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WO 2006/046155 PCT/IB2005/004007 TITLE OF THE INVENTION
[00011 Loadable Polymeric Particles for Therapeutic and/or Diagnostic
Applications and Methods of Preparing and Using the Same. 5
WwOROSGEREFERENCE TO RELATED APPLICATIONS [00023rkbiges/064007
application claims the benefit of priority under 35 U.S.C. 1 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 referehéeEF BAEKEREYNBMOF THE

iU EN DI OO v dhpRISictes TIRGHIAING THENQSPREIRI B W pplications and

nanospheres, have many. medical uses in diagnostic and therapéutic
%%r%%%ﬂu?% PR %lfnﬁéﬁc‘%é?ﬁsed in medical applications are
characterized by numerous disadvantages including irritation of the

tissues with whi _some t nitiation V. immune
reactions. 15 [00 ?%’dgﬁmgﬁéﬁ é?nggegﬁa%“ggég@%ggpare

i bhiaaplesties datysdby radefirefativatyyrapidhy3withih@hg! ifden oidlish
Brediisherebudetiasing iomoh elilingin SRIEaIR. PRSI GRS 959 Fleq

term presence of intact particles may be necessary. Moreover, the
Aeigraniatior? Bt Bride ipTioaERR0S THgraTe daeTeniRiest arenihy reference.

compounds causing adverse reactions in the patients. 20 [00051 It is also

a problem in the art for certain types of prior an particles that it is difficult

to achieve desirable sUSpEHSIROBMPeORS M EN WRNfiaricles are

| el A{:{;&&q J:ifﬁ%[ﬁ{ sispe! é st rinjection into.a site in the bod .

lltQ eﬂtr_eate . Many tismes, t%e pa?t%?e% sé)z'tlt gﬂgﬁ?s%eetree%él %gq,%a&r{ '%6311%3%585 "
Saanosheaudriheraperby pRsetoreinitdasilp suspenadditsuesen dulfienappiications are
JEHFHRREDA &y RRAFHEIS S BRYIRAGL IR AUTRREALS PR ARY OMBL UG WU G ich they

delivery solution and/or 25 adhere to some part of the delivery device,
AR R R SR AN e ARt P HRE Se2kigResive/attractive forces,
[D0GHCAdaifeasimashier eeusiadial dinpersiorihis ko o teasiesWitable deprade

dispersin ents that may include surfactants directed at breaking,down ,
rgl%rgﬁﬂ//e %?t"fc te%ﬁli?g%aec é\“.nﬁga* %%"iilﬁg%é‘?{e egﬁtﬁ%ﬁ?g% TR PRy in certain
E'Pmee_fé@.t% nhttre follpwingmreateckats’ maytpertised meativniccamionicldb@over, the
QeRiaRicSHFRCtAnLs sheh.as fnesn 1M .20 u;wvme&ﬂ%ég% &yyﬂe%%&"s Sising adverse

polyethylene glycols, sodium dodécyl sulfate, various naturally occurring
15REHSTRIS S Pade8E-um albumin, or any 1 other macromolecular

[sonsictanta dp dhedtelivenyiormulationUlher Broe thigkening: agen!s:CAfcult o
%S#é%e 8? el%g (g:ﬁgpeergsfo%rg%ggrgigosmwgeent t!ﬁggp%g&gg grneeigg%%)grggg i;[go a delivery
suspension for injection into 2 site in the body te be treated. Many times, the particles settle out
or tend to “float” in the solution such that they are not uniformly suspended for even delivery.
Furthermore, particles muay tend to aggregate or agglomerate within the delivery solution and/or
adhere to some part of the delivery device, making it necessary to compensate for these
adhesive/attractive forces,

{0806] In order to achieve & stable dispersion, it is known to 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™ 80, polyethylene glycols,

sodium dodecyl sulfate, various naturally occurring proteins such as serum alburnin, or any
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viscosity, for example, polyvinyl alcohols, polyvinyl pyrrolidones, sugars or
dextrins. Density additives may also be used to achieve buoyancy. [0007]
other madiciAtlaingr R UG IPISUAle RiciapAtisle s ROlution Jo determine.
their degree of suspension whern using clear, transparen% poﬁ/mer%
can be usgd RABETRVRRpStipenfemsadirn by ssdipersiion miomipeeaseseittionnert
viscosity R GRiiRie, Rarkm el RANES R KBV A8, AN AHSIING "Bensity

.. bone cement, for silicones for rendering items visible during X-ray
additives x9ay also bE HSeA AOraFISHS RRNERSKdiopacity to polymeric acrylate particles.
[0007] :Seealaysdaiisfionn wtahaBumidaipSeiciey o sbRuldR 1 derife2Bedit A8Ree of

. The barium SlII|fate also is knomn for impr ving fluidization, and is often
Suspension Wich UsSing clear

Used as andnorganemerPR Wﬁrﬁﬁ% TR BEARSR PR ictaueous
suspensi@ggregated particles. Other prior art attempts to increase visualization of
IGrnaLt ' e gglﬁ r.example, Emhosphere GoldTM.
Auﬂmpt%?ovidesf é\ﬁ Er?a%%%%ﬂgtélj’}r to acry aatég ’mnllc%%é%rk[?c e Lljssiir% %%Iﬁﬁﬁ%\gwg for
bone cemsmgy i, §HUBT Triersdrusiaims visihle durmadedeionsmalhpentiolbothat
providin ARELAMEbé/hRME R-Preietaatial gegerally.spbatical.canigrration for

certain applications such as various_therapedutic and diagnostic™
Vol. 12, BitvdeBre & wmichPare Het brapmeduiasy sl inkmes fetdmerovisdiuidization,
and is ofthamRedakan Bysieic @fhio COMPOLNE sRB BLRIVBPID thALE £aSYelRed
mﬁclesviald%@zem SU%&E&%@Q while in use and/or demonstrate acceptable
F PRy eTeAT ShE S P BRSSPSR LR SURRRIARIVIEE ipejpde use of
gold, forldkeiEple, |IEhb30DE} Toddtisploside inalagesacpirtinladonatsenidraparticies

. e IC r diagnostic procedure. The particle comprises
osing smpolé%%%%fﬁ?(%%gthoxy) phosphazene] and/or a derivative thereof. [0009a]

[0008] Tipreee tipus e5sEcn thewe sreviieunalproie gttt eforU senedrdiimnapeutic

pmfemawa{mgxggmﬁa@%ﬁ%@d{@a&ﬁ%&%@uﬁuﬂ%@%&&%@%&%'39'v%l e
comprising a hydrogel formed from an acrylic-based polymer; and an

therapeuiif; and GagRRs S PRPRTERTES JENAB it i eirsiethbihtasaish aveseras of te

mammaRalphesh bazeReoRelierdasvatinethererf Mdyqreiing. o Lfﬂgﬂ%éﬁfsion
while in QN0 er%wnhln the pol‘i;%h?s azene polymer is from 4,000 to 300.000,

© I S R O SRR R AR AR E@"ﬁ AL BBHER BRBRRE polymer is
from 70.000 g/mol to 20.000,000 g/mol. [0009b] In a second aspect, there

is provided a mggh t [ Rq?éll?ﬁ Aatissuein a
mammal, comprising one or more porous particles as defined above to
[0009] occThedintdaasimipdrtiopaoide Blood essetptthe mémaiagnostic procedure.
The particle comprises poly[bis(rifluoroethoxy) phosphazene] and/or a derivative thereof,
[0009a] In a first aspect, there is provided a porous particle for use in a therapeutic and/or
diagnostic procedure, the porous particie 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

polvmer derivative thereof,

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

- wherein the molecular weight of the polyphosphazene poiymer 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 mamimal, comprising one or more porous particles as defined above to occlude at least a portion of a

blood vessel of the mammal.



2 10009c] In a third aspect, there is provided a medicament for delivering

an active agent to a localized area within a body of a mammal,
[6009domprisirtgichespean sherporonrpdricke sradidefined fabdeByemd: an attiveagent to a
Localizf%g%&ta @9999%%95?&'%&&%‘?%%‘?@&5 provided a sustained release

ormulation of an active agent for oral administration comprising a

pERfE MespHBeR RIS 26 defiBahabesimiitses a hydrogel formed from

ansesichased polymer and that adsorbs an active agent suitable for

release; and an outer coating compyising poly[bis(2,2,2-trifluoroethoxy) .
0098 o ASUE) 55 b PhbuBSIERe: B ST A 8 THRr R asend o
oral adhenmmaibercofmpronogrearsi witklinagselpolgphiosphazene polymer is from

about 4.000 to aboutrll 300 Oﬁn%g /or wherein the molecular wejght of the

p&ﬁﬁrﬁ(%aﬁﬁ%m he po e eqlg FoR aPOTAS _b§7ﬁ‘i](ﬁ s g AL adserbs an active

agent PFHBAOCBGLIBE [0009€] In a fifth aspect, there is provided a diagnostic
prepaietionfias traskgitaerpassage. ohanResauspARice a1 b3 blaatosphazene

polm\é!ec%%%dgg%%gmg one or more porous particles as defined above; and a

contrast agent. J00091] In a sixth aspect, there is provided a diagnostic
wherei SSRUHOH Rr BRRANEINY Ui B0 pAPhviRgAENcCBYHSINY BHTe om0 to about
300,0q@0864i6: particles as defined above; and a contrast agent. [0010] Also

in i f minimizing. bl a tissue in a m I
C B S SR el R o
about g% PRE £8P ne particle, wherein the particle comprises a

[GOGQQPly[msgtﬁMOzE%?WQrQ'?Q?me&%pg] &QQ{B&Q 8‘%{3‘2{1‘3{%@ %?rt?ggéng)%éldassage of a
Further described herein is a method of delivering an active agent t6 a
porouppaziicledhzrrgh st a Betly GrEPHsHBmal comprising contacting the

Iggalizec areath ALIRRSH QNS AlAHaLtigle comprising

poly[bisgrifluoroet oxy) phosphazene] and/or a-derivative thereof and an
ACHVE AT such that an effective amount of the active agent is exposed

[ooosip the lpcalized.area. &@&Q@%-?Mﬁé@ Yiihin i PRclasHEs 82 skisialnasirasound
~ release formulation of an active agent for

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 6ccluding at least a portion of a blood vessel of the mammal with at least one

particle, wherein the particle comprises a poly[bis(rifivoroethoxy) phosphazene] and/or a

derivative thereof.

[0011]  Further described herein is a method of delivering an active agent to a localized area
within a body of a mammal comprisihg'contacting the locaiized area with at least one of a

| particle comprising poiy[bis{niﬁuorccthoxy) phosphazene] md/oi:'a"dsrivative thereof and an

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

2a



oral administration, the formulation comprising a polymer capsule and an
active agent, wherein the polymeric capsule comprises
poly[bis(trifluoroethoxy) phosphazene) and/or a derivative thereof. [00131
[oo1Epe digglosuwiafurtherdnelogdes a methodiafdragingthepassage @f an active agent for
particle throu bloqd vessel in.a mammal, the method comprisin )
ora SRR GRS PR TR BT aer A Yo DR g vhereo
the fhevirete cpaitlelecogmigs poly fpolgfibtmbieth ooyt mhogphphos) kadene]derivative
the ag{i/or a derivative thereof and a contrast agent, and imaging the route of
€ particle. [00141 Additionally, a method of enhanced ultrasound
1003 aging s dressHSURET &l e %@H@Bfé%b%i%§%?ﬁ?rﬁ§?é?ﬁgc%@ﬁugh
a bM&%&‘&%%&Q:@L'ﬁf&%@ﬁ%&“&ﬂiﬁ‘ﬁd&%‘?ﬁﬁeﬁﬂé‘?ﬁn@m@H%H@sm:am of 2
poly[bis(trifluoroethoxy) phosphazene] and/or a derivative thereof to an
&t IFRS. TnA HSBEITHRIGH SO HAFTRETGIAY Besarspe pElRsrREseRRiEery)
phd4ifase) dniRQ tRl-Fhandiseemadse doatrdesanm atiohebae iMeingeaT the
active agent to a localized area within the body of a mammal comprising
pE“'E‘G}"r'tacting the localized area with at least one of a particle comprising
joqualy[bisdiiifitienaikihoxgtphbsphazane] ancianadienhtiy éstiexatdedndrein. The
ctive agent, such that.an effective amount.of the active agent is exposed
i R AR AT A TS0 SRS
compprising H0I9 B Fifirbrostzonyd piasHonzenvirmnding adgiortathereahitiien arca of the
uBHSGEARe AR s, S ed i machycPASRL BoMmgIe IS described
In which the method comprises prowdln%@{;num Sulfate to the core

108 5d/0r ShTdissloTRE RIS BRILRISESERIPTRORC R BBt EE Jpliked

az%ﬂ% @_EbBElyEtol@lBydﬁ%Qﬂﬁiﬁ %&QQ%%EBM@WW%%W R8st one of
e following detailed, description of the jnvention, will pe better .
a%%m%mﬁ?%@%%?ﬁﬁ?ﬁ%m/ﬁhwwﬁﬁ@ﬁé%“ﬂ? U E frefiraf and an

acRuEREsE: ahiilstiodingribeiirention dhtreatyshgmnieipediawihgSocalized area,
embog)iﬂments that are resent% Preferred. It should be understood,
wWhersin P %lﬁ,]com TISES a1 age Iorease ?ﬁﬂSﬁ% .
owever, that the invention 1S’ not limited to the  precise arrangements and
[otyumeaities sistwd (0 0LB It ad BINVRgEINO0UAT Rigrepainvys particies
FoBRaE @9&%&9(&%@%@58%@& QEORERl Y ERHASTIRR SRR dSRsIQ

; ; 1 e groviding
prepare particles according to one embodiment of the invention; 3 W

barpwe RILEESS PepreRDe(os ANERe0 7 150 PETHSSS 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;
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 not limited to the
precise arrangements and instrumentalities shown.

[0018]  Inthe drawings:

[0019] 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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[0021] Fig. 3A and Fig. 3B show unloaded polyphosphazene particles
(microspheres) as prepared by one embodiment of the cryoextraction
method as described herein. Figure 3A 5 shows a 4x optical microscope
wyiewnand 15/g. 3B shows a 100x scanning electron miCroSCOPETNEMES/(64667
[0022] Fig. 4 shows a particle (microsphere) formed according to one
[0026ibodiRignt chtke tirventich dopdieg withnbpdhe insichinH@2 9% fvet/val))titl was

Q nification : 3] Fi Fig. 5B show the surface,
Supr%‘éo?% E%T(%guﬁéo 1%?1 gg&%rﬁ%ﬁi%ﬁgﬁﬁggﬁ%%%spﬁag%se. E?SE%K‘ is an
[063ddge dheaiRédusing B shomieniorcedmidibespeazetd FifiGss fsnicrospheres) as
predEANNG SlectionimiskeararRshowingi themkkiacs At anunigaded Fioure 34

polyphosphazene microsphere at 5000x magnification; [0024] Figs. 6 and
shopgRdty SPERA BXETREHHE LT HE T ise B S sarE e RS oscope

viewherein Fig. 6 is a cryoextraction vessel and Fig. 7 is a syringe pump; 15

O oe ot TSR BT e ANRIES ST L Haroe e g of

inv@Atiandofi:g ot bowBE Msatih ORX% fmadvificaliéfohtipei SustaceSiihe
oS OR8N A e

.OOKX magni 0 thefﬁ ickness o in

migrespheehc \withi SaaidresgesiBiRgf Frn 2y skanio direiei @ostaptisrddiis. SBisa
scaR XN PS4 0n RRPSSHNE WiV ik HigSnd OnhABad- Ol BPRL AR e

.SEMSs of mi,cro{;)artlcle made In accordance with Sample C of Example

migroSRBERF it DRE BVARF 8 Example 14 after passing through a catheter

[o0sBdWingigurfacaddahes drigexir2Act QRmAg IO rathkOIdnent of the invention
magnification and at 5.0KX magnification.(Fig. 1. OD); and 25 [0028] Figs.

IR Y R B T T ot B RATER i accordance

[002h SahpleB@ efcEbsamplend witer shernpissties Sotesting midrertipler 1dkting of

mi&lﬂm‘n’i@@ 2 %Qéngpgggﬁégglgon of a minor amount of delamination in the

strong white contrast portion. Fig. | 1 B_is a 200X magnification of the

[0GHitropateel@s arERy show pRoRER @ RAEY megrélivadpreiitiayurigox disdample
¢ iQipi-maaniiedREMsIohather Samplrié tlsroparticlesoshavsnd LAl¥ication of
b nor 3 defg%s. 4 WO ,2%0%046 55 PCT/1B2005/004007 DETAILED
b ERIPTION TP KRR B0 ESoSEH R AL drmple 12 wsed
in fharicieatbabiiyahe ineh uwiasticdied vising poly [bis(trifluoroethoxy)
[pdIPSPhEZRNed ANRIRY ARNYANYED el AS etk 5 MEad8:2%n accordance with
Sample C of Example 12 used in the evaluation of Example 14 after passing through a catheter
showing surface features (Figs. 104, 10B and 10C) at 1.0KX magnification and at 5.0KX
magnification (Fig, 10D); and

08028} Figs. 114, 11B, 11C and 11D are SEMs of microparticles formed in accordance
with Sample C of Example 12 after thermal stress testing in Example 14. Fig. 11A isa 50X
magnification of 2 minor amount of delamination in the strong white contrast portion. Fig. 11B
is a 200X magnification of the microparticles of Fig. 11A. Figs. 11C and 11D are, respeciively,
200X and 1.0KX magnified SEMs of other Sample C microparticles showing only minor

defects.
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preparing such particles. Additionally, described herein are therapeutic
and/or diagnostic 5 methods and procedures which use the particles as
described herein, including methods of embolization using the particles,

wiethedss ofsdelivery of an active agent using the particle (eitheyiasadiiioc
locally), methods of tracing or visualizing blood or other biological fluids

through the bodyD&Siagithe pRSCRIP TGN OEtheIs dDRGNARGEd ultrasound
nogr, ).using the particles. 00301 Alsoqncluded are sustained
[90(2%) 5 %]cg)bdeﬁ?gegex ar nPathlJ:ﬁe%t Qtlnaglgea gzanuflacﬁlfec{e

release dr elivery formulations for oral” administra |onu|3r%r(1:ﬁ1ding the
poiy&riiciagvordubaliy bphdetiveppaifaad/ ectivevagess et gastlbamestipeds of

prep¥Sie RRY/AusksteRig: HelMe el anp activeiagentrs el a5 A SHgialetic

release drug delivery formulation that can be injected Subcutaneously or
MEHRAAR BHOPISSFON 16 SRl R HS HBRRER I BfP éesﬁfé{ﬁaﬁéﬁ&@i%npeb@mmﬁbpﬂwf
emmmm,féﬁﬁﬁﬁ@&ﬁl@ﬁ?s’épﬁéﬂfdﬂylﬁt&ﬁ&?md i y@ﬁ@ﬁ@éﬁﬂ&%@%ﬂ%ﬁme

.Qne patticle as descri erein.."Particle” and "particles" as used herejn.
AR S LA AP P S5 Brt AP T BB PSRt apics
throwgy tevednysdig e tearsiita bledfortisdinf thhapedifibrasethddsoangraphy) using
thed If' %iions described below, including a microsphere(s) and a

anosphere(s), beads and other bodies of a similar nature known in the

[0038] 20 [abeAncised startsinphraltess Srupddhventiomuadeordingrerane
saRRRadimetarssbed herrle &c0mnPaat 4R Whale Qrin e dhee

specific_polyphosphazene polymer known as poly [bis(trifluoroethoxy)
EAIRULGHE AL AETOF SRR &fr%wﬂfﬁ@&ﬁma%ﬁﬁaiy% AHHGH & RN Ened release
dridsieiplethisospebifierpobiraer rravides pastclastitaseimirioassispast localized
de;iir‘}grrga iC égntgggthety include an inorganic polymer backbone and which

are af}soa%locomp%eﬁ}n'ie in that 25 when introduced into a mammal
[00GAEIuding! i thans tindsammpdsiithe wrddmrotsigivficantly imduterautilize at least

onggaaméss_qiegzﬁl@%%gg%or@%&@%ﬁ@%ﬁl&@?’% ?é@%e%ﬂ%ﬁ&%ggsgﬁsmmiaﬂy

the invention also includes the use(s) of such particles as controlled drug
sphysivgery VaRRssaBciRiDe PYEITCIE SOHSr thitt Tiav BRYaabh SrbRiePydakie|§r use in
theARecberarans 40038 14 paiiales RWSERILING YaheHBhere(s) and »

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

nangsebstel Sireade and gact Retigh ¥ SERR A S BRobPYadtdra dtvell as small
[008aDUghTi:easityrphsarthiaughtib enseraliersvessely, 1©.gue iabalizationieribed

LD AT i 8 i Sompub poie o
polfelbikitaidenrodanos prastihaisatibor efdemvrivegéma yBastiofiscgesiboalty
ph&paouniared when; fareignRadies Al iniadueaddot.2 MAMMAIAN RO ganic

such as "implant rejection” or "allergic
in that they include 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 inclades the use(s) of such particles as controlled drug delivery vehicles or tracer particles
for the visualization of blood vessels and other organs.
(0033} The particies are useful in a variety of therapeutic and/or diagnostic procedures in
part because they can be prepared in sizes large enocugh to occlude a blood vessel as well as
small enough to easily pass through the smaller vessels, e¢.g., visualization or drug delivery
purposes. Additionally, owing to the biocompatibie nature of the polymer, the particles
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shock," and other adverse reactions of the immune system. Moreover, it
has been found that the particles of the invention exhibit reduced
biodegradation in vivo, thereby increasing the 5 long-term stability of the
wpantiolesin the biological environment. Moreover, in those siRetigrsositiane’
some degradation is undergone by the polymer in the patrticle, the
facifired greddaiensed fromtitne Hogranatondnetgtiens ignawtiteripuntered when
fordANBEAYALRNERIRBOS ARG LAY SmAMMA NG 2RIl uatethanal MRy “allergic

advantageously, is known to promote anti-inflammatory responses when
shogk.c SRERGBE YREmIFRTORRSHe 1o SHF BRIV iRe S aithae bepnifpamnd that
the WiveaiHOBfishioMad; in paitof el yiossgr ReMI $62:3 & HiHver aeihaxitk the

hosph derivative t f.(referred to further herein, ith .
o0 SRR O SRS oo SpRER S TR, e B frgrations
whdizis(infiuemathaxy ) sphdsplvazénahppbpmesris: tedetiplafthepeadings released from
a i , | - N N1 (I 15
the g&%%%é{go@ﬁ%&ég& doy,the J?;{EQ &an%%%ﬂ(og%lﬁ\%}gsﬁ mid

) erein Rl'to R6 are all trifluoroet 12 groups and n
tiflgpageteagobrovhich- RAEniass0eshoD i arBée pipTeRi|antivieigiinTesigttigssponses

whd eferahly RuishahauhAi000;:te,about 300,000, more preferably, n is about
4,000 to aboyt 3,000 and most preferably n is about 13,000 to about 20

18034 000 KRS BRRERT ST s T R RTRE RSB R BP iPife
polfieparation Sidhetpaticiassphibet) e atitnivByvidesaivaginitdsnieantr nerein
as eg’vt%%fgggﬁgﬁ?f&%&r%f %}é ? ?ggﬂggc%ﬁ‘ » %}Qeﬁﬁ%'ﬁ%e of Jormylla (f) but

more o nctronal groups or backbone “atom(s)

polidbas(bafinatect iy giffsrdntarimisyoefinwidnapgioepéslingubeviere thepresented

by Riokogical @B%Hzg@ﬁ%é%me polymer is not substantially altered. Exemplary
functional groups include 25 ethoxy (OCH2CH3),

2,2,3,3,3-pe£aﬂu@rbpropyloi§f (OCH2GE2CF3), 2,2,2,2', 2", 2"

hexafluoroisopropyloxy (OCH(CF3)2), 2,2,3,3,4,4}4-heptafiuorobutyloxy
(OCH2CF CE3), 6 WO '2006/046255 PCTIIE2005/004007 N
3,3,4,4,5,5,6{6,7,{%§-trid cafludroo yﬁﬁo H2(CF2)7CF33

2,2,3,3,- tetrafluorppropyloxy (OCH2CE2CHF2),
2,2,3,3,4,4-hexaflgbérobutylogy (OCH2GE2CF2CF3E 3,3

4,4,5,5,6.6,7,7.8,8-dodecafluorooctyloxy (OCH2(CF2)7CHF2). Further, in
some embodiments, 1% or less of 'the Rl to R6 groups may be alkenoxy

h&éﬁyﬁé !Bﬁtﬁaaﬁéiﬁﬁ igrasslinfdRg inamder ide. DALS, SlASIRBIR U  jeast abe
v phosphazene polymer, includﬁ%(gr%%s ?u%%gOCHZC%E%ZZ, ast about
100QC H2E MR G2 ightiltylthe nesfzghdupgs about 4,000 to about 300,000, more

preferably, n is about 4,000 to about 2,000 and most preferably n is about 13,000 to about
30,000. Alternatively, one may use derivatives of this polvmer 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 (I) but where one or more of the R -R 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 ot substantially altered. Exemplary functional groups include

ethoxy (OCH»CHz), 2,2,3.3.3-pentafluoropropyioxy (OCH2CF2CFy), 2,2,2,2°,2°,2°-
hexafluoroisopropyloxy (OCH(CE3)2), 2.2,3,3,4,4,4-heptafluorobutyloxy (OCHHCF2CF2CF7),

6
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[00351 It is preferred that the molecular weight of the polymer used to

prepare the particles of the invention has a molecular weight based on

the above formula, and more preferably, a molecular weight of at least
walnu/ 743,380 g/mol, more preferably at least about 1,000,00@18sgé0aoks007

and still more preferably a molecular weight of at least about 3x106 g/mol

3,3 08594 620X 00c0hmel NMRsbpueis Rﬁﬁﬁ%{g@%@%y@gmﬂecular

weights of at least about 10,000,0g%eg/mo . e diaméter of a

oI fotarin i pens el s orentacrs,
- -Su varticles js preferabl ut i b , m, with a diameter of
R AR PSS M e

include diagneters of Qbout1200 to about 500 m,: about | to about 200 m
emagirgTEsdr A SRS B0 1R Fhoirsmitshealbepesyriaerstisa: #siskd

?ﬂ{ﬂ?i% dis I%%%Jrég;%]a‘;.gariousc mbinations of particles sizes and various
oL GAIR: o' BoAder Fange St HOr =BT 1 AbBuDS GO0 T e £ors

suckithincihesgaperof thisidiscipsuce:tn 20, methedsygngtbe particle where

more than one particle is preferred it is not necessary that all particles be
[663F]the damereliamedttiroihs mapecitoweigr, ifithecoldantasadth thedmanti@articles
~ Rreci iprat. icles.m prepar aving exemplary ranges
o D T S G
moBoHAT VRG] AAtHerAh 2000 TR.6004rmPl\vOre oB4d8 Y B5ieast about 1,000,000
g/miRC T4 SRPVARIAOR L S-3lRA RN e s 6o RE Ol ths dpv %Uyrﬁmﬁ} to about

various ranges such as those noted above could be prepared an
2048 nebrRid %g?%@wéf‘é%ﬁfm%lﬂaﬁ& Ry isdnmiteuisa tierhis o anigas shom

10,800000 gfdpm. [0037] The particles may also include other compounds
ich functjon to enhance, alter or |5 otherwise modify the behavior of the
00 e R A ST AT B LB S o

ymer or particle uring i
depeielgrostithased Bppiexample vativeagenissisch bspeptides duoteins such
parfLNQNES £AY %%}59{%@%%%@6(@?@%% Qb%%&%&?%bﬂgﬁsmv'%%@@,%ee um

steroids and organic or inorganic drugs may be incorporated into fre

beingamnsenERETple fishsn cpramdesirasindiisrdismeirs, PobehYihie abpeold0 wm,
aboBlUGRSBoaNthvalR Y8 SREaINEMIIRGLIBLEXANRIRYSRIAS&#buld be understood

based on this disclosure that various combinations of particles sizes and various ranges within
the broader range of from about 1 to about 5,000 pm are wn.hm the scope of this disclosure. In
methods using the particle where mors than one particie is preferred it is not necessary that all
particies be of the same diameter or shape. However, in accordance with the invention
precisely calibraied particles may be prepared having exemplary ranges as foliows:

100 um = 25 ym

250 pm =+ 50 um

400 pm £ 50 um

300 pm = 50 pm

700 pm = 50 pm

900 pm = 50 um
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10 glutamate, may be included in the particle. [00381 Additionally, if
desired, polymers other than the poly[bis(trifluoroethoxy) phosphazene]
and/or its derivative may be included with in the particle. Examples of
wpalymiets stnay include poly(lactic acid), poly(lactic-co-glycolcaud)esioodon?
poly(caprolactone), polycarbonates, polyamides, polyanhydrides,
It ippdbpamithio duidsopotfdhthivacitng belyatets sanBpolyipa tuseytiae sbavricould
be RO RNG L (B8 RROMRRLS IpShidG ROlACHIRIES: %Q}XL@%W}QM%GS from 500
acetate co-polymers, acyl substituted cellulose acetates and derivafives
o FPleramy, degradable or non-degradable polyurethanes, polystyrenes,

%ﬁGBmYVinY%gﬁﬁﬂdﬁem&élVﬂlﬁdffﬂéﬁI&?ﬂﬂ% |¥&iﬁ1;ﬁ§fhﬂmi%§ﬂi%ncﬁon to enhance, alter or
chiprosulpnhonat olyo ns, and-polyet ne oxiae. ne may N Lo
O R BRAHE BB P LA BOSTAR B & GLHE AP s Araegpion or inits

theinmtudingudiiffusingemsartingror entraiping2C:thetasiditian atodap euoreisn

hor%nhgngg,atg%c}%fh@&gﬂ%?%%\{ ];915 %ﬁc@g{ Hﬁl%c?cr ?dﬁgﬂé@&tgﬁ]a%gls“g{%ra&ds and organic
compound toa polymer melt or to a polymer solvent in the préparailon 0

or ifpsgpRMtielegs Y s MeamoptiedHateihe [poRUR T Redmiridtsoreiumi sigyieen, other

sugﬁ%,tfﬂ&éﬁﬂb{c% @9@&@,@%&@@%%@%%@&&&%@&% ®; chitosan
I above, Fur

including polymers such as those mentioned herein her,
glupspate gy e Bsdpd BiEPAES be used to form such a coating on a
[oeparticledenmesknd othéyssudakis pely 615 (Rhcbp elinTels el Bhdeyhe
deyveloped in the art that.are used to fo articles as described herein.
PSR KB ARG DT A W T OBIE: @ FEERALe! polymes
mapppliedt asla(iecatiagdnpaimisropartiglelslidaent opofdreprighicrhagspd ycarbonates,

ol DRVEIET 35,55 A0 WVAGT eialDElRv ARI00OL Gapungs are

eneficial, for. examplé, If the particle(s) are to be used in a sustained ‘
polygnessec s aafimiterdunatu Y denvelyrrernrtbP@rmeTits atitlcoe-viny!

acethid @o&%ﬁ ageyiaubsitoaded wiicapaipniially JOHasRRIRSE8Y8BEradable or
(non-bjodegradable coatinﬁ). 8 WO 2006/046155 PCTIIB2005/004007

O TR PRI AR e P A B i S A AR A ERRS IR O WP P f @ viny]

imithabis) stlitaklasiboibepepaiaiian aidpslicitsenaiditingOne may incorporate the

ly[bis(trifluorqQethoxy) phosphazeng]. In a_progcedure. according.to an ,
s A B R A R SR SRR cncooping
the pisiig pehyrnopsodde it Heaneihe RTRER SN Honed deriiative therddfa il

addRSROIRSHIRP g SIYGHL: 104 o RURRIGRONADIRIQ! USRI IDGion of the particle

Ereparatl,on of the polymer solution include any in which the polymer
sucp rgepcHhti et erivatives are soluble. Exemplary solvents include,

jeeRgihoutiimitaiien cethibadopitcRutiy eebtd e6tylacetatgoAeioRer layer or
1ayé?se, tlrr]x {Sgi]x}/glkpec}gr?r?érs 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 gs 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 particle(s) are to be used in a sustained
release, orally administered, drug delivery formulation (enteric coating) or if the pariicles are to
be loaded with a potentially toxic contrast agent (non-biodegradable coating).

8
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methylpropylketone, methylisobutylketone, tetrahydrofurane,

cyclohexanone, 10 dimethylacetamide, acetonitrile, dimethyl ether,

hexafluorobenzene or combinations thereof. [0043] The polymer solution
weoniainsstee PTFEP and/or its derivative polymer in a concentratmnsai4oo?

about 1 % by weight of polymer to 20% by weight of polymer, preferably
[00dbbut Slitctonit@94pbsrswaightbefpetsreeby Gilven goly kuersy dis thisat Ss8ds suitable
forMﬁp@&%%ﬁ&%ﬁ%'%&%ﬁ@%ﬂ%ﬁ{m%ﬁggﬁ%% GR3ehN

the form of a second solution powder or other 15 form; if one wishes to
DIOREERIGESERHOIG P P EHE S AFiSHBcIBOfoDa ol EeRT R PatafhBY mixing one
or REACESRHREBANMES selution TFpeshdisneasechiveeiriab inilhRe fargmef is

. drops or an aerosol, into a vessel containing a non-solvent. By
dissoi¥Fsolvent” it is meant any organic or inorganic solvents that do not
[00gBbstasiadyldisdobresthe B EER:potymeioand wwhiehhavechmeltingyhiaby in

that is lower relative, to the melting point of t olvent in 20 which the
O P AL L ANl PG e SRR S TR BBl B AR
withetfib Henibasiosolotyl-thaeny in tiey bopese lefatimlavctitationtsteprltinfisthpkstone,

meliimAience: hebusadie. Inalino.ola sbcRonsalyeoland the

polymer solvent is C, more preferably about 15 C, and most

dimsiaTdsatigreateiomiatantut byl chenerer BERMIPERETIHM6 AT erschereof.
gaaﬁﬂ] nd dﬂgfaé M&%&%@&%&%@W&E%@@k%@g@?ﬁﬁ@d
if the difference of 25 the melti oints of the polymer solvent and of the
cO T 15 T TS b et e LT IER  e , Pty
abawo A% odvENE i nleighhafgb&;aﬂghtl@ﬂmmpm}ﬂmm@ﬁﬁme@am mEgiveniesent in
the[é’o‘?é‘t?énT,Q?&é‘%%%@!&ﬁ’@%@%i%%\{%@ ombination I Incubated 1oL, . ther
approximately i to 5 days or until the polymer solvent 35 bee
forgo i pretalisheniio veduito Aveh opamicias. iy e lesrtBewishing to be bound
jocdytheory itisiypethesizec thatd ?%&P SoReihal ﬁgxttﬁﬁﬂé%éi%@@iamy in the

functions to extract the polymer solvent from the microscopic polymer = °
forg gt HERPHPE ARBE e R ADEATE| COSHE P e BRI eR 1S BpTespdyent” it is
megiellef. Agatie dNBuRRLIa0 et BasIeH dhRBMWEA0BIOM6d BB PTFEP polymer
f%;l’ é&%ZOOS/OOIA{OO? drtot%letts Yvill shr'kntk and the sc Itvecpt b.eco%ne;s further,
A S 18 4UNG BoPS Rartie e 0ULE?  poTy et ShENSONBAI Y 408"
whpblimerigore; iaddssriaty (‘gftdymamspleto?), cbtthet thenbatsoheatcbmplotéore the
sol{EERARLAL S ER8IdUBE BQIEIEJO,LOSUIMIBALIE ROV MIBHEAIORIER.cn e
retain a substantially spherical shape during the incubation period, they
melapgppataidfasaro s apdiannalmgefelystateageh i irfostm orefirably about
15e ingubationResing. Jtharefarg AhRneR(SolyaRL IRRSraHERIRY: $idVbeen
below the meltln% point of the solvent during the cryoextraction process.
found that the structural integrity of the resultant particle 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, it 1s sufficient that the non-solvent point is merely slightly lower than that of the
polymer solvent.
[0045] The non-solvent/polymer solvent combination is incubated for approximately 1 to 5
days or until the polymer solvent has been completely removed from the particles. 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 microscopic polymer solution droplets from
the particies such that the polymer is at least gelled. As the incubation period passes, the

9
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[00461 As shown in Fig. 1, at the vessel labeled (a), polymer solution
droplets are shown being dispensed either with a syringe or other device
at a controlled rate onto a top layer of 10 liquid nitrogen. The nitrogen

wlayeidssiisiated over a bottom layer consisting of the selectedr/isze0s/004007
non-solvent, which will eventually serve to extract the solvent from the
droflezentlp diymie arsbibti oni vemoptetsncEHertionesolyand, | bppdirpas béeriened outer

, lationtvoichiotm: ifet Joseitas beer
P e Lo fhe vasen b B SRR o

incypelicro2 SATMPASORBAYA|OheHRSH Foo28h polprerk thiro flempivisialdroplets
retail@sv8sastk bl e I sRows {Be ereariiRclinn BIoRRIUR &MENn 2 frozen or

approximately three days of ingubation wherein the polymer solution

subganfiplie erllcqiis AR TR T oALHIERE svBabeamYMsie et are, the non-

solwiabstmptinkuameunief elvenhe Thedaspliis of gelledyaolymekaRatigedraction

roctzgs% form of a bead having a hardened outer shell. As can be seen by the
P répresentation, the non-solvent height within the vessel is slightly reduced

[ﬂ%ﬁle_ to é@_ﬁhemapﬁi@_tﬁo ratdhet_h@sad:rimlvé (). Foty sizesofutienhizaplsi2@rastiown
beix@&ﬁ%ﬂ%&?@ﬁﬂ%@{@g%&é@@ SIS RIREESS: Q%Bﬁﬂgffég &Qetgx?té@qg}!a layer of

_concentration of the polymer in theﬁloolymer solution. [00471 in one
liquidritemite nt ST AR &Y BT 1P dfvalTA G Y PTREPUe SRR Pl et selected

nondSRERiNgHeHRAlIRVeRtANy Stk RALIEIRS GaRJISIRIRAHS N8N YMAYer solution
nowr.or to be devglo ed in the art.‘Twp Iiafxem lary preferred methods of
ki A i

dro gyt MBS SO R AR GRS PRSI (SN HE Ao e fduRRREiRRRLO the
dispe@sigl ifi teepuratiodambadinentcestitbed dialels aaolackitofeiasedng of the

o8 HEEANGPONL Qe deeRnancint erigl to he afdiion oL the ROISY,
solution” such that the polymer droplets reede upon contact With the
shopsdisouiedieatsolperedr¢iditrappoulyimstely dpletsiare df ozarvdion wherein the

polARtRGHAY e with2 daueligrhaassyeh 25 N0gen. wéa%:ga’ reRlaged substantia

over a bed of pre-frozen non-solvent (see, Fig. 25.' In method {ii), after th
amefE Rl sy 5 iR HIH- SOVEIRTS SRR S a bead having a
hardei@OsEBesRalinAbeirftzeartateWithsiadknitenthRe litHdo 6alst RISV the

where.the extraction process (removal of olymer solvent) will he
ves e SR SO SO oA ST T SO AT oo N O e beads
willnslordlify/ingi¢ s geminty grotesti oprearayigrephne pathiciesitavacenhatiowof the
POI}QET:?%%?Q&@E[JQ&%Y&F porous. For example, if the removal of the

solven e i

tfromthe bead is carried out quickly, e.g., by applying a vacuum
[004{liring Ehengreazedigecor ¢heupeiiion oppratsinscalERRA-reniainiBd 0auBle(s)
acci PRI Hclanehiig invention s e RrepaledinRny $%a deRiteer 1o be

"Microspheres"_may be obtained by nebulizing the polymer solution into a

dev%m 8 Be a5l 1S ﬁéegmf@}y preferred methods of accomplishing this include wherein

(1) 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 (ii) the
polymer droplets are frozen by contacting them with & 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-soivent slowly thaws and the microspheres in their frozen state will sink
into the liquid, cold non-sotvent where the extraction process (removal of the polymer solvent)

will be carried out,
10
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pneumatic or ultrasonic nozzles, such as, for example a Sonotek
8700-60ms or a Lechler US50 ultrasonic nozzle, each available from
Sonol.tek] Corporation, Milton, New York, U.S.A. and Lechler GmbH,

wdetisinggnssGermany. Larger particles may be obtained by dispagsigdiige:
10 droplets into the non-solvent solution using a syringe or other

{00480 p-foRm mgdivigehivigreovabproasswitileenlep quapae: pparsontet skilhiiltveor
sttt Siza Qf e, patticle may.alse. hmétﬁ L8 ;@%%'fﬁg@a{ ﬁ%nt% 858 is

or decrease of the initial concentration of the polymer in the polymer
carggfl Auakk High W cORbERG ATEREWM deEaasha M reescef pshibagion, porous
hesdipAtRL,{00501 In an alternative embodiment of the particles described
rein, the partlcles can, 15 include Eﬁﬁéndard and/or a preferred core

E"ﬁégged HRLEIHCIOR AMEEPR SABRARERRAE 1 heist dstip  Bligygspheres”
map&étl@’tlﬁﬁmmp imideiagiefergehsphatica shapeayehinprerusReciier

VII for use masu ension of contrast.media for ation. The
Rl % po Fﬁseor ased Q mear‘%vf\(/cl?h)ﬁﬁnl‘gi?ﬁ SREN ?%%2&(2 Iﬂsé?é‘?*l cohler USS0
ulﬁpﬁmdem@@g@m@ﬁy@pm&mhhwé} (nepitanioaMidoiilifywnithrk, U.S.A. and
Le3REPBHESHIUEY BRI ONed SRECIfic JLRYILPIANEIISS. JRER 62 sne <poing the

polymers may be ormed using any acceptable technique known i

droglehinis than eSerse AN EP T oD BHEES PRSP atfenforHpa syige. Morsover,
as W@adsdom rossiidkas Baly(Mathyk Methacsylate) Microsnhelies B altered or

A%{ﬁ! e Hydrolysis, l. P. Sci., Vol. 38, 1153- 1161 (1990),
o AR A CSomaP G, S aerSTingag vmer
solwmdymemmghmzmmfmmwnrmﬁdeby polynaerizitng s;ﬂi&yel myﬂadrprecursors

ludi 0 itatior Ia te thacr ate
GG%A)Q% yrtr?(g,};l acr)% atger% eéjr%@t/%? d((ﬁ ‘}}erg @adfh
inclyisiaatrydare ma\ym‘ﬁu@@wg@ae@ wanan@gmc @@M}ﬂm@rsm@m with a
sheBQYbigaeid @ﬁEWé&‘f&%sM&?ﬁﬂfﬁEﬁJE%Qé&ﬁ@éﬂép%ﬂ@a@% %ﬁhﬂ%@‘p@% specific

present in the core in a hydrated or partlally hydrated (h roge

ETag BTG e Suspe st Yeagseedinkecmisiratios p plgmer based
pol?xyﬁfﬁ)g@dbmpﬂﬁlﬁﬁiﬁﬂ&mlﬁ@elﬁlﬁhv@&ea@%ﬁl@ﬁﬂaﬂﬁ’@ﬁ@ncaﬁ shape,

e A e A e s el

polmﬁmﬂﬁaﬁﬁwﬁ@ﬁz@m&hbd@pﬂbmmamhﬁMWGiymrMm that

desf:?irlggg ‘ﬂl@/ 9’1%?}858&95}1 pg!% %&%@I YB%Sd?E}I&% o ?@11%!3 y(MethyI
e. Emulsio

emulsion g merlzatlon ty ymerlzatlon results in

Megipstiait wﬁéﬁi@albﬁaﬁﬁéﬂ%%ﬁ&@@ﬁﬁslﬁﬁ rePaBoar10VRick8nkl 53-1161

(z95038ﬁ@@?@@ﬁtmfeﬁr@}am&ég@élmggﬂéﬂ%e%c'sﬁ&%ﬁ@r%ﬁ'ﬁ&%m are
pre%‘_%tfo ut 50 to about 1200 microns. 5 [0052] Suspension polymerization

B AR R RIS B R RAGF RFCH SRESy BB USBIE DR ipation,
mehglenyae iAo enplieferehihacrabino(hev phasky Disitakle NS, fordtaadhyi
(HMMA) or hydroxyethyl methacrylate (HEMA), and derivaiives, variants or copolymers of
such acrylic acid derivatives. Most preferred is MMA. The polymer should be present in the
core in & 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,
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the monomer phase composition include benzoyl peroxide, lauroyl
peroxide or other similar peroxide-based initiators known or to be
developed in the art, with the most preferred initiator being lauroyl

wperaxida;13he initiator is preferably present in an amount of @bput ek 04007
about 5 10 percent by weight based on the weight of the monomer, more

[00spteferabifeaibon ik 2dee abgutyimaerae fbhy-weigbispaske palihe waight Bkt may
monomer. As norled abave, a cross-linkir@g? -.monqmer is preferre
a

be o £ SUSPENSIOn OF MmitiSion 50 erizanon £.. UISION DOIVITIENIZA0N TEeSUILS in
Or USE TR Torming the hydra g potymer: Suitable crose- ARG co-

subsmmmim@p@dﬁcahmmi@thsw@h@yll@bm@@'mdi@lmi_monmrﬁersg@)xsised in
polyRIGRAHRY ARRVMElized Ratticlewersinclide vag %&'gs%;aaggfhz?o microns.

materials such as ethylene glycol dimethacrylate 15 (EGDMA ylene
[0€5gy col HransnsieryRIENED BB OIVIRGY Gie bt pr et retialHpidaey ybish may be
solubifae¥iacndatRddls GMBAY Aechablransianagantmayise Redrowdsdile in

desired, Any suitable MA polymerization chain transfer agent may be , .
the TSRO, PRE D TR BB R Rl BFo T Be BRSO miler

perokiRizdhasd whtdnirdmnsien ageriidnariopnisrabeaptabic: ihe thesipattiouddrinitiator

being?' Pog if%%té%g‘déeﬁé%ﬂftz%{qs@g? J:Q&f z%%é’n‘{%rPft‘nai%&u%%O%g%'hz to about 5
referably includes a surfactant/dispersant as well” as a comp?exmg
percarjent veaghnpesgstiondichutiehisiibe asszopes mnfacprsfstdidp ebsantsshabht 1

pemg& WW?&E@QSM%% ROBRMBEISUREELARIC NS INGlIINg, CYANAMEGH T ng co-

70M, polyacrylic acid and “partially hydrolyzed polyvinyl alcohol

mon@ﬂ?%&@ﬁ%ﬂ&fﬁ Hoagst/aiorwiog o aracdRYyEmRent Sehdlfcrms phakins 5a-
mongﬁ@mwf @&Q&@cﬁqzﬁ Qeayt@@mdtp@iﬁ&&f@ﬁtﬁﬁﬂf@bh&;ﬁ%ﬁ%ﬂﬁf@@@wﬁmmd

of water, in the dispersion, moye preferably about Q.2 to_abquj. 1 percent
A A R e A L e O A A
(BEGDiia), shiitidenegly bk disethiondedd D B Mdi) aimade predteply, iethyiene glycol
: tion incl odi hates .. ... .
i B NP, R R A ISR S roviied if desie.
suitaely AdOaniv Ao 2 ORI WIMBRen ageberatitetiis ¢h draida eouStidasabipiament
hereGORGRBLUANRR- A M ab oLt 1 3Q1aRoHLAQRRE & BT AL MNURabie for the

preferably about 20 to about 30 ppm. It is preferred that in the aqueous
partighlas e i 4 Monomer to water ratio is about 1:4 to about 1:6.

(00532 WOrROR046 1h5:sP cohilid2Rion/ 0400 v 00541 hepplymedzaliannt as well
should take place af about ambieat conditions, preferaply from about 60

o5 LRI P BLAE RIS ST OR S AL s ol R r G be

compafhte svitif (hO teGOE yprediprafe inetfonpastickerfor®n3Titv, pritheloylieracid and
. . ke . \ 00 10-

P B B Y JEA EIE Mbispocsan

shouldi beoprapaelds 2a rEmeEm 66 2baey tal sqrreaer ABlyresubRyctadsts PRrgfotpsiae amount

of waRnditipnsitrical0tibpserdrthe Arbdnciudingnisg phakemtsh- 1R iaR!8ksed 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/NaHoPOy4). 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 to about 30 ppm. It is preferred that in the

agueous phase composition, the monomer t¢ water ratio is about 1:4 to about 1:6.
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excess of potassium hydroxide per mol of PNfMA. Such potassium
hydroxide is provided in a concentration of about 1-15% potassium
hydroxide in ethylene glycol. The solution is then heated preferably at
wiempetatuses of about 150-185 C for several hours. AlternativelygioudGosoo7
minimize reactant amounts and cost, it is preferred that lesser amounts of
[08H6tassilim byldroxicetifteshedd whighaeaiebsthantabaubhdhoiay, prdesdly from

abodf @%S?A%@om%%%m&%glﬁy EP{Y&M%&%&%@J?&%@%&@%&Pg at rates

molar excess or less. For su rolytic reactions, a concentration o

of 9§cat00-TRvssreassrdrPhpRItstrdem PR EAE: dyesikicalspppiefeialagger sized
partiSiedl Al BRCF @ REGISIRIY RROKIEAU-1A BARWIL5%. It will be understood

by one skilled in the art, that heating, 15 conditions at higher temperatures
[605570y b RS HENGR QLS HIRTR T EUCTRIATHHES Feemst: BRicdshas pably
subjatierielepentisy amihtayansildianieier iaftiieresulaahpakicdesbdan -10 molar

le, the fallowi diti I ide, icles havi . ,
e B O Y I G o, SbC N Sy PR Sl AP U b vided i
con2O0:8001n]{ shewsdhitidhpsivosicbbikdeated foetibtaue Fictd diieutoBibion is then
hea%%%?éf@zﬁb%?e&%?%:%ﬁ%o&ta%ggf f‘f%@u i@saE%E ge@e&%laf%%. 1£lt%£%§fy, fo

_tor 20 diameters of about 355-400 gm, about 11.5 to about 12.5 hours; _
mitiNPAOE Bt eRI AODUAS 31 Cosb e PSS hiisLicteRTAmaNSSs efomseium hydroxide

be RAHIGIE S1Z8088 %M@ﬁ%%@é@ﬁ@ﬂ&é@sﬁ% BeiRed %g%!éi Hdie of PMMA,
process, for example, by varying the stirring speed and the ratio of the .
molf SR ARRBURHIASE et R U BB S e Bration of

abaolly I0crerse:sinfa Giairtdidper saytenatioyab 0456 hieptianingsby dind isige
articles are.separated fram the reaction.mixture and thei a .

P R T N B e SR B Ry s

condgegisEhbiphtotertiperparticapore ysrib deatiastetldrn froacadiotitngs0 Reaction

mBPRY, %éva{@éeﬁrla@mg%ﬁ M&L&g@mﬁfﬂe{g%aﬁy@&%feg{fegbﬁmgﬁémmm,

Since size, swelling ratio and elasticity of the hydrogel core material are
the dRURSHAEFOBAI RS/ BIRiBDIEHE RIMERHPITRIGEBaiRY BROVsEM e tapEsgbility and
desheneficia 'lﬁffﬁﬁtaiﬁlz%f&%@lﬂéﬂﬁmmmﬂf b@@ﬁ@k@;@ﬁ@i@ﬁ&r@d i IRMeadOfor about
structur mage. Particles are prefer ieved. into different siz _
75 TR G AR ARG BRIty DA S608 LA howrs: o
diaRETH BLENRODH0AT0 partitles picfecaiilyrotBurdaisinganisiaoaatod-455 ym,
dryi r including use.of an gven. temperature of about 40 -80
s T R A T B SRR A e B
polprspentios mabeshyerophiitenpuroysinsdhicias g epekst arg frovtle of the monomer
to tRORGSION fRrdgceaiving 2 RLERicoating.doensuiacs ﬂ{&ggsnﬁéd{%tgﬂgxispersmt

_be 5 subjected to treatment with any suitable ionic or non-ionic surfactant,
ratigych as tetraalkylammonium salts, polyalcohols and similar materials. A

[00BEQre PREMAReReaesngasiarticles 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
hydroge! core material are dependent on pH value, the lower pH values may be used to have
beneficial effects during drying to prevent particle aggiomeration and/or structural damage.

Particles are preferably sieved into different size fractions according to intended use. Drying of
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adhesion properties is brought about by rendering the surface of the
particles hydrophobic by reaction of its polymethacrylic acid groups with a
suitable reactant. Suitable reactants include, but are not limited to,
whymnapheic alcohols, amides and carboxylic acid derivatives;imaeredbb4o07
preferably they include halogenated alcohols such as trifluoroethanol.
partiSechrsirtbbe dreatmesitz alsopnaushisydeigmicatpnadbihe enatfignfrom at a
the core.qQnce ting is led. Preferr face treatments may
temﬁ?}%ﬂf e?fveﬁﬂ%tut ingﬁgtitoﬁ]r??hshgﬁtla ?Féé#r%é{%%%&ﬁ%:gﬂﬁ%yl chloride

[005731 owEd iy visctshadishr fathprostiantsl i ey debslie hnéregataesistrey iberder
to prgﬁaé%méa&yﬁe%@@ﬂgn% partieles g mixture.of suifitric acickAnd e

ydrophobic alcohol, such as 15 trifluoroethanol. Such treatments are

subjqsefclf EGATRRES pUhi RS SHFB R MIiCRIepiPHa sy aRfvl &S any
tetraSilAIUBRIR: M@ﬁ&t@@ﬂ%ﬁ&ﬂ&5&ﬁ£&%ﬁ@m{¥ﬁaﬁdl mg&?@fgt}ﬁ@ﬂtfdﬂﬁxge in
PMA core particles may.be coated wit surface layer of a r infused,
e AT SRR A CURARE [0 SR L B A S Teromhobic by
reactitsLdlizapicyoétrerfitished panslestvherntibiaseadtals G pravidesctants include,
enhanced fluidization.2Q pr ies 1o, i it. e
ot R B B8 S P U e
prefatiblp Mgy pestidie Saligenatee aterhobating of PfpEpcinasy ushavidsg treatment
also BRRIQYEL-B0RasI0n between &P AEERLOULRE 6REE AR ARYMBHERCI¥RIBTed

core particles. By allowing fluidization even when the core particles are |
surfag SRAFNBRT I JOHEHS M PIERO erdoEia tesary Wi Heprdighoride
folloRrepeyties::By enablinadheteaing.abihaicere 2k patticlesHven taied by

swollen state.with. PTFEP, barium.sulfate, alsp reduces the potential -
susoERH R T £ SRR T ) Hs e et 2

[ ogomparlson Wit
trifheoetihgntie Pavticlemnimasdnyg staferrethd thepaldideexposing ciwep antibh shicy

s QN IC particles swell and exert force on the shell
mm@%&%@%’é%ﬁ&lﬂaw&& dHnegare

. A coating of barium sulfate on the core particles is preferably

[0058pplied yradnesion dmpe Bafirh sulhaBNH NaTff sIea 8P 28 GAHRTIHE @

surfR8 theyomeest 33ausfase ofihe RMAbeagspBaiysusidale anpiditbend aids
.assist in reducing electrostatic effects that limit particle size. By é;\lfliowlng,
HOGES 1dization

in ViR RS o O PR AR ET HETERY S D e Qs u
propeAlteraet theisisclion thticiefactss AdsWi-2006/0464:185 during drying and

PCTt1B20051004007 JQO arium sulfate crystals adheri Ioosel
allos TR B R LSS L b PR MG AR S P Y. Basey
provigitigapprticié siifaice bytepraydbidie) arsatiicicand amdumeok anrylate core

parti.@gg,n%? IQME%QM&%@E@W tﬁé%&%ﬁ?ﬁmé:ﬁe I&Q&ﬁiw! l?@ﬁl@ﬁ@ulﬁaﬁe

effectively reduce barium sulfate particulate matter in solution after

also fpgrarrs st arie Phraeiing SEsErEY PaTTHIEs frdnaRiing the coating of the core
parti3r BlRARFAPYkSisIeihexysilareramd wsimila s sifarehasethadiBsiQftential 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 particies swell and exert
force on the shell of PTFEP. A coating of barium sulfate on the core particies is preferably
applied by adhesion of the barium sulfate i the form of an opaque coating on the hydrogel
surface of the PMA beads, Barium sulfate can further assist in reducing electrostatic effects
that limit particie size. By allowing for absorption of additional humidity, the barium sulfate

tends to counteract the elecirostatic effects.
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promoters. [0060] A further alternative for improving visualization of
microparticles made as noted herein include the absorption of a water
soluble organic dye inside the hydrogel core particles. Exemplary dyes

wayepseigiably those FDA dyes approved for human use angdwhighai8os007
known 10 or to be developed for safe, non-toxic use in the body and which

[0058)e capable chifaaviding saiteptabialiedntsabt tOhgaPid Al pasihaymag bele

v : &C. I ) I f | proved for suffici
s R e e o e fciem
amoyhdemsrbacdsitacsuifbsiop erare uin thoFydhiodiistearthfineli} help to
effection@raad RigIMen! thetmalas.theRarticles disidle e light diffiachon duicies.

to small crystal size, the dyes when impregnated in 15 the particles }
Exeraplent BariEies piMiR i) PAPRSE BB ks kute e sitwiiansi opdesed adhesion

pronf3&giticles, including microparticles made in accordance with the foregoing

ocess.. for forming .a care hydrogel polymer.are then coated with PTFEP
008 e e i S i o moted
hereimohablisgtso Arentflisidizbavizeet avidide sipajintytecihiqouesy Howebvers particles.
r } i idi chnigues in.20

B B U R raowm
or todisraSTRIpRIAIfErthES: SpmhtasithisctieRibstis and. WhehPTEEpableddivatiding
acceRNERhiSRrovidadingivigschdion fRSpavIRDeEVQkelogingiofibe

nazzle. [00621 Exemplary solvents for use in such solutions include ethyl
Pre e RPEAVELI0E P REARIGR HYEn B BHHDT SONANKLTEHES ARirEHRTREPle Sutures.
Whesalvbisand faixtasied eannbinationti2 anh@eof, dnesispiefameetigat makes

ethyl acetate alone or.in combinatjon with iso | acetate. Typical )
toe S B B A P B pegpaned
the pRTIFEPabdith tereativemimoiutivnsitfereiphidacibtyspdeoun0.02 to 0.2

[0o6YYC ' 9 %&ﬁé@&?hﬁﬁﬁﬁ@ ﬁ%ﬁ&%ﬁé&@ﬁé‘ﬁ%&%‘?&%& 9\7@1 ﬁ?xe%?é%ﬂ né TOCEss
Id althe

weight percent. It should be understood based on this disclosure

for femngpIspER SyErsietmpevalien waed M EERRiguE Toitdetiag ves. Any
suitaBRIB6AAn H pyvevaritas ROupsefaraditalvear eiie iSHs8binghS ing
treatm ttechn;gugs and f!ayﬁ?rtplicat}i&rfgﬁ%’(?scribeol herein is formed and .
teC NS R L SR Wt BT B RE QSRS 2 g dhfiyaues in
whicheeiparfisl /(2 0RG/ACIGE REEH BROABE/ 60400 Thrd0A6H-Adry evideitlyy spin
withf{ BRSNS RALIFGS-EA0 BeusriL Dvarious MEdiedl and NCIaREULG
app Ications, such as em oflzatlon, §r%g elivery, imaging u‘lltrasoun
sprayingltagteatelogamisharmzeizample, in one embodiment, the invention
[oogHjcludes.a, M@&@%@PH@%@&Q%}H@M%&&%@H%& Jiszbie W-8one,

mammal. This process, commonly referred to as embolization, includes
hexafluorbenzene, methyl ethyl ketone and similar solvents and mixtures and combinations

thercof, most preferred is ethyl acetate alone or in combination with isoamy! acetate. Typical
preferred concentrations include about ¢.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 preferably about
0.075 10 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 technique for coating a particie, 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.
15



10

15

20

25

30

5 occluding or obstructing at least a portion of a vessel, or the entire
vessel, with one or more of the particles of the invention. Such procedure
is particularly useful in the treatment of diseases and pathologies that

wihelygingdesirable vascularized tissues, for example, tumog tisgkaRloos007
disorders involving the uncontrolled proliferation of certain cells such as

jooespdometinsipully Siichsprooned Brescitie HAHCIS(S ) varRI@PARKLH and therapeutic
Iac%:ordanc with tpz.%n{oced res& escr,ibed 10 a{;}gve, an%‘ma be inserted 1
APPHRE W BiThe GELEAIEY Ah TR SEVE S RES R SR THAMAAF prXafigpartcles.
For kxampieointanberdbvéimped the theeattostisbhatymmetait efanismitingdloot fiow to
i incision. . Ih izatl j t such that only a
= o s e R A Fnctudes
occipdior eeeh i gridthad apoaisited aoivesmayy teeephirticiesscthaithave dawere of

the $RARRA ¥rith-anaatYe. 20Nl RIEeh RS 18 SERSIRNG A8EL: Ahe treatment of diseases
anti-inflammatory 15 agent, an anti-mitogenic or cell proliferation active

and BABROEICH b GHE Vi A BT RSB IRnE Sa s R atupfe SRMSE HsuE OF
disohfeinvEmbotizationpesticleseitkordingfedheiprrie RLIAVE RidBr¢ iosis. In
capable of demonstrating improved optical, visibility, additional radiopacity,
s G SEIoE ST ARG P S MBI
abo@a&ﬂdl&@j’fbﬂih@ﬁﬁﬂér_iﬁmajpbé wused bwithydifferent dymmdmcﬁsai
praclﬁgé%igc%&?&eté%ep&%cibeuéﬁﬁ%g Qp&ég %.g VHQ %wgéncé?é{“g %ﬁir%ra, %9 T OSSJégAiTal

. localized drug delivery and controlled drug elution chara tics. .
MCIqIRS (SR PTORTTSRARIGR Becrapyd pursukd Hunsmyia preteraieaiiendirssel is
occlG@nsisleration; io-easis dencficialieronsiiesianparticiesdelivery nR9sabiR rticles
0 clogging of a catrg%ter-based delivﬁi%system may occur if using a
that B%Y*?s%ﬁﬁ?ﬁf’%%é’ﬂ AR SAVRRARTBHIRHTD i 250 RSB it e B RO ARy
agerd, @8 HaiiRnitirgenindoeeld prilifteanly ash egarhi dherdel by 25 medidzsiable
. achieve sufficient levels of fluoroscopic contrast during surgery. Currently,
e e Py h IR 1 BECAN OB e mton ar
capablg Oiglomvadepiantlimgrometheptaaglitibbility wdtt fiows tediovetmast an optimum
common iodinated nonionig contrast agent media with 300 mg iodine per
specfie HEURITHEA SRS bf 1 B5M 34 amBeiRat pepeREein BrivipyRey ot EparDe used
. to. the ability of the particles to be substantially free floating in solution tha
it G R P R S AR e R R v

localgedidme beliNachandseispiaidings Sotieedhamne0sE006/046155
[00681C T/1BZ0Q=/Q04004: RaHickes 00 medif-aeeerdan 5?::%%2}? BRILSRAt

invention as described herein can reach buoyancy when there is
consigsHt ARt BRP S ORPEBHIFaRPRERIE ftRartlfvis RTBdR eI Plswiodeinestich
cathi@velgseatdie adljusies we suckupreised usanecardingtedechiigr S dium. in

dd.gescgibe(g Sh% efint. [2%631 One methad for increasir%% the densit¥.of é[lhed liverv
al lpiiéIhl%:lgs Ies%)ghljisg 8 ueg\g/c%%glr%}mmum amount of Contrast agen in the de EVGI’}

medium to achieve sufficient levels of fluoroscopic contrast during surgery. Currently, the
polymethacrylate hydrogel density is between 1.05 g/cm3 and 1.10 g/{:m3 depending on the
equilibrivm water content. The most common iodinated nonionic contrast agent media with
300 mg iodine per ml have densities of 1.32-1.34 g/cmE. 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 is substantially the same as the medium in which it is suspended. Coated
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5 deuterium oxide (11)20). When heavy water is used to swell the
particles, D20 displaces H20, thereby increasing the weight of the
particles for better dispersion and buoyancy levels. Typically this leads to
wiepabilit 40 add higher amounts of contrast agent of at leasi; @yt &%ns007
using such a technique. However, some equilibrating effect can occur
partileefdimeliheandriznpadticlethareccontactad with desadprebussokiionaoh
ooy 3N BRING 2080, ThUSIhi3 Prslered pt J0.ben Using DARJRL NS, eves,
pur‘f)ose, elﬁer%hg%)suspens on times areargept 0 a mihimum or, more
such prefbsredshethditties! donsrabiragfent b esprarviidibinta sohuipre witishibdd drerein.
[60655€S @ﬁ%&%@&%&\l&%@&m&%&ﬁ%@éﬁﬂﬁ@fﬁ@&@ Repautiglized Witlher o
cesium hydroxide and/or the final neutralized particles can be equilibrated
deutdtibhh CRSITDSIINI IHGcD behvgompeinde dif uselcasivmmigte themartialess HyO,
such that either the cesium salt of polymethacrylic acid is formed or 15
therehp ipsrethiagrifiicverizhio Dt pa clewiion detioy depiehied sndHbuesiony levels,
TypiCI9HRS 10RG A1 ANSLERS W A GIRASER I DR AR ibn Rb IS PATHE RS ACRERY 59

~ increasing the ability to add higher amounts _of contrast agent. Typical
USING,FHSYANTE fs CHIPISE IR ERULIRT RS cEESH RN RO Sukha the
parti@BOkHe 4o aboviBolb Leatasi-rgent Naynbasaddedde thsleiveRyreferred that
medium as is desired for embolization. Cesium salts are non-toxic and
whenesidgihe farticias e sdsiiflecutings fhrersscopycCasikap'statomicwaight, more
of 132.9 g/mol is slightly higher than that of iodine providing beneficial
prefeeifgelshinchsciogiineranse o pveiatddensitinand ehkantemen DHOK-ray
contrast visibility even without a contrast agent. For certain cancer

[0066lcatrfdifenaiivele Ramirits AL Mre issioprnsreakinamvidte eairen, hydepnitisiaed/or the

final 36RAICAR Pﬁﬁb’i@éjcéﬁ B Eﬁ{&%&é@vﬁ%@éﬁhxﬁ%‘i@ﬁd& NGEHNG RS unds diffuse
particles buoyant in an embolic solution as well as able to be used as an

cestugs IBS RREAHTENTSE (FRET D068 FryEsBl @ RAbPRbHTifes s formed or
polyHBpIA¥iNG deasitvichpel ielemhestishoaschaiCapactisies iemabolization or

o o B S e s
add idgsoried:he e o ericii rgeTay bgsmabﬁe@trﬁncpﬁhwis_imﬂ@e paitigtelsusing the
cesh%tﬂz %‘étrigé a%e%%ﬁ 151008 that 4he diSEaaure J5nat E%HF}H%F’ pY ﬁ%&‘v{l\ﬂ/‘ 6%9 4%ery

. eatment of the prefe_rredéggr_tlcles herein and that'such ] _
medingoR) GuEtBSLRer FABROOSI004 667 UiB SR GIR B vl Braaeidne particles
visibﬁ@'ﬁiﬂiﬁéml ' &gpec&aﬁfﬁ*ggéggﬁﬁm&@%@gﬁﬁ%ﬁ@ﬁ%ﬁ@ﬁd@@k@%ﬂ& that
. other polymeric particles, [0069] As noted above, barium sulfate may be

ofwﬁes@%f%(;a%h%ﬁe&i@%a#ﬁ USRE ETBRB A PAT BT BB R GRfl g P cement of
X-rainteadugedsibititthe tntertioof themore padticlBsrusingamnbeteshnigue where a
radiq%@cﬁ\l%nlesg Iotrfe %% 9&%}{%}9 sed%slﬂemesuacg'aék%g 'agé‘%l? Qé% %ge?gy a%l gﬂ\ls%%gg cesium
source rendering the particles buoyant in an embolic solution as well as able to be used as an

active treatment source.

[6068]  The above-noted technigues for improving density of particles, such as
microparticles for embolization or other applications where density and/or buovancy in solution
are applicable properties may be applied in to the preferred particles described herein and/or

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

limited to cesium and/or Do treatment of the preferred particies herein and that such
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the particle core. These materials, particularly the barium sulfate, also
contribute to an increase in density as well as providing radiopacity. In
addition to a general density increase as provided by the above-noted

wi20enHa8UM compounds, the barium sulfate allows this benpefik Rvetvio07
upon substantial and/or full hydration, allowing particles in suspension to

techii@nsi migdiend hrakef hupiicatianiuim shidigterpdwderbaatitgcarprebidedan

i recipitate havi g no.effect on physiological osmolarity. [0070] It
hydrg%%gél%j%g&u%r éargi%%%, asle%%dn this disclosure, that the various buoyancy

[0068H ditivesratie ebaboidanm Befatanan e pesitiesivkzor the comipiréition dod the
preflfoysiertie mast. bengficiat&ffecisdorRaaivesy %@&@%ﬂﬁz@? dsGaall
0

combination. 15 [0071] The invention also includes methods of deliverin _
technifus SRAVBGEIR B T ansd i dhe Atwithie: (e BBt X5 anyasimiarlyTieincluded in

the pRIEHOELIRCITHES saniaalingdhrinepligedbaiem willeat BaStoare0kthean increase
i d E:particles E‘the inv_gntion Jas descriggeg 8 bove, such thﬁté?n effective _

ASREBT e PRCHVE AGERTIE B AREAYSCRIY fo SR SHOPRS HALR b7
provRAIMNAGIES ALY B?éf SRRt Y WBiRpSRERoRNGINdS AN WNRISIN IS benesit

localized or topical application of the active agent achieves 20 some
evenhgnafibineonirastior the sysienve, abserptipa-ofidiadiug -MibakleaatiM8sotonic.

agents incl NSAIDS, steroids, hormones, nucleic .acids, agents ysed
T S A 0 S R ot B S PR P S0 ghiasion
physdibio_gﬁqté cﬁs&é@t{yul_cerative coliti_s, and i_rritgble bowel_ syndrome. Other
geam@f“vezf"&%‘l}lﬁ TP AEAR RCOINUS;: SEQUIS. RRFIRXGhrious buoagt%i}cy

_cis-/carboplatins, antineoplastic agents, doxorubicine and/or rece
addipyse rptglaonessa e, Wwobmdsnegrienin Bl Stkerdipdien inpipitéefhe most
bencRURCBMRRL 4P GRIH the-Raricle iormsiale fordaiveny of an active agent

tQ a localized area is about | to about 1,000 tm in diameter, the druP )
1967 daded ?ﬁi@‘@é‘ﬁ‘ﬂ&r@%“é&ﬁ%‘%%ﬁ‘ﬁffé%é’ﬁé‘é&ﬁ?@ﬂ%&%“Wiﬂﬁ?i“fﬁ%3 ocalized area
within siva maliest bacymising By ingesdindiodaaiheternasia dellies deyiaeh at least
ithout causing, inadvertent occlusions. For ex le, usi contras
ome G IR S s SRAR R of e
activinegestrie ntipassd torad) sutstithit hrs. rélshied trovattedogice thatheatdediizaed by this

meﬂﬁ@@&@é%%ﬁegﬁﬁi{ﬁg id%aﬂ%ﬂggiégi Raigles Eﬂeaaw@é@nt achieves
injection medium 18 WO 2006/046155 PCT/IB2005/004007 can be

somgrergBHiBeRIE e RathbaM GrPirap eaipGiiy e sPEEleadl orERets include
NS abodysilbias, ishiestediieiralmanigith degiloaded herds PAKISRE) oAGe

g e s e of s, et s e
syndeteveldped-incthe agtnsuctanscbude, tsalinenRBG@rany pitienetitabledboplatins,
anteBOYR0I0 Al AL A BPREE IR B L PO GIRS ssgipec
blockers, which inhibit cell attachment.

[6072] If the particle formulated for delivery of an active agent to a localized area is about 1
to about 1,000 um in diameter, the drug loaded 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 exampie, 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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invention includes an injectible dispersion including particles and a
contrasting agent which particles are substantially dispersed in the
solution. In a preferred embodiment, the particles are also detectible
wihmgtslisgroscopy. [0073] The polymeric particles of the inentinosapos”
be used to prepare a sustained release 10 formulation of an active agent
can terigsicddminigirhtionthdtae formumiating compripesia [aaarztiekethagody will be

OV&: The mer c arti
sl e AR e AR MR AN A, E KRB0 o porson of
skill|gndhe daivithyepicon atdiuagioine bidsanb phaisperyicrlly solsptibls ofethenacthapare
knoWASPtdbENG RELKIGH SRIUNORRKAK 0 %h%ﬁﬁ%j o B of UG Sirgte

particles through spray drople ast lation of a polymér melt or carrying
physioegical PerdinBe kir AR5 ARG R 2 AWShAERRAERA B Tinisatiber Jshpinethe
invepaGiGle-RAB:he mﬁamﬁp&swbﬁﬁmgbmr@&ﬂalmﬂmg@%gm which

‘ ntalnln actv a ents. The particles ar thenl cubated in thes
party oﬁu%ns% 5?% FEha %{38% rntﬁé’fg G gégﬁé{ @gqﬁ{%cles are

aisotﬁmmécﬁathﬁ@ﬁboiymepyAfter drylng the particles, the active agent will
gaa*)%f retaij fﬁ RES M?er ECS FIS A0 ‘%Q%Mé?hamsm istfize %lreiease

gcan b controlled by adjusting rug 20 corice tratlons of
fom%%mﬁmﬁvaﬁgm%m@wﬁ@%%aﬁwé“émrfﬂmﬁétimaws a particle, as

descdSLiYBWhRARA GAHIERHMR CAnditionbasiPeeRARNed R84 nay be hollow,

Moregqver, it is envisioned that the active agent can be selected so as to
subsEREE AR Pt AESARTor! B PRE B ke mgifWé%%ﬁe%W&ffnb@s&.aﬂy
dlsptirmm mw@ﬁ@reflu&i ngtivsegdntan t}mﬁbﬁw sslenahekizationhprecadeen of
micicl 1855'; hgutl Ssue to.which one wishes 25 minimize blood flow i IS ¢
Ca Ufnor SSUE, one 9#51%?0&8%% par il 0 ei?l”t’ﬁe O Hisigg out ot e
cryommancytpstws thgmtamlanmnntdumidéu@lﬁfﬁ&Ts}m@e Erobitedigred and
sub%?t.ﬁgﬁ?lgf M&%@?ﬂﬁ@%}ﬁ&é&@&%&ﬁxﬁr &‘Ev@ &Eé%g *’fﬁg%%&%?i&e&% %%cubated

er caV|ty In a mammalian bod y. 1 e method includes |nject|ng In

in thygeselntioifpr 8 sulicimg amaera et e fsu s aglig asevesstiiaz izisttbnmatrix

of u{éwr@@rtwﬁemﬁﬁ@ hihatRea! 88 pariklgdsalieastanacticlemienarad:
r}%cg Lﬂﬁl  with the rocedures ﬁe cribed above. [0076] The tracer
PartiGiG itis t I

AR SPE At Raspsic ORI HaL Brigr btine drug
condherpasticle g inpaisses thedigh 1hé eadyieaiy phidoda@sselhandibation
me dotheréocale In. ggneral |n n\4\]/0 2006 46 5 PCT/1B2005/004007
this app?catlgn sma‘fﬁ%r par iCles Are. pre eirec , such as those in the range
[8874 aboMoteryabibis wzmneérﬁb%lﬁtwttmqgannsbgsba@mfbé njectedampement
the dRGRI0AHSYERMHAWeVSI REPALIGIES. gg@ua% Qmaﬁ&%mrmﬁngﬁmd in an

for this purpose, they are not large enough to occlude the blood vessel,

oo IR QLMY A PeREBRR R ity O RENRF t6f DRI EFSRE pYGiEERe Te Pty

miniafdRdiethod flow is a tumor tissue, one may wish to load the particles used in the occlusion

with a cytostatic drug or an antimitotic drug.

16675] Also provided is a method of tracing the passage of a parficle through 2 blood vessel
or other cavity in a mammalian body. The method includes injecting into the vessel, cavity, or
& conduit adjacent to such cavity or vessel, at least one tracer particle, wherein the tracer
particle is at least a particle prepared in accordance with the procedures described above.
[0076] The tracer particie may inciude a contrast agent that may aid in the visualization of

the particle as it passes through the body cavity, blood vessel, and/or other locale. In general, in
io
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5 [0077] If the particles are loaded with a contrast agent, their movement
can be visualized with X-ray machines, or any other contrasting
procedure, depending on the contrast agent utilized. However, if the

wpslisd@sedes not contain a contrast agent, the flow of the pariietesgayohe7
visualized using 19F-NMR based computer tomography. [00781 If

this ggsitetdoneanepenntdhedrmetirpaltiolkh coMhaiRiNgReGantast Agant Wikbout 10
a 10 pal r coating. The polymer coatin omprise any polymer .

o RSSO BB A S RS S BB HEB g Lo Pt

may pelyfeyssifetbelenis anfpt xicityrpescoicerarohito kicity anithelr es pedtite theblood

vess&l gH%Eﬂqggggéﬁgaggﬁ%ﬁpi g}%/tegggl Q@QBEmgﬁr%gpe%ggﬁ ig beixﬁ%apg*ied.

non-biodeg . [0079] The invention also inclu e met
[007h ryingthrpatidemntedu uBon rentashassg phucetans soh oy Ap viguahized
withOtday 1 aitkis opnsy st administeiodhaitiasennd l S.subigshatiaasht

one hollow microcapsule tg the area of the ultrasound su%ect that one
I

utilizh HEYE v HisH ARG B2 HER SRPRHRENALh LRTHE 2cEb i APe @ Dy capryticles may
be vinednsdaaw Gt iredesctopeatin ttheoaripincluding by use of a syringe,

theter or.other invasive or. non-invasive medical device, and/or by.
LM e R R B TR e e e S T
polyhelonatogs distantialy hollow, ey bavingaminpelyoavitythat is ledealacaped in
the 4623LARME 20%8nALIEASH20ANAUL 309 aL k@%oﬁfgmwg%nﬂéém A0 with

50%, at least about 80%, at least about 90%, the volume of the entire

TespeRA iR TOREHORBTH ipHrficiesrable MphiPstBeay TP sortiBs sMerebiodegradabie.
joo7eitrasayRd:subiret which Rass wishesHadnrade- While:natwishiag hsund

. bound by, theory, itis speculated that the particles enhance the

imag i R ERT (AU B TR o LTI 3o SR TR ATRRISED B2t WirpEnd
subjeteasibashan el luh etcorapale dotththeeawT dunding dissiiaibldee thallow 2%hes to
. caviti f the particles act to reflect the ultrasound, thereby enhancing the . .
e D b S Ao b R B Bl o
the aatpmméby@@(a_ft@ BODsHCebeEpreprednVANSE & polyimestolatidiral device,
and/Way, AIER8IeH igyggeﬁﬁoéxmﬂiéﬁg’dn@M%&@L@J@&l@@&%@é@%@%@mow

/moiin the polymer solvent ethyl acetate to obtain a 2% (wt/v) poIA mer
or Slgﬁ%ﬁ%.l}ﬁ&h‘% WFilfERe Bt RSTAIIH P LR RIS fRah esﬂyféﬁﬁ{p@aleast
abou$0%g Wi deRitr g 4091 gracasiibeyr BIge, ot NasdispRrsion warsispensedy, of
onto a frozen layer of 150 milliliters of pentane. (See. 20 WO 2006/046155
the N 55 BB A T St G B SERdpe
ultrafoutitreedaywhishbse qudmiyio poisgae Nchipanticlesier eorbtriewad fothethe, it is
. ' indr : PLE 2 [0081 s
e R e e e “echo

due {grHjgaabrupt density change, when compared to the surrounding tissue. The hollow

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

EXAMPLE 1

16080} Microspheres having a diameter of approximately 500 to 600 pm were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of 2 molecular weight
3x10° g/mol in the polymer solvent ethyl acetate to obtain a 2% (wt/v) pelymer solution. Four
miliiliters of this 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 pentane. (See

20
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5 First, a polymer solution was prepared by dissolving PTFEP polymer of
a molecular weight 3x106 g/mol in ethyl acetate to obtain a]% (wt/v)
polymer solution. Four milliliters of this polymer solution was manually
warippedsinte liquid nitrogen using a 5 ml syringe. This diSpepsioRpARS 164007
dispensed onto a frozen layer of 150 milliliters of pentane. (See Fig. 2.)
Fig. TheThsyopxdractiaonwvas alloweddppinesdor irdhme dayihserksaguentineric

polymeric particles were 10 retrieved from the reaction, vessel.and were
rer R T S G S e R Gameter o
approximately 500 to 600 m were prepared. First, a polymer solution was
prepared by dissolving PTFEP p@@h@@ molecular weight 12x106
J(mol jn.methylisobutylketgne to obtain a 2% (wt/v) polymer solution. Four
008 i TSR TR EBNTEG S IS, S  dd S Neprepared
Firsthitnagenarsiolgtab wak pyemgel Thidsdisher SI0REFastlispensednoitdour weight
1dvozen I%}/ féc%% {'Qil'tD%%f}a/ '%‘\;v n ntane mixture (See., .
SRIJF%%%.; T%é%ryoex%acéon was g}&we_é‘%%%é%%égggﬁgﬁﬂfgg 3‘55@&5 of this
polySghedgtientias peiusisridrpardciis liend retvevocien: thmrewdtien This

disp%ﬁ?%&@sﬁ&%&%@raﬁ?@'iéﬁ%@_y@f%?%@ﬁiii%%er& FAMRLER: 2) The
[0083€§M|crospheres having a diameter of approximately 500 to 600 um

oryofReIPB PR a O LOPIRSRAh & SBIERIERY SvadUBranarRly b lrasigingticles were
retriEVEE BBnp aly mesimy Bagiegnd araneighini®x 10619/mol in isoamylketone to
obtain a 2% (wt/v) polymer solution. Four milliliters of this polymer

solution was manually dripped irgdggwﬁ;ggigrogen using a 5 ml syringe.
This 25 dispersion was dispensed onto a frozen layer of 150 milliliters of

[008DENtaNSictSRMTIE hdvinedieYaeXbRE R BRI owe thieop RELR S Yrepared.
. three days. iubseg'uently, polémrgig%)folym rs were retrieyed from the
Firsh @ RSO Ay TP O P (A predeir PAYDFT T 2570lRRylar weight

12x% ﬂﬁ@&fﬁ%ﬂﬁﬁaﬁﬁfﬁﬂ?ﬁﬂﬁﬁ&tﬁﬁ%%ﬁ?@%@@&/@ ) SddrVbaresphBeas milliliters
having a diameter of approximately 500 ta 600 .tm were prepared. First, ,
o O o Bl ok B R Pl . "

disperofecetardiseightd DB E0Bgimialin of ¢ fdhaxddititare abobthin'e) 2ta(wifgntane
mixRAIY BRI SRUONE QU SRR QF DI SRRIYEE S HANWES RN 43N quentiy,

dropped into liquid nitrogen using a 5 ml syringe. This dispersion was
rolygiepeRERHIShIEE AS2eYEfalferdhe B eHARITePeCo A et Iy drTEABtR dRSypure at
21° gther mixture. (See Fig. 2.) The cryoextraction was allowed to proceed for

three days. Subsequently, polymeric particles were retrieved from the

reaction vessel and dried under gy oy sp1 £ 4

[6083] 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
9x10° g/mol in isoamylketone to obtain a 2% (Wi/v) polymer solution. Four milliliters of this
polymer solution was manually dripped into liquid 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. Subseguently, polymeric polymers were

retrieved from the reaction vessel and dried under reduced pressure at 21° C.
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reduced pressure at 21 C. 10 EXAMPLE 6 [00851 Microspheres having a
diameter of approximately 500 to 600 sm were prepared. First, a polymer
solution was prepared by dissolving PTFEP polymer of a molecular weight

word@@énal in ethyl acetate to obtain a 2% (wt/v) polymer sQii@Rsdz b0
milliliters of this polymer solution was manually dripped into liquid

nitrogen using a 5 ml syringe. TRKASEigpersion was dispensed onto a
frozen layer of 150 milliliters of hexane. (See Fig. 2.) The cryoextraction
[0684jas aNbweshiempsdeaag foditmes:dd\yrpprBubwetyie At tp6hheriepantichksed.

mm;%%%g%ﬁéﬁ @%ﬂéﬁ%é'ﬁﬁeﬁ%ﬁtWﬂ%ﬁ%ﬁh@@ﬁ"ﬁﬁiﬁﬁﬁgrﬁ% & %%ﬁg%g eighi

d 1 Microspheres having a diameter of approximat 0
16x1{iegEmelep APt I RSP BBIA ST SO0 PNAR Bregiaved i rutsadilisgs of this
polyRdFERRAYRerahamalesial Weithhidxies:efaekin iyl @ﬁ%&@&? this

. obtain a 2% (wtly) polymer solijtion. Four milliliters of this é({)"ﬁ/mer )
AispgSRRAS AP TRSHALI BIFSRERHES Rlird FRHBHER SSihg:a &/ ymmyitiethy
etherThistueis(8esiBigWas Uirpepsedranionarfzozbovayes pfdkaedimillititersdaf s,
subsENANYL (SReEic 2o The aniasxtraction was allowied to.proceed for (ree

yS. sequently, polymeric particles were 25 retrieved from the

redugedptiseivesse] and air dried at 21 C. The particles were noticeably

gel-like and after drying were ellipsoid in shape. EXAMPLE 8 [00871

Microspheres having a diametegsifagprgxgmately 500 to 600 sm were

prepared. First, a polymer solution was prepared by dissolving PTFEP
{6088ply menwd spmoiebetargweiginc 22 MV R0G6I0461 58 to 600 pum were prepared.
First,P a M}&:@?&Q&é@%&%z 906539/ H}‘&H@iﬁb ﬁ%@?&?y@e?%@r}n%lgc%gl%ﬁw\%g?ght

polymer solution. Four milliliter$ of this polymer solution was manually
3x10d gppedirtevicsriante geinsRged B mi Ryimge saikiotdidiersioHiliiaes of this
polySisnenses euonfrearrulaysi shb 2R mil liters-ptdigthylethes ASee frigs 2.)

. The cryoextraction was allowed to proceed for three days. Subseguently
disPEHRTERTPRAERSCBH R AP FER BRI P frbn IRE ST OGRS i 2 dried e
cryo@itztiibn wheatReulthnt pacicias wieke, dafter diyieg:So R BBe WA R Yvere
. spherical, EXAMPLE 9 [0088]. litey. cryovessel as shown in Fig. 6
re&lev‘\%fs?ﬁﬂ@&%i{ﬁaiEﬁ%nrﬁ?ﬁﬁl %ar%(% ﬁ#y?%gt%eéas a non-solvent. The
cyrovessel had the features and t%pical dimension as shown below 10 in
Table 1. EXAMPLE 7

[0086] 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 ethyl acetate 1o obtain a 2% {wt/v) polymer solution. Four milliliters of this
polymer solution was manually dripped into liguid nitrogen using a 5 ml syringe. This
dispersion was dispensed onto a frozen layer of 150 milliliters of ethanot. (See Fig. 2.) The
cryoextraction was allowed to proceed for three days. Subsequently, polymeric particles 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

[0087] Microspheres having a diameter of approximately 500 to 600 pm were prepared.
First, a polymer solution was prepared by dissolving PTFEP polymer of 2 molecular weight
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TABLE 1 Legend Typical Dimensions A Drop Distance Length 5 - 10 cm
B Liquid Nitrogen Layer Depth 5 - 10 cm C Nonsolvent Layer Depth | - 2
cm D Nonsolvent E Solvent - F Syringe Needle Tip25G-33G G 11
wioewialuds:2sl volume H Lid - | Teflon Tubing 0.8 mm diametgfir48-603 664007
length [0089) Liquid nitrogen was slowly added until the non-solvent froze.
3x10T benvé ssethybs:ten tdiibaivit R Edeitionpd higuid solbgenF stk itic: ars e s

of liauid. nitrogen rose, approximately 5. ,15.t10 10 cm when measured., .
Pt R S S o
disparsseares digpemsedarsipringezar datier obnbe ordli Nirrsrettbettylsithgrid See Fig. 2.)

The SYUBEEPYBARMAS IRREI e - HREQHIE: 230 3l RPNIRG N8 i 130991 %’Q’ﬁcles
syringe ?ump as shown in'Fig. 7, was used to dispense bétween 5t015

were i BT ST IGRT ABhHEFSAIAtRR i e liyiTseuiate PaTBue Hite:
after M19i6EyQVRgSe! 220 dheaMiingadieap had the following features: a pump
housing (J), a syringe (K) and a Teflon(r) distributor with Teflon(r) tubing
attached (L). The rate of the pump yas@adiyisted to approximately 10
milliliters dispensing volume per hour. A Teflon(r) cylinder with one inlet
[0os@nd opeye eighl-puiiats) issuasehiomiistipuiastha AiSRENFRHNAIMES iRk thyl
several vessels in parallel. (It is preferable that the ratio of solvent to
ether 25 BORHY YiuiiE §¥59§¢BS§HW%§/§?W%‘WWE§O’SWE5&S shown below
in TaBIET/1B2005/004007 Otherwise the particles may adhere to one
another.) After the polymer solution was completely dispensed into the
vessel, another 100 milliliters of n6A&givént was slowly poured on top of
the fiquid iEQQ&Ei‘ 0091 tnTarrying Olrlt]i}i,g;?cgir%%ﬂsg&ig noted thatits
prefergbte I’@}&E@E%géeﬂ% gthlsed _5f g_q' SPERsINg are smatt, suchras
the G StAe {3HAANENY, I VBERND S(@pGE, Sfoufd e more trarr
cm, sgthat Hig, ApIets ALER OyOravity mmegatety sk mto-the-tiguid
nitroGeN upQyy, NGINE,INe surface. -

E Solvent -

F Syringe Needle Tip : 25G-33QG

& Dewar 1 -2 1 volume

H Lid -

I 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, until the amount of liquid nitrogen rose approximately 5
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 a syringe pump was inserted
through a small opening in the lid.

[6096] The syringe pump as shown in Fig. 7, was used to dispense between 5 to 15
milliliters of the 5 to 40 mg/ml polymer solution in ethyl acetate, slowly into the cryovessel,
The syringe pump had the following features: a pump housing (J), a syringe (K) and 2 Teflon®
distributor with Teflon® tubing attached (L). The rate of the pump was adjusted to
approximately 10 milliliters dispensing volume per hour. A Teflon® cylinder 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).
23
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[0092] The liquid nitrogen in the vessel was slowly allowed to evaporate,

taking approximately one day. The non-solvent slowly began to melt, and

the polymer solution 10 droplets, still frozen, sank into the cold

waoRuspMerd. After another day of incubation, the now gelled®ot¥aa6%004007

beads (particles) were retrieved from the vessel by simple filtration. They

Othewike tidlpyacldodiy adifaens e psraiire Akapps poimatehsBfisnindtesmpletety
. _and then were ready for use in. of the applications described herein.

i B F B RUT I TS &S ARl Sl By YRR B Bued o op of the
liquiErampte. | were examined for shape and surface morphology by optical

10092?”0%998%1 AN iRg alectan MIGIOSEARE ﬁ?ﬁé‘éf@%séﬁ%@ﬁefﬁégﬁg fjps used

microscopy. The results of these analyses are shown in Figs. 3A an
for dpsppreimg grovRAhSUFIGDSSHE e siEs thegitppaks thasgeapiep dissance should be
mord WEIPSERPSAhdx IR AskisatifR ¢ Biger3Brshaws famisrasparaRsibuid nirogen
appears using a scanning electron microscope at 100x 20 magnification.
upon GF5R% e g BESseen that surface morphology of the unloaded spheres is

[oooypicalferikpidintrystaliinepolysebtaakiovéyginss-diapsitiapyia) padaiire.

appr@xrpn?ar{é yogg adsaeyw &S t‘:islgﬁleeﬁ”ae QNS RLLIS \Ilz%lg,n egzgl] Etgﬁ{ggg}xﬁf}p Dlution
sampile-surrace. e surrace IS mICI’O%OI' us In nature, with pore SiZzes
dropreinginy frarnnsaasnmtdhs telibnomictwenetériidnadiethredny 26:j00981on, the now

gellc@ ?ﬂi?!ﬁé @&gg %)%Iai %%%%H!J%Wﬁ%%&%@@@@y 5}‘?91&55@ %ﬁﬁéf@:ﬁ!n%&y were

electron microscopy (100x magnification). The result of these analyses
allovygchiy@ry @b FPMPHRISP AR dOE RP PRI RIS A R RIR WSS (oGP s apes apady for use
in arRQly S HESRS VIR EREIERLAM USing varying combinations of PMMA

and 30 three different crosslinking monomers (EDGMA, DEGDMA and

TEGDMA), different radical initiaforsfhenzgyl peroxide (BPO) and lauroyl

peroxide (LPO), EDTA as a complexing agent 24 WO 2006/046155

[0098C T/ 1820000404 AacMarying dR QSIS (A ARAMRE SHMMined for shape

polyacrylic acid (PAA) and varying types of, polyvinyl alcohol (PVA) to '
and SfRes B pRN B e RIS TARRERODC| S OB ST ZARBRROPS and .
atordph@sipb atRbsdiey satuti ey e HRAMNAH2RRHvas 1B IBwasad 3B). Fig. 3A
b obﬁerved that some, of the reaction rocted res went un%ccessﬁgj d%le toF.
PR R BE S .é%%r%%%’%r?pé%‘é%‘ﬁ%ré%8ﬁ Sehoser Faidre of it e
3B stlispersantospisternonspeasd:imthe sermind ezdycpnsarofcapnsexdifermic

i, coalescing aqueous and organic phases and premature onset of

the vitrification phase. Only the successful examples are shown. The

[0094{,ccelisten harfssardhaaviach B1owhalTabis the unloaded spheres is typical for semi-

crystalline polymers above glass transition tfemperature. Amorphous as well crystalline regions

ma;

are prevalent throughout the sample surface. The surface is 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
[0096] Several polymerizations were carried out using varying combinations of PMMA and
three different crossiinking monomers (EDGMA, DEGDMA and TEGDMA), different radical

initiators (benzoy! peroxide (BPO) and lauroyl peroxide (LPO), EDTA as a complexing agent
| 24
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which includes the components, concentrations and reaction conditions
for such samples (1-6). TABLE 2 Sample 123 45'6 Monomer PMMA
PMMA PMMA PMMA PMMA j PMMA 99.0 190.0 182.0 200.2 g 200.2g
waee g fzE0sslinker EGDMA EC-DMA EGDMA DEGDMA T GRidds 004007
TEGDMA (1 wt%/ (1 wit%/ (1 wt%/ (0.5 mol%/ (0.5 mol%! (0.5 mol%/

and vanhomits)anane By Nel), panamét) moh@Hner) monayies Fhemiflol
Rl SR AP0
po yw(81§ Wit f . WtA)?&

sodi

QLPOLP PO LPO Initiatar (0.3 wt9
ev(%lzg %;?/{/%%d Qore %‘t{gﬁe@. %(sonrl)ev:;/r)]

wit

ADRPRMSN:HAA

mongmer monome

0.3 Wt%

G/P 2rizaiions
o?"lomézraj ’

PSaRuplextg GRFAK DI AL BTRrd W some

EDTA EDTA Agent 22 mg 44 mg 44 mg 56 mg 56 mg 56 in Monomer!
of tha ¥eebind frcbdidrés BikG dibateedatidudisphesant BVAsA88:1R Wil 4(884nVAion

wit%! 0,23 wit?

26/88 .PVA 26/88. A 26/ P 26/88 35% 90.0.2
chosgS FHINCHERCR YA Sl ERH T i By ik O o

[ .
ermic
0

reac§BYsonlpstisRVETeT D TR WL AVRIBRBER O INEE NN Ores YekerayiBeliniophase.
OnhyRRAGHQRD LGB ot U BAnC TR ELGIRART (il 5L Giol8MASIAIH e 2,

2h70C 2h70C 2h70C 2h70C 2h70C 2h70C Time 1h80C 1h80C 11h80C

whichaelede &0 CORBIRSIE  AHTE 3U8DS AN GeAtH Theo i tinns To0DgbIAMRIES 61 -6)-
m 1-100 m 50-1,000 (particle size)

itm due to conc. dispersant disper’%%(#

?%ersant due to due to due to due to
miﬁal initial initial conc. conc.

Samshlirring at $tirring at stirring at 400 m 400 m 130 rpin 5 6
Monomer PMMA PMMA PMMA PMMA PMMA EMMA
95.0 ¢ 1800 g 182.0¢g 2002 ¢  1200.2¢ 2002 g
Crosslinker | EGDMA EGDMA EGDMA DEGDMA | TEGDMA | TEGDMA
(1 wt%/ {1 wtW/ (1 wt%/ (0.5 mol%/ | (0.5 mol%/ | (0.5 mol%/
MONOmer) monomer) | MONOCMET) | MONoOmer) | monomer) | monomer
: 7.5 mMol
DDM)
Radicat LPO LPO LPO LPO LPO LPO
Initiator (0.3 wt% (0.3 wt% (0.3 wt% O3wthh (03wt% | (0.3 wt%
monomes monomer) | monomer) | monomer) | monomer) | MONOIEr)
Compiexing | EDTA EDTA EDTA EDTA EDTA EDTA
Agent 22 mg 44 mg 44 mg 56 mg 56 mg 56 mg
Monomer/ 1:5 1:5 1:5 1:6 1:6 16
Water Ratio :
Dispersant PV A 4/88 PVA4/88 | PVA 26/88 | PVA 26/88 | PVA 26/88 | PVA 26/88
35% 35% 0.25 wt%/ | 0.23 wt%%/ | 0.23 wi%/ | 0.23 wi%/
PVA 26/88 PVA 26/88 | water water water water
65% 65%
1 wito/water C.5 wtth/
water
Buffer No No No Yes Yes Yes
Solution
Reaciion th 67°C Ih 67°C th 67°C th 67°C |1k 67°C |1k 67°C
Temperature/ 2h 70°C 2R7G°C 2h70°C 2h70°C (2h70°C {2h70°C
Time 1h80°C 1h80°C I h80°C 1hB80°C | 1h8°C |1h8°C |
Outcome 1-50 pm due to | 20-200 pm | 100-200pm | 1-300 um | 1-100 um | 50-1,000
(particle size) | dispersant due to due to due to due to um due to
couc. dispersant | dispersant | initial initial initial
conc. cone. stirring at | stirring at | stirring at
400 rpm 400 rpm 130 rpm
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1.0 25 WO 2006/046155 PCT/IB2005/004007 EXAMPLE 12 [0097]
Hydrogel microparticles formed in accordance with the procedures
described herein were evaluated for buoyancy and suspension properties

Wehb&e I &Mbolization applications. The microparticles inclygdeg:a samRlg,
using unmodified polymethacrylic acid potassium salt 5 hydrogel particles

(Sample A); a sample using triflgsrepthyEesterified polymethacrylic acid
tassium salt hydrogels, (Sample B); and.a sample using the same . .
1000 oo SRR Lt (RETH 2 ioanes-SNAae B anaFrTeberein
werd SealypledGYr Awisotoniophospirate bufferiéc foaline isalutioliatiphapplications.

' 08 W % issolving 5 .
e e B R BB A PO AT B st
hydspgrlepa0it o SraeTive e sV SDefHETantondy lastretied tedysoitmonylic acid
potzSRlHIONSHRaMBa Demenn B0 and I0-RREGRM, @e%%@&é@?ﬁ? RIABEB, but

en

contrast agent in the isotonic buffered saline solution were t repared

whegin hey S B SPAFE WoRTASEREATEl Stibrs tRhE @ FeButfered
salinyestuthReropHaced: indingl sl s-dhurali GuDisceh P nTteash ptadihe viaks:se0-89 5

of the hydrated hydrogel les A- er, dded. Each Sample
phog B e R XA e © ol of
TWCeﬁﬁ@_F“Q(B@rfﬁqm iwetediEd hotistratetivnffdiddtzaliie soluticnvem2ud 50 percent
by vOREAINGE MLaeHER Jaa%ra%gséeﬁquﬁygxtgﬁﬁ)&sﬁ%gﬁews{ﬁn@s&a&gﬁ%@e then

immediately and every 10 minutes thereafter until buoyancy equilibrium
prepgfgd g Kieletiieihd/or surpassed. [0099] All of the particles reached

[oosequilibriiaseasiBpinibe G ask e LRAMIARBAVIRG: PR30 4% vials in
.. contr&ﬁ;tl g ag\?vu{L Wﬁgg]ln aﬁ n%lq Partﬁlg which were swollen with D20
AlOYOR & BV REF Wit T At st {6 h e S BhETRE DA erHRATRIS i 6f Yrse
addgoarstbSamvpidime fidthiydrateDbymidiiog i hdersiges addifiogal wrteparticles
which could displace the D20 were not added, microparticles hydrated

cithey R0l satame iR aterinidercd sAinesatrtisnaydmercdiagem! swollen
achjeyable with adequate buoyancy py as much as 5%. Particles began to
R ARELER PSP T (TFE R BB AE A gAY ANGUENeS tercaer
untijfergentages:idib 4086 8% HR18Dhidier eguittitaridm buoyancy (matching
nsiti chieved for Sam C.in 31 |l volume percent of contrast, .
008 B BB Sy R RS R IR pving

30-48uDseaHnh densibvaiadyriealrdeRendant OB .&ossinkingeo e Bl heavier

ionic strength and valence of cations used. However, it was assumed

withREERI BN ANE NG H085 P Bid diffuse out of the particies over time within 15-20

min. of immersion. If additional water which could displace the D20 were not added,

microparticles hydrated with D20 would be abie 1o increase the contrast agent percentage

achievable with adequate buoyancy 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 Sampie C in 31 =
I volume percent of contrast agent in solution. With regard to Samoples A and B, swelling
behavior and subsequent 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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WO 2006/046155 PCT/IB2005/004007 not influence buoyancy due to the
sponge-like nature of the polymethacrylic acid hydrogel material. After
such material was coated with the PTFEP as in Sample C, a time lag of

wvalipaaas observed and buoyancy equilibrium was slowest@,a60iEN84537
EXAMPLE 13 [0101] In order to take account of the time lag and to

not iﬁgbt'bﬁ\_ée m;@haﬁe;ma_é?mc& gengityiisnval asie r%at}amﬁﬁ am%n‘fmr?mmg el

visjbiljty of t articles, cesium treatme then_effected for the types
e AR T SIS 6 S & o ERATEES. o2 G21UB8 fhg
sweltihBamplese-addind SaypieyBwdiedaydrates @schidaciBvain. in a 30

weight 10 percent solution of sodium chloride. The supernatant liquid was

decanted after equilibrium and the microparticles were washed

thoroughly with deionized water: ¥ Rgypveresthen equilibrated for another

10 min., decanted and suspended in 3 ml of surfactant-free isotonic i
[0108h o spliatistep iEAE BRTRER AE Sp e A2ertd SpratisrrruBy B et fiensity . as
welle¥allaieghtising Ranbashroasbiselutions patying beinm Gtabeld Wys then

volume .of Imeron(r) 300. In this Example, 0.1 g of.the 15 micr ticles of
et R L eI ST GPITRUR B 200 P S were
{010gkovidedD tmehe Satipldlffed solbopisvbivhkrintlddeddkachalasdbanic. in a 30 weight
perc@xl&os%?xﬂﬁ)tﬁ &%ﬁ&%&%ﬁ%ﬂé‘éﬂ %ge%%&lt}?%a%? 3183111 11%9 @&Hﬂl@é%&?d equjlibrium and

procedure using cesium chloride yielded particles of increased density.
the BiGtRNHIETSH AreRel &V adhiprblberamghietith fiisEMBTRsy SRSy in BSS WAEBist Fapgbrated
for £RR1ERSH AthagenialulienNeaencenalions:RfARR0YCRPEAR! ARRPkate

regardless of the presence or absence of TweenTM20 surfactant. The

butf e RGPS ATt atiol SOTQrebiRy B HEHe RIS HPER e Reifiar B geent
soluth@pariclesitheoHuEEd surisigike ploeesh®e 30d thentoResppidinge of the
mic%g)gjarstra%%o f‘gxctﬁ@gglgé %@é‘% gcid groups dn the-padicle, tc%ﬁn%%%‘éi(eéf Qrere
gé "between protons and cations was observed. As a
provigsdily tho et refitidresokswisteistioded 4028l psabpwrhaiibatedelind ween™
g sheloyy about 6.6 to temper the amount of cesium. Within the preferred
range, buoyancy can be varied. At reasonably neutral levels, based on

1010305t at ‘P wrflibratien FRcROETIEIES eRti b riteEdn Sifidabpanigeanbincreased

densStPrager mibRsantieshagenRtshuRieietisal iR aAVE I gt /oME00 contrast
2006/046155 PCT/IB2005/004 % EXAMPLE 14 102{ 41 Eurther

a2 SR YRS AR SRR cal Do eIt YRR RG TF8PERSRE! R Presence or
absemierdSphened’ 20 sndardancelefSadiples Brandiarithabioaed plebt Aependent

upoxp I8! Eltgl%tc?tft ﬁi%dpe\{vrgéﬁgs%g pﬁ%ge]éo&uring the procedure and the corresponding

saturation with methacrylic acid groups in the parficle. 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 sclution

over night.
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further evaluation is shown in Fig. 8. An automated syringe plunger 2
having a motor 4 for 5 providing a variable feed rate of 0 to 250 mmlh and
a gear box 6 was further equipped with a Lorenz pressure transducer 8
wepRRbig@kmeasuring forces in the 0 to 500 N range. The syingg-RlLHO&H7
2 was in communication with a syringe body 10 as shown. The digital
output of the transducer was reggigdettusing a personal computer. The
inge body 10 was filled wit | of a solution of contrast agent in
0108 o SR SSFERE BN S AE AT O SEPPETR S63 S iR ST Picrossheres
in acgonent afimnaflelPuhd0:32 afciﬂxmﬂppﬂﬁehtmesmu%teagﬂantd which was used for
Mlcro articles were pravided {0 well |n n,amount of 56
m& mgss o‘rllhevis\{yrlngg)e%:gn?en%s were en %ﬁaggte %1 Yﬁ%g b3R5 T for
provrdlogmaaneté¢ fpdvhichiVds aithohed wdh&dﬁs@&ﬁ@aﬁeﬁﬂqewm with &

mmmrézy&@&msa@ym wn@m@m&%@&%@% H{@ol{@%d@ﬁ@%ﬁg@d?ﬂeteymge

push the microparticles " through the catheter into the Petri dish 16 (shown

plungsy dowanii GORmBRIRAIRISN Y AR 85095 1A eashertt ahbsrdissial spr gyt of the

trané@l'}%‘éﬁl'&f@& L8N Uk}?@é@ﬁé@gﬁﬁ@ﬁ@ﬁﬁn Q&Eﬂﬂ@ﬂ@@%oﬁ}elfiuﬁwmd with 5 m!
Information was plhea as pase n.t mICro er

of & G O PP SRR R PR R o o I SHRE Py giion in

a coR8fratich dﬁ%{ﬁ:&/ﬁ@l-i@%iﬂbmlgmhcm wotitstherefoldicoptaincRPwerg pfovided to

the ssrr%%zboggiiges I%%gmlg’g%l 8{83% z%%n '![l gr@% ESBIQXQ'@E‘%Q then injected

supernatanit Tiquid). Standard preparation
throygh dewimicr hadiage dauhiehovas %faﬁheiem(hremalmﬁtﬁés@fééemaﬁem

microRMeRLs R single Mﬁh&&'ét‘@@k"gxﬂf%g%&& seeiibriym.aonesRitaliRRcles

of contrast agent of 8 ml/(9.8 ml + 8 ml) = 44.9 volume percent within an

throtigla th,FrdstaEBHO %B%%lﬁ*ﬁéﬁ %W&f@f a?awmﬁcmﬂ%mgéw was

meaétﬂ%&dﬁh\t@é&ir&h%d@ﬁ@ﬁlﬁe density thus equals: 25 [01061 P VEmbNTot

=2 m?[/18 = 0.111 Embolization.age volume racti ‘%‘010
080 B A SRR AL P U e Sr e an v e s

based/atetygoaitestt cSitigpicphensstboli zatlenispivere Sy dicalipviavertieasahges have a
watépb%%'i'&ﬂ sensity ﬂﬁﬁ%ﬁ&f@{a&’ B&%ﬁ&%&@&li&%%%&!ﬁ?&ﬁé@e?ﬁ% Qb RAMB'e mg of

C microspheres were added to 5 ml of a 31 volume percent contrast

embagéﬁmamhem%%ﬁmm%ﬁm@%ﬁé% whaSudsednissonstaeies 8 ml
SupeRRANSR: 1@WOM%P&BM3&@§@%@Q&M§ hTbersaaae Bo

and C microspheres were evaluated in different mlcrocatheterg of equal

COR%ﬁHé%“BTéM@Fe‘?‘)ﬁfe&tﬁ R B8l KjBetibHS TPBBHH AN SR ASHAPHHE Gapgenfation
of calitestiegenvef @ mdes unides diffe rent Bueyane péereisvdtdausing differestution.

swelling. levels t] ised on pH of 6.0.1n con 0,0 7.4) T he results
The 3emlons Yated 1 Rét a%%ﬁggn ' FanESter OEF T dQleer; T Trjeetotr density
thus equals:

[6106] p = VEmb/VTor =2 ml/18ml = 0.111 Embolization agent per volume fraction.

[0107] The Sampie C spheres demonstrated 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 5 mi of a 31

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

above.
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5 microspheres was below the internal diameter of the microcatheter, the
microparticles passed through the catheter without additional frictional
force in the same manner as the reference ‘solution. An increase to about
w& DlR/dsé ko gravitation force was measured when the micgpaligdes voa007
diameter reached the same dimension as the lumen diameter. At roughly
[{m@?% Ciiegeassion, dof Cemipfapheted Bet Skduateda nedtiecht onhretatmiers of
f ﬁtlonal forc S Wlthl%thﬁﬁkp i:atheter F rctai’-.;sﬂ?e 9}1% gt] n 5 k E1€:: rection
CAUEREN 8SEG UI or moderate 1o |g§h Injection pressures en
wer@madﬂe&@zediféawe (tivaanityelémfde tioh usio itifccli gyiniiingds vebss@nsed on pH of

6.0 WRSA-IRISEIRE-N thenertical ROSIHAN- VYA aN ACRIRG g GIARATHEIRS In

the horizontal position, it was observed that serious cIo%ﬁln g was

micrqrabrats vanbein s JErod GRBS et ets BUae b et Rertiolyp passed

ﬂuowgleeﬁ@éhﬂfﬁw&m&f&mmﬁrmatmiﬁeebwbemaelew REhL AR e ference
swelling) was use bina élg%wnh hOI‘IZ ntal injection such tha%hthe

souiglc o IBFERSH B Uhe Lo A AN AL RS MEGTH RASTPRY oe

micagditiol, dm&emnaaﬁﬁﬂmmleaﬁmﬁmmnamcﬂeﬁmlhmmxhﬂaﬁmiea goeehghly 20%

conHESHON Pressurepaliern.al & Phvsiologinl Pl Tl cHNGIEr LONANCE i ne
hot ¢ og’an each peak in the“curve correspon ed to elf er a sing

cathaiferdprartelgronteniaber kef wengitdeen 20 @&s@iﬁ@ﬁﬁ@ughdﬁﬁetemmeﬁnjectmn
predid Ol TRsEaultR OhtheyaEPUs calbetpL gl WRlOR eSS SheWadBtdRR e when

invention can be used to form injectible mleropart|C|es havm%‘a density

injeqiine irdhie SEARRAIRP HTiREn SEMe tiETHIg Mo e IRREEGEA W EdRTIfSPt2l Dosition, i
wasFROHEATRN MEeud fiedatticles atempeassibitiiy (aadurtienbewstchiiabit over
can be injected without forces over more than about 5 kg on the syringe
Plunger. 25 The pH of the injection medium can be taken down to about 6
[01&% in jeéﬂpnsomandaemh)wes hotizontalnizeieteasclthegddérolpadsagdiof) was

use %&Qf&g @5%89 &?lﬁ gﬂ&u ﬁ at%ﬁmﬁ &l SXYJ} é’%‘aﬂ@ comparabie
Reech: arips

stream, the partlc €S can expan elr original s in the p
to t@nvmﬁm*emedp@1@&¥Ahbﬁﬂéﬁ%%ﬁﬁgﬁ@§ﬁﬂ@%%ﬁﬁ@@@?@&% e vxhlblted a

gooiGRRaHisles ot SamRla G andidosRavas obaeRsecihal WheR KA not clog and

concentrations were low, sw ncreased. In higher concentrated |
cachsBfgh dR ISR TERTLL é%iﬁiﬁ&é%ﬁiﬁﬁ?ﬁﬁﬁ%ﬁﬁ@ ATiCRRRIPEgfies
passoaniplendd theahibiier. squtlon led to an increase from 17% to 20% in size.
{ﬁiﬁf the croepalrtlcItetsmv‘\llfgleonZcS:Ba {A/E 200 0461t%85t P (‘)I;Qg 00 /00401%17 an be

xed o &N 1Sotonic phosphate bu Al the mlcropa Hicles |n|?réﬁ
usedrigrisae ipesitde bmm%@&&andg%@mwmammwﬁem@éﬁmmms shzeiensily
of tﬁ@‘iﬁ?@c’%%% HE A R0 118:81:20H! 138520 GIGHFRAUIHNE Y rther be

part icles.
such that it can be injected without forces over more than about 5 kg on the syringe plunger,

tim

The pH of the injection medium can be taken down 1o about 6 or injections can be done
horizontally to increase the ease of passage of Sample B and C microparticies through the
catheter. Once within the blood stream, the particles can expand to their original size in the pH
7.4 environmernt.

[G111] Additional swelling tests were conducted on the microparticles 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 Sampie

C in a buffer solution ied to an increase from 17% to 20% in size of the microparticles. When
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[0112] In further testing to evaluate the compressibility of the

microparticles of Sample C, 5 the syringe pressure test stand of Fig. 8

was used, however, an optical microscope was used to evaluate the

wiliGiRRagisies as they passed through a progressively narrgwegdpiReisoor

which was attached to polyethylene tubing connected to the syringe
mix€DRHRIANGAPhosRiatath bt salitinn, suspensianefsnisiopprinieseflin size
ben22TG G DR Pibslie Rarowed o an oner diameler. of 490, mandithey

pipette was mouhted to a Petri dish such’that the narrowest part was
abogLildimeétgedmriG phdsphaeatislsr solution to avoid optical distortion and

10118 collecttha diquid electad framitbe Rinetieuing @@&%&@mﬁ@fe&@@%@gm c,

microscope pictures were taken of the micropaiticles passihg through
the §yiBECIIRTFS BSusHnA g Tentpressisd: v upssrihgrhehmicasapneess used to

evalifBeRIHhaapsRdRIME IS Hackrgw AN IBEY TR DERHS QR GARINRANhich was
delamination after passing thro%%gﬁ%e narrow site, Microparticles which

attaches d PRI TS e it PRI TR REPARBE AP TRORY Dutier solution
suspeasipr esaisraglaahies A Rapplic Mot heedpene rupivedhotaldggedidheter of 490
narrow site instead. The.maximum.com sihility under a reasonable .
s S T AT A S W ergec
phosphete pafiicleeltt s sHeid wghci distiiererwds ediingt 18874 Bt fom the

pipeiESeByaaliaasdhe MIGLaPAICES ACRHAIR0 4R 2 ARPG SHSHINNS A es

properties that would allow particles which are too large to clog the .
rassiagfbkenal the PipEis BréuR o ﬁﬁ%ﬁ&ﬁ@é@%ﬁe%ﬂ&%%ﬁ%@%ﬁoﬁmm&
non@afi@ﬁlt»nﬁhaeieﬁn&%sﬂﬁal REO eIt e goestedigratarreduse d@mm&éaﬂsﬁfw%

Sample C microparticles for embaolization.use as shown in, T 3 below: ..
PSS BT Hhtoe DU CBRG BT ITD ok LSS0 A0 o P Caaiel oo bie
for thiendedi(kgd (Bt0: 540 25s8anaf 2605t 288 jahid dnORre360r5406633, IB.48gged the

3054 A, 37 .
= e T e St g e Ak BB on e
micppptcizd BEING! DObe/owshs 5 ROTAB GO 5o tTo Yol iglcahstplwas about
38, 70C @&@5@&%&@%&&%@@1@9&%&&%@9&@% @E@%ﬁﬁﬂ@@i 8HRSstrate

sta_biligat%estin . Microparticles, after passing through a Terumo Progreat

ProprrHEkERE APIEteR IS BTHEISh SRR AT B SR ElRs 5 (eieire RéRFa thap break
up hiifensqlution Aloaganstts eaNEaRha B test results provided suggested preferred use

parameters for Sample C microparticles for embolization use as shown in Table 3 below:

TABLE 3
Particle Radius (um) Constriction (um) Compression (%) Force Needed (kg)
340 540 25.9 and 26.5 2.58 and 1.62
360 540 333 3.19
330 549 22.2 2.83
330 540 22.2 2.14
370 540 37.0 and 37.3 3.5%9 and 2.77
330 540 22.2 2.08
320 540 185and 184 1.61 and 1.38
330 540 22.2 1.71
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They were dehydrated for 12 hat 60 C and then transferred to an SEM for
surface analysis. 5 They were compared with particles from the original
batch of microparticles which had undergone the same

wovskrliqp/dehydration cycle in milliQ ultrapure water, but whigh hadea9tsq7
been passed through the catheter. Figs 9A and 9B show the surface of

[01i8e SamplgiCcmicrepatiglesisstafins e RydationdabyRraton Byael stess

and the film_thickness of an exemplary S C microparticle,
st S E el VS 16 BUEUTEP ROV CoFBIEP S DEBL e catheter wer
washed griticidionsdd-igset O Aenh@Brdsidiandit:Qal)shownl thattite caatiscpgidt.

not delaminate (Fig. A e micraparticles,did trate.some_,. .
R L R s AT AR e
Thepagrificaiored svithRig D femiba suiates tretties morpotisds ofhighehad
undg%%ﬂ@_%@yﬁﬁé%%yaiﬂ;%&{%ﬂr&fi&éﬁéEW%&QiY@ﬁIM%%rWQt& 5@f which had not

elonized water and 10 vials each having 56 mg of Sample C

beepfiasendairerE e ers oo otid AB ko pHEE SHERS LRfBF Strraktant
micfdMaadiVh2handturandionddharaniec pading ppintwasitrashied abettmplary

15 min. . after the start of the sterjlizer, and tem raturée W%\%hceldtat that
el IR (BRGUD B po L EF LS O DAAar SRSl Vit
maghifitd0oraisEi gy ekstré i d 06rapki il ehior 1125t Cranching Bar pressemenate (Fig.

his took approximateh [ h f inta

10a)y SR RRRIRKIDR AN A0SR RRERINE YRS N IRI HORRHRE. 108
andtidhpe Fevot 6GIcsewarreailtasidratsontt3n 1 dateensiraiesihat heraorphology of

the ¥6258) W@S venigdnihe samples withdrawn and the vessel shut tightly. A
sample vial was opened, and the supernatant liquid decanted. The

[0t ficropArticrigiates fikshudhwdrharionsd Walkanddt galsyarhdsingey me of

SarWel € shidjeptedclesMERSY R nisSiTdsanRWoshhay Gatlits defaaasti@iecn™
only a small number of delaminated coatings th microparticles

20) G A S PR, MA AL Bl o R AR B i of the

steroaiomd Fnpoveraliypecdhtagaigfsuchmiicmparticteswas onkyasyoapsr. The

vesi® 1% agéaéaosh&*ﬁ%{ilmmdﬁa@aya%ﬂa%@%&égtgqcﬁo @gﬁ@@@ap@é%m

occurred along crystalline-amorphous domain boundaries in the PTF

Thigtedrrppeedrigly 1BmivioShofemesiers patities BB O MY Imngs and then
the JE{REIHASHAR 88y TINPESHGIHPHRRICA ReIRG:ANSS INTH0DUt A dartRdbeu: 30

. the hull of the 30 microparticles (see Figs. 11C ?ég 11D]21.R)%i%v0 -
i BT 1SR BC YEFEOBRIOEY S EXRMPLE LS BB RNPG SRt SR tehtly.
A sivesk fasmesk ispasedrdande witbranfare fiegoéd denshadinBrt heneiparicles were

eipnized water solytion q{] lyviayl alccg]lqol PVA) was ared usin :

R Ao oL oy o b e sing n
SEM5 00ra24:000nevisivhieR Vil wasmab ot @r:89dslaminated 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 fim
delamination which did occur appears o have occurred along crystalline-amorphous domain
boundaries in the PTFEP coating (see Fig. 11B). Most of the microparticies 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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5 hydrolyzed and 1000 g water. A phosphate buffer solution was prepared
using 900 g deionized water, 4.53 g disodium hydrogen phosphate, 0.26
g sodium dihydrogen phosphate and 0.056 g ethylenediamine tetraacetic
wacifhtmR1A). Methyl methacrylate (MMA) monomer was vagggfsdigiitacy-
prior to use. [0116] Polymerization was carried out in a three-necked,
round-bottomed, 2000-ml flask EXwiPRIKEG mechanical stirring
1 28P 3z atiached  The dlaskanas alsg cauipRRd Wik 8 INSIMOMES herein.
réflux condenser and a pressure release valve with a nitrogen inlet. The
deipotpderEatolvirocé soliorhe rlnbob (P10 meoprtreRY psiwlation 23g of PVA of

wei%_ﬁ"?Q@é&%@ﬂw&uﬂ(?%@i%ﬁgomﬁoﬁb@§,Bb§-t?2ﬁifﬁﬁr R -2 3fut 87-89%

ilauroyl"peroxide, 200.2 g methacrylic acid methyl ester and 2.86 o
hydsobtrsAand YPOH Histrsthadhnanaats vgﬁfmlv%rw;&rawfépwgﬁcaﬂemmd
waﬁéf.?ﬁ@ﬁl@(ggﬁi@ﬁmh% %{yﬁxf@%ﬁt@wb@ﬁk‘eﬂ%@ﬂj%%ﬂkﬂdxlxMMﬁdﬂfgéﬂffﬁ%}Smdd ﬁand 0.056 ¢

col dimethacrylate we, uced, dilauroyl peroxjde then added to
e T SR CL D TR B RS LSS TP s vacuum
dissldditlsridine msaction flask was flushed with argon and the stirrer speed set

t 150 rpm to_produce particle sizes.of [ority in the ran
013 oo R AL AT R RN IR Dhogt s
withaE e medrwcaboirpnt anpreayoaiiosting WraBagicvenlgaguipned with a
thefSRHRL TRAKNARIBGR: Shb] paerhathwhichiwss-Realed19.70

C and held at approximately that temperature for about 2 hours. The

PO AN R BRET WA TRt QAR 7 SO R eRaFSraRA o 0 m! of

the thieRihevatesr Rathienperal wednasddisesagaindo. Bp LaandRaldios methy!
ano;pg%gour. &h? stir{ing %nd teat vi/ere discontinued. The solution was

eSt Al SR T PSR Ry S b NBRMAE Wi crylate microparticles were dried

{01tV an ofén BY 20:@ for&beolulidiyovrs. tibeidrticodpartietes Wesle siligj@ctelded

MI\%%OSA_%% i@gt%%gn%oél@%? %Eﬂe%grgﬁ&,n&&% %&Mé@ %&9&@%%&@9@ then added to

0: 250-300:'300-355: 355-400; and 400-450 4m with'a maximum

thegrang BeS00B8% (AMEPPER]S PrREcPRIACHI GRsyET Gétea! YRE sqbdmethasastion flask

waiIRRHY WAl 28R ARORIONRE 1R G 3018201300 M 81299 dME'PRANICIES:s of &
150 g potassium hydroxide and 1400 g of ethylene glycol were added tg

majQrRiH A FASR HetlikCortiBn SEFNE ORI TUSE EHRMHEIRE AR The stimer

wadiistuse: twastheateadirkoh Gudbing Raudsstonfighéy/ didly siacidiemktate then

subjects flowed 20,co0Li0.[pom. 2,40, 2000/02010p EGHIB2003] i fmperature

&mperature, sofution decanted and the mictoparticieShvere washed wi
for dejonizbobwpaide Thwepmooedites e rapdhtedriorotbiocllivraed sidcloin

hmmi%gﬁ) ﬁ(&@%&%@lﬂﬁ%&i@%ﬁ%éé@& i2RR %@d (3389{ for %m&her hour. The

particles: 10 hours; 355-400 micron particles: 12 hours and 400-455
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 coliected in size fractions of from 100-150; 150-
200; 200-250, 250-300; 300-355; 355-400; and 400-450 pm with a maximum yield at 300-355
[m.
j0118] The PMMA micrepariicles thus formed were then hydrolyzed. A portion of 100 ¢
250-300 um sized microparticles, 150 g potassium hydroxide and 1400 g of ethylene glycol
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 allowed to cool to room
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micron particles: 14 hours). 5 [0119] The microparticles were finally

acidified with hydrochloric acid to a pH of 7.4, and dried in an oven at

approximately 70 C. EXAMPLE 16 [0120] Micropatrticles formed in

wasseganee with Example 15 were then esterified in this 1GExasmiecd=0s7

esterification surface treatment, 800 g of dried microparticles from
tempataRlesdibtivedecanighed thendtropaciites vessetashidd avigflipionized water. The
proSSgenser. 259.9 thionyl, chieride ind.3 b %&%}B&S}é}%& k%‘%”goﬁg%%?&%%n times

s?lrrmg@tlrﬁng was continued at room temperature for ours. The
appbetl&0elid votatieprrtcicenid weres réPiottnp i aevnlend ShpesgaedPo-455
micYBE YRR Y129, [agN 500 g trifluoroethanol in 1.5 L ether were introduced

and the suspension stirred 15 for another 20 hours at room temperature.

[023%e paFeiEdcRratifen Y dRdadioridaetonih Bmebre sadoq PR i and
drcterantive. sudase-tieaterenbtaExample 16, 800 g dried microparticles

from Example 15 were reacted with 1140 g trifluoroethanol and 44 g

sulfuric acid added as a 20 catalyst. The mixture was stirred for 20 hours

at room temperature, filtered andﬁ%m@% vacuum. EXAMPLE 18

[01221 800 g of dry PMMA potassium salt microparticies which were

[01p@kialljVeemtédcniomad dorsesrdnmer a6thésmimde Bbwoe mastapiisg in this
ExaAnphd VeI ERriANGoR et i EIRER #0020020ME w1 Re6i8ins: GoaletMple 15

fluidized bed coating apparatus (available from Aeromatic-Fielder AG,
wers HABRFS ISt BAHeN. YRR P AeEve FOIERET L By dHomy hisgife n 15 L
diefih)-60cmstic 28dcC tndertigie MPRiaiy e erdispiay SeatedtwitheRTFER: 20
solution microdraplets from an air-fluid coaxial ngzzle. The solution
b B O B3 TAEEB D S BT Se Sor LD g
dryagetdieen 60fag fetudnetipnehian ddzkletbet mmmlmdecmub@wam stirred
for%];l é?‘%@f?&?a&%%(%ﬁ#éﬁt&ﬁ%@ Q!Q( QQ@%;EI%H}JQI@@ RRA%EGm.

head, it was atomized with pressurized air (2.5 bar). The total amount of
spray solution (3kg) was calculated to coat the particle with a 150 ran thick
PTFEP film. EXAMPLE 19 5[0123] Th d‘g otassium salt microparticles
of Examples 15-16, which were ML {grified with trifluoroethanol as
to1describechahbyeawereusfaayreoaient wittrdipied & BEE P dselutidndpasibids from
acetate in a commerciall ailahle fluidized be tin Vj
B e T ot LA EAisUSIAES 258 £ PURORICR 388 s
catﬁﬁgtofﬁjngg'ac@gﬁ wreshERiAor 20 hours at room temperature, filtered and dried under

Vaouunt.

EXAMPLE 18
j0122] 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 particies were picked up by an air stream (40-60 m™ /k, 55°

C incoming temperature) and spray coated with PTFEP solution microdroplets from an air-fluid
coaxial nozzle. The solution compoesition was 0.835 g PTFEP, 550 g ethyl 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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potassium salt microparticles which were partially esterified with
trifluoroethanol, were 10 immersed in about 30% aqueous cesium chloride
solution, prepared by dissolving 30.0 g cesium chloride in 100 ml
wdelanigedwater. The supernatant liquid was decanted afterskCrmumios/004007
equilibrium time and the microparticles were washed thoroughly with
g/ndeiofizbd watkrheaduilivratetdiforednotherassumied delhntbatlarithe total amount of
spr §&ﬁ{§9§¢ | shdaciantdieaRRosRRIe JRH{Ter SeWHAN AL BrRtt O Ry
4. Densi the particles in solution was measured for matching 15
density in a contrast agent solution. To each type of microparticle was
added a contrast agent solutionﬁv i gg's ed a ratio of 3.5 ml of
Imeron(r) 300 contrast agent (de %%‘;‘”i /ml) and 4 ml phosphate

Gibﬂ}‘fere@k&aihyq;édsﬂ'ﬁﬁy s’bl@ﬁﬁcgasmm@mbﬂﬁzs{kmg%tyﬁﬁ redtthedere partially
estQHOANGY é%deg%ééég%@y RURSRERL A0S BRI YR £QTRER ISR

0 an Increase e mlcropartlc €S o 6 g/m

solafpfomzAb Wirspipsaiticieswarscfaliihedin ke dvidisd oo tratiagiioved (e dixample
16)E>f®mgeo¥§wﬂ*aomW&Egﬁeﬁ@gw&rm@@%g%mé&@&raglmsMA

prepared on the mlcropartlcles after neutralization of thegjartlcles and the

POtAS B BN RaTECHS ek Fte PREGHR R REHT p B B DB MRE tBamyere
xm@eiéa&;@ammgsmw@we@am heobas um&a&@ﬁ&tﬂ@; 2500vmk 30.0 ¢
hydrated art re subj ectedt 2000 mi of 0. od| sulf te
R e ey e L R after 10 i,
equSlispemsior wakthaemsziomkyaddﬁwdr&%@:m ‘thfa@asgmbmmrdemhimﬁjwatez
eqxﬁ?&%ﬁ)f M&I&”ﬂf’&ﬁé"ﬁ@@&éﬁ r&%%&% SIS AlIREWESNg g}q&gphmc

excess deionized water, the resultlng part es In a swollen state In
buffehanl am%aﬂf@r@pﬁ\ﬁd’er%%@a@émw@@mé%am sgyyarastiehigrisgiching

derRY @slerfieskinibe Ranner W%Qcﬁ NnR4oRiRid0QR04REAS: contrast agent
PCT/1B2005/004007 Example 16. The particles were then coated usin

solytiam IR HBRLRD AR5 F BRSO RS AR, cPREest agfih fiensity 1.3 ¥ g/mi)
andAigfDpiasticies w&lfelredd@mal M@Q&geﬂwmmyo Badhesivspbiagipen sutiaie

o B S S A W o s

onana proce ure” are ca €0 preven ng partl € agglomeration

derditying Heyingrapudtadse dhdréagéanensity. The 5 concentration and ratios of
barium sulfate may be varied to provide different results and a use of an
excess of sodium sulfate can minimize residual barium chloride. The
particles formed in accordance \@j}ﬁaﬂbﬁﬁ@(gmple were effectively washed

ater tQ m|n|m excess bari msu owder that
W@g&w ITRRAIEI (PR B IR ETATERR é’éﬂ%%%‘?o %fgi‘félﬁ e 15 with

theadbgsion thbparteies priaritanchylifag: tmmstrm freighization thé thedopdratkd after
neutralization of the particies and the microparticles were not dried after neutralization prior to

the bartum sulfate coating step. To prepare the barium sulfate coating, 2500 ml hydrated
particles were subjected to 2000 ml of 0.5 M sodium suifate (Na3S804) solution and saturated
for 4-12 hours. To the particle suspension was then slowly added 1950 mi of 0.5 M barium
chloride (BaClp) solution under stirring at room temperature. After washing with excess

detonized water, the resulting particles in a swollen state inciuded a barium sulfate powder

coated surface. The particies were then dried and esterified in the manner noted above in
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10 microparticles. EXAMPLE 21 [01251 Fluidized bed coating of barium

sulfate powdered beads was performed using polymethacrylate beads

with a surface layer of barium sulfate formed in accordance with 15
wisxanmple 20 but an excess of barium chloride was used suchdthvak asmmey

ions diffused inside the core and formed a precipitate inside the hydrogel
Exgorge 161782 parprégsarierg e poaticlesingths alvidiprd bed precios lbaHuample 21
befHif aﬁ%&?&tﬁﬂ%@iﬂ&@ﬁaﬁﬁse@&l&%ﬁﬁm@ SR W AR FEPRASANINIBE ium sulfate

exception that the order of addition was reversed. Thus, 2500 ml

PoMjarafdd i FafaiR I8 ENTE RECBASIEA ARRPTREISO OV IR tisonTERHOR ARs Rapepdure are
caSAWI¥E gRRAN0E KartZ0 4P Sh@Aidn MutBaGEAh e A SlRWheEeThe

stirring, The addition was performed within a time period of three minutes
co B ISR PSS S B AEI REE TGO BRI ALCEoR aeults aad a use
of atispensiof sudasntheifimnadidtety: guendoeldbadiivthéidaadl el larpatint@dned in

ml). of 0.5.M sodium sulfate (Na2 i? lution sticring at.room
soq e ll B B W M) RGN S B ey
batjuio skt weraleD 1eauhy Tonaproasairl. mleciphetud bariuHesuifarks effectively to
préSidedNg;pATIGlesi JRL 34 d: Tha e ingsREe R BUAE WBR E’fﬁ&‘é@é&%%&d

within the pores of the hydrogel core and could not be removed by
mighoRsEIS Sashings 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 fF3PABRAEE3DI mol % of barium chloride

[0Y48€ u%ﬁ%&%@@&c&w'tﬁébﬁ%&g%%b&méﬁgg% d JUENG. <4 using

evaluations of this procedure that, if the time period of addition exceeded.
rolymifaessidmad BB Ospias) (a1 S5 Rt PHe S oNE0R appsdae with

Ex4if{pRIo0 SRead eIanm: Aol NE iR the PATHEIeS: HIgQHIRLPAIREse! inside the
the hydrogel core became irreversibly crosslinked, thereby preventing the

O AN PEIRA A PBTE R A B SHEE WEFREE Mg out. This effect was visible
016 pptichl pripeeideapy patibies,diféusian fronichat the bhatususfaltatessdDarticles set

early visible.as a white band inside the parficle, whereas.the.surface 5
A B2 Y0181 B EN S DL AP SR Rh AR es rversed
Thivan2hflantibadivesiveiprapeties tae temdndot to 3ilomerkateidedingter and slowly,
p dgcung rocesses; therefore avoiding surface damage. Generally, such an

B

PHe RS infrhiRe e srsrsditent parieivedse sttt Bsiaidiziog was
d_procedure as the particles can he fluidized without being completel
St ittt St SE e
formptigeightngiptasat a"@tgmmwﬁhﬁl@damm@igteiy quenched with the double

amount (400 ml) of 0.5 M sodium sulfate (NanS04) solution under stirring at room

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

18127} 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 unmeodified particles. The density increase

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

" mol % of barium 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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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

wprogesuéess noted herein, barium sulfate may be introduce dAfiTAGE G A &S 7
with the 15 invention in a range of from O to about 100 mol%, and

upoptefealifiviy@ spadodttzsuncihiorise e the rfclidah ditheier remsrpéihe hydrogel
cm-e%mgywa%ﬁﬁwmm@@@%efé@h@@mﬂgr@ﬁétiﬁgm{péﬁ@iéf hedatieleside

formed according to this Example having a barium sulfate load inside the

fromtsRe s @ the RS EER Y2 CEHRIFTRY RPESEAMITEN I BnaF Rk LdfugBdront” of the

barid@QaefitheadeyeBadsivese suspendead inidetg patrle/Mighasse surface
completely absorbed by the polymethacrylate 20 cores within less than |
remAREAGHIE the barium sulfate powdered particle surface appeared dry and

{6128 paRicleB shoved hartébdencydedaggiolerehaténdCi81ddhbevyeantiglesies that
(now 600.9) wit ight e 9 |nSi ated
e B A R ok B
Genggabair stigh 2acsordingetbineampiaize hatrmpwerE eptisietsederdonaidrdized bed
pro@RORIRRS 2EDRSION BIGMRISEZR RS Ut JherRRAeEs RUUIRERual water

used was the same as that of Example 18, but the coating provided.

CONtRTE TS PSHPCEERFRLFRIP %}é?%s_eﬂ Y ﬁy@ggﬁimut agglomeration. The Examples

also 3RO PRy Wiathexysitanenthl TS hdhesiesiplandetetwesnge appears to
b provided upon which was a second coating layer of a mixture of APTMS
° PEHBPBYEEP and a third, top coating layer of PTFEP. All three spray

[012%8|utiohshweldalsrdparedttyodibsalviditie daatisglonanetial geisopbnulien
appﬁfg?ggig? L%fage_%mxé asetate.in ad.t weight 30.nefcentags, Lalio.Mixtien dNith the

_ st'solution included 35 1l APTMS dissolved in 200 g acetate mixture,
invepHeansiacha Lo oA s D B rved srefere s niipaieep! imede ity

profithardqstatamixiupe. AR dhes thisdinebdgd:R0 MeRLCE A8 gobies.
acetate mixture, The spray 36 WO 2006/046155 PCT/IB2005/004007 .
[O1 8 1utioRUEHIES ARECSNERTERS PSP th B UM §R P S0 B aRdside

the ¥eith 86 Merpaxtfles! dherdbgarbBthwalei Cuaponatechat-edatt00f 5-thOdry

/min. The proces S st d _after 30 min when t ting thy
R R
cords XAMP Legs 22011 82% Whdlcalbsdrption wiistgapieddrssoarasicostdacoappeared dry
and Eﬂgwﬁgl%wgg}ﬁp{%g@iwaﬁ&g%gle 15. To 2 ml of phosphate

uffered saline solution containing_| ml of hydrated b%ads was provided
(013 amdirrarslenprBriferesph o ELsk B A WilihYESF SoidhorPTR sPray
coa®ANAIAPTMS/ PTFEP in an MP-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 Example 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 layer of a mixture
of APTMS and PTFEP and 2 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:] weight
percentage ratio mixture. The first solution included 35 ul APTMS dissolved in 200 g acetate
mixture. The second solution included 25 yl APTMS and 125 mg PTFEP in 150 mg of the

acetaie mixture and the third included 50 mg PTFEP in 60 g of the acetate mixture. The spray
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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,
WERHNE/M6PBS buffer solution prior to visualization with opticAFaH&2005/664007
fluorescence microscopy. The dyes tested included triphenylmethane

solutipay AR tERs 2ad, epnaeniationedessh o thectattngnef RABY&PIFB & nicR Ware
parti@¥a|Upiearalena Witk carhnexraine.based 15 dyemsuciTas JatbethiRas stopped

triphenylmethane based Fluorecei ndR hoamine dyes, exhibited a
sfcs SRS OPOHE FRHRBITC DA YR ASBPECrS b iuent vs
18.4 wmt&ractions. They were able to easily withstand the rigorous conditions of
repeated washing and steam sterilization without substantial leaching.
[0133] The carbocyanine dye Dii on the other hand exhibited a high
selectivity for the 20 hydrophobigRT iR shell, without penetrating the
drophilic PMAA core material. Thus with the subsequent staining

h h . .
[013g] p&%@%‘mﬁasmﬁwmﬁﬁ WAL E A B s ter SB o @Srarding o
Exargpiell sodld besimeitapeat sifidadalized empleyngailliorescenteyeptiahbeads

icr. LA t, thi d id fast,. itive . .
wes B HORO RN BB RUE Tt ALLby O B oot 0 Tl A Ret Wi dpgthanol
The W@imﬁajﬁeﬁmbﬁ %si%ﬂ@@@m@i@@nstmm@dw %ﬁml@_tsiw{ing of the
vial. %&'ﬁy&ﬂt fh{HAOGE 8RARIES a5 eSRMRALALING MRahARICALRIARHE SiaSS:

. lamage to” the PTFEP shell. It further shows the affinity of certain
eitheg ideigpizast Wgies rEHRSEN RS s AObEHENREOT thE prtaeonors prtigal and
fluorBSARRIBSAE DY, thRseRegsess NS ISNAPLSWIHR IR AIL L CRBNERS as

could he made to_the embaodiments described above without departing

Fluogssn AREBE ARGVRMRAR b OO Trtrsriirisd flgRtsttFakarspgae based
dyesthahtiDiflvenidariibengliatited teshbiasticslaraenMiodiments cissldsied «
speci xctal flxs 'Itnt?og e(aj htj(/)d%) %?ﬂc%%%’? r%%grl]thoé? tc eos %lﬁqgﬁﬁiﬁ)@i%?ﬁmy

present mvention-as define ap ai
werecihlerto kafilp oridssapd thicis gorous ednditithsrefrsntigahasshidmawbstem

steriNASGHWER, SN RRIAS p&%@&_comprising: a core comprising a hydrogel
f

ormed from an acrylic-based polymer; and an outer coating comprising
[0133bly bt arbonmaeeie R phoHAse AElLPipEGsHish Relsetyty for the
hydrogimerdervative, tharsal paheraindiie: hyaberiat Ponomess wWithinatherhus with

lyphosph I is f 4,000t 0,00 d/ :
the sggsggue%% Eta?nzuelg gn%())lglyq]n?grtlase ggrgll)inat?on (())f 88 and gfu%pescggn diacetate both core

and shell could be simuitaneously 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
compeonents of the particle.

[0134] 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 undersiood, 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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wherein the molecular weight of the polyphosphazene polymer is from
70,000 g/mol to 20,000,000 g/mol. 2. The porous particle according to
claim 1, wherein the core further comprises barium sulfate. 3. The porous
pa title according to claim 2, wherein the core is surrounded by an inner
coating of barium sulfate and the outer coating surrounds the inner
coating of barium sulfate. 4. The porous particle according to claim 2,
wherein the barium sulfate is absorbed into the core. 5. The porous
particle according to claim 1, further(oipdising an agent for increasing
wdhe,density of the porous particle. 6. The porous particle according to
claim 5, wherein the agent is selected from the group consisting of
deuterium oxide, cesium, at least one organic dye, barium sulfate, and
combinAtBHE thEASHE e OA s feidi ééh?é%n@f&ecrﬁﬁﬁzarﬁe@%%maw%f& the porous
patis$tiedifyaighammal comprising one or more porous particles of claim 1 to

occlude at least.a portjion of a hlood vessel of the . mammal., 38 8. The
i Ak R e AR e

Co”téas’.@tm%g&%t%%%%?% drf.r%lré‘ tgﬁ E%’%chﬁﬂ»?ﬁ}%ggt%xb?'% %I#E%Itnee%or a
tantalum compounds, gadoliiu co pbun s, and iodine-containin

polsphasorrmse oy mredicament faerdefivering an active agent to a localized
area within a body of a mammal comprising one or more porous particles

of claimardinane namerGtivenagrnie38aideh HagmedicamenteiRlBm:Ris from 4,000 1o

wherein the porous particle further comprises barium sulfate as part of
0G0 Ebating and/or absorbed within the core. 11. A sustained release
formulatian of an active agent for oral administration comprising a . _
S e S RO 2 o Yk A ROGREAE ST ST fo A Hg0 e/l to

polymer capsulrélcl’neéiﬁafng
20.80ePYlig+halsed polymer and that absorbs an active agent suitable for
release; and an outer coating comprising

polyfbis{gZ.2:tifluraathoxylphesphazensa] okt RQlyRRasphazens PAYSRELs barium
Sulfda?gvatlve thereof.

-~

3. The porous particle according to claim 2, wherein the core is surrounded by an inner

coating of barium sulfate and the outer coating surrounds the inner coating of barium sulfate,

4. The porous particle according to claim 2, wherein the barium sulfate is absorbed

inte the core.

3. The porous particle according to claim |, further comprising an agent for increasing

the density of the porous particle.

6. The porous particle according to claim 5, wherein the agent is selected from the
group consisting of deuterium oxide, cesium, at least one organic dye, barium sulfate, and

combinations thereof.

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

mammal.
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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 20,000,000 g/mol. 39

12. The sustained release formulation of claim 11, wherein the polymeric

capsule further comprises barium sulfate as part of the outer coating

and/or absorbed within the core. 13. A diagnostic preparation for tracing

the passage of a porous particle through a blood vessel, comprising one

or more porous particles of claim 1; and a contrast agent. 39 a 14. The

diagnostic preparation of claim 13, wherein the contrast agent is selected

from, t roup consisting, af barium sulfate, tantalum compounds, |

gaaBiin I BT Ao SO CnFHB LR T ACmpriss a contes
agediaghostit fprephationfeoesifianciidartirasau fddreagingrcomnrisings, @agolinium

or more porous. particles of claim 1: and a contrast agent. 40 WO

cor e A S BB 6AT0 S FIGURE 1 | WO 20061046155
PCTY1B2005/00400% {%4%51%%‘!%@ aH%ig Jél‘i'{QQ%%L%ﬁzX}é%e within a body of a
2006/046155 PCT/1B2005/004000 319 FIGURE 3A . FIGURE 4B 2

mapnahemggsing
one or more porous particies of ciaim 1; and

an active agent.
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2006/046155 PCT/IB2005/004007 4/9 FIGURE 4 -Z Aj rN~ q} ~ ve5'S.
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Otlf t00pm E}T-10.WhV S*SMA-SE2 peu26Jen2004 Me too x F~, M. 6.

Plpm No0.=3676 T6na9362E WO 2006/046155 PCT/IB2005/004007 5/9
FIGURE 5A 4;. FIGURE 5B ate: FeeNmee *ptfepTB.tif tym SIT 1000W
$,gnSAISE Mpdiadedaneddeina0=heAD KX W EnpartRiofofMB20Mpriees barium

su]fgt:ggéﬁawg} #R0Q4E LA, 5 G AR 28000400, 81R icd?‘e!: K AE

11. A sustained release formuiation of an active agent for oral administration

comprising a polymer capsule including

a core that comprises a hydrogel formed from an acrylic-based polvmer and that absorbs

an active agent suitable for release; and

an outer coating comprising poly[bis(2.2,2-triflurcethoxy)phosphazene] or a

polyphosphazene polymer derivative thereof.

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

20,000,006 g/mol.
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FIGURE 6 FIGURE 7 WO 2006/046155 PCT/IB2005/004007 7/9 id 44'
1L FIGURE 8 WO 2006/046155 PCT/1B20051004007 8/9 ! n, p puw Tu.
FIGURE 9A FIGURE 9B |, ~ st ~M k !l~ |, FIGURE 10A FIGURE IOB f i
hr low | FIGURE 10C FIGURE 10D WO 2006/046155
PCT/IB2005/004007 9/9is IL FIGURE | | A FIGURE IIB FIGURE IIC
FIGURE 11D

12. The sustained release formulation of claim 11, wherein the polymeric capsule

further comprises barium sulfate as part of the outer coating and/or absorbed within the core.

13. A diagnostic preparation for tracing the passage of a porous particle through a

blood vessel, comprising
one or more porous particles of claim 1; and

a contrast agent.
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14, The diagnostic preparation of claim 13, wherein the contrast agent is selected from
the group consisting of barium sulfate, tantalum compounds, gadolinium compounds and

iodine-containing compounds.
15. A diagnostic preparation for enhancing ultrasound imaging comprising
one or more porous particles of claim 1; and

a contrast agent.
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