°C

for 1 hour.

X, Products

The present invention provided sterilized products and preferably those containing
pharmaceutical preparations, including, but not limited to, containers containing sterile
pharmaceutical preparations, the preparation having been sterilized by supplying heat to the
product and pressurizing the product to a pressures of greater than 0.25 Mpa. The present
invention also provides sterile pharmaceutical preparations that are free from chemical cloud

point modifiers,



WO 3%¥E22h shows another embodiment of the present inventiGh’ ngl?r%{ﬁs“m

six layers including the skin 174, core 176, and RF layers 172 discussed
above, with a barrier layer 200 interp@sed between the core 176 and RF
layers 172 and adhered thereto with tie layers 202 attached to opposite
sides of the barrier layer 200. FIG. 21 shows the barrier layer 200

bapngeRIthesamdaveioli’ thandhewskithiayess1 44 mGdiizshmwsdhthe presently
barrier layer 200 dividing.the core layer 176 into two core layers 176a an
Prefeq%@wwr%w%édh‘%%% R el S gaS 5 df . Sueh
chand#asH uabEcihienhaiieblianeide0viib aeldefedtifgMdhetBeoyiiritonsistinge of the
ethylene vinyl alcohols such as that.sold unge tt%e name Evalca , (Evalea,
brescpi A, HASSGBR SO Dol arE TR GRREP P (5 fseiary imended
that sEhesmigalGed, Mighivitiercoatentast/igniidemgepotinakissuch as Barex
(r) sold by British Petroleum. Preferably, the barrier layer 200 is ethylene
vinyl alcohol, and has a thickness within the range of 0.3-1.5 mils and
most preferably 1.0 mils. The tie layers 202 may be selected from
modified ethylene and propylene copolymers such as those sold under
the product designations Prexar (Quantum Chemical Co.) and Bynel
(Dupont) and should have a thickness within the range of 0.2-1.0 mils and
most preferably 0.5 mil. The high-pressure sterilization techniques of the
present invention are also suitable for sterilizing empty drain bags for
renal CAPD applications such as the container disclosed in U.S. Patent
'No. 6,004,636 which is incorporated herein by reference and made a part
hereof. Other containers suitable for terminal sterilization using the
high-pressure sterilization techniques of this invention include flexible cell
culture containers such as those disclosed in U.S. Patent Nos. 5,935,847,
4,417,753, 4,210,686 which are incorporated in their entirety herein by
reference and made a part hereof. Protein compatible films and containers
such as those disclosed in U.S. Patent No. 6,309,723 which is
incorporated herein by reference and made a part hereof, can also be
sterilized using the high-pressure sterilization techniques disclosed
herein. Further, the sterilization techniques are also suitable for sterilizing
containers for containing oxygen sensitive compounds such as
deoxygenated hemoglobin as is disclosed in U.S. Patent No. 6,271,351,
which is incorporated herein by reference and made a part hereof.
Because the sterilization techniques only require exposing such



containers for a short period of time to temperatures greater than 100C
many containers that are unsuitable for terminal sterilization using
standard techniques of exposing the container to WO 2005/030273
PCT/GTS2004/031107 -39 steam at 121C for 1 hour are capable of being
terminally sterilized with the high pre$$ure techniques of the present
invention. FIG, 23 shows a syringe 220 having a barrel 222 and a plunger
224 §§18%ell Icnown in the art. The syringe 220 can be fabricated from
the materials described above. The syringe barrel can be filled with one
L. drsdhar frstenkzinamy praie domers i ph ariviate GEHITisown Hsuneraed
PIOFRHZ DG & AT HEK A PO rhd &y Ahdo DI P AR @sksfepablyS MPa
to Wistrath B AFrBPERE RS TRMPETHLS Besepsanie G0CRg mpvisthmitive
subfidpBise b istcncieE S e e disaastan FaHED PR VIRG PIAmMEETAIR e
disggrrigehehunrlistgislss resdkalte 1bbecapabraticatstdrmisstheving a
staplerRifsI 0@ ARG Isreks o N HoaimeRresrareXiosm Sies ssrarthatee the
smeB pyiflst KAy Sob R syssmdnrihighs tratitesoty wiersiahepatcles
or Sroplelseamaerivith BRraRreeH B 36 tbics PR GrdRnd apSIciRisak gy xFident
(1) bsphgcsacciiedenidbethsBeriiralbers e feansqenchand (&0 rqeubrggch
surdactipises Satab TR GOPRESHENDIS A 2895 M HPSHENHER e S dRvice
nopeRifs dyabiksieac BT i b Rie g ot e idneamsiieanalegdes.
” eéigg;’gg g?elé:ongeqts ef:or gget. FIG. 25 shows.a fluid access device 510
*having & medical tubing 252 ana an accesa adite S5 1iiapgrig ! the
systhavioer dempberare objeetsforf giditing an access member 154 or can be
adapted to dock or otherwise connect to the syringe barrel 222 to convey
fluid from the container used for sterilization to delivery to a patient or to
3 LRGPy iEE TSkl to dBIRTE hE CSHRatiBPte! S pREH: eHdpdharysiem
eitinumhbenrbticomtamersguciy asadditaijjeltimeric medical containers that
cannot withstand a terminal sterilization process of exposing the container
to steam at 121C for 1 hour. X. Products The present invention provided
4. themeBadsroncts Rpafsiarerdoly thest Ssntianil grppefrncbanrsgem is
pulgggparations, including, but not limited to, containers containing sterile
pharmaceutical preparations, the preparation having been sterilized by
supplying heat to the
5. The method of any one of claims 1-4 wherein pressure is applied to the system in pulses of

varying pressure.

6. The method of any one of claims 1-5 wherein the temperature of the system is raised for a

time period in excess of 1 minute.

7. The method of any one of claims 1-6 wherein the dynamic system further comprises a

vehicle.

8. The method of claim 7 wherein the vehicle is an aqueous solution, an organic solvent, or an

oil.



product and pressurizing the product to a pressures of greater than 0.25
Mpa. The present invention also provides sterile pharmaceutical
preparations that are free from chemical cloud point modifiers. WO
2005/030273 PCT/US2004/031107 -40 It should be understood that
various changes and modifications t4%he presently preferred
embodiments described herein will be apparent to those skilled in the art.
9- G pfaRlgy BriGCHHBRmRiRShe da B aists WithoRitaapEing ross the
effapivid andostapehaf tite npcesant invention and without diminishing its
intended advantages. It is therefore intended that such changes and
modifications be covered by the appended claims. 41 Claims: 1. A
10 phisresdbrst draniipiaepding simivhershetas darepiserh BoppTisag anavsiays of
effReStrZITg:& dispersionsystem of small particles or droplets to in excess
of 0.25 MPa to increase the temperature of the system to in excess of
100C for a period of time sufficient to achieve a sterile system, the
11.dispersion systerrérsding dnicrodereiiaiho paitplessiodropéisimal parictessor
offEranlets, andths.smallpasticles or droplets having a stable state and an
unstable state; and withdrawing pressure from the system before the
small particles or droplets of the system reach the unstable state, wherein
12 thieepaaticlé st andrepldiscoompriseraithbrapeaiticadtlydagilve compoundignd
A exginisnt, the excipient (i) being associated with the therapeutically
active compound and (ii) comprising a surfactant selected from the group
consisting of one or more of an anionic, cationic, nonionic and zwitterionic
13 sthtastanis anmebielogingl sunface-aative pelrtulesddpithemethodolige
effgé%ivry S}cht)}qr%qhtg]elst%{}%f pressurizing increases the temperature of the
system fo a?emperatrﬁre In excess of 120 C. 3.The method of claim | or 2
comprising the additional step of supplying heat to the system either

14 ITRUBRHAE RERSHEZING SRR O RIditiaRal heating: Ao Jibe methpdvefaay

ffof one.of claims 1-3 évherein the step of pressurizing the system is
eMRAIEe 75 OTRE A¥ROd P any one of claims 1-4 wherein pressure is
applied to the system in pulses of

15, The method of any of claims 7-14 wherein the particle size distribution of the particles or

droplets remains unchanged by said method of sterilizing.

16. The method of any preceding claim wherein the excipient is associated with the
therapeutically active compound of the particle or droplet in a manner selected from the group
consisting of: covalently bonded thereto, ionically bonded thereto, electronically attracted

thereto, adsorbed on a surface thereof, and suspended therein.

17. The method of any preceding claim wherein the particle or droplet transforms from one
thermodynamic phase into another thermodynamic phase following the withdrawing of

pressure,



varying pressure. 6. The method of any one of claims 1-5 wherein the
temperature of the system is raised for a time period in excess of 1
minute. 7. The method of any one of claims 1-6 wherein the dynamic
system further comprises a vehicle. 8. The method of claim 7 wherein the
vehicle is an aqueous solution, an o@’anic solvent, or an oil. 42 9. The
method of any preceding claim wherein the particles or droplets have an
18. dhermgod bR L8 6riadRe MaA PO AT eSS STRBFhER EDERHD
conprecedifgclalmaybhanemythdparticlegorud ropletgdravecd i@uérage
effective size of less than 10 microns. 11. The method of any preceding
claim wherein the particles or droplets have an average effective size of
19. B HsHIR Y HkrBhs ¢! &wéerﬁ@tr?@dhéﬁem@p%@@dm&a%xm}ﬁé%ﬁ% thisom a
firspasticlamokidraptets hayvomtaveragesiaffestiveicizatafdessdifan gystalline
um{i&gons. 13. The method of any preceding claim wherein the particles or
groplets have an average effective size of less than 1 micron. 14. The
method of any preceding claim wherein the particles or droplets have an

20.A¥RAGB o8 le etV er3ize 2filess than OO M k. 2THe: BT GRf A Afithin the

claims 7-14 wherein the particle size distgpution of the particlesor
SYSHB BIBES FRFH RIS ISR SRR 1 PTG P BTGP STaPR NG S 16° ThceRsatisaly
actof anypreckdingelainivhereln. the excipient is associated with the
therapeutically active compound of the particle or droplet in a manner
selected from the group consisting of. covalently bonded thereto, ionically
21 g derdhebrb e *@%Emﬁﬁﬁew SRt thakts” Sdabrsuaddire atety C
corthereginardsuspended therein. 17. The method of any preceding claim
wherein the particle or droplet transforms from one thermodynamic phase

into another thermodynamic phase following the withdrawing of pressure.
22.Ahe method of claim 20 or 21 wherein the container is {abricated from a film having a

str

monolayer structure or a multiple layer structure.



18. The method of claim 17 wherein the thermodynamic phase is selected
from the group consisting of crystalline, semi-crystalline, amorphous and
supercooled liquid. 19. The method of claim 17 or 18 wherein the
difference in the thermodynamic phase is from a first crystalline structure
to a second crystalline structure diffétént from the first crystalline
structure. 20. The method of anzy one of claims 1-19 further including a
23.first SApParHAGViaNAG Wit tHis” sydramndlisap e contanaicshbsHivg
corpasticleSicikidropletsnearnprising the therapeutically active compound in a
non-sterile vehicle. 21. The method of claim 20 wherein the polymeric
container is fabricated from a non-PVC containing material. 22. The

24. rhigstmesdhef elzahie G o oarsiHerdiniHeedenainebe fabhikited from a. film

having a monolayer structure or a multiple layer structure. 44 23. The
thod of any, ane. of claims 20-22 wherein the polymeri ntaineris. .
20 R o R P S B T S AP GFBrrin
set23 wherein the fluid transfer member is a tubing. 25. The method of claim
23 wherein the fluid transfer member is a fluid delivery administration set.
26. The method. of claim 20-22 wherein the container is selected from the
26 FUp LML D A 2 edIBE ARG EHREAER S5/ FhGa s HY &rauntagsisting of a
seafedbihgd 4nt@ifieT heymedhadi ofsed&idmi2hgwhere said polymeric container
has opposed side walls, the walls having a modulus of elasticity of less
than about 40,000 psi. 28. The method of any preceding claim wherein the
dispersion is aqueous based. 29. The method of any of claims 20-27
wherein the container is of the type selected from the group consisting of
an L.V. container, a drain bag, a multiple chamber container, a protein
compatible container, a cell culture container, a blood substitute container,
a cartridge for a delivery device, a syringe barrel and a fluid
administration set. 30. The method of any preceding claim wherein sterility
is established when the probability of a non-sterile system is equal to or
less than one in a million.



31. The method of any preceding claim, wherein the therapeutically active
compound is poorly water-soluble, 32. The method of claim 31, wherein
the therapeutically active compound has a solubility in water of less than

about 10 mg/mL.
45

27. The method of claim 20 where said polymeric container has opposed side walls, the walls

having a moduius of elasticity of less than about 40,000 psi.
28. The method of any preceding claim wherein the dispersion is aqueous based.

29. The method of any of claims 20-27 wherein the container is of the type selected from the
group consisting of an LV. container, a drain bag, a multiple chamber container, a protein
compatible container, a cell culture container, a blood substitute container, a cartridge for a

delivery device, a syringe barrel and a fluid administration set.

30. The method of any preceding claim wherein sterility is established when the probability of

a non-sterile system is equal to or Tess than one in a million.

31.  The method of any preceding claim, wherein the therapeutically active

compound 1s poorly water-soluble.

32.  The method of claim 31, wherein the therapeutically active compound has a

solubility in water of less than about 10 mg/mL.



