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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
n &osph% es, have m n¥,med|cal uses in diagnostic and therapéutic
%Ir% a7 ?%ﬂ%?’fﬁf% {84588 ised 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 m%/ be necessary. Moreover, the
‘Aeighsnatiort Bt thhe pride SisTinstarams vritshrate sreotonieiest nseiniby 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

| eraled into a deliver iQn for.injection into,a site in the bod .

lltQ eﬂtr_eate . Many ti.gmf{é%?}{t%z&ggﬁ%%%&sg?t gﬂg?ﬁs%eetree%él %gq,%a&r{ '%6311%3%585 "
Saapasticsnd heraptiy Rircesreinitdasysuspenetdits uesin deliiierapplications 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
rg'ls el in ¢ gn%h%em%ir%lyd%ggrf ccgae ts{gji{rec'%ed ?} breﬁ?kin ,fjown -

a %racﬁ%%artlc‘flé INteraction Depending of - detracting Irom their Ulity in certain
procedures where long term presence of intact particles may be necessary. Moreover, the
degradation of the prior art materials may release toxic or irritating compounds causing adverse
reactions in the patients.

[0005] It is also & problem in the art for certain types of prior art particies that it is difficult to
achieve desirable suspension properties when the particles are incorporated into 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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the nature of the particle interaction, the following materials may be used:
cationic, anionic or 30 nonionic surfactants such as TweenTM 20,

other mTW@MW&%@QciMW%Hﬁ@XC Se?'mqigr@tg.\oggﬂl agents
sulfate, various naturally occurriri proteins such as serum a%umlr‘ﬁ o% any
can be usgddyela PRRYERbRABIEkeS BPmy ﬁ‘-’rﬁh%’gﬁ R AT oryionminatase solution

viscosity Fdf QRN epHlRKeNI RB AREN I%We@@ﬁgspgﬁé‘%gtopﬁ% f'ﬁg%:ity

.. settling by sedimentation and to increase solution viscosity, for example,
additives Xay\ais0| b5 BSHOIS 2HBRKGRIPERFSlidones, sugars or dextrins. Density

[0007) haddlitlve sadiffialhadasisbet iniaaipanec oy 8RR AOdd AR W38 BEgree of
. diﬁi%ult to. visuinalize microparticles in solution to determine their degree of
Suspension When us ear, 11, iﬁg]?gs:

SUSpEnSIoriTan e Ao A FENNG MR LTS AgRRde

suspensidgeads in aqueous suspension. Attempts to use the inert precipitate,

Atte Bbcgr&m xiH: %' ’Ig ﬁmgﬂﬂ%wn as additive.for bone cement,
e for silicones@#‘%r rel%deqrigngaff?ems w&%b%gr%%&g%?é%?ﬁﬁgt%r@aﬁ%w for

bone cermsm far i iraBRsFaE EpdsTIRE yerasivisibrid sheripa fictes e Somivatim aishitan et
providin@hadtiphe Mo BOvmaR adriNOnaniic1 £&o5hl BN IR AT YR SWIAS

so is known for improving fluidization, and iS often used asamn nor

al an inorganic
Vol. 12, hifer 188nigart AMEtick 5a: S imsiatsaisdragpuncior sapielans Dibration,
and is ofiiakel aake MpigiadftIeas envisualizalivrIohsRisiepa tickes, inglidapse of
articlesg% ,egorn%}(%lrﬂtn e, Emtt)os here GoldTM provides a magenta color to
P D R TP R e R T T e S
gold, foreximtpia Emtaphae6difM smaldeatinagditatcotn heatovimrddRboxgides

. mﬁfﬁgﬁ{ﬁﬂﬁ?h Qﬁ(ally spherical configuration for certain applications such
osing as various t%%rapeutic and diagnostic procedures which are not degraded

[0008] Tayreasaies By emicoraicionmambh phsivispstenmaarbe imoa potible 2
preforent@FEhENARGLAIA SameloaMN All2E L SHONSIRRL VIR 10 yisg analor
demonstrate acceptable physical and suspénsion properties. F
therapeutig gnq figencssic Wﬁqmbﬂc[@@@sifmeéi by el arisems phtticle
mammaliah BRoR A BIaRRMItIR Ve diganasiie eRdIE wztmi&aﬁ?ﬂ%pansion
.. comprises golg/ bis tprlfluoro%ﬁhow ,pg?sphazene and/or a derivative
while mtﬁé’reoclf?md monsirate acceptable physical and suspension properties.

BRIEF SUMMARY OF THE INVENTION

[0009] The disclosure inciudes a particle for use in a therapeutic and/or diagnostic 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.



[0009a] In a first aspect, there is provided a porous particle for use in a
therapeutic and/or diagnostic procedure, the porous particle comprising: a
[6002dore loom{hirsi ng ety dreng el sfaneradefr annagd menydio- Has @dipotyrgem axidvarmgent to a
locali 24 BEFRANNGGREPHSINGRAMID IR iyoroethoxy) phosphazene] or a
polyphosphazene polymer derivative thereof. wherein the number of
mEoIBRsa Rt RE ARy i sistRad aby Botpther is from 4,000 to 300.000,
and/arivwhesain the molecular weight of the polyphosphazene polymer is
0(}09f om 70.000 g/mol t%) ¢ 0.000 OOOdgémoI. 000 bgF{n a econldtaspe' t, th(tare p
[ pr&{}ia P e EamS o I?%Yﬁlmiz?]ﬁa 860 Frd% Yo 'STHESHR T, 0fan active agent Jor
oral adnanwneipcommprising onelonemeoresprovdiganticles as defined above to
occlude at least a po}rltidc}g %f(f bL ot.%vessel of the mammal. 2 100090{]) In

a 7T SEpSRIPGe X POFH QU BB ATEHE O ERORITG B e e acive

third aspect; there Is provi
agent gifelt tor gickseatifed area within a body of a mammal, comprising one or

mereperessRatisiesas defined-abouanandtanactiveasrnt; [90096] dfoshnazene

po}m‘;?ﬂéma%%’%%ﬁ@ Ot{were is provided a sustained release formulation of an

active agent for oral administration comprising a polymer capsule
wherejp G 8" Br& BREREB NPIge S a PRipbefElfErRTcRPiYENT An BoryHbobiabll) to about

300,00@0kymer and that adsorbs an active agent suitable for release; and an

Ougr a3t NG RUIPIS(E,R2 TR RSO PhoSERazeng) or ) .,
m P reny ShAvA I R Zof

about g{fHBAEEHRin the polyphosphazene polymer is from about 4.000 to
[0009@P0ufn %Oﬁfglogsp%&g/f%l\@ h?r&‘@d@&i'Q%%%'@&;W%&%B&r%ﬁﬂefor tracing the passage of a

polyphosphazene polymer is from about 70,000 g/mol to about
porouspa ’é@'@wliood vessel, comprising

one or more porous particles as defined above; and

a contrast agent.

[0009£] In a sixth aspect, there is provided a diagnostic preparation for enhancing uitrasound
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.
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[0009¢] In a fifth aspect, there is provided a diagnostic preparation for
tracing the passage of a porous particle through a blood vessel,
comprising one or more porous particles as defined above; and a contrast
[eo1agent. J0Q093hin asixdhaspectitherauitpravidecha diagnosatic pseparadioNe agent for
for enhancing ultrasound. imaging,.comprising one or, more porous )
oral SRRSO ORI SRR S RS RS0 O D RETG g Where
the polyettidcafuintmzinges payHimbritieotisshedy) aimenivmale Camiforisiderivative
th oc:(f:luding at least a portion of a blood vessel of the mammal with at least
STeOL. . - . . . . .
Oné particle, wherein the particle comprises a poly[bis(trifluoroethoxy

100} HospHasdheloaaibFthc Rt RBAISE oo ieurteravistPstel e
2 biSod Veethad PEASINENIRG ARACHRAYRREP 18; leealizet MR MMERR ARady

of a mammal comprising contacting the localized area with at least one of
map #dRESE GRFIFRSTFIP HOR fol A TRIGTORAINSKS 5 PRBR HRE A pisiidyorosthoxy)
phédfiarMal e dibe rpinadathaetiyendoebbntkehatiat, AR EHRGHME RQUR &fthe
the active agent is exposed to the localized area. 2a [0012] Also within the
B Closure is a sustained release formulation of an active agent for oral
[osadministdlitende formhtatiofechmpeeidiigaqolyintrptapadesadtedderein. The
ctive agent, wherein the polymeric capsule .c ises .
T o F R e Tar e IO S B TRAPE PR
coffhasiiggiols v (ifinerortbhe phesnatzoutbandion ity phssdgeeof tg an area of the
uRRBIEE JiRuoth s bland esseLin putiamial dag hodemprising
injecting into the bloodstfeam of a mammal at least one tracer particle,
(041 tracEPyriFaerEsinD RSHEThB B afideieine 15 FephodptaDenafalized
ard W R AResbalvethareehPashAEARY 35hAeaRE RB ttaiRgin eriawavie1odst one of

o paice, 0L, pdduignaly. 2 1eRH of SNENCE YISO, vt o

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

wherein the particle comprises an agent 10 increase density.

[6016] Further, a method for minimizing agglomeration and/or aggregation of particies

formed from acrylic-based polymers is described in which the method comprises providing
barium sulfate to the core and/or surface of the particles.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[6017]  The foregoing summary, as weﬁ 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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method comprises administering to an ultrasound subject at least one
hollow microcapsule comprising poly[bis(trifluoroethoxy) phosphazene]
and/or a derivative thereof to an area of the ultrasound subject, and
winagingdkss area of the subject using ultrasound. [0015] ThedhsEDeam@4007
also includes a method of delivering an active agent to a localized area

[0024thin tFezbAdshof atimammal doppiisiaticontalstindgitteteqaligedrateariotivas
Ie t artl I | Rolylbl ifluor

SUh leﬁ ngne 1&0% or a}%g}%\%ﬁt%’% erellg{& sgg%eﬁesa% ive mgént suc?ﬂhat

[003A] effeé’dﬁe brandnitief 1B krtvelasdst polerbosdd zentiTeftcali 1adcensrderes) as

pregiieneld the Rariale campIiEes R0.RAERLIQIRGRAREHeNAItY HOR1E Jﬁ%m 3A

urther, a method for minimizing agglomeration and/or aggregation o
shqyit AR SR BETRSFRRSCHARK polyRRSYS IslHRS SFRsEn ShRIP thisroscope

viefethod comprlses providing barium sulfate to the core and/or surface of

‘ [ﬁ’%ﬁ par Ies RIEF DES IPTIO ,%JE S VER{ﬂAL VIEWS OF T

AWINES T PR o LR SR AR A BB oA of the
invelataitddaied oviftibmvofetireuiime@tio it het Héle mugditistdod $@MEN read

{ﬁdt e?onl%ﬂgt'%%&‘%@ge ?@Qﬁ?&g%?e &@%mg %%B(;‘[B?oe%é’ "&‘t'St ac‘}tsl,p ene

invention, there are shown in the drawin ments t

migrRsshemy- prédetrets wm&b@mﬁ@ﬁ%éﬁ aw%ﬁetmrmqm@mﬁusméﬁ isa

scaRQidIRItRE LA therddasisthAFADIRMants AnEhinaHuIR RIS AR .
[00181 In the drawings; 100191 Fig. 1 shows a schematic representation

m‘W?@%ﬁd%WﬁBﬂ%heme used to prepare particles according to

[o0aae empigdinieint of ﬂmﬁmmﬁtm&@ﬂﬁfﬂé&hﬁﬁn embodiment of the invention
PCT/g.lBZ 05/00400 aLQOZ(‘),L andsgli tshe manual dr )ping technique
Rich the porK/mer solution was sué‘plled% Iquﬁ% nitrogen in
E%ﬂﬁparaﬁl@n dithemrcrospiteiesat Eampleraiusdre e 0024drbegth8Rraeding of

ml&@ﬁ&@@%@gﬁgqg palyphosphazene particles (microspheres) as

prépared by one embodiment of the ¢ ‘%/oextractlon method as described

[00R6tein. Fiefiné an! 5R1Bovs 20 PebiptichP Fricroast peatipvp by Fifegeef the Sample
C BNoWRRIO0NSGERIN NG 1IR/8een/ MISI8860R y cle and at a 50.00K3 magnification of

the film thickness of microparticles formed in accordance with Sample C of Example 12 used
in the evaluation of Example 14, respectively,;

{0027} Figs. 10A, 10B, 10C and 10D are SEMs of microparticles made in 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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view; [0022] Fig. 4 shows a particle (microsphere) formed according to
one embodiment of the invention loaded with bovine insulin (20% (wt/wt))
at | OOx magnification SEM; [0023] Fig. 5A and Fig. 5B show the surface

waphelegy of unloaded polyphosphazene 10 microspheresotig A isa6,
image obtained using an atomic force microscope and Fig. 5B is a

scanning eIectroDEﬁi‘_&Ea@EaﬁlESMﬁ@@hmﬁmmﬁ&mqm@adgd
o8YPhasRAzens. mickesphals. 090 magnilication (00241 Fios. 6 and
how a cryoextiraction s tup or use In"‘an embodimen O? ﬂ%e invention
pomﬁtmﬁmpﬁhgmmy@ﬁmﬁ&ﬁmrm&ﬁg&w@é syrrjepuriprdst
praf P2l Gig: S8 GeCrogsanacinnakueynaf AR AP Q&ra{&%%gﬁﬁ%wm diagnostic

microcatheter testing of microparticles in Example 14 herein; [0026] Elgs

meg R AIO Br oW e SRt RO RIS AtESFBRCd e BUTelvE BE fRgthods of
emS@mah@ncasmgeﬂ@@ﬁﬁf 'm%s,jﬁftrﬁﬁ%ﬁ»ﬂ@ém@padk m&mﬁgémﬂﬁﬁﬁg:ﬁaaﬁﬁkﬁéie

.a 50.00KX.magnification of .the film thickness of microparticles formed. in
(A Cb e S i S ESA e 0 G BB s
thrégintipldddy, veisgabtivetic[8027d rkigmds GAnORIhBGand (O @mphy) using

theS la%f microparticles made in accordance with Sample C of Example

ip used in the evaluation of Example 14 after passing through a catheter
100380 win g brariaeladeshrin 64s(FIGS, TR KB vy @ ataiorsfor oral
adiAGRIicAloR and AR KX IRenifisation:thig. | OD) 29822 [00%8kEgs.

1A, 11B, I IC and 11 D are SEMs of micrgparticles formed in accordance
easRHTS S &Y€\t YU SIS REN RBT HASHES RESHhES i Rhaihsstained release
drigigelivArisfenbQi%tisaapai ieatio mpkamitefuamenntofdatarmnation fortheatized

deﬁgongfwhigetg%ntrag{[ portion. Fig. | 1 B is a 200X magnification of the
mlé?opaarrtlicf;es o?%elg.'l IA. Figs. 1 IC and | ID are, respectively, 200X and

[00BIDKX rathghifiediSEMs ofmtivettiSamaptef@mikropanitibs isheviog willye at least
ongyﬁ%%l%%%gﬁjiﬁeé %491120%{'%1@1?&d9‘9%%0g§&9é ggxzam mean a substantially
spherical or ellipsoid article(s), hollow or solid, that may have any diameter suitable for use in
the specific methods and applications described below, including a microsphere(s) and a
nanosphere(s), beads and other bodies of & similar nature known in the art,
[6632] The preferred particles of the invention according to one embodiment described
herein are composed, m whole or in part, the specific polyphosphazene polymer known as
polybis(triflnoroethoxy) phosphazene] or a derivative of poly[bis(irifiuoroethoxy)
phosphazene]. Use of this specific poiymer provides particles that are at least in part inorganic
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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DETAILED DESCRIPTION OF THE INVENTION [00291 Described herein
are particles that may be manufactured using poly [bis(trifluoroethoxy)
phosphazene] and/or derivatives thereof, as well as methods of preparing
wsughepantistes. Additionally, described herein are therapeutieEmdim0es/ 004667
diagnostic 5 methods and procedures which use the particles as
facifjsse fibeidaperainciindiption chemoie shempiiamaensily treqpakeasiésyhen
fordRRHAdls AR ARliNRIY-0f ARACHYAAGR] USING 18 RRFIRIG AR IDREQIAHY, Otallergic

locally), methods of tracing or visualizing blood or other biological fluids
shogkyo BRfh HHET SEUS tRTRRT RS P e HRRE Wb M BraNRakde biadamidghat
the (RO APME singothapaititlescibiR0ddAls0 inciydegaEes1HGoIRRG the
release dryg delivery formulations for. oral administration including the .
on S AT AR B PP A BT B4 RS 1 S i sions
whaystens deglioiasystenidaetiveby dfegrobotiseatentaascivethapradustatiwded from

rel . K ivery formulatiq ! nj c isI r
e e R e
triflypaesBusch ovhisds RS aERI YIS IHOMS SRR antonlamzereasonses

wh@g Baticle a8, deserigs,hrtgin. "Particle” and "particles” as used herein
mean a substantially spherical or ellipsoid article(s), hollow or solid, that

e B e e e R R Lt
pol@pplicaipasieseribed betovphineludingalmiciasp Hese(s) anehad to further hersin

nanosphere(s). beads.and.other bodies,of a.similat,natyre known in the
o5 R BN LRRTE 6 (R D BELoh AR ane
poiginbedfinent theseiipeespherain] axdyoumposeds i whseoiig pangitives represented
by @@Qﬂﬁﬁ%@ﬂg@g%ﬁpp _polymer knoyvn as poly _[bis(trifluoroethoxy)

phosphazene] or a derivative of poly [bis(trifluorottlioxy) phosphazene].

Use of this s ecifi@.bolymer [R”ovides pﬁaticles that are at least in part

inorganic in that they include an inorganic polymer backbone and which

are also bigcﬁmp fibie in that 25 whenlintroduced into a mamma}

(including hu{nan andanimars), they do ot Sgnificantly induce a

response of the specific or npn-specificiimmune systems. The scope of
the invention-alsqincludes e use(s) gffsuch paﬂtié!es as controlled drug
delivery vehicles or tracer particles

wherein R1 t0 R6 are all trifluoroethoxy (OCH2CF3} groups and n may vary from at least about

100 to larger molecular weight lengths, preferably n is 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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for the visualization of blood vessels and other organs. [00331 The

particles are useful in a variety of therapeutic and/or diagnostic

procedures in 30 part because they can be prepared in sizes large
wennughutesscclude a blood vessel as well as small enough tgeasibypasss:

through the smaller vessels, e.g., visualization or drug delivery purposes.

3,3Additiopallysawinaddbmbiesompativie oa £-olyanes, the
’ particles 5 WO 2006/046155 PCT/I&OS/%%%ag?ﬁté%%Ooidance or

o e T 2 s bty g e e gacrs,
3971 allerg) " and.oth j | vatom.
2 T AR Bl SR e MR I

reduced biodegradation in vivo,ghereby increasing the 5 long-term
emQdIRRE LI DEHAE RS the'BibloBiREI M GRFIEFRORIGFEwWE bR tptiEe

ituations wher degradation is undergone by the polymer.in.the
o T e R SN R R D oo

s'ucH@gl@@%@mﬁg@@g‘%@f{@@gs@@ggygﬂﬂg}m@ﬁgﬂgﬂ;riﬂuoroethanol,

which, advantageously, is known to promote anti-inflammatory responses
[609Fen ifr comtefetradtthandmmalkani disseighl 6 B0 b Frach:ofdhepastiel @siparticies
£ HEINERLRIS Jormed gp & S :
o BEIRUETUBNE B A LR DO AT o, g«

molgaiEr EL I TOFtHde3E PSIRRLAS B armpbiyiis rifferaidie tidsas about 1,000,000
g/mRNesRRATENEe PrtBIhFE tholdBIR 6B HRd LAY IRISBHILOIPSRINM 1o about

phpsphazene] polymer Is made up of repeating monomers represented

2000 BERIriRA! @S SRS IIRIE R RPE (RO ECARA RGOl idfai ARPH
10,006,00¢ giiisifluoroethoxy (OCH2CF3) groups and n may vary from at least
oodfos 80 btee, elerysanLiongls RElsblp bR 4000
depeadstgorefdrabiy spidialtout it3v000 tbeaipottie is to be used. The diameter of such
particles is preferably about 1 to about 5,000 pm, with a diameter of about 1 to about 1,000 um
being most preferred. Other common sizes include diameters of about 200 to about 500 pum,
about 1 to about 200 pum and greater than about 500 pum, however, it should be undersiood
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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20 30,000. Alternatively, one may use derivatives of this polymer in the
preparation of the particles of the invention. By "derivatives," it is meant
polymers made up of monomers having the structure of formula (I) but
wvharetesissor more of the R1 -R6 functional groups or backbonas ziemgs)er
is substituted by a different atom(s) or functional group(s), but where the
It ipitso githin ithersoess bl éopejrorcihi Wolusnast allphatciieds Bxiethpiary could

be é%%ﬂ@égﬂﬁﬁg@%pﬁ%ﬁg c(&@&k!m&n%e particles in ranges from 500
2,3,3,3-pentafluoropropyloxy (OCH2CF2CF3), 2,2,2;2' 2", 2"-

o Réxsftoroisopropyloxy (OCH(CF3)2), 2,2,3,3,4,4,4-heptafiuorobutyloxy
90PICH2€ R ahiler 3oy GIVY Q1006 4346 265, RIaAIBRRRB/RBA0S 1o enhance, alter or

oth%%%%x}?%?&%% g%%?%%ﬁgg%%gﬁgggglox éggyrzégrlizg)gg plzrg;:))émtion or in its
the2ii3i8 shdidhreXaghvuorahbrsy|doy ¢QEHRCEACHFREHI KU 3s peptides, proteins, |

44556.67.7 - | ct (QGH2(: YZCHFE2). Further, i I
e B I B s Ll o orsnc
or inpBERISCtARIZA SRSt S aRerTkh tcha@aTBghro e rIans Kk as ibmiasly other

05 PRBERNSPOlYRE e CINding 9rolRs saUC iR @EHEC MBI, chit
Sug%%igg%@HZCH:% 2 ofgallylphe,noxy grousps. [(130351%}'3 preferr%d ?haﬁﬁré

i
elumpe R WeipRietHE Bpaifitsed to prepare the particles of the
[seBRIENti QRIS IR0 € duinedy gighinbaseRkp thihaiabalefsmifiacatonore

referably, a, molecular weight of at least abgut 70,000 g/mal, mor
P BTGB 0 A SO TS0, OO S O R SIS craRigh P olyimes
mrdolémﬂﬂa:@yékghﬁw@i}lmﬁ(ﬁgwjtca@%mdﬁﬁo;giéﬂu&pﬂﬂxdi@ﬁe@]pwycarbonates,
pol &t L& Egyr%ﬁa?zﬁﬁ&é%! ESRVIRGMIRRHARNGIgNI3 oF al least about

,000,000 g/miol. [00361 The diameter of a particlé formed according to

polisEapRASHtiorT WARH sebssaiiRpeary ters pehdiisg oRctidearndy appiriati siridene-vinyl
aceWhich-He/RRrticie s depbeusecihadirpatarnal Fuphla Rarieles iferadable or

preferably about i to about 5,000 m, with a diameter of about | to about

DO A A OS5 e R P T B e PUSHN ST S RRCKYEY biforadEr 8y (vinyl
imidheus)200 doalipht 00 puivehdik) dedalepiiROenn it g @ai erdh arabotife the
h%wea/g) it sh%uld E’ n &E;bsd Sdischosure that

s b A e B T R R AR R S ccapping
the additionai compounds in the matrix of an aiready formed particie or by adding the
additional compound to a polymer melt or to a polvmer solvent in the preparation of the particle
such as described herein.
10639] ‘The loaded or unloaded particle may be coated with an additional polymer layer or
layers, including polymers such as those mentioned hereinabove. Further, PTFEP or its
derivatives may be used to form such a coating on a particle formed of other suitable polymers
or copolymers known or to be developed in the art that are used to form particles 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).
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the broader range of from about I to about 5,000 m are within the scope of
this disclosure. In 20 methods using the particle where more than one
particle is preferred it is not necessary that all particles be of the same
wadiametas sk shape. However, in accordance with the inventienrpgeaiseiyoo?
calibrated particles may be prepared having exemplary ranges as follows:
(00200 pmitBgme25ehpren nBY parpr2Barkd(hy mary- 158ams ﬁﬁavgnﬁzﬁﬁﬁmt (fe0iJanitable

for 2 ?89&&50@ T %&%ﬁ(gﬁ@%&&ﬁ%ﬁ%ﬂ%@! %%Z%S 8IS

within the scope of the inventionthat various ranges s e hoted

progpiive %@arélrtgetcméﬁar%@mbmm Pdmréﬁa%@@ﬁ’pﬁdawgd Ryrmixing one
or RYABBISmRALHAIESHS) FAAGRS FIaMIDA0E0 »/8Q: P I0R3ZL T e P allieSmer is

. may also include other compounds which function to enhance, alter or 5
Isﬁ’t‘r’(é wise modify the behavior of the polymer or particle either during its
[oogRe pardtinnide plitsnihfrape dl chandipiraingndste psenfepEdxatapiiRlude any in
%t% ents f‘tﬁ%ﬁ?&ﬁgngs géip %}ems egg{ on C&F?Oh%d{gg&s mc:lude
oI satthandes, nudleic acid S, Vi amlns sfer0| BN organic
mthmﬁgamta.mbg sthvhy Ihrepmbobpbﬂate@mle the'jsastidke a@tmmeneshs&@kwasme,

mefiS oy R SHOBR-BoAIGDG ghviol:slusase anduaays salts

|nclud|ng for example, chitdsan 10?%\(;1tamate may be included in the

dingsitaRstHODAB POSHRINIB I e RSP ererbinations thereof.
rsonpgly [bisttifsoresthexyiophesaiazen 915@13@!/&5&5&@,@@;%@@&%@ na

oM ricle Coompls o BT RICHCE. v
abquolyearbtifates weghtahidesnaol yairydiivlesrspedyimine:deists;e, may be present in
the%SE{%l‘ ELEISsdR Xg&?o %JQSQP'})!%Y@%%% Lylates, and ONVISNRANGS other

er po mers Include polyacrylates, ethylene-viny
form, if one w;shes to include such polymers i the ﬁnal particle.
[6044] In carrying out the process, the polymer solution is next dispensed, preferably in the
form of drops or an aerosol, info a vessel containing a non-solvent. By “non-solvent” it is
meant any organic or inorganic solvents that do not substantially dissolve the PTFEP polymer
and which have a melting point that is lower relative {0 the melting point of the solvent in
which the polymer is dissolved (*polymer solvent™), so that the non-solvent thaws before the
solvent thaws in the course of the incubation step. Preferably, this difference between the
melting point of the non-soivent and the polymer solvent is about 10° C, more preferably about
15° C, and most prefcr&bly, greater than about 20° C. Under certain conditions it has been
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
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acetate co-polymers, acyl substituted cellulose acetates and derivatives
thereof, degradable or non-degradable polyurethanes, polystyrenes,
polyvinylchloride, polyvinyl fluoride, poly(vinyl imidazole),
wehtoseskdphronated polyolefins, and polyethylene oxide. Onectr@yszo05/004067
incorporate the selected compounds by any means known in the art,
dropheiuditigidiffl simbthin sgreng hecentaipping c20dhedddifingab edragetstisuir:
matri : ' J e additional
P B e SoL pie Sh e o

incypeliparf CRMBIFHT B Has of Bed piétedh $906G39] Thenasl duhiohe pldzmietc droplets

retaRREticIS AN D pRARS Wit amadd HiRNALPAYFRGIIANE TRy lA%S Be in a frozen or
including p%zmers such as those mentioned hereinabove, Further,

subgantigly §F e SRR RS T B S o0 TOPPE b aliPj g, the mon-
solyeartiepteamedolathe bsiatie ipakyngersinos CHRGHMASHKNYROE (R B8raction
developed in the art that are used to form particles as described herein.
prO‘f-';?'é’l‘erably, when coating a particle such as a microparticle, PTFEP is
[004gipliedhastavaoiatiig. dn 2 trorenpelriabie ) (forprdvnodr anlagoyliddiaesdre shown

bei&oeky S8 SHffarh, J&'ﬁ&@&%@gr Relow.,30 ég%&leggﬁg%?oaa[?%%layer of

beneficial, for example,’if the particle(s) are to be used in a sustain

liquid |aisager iR AHFRRTRIRNEH ISt GE IRVER: fstTiomdarr contisineahtimgeincted

nonisbie-Radiclasvareda e inadedt M%k@aﬁ@i@@ﬁ@%ﬂ%&r?ﬁﬂtfﬁﬁeﬁ%%mer solution
on-bjodegradable coating), 8 WO 200@/046155 PCTIIB2005/004007
dm%&s%u OHTer U HBYES ot HeRETaISHrad 7 dhy TREMHKHBRATAPHE tthe
dispth&ﬁlig' Sﬂit.ﬁhzlelyiﬁéztbﬂlmemamgr&ssf:!ﬂabﬁ&léﬁx}@htﬁmiﬁ@ onset of the dewing of the
froz%gl L%IS{) nglzﬁog S %)c%)ﬂ? higrgg)el’]nazqng]]érw (%or%fé%g%q rsem%c':_(:%g I\rf]&s}eﬂ %%e}ed {c)
smbodiment herein & poefymer SBILtion" is prepared by mixing one " or
showrolle puigensesoinensyaredfive RPPERanY trracdiayiv afivecteroofwintibin the

polRRRMIEGT I8 Igéésiﬁé%gte@&ﬂﬁn%ﬁg?gﬂesﬁwéﬁpﬁ‘frﬁ_tbﬁéﬁ de‘ilQl%d of a substantial

preparation of the polymer solution include any in which the polymer
amqupE politator RS HERVALGES S BoIBRECEREMsIISIIvanE, mbraddaving 2
hard¥HBObERMERLION etk be BEOPYY (i tyire ReRMby OBB/IRELIAIAGRIBNEKithin the
vessnglexghs)ﬂgigg lalfee gcnc%’ due to some evaporation of the non-solvent. The size of the beads
will shrink quite substantially during this process depending on the initial concentration of the
polymer in the polymer solution.
[0047] In one embodiment of a method of preparing a PTFEP-containing particle(s)
according to the invention, such particles can be formed using any way known or o be
developed in the art. Two exemplary 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,
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methylpropylketone, methylisobutylketone, tetrahydrofurane,
cyclohexanone, 10 dimethylacetamide, acetonitrile, dimethyl ether,
hexafluorobenzene or combinations thereof. [0043] The polymer solution

wepniainsstae PTFEP and/or its derivative polymer in a concepifatiaalsane7
about 1 % by weight of polymer to 20% by weight of polymer, preferably

[0048but 535 teodGyinbyhiveigiv aif pobymseonOitier popmerstiakdisausseédlow or
subREAUEN MAYI RS sSRtine 4P SRIMTION: QL Ay He &qgggoﬁ%aeff% 5€ ad i

the form of a second solution powder or other 15 form, it one wishes to
carfie gite BiRp oIy aieT3HRI YRS finelcy artiderine afinl cirepinfioviion, porous
heddEOGBESsiile polymer solution is next dispensed, preferably in the form of
rops ar an aerosol, into a vessel containing a non-solvent. B

d ¥ A : . y MV £1]
100410 n-sJibERATHEISS AR ATAOR S OO PIRRITG A CASS 18R Gepifat d OMitsFospheres
maﬁrl]bbsiﬂiaﬁaw i;ﬁ&ﬁiﬂeiiﬁ@ﬁkﬂ"ﬁl-’:j&ﬁmblmm aﬁﬁd w@@mba&&@@g@éﬁh@eﬁﬁmt

that is lower relative ta the melting point of the solvent,j which the
P e SN S D R el USS0
ulitsefoientrzis chrdrviiabls frothd eutlrskic theintobadtidosépe WP isfdrdbly,A. and

LedRiS @Hﬁ)ﬁ%ﬁ%@@&%&% .eﬂi&l@cpgﬁﬁatzmﬁa? %@'&Q&é"iﬁg& %%ﬁ%%rgfing the

polymer solvent is about 10 C, more preferably about 15 C, and m
dropletfefin i FriatelVBRa PRI BIRe 2 e C8 R dopriifsming Hagtsedriorsover,

as WQUBd thahihe stheciiakiniegrhhebieesHiapiRaliclamayeenbanced or
ggh?% ifference of 25 thenmeltlfn pomtzof the polymer solvent and of the
ORI BIERTIE GrE IR 8! & MY TR IPHOMRIAHT Bodyie In the polymer

solmbmsolvend ipoininenreraly siilithd lowern then hbépbtthdi pedymer solvent.
[0okR45] The, ARERRNE g&é@ga{n@%ﬁ%ﬂﬁmﬁ%?c lination '%g%%%%%dpt%@es can
approximately 1 to ays or until the p% ymer solvent has beéen

inchsmpRtefiprernoisd Msfarthe arthsest Wilanotica®isking torbéyoumith 2
shelYot1e0ryp it e dypathesizad thauning i Inchibation e non i%z%}’&%ﬁ specific

functions to extract the polymer solvent from the microscopic polymer
AR ARG BB ASESARENPTRG (aitRIeR edip fon AR IRl 486 RIm iR a4t Eg g lymer based
polgakedwAs RTEHIRGHbA e ABSDHRAS 3RSVt RIMRR DR/ HB10R8! shape,

neSTAPRO0EI004007, ropleteul stk and g solvet becomes fgher
polymers may be formed using any acceptable technigue known in the art, such as that
described in B. Thanoo ¢t al., “Preparation of Hydroge! Beads from Crosslinked Poly(Methyl
Methacrylate) Microspheres by Alkaline Hydrolysis,” I. Appl. P. Sci., Vol. 38, 1153-1161
(1990), incorporated herein by reference with respect thereto. Such acrylic-based polymers are
preferably formed by polymerizing unhydroiyzed precursors, including, without limitation,
methyl acrylate (MA), methyl methacrylate (MMA), ethylmethacrylate (EMA), hexamethy!
(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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polymeric shell containing a gelled polymer core, and finally, after
completion of the incubation, a complete removal of the residual solvent.
To ensure that the polymeric droplets retain a substantially spherical

wehapedwiiag the incubation period, they must be in a frozenf /B 1603/004007
substantially gelled state during most if not all of the incubation period.

[605Therefaegedioynonr-coalvyeapdBnper ateformey istaysbelavs: the yneling otk may

oo of 05 Slent cuting e crycextraction, procees, [00461 As shown I Fig,,
TStihe vesseriabated (a), polymar sofition dropiete Bre SRoGn bémg
substiispaihsepheite pavithles sydhge 0F othér dmucélanacontrSispkratenonto a

poly}g%%ﬁfn%ségs ! .iﬂ Wik plly ?gﬁﬁie—g @%{HF&Q@} é@é% roiﬁaﬁi%u?g%qoogﬁc[f I%qucrons.

ayer consisting of the selected non-solvent, which will eventually serve to
[0€52}tracbusBeBoiRie REKYBISTIERE FROREN RoRASRPE HIlH Gribeirap| ciiatpre which may be

solubPReaalaRtdayarbas BReO REeMVS Y isaseR WitAslq wg ARTOHBRRIOrPus: in
the dis e.nsing of the,polyr%%r solution. The vessel labeled (b) shows the

the TR B RS SR B IR RS R AN BRI int B TR fFoPepier similar
peroply+hesid i?l-ilitipﬂﬁitsl‘wﬂhsi ok td"bed@sﬁ&idﬁbeﬂbﬂ ec) \iﬁl&h@\ﬂ@iﬁ@r@f@n&d initiator
being FORMH SeHIIRN OPEedif'[iﬁm fter, apor %E?a%%'%& rec days of b’%%%%%%‘ﬁ.’i to about §
eremn tne polymer solution droplets, incuba eﬁ Wlﬁﬁln e non-so ven?,
perchpivey esaphtibpleden Sfeavsidistantial mamouet ofosewsitrabhcehostilt.fsta about 1

percgﬁz]el wRNRELE RACIG LIS FArILR)A-head Daving A.Dardensd BHIgl oo.

. As can be seen by the representation, the non-solvent height within
mongfaen s SEeferaed iRty shiverdng b Brenie aohpeatdw b e emrisbRet:
mongﬁﬁrﬁai%_ﬁ @&M@f@@p&ﬁlﬁxmmrﬁi&%w : l%@lkyg-,auﬁ @gsymngl' r966RSmerized

depenaing o the Initial concentration of the po erint ymer
Partigh i 60 T BRI B CREST A HTRE R P GHINGp pime hacrylaie
(EGPVHE Rictntmingypalr ictetspeadear iy 30 khe)iovetiopredirebl partethasene glycol
: r ing any, r loped in rt. Two
i e R QLD 8, SR OB D
suitable Nohrsbivestizasidieipin tthes{e soshimpiebmuthodio i oeiisand embodiment
hereflE36HBAAAROYR d5.CARET 1061058 4R:HS (LRCAINLLAIM AIRMS HREFND. for the

point prior to the addition of the polymer solution such that the polymer
partigilps| B LB B JRAEBRtact with the pre-cooled non-solvent; or (ii) the

[00530lymen¢ rapteis pradrezaniyiteniadtingithex) iihsslifuaiedigassaths well
as nigro%gn which g . . o
as a compiexing agent, and an optional buffer is necessary. Surfactants/dispersants shouid be
compatibie with the monomers used herein, including Cyanamer® 370M, polyacrylic acid and
partially hydrolyzed polyvinyi alcoho!l surfactants such as 4/88, 26/88, 40/88. A dispersant
should be present in an amount of about 0.1 to about 5 percent by weight based on the amount
of water in the dispersion, more preferably about (.2 to about 1 percent by weight based on the
amount of water in the dispersion. An optional buffer solution may be used if needed to

maintain adequate pH. A preferred buffer solution includes sodium phosphates
(NapHPO4/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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placed over a bed of pre-frozen non-solvent (see, Fig. 2). In method (ii),
after the nitrogen 30 evaporates, the non-solvent slowly thaws and the
microspheres in their frozen state will sink into the liquid, cold non-solvent

wyhesedhaextraction process (removal of the polymer solveatruiidagsoso7
carried out. 10 WO 2006/046155 PCT/IB2005/004007 [00481 By

{Oeﬁd@difyfﬁ@smrgmnﬂnailopmmM@memb@argrﬁaeﬁcte&dhm;erhﬁhde from
abofi 6B4RS[AY Eﬁlﬁ%éég‘a't?%% é’t‘?&%‘(’}% e%&i%é%@“@d‘éuéfogl%ﬂ&}{%h&f Wiring at rates

solvent from ead is carried out quickly, e.g., by applying a vacuu

of i@liring WMerinas srelgaet ipeasttisioperbos BEhdaweiFsesaepl DI erger sized
parfid1EsRAiIRIeSOf e éag@;ﬁ'giea saRike preparaskigsany size desired,
€ ODla

"Microspheres" may be ined by nebulizing the polymer solution into a
[0058ly meP A S M R e T ThBUR SIRP BT EtFadEmiETHS 2z 8y SlrcPrefEraly
subfX8s PHehRdSanSitalo BTNONE QrpR Alof theehie td SROinkliasgnis: NP 2Bt @ahmolar

available fram Sonol.tek] Corpgrati iltqn, New Yark, U.S.A. and i
e B R NICT L ORe DY o B Beaas b B i i viged in o
congispeisingfthietOl e gl etaasstortiiey domido b sotutiginaatiritha syvingeiothen
neafBBFCeRoRING, device. doraayefo. aeswil e Lnawryig,a PRisaRALSKlo

_In‘the art, the size of the particle may also be altered or modi y _
MINHBISISEHTE B1OHEE BRPRS Ik ia OIS EEA R dps T B iy picrdretsam hydroxide

be RRPELSAYILIRR RS arbigRansRPeeniiaiopilkieR0: I ARNINGIEASBE of PMMA,

sphere diameter. [00501 In an alternative embodiment of the particles .
O BRI ERalH ,Jtﬁﬁ’lﬁéﬁfé':?é§‘?§&ﬁssl§ e Y LRI RFEPE R g oncentration of
aboptaferes p@tﬁh&ﬁg@rm}amaﬁ re;{_ih@ip@iygt}ebms camqi’ymawmsad,sdaﬁl kedre
preg;ra%F Pabsllﬁczhzt%glg Sout a9 r&v‘;gﬁ & %eafeerrsr‘.c%g yhgrrllef:%l%iﬁg e 8 ngr that heating
Impr vecf’spem iC_ gravity for USE In a suspension-of contrast media for
congitibudizhlighe T poaflicpoignierises cud pobpmersvelTRTREPIsks| | Reaction

tim%?&%@ﬁ%%ﬁh@é&i&‘eBQQXig &M&@mﬂ@mg@?a%&%{%ﬁ&c?& example,

flexibility and compressibility, improved specific gravity properties. The
the EapinHENHHEPITIE B 1O PRI HIRT I BIRY eEHIRBIE tedh ArtiaepGHiRy and
desife a1l PUEH: asathak-desasiiedan-Bodlhanee edialionRHORRI8HABARY: for about

7.5 %ygc?%eé.? gg‘gr%;f%gr i%%?esrg% eagol?ig % —EeSt? );{alm, about 9.5 {0 about 10.5 hours; for
diameters of about 355-400 pum, about 11.5 1o about 12.5 hours; and for about 400-455 pum,
about 13.5 to about 14.5 hours, etc. The particle size can be adjusted using variations in the
polymerization process, for example, by varying the stirring speed and the ratic of the monomer
to the aquéous phase. Further, smaller sizes can be achieved by increasing surfactant/dispersant
ratio.

[0056] Following hydrolysis, particles are separated from the reaction mixture and their pH
may be adjusted to any range as suited for further processing steps or intended uses. The pH of
the particie core may be adjusted in from about 1.0 to about 9.4, preferably about 7.4 if
intended for a physiological application. Since size, swelling ratio and elasticity of the
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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Methacrylate) Microspheres by Alkaline Hydrolysis," J. Appl. P. Sci., Vol.
38, 1153-1161 (1990), incorporated herein by reference with respect
thereto. Such acrylic-based polymers are preferably formed by

wpohttesizizg unhydrolyzed precursors, including, without linntatigpy@meso07
methyl acrylate (MA), methyl methacrylate (MMA), ethylmethacrylate
parti¢kEMAgfdhreblaroatind ufbiiy MA andydrxiyes ipyboasinachydaie (k) pendat a
derivatives. variantsar.copolymers of sych aerylic acid derivatives. Most
o e s enen et M B B e e in o

{005y drafetnor pes ez shnitee Miopdrosely topryEophilolyiressiaraticles, in order
1o proleie TRl GRS linked in erpiesde proyide suitahle AyaogelBEePeH

_and structure, such as enhanced non 30 biodegradability, andto help
subjeeipdi fotHERHISEh RAE 2RISR P P SRATERISUE R ENN S Y dsRting
ma%ﬁme ﬂlﬁﬁ‘l Wate rpcﬂlﬂna&&%@o&@&ﬁ? @@%5%@5[&?820%&%%@1%&1@1@@5&%& in

Preferably, the core orepolymers are formed hy dispersion p rization
s RGRPHIE F e GRS o S SA i o O DR
reactalyhgsipayaretesuiisc acis gostantiatly sphehbatgparticleSwiakousdMnmmelude,

to abaut 10.microns. sion . pal rizatl ts in, similar.
B R A e oad g e

prefegaldp srmsionr by dorzmatnd AeRpYe sAMcARHIRIOT e thstohal ok avsiacs Figgiment
also g}é%i?& Solbilized iy the RaueoHsRHIYR Breferahly-Menomer RNas erred
ul

table initiators for use in the monomer phase composition include .
surfase RESYRBRF IR DNBy HAPEKIHE GHEMER SiHihrepRRaRIquLh fuapy! chioride
folldREiBEerARRWRY AL e e drvelaned.ittheiasty Vb didnastpredarcedd by

initiator. being Jauroyl peroxide. The.initiajor is preferably.present in a
o o R s GRS i Jeh e A
triflupkththamain Giner tremnepieder albfeabd (B otabo ard topsr ceme bynwisiytiey
mini%?@%?'&éﬁ?n%ﬁm &fatlagaml%nomer. As noted above, a cross-linking co-

monomer is preferred for use in forming the hydrated polymer. Suitable

[0058F0ssfulirmgtivslsraanast FRIPEEE vith TNE eetfibapadetpinegpreated with 2
surfANIORQM S d/serh HkRICRa! g P olyimerized vRate o) Falei REWR8que and aids
. ,varipus glycol-based materials such as ethylene glycc/g dimethacdr)ﬁ%{g_ 15,
i ViEERSENIR) a1 BE S SRR B RHery el (BECTMAT SRS [odzaton
proppréfecakiy, jsieltiylenehglyedt reduces agglomeration especially during drying and
allows for fluid bed coating of the PMA particles with an outer coating of PTFEP, thereby
providing improved adhesion between a PTFEP outer core and a polymeric acrylate core
particles. By allowing fluidization even when the core particles are swollen, bartum sulfate
also improves the overall coating and adhesion properties. By enabling the coating of the core
particles even in a swollen state with PTFEP, barium suifate aiso reduces the potential tendency
of the PTFEP shelis to crack or rupture in comparison with coating the particles in a dry state
and then later exposing the particies to a suspension in which the core particies swell and exert
force on the shell of PTFEP. A coating of barium sulfate on the core particles is preferably
applied by adhesion of the 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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dimethacrylate (TEGMDA). A chain transfer agent may also be provided if
desired, Any suitable MA polymerization chain transfer agent may be
used. In the preferred embodiment herein, dodecylmercaptane may be
wdsRgsasaehain transfer agent in amounts acceptable for the-pasbisislagaoo
polymerization reaction. 20 [0053] The aqueous phase composition
[005p] eferBBhuinchifes aystaifaatbatidispér darichstovdit Bisia samgiexing be
ent.and. tional buffer isnacesgary. s fgg}ﬁnt dispersants should .
cova&% 2§m§§§| %?v%fthﬁl e moflgmers used ergllir%, INnC ﬁ%?érﬁgsgr%ﬁ%mme%&)m cient
amowyeNRpEIiacsinoceriHealg noemtdes e oty pulyizkey| Bicowd| help to
effeHERGIANS HARAS AR 28(88AUBR-ALNMEARESIOUI RS BreReRii T ies.

an amount of about 0.1 to about 5 percent by weight based on the amount
Exerypiay AT HavdfsrersisneRyt PEBRI MO B idRREbIe Dissfcedhesion
pronkyeveeight based on the amount of water in the dispersion. An optional
ffer salution may be used if needed.to maintain adequate pH. A
0060 oAt BERT SEIENTS TS CoEN ROGB A op et e s noted
heremammmm¢ﬁmgdtablemmgéeidm@@@ﬁiﬂbiﬁwwm@ldﬁaﬁjmicles.
ExcdBRPGSUC AC B IH AW NDION NALDB A0 A9 1N AUSOURRIARE IR Fnown

concentration’of from about 10 tc t 40 ppm EDTA, and. more ,
or tofheferalipeddButo roulbit B8 fibie hodvprderroehtiratcrpaite ofqueviding
accePEBRQSAMROSIIER IS, FNMAN e Wate ia Ad DRROW Jid 10 aboist iy

12 WO 2006/046155 PCT/IB2005/004007 [0054] The polymerization
P e AP PRSP S RO T AR st TS RARBI S OprAEI frehtesperRipaptures.
Whefsdobahiont 06Eewiibradimeatoigelation fifahedtons @ syeshppiEn StitHAGmakes

at.rates .0f 100 to m is preferred for particle formation, with. lower .
toe R T e S i
the Mal@mé@e@@an@@e@ﬁ%@?&i@nﬁ&@ﬂ%ma&%@sﬁm as _
ositicropartisles sanadormed. dhay ate praferably subiected Eﬂe%gér%%l%fprocess

conditions typical of those in the art, including use of about 1-10 mol
for ferpiags 6PIsISKIERh I ENSKitE BER MBIt PRI ES skl oo iasdrrinvatives. Any

suitaPYIERide psopeeyideddn @e@%@@ﬁu@tmﬁﬁdﬁga&@%‘@ﬁwﬂgymg
at

hydroxjde in ethylepe glycol, The solution is then heated preferably. .
ot U o REOTF L S0 T 1 SERENER RO RGPl s o

which the particles pass through an air stream and are coated through spraying while they spin

within the air stream. The PTFEP or derivative polymer is provided in dilute solution for
spraying to avoid clogging of the nozzle.

[6062] Exemplary solvents for use in such solutions include ethyl acetate, acetone,
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.
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10 minimize reactant amounts and cost, it is preferred that lesser amounts
of potassium hydroxide be used which are less than about 5 molar
excess of potassium hydroxide per mole of PMMA, more preferably about

wo lanexgess or less. For such hydrolytic reactions, a congglligdiRBdkos
about 10-15% potassium hydroxide in ethylene glycol is also preferably

{00613§Ed Angraesipaietally, ahosiridde tanakoued eyl heduadessteeehpeutic

y one skilled in 15 condltlo mperatures,

at hi
apph e DL 415 RE A ISR O TR, IEHCHO Y AL iy Bcles
mammler;i epmmn@mhmto&ewmamémtmﬂfemmemﬂiﬁaﬁﬂmﬁﬁmlmg Bhfod flow to

asp@@‘ﬁm&e h% rgér%\ﬁé'ﬁg %gb%n SOt !)?1 Qfg%%% aasrtédgolhavmgl{xciudes

about 35% compreSS|b| sta I| fameters of
occipioZIn 0 PRTHIE SO oAt @tﬂ@@q@rbef egrselfor &9@&{11? Betechlbvith 8v8 or more of

the (R Rs AT ABMAIRISOTARAW RQA:BOR Par@hil P RLAPANLE 4B RAHEF diseases
for 20 diameters of about 355-400 gm, about 11.5 to about 12.5 hours;

and pARRGRIGH A HHE! X%@’fﬂ%%%%t’ﬁ%‘%asz%tiﬁﬁ“f& EOP BXARPIRCIUR}E ssue or
disofiRtt @ dlizgccin mmwwi@mm%aammmmMeeﬁa@@emosm In

oSS o e P L S st ond D sl e
aboxmym@asmmﬁa@mm/ﬂh@pmwadm 25 Eﬁ@%}d:@i bz sl obysis al

pracﬁé‘er HelGsASE S SRAAIGAIIeN the Jeartion. miXIgand el pH. may %?%cal

adjusted to any range as suited for further processing steps rinte

mcigiRias TIMEPIalortise 9ak FIEERON Y Dl preted nartomP Al raocd vessel is
oca@&w&&Ha piaferabliiahautd ot dhinendehdonamiy sielagical arrligatioNparticles

Since size, swelllng( ratio and elasticity of the hydrogel core material are

that BRysBraRATH DR AT ASHYE F85Rr FEMAIB EERTRY b REGRR AR aisid aggmatory
agerbmﬁxmaheﬁ@:ﬁ& dutislp oyt peetienhgartcaaggianeratipotaadesirable
structural damage. Pgmcl refera ieved into different size.
s R D S b heainvention are
capapPle 7/182086/00ug0Arpawtitlasiprefaibbly ovddite s nglmpactarngidreh optimum
drying process, mcludlajg use of an oven at a temperature of about 40 -80
o}

spectEt S EaRrAPRBtL Ub&GEbobta WP B PPIS dr Wb a dairat Qumat de used
mthp{{%reri%ec%yeg &Q?nh %?8%? Illll&erbro‘%e}O[g a%:r%lﬁé si@egrgnelgedded pharmaceuticals for
localized drug delivery and conirolled drug elution characteristics.

[0064] For use in embolization therapy, particle density is preferably taken into
consideration to ensure beneficial propertics for particle delivery. Possible clogging of a
catheter-based delivery system may occur if using a density-mismatched delivery mediﬁm. in
addition, it is desirable to include a certain minimum amount of contrast agent in the delivery

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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to provide adhesion for receiving a PTFEP coating, the surface of the
hydrogel may be 5 subjected to treatment with any suitable ionic or
non-ionic surfactant, such as tetraalkylammonium salts, polyalcohols and
wsimilaimaderials. A more permanent change in adhesion prepeiiiandmosoor
brought about by rendering the surface of the particles hydrophobic by
partiteactionedfiftaqeolimethatiyiic acisegraupsiviteadcuinble heatiagah reach

Suitable reactants include re not limited to draphobic alcohqgls
broy B D e LA s IR OP I Rl i ever,

such Mdg@mat@ohéiwh@@tsm a@fcm%mﬂqmnsmmshFﬁaw ﬁmﬁheah_herein.
[6068/SO RERVERIS. delRminaian-of e caating fom.INeicoreONGE 5'?‘5@%92%@ or

is applied. Preferred surface treatments may include, without limitation,

deut@fiif biakity EabmenHih thienykslatar de:d el owed dy seactien With displaces HyO,
trifluoroethanol. Alternatively, the surface may be treated by suspending
therelheipaetiss the avatkirttof sulghs Beidesintdishsasiop ubmialeohplevtich

Typigath i iLAsthan@hRuc L HERIMENis ate PR TEsFRddf 1DEPAFUIFIES AIEAR 5%

_ be coated in that they minimize any delamination of a coating. [0058]
usingghs R BRI Ih d HRYEY FretersRg i R REA Eore PR RO YIRE Bhstdle
partiVViinee Sutaceilayey of andior fused vitbrpakung suHateTne bariitferred that

[=a =4

sulfate is radiopaque and aids in visualization of the finished particles
whemwhsarg inaiséorl thatsoyprosridetertharmeptfisintiZation 20 prd pe timstortiug or, more

particles such that it reduces agglomeration especially during drying and
prefeadisiyisHor e icbhesscaniingofthedPMA Haiticles witbhadsowies Opaking of

PTFEP, thereby providing improved adhesion between a PTFEP outer
[0066bre aHiPapblgharististeyitatedrean el Bydanéivieginuidivdmsideyedior the
final WAGRDEIGREI RS @ﬁl@ﬁe@@ﬁ%@i@@ wRR HAEL S ﬁﬁi&i@éfs%{{&%@ﬂ%&ﬁ@s diffuse

overall coating and adhesion progﬁgrties. By enabling the coating of the
RS

cesivgy igto 15 RAfidRES <tHsh AR bt SiRid s fmped or
polyfathieesihecpoteniialstendentyr-of theibhef BRisbelisdocRIack-0r rupture in

oS 2 e AR AR SO et i
add lapekexeruwitroé wntths speil.of PideEPucAanoptiewgiofchabamisuitateson; tihe
cesiut%r? Egc%rcﬂﬁ‘:l 888 QE‘?%@IRIX 5 ?@Eﬁ!ﬁ'&g g)é("/"&‘g&ﬁ -Qpaggﬁp%%aﬁié?aée@fﬁ%gﬁehvmy
e form of an opaque coating on the hydrogel 30 surface of the PMA
medigasids Baiiish s Fatec b iRirt e REBigt in Ve dpairigrécag serdar tasraedcles
visible using fluoroscopy. Cesium’s atomic weight of 132.9 g/mol is slightly higher than that
of iodine providing beneficial effects including increase in overall density and enhancement of
X-ray contrast visibility even without a contrast agent. For certain cancer treatments where a
radicactive isotope of cesium is desired, such active agent can be used as an alternative cesium
source rendering the particles buoyant in an embolic solution as well as able to be used as an
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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that limit particle size. By allowing for absorption of additional humidity, the
barium sulfate tends to counteract the electrostatic effects. 14 WO
2006/0461.55 PCTt1B20051004007 [00591 Barium sulfate crystals

wadhetcing aaly loosely to the PMA patrticles may be covalengly-crassiimac?
or chemically grafted to the particle surface by spraycoating a sufficient

echiies ntayfiancirindsiane edhesionoframatésl entockhes B pattickeaddds

4 }9’”'1@ Ip to, effe tivgh/ r l:_)arium sulfate parf[icula_te matter in solution
by afer %}%(r%%% cg?( the Bfr%%f?e%s 5 Exemplary particles include

[6868] aminopespy khintelisiymitHatamg shnitsedhanetadederdipesiolss and the
prefRIOMeteED [0AG0] & fHrbalcalisrnativedRKBPRrovNg MSHAlIZRLI0N R any

microparticles made as noted herein include the absorption of a water _
iechighigawrganie BySatsrRretHE Rydrogél torsaificles maxeimpiany dyéaciuded in

the pargdpsefpealiidhanedRA, dyescapproNe bia MR SeaBshWINaR @8 increase
ind known 10 ?r to be. .eveIcHoed for sz?ée,dgon-toxic use igl(t‘%e% body and which
In degsits 85 BN S PRROIdn AR An IR SSHEASTC &RFERRL d5REt R Ach T

provid8SFHENB5 RSG5 M DI N0-c2ARd ARG HRLEHRI ALY, APRIOVE DB, this benefit

medical device uses, siich as for contact lenses and resorbable sutures.

even\hiereashatk ihalidiel operades, alAniagrgasissfiilengradinely remain isotonic.
'%ment that makes the particles visible k'%/gli%hﬁdiffractio due
he

Thudiasgaegiseds f te powder cogiing can Provide an i reC t
o STall crystar Size. the dyes When impreghated in pamtrcgsHect on

physabspidalthersdariplementary part of the visible color spectrum. [00611

extlthgrwbeiglomentery p . un "
e R e

addithyRy/BPiS MATOAAVSS. YRAG Iiapsblieibating provesintalp peotisisdhe most
benefiGH! %ﬁ%ﬁ%@&%@ﬁ%@@@é@&f?&%ﬁﬁﬁ%&g ues. However,

g}referred results may be achieved using fluidized bed techniques in 20
19674)nich the PEFRERHede It e di P AL durS BE ST R GUgFRiized arca
withipliaytagwaiilertheynapi T hyithithfda reinsteantadiig ERGRIRed ertvative at least

one S ar .b%%rzgf edindite, salulion éoéb{?x%raeﬁéthﬁ%taVOé%e%@Q&ér%ﬂ) ol e
nozzlg.rf xempflary SbIvents or use ih such goftitions el e"éxfhyl
activgeeratds agerssiblocally to the area. Diseases or pathologies that may be treated by this
method include any wherein the localized or topical application of the active agent achieves
some benefit in contrast to the systemic absorption of the drug. Suitable active agents include
NSAIDS, steroids, hormones, nuéieic acids, agents used in the treatment of disorders of the
gastrointestinal tract, such as, ulcers, Crohn’s disease, uleerative colitis, and irritable bowel
syndrome. Other active agents may include tacrolimus, sirolimus, paclitaxel, cis-/carboplatins,
antineoplastic agents, doxorubicine and/or receptor blocking agents, ¢.g., avB3 integrin
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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hexafluorbenzene, methyl ethyl ketone and similar solvents and mixtures
and combinations 25 thereof, most preferred is ethyl acetate alone or in
combination with isoamyl acetate. Typical preferred concentrations
wipehideaipaut 0.01 to about 0.3 weight percent PTFEP or itedenyaiiéRioline
solution, more preferably about 0.02 to 0.2 weight percent PTFEP, and
can beosieprefenablyrahe vitit BT, Fiaralroeng hiveight pccesd. df sleduldiybeill be
subjg&gg g&t@é’a%%a ?]%gltﬁ)%tg§ﬁqlﬁ§;§%%%%5§ ﬁtfi@%}ty g\%flméj éggeerlsg %ftgaaqagrgon of
varied as can the technique for coating a particle, however it'is 3
skillgpetfes petl et oredivpie Budsamy iminsavedinmliitischiaiclo asedivens that are

kno@HBPQéﬁg@%@?q?erAhﬁ%@ﬁgéuéﬁ formed.and sphsequentiseoaladith
PTFEP and/or its derivatives as described herein. 15 WO 2006/046155

physidogitlTnptingn 4BFC2168% Kélrdbbhsesraetimasefasaibrshereia chn
inveBBonSaelidaakiatzdNEegigRbanthNRREGARDICA DN So SHER A8 agent which

e B THE U TSGR R P RGPl e

aisomtdcﬁizimgﬂnmgtcﬂﬁlmwimmfspegiﬁc_tissge in a mammal. '_I'his process,
[Oﬁﬁmm?ﬂygg I){!?l{égg fﬁ%ﬁ&@{g? %gﬁ;%gﬁ&%qre@e %&&%@ggi‘%&ra‘)@% ruﬁé&ﬁ%iease

least a ion of a vessel, or the entire vessel, with r more of t

fornpastiercel 6p il Hh\AEANOIYT St adsrasstiienis D fietmalniios shubimishea particle, as

descHiBamENOf Aingesss aar&@tﬁ@th%éﬁgi%éfgﬁwm@iy%ﬂ%ma@ may be hollow,
vascularized tissues, for example, tumor tissue or disorders involving the

SUbSTHEH SREAH B Kkt S OPRERSIRFRAITS G BB AR G&Ra Fthen N
disppreicedriseB;stive: pattictets)cadgepreparesbinmecianseadiidiie production of

miofiSgedies fleseribed 40.ghove, and. iy be Isened o the blood 0y o
vesse By any invasive BEnonnvasiie medica BIACHCE Known 5o Be °u ot 2
cryodevattpedrirntbe ditsustivaly via andattieteglprsyrimgasiorandurgieatred and
subsRISION- 1T ARSI LEAHAR £A5 DGR B8 QYL SHEN Tt onlk & B%rﬁg’é}lx Hloubated
~ the blood vessel is_occluded, or theentire vessel may be occluded. In the _
in thesetdetiang &¥ireBrentrayousE g Ame & theackyvagsablr IaUse iwrHhgrmatrix
of HRGPHMOAGCASHERAS MEYIRAENIC REQ0GARARIRIRNMAIALY ARIS AR
a tl-gg?qég?rg%_ or cell proliferation a tltxrzégen_t, a hormone, or any other .
PartifGsirhbié QEHPE BEEIRP S AR ERHB RGBS HOR Al Risacvsting drug
concantatdingofaithepresent mBatomaremoving the particles from the incubation
medium when an equilibrium condition has been attained.
[0CG74]  Moreover, it is envisioned that the active agent can be selected so as to complement
the action of the particles in a synergistic fashion, especially if the particles are being used in an
occlusive or embolization procedure. For example, if the tissue to which one wishes to
minimize blood flow is a fumor {issue, 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



10

15

20

30

capable of demonstrating improved optical visibility, additional radiopacity,
and an optimum specific density of about 1.17 g/cm3. The embolization
particles in this invention may be used with different dyes as markers as

wiipieshahave for particle sizes, embedded pharmaceuticals W@fva824¢5/004007
localized drug delivery and controlled drug elution characteristics. [0064]

this &plivseoln eraihelraticestherapyspalticlehdenbiyeimh prefermblytalkan inkabout 10
consideratian to ensure beneficial prpperties for particle delivery. Possible

. S O A CANEE 5 Gt AT yE PGy BEhr RO o Parces

may densipnsismat dverksidlivéns medismiHey aditiohyitisndegirabledmdachsddood

in.mipi : in. livery. 25 medi

Vess%(’:ckrﬁ{e&\?egg%}#r?éient ;é&g\ﬁa}i%ldgg %ﬁ)@ggﬁ@gggﬁ%@ ufgﬁ%ygﬁrgerw g?#gnﬁﬁo _,

[007fHe 7 ¥ thonpiteipariglatdadyuidgetanstssiternbdhkic arn 108w /ern bavepualized

with 1@ glermnidenendindeRthe auiliPply vAtehGRRteRL JTNEIBOS ast agent

...common iodinated nonionic contrast agent media with 300 mg iodi%%per
utilized oV etsitits SRT43 £9300L FANRIC ACOEEF Hsh, B GlyRRT e iateles may
be viadhedabilily SEthavrabistdstmparaubsiegtighy. free floating in solution that

curs when the 30 density of the particle is substantially the same as the
(0078 i el s ey coat i (o DAY PoRiaiRing s Ak doent vith &
poly RETHBRA0 5O 00 partities fovnved: inisceny daticaenithotne gpresendeveloped in

the ﬁy&%&i%h%%%‘?gﬁﬁé%ﬁgz% ol 5Anreach RUOYANGY NNEH INEIES, of txicity with

approximately 30% contrast %%ent In the delivery medium, however, suc

respeev KSR BE i dRRIed 1HFSURARISIBRERSPIR ETIBEET AN S Fobpiiipdagradable.

joo7dpscribgglinessin. 00684 Arermetheddaringreasing:the dansibs oftheund
uterium oxide (11)20). When

. articles is by use of heavy water or 5 gg )20). Wh

g BEPGFAHEF (S USEEPRS S T8 RS SR IS AR TE5 ), ey nd

subjéncressingihaclieighticfthepirtichks iprdetthe dispersidrdiecblayamcwishes to

visufiE Ssullf B'fﬁ%i'n\t{s%ﬁdg gds*ég &Q&%%i'%%é%’b%d&h%&éf%@%@%% O COBUASY vod in
agent of at least about 5% Using such a te hnlﬁue. owever, some :

the agginkbrdia de fecobasytugtrcelisiaimeoise mthevp artivlesrvasivo madied device,

and/dHY %@@g&&@%@%&ytm%%ﬂwnqsa@@ayaﬁa% WP RIRIEreHi At d Doniow
when using D,)O for this purpose, either that suspension times are kept to

or subHAMHA RGO b fe Daving an inner cavity that is equal o at least about 20%, at least

about 30%, at least about 40%, at least about 50%, at least about 80%, at least about 90%, of

the volume of the entire particie. The hollow particies are administered to a portion of the

ultrasound subject which one wishes to image. While not wishing to be bound by theory, it is

speculated that the particles enhance the ultrasound image by increasing the ultrasound “echo”

due to their abrupt 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
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preferably, that the contrast agent be provided in a solution which also
uses D20. [0066] Alternatively, particles of pH 1 can be neutralized with
cesium hydroxide and/or the final neutralized particles can be equilibrated

waithoeaaiisa chloride. Such compounds diffuse cesium into ghe /paidiclesoes
such that either the cesium salt of polymethacrylic acid is formed or 15
Fig. polyraethaceyliaacia iadiffused anstdberehy entiched witlibeegivnty, polymeric
chloride. [0067] The cesium increases the density of the particles, thereby
pamﬁ]%?’éwaesrf:ng tﬁ’l]ee\r%.%l |%I/nto Fadc "Pn?g er %rffl?)%%rlgeé? %%r%r‘ stagg}an Typical
buoyancy levels can be adjusted usinﬂ the cesium technique such that

about 45 to about 50% contrast & %e added to the delivery
edium.as is_desired for embolization. Cesium salts are non-toxic and
1008 R o 8 D e B ORGS0 A SC Lk e BIgREred
Firstoh p8RQqy/mbitissshightyebaghicr tdbndivig GfTIBBEMeqdyaridiig henefibiakveight
. effects including. i in_oV i hancement of,.X-ray .., .
3 A R e
polymenseieiies whereaaushnibauwdaigolioped of eegturmsisgie Siredsysingk. athise

disp@gRRt GRS Hsed &ﬁo@f@i@ﬁﬂ@%?@%lﬁ%ﬁ%ﬁ?&gﬁwQé@@Figﬁ 2.) The
particles buoyant in an embolic solution as well as able to be used as an

oryoSETAEtioR WesAHRISB oSS 1B A ThEaxh ovEDRARE B AR S Faarticles were
retridVHIr ©@vingidensiyoalveaidticles wauehiagredigraparticles for embolization or
other applications where density and/or buoyancy in solution are
applicable properties may be apped, ipie the preferred particles
described herein and/or may be applied for other similar particles. It

roogahouldhersupsiersioaditbatdhe, sischosppeols Aat-B0 JiMie e Gasiumg ardiosd.
. D20 3reatment of the preferred p(%;ticl S herj\fl and that such 17 W .
Firstoy 58 60N B8 45 0T R Z0BBIE 0 A0 S TR U MBS HaTe B iomgisoular weight

12x inglisationmintgtiebpaibsias stobias etk achylisebaseddiysbagelaandiiiliters
other polymeric particles. 691 As noted.abave, barium.sulfate may. be .

of o R S R e M S St A U BIABAR. This

dispimirondwee digpenshé dnterdroaéniaveneé Pl tinlédivsing ahy Swahtigud/pentane

mixﬁ?ﬁ%@ggﬂig’ ’P? %\é@%@%&ﬁ&% s A8 r&a‘é}g‘cgé'cgﬁ)mﬁﬁéémér@'uggequenﬂy,
polymeric particles were retrieved from the reaction vessel, and dried under reduced pressure at

21°C.

EXAMPLE 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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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

wia 3ok sasium compounds, the barium sulfate allows this bepefils B8¥&Hs07
upon substantial and/or full hydration, allowing particles in suspension to

remain isotonic. 10 Thus, a bartmsgifaBespowder coating can provide an
inert precipitate having no effect on physiological osmolarity. [0070] It
[0684houl¢vibarasnbenstbadnbaskastetiSagizoloswie) tHad thesVaniou s/bupyarcyd.

rirstA0GIHVES NOted AROYE Fan 08 w&ﬂsmm%ﬂ%kﬂw%me?qwmgwaﬂapweigm

provide the most beneficial effects for a given core particle and coating '
16x180 BBiAkIGY b FeRPIF TheMiehtich(HKy) iRivaessistinod S ordiiditrig of this

polyABrasliveAseRtiaRnsdizpsainn NUMLIBERAMRE 2 MAMalsd Nenis
. _method ingludes contacting the localized area with at least one of the
CisDGSIATIES BIHETH Ghh HC e 2 ARGV LT obial 4 W cpacl iy

etheraniouint. ofSher igclive Biganyisneledsed-iocaibyial theaierd Risense s05.
Subs a&Q Otllog%)%%trgg}ién %x%?eér%gltee gcgl}ilextfgéis G tt?lgg: mc%!urcxj %easg%[&ec[%% {hhl%er
ocalized or toplcaPapp ication of the active ageﬁ?ac leves 20 some
redudsdrmsfissreonidst o the systemic absorption of the drug. Suitable active
agents include NSAIDS, steroids, hormones, nucleic acids, agents used
in the treatment of disorders of theagastipiptestinal tract, such as, ulcers,
Crohn's disease, ulcerative colitis, and irritable bowel syndrome. Other
{6083ctivehdgersishmes/ himchgdedacrabimisppimlimears) p aelitax@l) pm were prepared.
First i {AOERORIAIRGS, QAVRRORIARS Agdents, deyeribicl "IEECRIR wei
s Izpck%rlgagents,ne.g.,%%F&%ﬁtgg rn 2% %To%%%&&%%%%ﬁng%mg wmg?t
3x10agaepnie A DEEM s thebpapticle oM axdyaeidolivery of eir autliiegehthis
polytAsincalizeharemingb 'éﬂe&QQQﬂHhi@Q%bgéh'ﬂsﬁig@@tﬁ@%Q&U%s
ea

.. loaded microspheres can plied to localized areas within the
dispersion WasidE R ASI0G SRTRB & Errl br L HRFE £ besiv eiyeaditee,) The
cryodNitaoiitn GedtSitigvird dy @FtRBEDREI USIaNGays OIS aXCUMRI USIO b B GONBERSELes were

retriched ?}br% aet?e:egc ot Sbg%l?gt agl? gr;%g !#%UE" groin artery and its :
movement monitored until It has reachéd the area where the localized
administration is desired. A dispersion of the particles in a suitable
EXAMPLE 7

injection medium 18
[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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WO 2006/046155 PCT/IB2005/004007 can be injected through the
catheter, guaranteeing only a specific area of the body will be subjected
to treatment with drug loaded beads (particles). As will be understood to a
wheigRm Mk sskill in the art, injection mediums include any phagmageuioaivor
acceptable mediums that are known or to be developed in the art, such
3x108g/me0f insalipiesRBS orodmroitst Mabjm&zphyﬁiblﬁginai?mediumgtm of this
p O}ymgﬁgg ance with a f h(ar e ago ent r%%;:rlbed herelrg the |nven

inc sloarlin“fﬁjsec% e disp Sersion NG %%Lng anicles gnd a cont %%n

dispeggjentihihpeparticiet ar%@g@é@am@ﬂlyséuspérh@@smﬂthethmlcﬁmn (ﬁr:ang 2.)
The QiRiSHaciSMRACINSRtatheRALINgS: Ak Alasdaiastnle fhto g@mem paricles

fluorosc?gy [0073] The polymeric particles of the |nvent|on may be use

O b AR A A e Dl e

after depi SRR e fefsnulatighRegeRprises a particle, as described above,
loaded with-an active agent. The polymeric particle utilized may be hollow,

substantially hollow or solid. Th% Iﬁc%n be loaded with the active
agent either by dispersion or solvation of the active agent in the polymer
[0088PIUtIANRH AP IR RIREIUGINR W MG SRedMRHIGRS TOIOHINIRPLEY: diethy!

droplets, pastillagion of a polymer melt or carryl out of a 15
e"heré’rif%%é%’&ﬁtpr%%%%?oﬂﬁgéf%éﬁ%% TR SRS AR iR GRsRanThRelow
in Tapiepared and subsequently immersed in solutions containing active

agents. The particles are then incubated in these solutions for a sufficient

amount of time for the active ageﬁﬁBﬁste into the matrix of the

polymer—A E@g@{g}g the partictes; the °%¢%¥Qﬁ&1\@ﬂ§z e retained i the
polymer—Tz RIS Eﬂlé&ﬁcéoﬂé’d mecha IS g iized, drug iUdu'ing canpe
contrgitedt iﬂﬂﬂ&sﬂﬂ%géﬂi o slare it %uow&tkme meubatiorrmedium
and removing e RAEIERITBERie MCURaIRIp, MediunT wier an

equiliByiom GeREliRAAas been attained; (0074 Moreover, itis envisioned
that aclig,REgNT can be Selected S as to complerment e action of
the particles i i sy RREJIRTIE fashion, especiallyst the particles are being|
used 1§ an |gs&lksIVE Of embolization procediuig:Fex example, if the tissue
to whigh orjg ywshes fo 25 minimize BIGod. flow IS a tumor tiSSUE, one may
wishitp Toad Thgfpariigias used in the ocChigigm, Wb &leYHosialife g0 OF

an antimitotic drug.

{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).
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[0075] Also provided is a method of tracing the passage of a particle

through a blood vessel or other cavity in a mammalian body. The method

includes injecting into the vessel, cavity, or a conduit adjacent to such

WweRMibY 64 Messel, at least one tracer particle, wherein the tragefrdf:paticieo

is at least a particle prepared in accordance with the procedures
OthetRBerihefahoyenmd0aded? kediiaeasharticletmand polvaesscRmvastagenipietely
. _that may aid in the visualization,of. the particle as it passes through,the
i) RO, S50 e T OB A I o op o the
liqui@@6se46155 PCT/1B2005/004007 this application smaller particles are
joosfefertds e 8 s e anag.ahaou bioahoudd . 8eRRTAsea

If'the particles are to bé injected into the bloodstream. However,
for dspenelas arnaHb SRS 8184136 WSy A4rBPRAIY plirdsering (iatpagsahould be
mord3FdR £HAUEN R IrCIudgitheRIfosy ¥assel Radvieayiy ol Bliacent s ogen

or vessel to which the procedure is being applied. 5 [0077] If the particles

upon RS REFWIRTS contrast agent, their movement can be visualized with
[009X-ray Thacljinesietgayiothe vaesslrastifigwirtosibause (e epanding @kidae

contrast agent utilized. However, if the particles do nat contain a contrast
aoprSBAiel S e norraere b S aR ol Al e R BIR
dropbwsnpiltdrosmogriphip. 180784 b aesiven:. ohBiamapésatidyeiiacerasartidls now

gellcﬁ%@%@a@@ﬁﬁgi@g e with3.10 Relymereoat %QSEHB&QMQ%%E; They were

coating may comprise any polymer known or to be developed in the art,

allovyg| oy 3AYPBh S EETES B AT RREF I SHeT8 TRIBHGS BRI DIVEtTEasH B use

in alfPYIGHRY yﬂgﬁcgggggggg&lm geRtrast agent, it is desirable that the one or
more coating is non-biodegradable. [0079] The invention also includes

the method of carrying out an ephangsedlfrasound imaging procedure
(sonography). In order to do this, one must administer to the ultrasound 15

[0093YDjectiRtlgasione Doy GPgRIRHIR LOEaea O hedlirasaisador shape

subject that one wishes to visualize. Such administration can be
and SR BRSARAIASY BRyRHEHR RS ER D P tB B E S RSB B TORR RS FSEM) and .
atordRCibiNGiBIHED Of ArsyERGE, athetenor aihers svasty & iRORANWASIRY. Fig. 3A
medical device an%/[or by a sur%cal inc}sio . In suchm
r

sno TG e AT U A I B SRt ety kB Fie
3B shewmngramriraperreasity ghzars equaktsatiegstiediout B%sapeast 00x
magnification.

[0094] It can be seen that surface morphology of the unloaded spheres is typical for serni-
crystalline polymers above glass transition tfemperature. Amorphous as well crystalline regions
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



16

20 about 30%, at least about 40%, at least about 50%, at least about

80%, at least about 90%, of the volume of the entire particle. The hollow

particles are administered to a portion of the ultrasound subject which
wongowiskhes to image. While not wishing to be bound by theeeyg/ikiiosoo4007

speculated that the particles enhance the ultrasound image by increasing

and mm&raﬁmmmfe@tﬁhm Bﬁ&heipabnup’ﬁidaaﬁtweham vehangaepepaled

to the SuT tis e hol cay f the artlcl es actto.
S A e SR St S N e
soalmgﬁﬁ%ﬂ%ﬁu@@’%ﬁ(ﬁi W@PQ&WM?@% 289 t%% SBdeNRPhat some

prepared. First, a polymer solution was prepared by dissolving PTFEP
of thpedymies ptacaiatecular weighie Sl b aibi nytieop dlypesasolvenrbathyiration
cetat ai % r_soluti m|II|I|ter fthls
chosre)olyfﬁ"lgr &0l Otf}t}llorlia \ a%smﬁ"l%gvljygl#) lﬁé}%ggge%nt%% c%ﬁl?roge usmg a%’lm}i(ﬁhemm
reactigrigaleTiig dipjsersi endwm pesrse dngrisadrarzamnsayef e yBgfication phase.
Onty YIRS G PERANR.{SHe3:80:V 0, 200UNA 5P T AERAPBLARAAPTuffi,

) The cryoextraction was allowed to proceed for three days

Wh‘%&[‘fé%éﬁ? ﬁﬁ%@fgﬁﬁ%ﬁ&%ﬁ?ﬁ&r%wfédr@ﬁ?@eéd?%ﬁl?ﬁéé@é@ﬁ%ﬁmles (1-6).

vessel, and were air dried at 21 C. EXAMPLE 2 [0081[ Microspheres

having a diameter of apprommatef‘y t0 450 m were prepared. 5 First,
Sampipolymaerisolution was preépared by dissolving PTBEP polymes of a 6
Monmotecular Méight 3x106 dHiil4n ethyPsidétate to; diiviral% (BMIRIA PMMA
polymer s8fRfign. Four milfdrs of thid 8pdlemer galdfidrewas, déhially | 2002 g
rosiimiesad intgalakid nitrogeBGEINGa 5 i EYMdge. THEKparsioRWRsIA | TEGDMA
dispensed bid@ frozen ||yt 150, filiifiters of péhtanel6Se@Figad?y/ | (0.5 mol%/
The cryQeR@EEHSM was GHOREHND prIEBEEFS} thr B HREYE. SLBSBEUSHtly, monomer
polymeri¢ particles were|10 retrieved from the reaction vesse] and were | 7-5 mMol
airdried.at 21 C. EXAMPLE.3 rnnmr l\/lmmcnherpe hn\/lnn aldiameter of PBM)
Radigglnroximdt8y 500 to 60 JII‘RQVGI‘G prehﬁ‘gﬁjd First, g mer s‘cﬁ)&%iog wastPO
Initighps nared égr ®&6lving ATRE 5 méf: 6f"§ﬁgole ‘\‘%éi ht (0.3 wt% 1 (6.3 wt%
Oomer monemer MOnome mMononey monomer} monomer} '
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 1:6
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 wi%e/water C.5 wt%/
water
Buffer No No No Yes Yes Yes
Sohluticn
Reaciion th 67° C Ih 67°C ith 67°C th 67°C th 67°C (1h 67°C
Temperature/ | 2h 70° C 2R70°C 2h70°C 2h70°C [2h70°C {2h70°C
Time 1h80°C 1h80°C 1h80°C ThB0°C | 1h80°C |1h80°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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12x106 g/mol in methylisobutylketone to obtain a 2% (wt/v) polymer
solution. Four milliliters 15 of this polymer solution was manually dripped
into liquid nitrogen using a 5 ml syringe. This dispersion was dispensed

wanigefiezan layer of 150 milliliters of a 1:9 (v/v) ethanol/peptagg: Jixtidige
(See Fig. 2.). The cryoextraction was allowed to proceed for three days.

Subsequently, polymeric particlegamngre Fetoieved from the reaction
00947 SSekand %%%Eicr‘éeé‘éj??{iéﬁg%%geﬂﬁsﬁ%? 2% 'g%egﬁ%g%g%gc%ed herein

[0083] Micr aving a diameter of appro
wersrordupiapirdiofhnsy, anpelipnrasisolptipariasprepaitecnliy:Hissolyipglications.
lye rel in isgamylketone to
e ) e el B el sl

hydregph haFialas Frrarriay dr ieda s Edriparnelehesishified potmhsyhiemggic acid
potaddiien 2RI CiSRRSBIRN YRS Hispensed antgiafinremdayal-of i milIgers,0f B, but

pentane. (See Fig. 2.) The cryoextraction was allowed to proceed for
Whe il HRYS St BEEY At "HBly et SORE s weri Rt sl rriiqRuered
salineqdtidonvessié fanRadiig s delued ye quvpeaTs e b2t faredlbV\WiRsolving 5

e S AR R e e et

TwepoBiérssofationt W%aﬁﬁ’@p’ame@id’[fssol\ﬁn@lﬁﬁfﬁ B#ipglpaterof 20 and 50 peroent
by vOIQIRCLIaR WS & 0 08 glmalin cyslohexanons 1o obtain 4 2% Wﬁ!y)fhen

L3l = [
polymer solution. Four milliliters of this 5 polymer solution was manua
prep, &VRtFtiatid nitrogen using a 5 ml syringe. This dispersion was

{omﬁpermob@m%saég@g@ma)y&ﬁ%&%wMH%@E@@&&&%&W&%@WM?@%
.. ether.mixiure e FIg. <. cryoexiraction was allowed 10 proceed 1or

AR &&L?a‘éhﬁf%%gﬂiﬁz&i: é!%q fﬁS%Sa\ﬁ SR Y RER\ AR G trie Were
addeeaBticnSaegsiehandidragddinee byrediing oS my ofat2 hErd@ FtAMRkE es

6 [00851 Microspheres having a diameter of approximately 500 to 600 sm
cithay 808 prephiseipnic phosphate buffered saline solution or DO to obtain 1 mi swollen

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

18099] All of the particles reached equilibrium density in the conirast agent solution having

30-40% contrasting agent within 5 min. Particles which were swollen with D20 were heavier
within the first 10 minutes, but the D70 did 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

26



10

15

26

First, a polymer solution was prepared by dissolving PTFEP polymer of a
molecular weight 3x106 g/mol in ethyl acetate to obtain a 2% (wt/v)
polymer solution. Four milliliters of this polymer solution was manually

wlripRednta liquid nitrogen using a 5 ml syringe. This 15 dispgssi@sh as4007
dispensed onto a frozen layer of 150 milliliters of hexane. (See Fig. 2.)

not ikDNBer®Y BERXEACTIGRVamalpwrd Iapeaedfand i entals.rPsbsaa uotihse

polymeric particles were retrieyed from action vessel and. air drie
e A SEABIEES 106 T TS IR S Tgi] SR o G o2 0
swellipprexirmadee800d oBGenameneibyaepasedloROrRirsthéepalymer solution
was prepared by dissolving PTFEP polymer of a molecular weight 3x106
g/mol in ethyl acetate to obtain a 2% (wtly) polymer solution. Four
milliliters of this polymer solutioggswagpnanually dripped into liquid
nitrogen usir;(gﬂa 5 ml syringe. This dispersion was dispensed onto a

(0103} 7 e i pdr o 1885 AffARBr iR ifan Gt pad domghisyF rHROEEE e fRity 28
wellwasakhbwerd {e:reseeshiy HhiedidayShSubsriicothiupalpmena:paisicles

were 25 retrieved from the reaction.vessel.and air,dried. at 21 C. The
et o PR O R SERRE S e Eo L S ARl A A o ENVEBIE 1A eape.
[010EXAMPOEG (G087 pIMiCrospiisiesriabing s Hiaretdratiafpridkmnimtaly. 30 weight
percBds ?19919%@{%?c@ﬁgﬁﬁé.edfh&[ﬁ}erﬁa%}lm&?ﬁéw%@&%% Bﬁe?%ﬁl%ﬁgt}}ium and

Issolving PTFEP polymer of a molecular weight 22 WO 2006/046155

the IPICPPRIBIBORTOOA DR Srarosehlnbitn diR)izEdataterto BBtanr e Suh Guyiibrated
for OIAQLSARTIQRITRIFHILHIBES RIS POMBEHSOUHGRWASINA WiRIYhate

dripped into liquid nitrogen using a 5 mi syringe. This _ dispersion was
butfey §BBW§8&WG§J froZ&F FAirst S ROy ARG B YR A LP RS et dey™t
soluilhe earoexstianti @ wal el lpwedunpsdteesi® thiee days SiuhssquUentysf the

. _polymeric particles 5 were retrieved from the reactio ssel and air dried
s e R A AR

provigtvewichk EMAMPIEE @lution which inciuded 4.0 ml isotonic phosphate buffer/Tween™
20 solution.

[6103]  The equilibration procedure using cesium chioride yielded particles of increased
density.. Both microparticie samples showed a final buoyancy in the Imeron® 300 contrast
agent solutions at concentrations of 45-50% contrast agent, regardiess of the presence or
absence of Tween™ 20 surfactant. The conditions for saturation appeared to be dependent
upon the initial pH of the particles, the pH used during 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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[0088] A two liter cryovessel as shown in Fig. 6 was filled with 100
milliliters of diethyl ether as a non-solvent. The cyrovessel had the
features and typical dimension as shown below 10 in Table 1. TABLE 1

wesshsdxpical Dimensions A Drop Distance Length 5 - 10gm8dsiduishoo
Nitrogen Layer Depth 5 - 10 cm C Nonsolvent Layer Depth | -2 cm D

Nonsolvent E Solvent - F Syringgmgjg fdp 25 G -33 G G 11 Dewar 1

-2 l voJume H Lid - | Teflon bln m dlameter 40 cm |ength [008
f0104] qu.dFmﬁ%fgéﬁrvagsaM%rﬁP @ RBA LIRS A58 CFHRSD gé?s)f’hefﬂs
in aco@ddhenf ﬂiﬂdpmﬂﬁmdftloﬁaiﬂ iﬁmdmitrb@eﬁ mmhthmam@ﬂmm&iqm used for

nltro n rose a I‘OXI 5 1 10c d verticall

furthg OY/%eF e Rdhe so %/ negi\%g)ér%% Pl n%s%%’% |t11 anaYﬁ%%?ateééOIM for
pmvmdgaawmg}@ fﬂ@édtéectfrﬁﬁec&é@l wia/feflén a@mﬁ;@w avay fisgeprawpredsvith a

Lm&ﬁhsafé@guéhfaﬂs%m%ﬁ%aﬂa%pﬁa@&Mzﬁg' i J00R0L I D] SYSINES RIYNPIRS syringe

shown in Fig. 7, was used to dispense between 5 to 15 milliliters of the 5

plunger ) wag P B HRSEEBILYGH fredtingeRasial® 2880y intd brdiarfb gugskof the
nansaﬁczha@/fw&@mﬁ@m@aga@mmlb@mg@é@at%@@nm@am}hwaﬁmmﬂéd &ith 5 m!

syringe (K) and aTeron dIStrI utor, wit t bi tt L)., .. .
of & F R GRS P R ST B A HOATH A 10 s 20)Stuion i
a coﬂﬂspeamng)ﬂaﬁsumé(péz hohmﬁp@ﬁ@h@ﬂybﬂe@mlﬂoﬁmmm&amm peotaded to
the s teoal'éﬂv% I%.rrz Bnqlgy 5% t&}% gfg ) C%’ %@@cﬁl{@ﬁ?s éfgrtﬂgn uﬁected

Vessels in para el. (Itis prefera Ie that t lvent to non-solve
throyghihsascageribetont 1 Gy Nvps attached to the distal end 14 of the syringe. The

microcatheter had a lumen diameter of 533 um. The force needed to push the microparticies
through the catheter into the Petri dish 16 (shown for receiving microparticie solution) was
measured and recorded as pressure.

10105] In order to make certain calculations, the following information was applied as
based on typical use of microspheres for embolization. Typically such microspheres have a
water content of about 90% such that a vial for embolization would therefore contain 0.2 mg of
embolization particles in 9.8 m! of injection liquid (2 ml of hydrated microparticles in 8 m!
supernatant liquid). Standard preparation procedures include adding 8 ml of Imeron® 300
contrast agent to the contents of a single vial. This would provide an equilibrium concentration
of contrast agent of 8 mi/(9.8 ml + 8 ml)y = 44.9 volume percent within an injection solution.
The solution is typically drawn up in ! ml syringes for final delivery. The injection 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.

28



10

15

20

25

30

23 WO 2006/046155 PCT/1B2005/004007 Otherwise the particles may
adhere to one another.) After the polymer solution was completely
dispensed into the vessel, another 100 milliliters of non-solvent was slowly

wiBoiied Qnstop of the liquid nitrogen. [0091] In carrying out thistREQ6858u4le7
is noted that it is preferable that the needle tips used 5 for dispensing are

[orommall, 'Shel?mﬁh@@:%@iﬁ&xm&ﬁiw@ﬂye Hvelahmﬁpiﬂ&itﬁséanﬁ&csdmatﬂdtm of

re than m, so that Is ald Vi ate nk into
equ’{ﬂ qu% ?%ereartm uggnfﬁ%n(rj]%l el%rffr ace%&% !#1 n%f"qwé tr% erailrr{:i%Ctnmi
wer¢madeMEM§®@w@um4m¢mleva¢@Sm@ disikisgt spdiong rina@@ﬁ:@ﬁ@ on pH of
6.0 SBnlAG RO 'zl’)e”h%Q&Mtpﬁ%ﬂd&gﬂé‘dtﬂﬁf‘Qstfb%£9£¥H%%{1§8E€éP&@t%

droplets, still frozen, sank into the cold non-solvent. After another day of

picypy Foras e lAtRe R IR SigmFTRS 40 TehRRabS R dhe %Wmﬁ%mﬁm

throll}® wessehbv:simpie fltations Faeyonar-dlpwae gﬁ&rﬁi@;ﬂmm reference

temperature for approximatel mlnutesa then were re f ru e in
SOl o AT AR b REFR ORI B (5

micispardshiitespreparied by tenprbioessief Es@mpimdmmaxannmemghw 20%
comnaRS OC}csurfaC? 3@'?%%\/ by oplica %%&%%8%@&38 “”'Pga QIS the
ﬁncroscope( atomi€ force microscopy. The results of these

cathaicalySerseargraHovihanSRig sveaataliu 38).aRige3ne fonovwdetate vibigbphiertisn
pres@iheY ARRGAF R0 AR AR A MIHOSGERR AAHMAINILANE N Eilhs3Red when

shows a mlcrosphere as it appears using a scanning electron microscope

injegtingnigovRter iesition. [BbouiEcHRe BBk pRtEEH R B ombrasagpcattion, it
wasthssstRipgecsepher e isibpieal f0esaimni--etysialline R clyriars AbRVaigtastk: over

transition temperature. Amorphous as well crystalline regions are
eprevalent throughout the sample surface. The surface is microporous in
[0 1098 ture Injstin popesssire svea igitig: fromimenad mbters tovewihicdnsierliing) was

uset.g 18 r{!) n%?oko%]hpgégﬁ r?e%%%g ﬂgﬂ &%Viﬂg iH} g&l%\g%rs%lﬁ'g%vem comparable

ana usmg scanning electr . » .
to the mjecﬁon media itself. In addition, injection of Sampie C microparticles also exhibited a

good injection pressure pattern at a physiological pH. The catheter entrance did not clog and
each peak in the curve corresponded to either a single microparticle or number of particles
passing through the catheter.

{0310} The results of the various catheter simulation tests shows that the invention can be
used to form injectible microparticies having a density which substantially matches the density
of the injection medium for embolization use. The particles’ compressibility can further be
such that it can be injected without forces over more than about 5 kg on the syringe plunger,
The pH of the injection 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 environment.

[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
29
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microscopy (I00x 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 30 three

walHgrenseesslinking monomers (EDGMA, DEGDMA and TE&RMAYs 004007
different radical initiators (benzoyl peroxide (BPO) and lauroyl peroxide

mixél BR) ak BFARMGS ph e ffgragritibr) 406l 20R014&1aRially increase in size
PCT/1B20 4007_and varying dispersants (Cyanamer.370
betweeﬁl él’% ﬁgggg%ﬁ@v/giseg;nzg dez&lmz%cg w&ez 7€} rgas?sa%% ﬁomé\é})'&s %6.2 o

polyacrylic aci VARYING types of ponyviny 0
abowchievéothefpradfenethedre ppattities. In some polymerizations, sodium

[@n%EOSPH?%Gr&%F?JsﬁQM%ﬁN% R OHNASLE RPES HIEALLNESR of Sample C,

served that some™ of the reaction procedures went unsuccessful due to
the $HENERIRTEURS SRESER{d Eo SCBMIREBN S miikpararmseope was used to

evaltiSP IS ANt WA S99 QD BEHBLLIBtR JOF AN O 8 AEYs ARBEL AT ARAXAERRENIRICh was
reaction, coalescing aqueous an o%%anic,ﬁhases and premature onlgf?t of
(BB

attaghied VR ARBARIOH B ALB MHRP e BN RIRSRR e er solution
suspetisioassTiitunsaldshd\wanetoly itheabiet, nurhieledwolutémthdiameter of 490

s e SR 3 e L L RO R R PR SR peomersed n
phogpiviid AutionalijtionvAv9e @ig Os182@1200 2 godied. fiy 2Q8idgected from the
pipetl QRS EGRNA EGBMALGIIMA REGRMALEEDMATEGRMA-(dies

wit%/ (1 wt%/ (1 wt%/ (0.5 mol%/ (0.5 mol%! (0.5 mol%/ monomer) .
Passig AT Fh%ﬁ%??%ﬁ@ﬂﬁ‘é’k)“ﬁﬁé REFRRSHHBh oth &P SES TREAVI TR EsRATrticles,
nonEeicah MRQARE L RLULROGRR! RO tittalen{(Oc? yodnORivriladEbs after

pass\{\rl;[gbﬁ&%gg}\{vg@ r(;gfi?’cva ;ﬁ)e.(oﬁ/?ié%%aﬂicies which were chosen to be deliberately too big
for the narrow site (for a compression of about 40%) did not break or rupture, but clogged the
narrow site instead. The maximum compressibility under a reasonabie amount of force on the
microparticles while still allowing the microparticies to pass through the catheter was about
38.7%. Based on these evaluations, the microparticles according to Sample C demonstrate
properties that would allow particles which are too large to clog the catheter rather than break
up and cause potential damage to the patient. The 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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monomer monomer) monomer) monomer) monomer) monomer)
Complexing EDTA EDTA EDTA EDTA EDTA EDTA Agent 22 mg 44 mg
44 mg 56 mg 56 mg 56 in Monomer! 1:5 1:5 1:5 1:6 1.6 11:6 Water Ratio

wRisResantP VA 4/88 PVA 4/88 PVA 26/88 PVA 26/88 PVARG/BS:H BN
26/88 35% 35% 0.25 Wt%! 0.23 wt%/ 0.23 wtlo! 0.23 wt%/ PVA 26/38

(o1 YA 2688 waienwaiRrwaienyaianha’ubRUe d wilehNairaDaadviiemal stress
water Buffer No No NF? Yes Yes Yes Solu;io eacti%n Ih67.Clh 67 C lh

StabICeBY CHTBPEIH Gy E A s Zh T B BRETS e S g cter were
wasBRY @Eh2h T zelimact B IWBREIIANBIE 148801 HBACWIB @Ghirast agent.

Thep WIS IRt 1R 310 AT OO RN UM ARG Tl d i i
particle ze% |spersantadue {0 ‘due 1o due to due to Itm due to conc.

Theglispersampdisparshmertitied frtratin ivrag 0 e leborionatiamatyisles tirhilel bad

undSEESHMRH <400 ﬁgd%%mdéﬁa&%n% 12%%@1’2?%%@&%‘@, but which had not
PCT/IB2005/004007 EXAMPLE 1 OOQ%@Hy roge m|cro%%rtlcles formed

beerpawedrdErie MErHhsErofigh fes ek SBrbaY i ehifarens boaluarie for
micRiRYRNGY; 8R4 SuspesieatRIgpariaston uradarnikofiratipniaRplicatioasemplary
Sample C microparticle, respectively. SEMs after passing through a catheter at various
magnifications (Figs. 104, 10B, 10C and 10D) show that the coating did not delaminate (Fig.
10A). Some microparticles did demonstrate some stretching out in the coating film (Figs. 10B
and 10C). However, a closer magnification as in Fig. 10D demonstrates that the morphology of
the coating layer 1s still infact.

[0114] A sterilizer was filled with 2 | of deionized water and 10 vials each having 56 mg of
Sample C microparticies in 3.3g of solution of 1sotonic phosphate buffer/surfactant (Tween™
20) and turned on. The water boiling point was reached about 15 min. after the start of the
sterilizer, and temperature was held at that point for 3 min. to remove air by water vapor. The
vessel was then sealed shut to raise pressure and temperature to 125° C and 1.2 bar pressure.
This took approximately 10 min. The temperature was then maintained for 15 min, and then
the vessel was shut down for a cooling phase. A temperature of 60° C was reached about 30
min later, after which the vessel was vented, the samples withdrawn and the vesse! shut tightly.
A sample vial was opened, and the supernatant liquid decanted. The microparticles were
washed with deionized water. After dehydration, they were subjected io measurement using an
SEM. The results demonstrated only a small number of delaminated coatings on the
microparticles under such thermal stress (see Fig. 11A in the strong white contrast portion).
The overall percentage of such microparticles was only about 5 to 10%. Close up, the 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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The microparticles included a sample using unmodified polymethacrylic
acid potassium salt 5 hydrogel particles (Sample A); a sample using
trifluoroethyl esterified polymethacrylic acid potassium salt hydrogels

wtSamplesBY and a sample using the same hydrogel as Samyte/Bxsioo4007
wherein the particles were coated with PTFEP (Sample C). An isotonic

phosphate buffered saline solutEXANFFHE? 14 having 0.05 volume %
eentM 20 was, prepared by dissolving 5 _phasphate buffered salin .
0 e R St S e M R e BB B e
dei@ETN wanfastbrionas pudadyiciteheitMdn. vBe | pthparshaving dbowwdan FVA of

W@%Hfﬂa@&&g%rﬁ;%@écﬁxr\wévgﬂﬁo@am@5)&99@@@665@%@9Wm\%m%%
uffered saline solution were then aI[gr%e%pared’ for evaluation. [0098] The

hydsehyaedsenty OB NiEGHsAHRIoRRRICH eihE 8l WWare tRbPr ppatsding fP\galgionized
watié}, a.lﬁql@aisx%&i&mhﬁ?ggeg glaaghﬁiajs).@@%mfmmwﬁagggsgya%?aIo.oss g
amples, A-C were | a a e was first [ rate aadin

ey AR AR ML (T IR B GBS R wad vacuum

distiihaisptate wéfered saline solution or D20 to obtain 1 ml swollen

gm?&(ﬁmg?'- BUOyancy, probetiies were measured immediately. and ey 19 fask
mi utes%h’ereaﬁer unti buoyancy equiiprium Waé achieved and/or

witb g BSsedciion9e) tilraTahprpaie e PbekhEbiecpsii v g M Weresimors thih 2

theGRRIASE 306! SR NAIRG: 20 3018R%CONAIHIRG AARSTWiIthin STin.

Particles which were swollen with D20 were heavier within the first 10
PolyRATIFEY OB RIFS T EIRTES BUPbPIHB AT e RA R RiFRE G FRAVES 298 mi of
the PHBsRRiaBIeEsi ostutfoad dige a alnaakaroyhiehoeid 2 disp g ee:the RO Avarfiethy!

tnot ggd%%d rr}ic 0 ez%lretic{egﬂ Xidrah?d Wi;[lQeDZO would be able to increase the
eStL St 4t oo ST DErES AR AHSEIEBI8 ith adequate buoyancy by as
[01mWich BBy Rartictesibegdutitafloataprthedmpio ter r@bttimfaskh8m¢Ripstilied

Mﬁﬂ%%%ﬁ%%@%@?@@@qgﬁgﬁﬁﬂ %Q@&g%%foég%égio{ﬁ@g#l%gﬁﬁf then added to

eq uoyancy (matching densities) was achieved or Sample C in
the 3amp fisRkrapdibecamt RSB RtFESE AgBHEM S ensHBNINYRIY 9@ selidsto 1 Damspréien flask

wafYROEBwaweling Hehrvighanghetbseayient sieRsilYAsR ARICANYicle sizes of a

dependent on crasslinking content, pH. ionic strength and valence of

majoRk s P EeR Siviiisr 1t s AUEIIRSOERSH AP SRAHin gibuss ghe stirer

was then set to 100 rpm and argon flushing was discontinued. The reaction flask was then
subjected to a water bath which was heated to 70° C and held at approximately that temperature
for about 2 hours. The temperature of the bath was then increased to 73° C and held for an
hour, then the water bath temperature was raised again to 85° C and held for another hour. The
stirring and heat were discontinued. The solution was filtered and the resulting
polymethylacrylate microparticles were dried in an oven at 70° C for about 12 hours. The
microparticles were subjected to sieving and 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
pm.

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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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
waWrlling:y¢«as observed and buoyancy equilibrium was slowet-toiaghiowend;
EXAMPLE 13 [0101] In order to take account of the time lag and to
tempehiRye soluise refawédndahsinicapaneleastocenishindeviiiediimriostopier. The

visibility of the particles, cesium freatmen t ffecte ! .
PO R S O P A TR IR o e
appbES VRS Cresinchob8inieie]B ears Rjerite dieten ferticdesnis. hawssmd 400-455
mic‘%‘?ﬂ%&i&%f’?ﬁ%ﬁ@'mion of sodium chloride. The supernatant liquid was

decanted after equilibrium and the microparticles were wash

d
[mr%roumeﬁwmf&%ﬁmﬁéﬁwﬁ@@%ﬁﬂéﬂ&tﬁhﬂ%@&%& BRBAEF 4 and

drick0main ovdg Ganisebanskaispended in 3 ml of surfactant-free isotonic
phosphate buffer solution at a pH 7.4. The effect on buoyancy was then

evaluated using contrast agent solutions varying from 20 to 50% by
volume of Imeron(r) 300. In this Exampe £0,% g of the 15 microparticles of
Samples B and C were used. 3.5 ml of Imeron 300 contrast agent were

[013pbvid e itsorrstinicaidsond (s epsaestinopivki idtraaede 4 D waradbes maerified in this
exRhosphateQuigrihwe ot 20:aRlliano[R 103k thaieeulEaioNom Example 15

procedure using cesium chloride yielded particles of increased density. .
warsa‘fﬁisﬁmfpaﬁﬁr@%&m&s@mmfﬁ%ﬁﬁ%ﬁ&%ﬁﬁc}ﬁ? ﬁ@ﬁﬁé%&?ﬂwévw 5L

die€8NHAsE w-ogRBt splidicHsRlc@irant aiorsaibd Yowaniaptragentpr 20
regardless of the presence or absence of TweenTM2Q surfactant. The

o O S e A e G S o

drythe. pErticteds) gheifhldnostand fimd. $He ghhocedraentmduded sudrispusriingon stirred

or SANHENISN Y Q%%%ﬁ?%&&&%ﬂr@?%%%&%gﬂ%@ﬁﬁﬁgHHe‘&‘?lR&i\é%@wum.

constant exchange between protons and cations was observed. As a
result, more beneficial results were shown at 25 pH above about 3.6 and
below about 6.6 to temper the a t C}r%es'um. Within the preferred
range, buoyancy can be varied.%ﬁ B neutral levels, based on

(o1t at prhothlednities miciopattictesdicd Brotipde hatbuoyadoyiaftparticies from
Exasxgl%rl%q% @&Q%%‘%%%%E}?Q% é’ 'flrfiff%gr%gtglalﬁ% Ong 44 g sulfuric acid added as a
catalyst. The mixture was stirred for 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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over night. 27 WO 2006/046155 PCT/IB2005/004007 EXAMPLE 14
101041 Further compressibility and mechanical property testing were
done on microspheres in accordance of Samples B and/or C of Example
wb2odspressure test stand which was used for further evaluatiomsz@howng?
in Fig. 8. An automated syringe plunger 2 having a motor 4 for 5 providing
g/manv afitbleferit fetedoft Oves @6Mizadimithmtcssgeacdox & whsturithertotal amount of

spriURREY ﬁﬁg%%&%%ﬁ&&ﬁ% R MRNSEMER Si0RPABIER] IIERPAIRD film.

forces int to 500 N range. The syringe plunger 2 was in
communication with a syringe body 10 as shown. The digital output of the

transducer was recorded using afﬁﬁémc mputer. The syringe body 10
was filled with 5 ml of a solution ¢ gent in isotonic phosphate

[01bRffer/sifattapdiaEsier ndivhii@psatitiondhElmdent i atibiviohabopdrtially
eSS &’%‘%@ﬁ.fﬁ%&%%&oaﬁtﬁ%%f%%%%o'\é'é‘?&‘?é%%%{ac':?es:c"g%%% %%’Q?%P{P?%%P
syringe as well'in an’amount o mg dry mass. The syringe contents

solytiereitrrshyirjectaselintiarenigmariéaiy ersclathe finridizedivieh aneitnatéaivedsas Example

16)theodisileagki 4t heisuinge-chhs;dRicocRInelanhatka NGR SR MEePMA
of 533 um. The force needed to push the m|cr%%%t|(_:les through the

POtasHiBtSRY R MBI e L SR ARHLY Feairy il to PR R aBN bRy
imxﬂ@ge&%mis@&lm amasefs:ﬁwqﬁ agl&@s&qt&i&i@%ﬁ@f&ﬁ?m@e.e g
certain calculatiaons e following InfQrmation was PP as, pase .
ces T B BT B o S R e LA R e AL A0 min
equiliivéuan twatemddhtentcof ot eD0ete sunireh ateraighip vetn belimatinweeuld
o . ot Ny .

oo e s A S B e
bufErasalahiensreparbdon rotessiiyss the RRIECAIdInEPBHINON M TBFERFyBHD matching

derkftinsl-agent i theseanientsoka-aingeoialiclawasld Lrauide Afbntrast agent
equilibrium caoncentration of contrast agent of 8 ml/(9.8 ml + 8 ml) = 44.9

SolyRG B AR FREREGH IO et I R SEISTIR S eBitnbrertyfreally trang/mb
andiprif]l bhakplite gesrdasdliadihe elivesyy Thedipjedtiomaansityoiblsesguaished

buoyancy at levels of 45-50% contrast agent in solution. This corresponds to an increased

density of the microparticles of 1.16 g/ml.

EXAMPLE 20
10124] Microparticles were formed in accordance with the procedure of Example 15 with
the exception that an exterior barium sulfate coating was prepared on the microparticles 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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25 [01061 P = VEmbNTot = 2 m1/18ml = 0.111 Embolization agent per
volume fraction. [0107] The Sample C spheres demonstrated
approximately the same equilibrium water content as typical embolization
wephesassiEe achieve the same injection density desired for pypicabesrgicat
procedures, 56 mg of Sample C microspheres were added to 5 ml of a 31

Exeoiphn éop e nttiohty astragemt seladosiig tbotnidiplidsphmtetuffé Eample 21

beﬁ}%faﬁﬁ%%&ﬁdﬁgt&ﬂcé ARVEWER WQn%QRﬁégéé&%ém a non-adhesive barium sulfate
PCT/1112005/004007 [01081 The Sample B and C microspheres were

PowdsTy Ataim sitfate FRAHREOREIREE L Sfcedanr UMbt rinerionaredure are
caj?aﬂée@f%&lma_ff' ﬁgpmxba%{gmi?@g@t%m_ 'Hgdm%h_];f gﬂaﬁ:ﬂ@l.? ii«(&l?é%élnﬁ(%ﬁty.d'l“he
unaer diiferent buo Cy levels and usjng Ifferent swelling levels se
ORI &5 TS s 250 BT 8 o B SRR A S o S g 2 e
of as ¢hediafmetbuafdilift nicrosphereswhs ieldunthbivridenJlidianetes ddrmed in
the, microcatheter, the, micropasticl d. thr the catheter without
St e R I S

bayiyrirsolEds oG deb St Mevtecniankigalr aidiadise. faluebuaermistewregnivheifectively to
ordDEn TUGEORALELR Aamels/ RAGHRL 1ie.Sams AIMEnsian 8546 Jmen

diameter. At roughly 20% compression, forces of about 1.5-2.3'kg were
MIGEPERH RS- overcome frictional forces within the 10 catheter. Forces
greater than 5 kg were taken as a guideline for moderate to high injection
pressures. When particles are heavier than the injection medium, clogging
was observed when injecting in tREA®HEE]l Jlosition. When injecting the

[0 girOPaf!‘HﬁhﬁféeiPt}QFcQQﬁ@?‘%'aﬂ 1o WERQREENAY &Q% SEIBHES using
clogging was alleviated and that larger volumes were injectible over time.

POl RO fats betidnvire SSUFEPHS I A Spavimi Rikiag forandanareargagee with
Exdedicarsvalling)wasvhised theembinatiaadtbrnanzoniah NesiRFRYE hside the

that the injection pressures were comparable to the injection media itself

COF ARG ARSI B LA IO SMtles also exhibited a good

[o1actionpsesariie pRitemicts Niysialogicalplt fbhecainetarantmnetpdidceles set

fort OEnC &r%}a% ﬁa&gs@%%ﬁéggt&%%{: Jf#%/ gxgg;g %%%Qtdtgg {grodglltgfa gci?ii%ilgrglsas reversed,
microparticie or numger or particles

Thus, 2500 ml hydrated microparticles were suspended in 2500 m! deionized water and slowly,

5 mol % (200 ml) of a 0.5 M (BaCly} were added slowly under stirring. The addition was

performed within a time period of three minutes to prevent irreversible barium acrylate

formation taking place. The suspension was then immediately 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
35
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20 passing through the catheter. [0110] The results of the various catheter
simulation tests shows that the invention can be used to form injectible
mieroparticies having a density which substantially matches the density of
wihecijeatioh medium for embolization use. The particles’ coPaFrESMIliNA007
can further be such that it can be injected without forces over more than

upomthetiBusiponpged of bieenphbingide pBITREp Fasicle. itioetisn paediohthediydrogel
core R JKET-AOWRTR, ARQNT: 5.0 IIECHINRaMRE HRNB-NAIZARIRIMLinitate inside

increase the ease of passage of Sample B and C micropatrticles through

fromfigpchinEeNt NS RHASHI IO SHREhTIHO SRR CEAR BRSRAATER of the

bari e GHEIRAL Siearin 1hebit ks & 4Bnvianmene 02 bilAtdiiaerks welkitgace
test(z were conducted on the microparticles of Sample C and. it 30 was
remypEL RIS that when ion concentrations were low, swelling increased. In

{01238 herBodnEeatpitad § ahdidhgreuded pgrddesdasen; Qorinsstrdifutporiies that
the microparticles of. ' f Lt ' from

s e A A e R S

Genpraiy| BROOS/0OwOAR A BHIMRETHRE S5t aMRIBheS praees nredesdRit RV Igiged bed

proddiGFORATHCICS | RLalY,IBEHERaE 4 SRR REMALRGHRBIRiRLY0, D IQHM water

deionized water, size increases are from about 116.2 to_ about,136_._‘6_%E .
CONRIFPEONHERS BRHICISPFR1D) IS TEShG 188 ORTAR the e Examples

alsoGROURERSRIBI s alithenmiemepalicies b matepleiErei the dymingelprggsisears to
b test stand of Fig. 8 was used, however, an optical microscope was used to
© PEVARTSEE the microparticles as they passed through a progressively

[01 2% rrowieshpipe s chdemo @t achsting tp dye thydleswr tibmgasribordgno
app g@{{é’ﬁ&g@%‘ %i&gdeh%%%&%@{e%wmn%ﬁﬂewm@&&dance with the

icfopatticles of Sample C. The pipette narrowed to an inner diameter of

invesgon it A RPESODIFERE WaPHbLIR SO 2P BIdREFPEUBROARE RS mol% to

proVALTRMESEPa WaRS SHrnRiged ek, abesthale Bedtehralulienity v@ieries.
optical distortion and to collect the liquid ject(ilq%from the pi ette1 urip%d, d
10138 s AT HRP o TS DS P R AR P L SuLie [0ad imsice

the moieraparticle sspassihgcthrdiighdiBpipettésoatd raand dititdg 300g of the dry
beagf? wg&e&%}o@g&g a%bﬁ?d’\éi Qv%tter}%v ic%r%%ré[!%:%%tely absorbed by the polymethacryiate
cores within less than | min while the barium sulfate powdered particle surface appeared dry
and the particles showed no tendency to agglomerate. |

[0131] The particles (now 600 g) with 50 weight percent (wt%) water inside were spray
coated with APTMS/ 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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none of them underwent a fracture, nor did they form debris or coating
delamination after passing through the narrow site. Microparticles which
were chosen to be deliberately too big 15 for the narrow site (for a
WELHIEHIRSN of about 40%) did not break or rupture, but cloBfgBEBa4es/064007
narrow site instead. The maximum compressibility under a reasonable

solutiym gupRtiicforee GHrirainerdpiitia dee st 2 RRRiB Yatse with 350 pm
partidTHETONRTHGIESH LA Rass dhipuahethe cathales was ghad! B& HecBased fbpped

e TS e SR P SOl e,

18.4 eatheter rather than break 20 up and cause potential damage to the
patient. The test results provided suggested preferred use parameters for
Sample C microparticles for embolization use as shown in Table 3 below:
TABLE 3 Particle Radius (m Cangjigigr:m Compression (%) Force
Needed (kg) 340 540 25.9 and 26.5 2.58 and 1.92 360 540 33.33.19
[0133R0 shbepyiion FRIeals S3°5 YA 58I S P RGP S Pans e ehiding to

Exardple/ 1 8306554624 2hdp8aid 20 140c 13 1menchik 4 dobchining 1 280oBBAIRAL beads

22.21.7130WQ0 2 /046 PCT/IB2005/0040 131 Sample C .
wes B g O B TR RS e B o0 A oleh 0 i ethanol.
The staipilityvestinguiicidpabliefésniferpassiny Hmoaghe TedammpiRrograng of the

vial, 1§ é&%&t%ﬁ{hl%‘ﬁﬁ Wal %is‘é’m@@gn‘ﬁ’w‘éfg%g WRIRIIGFEMOVE (esidal; o
bufter soluti

E) along with contrast agent. They were dehydrated for 12 hat
eithep eidriAerthaier SR pratbrd BIHTSERIYePSDHRICE XisuR)Hatios WHE IR and
fluoreQBRNRIRLLWIR, pArtnle g fremdbe pUaInG] Rkt olBiskaRALIGIes dVBICHch as
Fluo %%%ngﬁ%%nééﬁgﬁg Al emhg/{:c}l Qgﬂgzﬁlgv%peyg\[z?iﬂg‘gg Bélcclggl QmThil lclgrb%lgy%gi%reebas ed
dyes such és Dil. The triphenyimethane based Fiuorecein and Rhoamine dyes exhibited a
specific affinity for the hydrophilic PMMA hydrogel core through lonic interactions. They
were able to easily withstand the rigorous conditions of repeated washing and steam
sterilization without substantial leaching.

[6133] The carbocyanine dye Dil on the other hand exhibited a high selectivity for the
hydrophobic PTFEP shell, without penetrating the hydrophilic PMAA core material. Thus with
the subsequent staining employing the combination of Dil and Fluorescein 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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been passed through the catheter. Figs 9A and 9B show the surface of
the Sample C microparticles just after the hydration/dehydration cycle
and the film thickness of an exemplary Sample C microparticle,
respectively. SEMs after passing through a catheter at various 10
magnifications (Figs. | OA, | OB, | OC and | OD) show that the coating did
not delaminate (Fig. 1 OA). Some microparticles did demonstrate some
stretching out in the coating film (Figs. IOB and 10C). However, a closer
magnification as in Fig. IOD demongtiatdsithat the morphology of the
wEaating layer is still intact. [01141 A sterilizer was filled with 2 1 of
deionized water and 10 vials each having 56 mg of 15 Sample C
microparticles in 3.3g of solution of isotonic phosphate buffer/surfactant
(TwéenTNO28S ARG Hrhed ehithd AAREM BOIE bBiRsTnaLcraERddr arbeporous
parlidlpdonpiigrihe start of the sterilizer, and temperature was held at that

point for 3 min. to remove air by water vapor. The. vessel was then sealed
ShurtS TASE RS AT REPRUTSYY 156 IRAESS BAP BREsdie,
This_took approximately 10 min e erature was then maintained for
15 T R R SRR R B ¢

polgrhpaattres ghOCrweasvwaachiedadout 30 min later, after which the

vessel was vented, the samples withdrawn and the vessel shut tightly. A

sampie:Mial Wasenened g skRsInatapbiopiddeeantess Ther is from 4,000 1o

microparticles were washed with deionized water. After dehydration, they
SO %ﬁﬁ%‘bted to measurement using an SEM. The results demonstrated

only a small number of delaminated coatings on the 25 micraparticl . _
o SR e s SRS R ARy 000 /ol o
20 pottie) ¢/feé overall percentage of such microparticles was only about 5

to 10%. Close up, the film delamination which did occur appears to have

occurrediplong cEysialineamaphaysidamain, baundaries n te PHiER ses barium

coating (see Fig. 1 IB). Most of the microparticles showed only minor
sulffifects (such as a minor circular patch being missing), but no damage to
the hull_of the 30 microparticles (see Figs. 11C and 11D). 31 WO
2002;"0' qurlg&cﬂi:é{ﬁ Pats 'as 10 :';g%ﬁ:hefgin the cc)Jre ts 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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[0115] Microparticles were formed in accordance with a preferred

embodiment herein. A deionized water solution of polyvinyl alcohol (PVA)

was prepared using about 23g of PVA of weight average molecular

weight of about 85,000-124,000, which PVA was about 87-89% 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

acid (EDTA). Methyl methacrylate (MMA) monomer was vacuum distilled

prior to use. [0116] Polymerization was carried out in a three-necked,

rou d-bﬂttom%dz 2000-ml {IaSk&\/lo with @ KPG mechanica| stirring

apparatUs RELHEECHRS HER (/AT SIES SHLASHRY WA Y e s brRgtarises a contrast
agerefialecod demserandup presatire; rgldaservabiéawittuaaitrogenpoletdst hedolinium
cor oolxlrp Srizlzil%?orhﬁ)qucest% {]l{rthe(gnt{ti(l)iﬁg 100 ml of the PVA solution

'reparéc?a ove, Y60 Al orSthe osph‘ate buffer solution, 0.65 g of

dilayroy| | acrylicaci % . . :

retlyiona Shca Smel san aae S R TrE B SE Bl W goay ora
magyEd grEideEago the reactor flask. The distilled MMA and triethylene

glycol dimethacrylate were introduced, dilauroyl peroxide then added to

the Q3RS AQLK RRTGUHEEDH & Werddgitated to ensure dissolved

solids. The reaction flask was flushed with argon and the stirrer speed set

1ve agent, . . L

to af 15 rpméto produce particle sizes of a majority in the range of

300-355 m. Stirring continued for approximate 5 minutes. The stirrer 20

was then set to 100 rpm and argon flushing was discontinued. The

reaction flask was then subjected to a water bath which was heated to 70

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

temperature of the bath was then increased to 73 C and held for an hour,

then the water bath temperature was raised again to 85 C and held for

another hour. The stirring and heat were discontinued. The solution was

filtered and the resulting 25 polymethylacrylate microparticles were dried

in an oven at 70 C for about 12 hours. The microparticles were subjected

to sieving and collected in size fractions of from 100-150; 150- 200;

200-250; 250-300; 300-355; 355-400; and 400-450 4m with a maximum

yield at 300-355 m.
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[0118] The PMMA microparticles thus formed were then hydrolyzed. A
portion of 100 g 30 250-300 m sized microparticles, 150 g potassium
hydroxide and 1400 g of ethylene glycol were added to a 2000 ml flask,
reflux condenser with drying tube connected, and the mixture was heated
at 165 C for 8 hours for full hydrolysis. The mixture was allowed to cool to
room 32 WO 2006/046155 PCT/IB2005/004007 temperature, solution
decanted and the microparticles were washed with deionized water. The
procedure was repeated for other calibrated sizes of microparticles (the
folloWinghreautivermes s fappliet: 800355 micmon yeaticlesiutBdigorsprises barium
sul 3RO BANVEANPRLtIERS: 1 2.0pU S R0 APQARR drigron 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] Microparticles formed in accordance with Example
15 were themesterifieddridhi i A0 xampleion esterificationi suriagsion
treatment §an 9 of drireq mllgcrﬁ articles from Example 15 were weighed
' W

COMPrising 3 Bo Capsu . . .
K& 2F fdaction vEssE With & féflux condenser. 250 g thionyl chloride in

15 i wer nder stiring, Stirring yvas continued a
oo e R S v asors
an geliipvaenbyUitatde dpr apldasebysquent vacuum drying. Then 500 g

trifluoroethanol in 1.5 L ether were introduced and the suspension stirred

15 8t AHBHREFPTRITONTR BT SR idMperanirdl urpetintipies hars i gy
polfiRdpagelevanyuE: dEXAMRER 4101211 In an alternative surface

treatment to Example 16, 800 g dried microparticles from Example 15

werelieatietemithnbdA6f gntriftuensathianoltand B4 ig spiirdecaeit addediasn 4,000 to
30()6}?86) gaé;x(l)){st. The mixture was stirred for 20 hours at room temperature,

filtered and dried under vacuum. EXAMPLE 18 [01221 800 g of dry

PMYR RtaRS IR APV RRALHGRS WO YRS R TR ESIE 1SS 70.000 s/mol to
20,000,006 g/mol.
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with trifluoroethanol as described above in Examples 15-16 were spray
coated with PTFEP in 25 an MP-1 Precision CoaterTM fluidized bed
coating apparatus (available from Aeromatic-Fielder AG, Bubendor,
Switzerland). The particles were picked up by an air stream (40-60 mslh,
55- C incoming temperature) and spray coated with PTFEP solution
microdroplets from an air-fluid coaxial nozzle. The solution composition
was 0.835 g PTFEP, 550 g ethyl acetate and 450 g isopentyl acetate. It

was hrough th zzle's 1.3 mm wide inner bare at a rate of 10-30 33
WO SO A L B0 B A A T oL A POt et
furtorized vatibpressomized @ip(2 5ibhe)o dthecatah amolumt dfssprdywstiitide core.
(3kg) was calculated to coat the particle with a 150 ran thick PTFEP film.
EXARPA Ei2gn890: PRPFiaE Arjop SEBilile Sutsateopartches phtskriplagh

bloddRsWhiGhweIg partially esterified with trifluoroethanol as described
above, were spray-coated with diluted PTFEP solution in ethyl acetate in
a cammersialyyailabie fuidizedhed caating device (see Example 16).
100 mg of such coated, dried microparticles as well as 100 mg of
unceatedsadriggi®MA 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 deionized water. The supernatant liquid was decanted after 10
min. equilibrium time and the microparticles were washed thoroughly with
deionized water, equilibrated for another 10 min., decanted and
suspended in 3 ml surfactant free phosphate buffer solution at a pH of
7.4. Density of 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 solution which included a ratio of 3.5 ml of
Imeron(r) 300 contrast agent (density 1.335 g/ml) and 4 ml phosphate
buffered saline (density 1.009 g/ml). Both hydrogel types reached
buoyancy at levels of 45-50% contrast agent in solution. This corresponds
to an increased density of the microparticles of 1.16 g/ml. 20
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EXAMPLE 20 [0124] Microparticles were formed in accordance with the
procedure of Example 15 with the exception that an exterior barium
sulfate coating was prepared on the micropatrticles after neutralization of
the particles and the microparticles were not dried after neutralization prior
to 25 the barium sulfate coating step. To prepare the barium sulfate
coating, 2500 ml hydrated particles were subjected to 2000 mi of 0.5 M
sodium sulfate (Na2S04) solution and saturated for 4-12 hours. To the
particle suspension was then slowly added 1950 ml of 0.5 M barium
chlotitie (Ba@2)stsl ptiariahdeodtining &t roberetetiperatunet After is selected from
washin i%x&qﬁ,-i' i icles.in.a swollen
fhesctgytiéﬂi ?\%?\gldeg a baridﬁ%%gl}‘ka%t?eéjggﬁggg}ﬁgg, @2‘3’@% %ﬁ%ﬁ@ﬁ#&@ﬁ iocggss and
iodijeretrieiiBgeerziiedterified in the manner noted above in 34 WO
2006/046155 PCT/1B2005/004007 Example 16. The particles were then
coated O<IRG T AR Y P SEH8E SREX SIS TTHIB R CTRRrising
resultin%_micro articles \_/\/.eTeﬁe%telrnall ' coated with a non-adhesive
baritm SUFSYS BEWEHBAIEN StitFAté:é@tings prepared in accordance
withﬁtgéj%jﬁ\égggt!ﬁ rtmhand prpcedure are _capable of preyenting particle
agglomeration during drying and also increase density. 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 with this
example were effectively washed with hot water to minimize excess
barium sulfate powder that may contaminate vials, etc. The barium sulfate
works effectively to prevent adhesion of particles prior to drying to assist
in fluidization of the hydrated 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 Example 20 but an excess of barium
chloride was used such that barium ions diffused inside the core and
formed a precipitate inside the hydrogel core.
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101261 In preparing the particles, the same procedure for barium sulfate
coated particles set forth in Example 20 was repeated with the exception
that the order of addition was reversed. Thus, 2500 ml hydrated
wHKRRAakksies were suspended in 2500 ml deionized water g giaiynedsh
5 mot % (200 ml) of a 0.5 M (BaC12) were added slowly under stirring.
The addition was performed within a time period of three minutes to
prevent irreversible barium acrylate formation taking place. The
suspension was then immediately quenched with the double amount (400
ml) of 0.5 M sodium sulfate (Na2S04) solution under stirring at room
temperature. Afterwards, the paFtictgrmvere washed three times with 2 L of
_deionized water 25 each. This procedure precipitated barium sulfate




also produce particles with increased density properties wherein the

density change appears to be permanent. [0129] It should also
understood according to this disclosure that generally when ap

be
plying the

Wi 9sRAMEeS noted herein, barium sulfate may be introduced gp-aeeaRa0eR 7
with the 15 invention in a range of from 0 to about 100 mol%, and

preferably 0 to about 15 mol% tg Biﬁ’é%,d
elasticity, density and mechanicaII stabilit

formed according to this Example having a barium sulfate load
core were then esterified according to Example 16 and vacuum
300g of the dry beads were suspended in 300 g water which w
completely absorbed by the polymethacrylate 20 cores within lg
min while the barium sulfate powdered particlg surface appeare
the particles showed no tendency to agglomérate. [0¥31] The p
(now 600 g) with 50 weight percent (wt%) yater“inside were sp
with APTIMS/ PTFEP in an MP-1 Precisigh-6qaterfM fluidized

apparatus according to Example 18 wifrthe excgption that an
aminosilane adhesion promoter 25 wasyySegl. Th
used was the same as that of Example Z8 /ut

acetate and ethyl acetate in a 1:1 ¥glght 30 percentage ratio m
first solution included 35 .t APTMS dissolved in 200 g acetate

and PTFEP and a third, top coatin e
solutiong were prepared by dissolving the coating material in ig

particles that have preferred
y properties. [0130] The particles

inside the
-dried.

as

ss than |
id dry and
articles
ay coated
bed coating
additional
pment
ided

AS

f APTMS
ray
opentyl
|ixture. The
mixture.

The secaond tion included 25 pl APTMS and 125 mg-RIFER in 150 mg
of the agetate nixture and the third included 50 mg PTFEP in 60 g of the
acetate mixtdre.}The spray 36 WO 2006/046155 PCT/IB20P5/004007
solution guarititig - r to the ceating df a 300 g batch
with 350|m particle rated 4t alrate of 5 - 10
g/min. The ptocgss v ating thickness

reached roo



18.4 wt%. 5 EXAMPLE 22 [0132] The absorption of organic dyes was
tested on microparticles formed according to Example 15. To 2 ml of
phosphate buffered saline solution containing | ml of hydrated beads was
wpromvigled g amount of 5-10 pl of the respective dye as a 1(@iillisatlane4co7
solution in ethanol. 10 The sample$fvere incubated for 30-60 minutes at
room temperature under gentle shaking of the vial. Supernatant liquid
was discarded and particles were washed three times with 2 ml of either
deionized water, saline or PBS buffer solution prior to visualization with
optical and fluorescence microscopy. The dyes tested included
triphenylmethane derived dyes such as Fluoescein diacetate and
Rhodamin 6G which were evaluated along with carbocyanine based 15
dyes such as Dil. The tnphenyﬂ%%é%ased Fluoreceln and Rhoamine
dyes exhibiteguis i M - habiabee Ny drogel core
through ionic hnd the rigorous
conditions of out substantial
hd exhibited a
jt penetrating
the hydrophil e RN —, Nt Staining
employing th ‘ > both core and
shell could bg bscence optical
microscope. _;. _ iti
fluorescence " akes core and
shell simulta g . 25 actual
application. It S y Cb ' [-elastic stress
or damage tolE.. e
classes of dy s : } [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 30 concept thereof. It is understood, therefore,
that this invention is not limited to the particular

FIGURE 3B
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embodiments disclosed, but it is intended to cover modifications within the
spirit and scope of the present invention as defined by the appended
claims. 37 CLAIMS We claim: 1. A porous particle for use in a therapeutic
wearndfordiagiostic procedure, the porous particle comprisin@Ca/oees/004007
comprising a hydrogel formed from#dn acrylic-based polymer; and an
outer coating comprising poly[bis{diZz2-trifluroethoxy) phosphazene] or a
polyphosphazene polymer derivative thereof, wherein the number of
monomers within the polyphosphazene polymer is from 4,000 to 300,000,
| h

and/or wherein e polymer is
from 70,000 g/m cle according
to claim 1, whe e. 3. The
porous pa titlj i M o, ounded by an
inner coating ; %R N ds the inner
coating of ba 00 : claim 2,

wherein the > porous

particle acc increasing
the density o} ording to
claim 5, whet i

deuterium ox _ ulfate, and
combinations flow to a
tissue in a m e O D S cles of claim 1 to

occlude at ledSha Barliorof a DIBOTVeSSEr O i s

FioNamo & ptiap?_QUf 100um | EHTRI000KY £2 ot 23 Jen 2006
Wage 00X !......_......_% WD 8mum Photo No. = 3678 Time 05825




mammal. 38 8. The medicament of claim 7 wherein the porous patrticle
further comprises a contrast agent selected from the group consisting of
barium sulfate, tantalum compounds, gadolinium compounds, and
Wwibaitetderifaining compounds. 9. A medicament for deliveriB§ P AHAE4007
agent to a localized area within a b%?jy of a mammal comprising one or
more porous particles of claim 1; and an active agent. 38a 10. The
medicament of claim 9, wherein the porous particle further comprises
barium sulfate as part of the outer coating and/or absorbed within the
core. 11. A sustained release ?Wgn of an active agent for oral
administration comprising a p sule including a core that
comprises : Dase
absorbs a ]
comprising

polyphosp ber of
monomers, P to 300,000,
and/or wh polymer is
from 70,00 S

formulatio
barium sul
porous

FIGURE 5B
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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 the group consisting of barium sulfate, tantalum

WEoWIsAWMES, gadolinium compounds and iodine-containing &ohigaiiade4007
15. A diagnostic preparation for enffancing ultrasound imaging comprising
one or more porous particles of claim 1; and a contrast agent. 40 WO
2006/046155 PCT/IB2005/004007 1/9 FIGURE 1 I WO 2006/046155
PCT/IB2005/004007 2/9 FIGURE 2 klquid nitrogen 'Re WO
2006/046155 PCT/1B2005/004009 3/9 FIGPRE 3ATW RIGURE 3B 4 ~
7# 4~5~ aS '=cF J ~ ~~a’7
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