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WO 1006/046155 PCT/IB2005/004007 TITLE OF THE INVENTION

100011 Loadable Polymeric Particles for Therapeutic and/or Diagnostic

Applications and Methods of Preparing and Using the Same. 5
WCROSBB8sREFERENCE TO RELATED APPLICATIONS [00CZE/THugss5/004067

application claims the benefit of priority under 35 U.S.C. | 19(e) of U.S.

Provisional Patent Applications Nos. 60/684,307, filed May 24, 2005 and

60/621,729, filed October 25, 2004, the entire disclosures of which are

incorporated herein by refergF]rge.Eﬂf BAERERENPNOF THE

[V ENbHaAi2 0O03=5erTaltpavti che Thinalding AMitsO BRASIAS @AGplications and

ospherges, have  medical uses in diagnostic and therapeutic
%?ﬁ:%ﬁguorgeigfe%gigpa%%g?ggkrlﬁg%rsn%sed in medical applications are

characterized by numerous disadvantages including irritation of the

tissues with whighihey reminveniastaad niaiepmiadusisgmmune

reactions. 15 [00041 Additionally, many of the materials used to prepare
0% riohis APBHPaERISCHAMRS dy Paeitefawinaipy rapdand WidhbCGingl Afamatidfidn
hediidharehy: elraEtRGLHONLINGIARHIRN N SREANY INCRULEHWHRIE 191D filed
é(%e{m Prefenc% Q}%ntact pargcles may he necessary. Moreover, the

gPatiatior o6 BHEF SRTNSHETIS WKS, e HEQ RISy Fidtipy reference.
compounds causing adverse reactions in the patients. 20 [00051 It is also

a problem in the art for certain types of prior art particles that it is difficult
to achieve desirable suEpeRSIObIPeeShER EE pEMiCles are

impﬁa@iﬁgméﬁ@&m%ﬁﬂ%aﬁm fipisRipRIBloARIE R INe BadY e i

to be treated. Many times, the particles settle out "or tend to "float" in the
UBHHISHE o TAPTHES PAPE BT BniNEAM DTy SFchratiel o LR TeRiralyapplications are

JhuribREBA Oy PRkiees: Mia) iRtk oA eRERALS- At708 ones AR W NIRHR i ch they
deliverx iJ?%Jiution and/or 25ﬂf<§1ere to some part of the delivery device,
& B

BRI A BRE AN RS U i N SRt TP HRE S HRssive/attractive forces.

[[B986 Lidicmeliyormahievela stablédisper signejtis Krowiotaragdthidabley degrade
' in : . ingjL factants iectled t br %Ign .down .

T e

TirfregdiEgs i inTe FMbisiaPasateerad intay: bertisked maationiccesstonic\pigover, the
dgpieniesurtactants sHeR@saIWeSN M0 ol es HEMAR: JWERATIM 8Qsing adverse

polyethylene glycols, -sodium dodecyl sulfate, various naturally occurring
TBEeS s thePAEeBE um albumin, or any 1 other macromolecular

{00t Claipts 96 dhecdRliv iytHo M Watienahurhe e ora e karid B S@eNMS:s difficult to
achieve desirabie suspension properties when the particles are incorperated into & delivery
suspension for injection inte a sitz in the body to be treated. Many times, the particles settie out
or tend to “float” in the solution such that they are not uniformly suspended for even delivery.
Furthermore, particles may tend 1o aggregate or agglomerate within the delivery solution and/or
adhere to some part of the delivery device, making it necessary {0 compensate for these
adhesive/atiractive forces.

{0806] In order to achieve a stable dispersion, it is known 1o add suitable dispersing agents that
may include surfactants directed at breaking down atiractive particle interaction. Depending on
the nature of the particle interaction, the following materials may be used: cationic, anionic or
nonionic surfactants such as Tween™ 20, Tween™ 40, Tween™ 84, polyethylene glycols,

sodium dodecyl sulfate, various naturally occurring proteins such as serum albumin, or any
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can be used help prevent particles from settling by sedimentation and to
increase solution viscosity, for example, polyvinyl alcohols, polyvinyl

ther madPWEQIdQREe SnaHYaL i ' itives, may alsp. be used to
orer achieve buoyancy. %)%{ngﬁgﬁ%hm? gﬁﬁcm E%%\‘/?é{&}élzzg‘rﬁué%np%?ﬁ%%%

can be use Belp AETYTE! detaria fomesrting esshinmyrtiniondih énctrsisgaigion
viscosity, FTBNSRABR PRSI ﬁi&ﬁfﬂ@,%@ﬁ%@g%ﬁﬁﬁﬂﬁ:ﬂa@%@y& 3 .SBQﬂsity

.. Atte\g}gts to use the inert precipitate; barium sulfate, i particle form is
additives gy, A150 beNsedihAcR9%T PBBAEment, for silicones for rendering items

[0007] It iailalecchy Eighsuiey SxaARIRAIRR GBI 0NN B0IRRAG N their degree of
.&o%gnc&c&ylate articles. See Jayakrishnan et al., Bull. Mat. Sci., Vol.

suspensid GE vsing i, 56cepeisas bR NG AP R RS AR
suspensiamproving fluidization, and is often used as an inorganic filler to impart

i-Sti i ist, agaregated particles. Other prior art attempts.
a6 B SO B St SR
bone cemeghifsialiEmnpvissmadetalamns pisihieduingentecaiondacny e
providind RifiepaE RSpoIsiRgisnahamonniLf aald;[0003% There fhus exists i i

he art a need for small particles that can be formed to have

t
Vol. 12, Nenbraity dpetsP e ot ranBnsifate akin is kpneariton seprstving Haidiasion,
and is ofidtenafPAlicanerelinig FRH RIS ARS biCh 81000k dsgkaded by e
. .. hatural systems of the mammalian system, are biocompatible, résist
pardcles, [OUBCTRHOE Y SRS U1ARRIRGR SRS PNFIGHFTLREs PR ws of
gold, for demuistEatbartest Sold Physivakandmimpencits o apetirsmBREaMicles

using Smgp%@g%&lHE I'NVENTION [0009_] The disclosure includ_es a particle
or use In a therapeutic and/or diagnostic procedure. The particle

{0008] T@WWWWI@E@G@&DW@%&Z@M@ Oéoioensterivative o
preferentidPEERE-ARO OS] gfé@@%ﬂ%@fé}:

s appious paricle for
use in a therapeutic and/or diagnostic procedure, the porous par‘flscle

therapeutie, 434, fiReO SO GO BT W RPETR b geETerdeddyy fsmanvralsyioisadte
mammaiPRYReIMARE BIoQIHeANAHRICBRHSING 9@'&/&%5&?\%&5}@&8 Qepass,
while in %o%wazgnlg{]) ora Tgolyphosphazene polymer derivative thereof, wherein
S B ID S BPABAG AEFO Rt ANerLeAD BHEYShEEPRIRRES is from
4,000 to 300,000, and/or wherein the molecular weight of the
polyphosphaze%%%@hgﬂ is,f 'Pl%qﬂ@gﬁ .000,000 gimol.
- [0009Db] In a second aspect, there 1S provided & m?él Icament for

{0009] mirimidispbloddcileias topartigstier ine in a therapeutic and/or diagnostic procedure,
The particle comprises poly[bis(wifluoroethoxy) phosphazsne] and/or a derivative thereof,
[80092] In a first aspect, there is provided a porous particle for use in a therapeutic and/or
diagnostic procedure, the porous particle comprising:

a core comprising a hydrogel formed from an acryiic-based polymer; and

an outer coating comprising poly[bis(2.2.2-trifluoroethoxy) phosphazene] or a polyphosphazene

polymer derivative thereof,

wherein the number of monomers within the polyphosphazene poiymer is from 4,000 1o 300,000,
and/or

- wherein the molecular weight of the polyphosphazene polymer is from 70,000 g/mol to
20,000,000 g/mol.

{0009b]  In a second aspect, there is provided a medicament for minimizing blood flow to a tissue in

a mammal, comprising one or more porous particles as defined above to occlude at least a portion of a

blood vessel of the mammal.



a mammal, comprising one or more porous particles as defined above to

occlude at least a portion of a blood vessel of the mammal. 2 [0009c] In a
[eoosdhirdiaspeskdhspeds providegavidedicameditioredeliverdat arimctivesagenigent to a

. ta a_localized ithi mammal, comprising one or more

lecahzﬁ%ﬂ%aswgtaltlrlﬁc e%{ %@%éf%%@ﬁ%éﬁ%%éﬁ %n active agent. [0009d] In a

fomtleraspeatothey eagigrsvidkdehacd wdranethdelease formulation of an

aglivere@enhifor oral administration comprising a polymer capsule

including a core that comprises a_hydrogel formed from an acrylic-based
[0009¢]o1yifed S tPEtisIBS BPHetted Agutuftdble e PERAgE aARg Aetive agent for
oral adptitEsieoRiNGaerINSINg polyfbis@2: 2trifldmethoxy) phosphazene] or a

polyphosphazene polymer derivative thereof, wherein the number of

BRIt SRR hOEPHaT et p SRHEP RS SRIVEIS B tsb Brtegbs an active
agent salyabigt f@@O:@B0zraind/or wherein the molecular weight of the

p@lvemgﬁ%%ﬁg%rﬁ&l%ﬂ%efd@[%emzaﬁ%%%%&gl rﬂmsﬁxa%ﬂg}ugr a polyphosphazene

poiymé%e%ggﬁogt e?e/gt]ol. [0009¢] In a fifth aspect, there is provided a diagnostic

preparation Tor tracing the passage of a porous particle through a blood
wherepelis glubin Pfigngoons orithoréporbbsqsarticies mydefinedrabmrejiah@ilate about
300,000084ast agent. [00091] In a sixth aspect, there is provided a diagnostic

preparation for enhancing ultrasound imaging, comprising one re
p&geﬁénptaﬁ% é%célgra‘égﬁgnhg?? rﬁrﬁ \&&%ﬂ%"rﬂa cgengf’roa?@gglé " fﬁﬁqﬁl & g/mol to
about {UHEY B™PMethod of minimizing blood flow to a tissue in a mammal

[0989&9m%lsﬁlr}gﬁg(:g§9cl{] Qh%%éelg‘sﬁrgvpc%glgnd%%%cp k?cOdrge:isrgg!)g fé)@%r%?nrg%glpassage of a
with at least on partlc e, wnerein the partcie c m%I’ISGS a

porouppRyiple thifug edtlvesdyrpbsphareing and/or a derivative thereof. [0011]

ither desgribed heraln s 3 method of delivering an active agent to a
localized area within aeboay of & mamma comprising contacting the
|6EANFEYErBa with at least one of a particle comprising poly

{0009&3 is(trifllﬁl ? "s?ﬁw%&é):@ G}%?g E%%QQL@Q%Q%Q%B{%SM&QE 'fglo&ﬁﬂgcﬂ'& ultrasound

imaging, comprising
one or more porous particles as defined above; and

a contrast agent,

[0010]  Also included is a method of minimizing blood flow to & tissue in 2 mammal
COmprising dcciuding at least a portion of a blood vessel of the mammal with at least one
particle, wherein the particle comprises a poly[bis(wifluoroethoxy) phosphazene] and/or a
derivative thereof.

[0011]  Further described herein is a method of delivering an active agent to 2 localized area
within a body of a mamma) comprisiﬁg-contacting the localized area with at least one of a
particle comprising poly [bis{triﬂuoroethoxy} phosphazene] and/oi;"a"dcrivative thereof and an

active agent, such that an effective amount of the active agent is exposed to the localized area.

2a



active agent, such that an effective amount of the active agent is exposed
to the localized area. 2a [00121 Also within the disclosure is a sustained
release formulation of an active agent for oral administration, the
feo1fprmulationvaanmprisingiapalymer capsulmand«ansactveagent, whereirtive agent for
the palymeric capsule comprises poly[bis(trifluoroethoxy) phosphazene .
ore A S TAR0F (U0 PH GELe (AR o SR wheei
the mobthedeaktradingpihripaysipbis(utut hbnomiesehbons sodceksidenivative
thm_@g’cjgt‘mmal. the method comprising injecting into the bloodstream of a
mammal at least one tracer particle, the tracer particle comprising

[0013b1y [biSta T BRSNS BrOSHhATSHOR SAHR 1 dermdative thepeBiclsrgeed
a b1GORVASLBASh-ARHIMBS RGBS soterRith o paktiemid QKL Additipnaty,

a method of enhanced ultrasound imaging. is described herein. The
manBth#d AP SRR AR P BAS LR HPAR SomEr s et Wbtsatiypreethoxy)
phdsghionne)isiacaRIdevabr st fal v bisfirktareet haxyirmbespha zene bf the

and/or a derivative thereof to an area of the ultrasound subject, and

P Sging the area of the subject using ultrasound. [0015] The disclosure
80380 inclddesmbiye thoetinddde ismringes pparatforrgiogitobatigbeddreain. The

ithin the.bod ISi Cir ' i
L T D L R

corpprisiphaelyiieiparitrerasderiiativsnharees land/ana detivatiyg dprrasien amatea of the
ulBaHeciveamannh afilieachve F98BLISRPased iBiedagalized area,

wherein the particle comprises an agent to increase density. 100161

[00&3) ther  be Hiethey Tl mitas g s T M dF A S AR A SR h bl Bt

arcﬁ%ﬁﬂ%&hé@féﬁ?@ff@ﬁhﬂﬁmd_ i@uﬁi@?ﬁﬁx@@&ﬁ%ﬁxl §ﬁﬁ€$ﬁdﬂl@9& C}ﬁrwémﬁ?ﬂﬁ‘ﬁeafst one of
method comprises, pravidi arjum sulfate to the_core and/or. surface o

o A R RO D PRI O PP LS IE St and e

actDR AMAHNGEh AR04Y $iTdreiforegoingodithrnaciiys agavelt aspinedoll ovwigalized area,
detailed description_of the_inventio i ) r understood when read

Wk?ﬁ‘%‘%r%‘&r?c?ﬁ%%k\?ﬁ?ﬁﬁ%‘e“asﬁﬁe%ﬁ%@ %%f/:\v{yﬁ%% %rﬁﬁie purpose of illustrating

{086} invertiterthanetbpd BnoWALRZNE GENAMGEBINRSGiMaseTEticrel particles

RIS S RisiRriededthauiate dndersioadwhowares dash DRy RRYR Vi ding

is, not limited to the precise arra%%ements and instrumentalities shown.

ey S4 R R BRSRARH 5o/ 0D BFEC9d ePBHASE: schematic representation

of a general cryoextraction scheme used to prepare particles according to
one embodiment of the invention;

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[8617]  The foregoing summary, as well as the following detailed description of the

invention, will be better understood when read in conjunction with the appended drawings. For
the purpose of illustrating the invention, there are shown in the drawings embodiments that are
presently preferred. It should be understood, however, that the invention is pot limited 1o the
precise arrangements and instmniemaiities showr.

[0018]  1Inthe drawings:

[6619] Fig. 1 shows a schematic representation of a general cryoextraction scheme used to

prepare particles according to one embodiment of the invention;

-
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WO 2006/046155 PCT/IB2005/004007 [0020] Fig. 2 shows the manual
dripping technique by which the polymer solution was supplied to liquid
nitrogen in preparation of the microspheres of Example 1, herein; [0021]
WEigl@Aadahd Fig. 3B show unloaded polyphosphazene partiGi€3/EB2005/004067
(microspheres) as prepared by one embodiment of the cryoextraction

[003HthodFés dedboriseticrerein Riguiag3acbrshiny avdiciofitica microsbope was
su ﬁéﬁﬂ ?]tpgqﬁig R EAPWHAPMOR CRDURG SIGOHORMISEQSCORe | GW: .

4 shows a particle (microsphere) formed according to one

[06, Hbodﬁ%n%@#i&vﬁﬁ%?%&h@ﬁ%@ﬁiwmﬁmmﬂ@smwvﬁpa@res) as

preb@y Hﬂﬁgﬁlgﬁﬁw&iﬁhﬁdﬁﬂ\gi‘ {998@})5}&9‘3&&@6@%&9{ é%@hﬁ%&h@@ﬂ{fgigm 3A
un oade e m rosp eres | IS an

S A AT B LA o BB LO PRI Haign microseope

vwscannlng electron micrograph showing the surface of an unloaded

ﬁ]éﬁgg hizsggv%s m %x?%%rt%{%r ?1%9 '3)%0211?&9 '%8%9 ﬁ%%gg‘{% 4%1{}'}73(9:? inent of the

W a Cryoex I‘aCtIOI'l setup seinanem

m"m\?émﬂéﬁdﬂﬁl’f@?b iborige Brulin (RpbeitdctionvéSsanagn fRigtioni8EMsyringe
[oRYMP; $3,[0023LFi-898 &6P8R %@ﬁbﬁ%\ﬁﬁw @HB%&@H‘?@ g%ﬁﬁ&em
e 14 herein;

microcatheter testing of mlcro%wrtlcles in Examp

MGASAIS B ROV 4N B ERER 0 ﬁ%@%ﬁ%ﬁﬁaﬁcofpfﬁ%@m%%@%f%ﬂg SBisa

scabaaie:cGoniaiopartisiesnahafier dhe:by drationfdehydratin e and at
nification of the film thickness of microparticles formed in

KX
mmro%%h%rgr%é@ﬁﬁtgagnae R Example 12 used 20 in the evaluation of
[S02&ample gk, respdciivsly (OERYrEgE DA, IbOBs @& anddddBeatref the invention

i gt miciopadicies mAde b aeserlanse i, aATple, © of Bxample

2 used in the eévaluation of Example I4 after ough a catheter
‘m@ﬁbwmﬁiéu fate Fefedi(nmy PO e Rtk o CyamIrdKrocatheter testing of

mifRReRilicatinEanda QkKnmagnification (Fig. 1 OD); and 25 [0028] Figs.
11A, 11B, | IC and | ID are SEMs of microparticles formed in accordance

[00%fh SaHe o ERaTrpieat S ENer thifamesRilictHen Ty hesyHrrpr th Sample

C rﬂgobéﬁima fedafmage ieatiosnofayminamamaysaho brie FnraiaBdiiheation of

ite contrast lB is a 200X nifica the
th%‘i:’%n%a cfes%?lll—cg K![%Elgs o-TeNi| argﬁ1 ?gsp %cetlveq FHBK 14 used
in thadval @'ﬁMmé@mlaﬂeSEMﬁpﬂm:nSample C microparticles showmg

[ﬂ&%@jy m'?z%rs%ﬂ,eﬁ%gsi @ and 10D are SEMs of microparticles made in accordance with
Sample C of Exampie 12 used in the evaluation of Example 14 after passing through 2 catheter
showing surface features (Figs. 104, 10B and 10C) at 1.0KX magnification and at 5.0KX
magnification (Fig. 10D); and _

[0028]  Figs 11A, 11B, 11C and 11D are SEMs of microparticies formed in accordance
with Sample C of Example 12 after thermal stress testing in Example 14. Fig, 11A is 2 50X
magnification of 2 minor amount of delamination in the strong white contrast portion. Fig. 11B
is & 200X magnification of the microparticles of Fig. 11A. Figs. 11C and 11D are, respectively,
200X and 1.0KX magnified SEMs of other Sample C microparticies showing only minor

defects.
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WO 2006/046155 PCT/IB2005/004007 DETAILED DESCRIPTION OF
THE INVENTION [00291 Described herein are particles that may be
manufactured using poly[bis(trifluoroethoxy) phosphazene] and/or

wilerietiveasthereof, as well as methods of preparing such partaiem0s/604007
Additionally, described herein are therapeutic and/or diagnostic 5 methods
and procedures WRIChILES thE AR O N HestHbhBIHSRGIH) Mcluding

g hods akRPRIER R sl RC RS RENRTA delyery of an

active agent using the particle (either orally or locally), meth6ds of tracing

polyikissuingrrpthoen Bhrasaersiel seita druiat vRrsheahavel) assnribads of
prepastig! I@ﬁa}ﬁﬁ&m}%ﬂlqﬂi?dﬁxﬁ&ﬁlh%@fdrm&méﬂm §@{&g§&5@&d&%ﬂd .| GidBostic
articles. 10 [00301 A|so included are sustained reJease drug deliver
e A BN i SRR R AP B AT TR R e o
emﬂe]@mr'ymisa’emgahﬁmrﬁgemmatﬂmels gﬂéﬂbjmﬁsﬁaalas;&sﬁe&gaaadéﬁrgsyismieie
fiErsennolanaaly s aaent ap elhas A auslaiNedIeleane Qg AENEY nuiss
ormulation t at can be injecte su%cutaneous%or In ravenous’ly? r
thrivighl ipe dode Wwury Gf anrackvenganthe® [Eoahanaidofitrsowmitiedsgraphy) using
the! psitions and formulations of the invention utilize at least one particle
as described herein. "Particle” and "particles" as used herein mean a

[90538h starftisnynyAediesn Srkifisoreaiti ey chutoiosmetiipnmier sray
adrhﬁﬂﬁr@flynl_ X diaématﬁg b&kﬂ'tﬁ@&b | If@r_fblﬁlﬁigaliié@cﬁ@%_ Hcomet X ROERE:ARENt to the

a Ications descri elow, Includin microspnere(s) and a .
e TS B TR R B L SR S PR t0  Fgfined release
dragrtiel0cj@032duldimpieiecradpariictes abtieirvesiion accordingip fonkcalized

d i?@? @m%{-ggg E@Led herein are composed, in whole or in part, the
e:spec(i)(i?ic polyf)hos hazene polymer known as poly[bis(trifluoroethoxy)

[063Absphaier dhomsthiedhy st ity Juisarmusimahokiie hosprrmzbhed at least
ondineiRidhisepaniiic paimenpravides, pagicles-thal AR AR RASHR A Substantialiy

inor%lanic in that they include an inorganic polymer backbone and which

sphigriealiah FHBEBIN BERSRES IR 8Tk it RRYCRAY 7ty o iTfiFRsifitable for use in
the(ipetipingctudons apgdiraing sksthidyde: pot, SIMdoaNd yniRduieR(s) and 2
respon S\Qfeg]de gggg'{gilgr%ro non-specifi immun%? stem%hél'gle scope of

m}ﬂs n%e ntion™ also includes seoﬁs?es S 13f §6%ﬁe ar icwfé%nas cdr%ltrolled dru
p g

[08ggliveryiebieles et mwpaff&aﬁés}vmmhem@gmiom@ﬂdiodhtwas@aibed
ner@iLRI0SE Organs, 003317 ﬂ-?pﬂﬁ!%é%e%ﬁﬁcuﬁ&é%ﬂgs&\é%&tm&mr knoyn as

therapeutic and/or diagnostic procedures in~ 30 part because they can

polythiserdip oS ARYesBhE A © déetudd v plop xIbisBitipweihas lsmall
ph@PRUBRID €RSI PASSHYAUEHI He-SPREEYBHIRIS Bk aYdSHAZAUR RN inorganic
in tggé%g}? !Ir}{;?l%e an inorganic polymer backbone and which are alsc biocompatible in that
when introduced into a mammal (including humans and animals}, they do not significantly
induce a response of the specific or non-specific immune systems. The scope of the invention
also includes the use(s) of such particles as controlied drug delivery vehicles or tracer particles
for the visualization of blood vessels and other organs.

[0033] The particles are useful in a variety of therapeutic and/or diagnostic procedures in
part because they can be prepared in sizes large enough to occlude a blood vessel as well as
small enough to easily pass through the smalier vessels, e.g., visualization or drug delivery

purposes. Additionally, owing to the biocompatibie nature of the polymer, the particles
5



10

20

purposes. Additionally, owing to the biocompatible nature of the polymer,
the particles 5 WO 2006/046155 PCT/IB2005/004007 facilitate avoidance
or elimination of immunogenic reactions generally encountered when
wiomeigindsosiies are introduced into a mammalian body, suchras/igpiantsoo7
rejection” or "allergic shock,"” and other adverse reactions of the immune
facisyafterroiimesovealinihaisobed irioumd gtrat idastpatigtestelifrminvetatiaiwhen
for N lLIRCHC S BlnRER AT DAY IREYCOXINE ARG N8 QARG P ergic
stability of the particle in the biological environment. M reove?, In those
shogt) éﬁg@%ﬁévﬁ%%w@%@ﬁm%% Su§BnMRFeREpdlyrrbgpntfrand that
the partisile, shipredicisrelansed dies vhedearadation velude 80 creasing the
l non-to%g_onéf trationi oimgo phorous, ammonia, and trifluoroethanol,
OngTHTRR SRV g%%aéﬁ’vs‘% AP BrEn O SRR TR aMAPRERYF te Lsrstiations
wheshenmie dsgrntdaioith umdsryoadian dissuey ke (OGR4 bizach ahthe RadicleRiBed from
invention is for ' 1.0f the polymer .
e B R Sl e RS RS shosphor s
triflyerfertisgab Yivtie piiereingeausbitheknpoly fbipterfielo rovthufignmatory responses
whddhesphazenst punbdhERiklhe preferred poiy[bis(trifluoroethoxy)

hosphazene] polymer is made up of repgating monomers represented

[00¢4) the FralaTPEReAIRT Belfinvepyor s rrPatRiberelgmer.
polﬂﬁf@@f,@,@%@ﬁ&l oé@:@id?@?ﬁ)(ﬁﬁﬁﬂﬁﬁ@@f@ é&@VbJ aﬁ&%&@%ﬁ?&%ﬁé&&@%ﬁﬁh&pgemm
tg larger molecylar wejght lengths, prefera Is.about 4,000 to about
o5 S B B SIS FTOSUBOA o6 15 L3 DOPEEF o
polyftgfériblymeihabo pht&BOGte] abhuts 0s36400 Op Afterpativel ynonemayepresented
by ﬁ{g%gﬁgyaagyg%%tgjg&glyme_r in the preparation of the particles of the
invention. By "derivatives," it is meant polymers made up of monomers
having the structuté of formia (1) but Rvhere one or more of the RI-R6
functional groups Er backboje atom(s) is substityted by a different
atom(s) or functiopal group(s), but whete the biol gical inertnessﬁof the
‘polymer is not su SW%W fered! Ex fiprady fupctional group Pnclude
25 ethoxy (QCH2CH3), 2,2,3,3,3-pentafluoropropyloxy (OCH2CF2CF3),
2,2,2,2',2' 2'Lhexaffuoroisopropyloxy (REH(CF3)2)
2,2,3,3,4,4,4-heptafiuorobutvioxy (OCH2CF2CF2CF3), 6 WO
2006/046155 PCT/IB2005/004007
Wh%%gé,ﬁmmmgfye%a@ftwefggeﬁy@éyoﬁggsga(g&a;?&gﬁam at least about
100 to larger molecular weight lengths, preferably n is about 4,000 to about 300,060, more

preferably, n is about 4,000 to about 3,000 and most preferably n is about 13,000 to about
30,000, Alternatively, one may use derivatives of this polymer in the preparation of the

particles of the invention. By “derivatives,” it is meant polymers made up of monomers having
1.6
the structure of formula (T} but whers one or more of the R -K functional groups or backbone

atom(s) is substituted by a different atom(s) or functional group(s), but where the biological

inertness of the polymer is not substantially altered. Exemplary functional groups include

ethoxy (OCHCHa), 2,2,3,3,3-pentaflucropropyloxy (OCHpCF2CF3), 2,2,2,2°,2°.2°-
hexafluorotsopropyloxy (OCH(CF3)2), 2,2,3,3,4,4 4-heptafiuorobutyloxy (OCHyCFyCF2CFq),

6
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tetrafluoropropyloxy (OCH2CF2CHF2), 2,2.3,3,4,4-hexafluorobutyloxy
(OCH2CF2CF2CF3), 3,3,4,4,5,5,6,6,7,7.8,8-dodecafluorooetyloxy
(OCH2(CF2)7CHF2). Further, in some embodiments, 1% or less of the RI
wo REGreLIs may be alkenoxy groups that assist 5 crosslinkioyinzorsiessto7
provide a more elastomeric phosphazene polymer, including groups such

3,3 AGHRACHECHPLRAGHBGHRSMGHB Cralutphsnexy grovps. [0035] I

is preferred that the molecular weight of the polymer used to prepare the

resBARER NG (DvaRioR aasg molacylai weldhLbARGH AN I8 R0V, cr cry)

formula, and more préferably, @ molecular weight of at

|
mel f lv at | tab 0 d still
R O T S e
0x106 g/mol. t pref d | i | | ights of at
S L s e
cro@&ﬁ%g%;& tpdbednysntion wilo %ﬁ%%%?g%%%%@g%%ﬁé&%&? the,e 1§§ groups

application in which the particle is to rof suc

sucRakiOeE J& preferalay B o ae-2bny s AYhHeRwitR-audiameter of about

Ito about 1,000 um being most preferred. Other common sizes include
(003 metérs pfdbrout 290the wiobasrnBOverglhit elibapdijmnabesdid0@enum@nte particles

of HERIGLIANALOU R0 ‘Daﬁfﬁ\{)%eg 5‘1@%' gb%%e"ff&%{ﬁ&?%d g;%%g r&%rably, a

this disclosure that various combinations of particles sizes and various

moleavla SNREHH L thid b alIE Y sf Mo Deforsbin aUiessDE® Ui 806,000
gmithinithaisaopeRithisidisclonsa N agmethodaw sinadheipagisls Whays
20 xg]ﬁre thgrr:]o e parjicle is preferre%ﬁ;\gjg,not necessary that all particles be

e O A BT r B R AR TS BBV NS TROARSSR HSLeh thidh hisaPhAdKHbn
10,prediselymalibrated panicles may be prepared having exemplary ranges

follows: 100Wi pm.,250-pm_50 um..25 400 um 50 gm 500 um 5 )
00 o e e e SR g ot il nedeiarty vary
depm@@mgmmtigraismh iftipersicbpe of thesew/eBhiodishater of such
parBUPUSIBRAARR A HATRMOIRA PROVERAARRPLRNREI Phoou 1,000

.combined for blended applications, for example, particles in ranges from
beghpmog, Bigtsgsd. Other common sizes include diameters of about 200 to about 500 wm,

about 1 to about 206 wm and greater than about 500 um, however, it shouid be undersiood
based on this disciosure that various combinations of particles sizes and various ranges within
the broader range of from about 1 to about 5,000 um are within the scope of this disclosure. In

methods using the particle where more than one particle is preferred it is not necessary that all

particles be of the same diameter or shape. However, in accordance with the invention

precisely calibrated particles may be prepared having exemplary ranges as follows:
100 ym = 25 um
250 pm = 50 um
400 um + 506 pm
500 pm = 50 pm
700 um = 50 um
900 um = 50 um
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[0037] The particles may also include other compounds which function to
enhance, alter or 5 otherwise modify the behavior of the polymer or
particle either during its preparation or in its therapeutic and/or diagnostic
wisEEesrsexample, active agents such as peptides, proteins pADIRIOTREI4067
carbohydrates, polysaccharides, nucleic acids, lipids, vitamins, steroids
It inaldorgdiichosinprgditie drimpsienadbebuainee porgieshiitesiwpanticié above couid
be FYpIRRNIS SRR 0 X AB RN G SUARSS, @@%@%@é} g&h@@&@ I4GASE from 500
and various salts, including, for example, chitosan 10 glutamate, may be
to TREIBd in the particle. [0038] Additionally, if desired, polymers other than

g@ml pglngﬁ&&?ﬂ&im@apg@ngmmlmf ;ﬁi@!@l ﬁﬁa@l@ﬂ}@ﬁiﬁg Hexhgce, alter or
inciuae 1IN N artic X 1€S OT palymers may include . Lo
o RS DR P AR ST A I C B Eh@eperation o i i
thepglyaarhodateBagnotyianicde s ppatpanin/drides ppolimmib acidgtides, proteins,

: ha%%t’ﬁ{@éfh&ﬁéﬁgﬁﬁ@%ﬁ&%&%&ﬁgcﬁ%{'%%X%Eé;%‘%&%ﬁ%ﬁlas AN aﬁl%'Qé UEANSS organic

Other polymers include polyacrylates, ethylene-vinyl "acetate to-polymers,
or weytaubsragtatvdiR bR ceRieria iy HetioltVexcinemosude gradabia,orther

suddeslegragable pelyLTathane snBQMSILanRES, iaeiuam%/,l@wgﬁgﬁpﬂ)w{ayin

fluoride, poly(vinyl irnidazole), chlorosulphonated polyolefins, and
BRI niABh BRSO B &7 t6rporate the selected compounds by any

[o03Eans Kaaweniiher desited|pdingeiffosinghinsesting g eniappie g the
additional compounds in.the matrix of an already formed particle or. b
P e AH0 BB RS S D) b 5P Sob BRI IGRE ymer
majnith@:peepiratior ofitherparfieiticsuchlpw e scdhalyéraimifoaa4), Pobrcarbonates,
o 0 i 0 ' iti olymer
p 1#%%%93, Wésﬁe&%& ég%g‘%,gymx A& gé%%&ﬂﬁ%&é}s? gl 2

ayer or Tlayers,’includi mers such as those mentioned hereinabove.

rolytiygiepc R MRt pel vaclarngat ibempyeicadieTomy sirlsigsco@tinge-vinyl
aceRftAchRRIGIadermed ebathes seiiahlaLMmer Sn@ HERPAIVRIRRSKROWELAKiiBie or

be developed in the art that are used tq form particles as described )
nOR A STAIEY SRR AR RO e h ARIXTarstiiH s, Ralerapulrfiryide, poly(vinyl
imidddok=R, ihlapplitshasadgalisigion, amissbpalicieskieemodsafi@nincorporate the
Sela%\éliccéglaggg,ggl‘ymgr as sego%g in turth r.d t%il b J&\ﬂv" 30 1{(})0%0 —
6ESoatlngsp are%ene?flcizﬂl, F&Sexgmpfe, if't 6n§r |cl'ggs§lar§'1fl§bestejsé(¥i?lrgn Tapping
theqyisigiivred coalpawedsordily admmistencdrcddydadalpdary: fotmu dticd degttrc

e

Sugp @TFSTEISIBET07 [00411 The microspheres may be prepared by any
[oozBans KRowAd he.arsdhal 8idahle; be coated with an additional polymer layer or

layers, including polymers such as those mentioned hereinabove. Further, PTFEP or its
derivatives may be used to form such a coating on a particle formed of other suitable polymers
or copolymers known or to be developed in the art that are used to form particles as described
herein. Preferably, when coating a particle such as a microparticle, PTFEP is applied as a
coating on a microparticle(s) formed of an acrylic-based polymer as set forth in further detail
below. '

[0040] Coatings are beneficial, for example, if the particie(s) are to be used in a sustained
release, orally administered, drug delivery formulation (enteric coating) or if the particies are to

be loaded with a potentially toxic contrast agent (non-biodegradable coating).
8
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for the preparation of particles containing poly[bis(trifluoroethoxy)
phosphazene]. In a procedure according to an embodiment herein a
"polymer solution" is prepared by mixing one or more polymer solvent(s)
warase4RFFEP and/or a derivative thereof until the polyme PiSTERHESEGH €W
[0042] Suitable solvents for use in the preparation of the polymer solution

F00iHdIude TAsyier oS RRSIHERBAY Oy PSPPI HE BN ERSICR S eReriv atil@saprdat is suitable
fo;%%LH@&%&&%M%%&%@BM&Q@%@wwg?m&ma@&m) SHMbhRIRY) in 2

butyl-, pentyl-, octylacetate, acetone, me IerthyIketon(;,_ o
Pmﬁ?&ﬂﬁ?i‘i‘fﬁfﬁém&@ﬁé‘, HREANMETH BT TR forRe YT A RS r ey epared by mixing one
or Byetghtxaboney ) cimetihd ®aEtamisl¢/cacelatitiles dissaihyhethier potymer is
dislsﬁo%agluorobenzene or combinations thereof. [00431 The polymer solution

Cohtains the PTFEP and/or its derivative polymer in a concentration of
[054Bbut 1%aigbiveightist folysmer tbe209%pdyweidglibopphipmenipieferabiic any in
whﬁ:?x%é E%@e@@%ﬁ? %%Pﬁt%@ﬁ%ﬁ\%@ aQJlggfuBfg.y Wéﬁ@%&%@&ﬁ%@g\dudeﬁ

above, may be present in the solution, or may be added to‘the vessel in

- witheutmiaion.s BB e BBRY o R PHWAER Bt ot BT aeS Rt ngc A @se Al kdhy ketone,

e A B e of

. proceSS e pO ymer solugon Is ne | pe ed, prertera y|n e 10rm

i BB A S VB8] ST SOF S GRa pmalions thereot.

106430 n-sOlue pi ikisr méanhanyangahic RITHRD rgaite solsivaitraidamotn a
substantially dissolve the P olymer -apd.which have a.melting poi

corp O W e RO AN Ry B e Ry

abqyo§fimer 19%6issokeigh{ Palgirmesditbet iy isoeharsdssorsasoibent. thalbe present in
theRETRSING: SQIvENL ARV 1RDE S WSRGh e IS URRNAN SIERNRIRIBERBY o ther

this difference between the melting point of the non-solvent and the
fore i 905 WisRAsiP iR cipdtituch olimee préte Bl raBit: 15 C, and most
[00?@ferart1ﬂmag5ﬂh agafml;gb&&_,&ae%oh@mi@ @@lzaﬂainw&ldia@p@agehaﬁr#emig in the
ound that the structuyral integrity of the resultant particle may be ennange
for (TP AE B B ) BOTL BF BT < B o R
meatruasolvemtiisoyieatestioanl ¥ thkiclvevesplistarsidfigidntdhatttad® TEFEP polymer
-solvent point is me I I the 21 solvent,
o B e RO SOV
wigshe ey b @ solyay § oplimirtrdveatyer thalveh nerasdbes thaws before the

solFOMPISIR I remQysefromthe RakiclesWhilshol 3G wishieg tene haund..

by theary, it is hypothesized that during the incubation, the non-solvent
meingROHE 85 Bt PIEepbRIh B RIVER RTINS ARer Lo Sic iy Riglerably about
1 5°50| uitan-@ee pletsrivm sthapaktislessstietr that the-polymieciha&ieast has been

fouggllga(}' tﬁ‘es § hec.n%llj ?I%ggor? of It%(ej: 23R e%’ptat}%c?e may be enhanced if the difference of
the melting points of the polymer solvent and of the non-solvent is greater than 15° C,

However, 1t is sufficient that the non-solvent point is merely shightly lower than that of the
polymer soivent,

10045] The non-sclvent/polymer solvent combination is incubated for approximately 1 to 5
days or until the polymer solvent has been completely removed from the pariicies. While not
wishing to be bound by theory, it is hypothesized that during the incubation, the non-solvent
functions to extract the polymer solvent from the micrescopic polymer solution droplets from

the particles such that the polymer is at least gelled. As the incubation period passes, the
g
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WO 2006/046155 PCT/1112005/004007 droplets will shrink and the

solvent becomes further extracted, leading to a hardened outer polymeric

shell containing a gelled polymer core, and finally, after completion of the
wimculsatiomssa complete removal of the residual solvent. To emsurB:thste 7

polymeric droplets retain a substantially spherical shape during the
drojteseibaliohrpériod, theepirtosbowirea frokercur ®kdbisrsitially ghdiddrethoater

polﬂh@m@ﬂ%&mﬁg%%ﬂ@diy&%@e&a%%&ﬂ%ﬁ%&% D8k Selyent

~ temperature may elow the melting point of the solvent during the

incylfisay i SemEictp A ERYE! pidhp eals s é%%ﬁeﬁ%- FIg, eesuiet e /bs ol vapssie droplets

reta{@h ROMAMEESO B-%ih@ﬂdﬂl’ @B&@Esd@fﬁl%lﬂﬁg\fﬂcmicﬁ pispe l,li"eE&!/ @?ﬁ&igbﬁ\_’ﬁf‘g@rozen or
syringe or other deyice at a coptro rate ontq a.top layer o iqui

s REGH E4008 RSB UL e PR APy CLMRR B o

solvihe selectetrmampslve htiavhich méllisgentoadl the sobvtaiakiraet thecsalvenction

pm% . the frozen polymer solution droplets. The non-solvent layer has

een previously frozen with liquid nitrogen prior to the dispensing of the

[06450lymeksstiationn The Lbassed igpuicdi@ysovee e isbtiohiiroriewmg dhown
beirlP@id1078A &%%ﬁ@?ﬂgﬁw@%@%@z@a RebHREHSIAERPIGES Wilbsiaker of

he vessel labeled (c) 15 shows the cryoextraction procedure after

liquighiE0gRTatE RF tRTERE TRl B Hrit B S W ASRIATEY PAgRiiSHas Rty selected
nondisiplgts wikict bateehwrthin thernon-solvrnthb v dae edrdeplaiodafidiymer sofution
ubstantial amount of solvent. The result is a gelled, polymeric particle in
o i T S R
disprgpiesefitatipnlyvther solwsoly it heigblt laiithid {heshrossticismsligbflyhretivded of the

ﬁ‘ozgh' %éﬁsggg}ﬁ ?ég%%%%%e%,@&%%@?ﬁ%b{? &to%_@t% @i%ﬁs&ﬁgh%#%qs?e If?ﬂ%gd (c)

rink quite substantially during process ‘depending on the initia

shows Neerrragiorrefanerpeltetinr pseipashsbrsasiays004ubrspe wherein the
pohamRPedimen el A-methadefanrenaring AR EhFRCaNaIREE PMHRE)a substantial

according to the invention, such particles can be formed us:%%eany way

AP T8 e TRt ke BRI BREIHIPproraN R et bedas
hardzgedmniskiry. this taalbdewmhterdin 2brijeiatinandsohendoiesidingdh: thihin the
v?sseili t}he ete oc%i et‘gbgdirré%nt (Qetscrib%labove iffcool q to clofs%;% p
Vet lﬁéé%m& f)sofﬁ oroi s?réneezmspp(r)alﬁ- I;l)ﬂor to the addition of the E)}ofyr”neeﬁa 5
wilisthiigiio nuisei shbsivattidily gotyrpdhic roptets dependingom thomitet! withethaation of the

po}ﬁﬁ‘é’f‘i{?%@%&%fé%ﬁ%%n‘?r (ii_) the polymer dro_plets are frpze_n by
contacting them with a Ilqruefled gas such as mtg{gﬁen, which is placed

[06%%ler a BetorpRodiIsaOR8 MetRe At rEesrpry B TRirromamins pariciaife
acc&&i@@%lrt]ﬁ@iﬁv@m i ,_tﬁf&htbﬁﬂl?é%n%&kwi@%}@w_l fosiey tl)astﬁﬁgml_ _@tia%m or to lbe

ICrosphneres | elr rozen state will sink 1nto rne liquiq, cola non-solven .
e R Rt S PRt PO RS B B TR e e Wherein

(i} the non-solvent residing in the vessel in the method embodiment described above is cooled
to close to its freezing point or to its freezing point prior to the addition of the polymer solution
such that the polymer droplets freeze upon contact with the pre-cooled non-solvent; or (if) the
polymer droplets are frozen by contacting them with a liquefied gas such as nitrogen, which is
placed over a bed of pre-frozen non-solvent (see, Fig. 2). In method (ii), after the nitrogen
evaporates, the non-solvent slowly thaws and the microspheres in their frozen state will sink
into the liquid, cold non-solvent where the extraction process (removal of the polymer solvent)

will be carried out.
10
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will be carried out. 10 WO 2006/046155 PCT/1132005/004007 [0048] By
modifying this genera] process, one may prepare particles that are hollow
or substantially hollow or porous. For example, if the removal of the
wephventdecrn the bead is carried out quickly, e.g., by applying &/nactsmmos7
during the final stage of incubation, porous beads will result. 5 [0049] The
[68ABK tic| d3yonediiTing RibEceant BEqseep Afednayapry pisendeiitesthat are hollow or

subsMISTASPREISS o pakole eiiaiRad iy nehizing IhemRlMEE SOMMOmITE.A i

polymer aerosol using either pneumatic or ultrasonic nozzles, such as, for
cardod bR ote P s F0R) YetA BTAR SRS IS EH2  ttras GhiaTibAsRL SQEpHS
beadvaldhiedrom Sono[.tek] Corporation, Milton, New York, U.S.A. and

chler GmbH, Metzingen, Germany. Larger particles. may he obtained b .
100 RTHEAD G OIS SHES B eLeoE Bt S LS oy PgaeBeres
mapﬂwbﬁhimséfbmmgld@wgdm M?dmwenlv@sw\iiﬂtdae poipmer mm@m@itﬁkﬂl
erlii A8 e Sige RN nadicle mavalagbe SRRl 07oMeRlie B Ae: usso

increase or decrease of the initial concentration of the polymer in

ulirpypinapzasiiteh 258 labiidrun Soneettirhtormwmtiendvidien Nevesedd U.S.A. and
LecHRISS@ BIaMRel 00 26340A0 altamnativeembedimenkoftbe gaa%‘!&%smg the
described herein, the pa{tlc_:les can 15 include a standard and/or a.
droplelt AR eI BRLETOR BACAAIRE ASTTHIET BF 8Pl ARcioR R ISHER dyforcover,
as WA BE RacSuch padiclastaidipiovides preftrued sphareat shapasand altered or
imprpved specific gravity for in a suspension of contrast media for
o RSl THE GcyiC BOIgET DAL BBt PRLEB SR pomer
soi@ésp@e&iﬁh@ewwa@g wﬂbéwhtiaﬂy ‘spkfeﬁ@aﬁmpéiamm%ical
[ee8@ibility andhcampresaiBlinminneyedsneclis ravty RIAReeS HiSes can

core 20 polymers may be formed using any acceptable technique known

inclpdfesipdaiicndeharefrasciraae tAse! Thahaw dracyPrearearsivater with a

shellyelraugiiBends fomied oastinkadRolviMatinypMaaGRIBId improved specific
icrospheres %Alkaline Hydrolysis,” J. Appl. P, Sci., Val. 38, 1153-1161

Micr .
ETAVIE 0 B A BRI AR i REONAR RGO thePs R Eifche ymer based
polpoeylicvha 36T Pbsirie teeribeprintariatlyoiatmesiby polyinerzinigal shape,

h precursors, including, without limitation, 25 methyl acrylate
R R et B
polymmanRayOrHparstysing| amethermpkitct¢rimiove) kaenirderiba dve syclazivieg
desQIRRNAIEMELS:Bh Sueh %&}5&&@919&@{9@&%&%&%&%@&?@5&%&4% My Methyl

The polymer should be present in the core in a hydrated or partially
Mefigariat (HyaroR o BaLRe SIS e phERbrRORF orfek- inkdd In! 161
(1990gendorpspiddesuiiabladiyerngal maparie S RoSIRIKIEEHBRCEES: polymers are
pre?e?arl]} 5r/1 oerdmgg Qy polymerizing unhydrolyzed precursors, including, without limitation,
methyl acrylate (MA), methyl methacrylate (MMA), ethylmethacryiate (EMA), hexamethy}
(HMMA or hydroxyethy! methacrylate (HEMAY), and derivatives, variants or copolymers of
such acrylic acid derivatives. Most preferred is MMA. The polymer should be present in the
core in a hydrated or partially hydrated (hydrogel} form. Such polymers are preferably cross-
linked in order to provide suitable hydrogel properties and structure, such as enhanced non-
biodegradability, and to help retain the mechanical stability of the polymer structure by

resisting dissolution by water,

11
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30 biodegradability, and to help retain the mechanical stability of the
polymer structure by resisting dissolution by water. Il WO 2006/046155
PCT/IB2005/004007 [0051] Preferably, the core prepolymers are formed
woy2elispersion polymerization that may be of the suspensiorrOr/eEulsi@naco7
polymerization type. Emulsion polymerization results in substantially
[605dpheriReiigrabiiv) ¢ chaborapd@mers wycalbontd O ndismensoSpsiyersionion that may
L N sim : ut o
P D e B O A s
subsigrial Yisehsrinaipasisles PRIV PhA) we t%@%lii@%f%-a%ﬂ@mﬁr, more

polyRiGiesably-pRomen nhase: Seital! e initHatoss 06 HSRIR se TIRROMBO microns.
hase_compasition include benzoyl peroxide, Iaur%)g peroxide or other

[m}sgifmiIaﬁ“ﬁB?B%%Pﬁgéﬁ?f‘ﬁﬁﬁ%?dP&%hBWﬁl FoBEd eTRBEtiRiAR BRIy be
selutiiézedastipr etprrad inifiater hefagiayrayhpere b TSaitaitiatartisors for use in
tre IS ISIRDRIeSCRLIN AN AMOUS6.20UL0.L S0 BhOULE 10 BELCOILDN. .
welgiﬁtrb $ed on the welgﬁ%o & monémer, more preferably about 0.3 to
peroalsthasegdnciegiptykuighiria Se donltredveitisteot thidniormnse prferredtautiator

bein%@&%@yi%@f&ﬁ%‘éi”’fi@%rﬁﬁatﬂ}%ﬁ{@éﬂﬁw (RISERGLIOh USRI OFINRG B 1o about 5

ydrated polymer. Suitable cross-linking’co- monomers for use with the
peregib Dl AVEE 8357 eiptReis O RIS BeBamS T FY S IRE Eabbr AR Aed to about 1
percB@b¢iRagreLREUENAieusS Y eel-basesidnaterale Saltvas ethwanting co-

lyco] dimethacrylate 15 (EGDMA), diethylene glyco] dimethacrylate
o ORI Bt By VEBDE T TENE G0 R S RAFIE Gl ning co-
mon(hieG MDA Aidhthindrevisténaganinviple alsadneepipd videdrfregsired. sAnyymerized
Suitable . I rizati in transf nt be used. In th
S OV 0 L ST 1

(EGOhao.iregtbieenggpredhdmmbtanyigecd prabiddor tiengrantetaeably, triethylene glycol
dimARiRskzationyasgtion. 20:00a3kI Ne ATHSUIBRRSR LOMPPSHIORd Any

_ preferably includes a surfactant/dispersant as well as a compiexin

sultaRlio R AR AR IE FIECRL A o5 S o RS ash erndiment

herehig deasopatiblemii heysonamess Usad henein AachgingnoyanarmesiBie for the
370M, polyacrylic acid and partially hydrolyzed polyvinyl alcohol
pamglﬁlr?%?gm}s/ %50%05562%?26/88, 40/88. A dispersant should be present in
[6G58h ambuniplabopihBdctanabeitivh pefeshtyopcisight basedhoridispsmnouptvell

as a ConiNAlen.In the dispersion. mgee preferably ab &%9&&&@%3%&&%‘9&% be

by weight'based on the "amount of water in the dispersion. Ari optional
compgifrlp SoibtisnrRBY PR EE Meridaelu8ing Sivnasmefe ddhe priyaerylic acid and
partiRNSTRyeE Paliaisalutionitypides satiuaRAGSMAICS: /88, 40/88. A dispersant
Na2HP04/NaH2PO4). A suitable complexing agent is etf'u lene diamine
should; be nregent in an amount of about 0.1 to about 5 percent by weight based on the amount
of water in the dispersion, more preferably about (1.2 to about 1 percent by weight based on the
amount of water in the dispersion. An optional buffer solution may be used if needed to

maintain adequate pH. A preferred buffer solution includes sodium phosphates
{(NapHPO4/NaHPOy4). A suitable complexing agent is ethylene diamine tetraacetic acid

(EDTA), which may be added to the aqueous phase in a concentration of from about 10 to
about 40 ppm EDTA, and more preferably about 20 o about 30 ppm. It is preferred that in the

aqueous phase composition, the monomer to water ratio is about 1:4 to about 1:6.

12
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(EDTA), which may be added to the aqueous phase in a concentration of
from about 10 to 30 about 40 ppm EDTA, and more preferably about 20 to
about 30 ppm, It is preferred that in the aqueous phase composition, the
Whoromsttd water ratio is about 1:4 to about 1:6. 12 WO 20686/0B815804007
PCT/IB2005/004007 100541 The polymerization should take place at
{003Hout divbRrohYiBsHERHORSPFEFEHEDRARG Ah 2P ATE B R BEIE ARB BEAHY from
abodt tIrediecga)atiosr ookt oRe: 1@ PaaRRWS I i & fatesy et 100:0.5@0rates

rpm is preferred for particle formatjon, with lower rates applying to larger |
of 0er BhrRerds BtrAHer P&E‘ég%%oﬁiﬁ}ﬁﬁlﬁ‘io‘?ma[ﬂé%ﬁéﬁ peRtidRes o5 arger sized
par{o5 2hdOngie:-Piib Appdyirgles ssiathr aedisrapasticles, are formed, they

prefera ected to hydralysis conditions typical of those in the
sl N e
subjeistiFmiaAly Suebndtersivpiciyefrdeitaisipretidedtiding concateation 0 molar

exc@s@%ﬁt&s’&%ﬁ?@%ﬂg Ry RAeRn 2R RS ANE Rl IR SIS vided in a

then heated preferably at temperatures of about 150-185 C for several

conpeRiFaLo Rl ABINEly! 16° POASHHIR 2B raRicka it Sty e Rl cBBe spigtion is then
heafb@fﬁl if@ﬁﬁi%%t@iﬁﬁér?m@yﬂﬁwxﬁqms%H@%mé@déﬁl hsukts eﬁ%ﬁ&’ﬁif&'ﬂv@lﬁ to

. less than about 5 molar excess,of potassium roxide per mole o )
S AT BPRREN AT S0t M o A S SRt S RIFRY R Riroxide
be uggctibitg, Acconciniration 6imaboekdds L Yopotassibpdloyitopidensic of PMMA,

thylen [ referabl e referahly about 14% tq.

o G S oA o e ion of
abogb Htitivriatniive hiskepidatn rhyines e ose iy tedpeaids eredralid more
prefGacHonIPesReaBHAN: Fes mawbenrtiethdenendingi theneverallat heating

diameter of the resultant particles. For example, the following conditions
congidonp it Repro IR HARTGRE AR S0 fE S5O CRYRTHIE b hRes. Reaction
timélesiie dstabiddyidardiapeiars 6takbiodiad-S00kRediS0batenNSheultexample,
heated for.about 7.5 to about 8.5 hours; for. diameters of about . ...
the BSOS GO 8 RSBOMPTIE MUHES B 008 AEHoere S Bty end
desB&Es40HipM fabdamkies td ammﬁll@?ﬁ)ﬂhamsﬁ_xamdit_méoabbomm&@%&@m about
7.5 ?@M%? itﬁglﬁ'p,%{" &f&x%e?&y 5P 4 %{EB&%}%‘E oG t?%‘ﬁo%%%ours; for

using variations in the polymerization process, for example, by varying

diampsertipfinbosp et HitNmeatat bf-fiie hewormerheyhandgiveebeupAdisésS um,

abolitithels sRrlausizescandbemehiaved bydnareasing siaciantalispersantne
ratio, 25 [0056] Following hydrolysis, particles are separated from the

PolBEHBROM BARITE ity (REF B A HRabt Sist e Sy Ryl asdtipddomonomer
to therihesqueosiessinpusiens atadidesidec-uses aditievelef iibe patticlefecrmt/dispersant
ratiin@Y be adjusted in from about 1.0 to about 9.4, preferably about 7.4 if

[B056] Following hydrolysis, particles are separated from the reaction mixture and their pH
may be adjusted to any range as suited for further processing steps or intended uses. The pH of
the particie core may be adjusted in from about 1.0 to about 9.4, preferably about 7.4 if
intended for a physiological application. Since size, swelling ratio and elasticity of the
hydrogel core material are dependent on pH value, the lower pH values may be used to have
beneficial effects during drying to prevent particle agglomeration and/or structural damage.

Particles are preferably sieved into different size fractions according to intended use. Drying of
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intended for a physiological application. Since size, swelling ratio and
elasticity of the hydrogel core material are dependent on pH value, the
lower pH values may be used to have 30 beneficial effects during drying
Wi J9pelpesitcparticle agglomeration and/or structural damage PREAARCRSS/Bre7
preferably sieved into different size fractions according to intended use.
particizyipig iRl 3 Ay D UOB DA BB S PB O5I0TS0TP I ysira clesop RBferaB gt 2

tempRERUFS HIHRCLAMY Strdard: drying: REREESS (Hbeingiase of an oven at a
temperature of %eke)out 40 -80 C for several h%%%?% to abaout a day. [0057]

(0053 prdAAECHES S S FRER B BISRRIRES (S the IREKSARsY RIS} i gorder
to prividedethddopr fnddeashesidT BN ecsivingha RiffaERo€ datingirtipel stufage of
.the rogel may. be 5 subjected to treatment with.any suitable ionic or
st B R A L e B el anc
tetragikyiammraioriais!ia pebidqeboin ané sroliainugidriaiadHesiors peopentipsciznge in

adheQir }J@ﬂ@é’h@%ﬁéﬂ%@& %‘ﬁr%@ﬁﬁg Qlfetﬁ_ﬁ@@é %@lﬁé ?X\q{& 9!‘9%909%0&:@ by

reaction of its polymethac_rtylié- acid groups with a suitable reactant.

reactingiefiite pelaaahacTrl BOLREE DL FHSE f52FiparoSHBRE drasBIS nclude,
but aﬁé?igﬁ%ﬁ[&!éd %@%ﬁﬁ?@ﬁ&ﬁéﬁb%ﬂﬁ%ﬂ&%ﬁdﬁm@ cﬁﬁb@ih@fl%@%@i& degydneiddaore
nated. alc S such as trifluoroethanagl. Such surface treatment
Drefe L Py (ol SR A OIS OHEINE HUORE ARG ey e IR &g ment
also igapptictkiiefsirecd Shdaceaitie fmethtscoray e ldepwutitiom taplitati dheferred

an initial treatment with thignyl.¢chloride followe action. with .
susf MAAEHRE A IR SNRRAS, Bl e RLBAE AR bon chloride

follothed pairtisisiomva thnixifleerofisenfririd derdadndn Mhydnobivsbical coltrskiedibh
susp%m@ g dﬂ%@&&*@@ﬁ QlmpHGh tealments e eRriechH bR PRHices Areat0

__be coated in that they minimize any delamination of a coating. [0058]
wriflusiestAgiRlely Ueh HIHBSOE &Te RABITEHE P petisies par it iR sorsrbe Eoatee
miniyMit: mﬁuétmamf@fmglnfused with barium sulfate. The barium
005 Ifate is radiopaque,and aids. in%\(ifsg%lif%n of the finished Eearticle "

[ hen tﬁrsn@,nﬁ sS"SrBKﬂ?}é%eé?{ﬁ need fl z“gﬁ%ﬁ%c%rso%%?u S e e
surfasaritigte Suehichatited dutebasgglenitrati Ghespactalyl Gt ngadiyinguancd aids
in vzg‘yﬁﬂ%@{ 5% %Esﬁ&?‘dﬂ&%&éé%&%d%é‘”ﬂ?&gﬁﬂﬂlfi%@aoe%%‘éé’@ﬁﬂﬁiﬁ&m
PTFEP, thereby providing improved adhesion between a PTFEP outer
Propesies Anthansoiviaerichdipltecdores pralnsleiBg eliowly fideaicine toh

allowd BN hE soieRaRiclesar eswNgliens batim-siiiale .alsp impravesthereby
overall coating and adhesion properties. By enabling the coating of the

providing HRPENAR RALTSIN SRNACEH B i SEtE it 1S PREPPHEFGHT SOIARE 545
partithguesdhepeieniialdendeney vifdhenPddrEhshedisste oratisabiiRidraifie

also %%{z“rg’\‘?‘éé%ﬁé‘ c\)/\\{gpalfocgytrilggtgr% %gﬂgggns gpnpaegtggsst%gfeenab}ing the coating of the core
particles even in a swollen state with PTFEP, barium sulfate also reduces the potential tendency
of the PTFEP shelis to crack or rupture in comparison with coating the particles in a dry state
and then later exposing the particies to a suspension in which the core particles swell and exert
force on the shell of PTFEP. A coating of barlum sulfate on the core particles 1s preferably
applied by adhesion of the barium sulfate in the form of an opague coating on the hydrogel
surface of the PMA beads. Barium sulfate can further assist in reducing electrostatic effects
that limit particle size. By allowing for absorption of additional humidity, the barium sulfate

tends to counteract the electrostatic effects.
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and then later exposing the particles to a suspension in which the core
particles swell and exert force on the shell of PTFEP. A coating of barium
sulfate on the core particles is preferably applied by adhesion of the
whartusnauiate in the form of an opaque coating on the hydrpgeiiB®ies/004067
surface of the PMA beads. Barium sulfate can further assist in reducing

[0058]ectrSopitie afsecRTirRpRgiersioesch am i frerisies prorbof

covaRAEHIORAL MR GRcHEM HaR U S Rl end AR 10 0PUBLrRCe R vating a sufficient
elecgostatic etfects.gﬁg WO 2006/046155 PCT/IB2005/0040 7_&0059]

amoglh of AL amiqE AR AAIS SRR SR RIS Sae Mo RE Bt A s b aRle be

effectivebleatyctasalinkelfaor phdamieal ygrafteddutie phstialeisindace By partictes.
spraycoating a sufficient .amount, of.an . aminosilane adhesion, promoter .

B e e e - B acesion

proopégticulate matter in solution after hydration of the particles. 5 Exemplary

joesBArticlesinglide Sramipanropyivimethoxysilaneaad shpilalsilaneibastdieq

adhesion promoters. [00601 A further alternative for improving _
hereipianpindathsPBTOmdrs A tidEs T Rolb e At eepsiAG s ydmas! core particies.
Exezﬂgs.gr;agi@@aeé gswiamygmugd@g{@a?é@ ngﬁdﬁmﬂ%&wﬂﬁd @Qﬁﬂl@gﬂﬁ(‘;él e known

artycies. em r es are prefer those €S approved 101 :

Rk el A R R o S N
accepmhi&rr;_dn&imd@xgadjimd}iehrm& icajabléyes prdvkd_;i gt @GCeptadaieXxantakérs
prefe?arkgf?%%?cx%g @9&%?%&9&9%@ ﬁsse Csbu&xsag)%gc\c{ﬁ%%{ %%‘sezs %[11(9 rgsEQ eb%sble sutures,

pre erab Yy approvea tor medical dévice uses, such as for contact Tenses
Wheznad betobaiieisongraiss ay/erecisasaritilsisuifafedp disneseispigriemrganioakes
the philigiand dinetydispersed pionent dhat. makes  the Dartidles m&l%gafg%%{&ed in

e

diffraction due to small crystal size, the dyes when impregnated in
the PREIfERA SBEORE SHERGRPIAREIARS Firt Bitlse MRISREEEIBH spectrum.
10061006 1P Rastielascingibeing Hierapasticlas maseHaccontRagerwilhothg process

o T £EB BB R G Ce Hg IS L R A GE AR R B AnY
suitabisenbaimg udingssole hb%ﬁ@diiuﬁdga@mﬁh@&dﬂ@ b_mil emaying
techﬁ%@?vﬁgvpé’&fxe g%%@%%%mg%% b%%ﬁgsrlgi Lé%i%g ﬂﬁ'ﬂ%‘%e%%?& geckﬁraiaues in

_ techniques in 20 which the particles pass through an air stream and are
whichdhtagtiistigres Brayisiy W Bl Heay spihay P tHaranes FemMnE NditnBsmspin
withi@lBefyativerpotymerrispreyifed dndikis selution iRk spraxing 1eiaNeitk:

clogging of the nozzle. [0062] Exemplary solvents for use in such
sprayipg oS e Ry FAcRYARE acetone, hexafluorbenzene, methyl ethyl
[00oketoneanthaimMBalveolyéntasand smixtirs andiombigationgtate, acetone,

hexafluorbenzene, methyl ethyl ketone and similar solvents and mixtures and combinations
thereof, most preferred is ethyl acetate alone or in combination with isoamy! acetate. Typical
preferred concentrations include about 0.01 to about 0.3 weight percent PTFEP or its derivative
in solution, more preferably about 0.02 to 0.2 weight percent PTFEP, and most preferabiy about
0.075 to about 0.2 weight percent. It should be understood based on this disclosure that the
type of hydrogel core can be varied as can the technigue for coating a particle, however it is
preferred that a core which is useful in the treatment techniques and applications described
herein is formed and subsequently coated with PTFEP and/or its derivatives as described

herein.
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25 thereof, most preferred is ethyl acetate alone or in combination with
isoamyl acetate. Typical preferred concentrations include about 0.01 to
about 0.3 weight percent PTFEP or its derivative in solution, more
werefesadysabout 0.02 to 0.2 weight percent PTFEP, and mast prsteralbobyosr
about 0.075 to about 0.2 weight percent. It should be understood based
[0063h this'diBevisusb Whaguprsdrybrrsrinier saebe et invesorasnecinsicard theapeutic

appliSRHAURIOLCOALING, R PA IS, M%y?f%ﬁ%o(ﬂ@%ﬁﬁg)% & (&%E%é particies.

which_is useful in the treatment techniques and applications describe

For peampiastomRaa e istdrranien stk diig Prbepboi sirsmigng blood flow to
a spelefiy 8EMes a8 feserkled iereitest DWih3INGAI8IDR; as embolization, includes

P T/1%%005/OO40 7 0063%. As previously discussed, the partjcles can
occipding or phstuCHing &t least @ %nlarﬁ?eraa‘beesﬁ?fc% R NES Sy Eone or more of
the remiloiztibe i@&@@eliﬁe@,gm@f@m@ (yﬁaaira}hm@ andubsttececpadicleSdiseases
and FRRESRINPIE, IR one.embrdinent dhsdyanigndngydes a &@,ep%&%gr%fssue or

_ minimizing blood flow to a specific tissue in a mammal. This process,
disopdsisrinanlyirertheaacerts sdhprsiifatrsioninE redes s Dlsctueliry ordspstimietingIn
sucf@sr&%ah@@%g%ar@&@(y)esx@%reﬁass@iﬁagésr&ﬁfc%e@imiﬂaeoﬁ%aﬁp&rseg&i&%

particles of the invention. Such procedure is particularly useful in the
aDOYFeBRMBAY GF RSTFARLLIA MF BAPOISIIES B ARI USRS EifasiraBfesve medical
pracvias eiitaniz ettt ssuRSfayeaxanipl e Riltosdias uec ahos of dnin 4oV e BEr e
.. uncontrolled proliferation of certain cells such as endometripsis, In_such .
e B Ao SHE g ABERE B L CLAAuREB U g blood ¥l s
occlpdotedubesuigsonibed hayalzows|uled. nkashbeniribedtefideniveth@ddona) use particles

that KESSBLLY I BIMIWARINE REDCRsVasIVE [ dical praclics ‘éﬂ%‘?@&ﬁ%‘?&?&m

developed in the art such as via a catheter, a syringe, or a surgic .
agenh G- MHBES b Blisai P E e et RE tR s B CRTTRER D HIy A DB Hlesirable

actitheRIR0Lt uessalds heksh I dadboli e, 8 RHFEHASERLRIAY: be BCehdad iiRdhfon are

ethodd, if desired, one may use particles that have been loaded with an
c2pai QS SAREHER AP LS RRER, KB S RIARR RS Y 1L BB AR
ijrmit ' Ik proliferati \" nt,.a hormone. or other
s e R e O U A e usea
mm&ﬁg@f?m_a;@l _H@Qﬁé(jfﬁ@@% W@@ﬁ@%f@r%ﬂﬂﬂ%ﬁég%ﬁimgﬁﬁ rtﬁ!@d &M@Efls for
tical visjhility, additional radiopacity, and an optimum specific density o
oca e e 0 R SRS BT vomion ey b
[60sdded Fathdiffereritodiyescasimarke suar lndiediabovedfbaraartisiersines,
3 d r ticals for cali rug delivery.and controlleg
cons s (P A B R
cathgiarthassdpistsrisSiene rmaoeske i inbs eolvsideratiomasenisigévbormstidiamn. In
addiREAPE e formprl che el ivenk OSSR GloBIRiNg: OF Bontrast agent in the delivery

medium to achieve sufficient levels of fluoroscopic contrast during surgery. Currently, the
polymethacryiate hydrogel density is between 1.05 g/cm3 and 1.10 g/cm3 depending on the
equilibrium water conient. The most common iodinated nonionic contrast agent media with
300 mg iodine per ml have densities of 1.32-1.34 g/cms. As used herein, “buoyancy” refers to

the ability of the particles to be substantially free floating in solution that occurs when the

density of the particle 1s substantially the same as the medium in which it is suspended. Coated
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catheter-based delivery system may occur if using a density-mismatched
delivery medium. In addition, it is desirable to include a certain minimum
amount of contrast agent in the delivery 25 medium to achieve sufficient
wevedss/ofsfitforoscopic contrast during surgery. Currently, thePCT/iB2605/004007
polymethacrylate hydrogel density is between 1.05 g/cm3 and 1.10 g/em3
partiglgp EREIR 1B A REdaNEiNBHUIARE WERSP LB TR B bebhsraBr SdRRsted
buoyﬁ?&%i%ﬁ%@f?&?§%§ﬁ%ﬁﬁh@ﬂiﬁ%ﬂb&%@m&giﬁ%§@@ew H%g?ﬂz?iﬁﬁever,
32-1. [em3. As use rein, "buoyangy" refers to the ability of the
S““E%‘f??él‘é@’t%%%’&ﬁfﬁ%t@ﬁﬁ&%?FS%‘HE BT EIg A Wfi’ﬁ&&@ﬁr%e%ﬂ@ﬁ e
(00680 deOsityeiibe foaiticteaisrauhstdniiainfhregamielas ke meditRednwwiieh or
it is suspended. Coated 16 WO 2006/046155 PCT/182005/004007
deutgramictesitdineét) ineedieriice althsthes pre seistlifvaraionlws pQaiismeres Ha O,
herein can reach buoyancy whep there is approximately 30% contrast
there Ry I RE H’e‘waﬁ%h?? m%%ﬁ%ﬁ%&%ﬁ%e%rg%a?#@é@’afe@'tém&
Typisualthipickere dsesattordingdhitehninoes dekanines heeain JORGE]Bne 5%
._method far increasing the density of.the particles is by use of heavy water
s P B R e
partiplgstitien RO Plasc MR, stlitiebylineraaging dgeniveldis.of thereferred that
particles for better dispersion and buoyancy levels. Typically this leads to
wherhsing e on U RGRES AR e Raor 48T BF KPR RE BB more
using such a technique. However, some equilibrating effect can occur
prefesely s Whesnirst pramiche Prrddedritat fedHifth vaHAdqiEous sbizfdon of

trasti t. Thus, it i f that 10, ing D,O for thj
0068 oot I PSS AL (HAECSPERENEES EURATILR BAToRg exdlo the
final prefesibiy thdt kwecenbiragtifihentbeifrovided ¢hlarstluSonhwhichoatst diffuse
. | : . ) :
ces B P SN B TG B (Ll SEORE AR G ey o

polymithasedigricehipddf@issiiard dbargoimnicif 1ee exstimeibeoidhe particles,
jo0s5HCh that gither, the-casium seltol RpisiRagEyinaciclimitmed ale IRty to

polymethacrylic acid is diffused and thereby enriched with cesium
add higlisH ARG 91 CPRERERAIERR in R SBRIER SRS GRihee Sa PR THE BBy
cestifCrRASIngtheabilitytouadtihigher amounisal epnttastageddy/piernd delivery

buoyancy levels can.be. adjusted usin e cesium technjque.such that
e A R T R B Pt
visibpedivgtlasrisdesirdcefomemisolizativngiC eSiliih. S altsdris sigivigtigbardhan that

of ioB%(%?:’o@?&r%%ﬂﬁé‘?i%ﬁpeﬁéé@‘?n‘dﬁiﬁ&é' WRLRSCORY R WIS ATOR! Esn‘ﬂl&{?é}hem of

of 132.9 g/mol is slightly higher than'that of jodine providing beneficia
X-reagfecrasheitigiHy riae 1aboH sveraiederasty dif e carpresimeriayvhere a
radidaeiteashdpioityesven: \ilhael A caniaskagent c EOR CRHAIR GANGREnative cesium
treatments where a ) : .
source renderning the particles buoyant in an smbolic solution as well as able to be used as an
active treatment source.
[0668] The above-noted techniques for improving density of particles, such as
microparticles for embolization or other applications where density and/or buoyancy in solution
are applicable properties may be applied in to the preferred particles described herein and/or

may be applied for other similar particles. It should be understood that the disclosure is not

limited to cesium and/or DO treatment of the preferred particles herein and that such
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radioactive isotope of cesium is desired, such active agent can be used as
an alternative cesium source rendering the particles buoyant in an
embolic solution as well as able to be used as an 25 active treatment
WERe 408681 The above-noted techniques for improving d&IgiBREE 004607
particles, such as mlcropartlcles for embolization or other applications
technigerams ey Bradse BOBNEAROPISORRIGATISE sl aasIbesapsirdpsethy

hydré@:BREHGAHE 1R @{@ﬁg{—[@g&partlcles described herein and/or may be
erstood that the

pplied for other similar partl es. It should be und
1006l IEH RSB MFTHIE T8 LTI BRHIEH LS e ihAer: Bifaes and the
prefdﬁf@f@‘!’@@@aﬁhﬁ@dﬂaﬁemm that the chtedidr\0fEh2 00/ Q46iLRS using any
PCT/IB2005/Q040 7 igues may,have broader im Ilcatlo s in.other
techrs 3rf3 cl?és Such qa% ot cef%/lﬂfI %aéacre% ‘AFII%JJI ¢ allé a%%leo qaﬂé/ ke iciuded in
the ?pamsl we[om]smwmj awvéiabiétr‘ih@rbgmwatéﬁfﬁy, bbmgadrﬁammﬂmrease
in defSKS RAISISS Andithe: HIsipHas, PIRRECaINg Rnnodyced: e e
interior of the core particles using any 5 technique known or to be
proviieyelpgechid theewd IS0 opkgsiie dyepdands SileilainResinehided W thebencefit
particle core. These materials, particularly the barium sulfate, also
evengpatiplmagiarenidee A5k hidatinsinliayine pases idingpeasivpaciyain isotonic.
Thu2H SRR ArEE B IRl LB %esﬁqﬁ@%@émméw&g lm@ﬁ@w%ene%&t on
D20 or cesium compounds e barium sulfate allows this benefit even
PhysigiRHS BERIANand/or full hydration, allowing particles in suspension to

fog70emain istonie: ukideribed abmﬂmtswtageimwﬁxa@wm@aﬂwﬂ@ an
inert pre g:i)tate

h t I I I
RN R e S R
benefididitaiésndied pboveaapdraaisedincependertilyaion comblnatlon to

007/ OVIdR NG IIER! Q%@?HE}] SIeds ' ?@éi’%}: "EHRRHIE! %%El? a?‘%%&ﬁmd area

combination. 15 0071 e Invention also Includes metho elivering

withigrihecendy 8§ emasiadbcalle SePlhingiARS tHBABIE @f%ifrﬁﬁrmﬁarearﬁ@th at least
one dpgtbagkingludes.confactingthe:logslized Aeawithat Jeast @Re Ah8: of the

particles of the invention as described above such that an effective

actwsﬁﬁ?ﬁﬁwﬁwe%&feﬁ?&weﬁﬁ@ré1 BB AR IR SS 8 BRCDREEAsH by this

'meth@dﬂﬁ@lﬁmmm the iediad by thikametindiosluteamwhei@inatdteves

call dort I|c tlonofthe active agent a %} 32 some
s SRR EoAC e e ARl Ao e DH G A R cloc
NSAé@én&@mdad@mwm@cmrmﬂsa bgmzmmeé imtiviercaoris Oégmtﬁemseﬂthe

gastﬂ&z{{ég&ﬁgﬁﬁ'm Nt of disqrders &f Hhes gasiiniRsHnal f«%ﬁhé‘dﬁ@ A e
Crohn's disease, ulcerative colitis, and irritable bowel
syndrome. Other active agents may include tacrolimus, sirolimus, paclitaxel, cis-/carboplatins,

antineoplastic agents, doxorubicine and/or receptor blocking agents, e.g., avg3 integrin
blockers, which inhibit cell attachment.

[0072] If the particle formulated for delivery of an active agent to a localized area is about |
to about 1,000 pm in diameter, the drug Joaded microspheres can be applied to localized areas
within the mammalian body using syringes and/or catheters as a delivery device, without
causing inadvertent occlusions. For example, using a contrast agent, a catheter can be inserted
into the groin artery and its movement monitored until it has reached the area where the

localized administration is desired. A dispersion of the particles in a suitable injection medium
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syndrome. Other active agents may include tacrolimus, sirolimus,
paclitaxel, cis-lcarboplatins, antineoplastic agents, doxorubicine and/or
receptor blocking agents, e.g, avj33 integrin 25 blockers, which inhibit cell
Wateaehipderit [0072] If the particle formulated for delivery of T aGHEIESHGSMT
to a localized area is about 1 to about 1,000 m in diameter, the drug
can e AnsaLFAiHOSSh dhe S BT BubBIEEIRg RN Ieredfisaseavofiipe thrdy will be
subjeBRED AARRAOV USRI G WHRIES AR GRS IELS A8 1B SHMERIARMICS person of

without causing inagvertent occlusions. For example, using a contrast

skill 3 Hi6i a2 (AN R BB HE B0 RRETRE R T RSP ARt diums that are
knownanementsneiojied el thatititsas seacheskiine, BA syvhayeothe doesized

administration is desired, A dispersion. of the pasticles in a suifable.
R o b B S
inveitjeciadkdes ag ribeibistHsersgudrahidemnpaitie aasdeoiotaasmnphgieet which

' partiPRENWILHG. subICaIEL 1Q realRephWilh druploaded heads, &{Ej%%ﬁ)?r%éeles are

will be understood to a person of skill in the art, injection mediums inclu
also geieiply thzushiduRp 5B ptable mediums that are known or to be

[0079pveloneGiiaeRrba g 3% (e thveMibe nRB Selsank QHaBk S WIS R d release
siological medium. In ac ogance with a£ rt%ar embodiment described

h
formpyebion Qe fRUXAABH T AL HBEABRe ARSI SOTG 558 A deicte,
descrinetizlannirsting wigent whichaparticlas aclysihstantialy disper sedivethiow,
At g i h icle detectihl
subsHMHR ISR STREHIT L Scaatilis Be B8 Senlne. »

dispgyaiemsetise orepaaetie sasvsinesh télchs eomfs FolRIoD oE Amthe tedaefen of
micrfRkiOka L ACBIRISHAtien shhe dasplation;nomprites,aiPaticdelas deseiPsd of a

above, loaded with an active agent. The polymeric particle utilized may be

orYORRH OPRIBE B AT BN BT o P BilP afHe R AMGTPait s 18 S SueRAR L ARd
subs@@%@tﬁlﬁ@ﬁﬁiegmeﬁ Muﬁiﬁﬁ&ﬁiﬁiﬂﬂn@{g_sﬁﬁaf&i @Qeﬁfsth?k@éﬁék‘ﬁ&@%é r'tfldimﬁ'ﬁubated
. 0 er. solution r to the production.of .micro-size articles throu .
i O S SR B T B R A B i 10 e mai
of theryuertracidrpintes sheitetiakity dly aanvanizaded ps yarenghbitidle panhe
-Drepar. . ly.immersed.in soluti ntaini Ve ..
P e D RO 0o AR BB Bing e
concaRi@tiARDP LI ReRRAOE A R ARt ieTomTirethetambisien ateik (O theubation
medRBMMRE AfRnObinghiBesmerdicles dhe agliveagent will be retained in the

pplymer particle. If this Joading mechanism is utilized, drug loading can be
100785 nir MMOEBY A EAY PGB St a S HY SRaRe MelstRs SRR R iement
the aatichrefmioyiagridies pattisles diai fhsinguhpdionimegiipanitiensanbeing used in an

equilibrium condition has been attained., . . . .
ocCIEE B2 emrgo(flzagon pmcegure. or exampqe, if the tissue to which one wishes to

minimize biood flow is a tumor tissue, one may wish to load the particles used in the occlusion
with a cytostatic drug or an antimitotic drug.

[6675] Also provided is a method of tracing the passage of a particle through a blood vessel
or other cavity in a mammalian body. The method includes injecting into the vessel, cavity, or
a conduit adjacent to such cavity or vessel, at least one tracer particle, wherein the tracer
particle is at ieast a particle prepared in accordance with the procedures described above.
[0076] The tracer particle may include a contrast agent that may aid in the visualization of

the particle as it passes through the body cavity, blood vessel, and/or other locaie. In general, in
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[0074] Moreover, it is envisioned that the active agent can be selected so
as to complement the action of the particles in a synergistic fashion,
especially if the particles are being used in an occlusive or embolization
woroasduresFor example, if the tissue to which one wishes te@bmrnisiza 7
blood flow is a tumor tissue, one may wish to load the particles used in the
this zpgdiostion swithea mytodtatc drafyoehmuehtinitote trtig. (107 5f Absot 1 to about 10

um, PEpMided i %er%t@ags ot draqipeibaRasaRes Qfo%ﬁﬁret%ﬁg I&%@%@Q‘g&&meg

vessel or other cavity in a mammalian body. The me nclu
maY ety it 108 a8cloCENARUBPSE: SRR Brfjirenenouticty easitgathe blood

vesstE 856!, abRATAnpEAcerRRtclR IRy AR thent 366430 P A iElR s Ailaast
parti%l(%prepared in %:cordance with the procedures described above.

100780761 H RPAR e P A R S B T B RP S S PG TP iz
withWstializatibingf dheparhieleas ispas sestitetightbeihodyhchyitynileotkent

... vessel, and/or.other locale, In general, in_ 19 WO 2006/046155 .
i o e AR B O N et ey
be Viasaiméeiﬁiﬁmlegﬁéﬁg&@ﬁﬁld@@mm@amgt@hﬂ-, especially if the particles
[0o78[© tofbgduiegtedniatheninodslieam,; HOWGVa: 1S RARGIE %ﬁmxﬁﬁ Of

any size so long as, for this purpose, they are not large enough to occlude
POLYRE BIGHHE va 8810 BEGY (ORRY THR YN EVEIE CBYIBPHIRRESSEMMD inche tryeloped in
the 2P QRSB ISRSINGARRISHpS T0RF] i thepariclesqerleadad Witk @oxicity with
contrast a%ent their movgm,ent can bgﬁvisualized with X-ray machines, gr
oS PSP G LB AR 48T Rty rOREIR ‘?%@15 ARG B ERHIPSSE agatiodegradable.

[00781ilizedhHowenran Hibhénpadislée dathot cdotaimiascantiashhgent, theaftowd

. t ic e visualized using.19E-NMR based co ter.

e R B L e S N A W e
subjepicgreest pag boawttigrecepolipriibecaemel Thelpebpmer wbintpanaye wishes to

visuAPRIPESEn A RO KAQ W 0F 40, DEHEY 10 B D Bk BE ARG ABY, ned in

phosphazene polymers. If there is any toxiCity or concern of toxicity with _
the arpdpelipiBakiy EhitrastHgenteathetteinthie ihastreo Retoiishe dordiry fisvice,
and/R0H- Rioglearmndabitesn [0 4T hetve rtiopralsaibnctydes fhe mathadPhre hollow

arrying out.an enhanced ultrasound . imaging procedure (sonography). In
or s R e L BBIANCLTEF S N CRAALR IO S R
aboupARhalideasrabrocap%uy e teathebarea Bhilacleditadountiubjekebthaitcan80%, of

the vIRES Fhe iU e R rRIINIRY BlIAN GO R CEARRRMALIPDEL DY Bbe e
means known or to be developed in" the art, including by use ot a syringe,
ultrageupd P oifeelra s ey tasmagta S onetivahina fede beihdbbbeory, it is
specBdiSiGRhINGISIAR; IR SUEAMetod LI dsprefarable e usesRarideswbichia & no
hollow or substantially hollow, i.e. having an'inner cavity that is equal to at

due i, %ﬁ%ﬁ?%’t‘f%}%ﬂ@é’% when compared to the surrounding tissue. The hollow

cavities of the particles act to reflect the ulirasound, thereby enhancing the image.

EXAMPLE 1

6680} Microspheres having a diameter of approximately 500 to 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
3x%10® g/mol in the polymer solvent ethyl acetate to obtain a 2% (wt/v) polymer solution. Four
milliliters of this polymer solution was manually dripped into liquid nitrogen using a 5 ml
syringe. This dispersion was dispensed onfo a frozen layer of 150 miliiliters of pentane. (See
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20 about 30%, at least about 40%, at least about 50%, at least about
80%, at least about 90%, of the volume of the entire particle. The hollow
particles are administered to a portion of the ultrasound subject which
wornsowvistiess to image. While not wishing to be bound by theexys/isEes/oo4007
speculated that the particles enhance the ultrasound image by increasing
Fig. the tieaspumdrdentrowad g ayahéimanenst ide Hukty dman faibadqeentynpodiredric

partiiQelSeshHRLAING JissHE rekBRoRqlow 23 aavitie sk g particles act to
reflect the ultrasound, thereby enhancing the image. EXAMPLE 1 [0080]

Microspheres having a diameter, m énately 500 to 600 m were
prepared. First, a polymer solu SE%Z‘; pared by dissolving PTFEP

[008@@'3’”‘1%&“ Hl?!:?%%l@ﬁ%’vét pe%’é%?@@:@%ﬁtég?ﬁ%o Sfe"r’s otfe(rePt]p ared.

_ etate to obtain a 2% olymer’so
Firstop ReHEPSGRIBEALNTERS mm@ﬁl?ﬁémﬁéﬂmtm@ﬂ’dm%wgenf sigjegBaniveight

3x1 (,é Qﬁ%@i}@%@ﬁf@l@%ﬁﬁ dispensed Antend fLarenlavesRtkiBfiters of this
iliters of pentan%m(lSee 20 WO 2006/046155 PCT/IB2005/004007 Fig.

POl ST A AR A TRERGH VAP AT ) B GUBREF Oty yinee. This
dzsp&sibﬁeﬁaseﬁﬁbenp@imermfrpwmm@&w&re%ﬁﬂﬁm@sfﬁf@eﬁ?@éeqswmg 2.} The

Cryo xtrac%band I ael(g Pn%gc%édzilb %u MP 2 008 1Gros heres. i
4 ﬁaVln a a’lame?er falgprOXIma e uen parrela?agtfl%stwem

re&lwpbiy@netisahmanwwagdr@phwm}mrssémﬁ@"F@rFEP polymer of a
molecular weight 3xI06 g/mol in ethyl acetate to obtain a 1% (wt/v)
polymer solution. Four milliliters ¢ Knigppelymer solution was manually
dripped into liquid nitrogen using a 5 ml syringe. This dispersion was

{0%8& spendedospitores ftaziap tadiemefel bDapnitlitensteify Fitansd( Gaeveg. i2epared.
extrac dto ce [ ays Sub ent
oo LB PSR et 0 S

12x 13} effhed intrR et iSEONAMPUE B [G082]aMIbrbsBEpely ey ol diafmemtiliters
of R PIBHEIASIERAS AARR s Qﬁﬁaﬁﬁ%qld Fles g BaRRIXEES SO This

was prepared by dissolving t\éomer of a molecular weight

diSperSioTONEs HTBEHSH SRS AdBrrGE Réﬁb%l %&%ﬁﬁf%fsz%a(w\iwémwﬂmm
mzxt&ﬁ&l@B@@F@OQDﬂmﬂht&B&)é;ﬁr@étmiﬁmWWGEQBIM%QWM ¢l rmﬁdquenm

7ol A RSN FFr 120 AR 0L iy B A A g o

21° (See Fig. 2.). The cryoextraction was allowed to proceed for three days.
Subsequently, polymeric particles were retrieved from the reaction
vessel, and dried under reduced:gressure at

[6083] Microspheres having a diameter of approximately 500 to 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of & molecular weight
9x10° g/mel in isoamylketone to obtain a2 2% {(wt/v) polymer solution. Four milliliters of this
polymer solution was manually dripped into liguid nitrogen using a 5 mi syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of pentane. (See Fig. 2.) The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric polymers were

retrieved from the reaction vessel and dried under reduced pressure at 21° C.
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21C 20 EXAMPLE 4 [0083] Microspheres having a diameter of

approximately 500 to 600 m were prepared. First, a polymer solution was

prepared by dissolving PTFEP polymer of a molecular weight 9x] 06
wg/nnod/mdssamylketone to obtain a 2% (wtly) polymer solutieahAgwensoo4007

milliliters of this polymer solution was manually dripped into liquid

nitrogen using a 5 ml syringe. THR&ARPdisersion was dispensed onto a

frozen layer of 150 milliliters of pentane. (See Fig. 2.) The cryoextraction

[008¢jas MbsiRiphe B deEEE fot BEs PAFEPISHIEREHE MY (pbRpriatit pepisRasd.

Fxrst%%&yf@éf'%ﬁacfﬁ% he:paretinndyiassehapd BHRGIIVREY FedurSH-RIaSsEIs:
o) 2006/04%55 ng /?g%zjoos/ 04007 EXAMPLE 5 $0084]

C.21
1617 fBebiere R e SR RON NSO OB ffiiers of this
pci}’m&palmdm Emsﬁnmmalwrdeusmmm lgagi mapgeadxhymmvm@IFEBs
mer.of amol cular t I6x1 C xanon
dxspe%g /é’? Wt?V glense !tiau tlon %qters Oﬁ tely ei a V/ivie anoﬁfietgyl

ymers ym P SOItON Was
ﬁmeﬂﬁaﬁﬂwlwaﬁé@@cﬁlhtﬁhmﬁ@wﬁ@@@ﬂ E}@m@a%mtismg@i Fhithree days.

substipREiSId WS Hispensedantaa frozendayarab 13 millilitars.of & di hnder

(VIv) e hanol/dlethyl ether mixture. (See Fig. 2.) The cryoextraction was
reducafl RTINS prdéeéd for three days. Subsequently, polymeric particles
were retrieved from the reaction vessel and dried under reduced pressure
at 21 C. 10 EXAMPLE 6 [0085] BMédeBiliefes having a diameter of
approximately 500 to 600 urn were prepared. First, a polymer solution

[0085as PripraseResss AR YR gl aRiE Pl galyRienak Fiflee 1Bl weihre araaed.
First ’F&W@@Mﬁﬁ@ﬁ@&@ Seephital @%&WP@PWI%EF% 0k uiar weight
Yy dri

liters of this polymer solution was manuall pped into liquid

x10hg Be i GEMbREER F%yhﬁgba%mé%va&%m%m&aéﬁ%%w@ of this
pokyf&liazmdﬁmewai ALOwnillildessof hexanaed %@gag;s&a)gﬂﬁemc&y@agﬁaﬁ;ﬂm
was allow. dto roc r three day uent meric parti
disp ervfé?}éw rle e ?romq[ egr%%% |§1 vegélsﬁe oﬁ airaried af:?}fl: %Q&Aﬁfl vE
cryogk @086} Whe rdkphateshesdnd fardiusmeiris oSapprosémbtaly 15060 BOGckmwere

retrieV&! SrRIERRRY.1A0 FSL 2-RQYRRLSQIYtiop was prepared by dissolving

PTFEP polymer of a molecular weight 3x106 g/moi in ethyl acetate to
obtain a 2% (wt/v) polymer solug%néﬁgﬂﬁr?illiliters of this

[6086] Microspheres having a diameter of approximately 500 to 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of a molecular weight
3x10° g/mol in ethy! acetate to obtain a 2% (wt/v) polymer solution. Four milliliters of this
polymer solution was manually dripped into liquid nitrogen using & 5 ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of ethanol. {(See Fig. 2.} The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric particies were
retrieved from the reaction vessel and air dried at 21° C. The particles were noticeably gel-like

and after drying were ellipsoid in shape.

EXAMPLE 8

[8087] Microspheres having a diameter of approximately 500 to 600 um were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of & molecular weight
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polymer solution was manually dripped into liquid nitrogen using a 5 ml
syringe. This dispersion was dispensed onto a frozen layer of 150
milliliters of ethanol. (See Fig. 2.) The cryoextraction was allowed to
Wrogwadoior three days. Subsequently, polymeric particles weTe/@5005/004007
retrieved from the reaction vessel and air dried at 21 C. The patrticles
3x10(ysach dtietabRpeatel e biria aR%r (1D gUeRs s iH whapililiters of this
poiyfmetAMRIdE §40RBALMICIRsRReaR NMauing & m&tﬁ@%fmmfgeteméoo
. t0.600 m were prepared._ First, a polymer solution was prepared b _
dispER G PRI PRI PR dvo et iS22 Sirtviebeiossrsse. 2)
The BEGEAR200D/G84 805 waxkOs @leaodin witby dagetaebialRiain, 3AYmeNY Bhrtcles
polymer. solution. Four milliliters of this. polymer. solytion was manuall
e S e A e i et ot Sy wer
afier dispemh sethpaniciadfrog Bmndy ephefit80 milliliters of diethylether. (See Fig. 2.)
The cryoextraction was allowed to proceed for three days. Subsequently,
polymeric particles 5 were retrievgd frgmghe reaction vessel and air dried
at 21 C. The resultant particles were, after drying, compact and uniformly
[0088phericalEXAMRPLESDASIbWtNGiief enofibsselasishamilndH@gs Giethyl
ether'd8 2 Qgggowgﬁ lOi%gné '&t?er%fgfhdhe %sz lfeetthgg a3 n?cré'is 11'(1\{%:% oTrég sh below
cyrovesse a& the features and typlca? imensiof as snown below 10 in
in Taplble 1. TABLE | Legend Typical Dimensions A Drop Distance Length 5 -
10 cm B Liquid Nitrogen Layer Depth 5 - 10 cm C Nonsolvent Layer
Depth I - 2 cm D Nonsolvent - E OhvERtIF Syringe Needle Tip 25 G - 33

G G|Dewarlegdddvolume 11 Lid - F Teffomidabing@r8ibakn diameter; 4
cm length [0D8S] Digtastoitragen was slowlyjadged until the non-solvent
froze. B he VessalowagdhenLayer Depth | 5- 10 em

C Nomnsolvent Layer Depth i-Zcom

D Nonsolvent -

E Solvent --

F Syringe Needle Tip 250G-33G

G Dewar 1 -2 1 volume

H Lid -

f Teflon Tubing 0.8 mm diameter; 40 cm length

[0089]  Liquid nitrogen was slowly added until the non-solvent froze. The vessel was then
filled with additional liquid nitrogen, unti! the amount of liquid nitrogen rose approximately 3
to 10 cm when measured vertically above the non-solvent layer. The vessel was closed with an
insulated lid, and a syringe needle connected via Teflon tubing to 2 syringe pump was inserted
through a small opening in the lid,

[60506] The syringe pump as shown in Fig. 7, was used to dispense between 5 to 15
milliliters of the 5 to 40 mg/mi polymer solution in ethy! acetate, slowly into the cryovessel.
The syringe pump had the following features: a pump housing (7}, a syringe (K) and a Teflon®
distributor with Teflon® tubing attached (L). The rate of the pump was adjusted to
approximately 10 milliliters dispensing volume per hour. A Teflon® oylinder with one inlet and
one to eight outlets is used to distribute the dispensed volumes into several vessels in parallel.

(It is preferable that the ratio of solvent to non-solvent volume stays below 10% (v/v).
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filled with additional liquid nitrogen, until the amount of liquid nitrogen rose

approximately 5 15 to 10 cm when measured vertically above the

non-solvent layer. The vessel was closed with an insulated lid, and-a

weyringesaeadle connected via Teflon tubing to a syringe purPpTABS685/604007

inserted through a small opening in the lid. [00901 The syringe pump as
OthesiowthérpEigelds was adbert: to dispengebethiernts mimanibitities ohshebpletely
aisp A0 RO pRMEL SR I AR AGEIBIe, RIS 8, TXUESSlop of the

20 The syringe pump had the following features: a pump housing ffJ), a
liquigytiriegek) and a Teflon(r) distributor with Teflon(r) tubing attached (L).
[oosIe rafe.of the: RUMRYRsRAUSIRGAIRERR AIMaeha IR millitietsedie tips used

dispensing volume per hqur, A Teflon cylinder with one inlet and one to
for BB RIES TR s St bRISEbe e dSPEIRSaHS RATEPRRE Ysthapg should be
mord/8aaelTin patadiahe diosipreiaiable thatithénaiidafbobisntin Bontisalveniogen

vg.lgme@éa sfg)c%low 10% (v/v). 23 WO 2006/046155 PCT/IB2005/004007
upe elwise the particles may adhere to one another.) After the polymer

[6693blutidrhevascomipletslyn dispeswsbudntdotky a&gg@@_mg{mmmmwters
apprOLBRRROlYERE Was3lawlv poured A %g{é&tﬂ?m'éw%@ﬁ{&’ SRmI00S i,

carrying out this process, it is noted that 1t is preferable that thie needle tips

dropigspdtib ferens SRRCiG HieodPrstrineat e anodis damRfifiiaRyomde now
geue‘grﬁ&ﬁ’}ﬁ& distay l%ﬁrﬁd_ Bfébﬂ QVE% M?é#%f RveRde Hﬂﬁg\i_ﬂé@ﬂl@éﬁo%i.d@ey were
Yy gravity Immediately sink Into the liquid nifrogen upon nitting the
allowgi oy 8o ﬁ%ﬂ@?ﬁ&&fﬁeﬁm@wmﬁ%é&%ﬁ% BRIy A for use
in argveftbeaishiicddons dppribethistely.one day. The non-solvent slowly began
to melt, and the polymer solution 10 droplets, still frozen, sank into the
cold non-solvent. After another gay pfdneulation, the now gelled polymer
beads (particles) were retrieved from the vessel by simple filtration. They

jpogpiere aHoweskipkinadnparedempennibiedor BRREpUMalely SUAEs: shape
and then were ready for use. in any of the applications describe rein. '
ond SRR O RPES OO e RS0 TR o0y e b g A e
atonfix&myp lncwerepexdineshfor shibgre sanysudeceovorphbley\s ByanpiBal Fig. 3A
GrOS¢ i all - tomi ) .
o 07 hoct i i, B R Flo M Mg e
3B shpyvs3misHeARBeE A5 GRISPITIEB LS SHIEY B pleak Ol It ERcoptieal 00x
maghiiiAREOPe at 4x magnification. Fig. 3B shows a microsphere as it

appears using a scanning electron microscope at 106x , . .
10094 It can beseen that surface morphology of the unioaded spheres is typical for semi-

crystalline polymers above glass transition temperature. Amorphous as well crystalline regions
are prevalent throughout the sample surface. The surface 1s microporous in nature, with pore
sizes ranging from nanometers to few micrometers in diameter.
[6095] Particles loaded with bovine insulin were also analyzed using scanning electron
microscopy (100x magnification). The result of these analyses can be seen in Figs. 4A and Fig.
4B).

EXAMPLE 11
[6896] Several polymerizations were carried out using varying combinations of PMMA and

three different crosslinking monomers (EDGMA, DEGDMA and TEGDMA), different radical

initiators (b_enzoyl peroxide (BPO) and lauroyl peroxide (LLPO), EDTA as a complexing agent
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20 magnification. [0094] It can be seen that surface morphology of the
unloaded spheres is typical for semi- crystalline polymers above glass
transition temperature. Amorphous as well crystalline regions are
wpresalesstt throughout the sample surface. The surface is mieCPEBUS 04007
nature, with pore sizes ranging from nanometers to few micrometers in
and viarinadisres-00dS)ymaneres {Bd ded e isotie(stli andersvansgypes of
poly@RSDABShHSIEY REANRIRGRIGRITORRILI OSRORYIQX agRf éeg%@n{d@r%ns

result of these analyses can be seen in Figs. 4A and Fig. 4

). EXAMPLE

sodiddh {DOSEHGeneTral polyine(LaiidRs yiestl galrje cvauhddsing vagwbeerved that some
combinations of PMMA and 30 three different crosslinking monomers

of theEERCHgA PRGN AVl AUREG eI \dufiffle tha teritdalisprithats andrengenyration

chosPErPeEEdBPEY &

24 WO 2006/046155 PCT/IB2005/004007 and varying

reacies; FRAISIE AINFCHY

LR AR AT O B

rsants

FRHFOVEPEERIRS GERIGY 1l 38 @aﬁ? RRIPG A8 Mermic

vb%q W phase.
Oni},aﬂh?@hiﬂc@_s’éfﬂ)empl&me thewnieftisadeerefpatiticias AGaMRiow in Table 2,

whad%ox}l%%nz tlons SOdn' S, cgh%% %%sbgn CERS lgztllon tfaoznlg??gtélc\h HZPPS ?1 6).
WS UsEd. spogserve {frat Sonme -of the reaction procedurés we
unsuccessful due to the type of dispessant and concentration 5 chosen.
Failure of the dispersant was demonstrated in the form of early onset of
Sampl¢ exothedmic._reaction, dhalescing adueous.and drganic phades and | 6
Mongrathature O of the vitPiEdton phdMM&nly thé’%\‘ééessfﬁ%ﬁﬁples PMMA
are show %8 success are shéwh Helow #TARe 2 wiicds 200.2¢g
Crosgjiisefes tt?@&%%onents,%ﬁgt@ﬁtraum reac@gﬁi@%ﬁl qgll‘%ﬁc h TEGDMA
samples (116YPABLE 2| ShHE 1 2 IWHEE MondthemsMMABMIR’ | (0.5 mol%/
PMMA PMRRACBRIMA PVRRRCBST 1088 M%8.0 SRII60. 2ottty | tnonomer
Crossiinker EGDMA EC{DMA EGDMA DEGDMA ~ TEGDMA TEGDMA (ggﬁg‘m
naalos
RadVVL/UI \J. \l / J. VVL/UI \U |/UI \U\ /UI \U \) III:\PIGUI IIIUI \15}*5 LPO
Imtx%‘onome Fﬁ?ﬁgﬁg g‘f E‘% vi_%“ &W&WO”OWE GROMABDRM) | 03wk
IET 11'0 onoImer} | monomer) | monomer) | monomer)
Complexing | EDTA EDTA EDTA EDTA EDTA EDTA
Agent 22 mg 44 me 44 me 56 mg 56 mg 56mg
Monomer/ 1:5 1:5 13 i:6 1:6 1:6
Water Ratio
Dispersant PVA 4/88 PVA 4/88 | PVA 26/88 | PVA 26/88 | PVA 26/88 | PVA 26/88
35% 35% 0.25 wt%/ | 0.23 wit%o/ | 0.23 wit%/ | 0.23 wi%/
PVA 26/88 PVA 26/88 | water water water water
65% 65%
1 wt%/water 0.5 wi%/
water
Buffer No No No Yes Yes Yes
Solution
Reaction Ih 67°C 1h 67°C ih 67°C th 67°C 1h 67°C |1h 67°C
Temperature/ | 2h 70°C 2h70°C 2h70°C 2h70°C [2h70°C (2h70°C
Time 1h80°C 1h80°C |1h80°C FhB80°C [ 1h80°C 1h80°C
Outcome 1-50 ym due to | 206-200 pm | 100-200um | i-100 um  § 1-100 um | 50-1,000
{particle size) | dispersant dug to due to due to due to um due to
conc. dispersant | dispersant | initial initial initial
conc. conc. stirring at | stirring at | stirring at
400 rpm 400 rpm 130 rpm
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Initiator (0.3 wt% (0.3 wt% (0.3 wt% (0.3 wt% (0.3 wt% (0.3 wt%

monomer monomer) monomer) monomer) monomer) monomer)

Complexing EDTA EDTA EDTA EDTA EDTA EDTA Agent 22 mg 44 mg
wé/bmgoséisng 56 mg 56 mg Monomer/ 1:5 1:5 1:5 1:6 1.6 1@ ViiziersRate?

Dispersant PVA 4/88 PVA 4/88 PVA 26/88 PVA 26/88 PVA 26/88 PVA

26/88 35% 35% 0.25 wt%/ 0.28 w4023 3vt%/ 0.23 wi%/ PVA 26/88

00s7IVA 2635 WGl WRIREMAIRIWEIGH Gadhrale W W/BINAIRL QR ribed here:
i @aterggfuéffe%éso ISI\?)%NOIYes Yes Yes Solution ﬁeacti%?%%? C 1h 61r71 (% Ihe‘{em :

wereey upted 700 BROE 06 IRRE PUEP RS BTREFETS Y Hog dneobr s tionappisatiops.
The Jgg@%@ﬁiggzQr@oy.?déum&prérgﬁﬂgéumﬁ@d%égwp%@ﬁa&%b&%%abiﬁ %%tgisluhl salt
1k tcome 1-50,,in due t - m 1QQ- m 1- 4 \
QB CRAHICAE 0B S T B ST R S0 3 AR RAETETAGE B acid
potaghinl sel toycivogzlsliSpansait disper sanpiaitahinitiab initidly dogel £obwemple B, but
irr irri t sticri Om 1025
e o TS E° B Gk R msphae bufered
salingsetaipeied|al fofrmedng Geéordumedaitienie brat s nuspdesstbih B sabrisig 5
phospiEhe SYaliaied fr BHRKATELAET SUSPERSIARNEARRMIAR MM, 0.5 ml of

embolizatign applications. The microparticles included a sample usmg5
Tweah%%ﬁiﬁ&éﬁﬁ&yﬁlms@%@%@ﬁ%@%uﬁﬂhﬁaﬁ baying farsetigfand 50 percent
by v{RameRIEI A ehSanEplenising safivioroethytestasiffedaolmetaenylicragithen

%o ésiugnisalt hydrogels (Sample B); and a sample using the same
prep f/: ré’éeel %élaélgrr?‘\ple B, but wherein the particles were coated with PTFEP
(0698 am ple=Crninsisgran kv ivhosp Haterbof fierpdred were then placed in 4 mi vials in
aliguots of 2 ml each. To the vials, 50-80 mg of the hydrated hydrogel Sampies A-C were

added. Each Sample was first hydrated by adding to 100 mg of dry hydrogel microparticles
either 900 mg of isotonic phosphate buffered saline solution or DO to obtain 1 mi swollen

hydrogel. Buoyancy properties were measured immediately and every 10 minutes thereafter
until buoyancy equilibrium was achieved and/or surpassed.

i0099] All of the particles reached equilibrium density in the contrast agent solution having

30-40% contrasting agent within 5 min. Particles which were swollen with D20 were heavier
within the first 10 minutes, but the DO did diffuse out of the particles over time within 15-20
min. of immersion. If additional water which could displace the D20 were not added,

microparticies hydrated with B2O would be able to increase the contrast agent percentage

achievable with adequate buoyvancy by as much as 5%. Particles began to float to the top over
time when the contrast agent was added in percentages of 40%-50%.

[¢100] The equilibrium buoyancy (matching densities) was achieved for Sample Cin 31 £
1 volume percent of contrast agent in solution. With regard to Samples A and B, swelling
behavior and subseguent density are typically dependent on crosslinking content, pH, ionic

strength and valence of cations used. However, it was assumed herein that the swelling does
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saline solution of pH 7.4 having 0.05 volume % TweenTM 20 was
prepared by dissolving 5 phosphate buffered saline tablets (Fluka(r)) in
999.5 ml of milliQ ultrapure water. 0.5 ml of 10 Tween 20TM surfactant
wrassaddedito the solution. Solutions having between 20 an@GSDIpesCRa4007
by volume of Imeron300(r) contrast agent in the isotonic buffered saline
not isBistion weyenthednieparsgior-tie Reititro 0898] Thetoommastag brdrogel

ma@fakut@ﬁér BRhWeteRIeRRasweedher piases 10:4 Sakvialcin Aliguaisef
2 ml each. To the vials, 50-80 mg_of the hydrated hydrogel Samples A-C

swellipg a2t S05aEsd A EHOEARHRIW Brﬁ@‘ﬁ%%ﬁ‘éfafﬁ?/ 2d1fME to 100 mg of
dry hydrogel microparticles either 900 mg of isotonic phosphate buffered
saline solution or D20 to obtain 1 ml swollen hydrogel. Buoyancy
properties were measured immE@ﬁAM@Iﬁwﬁ’Bevery 10 minutes thereafter

10" bHOyAD %”P%?ﬁﬁé”é@&%‘gﬁ ens eyed.andlar sumassed, E%Qt% LMDty as

e partlc es reac Yy In the contrast age t solution
well gateraghorg tha GyersserrastisipEie vl WRNIA S pin cPRrcIestmBRE vardhsn

eﬁe&m&@h@/%&%@ WRFSpARRYIS RIS A, fiksh WA dninytes, Auiithe D20 did

diffuse out of the particles over time within 15-20 min. of immersion. If
(8102 itid N304 SRR C ARG RIS FHucrs by fraks Btiatidd, min. in & 30 weight
percéRiGHIpaskcie sodyarairdith Th2uyeridibhe hipledtods @m&dhﬁmﬁaﬁmm and

agent percentage_achi able th adequate buo Y, as.m h as 5%
the R s SRt AR S0k ot YRR Y B AR AR e

for angbead el mm@@swmm%mmmmmn Mmb@bmye
buffém%Eﬁnga@s gt4es) m%asa'%x%%s? d?%%%%n‘%\;ﬁu&eh\{& H@&H&gaeggem

of contrast agent in solution. With regard to Sa c§£9 and B, Swelling

SOiu%@%ﬂW%&% B8 deHt erereiwna el WRtean§ doifedbdie @ﬁ?@?@é@s%k&@f the
micrBBREA1bs RIS It sy enothwaad yalenss Q{IQﬁtIﬁ[é%dﬂSﬁ@ dﬂﬁ%‘yﬁéeiﬁ%&

assumed herein that the swelling do?)s % 006/046]B i ™
ProvisEdrifEBRUBIGOABOT HOIRANERTR BEiBgEnsy’ dtid W thiE BpoTRgaLRatier/ T ween
20 sslatine of the polymethacryllc acid hydrogel materlal After such material
Sc te the PTFEPR as in Sam a ti lling-was
Ul iy SRS T i e

densm [BEG Jisrordsico sakelassoumtdt fineltivnevatrnintie bubien® %meﬁa&
acerR SIEHSH FERRINA AR W b AssIa @R @a&&&%@g&y%%%&g@& m@ i bthe,

particles, cesium treatment was then_effected for es of

abserse RSP AEICY 2R SbF e BRIMBlERISHIPES SrEaaRIERn P.’QDWZP PodspRpoTRt
uporRBle L AN ahSamplesBiweE e ates arhhfottindiha cde-weighing

saturation with methacrylic acid groups in the particle. At pH below 3.6, constant exchange
between protons and cations was observed. As a result, more beneficial results were shown at
pH above about 3.6 and below about 6.6 to temper the amount of cesium. Within the preferred
range, buoyancy can be varied. At reasonably neutral levels, based on test at pH of 7.4, the
microparticles did not lose their buoyancy after storage in the contrast agent buffered solution

over night.
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10 percent solution of sodium chloride. The supernatant liquid was
decanted after equilibrium and the microparticles were washed
thoroughly with deionized water. They were then equilibrated for another
wiemingedecanted and suspended in 3 ml of surfactant-free AsGtoBH@s/004067
phosphate buffer solution at a pH 7.4. The effect on buoyancy was then
evaluated using contrast agent FsotdtiShas drying from 20 to 50% by
104! AU ANEL 0 BB D SO0k 8, QLG GLRABHR R neres
amples B an

were used. 3.5 ml of Imeron 300 contrast agent were

in acppEARRICSATRNISRIBI BERE (Ol BRIt hENfdBIL O rirRGEHS Was used for
furthBhesnbateuiiesRveend . 29 selutiard SO Theeaulration motor 4 for

procedure using cesium, chloride yie|ded particles of increased density.
ProviSHA Hrierepk i e Rb el ROWEY A FA BTy QA& MR AR By Sot ™ 2
Lore60pHaskr? (-ageuni=s 8l viinid alf enncenirafions: of 45w 505600 MNrastagent, syringe

regardless of the presence.or absence of TweenTM'20 surf t. The
PR C PR <R T B Bl B A B Qe of e
transthegarteiesothed piingse dediiaictrerpioccdur eyangahedyol fespohilitdgrith 5 mi

of 2 SAMIAHQP WG g&ﬁ?@[ igaeid 9&8&&9&@9 gﬁﬁ_a?ﬂmﬁi@mﬁtt(ﬁ{@é%ﬁmﬁ}@oiuﬁon in

constant exchangé between protons and cations was observed. As a

a coneanifation A Hunefliakredums RRrs S e s I HMISTRRAISEE e BRYyided to
the sPEIRY %bweﬁ ﬁﬂéﬂ%ﬁmmb Qiftmlagmyd ma@ﬁ.cetﬁwgprmga:@ma&spéefe%@d injected
range, buoyancy c varied. At reason .neutra| levels, based o
oG B R BB A RORS Lt BP0 sy aes e
micrstarager inathe icortiasimagentififiared Stlufione ovedsrdighpullY ¥ Gricroparticies
noOBIOA 5 PETHER005100400, B AMPLE 4 IO408L EUSL i) s
c%mpress@ﬁﬁy and mechanical property testing wére dohe on
meagniedoeptreresidan sgugesiince of Samples B and/or C of Example 12. A

gewressqﬁeo;sés stangd which was seedfomitnetSyaiHatien s shavip ik fds

. An automated syringe plunger 2 having a motor 4 for 5 providing a

base( o ABRchl 485 S SCHTOSRE I IR P aliFiiPRe 2 BIGR Y WL MHFRIPEGEIFRE 2
wateWiibheenk 6TRBZ R IEBS R HrARSHURE £ eapablaiimeasdtirg:foreesnithe Dmg of

t9.500 N range. T i .pl 2 [ jcati it .
emogA98 BB B DT, e TN G 51 DE B in
superaa:mmi@Quié]xp @Wm@w%pq@geﬁh@@ﬂh@ bitlyg1 Dmiad filerbn @t 60
contfse %“t‘r%o&g{eﬁ%r}}f_%% £ O}a'f) %@%%K@t ﬁﬁgﬁm%i@émration

(TweenTM 20) solution in 10a concentration out 30-32 volume

of cqrenst aewrmidsndfehmMidapartides WaHsp RRIEaH 1 hih asyhsrjiomeoiution,

The wﬁt{&?@ AR @ERE BAANNASH PR s ¥HR0E-HOBE NSRS density
Injecte
thus equals:

[0106] p=VEmb/VTot =< ml/18mi = (0.111 Embolization agent per volume fraction.

16147 The Sample C spheres demenstrated approximately the same equilibrium water
content as typical embolization spheres. To achieve the same injection density desired for
typical surgical procedures, 56 mg of Sample C microspheres were added to S mlofa 3]

volume percent contrast agent solution in isotonic phosphate buffer and surfactant as noted

above,
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through the microcatheter 12 which was attached to the distal end 14 of
the syringe. The microcatheter had a lumen diameter of 533 m. The force
needed to push the microparticles through the catheter into the Petri dish
wog(hegaiTor receiving microparticle solution) was 15 mea3aGrestBa§a/ 004007
recorded as pressure. [0105] In order to make certain calculations, the

[0168))1owikbeinfsrRI R a SRR S s SaR b iRl iffsmyrmicrocatheters of
equaligiosphieiesdoi eplalizatiomidypinally miushbaierespharasiRavea dsttion

content of abqut 90% such that a vial for e lization would therefore
were RS UL SF b AR BT ERh & ST o R SRR ReF S B of
6.0 iofdoydeat_edpﬁGrépa’fﬁhclwﬁhﬂmh@@@péﬂﬂtmkdﬁmﬂd)h&mm of the
micidh H&re%ti&& REOSEINL ?été%}‘ﬂ‘irﬁ‘&@l ) tﬁé‘?&ﬂ%&'&%&@ﬂ&%@%a?ﬁd‘%ﬁﬁ%ﬁ passed

agent to the contents of a single vial. This would provide an eq

thropghBermpare wikoHrdditiandrtichena (nosipmihe Sum)raageDagdhgirserence
soluRBECENN YR 8600 &OIULIQR ordiRe, BOHHINE: I AYRICANY- AT 3WMBURAN |
. m}lm?_%{ringes for final delivery. The injection df?%]Sity thus equals; 25 [0106£| .
g AP SRR S P I R 25 g e E 3B e o 0%
com&&@lifdnm&csgafml@o& $|5ht&ﬂ&8gd.em(|1mﬁsdftd amcexiﬁr@taiﬁﬁmaf@ae@eviﬂﬁn the
. equilibrium water content as typical embolization.spheres. To achieve the
e R BNy CRetED Al Bed Lo o b ReaL S SETRyaTon
pres8uenp WIS miierospherckenare thalded & hokcheadB8in\dhamiepersehterved when
injeGRIYASHAVGRLSOMLRIN Wﬂ&%ﬁe@ﬂ%@%@&%&%ﬁ iARdSUHALIANLAS! position, it
noted 30 above. 28 WO 2006/046155 PCT/1&2005/004007 [01081 T%e
was ghyeryRe thaligreowitlaseiHeres disriaisdandibatisafaidnmshcraedmetdble over
+ime0f equal lumen diameter at a pH of 7.4. Injections in both the horizontal
and vertical direction were made under different buoyancy levels and
1010 TR SRS LB SSBTAE AY F & GBS g was
usedhhedseditiside mnh sisdted thatj asilongdstihetthanetecobtsdes were comparable
microspheres.was helow the. internal diameter of the microcatheter, the .. .
o B R s b o
goodgreeciprinsssavrenaitamer aphitseclefeadmée  SbheshetAreiamsasbdocistg and
eachcljpgal?i& tﬁé‘&&@XHﬁH%ﬁQéﬁ%%éP@éﬁ%f@ %W%ﬁt&e H?'ﬁﬁﬂ%gﬂ%*ﬁaﬁic}es
diameter reached the same dimension as the lumen diameter. At roughly
passgiraEIthesSBRtforces of about 1.5-2.3 kg were needed to overcome

f61 ictionaldeseass withis theold eatbrieknudites gisaliswo anbikgiMerBion can be
aken as a guideline for moderate to hjgh injection pressures. When .
e S s RIS Aok B e R B LS BB densic

of thwivgpction medium for embolization use. The particles’ compressibility can further be

such that it can be injected without forces over more than about 5 kg on the syringe plunger.
The pH of the injection mediwm can be taken down to about 6 or injections can be done
horizontally 1o increase the ease of passage of Sample B and C microparticles through the
catheter. Once within the blood stream, the particles can expand to their original size in the pH
7.4 environment.

[6111] Additional swelling tests were conducted on the microparticies of Sample C and it
was observed that when ion concentrations were low, swelling increased. In higher
concentrated solutions, swelling decreased. Continued dilution of the microparticies of Sample

C in a buffer solution led to an increase from 17% to 20% in size of the microparticies. When
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injecting in the vertical position. When injecting the microparticles in the
horizontal position, it was observed that serious clogging was alleviated
and that larger volumes were injectible over time. 15 [0109] Injection
wprggsue s further minimized when a lower pH (reduced Bweliig)waso?
used in combination with horizontal injection such that the injection
mixgshéga ae s sbpsphratlaiies wiatafe o mivronntisses iniialidrrspase in size
berIBGHON Rk SaNPIeHErH GHORMHSIRS RIS, exiiniteeh g IR0 iemiiRn: 16.2 to

pressure pattern at a physiological pH. The catheter entrance did not clog
2botf 140 GBI eI B B2 ES S sponded to either a single microparticle
161101 UMD Gkrtiep Bsditie 3026, glassirg Yuiapghsibiisapieie m{Erbdertidineofesiisle C,
i of the varsioug ga%k%%teé g@ylaﬁi%gs tggt %%%vggetrh%g thet.\%r%ention can be ds
© HE88%8 orm m%c Ble micrg'parti(:les aving a o‘ens‘f’t%/1 i%cgﬁ%g%jaen‘ﬁ%ﬁ@” ©
evalpast thesttrerdensity 2o fitepmjectibrongbdipmdorsenohzatiordspeThwhich was
attadIRHIE 3&%@&@&9{&9&9&%&%@&?@ gt eap %%W@%uffmé solution

without forces over more than about 5 kg on the syringe plunger. 25 Th

susPERieR fenHERsHCHibel hatdn be TBke i NITe upbin B drnpjcappseifo0

um Bedengpberizentalirdnerease; nenaass ©hPassase AL P alpleBadtred in

micropatrticles through the catheter. Once within éﬂe blood stream, the
phosplfie %@ffsaﬁogszwa ?B%We?PB?FdiﬁéT%f?é‘ FPthte fRHeF A e rom the
pipef@ldiih Additorahawellipgae siscretepeancusaied.an themicthpatitelearatles
assH RIS 1L, 3Q weas obsenied Mhatwhen on Loncenations wers o,
Passie Ing hcreasad. In igher concentrated sonitions. swe ﬁwg decreased.
nongGyritismaddtitugon ot hemiceo gat tiets SofeSkbmer Cominguistfeniseligignter
pass{i/?\‘%&‘& m%e;?a?‘?otﬂ%'i?e.lﬁ%’c%@g%ﬂ?@é@v%!ﬁ&%é&?a%géﬁE’@B@%_@ﬁb&%@?t@g big
2006/046155 PCT/1B20051004007 mixed into an isotonic phosphate
for the frar QB e Ot ANERSpAPR Qe aRii ANy N bRl TR 2B TRt Wire R g gged the

narr@ﬂ@égy%té&ﬁe@ié MR ; ' Hi@ﬁ;}ﬂ@égﬁnm&?%ﬁﬂ@f%&%@&)ﬁ&@i}?@%&)@h@ﬂf&é@&1 the
. to abaqut 136.6%, referring to the dry particles. [0112} In further testing t
miciSOATIARS B EHIb L S P Rt Er5S OF CURh e i neey gas soout
38.78yriBgeeprestuse teshstand, oidigeB et isedohdmeve Sanptpliciinonstrate
MICroscope to. eva e migr ticles as t assed
P S R P IR o b
up apd kR pekatablamesnitdbearristhe byrieh ecevitanariges praasstedtpreferred use
paraBhHEE BQIWHORISHSRRNSIAR Ok THG PRHICIAH AT SARMRIR fm IHERIPSERIow:

narrowed to an inner diameter of 490 sm and the pipette was mounted to
a Petri dish such that the narrowest part was submerged in

TABLE 3
Particle Radius (um) Consiriction (um} Compression (%) Force Needed (kg)
340 540 25.9 and 26.5 2.58 and 1.92
360 540 333 3.19
330 540 22.2 2.83
330 540 22.2 2.14
370 540 37.0 and 37.3 3.5%and 2.77
330 544 22.2 2.08
320 540 18.5and 18.4 1.61 and 1.38
330 540 22.2 1.71
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10 phosphate buffer solution to avoid optical distortion and to collect the
liquid ejected from the pipette during measurement. Optical microscope
pictures were taken of the microparticies passing through the pipette
whelmkeoanesduring compression. In observing the micropartiptesispesstor
them underwent a fracture, nor did they form debris or coating
01 1d¢lamBmaticn @fteicrpassicigstheoe fltiire subrroedsienddicroparticfabamhidstress
re_chosept iberatel i I |
S O A e DALl B D, B cateter were
washet il SieEoTzRe ACRtTHE PRI mﬁd&@hﬂyf&ésﬁafﬁﬁpa AHEE FiEneeHEsi@gent.

The@WOHATd0R aR ine; Misroparicigswhllersil ARG RGor surface analysis.
microparticles to pass through the catheter was about 38.7%. Based on

Theyuew svaRmEOMEIR e SR B (O BarRnerdclga bRk fate
und@@Reiesdhaweultbaltayparticies hiehaletadmigge iealQdibehich had not

catheter rather than break 20 up.an use potential da e o th
beﬁ’bﬁ?ﬁ?ﬁ‘f%@%§ T6 tljg%gefjr @%e%fﬁ(égges%}d‘%%r%ﬁﬁ%%p%ge pBaérgmrT%%e{r:s for
micfoannitée G uvti efep drtidipddopedhplirtiorude as! dholiimithiChtes 3 belewemplary
T. . ' i C ict : [ 9 :
e e S S
magzdirsims Fag. 285, B9 $40 zpl 20D) shayy abardinadidng debomapae (Fig.
10A§.-7§or§§91é L2388 32024 8omaRfldihd Sl ;R bdfing 3B 4Bigs. 10B
2.21.71 30 WO 2006/046155 PCT/IBZOOS{C$‘§4OO7 [01131 Sam

B2l le C
and 1o FAPHEEE ARG S TURABP SSRSBEHS e SRP S R sggholoes of
the stabilitystestingilMiaseparticles, after passing through a Terumo Progreat

Tracker catheter werg,,was ith,deionized water, to.remove residual
0t TR ARG e SO R S AUV s o
Sangtl 60 Qiemgatisiesransig Edebiaen SEMforie aifessdain b/ sriept (erecen™

20) sﬁg}%%&ﬁowitmargg%%éﬁﬁﬂg tea&r@/gmm&am@m ieranArtialesNRIGh of the

had undergone the same hydration/dehydration cycle in milliQ ultrapure

steriljzgn s EIRFER 1A VAbheHER TBARLBE Hird TR 19 Tate F brigeisnvapey: The

vessiBwiRanethessiane of the: prnple fadmisfepatticles kst@lat the bar pressure.

Thi ? %)%rkaggp%i%gg%@ti%nn%%?l%h%ntgzglggrgi%ne t&g%k&gg Sm%,]:n%apmee}éef@rp fnglin, and then

the vessel was shut down for a cooling phase. A temperature of 60° C was reached about 30

min later, after which the vessel was vented, the samples withdrawn and the vessel shut tightly.

- A sample vial was opened, and the supernatant liguid decanted. The microparticles were

washed with deionized water. After dehydration, they were subjected to measurement using an
SEM. The results demonstrated only a small number of delaminated coatings on the
microparticles under such thermal stress (see Fig. 11A in the strong white contrast portion).
The overall percentage of such microparticles was only about 5 to 10%. Close up, the film
delamination which did occur appears to have occurred along crystalline-amorphous domain
boundaries in the PTFEP coating (see Fig. 11B). Most of the microparticles showed only
minor defects {(such as a minor circular patch being missing), but no damage to the hull of the

microparticles (see Figs, 11C and 11D},
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Sample C microparticle, respectively. SEMs after passing through a
catheter at various 10 magnifications (Figs. | OA, 1 OB, 1 OC and | OD)
show that the coating did not delaminate (Fig. 10A). Some microparticles
wiidudenaersstrate some stretching out in the coating film (FigectaB2m@pdo4ae7
IOC). However, a closer magnification as in Fig. 1 OD demonstrates that
the morphology of the coating |aBANBEIEiHtact. [01141 A sterilizer was

fo1dgd WW@M&@M&%&%&ﬁm&ﬁaﬁ@mm&g}% %ﬁhgagiﬂafsr&%erein. A

Sample C micropatrticles in 3.3g of solution of isotonic phosphate

deipriffed/sarfastbitomraieshTNY by el Yo es Promesashrsigailng goerl PVA of
welVRS:(eAFRerbRRAIE WRipinopLiRNiTS Btat of e, SiaIdiZey ARfs about §7-89%

temperature was held at that pqint for 3 min, to remove air by water vapgr= ‘
By drplazcrbancel (NsRthaHs I BRCSPRA'TO AT pYEA FE SR RETFH B 0§ deionized
watk? 3 CiandisbAiba hpiessurphodtisdp0R G podiumalilydid:eniphddpRate and 0.056 g

temperature was then mﬂa' ined rtJﬁS min, and theCB.V%&ABe vessel was

: 1Tty - um
et RS R AR OCE ed o 00 AL SR RS vacu
disglledpimolaiersafter which the vessel was vented, the samples withdrawn

101380 thepygssat shuhughthe 2 Sai ﬁ{%%@é&%l&ﬁ?ﬁﬁﬂm%%&q 2000-ml fiask

_supernatant liquid decanted. The microparticles were washed with
withai R GaasrinurahTtsrioe ApRREioA it v eraedase tistrlecReisard mikhe
theiaiﬁilﬁge?éa, §§M cOhRAeSUEE Qz%l?@@@_ﬁgﬁ%@_s@ B Zmﬁd& lﬂiﬁfﬁg@{ ﬁﬂc—l:t. The
elaminated coatl on the cropartic naer .such ther stre
POl GRAARO8 TPt DA e R R 30 8 BUGTA pRFER e o
the phseiamntarpaniolsuassaondyf diloutd tedite, CIEsE gimethecfifiic acid methyl

delamjnation. whi i [ ear have occurred along
eSt%r% eillllkr;%eg;rnig:vgk} %ggqé%%ﬁgiﬁ%%ﬁ aé%ﬁes in the PTFEP coating (see Fig.
[0117B). Mbstiof Arrndrisibpaaietensheweadostiyd iidor destutaguchhasiistilied

MNTANRGHEHIAERALEDEG RS GL RefnaHAmagedeath g@»:@iﬁh%@& added to
microparticles (see Figs. | IC and 11D). 31 WO 2006/04615

theseang TRFOMS) AP RAMIST 8564 1S HEr shsirdsslide fopRTsactipn flask
waﬁﬂlﬁiﬂﬁ&ﬁﬁﬁ;@ mfﬁbnaa?ﬁa'f@réalek@mﬁwd iﬁﬁﬁﬁtdﬂ%@i%prﬁ\ t@@iﬁgﬁ@@mwfsims of a
solution of polyvi ol (PYA) was prepared using about 23g of PV .
et RS ta s PR S DT 0 AARC e s
wavﬁhsngdaow Hm-aﬁﬁ/mﬁdmgqmlﬁmhﬁmta@@m:gmmeh Kkmiuspiméi@kfims then
R e

for altmihboReiTie {ERBEIGENE SRSEe (TP WREUASHRNERTAEJAE PRmal Jor en
houFIOMEANEE WaR MARK Wi pdiatilledhRliRf 481U88in to 85° C and held for another hour. The

stirring and heat were discontinued. The solution was filtered and the resulting
polymethylacrylate microparticles were dried in an oven at 70° C for about 12 hours. The
microparticles were subjected to sieving and collected in size fractions of from 100-150; 150-
200; 200-250; 256-300; 300-355; 355-400; and 400-450 um with a maximum yield at 300-355
Q.

[6118] The PMMA microparticies thus formed were then hydrolyzed. A portion of 100 g
250-300 pm sized microparticles, 150 g potassium hydroxide and 1400 g of ethylene giveo!
were added to a 2000 m! flask, reflux condenser with drying tube connected, and the mixture

was heated at 165° C for 8 hours for full hydrolysis. The mixture was aliowed to cool to room
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[0116] Polymerization was carried out in a three-necked, round-bottomed,
2000-m1 flask 10 with a KPG mechanical stirring apparatus attached.
The flask was also equipped with a thermometer, reflux condenser and a
wprgssiims iélease valve with a nitrogen inlet. The polymeriz&G3ARMISH8H07
further utilized 100 ml of the PVA solution prepared above, 900 ml of the
temprTsEyatelBiffelssoRierh ALDIBS iOPEREIHEY FisEoxtlepiindgionized water. The

pro%éﬁ@%ﬁ%'% QJQ?FMc}?&f@M%% Bﬂﬂﬁél’dﬁﬁlﬁ%@!\y@@é foiiowmg reaction times
imethacrylate. 15 [0117] The PVA r.solutions were provide
aoplfelr Ao TR RIS TN ﬁ?a%?ﬁ%@ﬂéﬁg%‘sfd f ?H%fc?"f/%a% 0-455
micnel edniceducedostisauroyl perOX|de then added to the same flask and the
nts .were tated t nsure. lv olids, The reac |on f

01?8{;{2 flusRed Wit %erggcf)n anc r?glr g%%%‘g%’éﬁg at 1§8Cr6?n to p l%é’ 4, and
driqubirtiefeosizes @Pia’om@ﬁiﬂby Tﬁ"tﬁ‘e range of 300-355 pm, Stirring continued

for approximate 5 minutes. The stirrer 20 was then set to 100 rpm and

argon flushing was discontinued. The reaction flask was then subjected to

a water bath which was heated tg37@¥graurdilgeld at approximately that

temperature for about 2 haurs. Th tem ure bath was the
01 rea oGP L G AP o 2 e R A P i
Exangsd alkedagdiindio8 \Crardrhsicddoy &@ﬁ)wdmirmﬁrepmﬂngfamd&mtple I5
we%lé’%.rree dns&on 'II', aa-:[%% 39493 t‘ﬁ’%%e {% %ﬁ&%&?eﬁ?g@{‘&éﬁ hlorxde m I.5L

y acr e mlcropartl es were In‘an ovenat /0 OI’ about

dxemimhwswmddﬂé ropsrtitietng e FE Il eveer IS iBTedi AbF eTd CotesEaBrgrior 20

hoZe1iaGHRRs Ol QR A0 dR it oR=200m8 00147 1¢als30Rd 300 nt vacuum
355-400; and 400-450 pm with a maximum yield at 300-355 pm. [01

dryrige BIRPONSEbRc e 8 H&@M@?@rﬂeﬁm%w@@m@m’awwmd

for 206:8r 30 REEH3A00snsizegdnitiRp THEIRG1idBh Wepotansiv ariby drakideansh.
1400 g of ethylene glycol were added to a 2000 ml flask, reflux condenser
with drying tube connected, and the mixture was heated at 165 C for 8
hours for full hydrolysis. The mixtge, yas liewed to cool to room 32 WO
2006/046155 PCT/182005/004007 te erature, solution decanted and
(01848 micke paaliEastive msis NedRA d W80T 55t BrierpRAEtiplas from

ExARPRAISAIQE athaecalibrated glﬁ@@@d@ﬂm&%@mgm&%@g&w
times_applied: 300-355 m|§; ggartlcles 10 hours; 355-400 micro

caFticIE THHBEMRATY RS GBS ET&?E‘I%‘HSU?QF [&%@T%‘@der

vadmiatoparticles were finally acidified with hydrochloric acid to a pH of 7.4,

and dried in an oven at approximately 70 C.
EXAMPLE 18

[6122] 800 g of dry PMMA potassium sait microparticles which were partially esterified
with trifluoroethanol as described above in Examples 15-16 were spray coated with PTFEP in

an MP-1 Precision Coater™ fluidized bed coating apparatus {available from Aeromatic-Fielder
. . . 3
AG, Bubendor, Switzerland). The particles were picked up by an air stream (40-60 m /h, 55°

C incoming temperature) and spray coated with PTFEP solution microdroplets from an air-fluid
coaxial nozzle. The solution composition was 0.835 g PTFEP, 550 g ethy! acetate and 450 g

isopenty! acetate. It was fed through the nozzle’s 1.3 mm wide inner bore at a rate of 10-30
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EXAMPLE 16 [0120] Microparticles formed in accordance with Example

15 were then esterified in this 10 Example. For esterification surface

treatment, 800 g of dried microparticles from Example 15 were weighed
Wi a@logeastion vessel with a reflux condenser, 250 g thionyahitsoes;da4007

1,5 L diethyl ether were added under stirring. Stirring was continued at
g/misordtebaperate ieddr ipPahaamizThevsbpeaTairdd/oilé heactdhestojeramount of
spra§ Qe il atlon anchalanseAUERE VAR ARANG o TREMRRPUFEP film.

tfifluoroethanol in 1.5 L ether were introduced and the suspension stirred

15 for another 20 hours at room temperature. The particles were finally

dried under vacuum. EXAMPLE Irban alternative surface

treatment to Example 16, 800 g dfi [ barticles from Example 15
[0188re redotentwyitiedd4o splirifiuocpethicaobhsgaddysidfibcvedich xdde daasally

. alyist, IXLur [ t . ratuee:.

T e B R S B ot
solpipagsiatysateiricip parieeadMivievedblp Anidige d Srerfnagng/iipvice (see Example

16)t.ri_f1|U@&ﬁgmh%@ﬂ@o@qﬂi@@q{@&eﬁﬂﬁ@m@%lﬁ;é@g@fm@@ﬁ&a@m
with PTFEP in 25 an MP-| Precision CoaterTM fluidized bed coatin

P @%MI%WA%W%@%&?%%H&%ﬁl%wm??awas?
imhBedaEiislesnsore pickad ciiyhaniaidsteamol@ePmdMy &5sdbing 30.0 g
incoming tem ture).and spray coated with PTEEP solutio .
ce R BUOEIS N LR R REsLl b PR BT R S 10min
equilitgiQr8 3tng ATFEREEPy ety varetateiad dwEdghlisopbryicacarhivatit,

eqtﬁ@t?tz(?eg through thegngzz! %&%&@Hﬁh@!ﬁﬁe&%@xﬁ Qly, AL Al 0F 40 ':ﬁ93§§atc
WO 2006/046155 PCT/J1B20051004007 g/min. At the nozzle heaé), it

bulfpasittion e ¢ Rt presSaPRBtY airtie BRBES TREASHAMR URtaSFrep faymatching

derdQItIOR dSkednasnalonmipied 1o 0l the BRRiRR MR 120 MBthidontrast agent
PTFEP film. %XA PLE 19 e&%}LEg% The d% otassium salt microparticles
r

solion WhiphiatBo962 R A RO P SOPHAT, BRI AR Hof s/
andiéscritedmbave;fivese ssiiray doated \With gilile BBHRRER0 gl ties ieaeitbyl
acetate in a commergcially available fluidized bed.coating device (see
b e o o e S e R gy
density off tircoateabadiides PMA Spitalssium salt microparticles which were:
partially esterified with trifluoroethanol, were 10 immersed in about 30%
agueous cesium chloride solution, prepared by dissolving 30.0 g
EXAMPLE 20

[0124] Microparticies were formed in accordance with the procedure of Example 15 with
the exception that an exterior barium sulfate coating was prepared on the microparticies after
neutralization of the particles and the microparticies were not dried afier neutralization prior to

the barium sulfate coating step. To prepare the barium sulfate coating, 2500 ml hydrated
particles were subjected to 2000 mi of 0.5 M sodium sulfate (NapSO4) solution and saturated
for 4-12 hours, To the particle suspension was then slowly added 1950 ml of (.5 M barium
chloride (BaClp) solution under stirring at room temperature. After washing with excess

deionized water, the resulting particles in a swolien state included a barium sulfate powder

coated surface. The particles were then dried and esterified in the manner noted above in
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cesium chloride in 100 ml deionized water. The supernatant liquid was
decanted after 10 min. equilibrium time and the microparticles were
washed thoroughly with deionized water, equilibrated for another 10 min.,

wderantgdahd suspended in 3 ml surfactant free phosphate PGtiffar®sietdon
at a pH of 7.4. Density of the particles in solution was measured for

Expmenthlitg Thedaitislysivere Bistrasesg asnechnibridrekbrtprpsesppfl Example 21

befSUCrapaTic RN RIEeHiRIEOIEASE AG8RT SQIBeNRIC A dRGuded aAalian sulfate
of 3.5 ml of Imeron(r) 300 contrast agent (density. 1.335 g/ml). and 4 ml

PoRfgis JRALB SHERE AR RIERAIRS T BEOGANT WidhritHg drggiion pad procedure are
cap@sichegrdemiag exratiexgisoalfcdhi o0 dataniasiageniivs seltdienddhisy. The
corresponds. to an increased nsity of the microparticles.of 1.16 g/ml. 2
CoRKARIMLE S0 025 KPS AT ars EHRCH Pt ARG N o = s
of precechsref gbﬁmyﬁl&@Bmmmmzexcépﬁ@mmwmdéeiofmmfes formed in
acfﬁxlﬁ%&@e%ﬁﬂ %s%%&%&“@é&deﬁ@c%fy ickopartigles gfter. nevtalization of.

e particles and the ‘microparticles were not dried after neutralization prior

bargmrsyHaip BPVASTSlRBIRAE Santg BEs VIS prisp arBether vatiti{asu ek effectively to
pr&Ralingh2RRQ MlRydratashia dices wakrisubiested 100200 pf:Q:1&M

sodium sulfate (Na2S04) solution and saturated for 4-12 hours, To the
migLoRAHeESspension was then slowly added 1950 mi of 0.5 M barium
chloride (BaC12) solution under stirring at room temperature. After
washing with excess deionized water, the resulting particles in a swollen
state included a barium sulfate p&&deviBDEdated surface. The particles

jodssre thep.dried sod esterfigdin e MARNGIIRIRL BORNER RCd using

2006/046155 PCT/1B2005/004007 Example 16, The particles were then
pobaataElng Bradamiih & BRaayes of Wriashiirie Sormprddiacrritance with

ExessIkiDg vhiGiopadiclesuaena exiermR lycartadwitRaarhas esiviefused inside the

bariym sulfate powder. Barium sulfate coatings prepared in accordance
cofﬁ/i?ﬂ%ﬁ??ﬁ?\‘?&féﬁ%ﬂ%eﬁfg&deeo{g?}é%o‘c{? fﬁrﬁle of preventing particle
[ﬂmjglomhrg{mnﬂngiﬁgmydh@sam aimeipm@aism(fenwjmﬂihel&te c_:oated particles set
fo ”nCEQ%;ﬁg@?@G\%%?é Q3,04 Hﬁﬁ&%ﬂé é&é&%&%ﬁ;@éﬁﬁe" q%%&oaé’&%}éﬁ' Svas reversed.

imreren sults an use Or an exces lum sultate can minimize

Thrss k08 mhkiviTsieRIovitlepaHel gty Tornded i 280 srtidierizeithves and siowly,
example were effectively washed with_hot water to. minjmize excess . .

d %%%@2&&&2@@%&8@5@%&8&&% ?&&é&?&&??ﬁg-b};%?ﬁdgaﬁaﬂ@%

peﬁ’%éde\ffr‘?éﬁ%"ﬂ}%@pB{f%}i%'%%gQ3&%9&9@%%'%8&&&%&%@%&9&&9a%%ﬁ%ﬁé

In fluidization of the hydrated 10 micropart
formation taking place. The suspension was then immediately quenched with the double

amount (400 ml) of 0.5 M sodium sulfate (Na»504) solution under stirring at room

temperature. Afterwards, the particles were washed three times with 2 L of deionized water
each. This procedure precipitated barium sulfate inside the particles.

[0127] The resulting precipitate was precipitated within the pores of the hydrogel core and
could not be removed by multiple washings with water. The particles thus formed were found
to have a permanent increased density in contrast to unmodified particles. The density increase

was controllable by the molar amount of barium chloride used. Amounts ranging from 0-15

- mol % of bartum chioride were used reproducibly with this procedure. It was observed during

evaluations of this procedure that, if the time period of addition exceeded 5 minutes, based
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EXAMPLE 21 [01251 Fluidized bed coating of barium sulfate powdered
beads was performed using polymethaerylate beads with a surface layer
of barium sulfate formed in accordance with 15 Example 20 but an excess

wofdagiuer £hloride was used such that barium ions diffused Bagi@g2ehg 004667
core and formed a precipitate inside the hydrogel core. [01261 In

upoptepdifivgithepardieldarite dimisproted the Hartishdutie uiknecseneddhe hydrogel
coreRRHIGIESRALARHD inEtpmiamd-was-Eonaaiethwithiibe axeaplinrithakditide

order of addition was reversed. Thus, 2500 ml hydrated microparticles
fromyJegehifiss péin deesiREESbYAhY HEMlS Y SPHFAREN SRECORAS taso 81 i ffopp of the
pariiDsffadvr MIRAG LRnnaieadeiadoalanhside der witring Wikeeadtiion faas
performed within a time period of three minutes to prevent irreversible
rem#Aet A ¥crylate formation taking place. The suspension was then
01280 mediatkZ:querieh2d avit 3 threodaieh Ipardniesuntvid® Qo hdifedite vrspatitenthat
sulfate (Na2S04) soluti tirr ards,
R B S SR ST T
Generabihi, Tusisgoradeanipechreiniyninet4safit AmeulTats psiglemesdatins fluidized bed

prod k2 hTRE pesidiing R ecipiiale.-Was Ry ecikRiiat ed it e ROrea Ol tial water
hydrogel core and, could not be removedi‘%{}multiple washings with water.

conpHaR R RS BRRRERfel WEREF R T HR & M R RmE AL Basdlf Fxamples
alsoGRREIB: heMEastiorned iesspapiciesidhendaisifiycideneias ehanas appears to
controllable by the molar amount of barium chloride used. Amounts
¢ pFéWﬁﬁ?atfrom 0-15 30 mol % of barium chloride were used reproducibly
[6128]th thisshoabbeluochd indessolvsarwedithg keghis vhlabtiorestioft tiisqprbE edhare

app%}ﬁ#s%éﬁ?oggﬁgr&e H&gﬂégg'%ﬁ%ggﬁg@%gmg H}ﬁ%&%ﬁqg B2 Mehee with the

6155 PCT/IB2005/004007 upon the diffusion speed of barium
invegiRrider AR ChEpafiKedom d YLt Horad prdseblydtdpebossle Bedanie
profifevarahl srasslinkedrdhereikiieyenrtiog the basiuen salfat® PEe GrRitRes.

inside from leaching out. This effect was visible by optical microscopy as. .
0130 O R P SRTURR Ll WA AP0 & TR S U isid

the havdvinsigiertbapiitdlecodiereastkemisfaand remainettietead00QH7%he dry

oth Examples.20 21 provided particles having anti-adhesive,
R R S R S A
corsheitfiorizavbitin grsurfddls terhagen Gl aily dsuch rartigthantanseapriped dry

and BNIRIZE 408, amouN Rfpatticles faeded for a fluidized bed procedure as

the particles can be fluidized without being completely dried. The residual

1013hter Ter poFiielse MMy BE%mereHREH WEES PTBASEH G ARFERIAT Witowry
coaRENAMAIELAR/ PIEHP@BPIEY- 1 Precision Coater™ fluidized bed coating apparatus

according to Example 18 with the exception that an additional aminosilane adhesion promoter
was used. The process equipment used was the same as that of Exampie 18, but the coating
provided included three different layers. A bottom coating of 3-aminopropylirimethoxysilane
(APTMS) adhesion promoter was provided upon which was a second coating iayer of a mixture
of APTMS and PTFEP and a third, top coating layer of PTFEP. All three spray solutions were
prepared by dissolving the coating material in isopentyl acetate and ethyl acetate in a 1:1 weight
percentage ratio mixture. The first solution included 35 pl APTMS dissolved in 200 g acetate
mixture. The second solution included 25 pl APTMS and 125 mg PTFEP in 150 mg of the
acetate mixture and the third included 50 mg PTFEP in 60 g of the acetate mixture. The spray
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also produce particles with increased density properties wherein the
density change appears to be permanent. [0129] It should also be
understood according to this disclosure that generally when applying the

wWprowedisess noted herein, barium sulfate may be introducedBfiTAGROSatOE 7
with the 15 invention in a range of from 0 to about 100 moll/o, and

solutioreferatiied andalontamiB inaios i prévidessagiefesiPiae halrk pridicitegm
pmﬁlgstﬁi%%fb%«@a@& pigal stakilty Prapeskies. Ldd3e way iEpsed

formed according to this Example having a barium sulfate load inside the
after 31l Bl RBR LeHIHGIP RS TRt HD @mﬁfeﬁaﬁa‘%mwe&m was

18.4 3QQg of the dry beads were suspended in 300 g water which was
completely absorbed by the polymethacrylate 20 cores within less than |
min while the barium sulfate powdered particle surface appeared dry and
the particles showed no tendengy 1@ agglemerate. [0131] The particles
(now 600 g) with 50 weight percent (wt%) water inside were spray coated

[01334ith Ay RPSPIPUWED Meanimives Reeksishoe sufearRiifl EuBetiacseing to
ExarfPasates AetordingsineairRiedd wihdhirsxesnianinatanaHeiiababeads

aminosilane adhesjon arom ter 25 was used. The(Pro ess equ ment

was DIELHTRAS HEOUEHTS 2 OIS BT L Bt o LR Brooitigp i ethanol
The iaeipideddhy Q&:ﬁhﬁ&tbﬁ)ﬁr Im‘éfsmﬁﬂixeitﬁxrmonatmeﬁaMe under gentle shaking of the

amlno Itr eth xysilane S) adhesi n mo er was
i e e R oo S
eitheaddcwﬁEwmd salihéror, 8IS bodkineplagien ofiPmrFPuaikiinscrspraptical and

fiuors QMRS e%&%}&%&@é%&ﬁﬂe@ﬁgﬁ@ﬁ@%ﬁ%@ '@éﬁ%ﬁ??@@&)ﬁl:h as

acetate and ethyl acetate in a 1:1 weight 30 pefcentage ratio mixture. The

Fluow&éra%ﬁmé&@a@snméﬁpwé WREE SRANEARDONE WebsRebTRRipE Dased
dyes Hih 8€€ANATSEI %ﬂ&!ﬂﬁh%@ﬁa@édﬁ&ﬂé&ﬁﬂﬁ&gﬁdﬁ}ﬁﬁg GPeihibhdd a

Spec RS R PP G o A BEIGET EPE E et ESOB B 0D
wereShliatio ragiiantitiesaan the oizoentsatiodsisefarfiethacbatisigref and6@agrbatch

Steml F9%50* . u?%ﬁ%% Sk i tpe S, &Q rbed water e\_/aporated at a rate of 5 -10
e process was stoppéd after 30 min when the coating thickness

19133éach§ﬂemﬁiﬁ¢ﬁﬂam this FibreruBilootier hasdtexhifitest a Bighgedectiyity for the
hydrROWI R {0482)iHag aRsaralinn AE ALaRsaidY @8 MHaS JGRIGRAaL Thus with

microparticles formed according to Example 15. To 2 ml of phosphate

the SERFEHEH SEIHESERRIGH S msﬁﬂﬁ)alpﬁwwwaﬁ%%&%écm diacetate both core

and shell could be simultaneously visualized employing a fluorescence optical microscope. As
a result, this procedure provides a fast, sensitive fluorescence-staining assay for the PMAA
particles that makes core and shell simultaneously visible under conditions encountered in
actual application. It further enables assessment of the mechanical-elastic stress or damage to
the PTFEP shell. It further shows the affinity of certain classes of dyes for the various
components of the particle.

[6134] It will be appreciated by those possessing ordinary skill in the art that changes could
be made to the embodiments described above without departing from the broad inventive
concept thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications within the spirit and scope of

the present invention as defined by the appended claims.
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was provided an amount of 5-10 1 of the respective dye as a 10 millimolar
solution in ethanol. 10 The samples were incubated for 30-60 minutes at
room temperature under gentle shaking of the vial. Supernatant liquid
was discarded and particles were washed three times with 2 ml of either
deionized water, saline or PBS baffengelution prior to visualization with

W .optical and fluorescence microscopy. The dyes tested included

e claify

triphenylmethane derived dyes such as Fluoescein diacetate and

L Rhguampees Whiek WelBeepaniared a6 At BRS¢ e aS By LS

comprisiyes such as Dil. The triphenylmethane based Fluorecein and Rhoamine

dy&seXhiiGe a nSReGH '%ﬁﬁé@ '%&PMQS%%OU%QQ llig eMMayhydrogel core

through 1onic interactions. T were able to easily withstand the rigorous
c?&rf&ffﬁbﬁ?‘&’fgr‘éﬁéﬁft%%f%\}?f&mﬁ and St heren IPi“ﬁfi%ﬁZ\?\ﬂﬂJ\Biﬁ RelniteRtiagene
polymetelaciirig: §@133] The carbocyanine dye Dil on the other hand exhibited a
higb-se'ectivifpdostheRA by dierh@abic Rifc&Rshe!l, Wthe w Repetadingoo.ooo,
the hydrophilic PMAA core material. Thus with the subsequent staining
employing the combination of Dii and Fluorescein diacetate both core and
SHedtecoiinseesitmuieinkiod iy Msoalisedzerm ploying & florestdrradptical
20 Gggqmméq,sgope As a result, this procedure provides a fast, sensitive
fluorescence-staining assay for the PMAA particles that makes core and
shell simultaneously visible under conditions encountered in 25 actual
2. applreatismariela et dnalsielsiassedsmrit ot ERams R ePAsHE SHHEss
or damage to the PTFEP shell. It further shows the affinity of certain

3. gl%sseéugf dyes. f&'&ﬁh&n\é%'%?mw&?& R 9&%‘%5%55%%&%3 {1l o ating of

ppreC|ate 0S€ possessing ord inary skill'in the art that changes

barium syfig ab‘é%&&@t@?ﬁ@éﬁﬁﬁﬁﬂ?ﬁ?@%&“ﬂ'@?&ﬂ%ﬂ%ﬁ% Wikbut departing
from the broad inventive 30 concept thereof. It is understood, therefore,

. RbiindRieatonds el WEiled 0 e harG A AbRAI RNl AR08 e
but it is intended to cover modifications within the spirit and scope of the
present invention as defined by the appended claims. 37 CLAIMS We

5. Clampoibrnpoirbus pedticl @ onuse whetverapeuticiang/oridiagnasiig the density of

the pordfQGE6ure, the porous particle comprising: a core comprising a hydrogel
formed from an acrylic-based polymer; and an outer coating comprising
poly[bis(2,2,2-trifluoroethoxy) phosphazene] or a polyphosphazene

6. pﬁym@@ﬁvmﬁ,@w@i@p claimn 5, wherein the agent is selected from the group consisting

of deuterium oxide, cesium, at least one organic dye, barium sulfate, and combinations thereof.

and/or

7. A medicament for minimizing blood flow to a fissue in a mammal, comprising
one or more porous particles of claim 1 to occiude at least a portion of a blood vessel of the

mammal,

8. The medicament of claim 7, wherein the porous particle further comprises a contrast agent
selected from the group consisting of barium sulfate, tantalum compounds, gadolinium compounds, and

iodine-containing compounds.

9. A medicament for delivering an active agent tc a localized area within a body of a mammal,
comprising
one or more porous particles of claim 1; and

an active agent.



wherein the number of monomers within the polyphosphazene polymer is
from 4,000 to 300.000, and/or wherein the molecular weight of the
polyphosphazene polymer is from 70,000 g/mol to 20,01010,001") g/mol.
2. The porous particle according to claim 1, wherein the core further
comprises barium sulfate. 3. The porous particle according to claim 2,
1o, Wielein e core i surroynded by an, ner pating. of barum sulfate and , .
© thé olrter c‘oafing Surrounds the infer cogﬁﬁg of barium suttate. 4. 1he P
of the opjgr eeRsipmFiEfs dheetrdinglts &1aiPre, wherein the barium sulfate is
absorbed into the core. 5. The porous particle according to claim 1, further
v, SRRSO 0208 R INCIPRING ING dRMSIN, of NG ROIONS PAINEIS: O poiymer
The porous particle according to claim™, wherein the agent is selecte
capsule ff5lfiibe group consisting of deuterium oxide, cesium, at least one
_ of ganit.dyenbéakiumgitfate foanel cambin atigihs ihed gofyferArm edicaisnantan active
agent sd@MNIM|ZIng Alpod flow to a. tissue in a mammal, comprising one or
more porous particles of claim | to occlude at least a portion of a blood

VBSSEPOF IS hARRRRATE & OFHE rediCMERE B BIARMCF TRTe M thaboRstRh2ene

polymep&rticlefurtivef. comprises a contrast agent selected from the group

whereinCORSISHRG: ijb%ﬂéme§umt@n @QF%@)&%&E&H%@@Q”&M{%M 4,000 1o about
300 Ooecorg/gipunds, and iodine-containing compounds. 9. A medicament for
’ d%’hvering an active agent to a localized area within a body of a mammal,
comghidingroireub moest pboureyaktieatbzefedlalrm d; iafdnahoaciielagane! o
about 28802 God hesnedicament of claim 7, wherein the porous particle further
comprises barium sulfate as part of the outer coating and/or absorbed
within the core. 11. A sustained release formulation of an active agent for
12, Orkf SHiHsStPRIe EEMBHINY 8PBly et Eapdherihidingiaselsrémthgt comprises
barium cOMmMpEsestafiyesagetianmendanbanbacmlic-basesk@olymer and that
adsorbs an active agent suitable for release; and an outer coating
i comprising poly[bis(2,2,2-trifluoroethoxy) phosphazene] or a

1B RO SRRIOB S RS T PR BANRLHI9S RS R BRI TS Mg p s vessel,

comprismgnomers within the polyphosphazene polymer is from about 4,000 to
%@U; more porous particles of claim 1; and

a contrast agent.



300,000, and/or wherein the molecular weight of the polyphosphazene
polymer is from about 70,000 g/mol to about 20,000,000 g/mol. 12. The
sustained release formulation of claim 11; wherein the polymeric capsule
further comprises barium sulfate as part of the outer coating and/or

14, abserbedwithinihecose:1dd: B diagepsHe pieparatiandesitaingthee group

consistif[l) aglsi?'a%%ig ];lﬁfgigr ”%181%%%3 (glqr 5 %Q 63119!88%3{1? S()Sﬁlds %rg)g] N, zﬁ;%nogr
riore porous particles of clam ;a (:i1 a contras]? agent. 814 The

compougifignostic preparation of claim 13, wherein the contrast agent is selected
from the group consisting of barium sulfate, tantalum compounds,

15, gaqalinium sompeunds andhigding-containing.compgads. 15. A
diagnostic preparation for enhancing ultrasotind imaging, comprising one
SRRSO AR bt ¥BiMm @ dand a contrast agent. 40

a contrast agent.
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