; e3e>)> R)6) T) mMMAD 99/ 1240 ~i nu~~m N~~ PCT/ US981 18639 CCOATED PARTI CLES
METHODS OF MAKI NG AND W‘WMMWND OF THE | NVENTI ON FI ELD OF TiMA 20%2
| NVENTION 5 MAR 2002 T ention relates to coated particl es an
t o net hodwogie®bi ng and usisaig*t hem These coat ed parti cHOFSh&18639
application in the rel ease of one or nore materials into selected

envi ronnents. the absorpti on of one or nbre materials from sel ected
environments and the adsorption of one or nore materials fromsel ected
envi ronments. RELATGOATED Tlﬂi-ﬁsb METHEPS{F MAKING ANDRSINGt ed
particles and |iposones-are of general 10 Interest. Polyner-coated panicles
exhibit several l[imtations. as the flattened and di ffuse response of their
pol ymer coaBAGKGRQUND OF TIE INKENIRONi cal triggers indicates. This is due
to two fact hi gh nol ecul ar wei ght of polymers reduces their
di ffusion c@%???ﬂ%%&my}n thei r kinetics of solubilization. Second. the
nei ghbori ng gr ope pfeaitvepricramiares 1d dvated particles anéprre@qusbﬁgakihmmgng cal
responses tgo tr. er uch,a [ tlon and
Feduct Sony et DA e AT s S8 et Bt doh e R
chem cal chsiegesd enviromensimhea ahsmr;mon ofvinke oofo@ nmdnyhsﬁonsekgcted ¢nvarodrhents afi t er

t he paraneters, eovem_ng chem cal nsitions i.n _each of the neighboring
nononeri c ‘ﬁf ?%sm}"“ﬁh‘?fpﬁ%?r m‘ﬁﬁg‘f“eﬁﬁlf %‘Br‘%“’%“r STEHY SR ons of cheni cal

speci es of broadened nol ecul ar wei ght distribution. In addition. for a

gi ven applicati on of the polynercoated particle onl~~ a |imted nunber of
suitabl e po ERARTe frequently available. This is due to a nunber of
factors: regul attfoypaicie wREnolddi@—GRkMeAJoUdPERISE £ EdAfpbDmee Nhdiok gdhefabh
chemi cal andl or physical conditions. such as solvents. free radicals,

el evat t et ures. dessi catl on or drying, andlor macroscopic sheari ng
forces needed t @ofyieMdaR8 pRABIE @bt sbVeeal TRGRANL. GRihe RBKEnEDSIIMbsS fellnld 1 €S
of the pol yrrerlc coatings in industrial applications are limted and
further thePlahsipolymsr eqgirgsdechemiqal idpBrYGH Uigggsuingicyss. Thisisidye pawg éaa;oes

appl i cati ongigh. thm&eéﬁﬁ@%@hm Br»ﬁllemedu@emnfaﬁfﬁismn@wfﬁ&wém%wuse 1- 20
25 Li posones al so exhibit a nunb er of limtations. Anong these are their
physi cal ankinetisenf selibilieaion abscpnd. theqieizitbrsing groupféechroagdensibesureds rapreseisg d

wi thinghe i pmmesp%ngemhgga%pﬁ&dﬁ% Bl phiNGy; Hﬁ?x%ﬁ@édohé@éﬂe&ﬂu&f the
structure of the |iposone articu t he a sence por osI't

precl udes t welzgimneem éﬁtemellghlmng etoeas@ecomdls@reﬁhmb@m:aéP@ngamommnomwc
requi rement g ; MAR 640
PCTI US98/ 18639 f2 phységl ycgaﬁfm”t“gg“u ﬁ*@ PESmERES 9"‘.“5‘8‘55?% ik seiion 2 ol or
desired on #dighboriee m@nmem\@l@) Rugherarmest pélymers are icellestidny oféhlemicalrspecies of

dest abi | | 2abiodndfifidled,l GASM distBASL. £ EhaRon! HF: ALAGbRAToAI A SIBLLC. (The
termliposonmes I's frequently 1 nterchange Brm vesi cln es and is
usual | YV r eseqpedgpattioe OMEsﬁxmne@nmbegpwmmmw\Qﬂm péqientiyravatahler Thiatsutual

| i pids. Ves I €S .0 ver al
thousand |1 5 demsrSa iR ae FRBRRTHER B 2pts By S4B AROHRLL AR b

vol une. Thepﬂlumakstotﬁuioayeuchm savemw frel madiceds. olnadtedfttmlpemhtmmmsxedxombr driving, ds

with their ead oedtoth ueo tion and
their hydr o%ﬁ ?’(g:)acrto%ﬁoi”gqhﬁré?-eﬁrcf e?éq u}Efer’%f & B af %{téé?mg’l’lr uct ure
i s highly ostaslisd omee pammcoamcmumsmm Etpbl&aﬁcﬁﬁlati 1inateemi fuither tHeft i9fhe t he
lipids,within the ane of eac :11 ?( See 0'Brien. D. F. and
10 Ranf3wanfaverse emfmm@ SR %PB@ %ﬂ@@spaemepw@d. a of
Pol ynmer Sci @ngficisl 09I neering. Vol . 17. " ?" John Wley & Somms.

Inc.. p. 108. BRI.EF SUMVARY COF THE | NVENTI ON It |s an object of the

i nvention to prduPemesAise sxhiping pyrelepel limpiptions, Among thess aze thejf physicalnd i zi ng or
cont ai ni ng @he\%éiﬁm&iﬁ’cﬁlﬁt?cg The %leag@&ﬂrdlﬁérﬁl dibpdSddUeiniOn RS B6h@s Ssafisi tive to
physical, chemical or 15 biol ogical deterioration. It is an object of the

i nvention t BensRdsDy @éhedba@féhflﬂﬂafh?féh%%mﬁh@td the jipesgume. dﬁéarbﬁfm%h@ameoﬁ al's

di spos Wi i Wi t he

deat ani i parion ettt pofe dcdEbled HLRE B AL GBI TP B b B BB’ TP vt de
coated particles that sharply initiate the rel ease 20 or absorpti on of one
or nore materials to or froma selected environnent in response to one or
o o R - oo
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It is an object of the invention to provide coated particles that provide a
w de variety of coated particle systens that can be tailored to tBﬁR 2002
parti cul ar physical, chem cal and bi ol ogi cal requirenents of thgi

cont enpl atwgodizeso SUCh as nechani cal and thermal stabilidernddshgeggistrial 25
applications of the coated particles or freedom from adverse environnent al
inpact in large scale application of the coated particles in agricultural
use. It is an object of the invention to provide coated particles that

provi de, i fphgkiaal stability of tholimpyseme il relegselib adsirgioonthé enehamdeand Qnieteatelofd r el ease
of materials djsposed withi.n them or porecpntroll.ed absorptjon. of materials
di sposed W’?ﬁ'\%@%ﬁ&?ﬁe%@f‘ﬁmpg" g}’?trflle?sef BIFFS,on &1 O MBFPOE’h@aﬁl%\g'gﬁti on to
provi de coaédipesviics &l fRGudntiRintetehanged withdie tyh wsislesidds BuslBassrved fg! udi ng,
preferably. without entailing, harsh hysi_cgl n_d( or c fem‘ cal SUBSTI TUTE
SHEET ( RUL 2o of elycxpplompeipidn onotet il ivids Vel let o AL supesrietid9md1 8630 The

foregoisng  ayidyep hddGhblRPbEETesal RoBsaRd At ARfkchi¥s @mBRBAIRS) RAEAJIE 8n AdhBdus
conpri ses an Lnternal core conprisin a matri x and an exteri or coatlng. The

matrix condieHy valimenthe dipidpilayer isa tvedimensipes! fAuid sampased eflipids migthelr phase, or
at | east ongafABIAShdal globpsedpdsbaiditl Aqhdbab ?Ahmoﬂ%n&lma% ﬁylvd?aph@biétag%@regaga on of

the two and 't he exterror poat|ng cqnﬁrlses a non ane ar cry I ne
mat eri al . I'de¥clyde apier. FThg bdepgoeuptretis highls ordered aet dyrami¢ becauspalthp mpiddateraby 1.

i . _ : i . i cal
provi di ng g, %0 Wike Abiad aghégg%@gﬁ% bUakh HoYr Ul Bt SeE BoBrAIB IR C8

speci es having a noi ety ormng a nonlanellar crystalline
mat er i @ upRamaswait V 98K inMak-Dalcdas O verbereyManpds EgySopedmmf AclymaScidnes vol une

with a fluld,egntalol ng afy begstANG:EhENGAL gpechgs having the second

noi ety under nonlanet|ar cirystalline ma ormng conditions so as to
react the first noiet~~ ~ith the second noi ety and contenporaneously

subdi vi di n i i y the application of energy to the
I, SR Bro e L ENT D

vol une. Al ternat icle can be made by 15 1. providing
a vol ume of t he Ivimamr dbject dfalie inveiliante proxideabadd patticles thadraduitatile foRsdlibiliyat | S
capabl e of form.ng a nci)nl anel l ar crystalline nat eri.al that. is insoluble in
the matrix Q" Z Mg ANICHFITHEY PHFTPRES P Y RRMEFTAT Pyt Fae BREICRnSEMBI % in the
mat ri Xx15and selagiedrgatsoagions! y subdi vi ding the volune into particles by the
application of 20 ener o the volune, O. alternati~~el~ , a conbination
of these t~o rre?ﬂ&ﬁ‘é‘%é“g#f{ﬁlée ‘ﬁﬁﬂp?"e‘ﬂ.p’%ﬁleéﬁatﬁé@@%[eﬁ%ﬁme‘ﬁ—°'T‘HE DRAW NGS Fi g.
1 is a grapiieridiedispasa Mithin aGRatrit M v ihteal cofe® Shith@ reqhikihgl Bk dedidbNGadbnGPat ed
particle of the present invention conprising an internal core conprising a
2 by 2 by 2thﬁ‘ﬁ’i’31"?’tell matri x and an 25 exterior coating; Fig. 2is a

graphi c representighd &ject bftheSiehii®No prdvidé ebiraif paR@ied taOALBH iRdhtt tielr@ef t he
present invention; Fig. 3 is a scanning electron nicroscope m crograph of
coat ed*har t PTAPSAEPLSR Of Pg Op Mt aRaterialijR o IfQgha selsgief ERyIrommeng INTESPORSEAY oRF 08| ect r on

M croscope mbfepREkicand cRdmiol hgersoat ed particles of the

It is an object of the invention to provide coated particles that provide a wide variety of
coated particle systems that can be tailored to the particular physical. chemical and biological
requirements of their contemplated use. such as mechanical and thermal stability in industrial

25 applications of the coated particles or freedom from adverse environmental impact in large scale
application of the coated particles in agricultural use.

It is an object of the invention to provide coated particles that provide. if desired, a
porous coating that permits pore-controlled release of materials disposed within them or pore-
controlled absorption of materials disposed without them.

30 It is a still further object of the invention to provide coated particles that can be made by a

simple process. including. preferably. without entailing harsh physical and/or chemical
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present invention: SUBSTI TUTE SHEET ( RULE 26) 5 M~:R 2002 WO 99{513? ﬁ
PCTNS98J18639 Fig. 5 is a graph of the neasured vol une-wei ghted c i2082
particle size distribution for coated particles of the present invention on
a vol une- wgb@bife particle dianmeter versus cunul ati ve papét/Os®Rngdsge basi s;
Fig. 6 is a graph of neasured small-angle X-ray scattering intensity versus
wave ~~ector g of coated particles of the present invention; Fig. 7 is a
graph of detector counts versus elution time in mnutes for a control using
hi gh pr essusditdongui d chr omat ography, and Fig. 8 is a graph of detector
counts versus elutjion. ti nutes for .coated part es of,the present

i nvention usi ng!tKifefReipesD m@ﬂ qrg:‘edﬁlaffpéﬂvﬂ%ﬂ%?' BEPAFHRFHC kdi‘alf)&%’@-*as?-’ﬂ"m OF THE
PREFERRED EeiDcddEbinpridhg ianaktd dnd e eixtérior Eoagisg. Theamrix’consists esadn@iallyndiat i cl e 1
of the present invention conprjses an internal core 10 and @]Incoatl ng 20

exterior t dfaptong paRpRIuRHTed é‘ﬁ“‘d Bhase Of Bleastae papgstotgturgd lighid crystalling phaseepde 10

conpri ses RomKhdton of RO SN0l B eﬁt‘éﬁ&'&btﬁl%'cbfmﬁrﬂseﬁa Roxefellis)staltRe nRbEAr | al
selected fromthe group consistin | east one nanostructured

li qui d phase, binagrefereedgmb %@eﬁdh@%qawéemﬂéawbwﬁ%%ystal line phase and
c. a conbinatiop of &ovxd?t;%éx%ﬂﬁﬁe&%m&nm@gﬁ@e&ﬂoﬂyb}ﬂnﬂaﬂ%@ d@s”d . at

| east one nanostructured urd crystalline phase. 20 The liquid phase
material and the |i davieg mmswamabh@fﬁwam amgrlemeligr crvggllied mavesial wpont ai n

sol vent (lyotropic) ak.haki hcaoggh%qm%&l ¥ant (thetTnotropic.) The exterior

coating 20 conprises a non anellar cn~stalline material. The term "exterior
coating ' as usad heomaaing theivolumacid aflid couteivg et lptsaonetchemcajapacmgh%gl S

exterior to the int i/ naJ:onS %ro%tvlt%derzr%nfa%clgaﬁtcrv'staﬁ ﬁpzqgt?nal ?ormmsz ggﬁl{'ﬁogg 8 ast he

meani ng that the exterror coatin erior

coated particle 1. 26remmsﬁmmﬁawedh the eeebot rpblamanmmmenmnmsdouﬂpt ured liquid
crystalline phase Possess uni g rop ertle are only inportant in
maki ng possi ble the?® %\é‘ﬂ}aﬂﬂyﬁu@f@gwt an céerstrgk}eagphcétéod’r rl"leégyt%th[engmﬁ?esent

i nvention, AlteinadVed thgicediell pattihel cyn bl:emdeaalgl e solubilization, stability) and

rese tatlon roperties, and ot her. capabilities, in the final. coated.
Bartlc es of Phgppré’écé"l’ﬂmﬁ% e Fhe “’f{??“{‘ﬁi‘éde%?({néﬁﬁﬂﬂ,m%? PH’Q‘%@“S

non-1amnel | ar cryst aldapabR of formiglamoslaméliae bryaxlfihdrhitertd tha 19&5@&1@&%@ packi ng
rigidity that extends |n?n§11 three dinensions are strongly preferred in the
present invention oYX #%ne||ar (layered) materials due to the well-known

physi cal and chem cajaushigBieldfdreltld rirkterfal to(datd:ke iR)uble in the matrix and

contemporaneously subdividing the volume into particles by the application of
20 energy to the volume.

Or. alternatively. a combination of these two methods can be applied.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graphic representation. in vertical section. illustrating a coated particle of the
present invention comprising an internal core comprising a 2 by 2 by 2 unit cell matrix and an
25 exterior coating;
Fig. 2 is a graphic representation. in section, illustrating a coated particle of the present
invention;
Fig. 3 is a scanning electron microscope micrograph of coated particies of the present
invention;
30 Fig. 4 is a scanning electron microscope micrograph of other coated particles of the

present invention:
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5 MAR 2002 WO 99/12640 S PGTI US98118639 instabilities of |anellar
crystalline structures, as exenplified by, for exanple. (a) the5 MAR 2002
instabilit~~ (even when acqui escent) of emrul sions which have droplets
coated W tyob@itedd ar |iquid crystalline layers, (b) the piwusseassss
instability upon renoval of guest nolecules in |anellar Wrner conpl exes,
and (c) the dramatically inferior hardness and shear nodul us for graphite
as conpared with dianond. Coated particles | _ of the present invention nmay
be from 0.1 m ciFiga5isa @éphrof the arasurad olae-veightad enmulipuveparicle sezadispibedaar abl y
fromabout 0.2 m.cron taq.about S mcrons_i.n _nean l.iper .di ameter. The
coated part °&$°é‘eiﬁa'}f§§f °§It}§c§’r°5%m BEUea&H 2 WPy e'&’%@?‘?’ﬁ@f ﬂ‘&“‘?‘&&‘&ﬁ“an its

exterior. icutulatiOdipapicikesidelbasiext eri or coating 20, as desired. such as a

pol yel ectrol yte or surfactant nonol ayer to 10 prevent aggloneration of
coated particl edi&$ lsﬁﬂapg’c?Zf“éﬁF“ﬁars?’?%f“&e T fsc{)q%“gplf‘@gséﬁg CEHVEHE M Rav e
applicai onoﬂ'caat@dpéﬁ[deewth@f,regaacm{@nﬁb@s of use. The coated particl e X may.
upon rel ease of the exteriaqgr coati n%v%%%gbsorb qne . or re materials from

a sel ect ed envi Fdhfdih Sraphps detertes saur UtipR e 18 pinufes Sop a.conteql usinghjgh

envi r onment pedsure §hGA S8 oRRBrhy@Ge Materials, such as active agents.
di sposed in the matrix into a 15 sel ected environnment. Alternatively,

certai n exteri oFig 8414 granh ol deteder SRS Yepelpugmtimg jr Mmindes forcpated partiddesepounds
and zeol i t ege pAl@nliAlentiGittidethidiHr&aRE N Qhéffodspng! f €Ct the absorption or
rel ease of a material of i1nterest into or out of the matrix, and in sone
such cases very high selectivity can be obtained by the use of properly
tuned ppre ﬁﬁgéﬁfl"ﬂﬁl\sbiﬁﬁm ﬁl?EﬁﬁﬁﬁEDWﬁﬁDimmr“ cles are used to adsorb
a conpound or conpounds of 1 nterest. neither porosity nor release of 20 the
exterior coati ngAsdlusarted indtgs I e 2. batatqdprisietlyof tamrepenoinvereion commises-aar y

| arge incre | Qr.ption L . . material to
i tfuse 1 nt B e ALR AR, BTBARI o el B b EaPAL B35 )
coating 20 ewail aiolpasdsa nagbombsisiepesserttisly of 2 nahostractpedmatenia deledddhnntaat , an
addi ti onal mat egoingl » SolfICh as an active agent, may be disposed within the
matrix for POIRaS®™ &0 a sel ected environment. 25 The matrix is a.

t her nodiynam cal |ayatdéaataine ninosinateesitliquidtpbased and c¢. a |iquid phase or liquid
crystalline phasbe AL conbi nat i og. tfaer eog- I\Fﬁnostdr uctured: The terns
"nanost ruct ure” BF AR SEOPTH LIPS SHUREPRSE Fdn i n the context of 30
the structure ofc. acsmtigtivabf refer to materials the building bl ocks of which
have a size that is on the order of nano ers (10"9 neter) or tens of
nanometers (10 x 10° Qah'éisé?f?e)“a’é%ﬁ‘éﬁ“é{li‘iak‘ﬂ“ A¥%i%G. SUBSTI TUTE SHEET ( RULE
26) 5 MAR 2002 WO 99dt1e2@48e fanostructured liquid crystalline phase.

20 The liquid phase marterial and the liquid crystalline phase material may either contain solvent

(lyotropic) or not contain solvent (thermotropic.) The exterior coating 20 comprises a
nonlamellar crystalline material. The term “exterior coating™ as used herein is intended to
indicate that the coating 20 is exterior to the internal core 10 and is not intended to be limited to
meaning that the exterior coating 20 is the most exterior coating of the coated particle 1.

25 Nanostructured liquid phase and nanostructured liquid crystalline phase possess unique
properties that are not only important in making possible the easy production of particles
according to the present invention, but also yield highly desirable solubilization, stability, and
presentation properties and other capabilities in the final coated particles of the present invention.

As for the exterior coating 20. non-lamellar crystailine structures which exhibit bonding

30 and/or packing rigidity that extends in all three dimensions are strongly preferred in the present

invention over lamellar (layered) materials due to the well-known physical and chemical

SUBSTITUTE SHEET (RULE 26)



PCT/ US98/ 18639 any material that contains domains or particles 1 to 100 nm
(manoneters) across. or layers or filanments of that thickness gtm
consi dered a nanostructured material. (See also Dagani) R, "Nano Z@“@d
Mat eri al s Riodhsdo t 0 Advance Range of Technol ogies: ' Noyef#iedsngsds 1992 C&E
News 18 ( 1992).) The termis neant to exclude so-called "ceramc gl asses”
which are crystalline materials in whichsthe crystallite size is so snall
that one may not observe peaks in w de-angle x-ray diffraction and which
sone physi chsibflitienyf lma'ile:rcryamlm straovarsy. puxemplifibd it for éxainple. (a)fthe instability

t t d | ] fi h
e char act &V 2" gttt silsiont R eykloRR R BRER ub BBl o i PRt Yo
nei ghbor i ndaykesye) e chynitahingabitltyfupert emoes of guebtonxﬁécukehmrtmeilar Wenpositi on. and

do not include materials jn which neighborin ns_have essentrally
the sane | o@ﬁtpleéﬁeﬁﬁdé‘gltheéémﬁ?lﬁi‘Bﬁ" %‘8’ g f"girs}i%aﬁ YAt gBlHS ﬁ%é?rﬁ’ R&3% i ent at i on.
Thus. I~ t h@nipeedivittléig@ond. as used herein it is neant a spatial region
which is characterize ' parti cul ar, chem cal keup ichis clearly
di sti ngui shabl ecPf“quRaf‘tngP 1(9%‘%@?‘@?%5‘?’?‘“‘6“8’6%? ﬁ%‘“@f“ﬁ‘é‘l‘?“ IgroRHiRai n i s
hydr ophi | i cméda\aligepdiaheié) an%re@é?a dpﬂ&raasa@o wntltrmt fd@béir § B Fercaliper

| hydrophiiicity) of neighboring domains; .in the context of this |nvent|on
the 15 char $apae Ihe @afgr? pasticle 1FH¥:§'§° bropravided with 5 stabjlizing layeromdisexieriatrigge.  ( The
term ' m crogpd e exkeﬁox@ohﬂ@ 2055iediRka] s0eh &%tpelv@lm%or‘éﬂ?&%n%&%larv&gge i's

m cron or manoneter scale.) Nanostructured'|liquid phases and |1 qui

cryst ald i nePrpyeasaegiomeratignedf cogrednagicleshe matri x of the internal cores 10 of
the coated part gl esed philcibd)PoRAERERN i AH s Ollop RARSERS Wik GRIKECT | NS
of properties that are not only crucia ki ng possi b e pro uction
of particl eefuss Thqeoa&d Pprtiglsdrnayi woameieasnof thaexieaibrepayieclOdatisprelohe atesdre abl e

sol ubi l'i zat | 1 O abilities in
t he fi nal c}(r)lgttl:g l‘é%sspar Eltmd e%"@?@iﬁ%@ llleidr?tm[ré)t;)‘%gﬁé Eeallsal(1#?[5;ngu%\é/%/R| n the

di scussi on ofvirpandni azrlréeqsc mtémtnommgcrmﬁessbgs aciive agemis dispésed inghamadss ingd a
provi des f or di spe I descri bed

her ei n?5 Seﬁe%ggé?‘?rg enli 18 L‘t'eyv c%r%aapll eg‘fg%? PJOBME &’s\s/e%%gfﬁ %S"gbﬁuﬁbﬁsl ity in
wat er (ot hemwius;m écﬂnpmddh axtdezaolnesoddncsmhweretiusenmgderheefdhcsqheatsbnpgoxpcrrocess 2~
limting drseeresr ] %1 ?/ a1 to amsatrtrrrelt sescl)luq cont LN water -
both for the Ssur 553’«5 o3 oL iptert PIOAT QY SRS L, PGP & whese

di spersi ng Mtlfxorcmbr@xepcbs ﬁtehab@oftplﬁg:eﬂptuum porezahhraaeristts. anl:zaésgehefeange of
active corrpoung n.pa 5 r _sol ubr(Lf ation of hydrophilic

(especi al | yPEH ?Sgaéed)“ aféd S&&p‘n °B‘r?f’t“l ¢ EYNPBUTS: ““cé?f& AEEET RN ?’ﬁf‘éﬁaﬂ%e of
not onk§ solhslekiedictasdian2ate realusem mtcpmemxaﬁmfmmaafdr@meramlgeaﬁ)craa@é invity of

ot X ShourSBURt SrRs BL SIS BRhEL RS PABBHRL St Bt Setelhe ol a

sol vent. | nadseptien Hiks 1ﬁ$1{e&hlet16hioﬁtgm\20ﬁ$a’ilhblb tda@socxib ﬁixﬁma&gﬂgnagte@égfeﬂ on, aS
great nmany rhaps jorit e conpounds |1 sted a UBSTI TUTE SHEET
( RULE 26) g‘gg‘i\%{?ﬂ?% W@sﬁ@@ﬁe“ etrasags aggrgmay trsd&raqegev&a@rtfggamm t he
present i nvedtrdieke RALkIERd @périthe that are soluble only in polar

sol ventg Furthernore, the use of organic solvents for solubilizationis in
most cases i nconSESEHS wi t h bi ol ogi cal conpounds such as proteins. and in
any case is highly disfayedyasnici®Rdbroul atory, environmental, and heal th
consi derations. These two requirements of water-insolubility and

sol ubi | i zati on of wab@ensspugwréandonpounds are, of course, working in

opposi te directions. c%rfl(am? ﬁasg'oﬁldu?&'ér%stahﬂle ﬁ?sgloyfcd 1rﬁti§x{tﬂ%ﬁz | Néxpensi ve,
and safe material. Very'e fective s For sat!s yl ng suc

sol ubilization requirenments are provided by lipid - water systems i n which

m crodomai ng. ar e _presge whi ch are ry. hi nt ent

o1 il t aneoudBeTyRPERR b Eto AamRCueFe o eyt 8 R e Bt
aqueous0 dontienrgucnkdofblifatdiaPe e GEmAériabahetiilging B13ekso$ which Bav4 12t that is on
precipitation tendencres encountered in systens @h?é wat e structure is
i nt er r upt ed W5Pr4enef iaReeierd0 ’F’e‘ﬁ‘i)a’h‘et‘ &r'r?g?w&rﬂ b & IReIEAt Sengrally gpeaidnant es,
as. far exanple, in concentrated aqueous polyner solutions. At the sane
time the proximty of hydrophobi c domai ns provides for effective

sol ubi l'i zati on of anphi philic conpounds (and hydrophobic as well). 15
Nanostructured |liquid and Ii es are synthetic or

sem synthetic materials whic %gg39¥§ ggg*@ﬁfﬁgﬁﬁrzation characteristics,
and provide pure. well-characteri zed,




easily produced, inexpensive matrices that also have the foll ow ng
desirable properties: a) versatility in chem cal systens form ngg MAhR 2002
nanostructured |iquid phases and nanostructured liquid crystalline phases.
rangi ng f payedahdabogi cal lipids that are ideal for 30 bi pgphgosise®. toO

har d~~ fluorosurfactants. to glycolipids that bind bacteria. to surfactants
with ionic or reactive groups. etc.: thigs provides for applicability over a
wi de range of conditions and uses; b) the unsurpassed ability of

nanost r uct \ahe fhatetisl dtiatlcdataas @smancorpanioles [ wCI00 had nirometer) aurgss.tonldyéraer phases

to: I) solubilize_a wde ran of acti,ve conpounds i n¢l udi ny. 25

tradi 11 onalmsae e ke R Qe » SO G e alh Dagar, €.

bi ophar mac edahdsghdure MRV BBinisB & Adandaesled sTetidwlogie@NNoverbecBs ool Y
regul ated organi c solvents; ii) achieve high cgoncentrations of actives with

unconpr oni SeE Newhid (1932)) Bhederm is )neﬁ‘_f‘&/‘?"d‘é‘d"f Wéaﬂf%éﬁé‘ﬁicéﬁseé'h‘wif*bﬂﬁp nt that
preserves tdRialline iattRhiy BviGhd 48411 Bize K)o bhalPihhtloae ARG 3BacFve PEABiH 1Y,

whi ch ensures against Instabilities common with other 30 vehicles. such as
preci pi t at i Wide-ariglecray disfractjemand whighesarap plysisistsanay|refpron 3s napestruetpred matgrials.

etc.: and, ; fi: ] r ; .gkze in
the manombt s Parsa L FRERR oo LA PRl B o RR R RS BT 0
PCT/ US98118e38ndseal¢ damainsiwhish fargrelearly digénguishad from neighbering dgmaink bylatgecs even
after trig . I . L of

ot ot ei ns. angragyefth SR thich SRRk a0 Rl ey Ralcall B il R

nanost Huct udogninrheveressantially thelsand lotad chreaticat ecomepodifordandidiffer énlpim lewiveer al  r el at ed

concepts regardi. terjpals that.can Scri iLth respect. to
surfact ants e)'/“a{tﬁé;rg 6‘%‘5-? h{ehettegp émagoﬁgg%eﬁgnplg{sgfe %&l a}ggérrlﬁhr%%ﬂl Tvgl,c his
"sur f act ant ¢haamerizeli &y 4 policutar ajpalial makeuprflacds tlealydisanaiishgideBoy that 6fh r espect

to bl ock copol yner st e as described, bel ow Polar.: polar conpaounds
(Such as welPoie oUaRE TR E: f BT B oreramnih v R R G

i oni ¢ surf aiidesphéebicity (Ordphiicithy bf weighbodigaiomainy;iifi the cartexhyfihis friviehtion;the’ pol ar "
and "hydrophilic" in the context .of the present ipyentipn are essentially
aynonyFbus. HerseEihdon oS Sems it © B apBpoe sigs: (AR BD AR roRonn sedevont

a Eelrs of :immlfotiadfwa@edoﬂqatnb&hsarsizeiﬁhg@x‘fsnﬁ&i&x@gﬁﬁcﬁmd_erkdalﬁelnlti on a_rg: gl ycerol .
et hyl ene glycol, formam de. N net formanm de.  di nmef or mgm de.

et hyl ammoni um nil‘ﬂﬁna%ra?mragﬁ%ﬂg;%w% ‘é‘ﬁ’éJ GYSRiige phagst: é‘%’cc ROV degpativhds

t pol yet hyl e iférat 66tks) 101 oF th3Chaded ajtices P HEBresent IRAMEEH pbssdst Ghig@t doN&tribie
range of possibilities. At sufficient|y |ow nolecular weights, polyethylene

gl ycol ( PEGY! Rrepegies fhaharenot gy cripialip iglinpprssiflsdherpsedupiion of partidesafehel y 15
studi edp as greRA! iAlenBEH. ¥QAlso yRIGHIHN M3trdbR sobiiDaroH! B2 M Spredelalds been
found that PEG does form nanostructured |iquid phases and | I&glrngd

crystal | i nePRUYBSNE FRPRRIHSP aibs Brpl oRate partigles. psged i orehdtaibelovdnen as
BRI J-type suf&RGPHparticvbioatkieh 585@5&99bﬂeﬁuazfa%t@imtpsometfbr rfekdy head groups
et her-1inked to al kane chai ns. re generally. in terns of polar groups in
hydr ophi | i cdispresitiligsithieps ofehanspaessgs described hrssinndi in desisalie fpthe maperialdelbe of pol ar
sol vents anders Wil QAR Hlwate? (JHERRSS it Al 2fh BAls@ivelh aifsferd ed bel ow.
in the di scq?siﬁi g‘n_ g%bﬁﬁ)nll%c 3 pg)l ar grl(t)_up_s are de'pe‘f atuﬁl\'(/'ée)tﬁgs ﬁs\eﬁ% c!t)cg%lst' head
groups 2&nd Vimiting dispasibibity), yApditizersame Ao itghouldeontaindvatgs o beth for thre paitpiossrafat i vel y

"l i pophilic Sl de .| . { 5 Lo rqcasbon /
al kano. chai SSSEARG SpUE LG \Rby B iskelslF R Rl o NS EERRAGG:
per f | uor i nabvédlask kmpesf.acihe compdunds ot her hydr ophobi ¢ groups. such as the
fused-ring 25 structure in chqglic acid as.found.in bile salt surfactants,
or phenyl grou pslnzggf“f%?rréoﬁwﬁ'@ﬂwtb"ﬁ °g*'y‘¥%’2‘_‘1§8%s?’%r?a“é F%Eﬁ?g} W%fﬁpﬁ"ﬁ@lf ype

sur f act ant s corifitiindsl ind doreke raditteraate/sTRot dalyesolubilizdiivh bito bfoperganfoimdio® sad

ol yet hyl ene (which represents a_l ong al kane chain) t dr ophaobi c
BO| ))Crreﬁ s ag}(ﬁlit&gf sensitivré compounds of biolog?cal orig% such as protgins. tge mlcrior Rxatrix should

contain substantial concentrations of water, or other polar solvent. In terms of establishing

versatility in coating selection, a great many (perhaps a majority) of the compounds listed as
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hydr ophobi ¢ pol ypeptide chains in novel peptide-based surfactants that have
been investigated. A listing of sone apolar groups and conpoundsgi ﬂARdZ{m?
bel ow. in the discussion of useful 30 conponents of the nanostru ture
phase i nt avo ¢9712640UBSTI TUTE SHEET ( RULE 2B) 5 MAR 7002 pipnR9s/iges40

PCT/ US98/ 18639 Anphi phil e: an anphi phile can be defined as a conpound t hat
contains both a hydrophilic and a |ipophilic group. See D. H Everett, Pure
and Applied Chem stry, vol. 31. no. 6, p. 611, 197?. It is inportant to
note that noefulooetings Mrpdnnﬂ iventorerequine freactaatm that gFosolublecanbl ia polatsolvents. i s an
anphi phi | € nce t bu Q roup

hydr ophi i c "n'h wse otf gglg i} sollI‘ en{S%or s%’ lﬂgxlﬂ%lgoh&xﬁ‘ﬁﬂgé:&%%{ﬁ){& féés(tfmg‘t
definition bmgogleahcdmdooMs siﬁfmeasprownssatndm gyeate intEghly dnsiamrpmﬁrdm mgutaﬂoacul es

possessi ng function s which are highl ol a nd h) ed t
measur abl e FEGTEED “@éﬁdq\ﬁﬁﬂg‘?‘?“‘f'%r?mf‘% ﬁﬂe 8%3%!‘?"' Efst i‘ﬁvf‘te'b%‘ ‘31 ‘gee R
Laughl isn. AdudilegfonionwhttiHeluBleCbnbdumtiSare, 00 boursd, witking in opp&:ii8 diraubhsogidand 1 A

surfactant s an anphi phil e that pqsse %fs t wo, addi ti onal properties.
First. 10 i4iff ’§P‘§1MYF§°B’5PR4W1‘?YHB?‘W‘§§E’P‘P% ¢ ci al physics of the aqueous

phase (at not ORledy difa@ivekystenilsy’ satbs‘ﬂ}:nﬂu&l@sdldbﬂxzﬁhdrrr!ﬁﬁr&herﬂdﬂe prolidel mat er
interfaces) at unusually | ow concentrations conpared to nonsurfactants.

Second. suriRidt Waer shperese iy vehichyaisrodomains A eRFaTeR} ‘b‘}‘i}‘ are very high pvater gement, | and

Wi th nuner oyg sﬁxﬂ%m{m BRrpRSYic ddnathsRiedi bty EpROGRRANAE KIOGLERs ddndir M

t her rmg%/nam cally stabl e. macroscopically one-phase. solutions of

aggr eght es BrenwseréF pEagueqys demnaigscirgyravents presipitption (densise encowtesed ingysems

surfactant @eaﬂs § R PSR RAS &Qwas&l@Jn ns.

See R Laugh r ﬁ%gr%%%ﬂﬁtﬁ}rﬁ qur gh‘(s?rrg/st aos Evo " 3, tsg‘éé}ygﬁlk?sbl ds,

and pol ar | «‘I\Spfocisxarrmleplarc@mcemamd aqesonenelnes S@@tms dféfrtb@saa@ nmgrtﬁeammtt:sotf or the

pur poses of i ! |y used

o i cat e PR AR PERA, (P he o bt B cobBphB{ AR ¥

slight)}~ dinfdiapheli¢ asoMll‘t act eristics than conpounds which are nornal I y
cal l ed,gurfacta 20 di I ~~~ L i cs which

f requenfl ot h(r)}\llija§1 smm? f%aé‘Xndl m% °§V§§§‘Z‘s §haaes-|z-1re ﬁygthgt 20 g(r}r(’alsvn hie{j t hey

are often ofmaterid$ wtych:adopnhesgsaiubxlmaulolsﬂam@ndxsucme;d nrcmdi: fuce. fyell- mmaetes&ldubl ein

oils and fa wat er.. rred t.o as |ipids

have extreng Eﬁ%y); Prg%mgcg BRSPS B CCS%\NE%W’%VgﬂnP?%&%% dﬁsuaﬁ E?Bﬁ%%s of a

hydr ophobi ¢ sol vanérsantiy zinehenﬁaabmmyfonnmemdmstnfcmredtliqexdlphas&fdnac| al

t ensi on-reducin r opert nd reversible se OCI ntob

Choar y oo ovi aReeetird (i i St rEeRh rhn Sa g Rt Sl e Fpalr o
exanpl @) such a wanpaurs twhdrdy SiofRt@cants ad gieoliphdd thaﬂblﬁd! batrialio seAshan
bet ween oil and ter. at | qw concent I’E‘%I onsssrfevenpé?gglu h extrenely | ove

solubi lity in wat'8YOMNf FHEICHKEOWSSTVAE PYKd BRA Wide F88RMt i on i n
t he agueous syst@ﬁalgmsfaﬁd:ﬁgbg,, simlarly. the addition of a hydrophobic

solvent to a |ipid-water st.em nm ght meke th ter i nation of self
associ ation intd %?f ability queftamwﬁé@gﬁaﬂﬁ ARSI ERdtigridd 1 qui d

crystalline phamtﬁlwmes&bmpkmmmwe raa OF &aSe Ebinfpbintay irciugg amg@ci at ed
W th hl%tll t enper at ur es %ht make this diffjcult in the |lipid-water system

SUBSTI FUTE SHEETraditiopatly sigficult symppundssygh asAachifaed snsliorharmpeerisatsg| 18639
I ndeed. it has b&%@m{eﬂt ﬁéeu@aft&ic aﬁlﬁﬁ}féﬁe‘a&k&%}égﬁﬁe& brgwmdsofv@%t ﬁh&ﬂ;&@

structures that the co bet ween reviousl consi dered
intrinsically di ngleqoemtratwns ¢ﬁapm\@swhn@om9wnﬁaé§tahht§, and-lll)@anmietthr t he

forefront. and et iBa 3808k Sy A SUSK Gl Biidine £QTRGL oM Lhe b ol ogl ca

side, and surfac mare 1n srde) cane together
as the sane nanoes)tthmclteunmnmcetahxb@awhneiderismred agp.msimsmbxhtxcxrcomkﬂonmhfo&tet ant s.

In addi,pion, it to the forefront that
Sur Tacthnt s, SucHREs SRR HREEUTAT ALEHYA HHRD AELRE Th G Voot hion,

etc.: and,

d) the presence of a porespace with preselectable pore size in the nanometer range,
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mhlch were entirely of synthetic, non-biological origin, showed
"lipid-like" behavior in that hydrophobic solvents were needed f Br MAR 2002
conveni ent denonstration of their surfactancy. On the other end, certain
| i pi ds suGio egi264¢sol i pi ds, which are clearly of biologi qajmwgﬁlgjﬁm di spl ay
phase 10 behavior nore or |l ess typical of water-soluble surfactants.
Eventual | ~~. it becane clear that for t#e purposes of discussing and
conparing self association and interfacial tension-reducing properties, a
mor e meani ngf ulfacilitging fisthemmonivel of the relgasmkingtieevep afiestniggered releasknfitiee- t ai | ed

conpounds, mher i A | e and

doubl e-tail ed ggar?eggﬂ&mw g& gl?ﬂ? %l)*ﬁl'smét tﬁgﬁgpxg@gﬁl@bont ext. any
anphi phi | e whi dhe dd:sxretbprypemwoﬁthc\nmosmamradnmtér@l/\drtbe intatnelrdorecli0aderitecfien ons

bet ween wat er .and r.the hydroph |r or oil. and

oh o oxh tvere gt o R gine MO u At ORADH ol st b oy

i nvert®d nusaefﬁxatemxs)‘rpom tmpbmu&u@quhmh@aaﬁ andntlwépcﬂa:r apolaciiderfre,”bot h, is

a surfactant e inc ud ass consi sting of
sur f act ant %"dv\ﬂ'ﬁaig’ﬁm’é!“' ! rqur%pﬁﬂ?ﬁiﬁgppﬁmgls}tﬁtc%a cgpeﬂ’ﬁgﬂ ar interface: In a
surfactant nolecule. one can find a dividing point (or in some cases. ''
points. if there are poI ar groups at each end. or evepém)re than two. as in

Lipid A whi ch Helas: Rolay epmpasids (s4ch ahwater) and nolrs moislies{S4ep 0% bF AR ss8i0pAds per

mol ecul ) bRuihA 1<FH?J St dr 81 liplyiartavdidi o, 8F hdaphili®f pdilte afP! ecul e from
the apolar part. 1n any nanostructured |iquid phase or hanostructured
liquid cr y Stvarophilie lpﬁﬁwte’qt pithe preseatinyantion ¥e pasenvigihbivagnymony. Ifermsyedr i | ns:
in sugh ?5sqvehis! Waterlidifor HRGHS pBifar So@ndiothed SGmPaHanteSn Be A!&tgPJh?ﬁ éeﬁts .
describes a surface that divides pol ar donmai ns from apo ar t hi sis
cal | ed t heinvprsion prepgixsierdt. cthilens gixeod fﬂmmldepbiwh\éﬁxﬂhmldd|dvnft§hwhﬁgnwndace

For exanm! @nviAmbHEnGASE. £ B SRNEE o). MELlkEme bithse AL RO iPC
approxi mated” by a sphere l'yi'ng e outer sur e m cel

with the pedtuallygrpolymsr. thfmbhlélusmmaﬁ)t ame ofpossihilitiss. ‘b@ufﬁcldmlvtltm melecdlace and
m or oscopi SertdRhEfiele oyl RrE) BRI AR PEC I APERBRRRN "L
phased’ t hatudied & apeknsdivest it hembiakiod Weurf@ldﬁﬁﬂ H’abIFEn%E‘iha(PMiEer@ém M-~
st uct ur o, "PRASua) Gl Rl BT o BN S corbefor P PR nect eo.
intertw nedurﬁuiastpamess E&thpcafsummaois \Msc}camnomnmrfaumnalvlmhtHBCel&adtxmmsl ons;
R e L E R L Y
subspaces. anphiphitid mmlactmldsumlsdxsg but adtintited eqminr sdlvdnband sbfaganesa funibsr 4fi ch in
one tsgpe of, materi ety, .and the two . ub aces are occupied by iwo
such rmat er PSRGERYPs ﬁ’ﬁlwé’fl{agggg%ﬂng}e dRAvsEign 8{\0}3%‘%0 $ﬁf°8&3g"ﬁ?)?ﬁeratnﬁ%ass pace in
all three durfefasi aBgroplenDehicisaaa®t one, apple. and many sinters are
exanples of relatively permanent though chaotic bicontinuous structures in
the material realm In these particul ar exanples, one of the subspaces is

occupi ed by a sghdisk: Wpakr (bﬁhvﬁﬁﬁnﬁbbw of eﬁﬁﬁlaﬂﬁfxoﬂﬂﬁ&mu@’ )Q‘.Bﬁllp&bﬁs &Elh&r notUbspace.
t hough it Opé be 10 referred t ~~0i d, is_occu | uid. Certain

| yotropic | m@a@fw/a\ﬁrp%b@t alkgge ghoios of Sefad #wgmééﬂo mﬁ@cvéms?fah@ bei ng
occupi ed by, @R pialY éﬂnﬁemmwh@@el% ofttaf m @H&hl ﬁ,ﬁ%&?ﬂ u&eﬂ% Qaspget - 11 ke

arra~~s that are ordered eonetri cal e Ot subspac el ng OCCUpI ed
b~~ s@Pventtryggireinsheis. acxr!z@$ Mmlbﬂqsﬁluutfao;angt qlphpnyéergmmtae@nn lagortionpfthé N t wo

s T S R S

sol vent, t Hemywohysthyiene (whizgh sepeasentk a langhlkdtlecm)ﬁmmrdpmmwm&emchm hin a

It | ted strat. fact t ai
Caui 11 br | Va8 rE ARl bR st HP Ak R A b e e "
hydr ocar bor kstidg wfsbRe afvser gRlps 28 cafiptahdis iven tlow. Bhadifcusiiy obaseﬁmaot Ic
bi contj nuous structures, maintained in a pernmanent state of fluctuating

di sor ddr §°¥1Pf€‘F%Pf‘hﬁaP%ﬁ?§°‘“ﬁe6PhaF%’é‘§F“@'i ve no evi dence of geometric order
but there is 20 conpelling e~~idence for nmultiple continuity. Bicontinuous
nor phol ogi es occur also in certain

u
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phase-segregat.d bl ock copol yners. See Anderson, D.M. Davis. HT.

Nitsche. J.C.C. and Scriven. L.E. ( 1990) Advances in Chem cal PhﬁstQ 2[]02
77:337. Chemical criteria: In the case of surfactants, a number of criteria
have been wa@bim2edoed and di scussed in detail by Robert Larginisosnsesr

determ ni ng whether a given polar group is 25 functional as a surfactant
head group, where the definition of surfactant includes the formation, in
wat er, of nanostructured phases even at rather |ow concentrations, R

Laughl i n, AdvanAmphipmld_hxqam;uhuﬁmlysambesieﬁﬁkdéia cahgp8nd thiteofitaing b ag | i sting

given by L hl,i.0 0 atlv as
sur f act ant B % db‘i'ag @Popiglﬁgf‘f"ﬁug ¢ D’?g?tl‘%ﬁegﬁp rgmldaArP%hF{g%egp ﬁr Pked to
one of t hessep [gol, a97130t ig i oprantu® idtel tharot henemfphxphmw@urfanram marmhp!dct ured

liquid or |d cr || ine phases - are: deh a lic
ester, car l? ‘29‘? Hahlles%‘i?é?él“g,ﬁ EHP Hz‘,m&’éliﬂ “ggﬁﬁ%‘%} ﬁEﬁ“ﬁ e Y
SUBST] JUTE bﬁi‘iEﬁ-ﬁol(ﬁ%tﬁf dince it doedvidt Qu?@@l?e AEhiOS, ket Tield Jdﬁ9§ #639

guanyl urea. acyl hiuret, N N-dineth e, hnit osoab3 {1 ni t r oal kane,
nitrate est@AYy amphiphilicanelequles possessing °"‘H Leroyes Wik are ysﬁ ypelpand hydrated

nitrite, i Q@E‘ln@islﬂa@le d?%en‘?et RALcA BEL 1o ARpIBEsuRRRHR 0&1RARSr. SeblRf Qﬁ‘ﬁhhlpta.‘aﬂﬂpésne
sul fide, arsine sul , f onam de. sul fonam de nmethylim ne. al cohol

( monof unct |lbhﬂﬂ“}cr}’%§% sol Lwotofi®Tet i onal ), secondary amine, tertiary anine.
mer captan, thioether, 5 primary phosphine, secondary phosphi ne, and
tertiary phosphi ne. Sorre pol ar groups which are operative as surfactant
head groups, an8unfspant: 4 surfaptetripinemphiphidd thatpessessesi two pdditianal nirepesive Firft. t hese
pol ar ,grou t. id
ot ol i ot R B Rk YA ARARLFAE bkt . Ol thelltnd

sul famat e. a@altﬂemnlasmer atdhiobigwafeatneerfagas] 4t nmastaly lmcthomphmseompﬂr@sphonat e,
phOSphl nat erton&'rfta&an%msgceohdt r%f%cﬁa%k mx c§u"llés a(s-)srayxat% @L\Q b Q.th %ER (nﬁl T ndw h

Cati oni cs: tdrni osphonrum gl Foni umm - St oxo Aum c.
Z~~~itteri omrrcsms ethnmmilemulas)ert ahxghlv pmgqyktaiﬁegpe mdanmt&mﬂddmmﬁallv stable.

g;r(rj;dl 2:, g?r%]%:rog%?p alll\ ! -Ip]h% ?%ons c{f)]a?%rgés atesa & &gellloxgl\%%él hOS lgﬁ;?m%hsOSphl ne
am dat . 150flnaugkﬂrfaﬂmﬁhﬁ)&cﬁlen(oastormo@és ahdlmtssesscoﬂoxgﬂrdenahloﬁwS&.R. iLeughlig

ent hal py of Qr mat i.on assy i,on orrpl af. a given | ar group
wi t h phenol ‘ivﬁnﬁwey}?rhﬁ&’gﬁwﬁ%ﬁd\mi& b 9)%Ir_§p,1g prds ‘I?é’g’l“,c‘ﬁ?rh@%“taf?e pol ar
group Wil | doetiddoel 0 pefaatanty for & parpssesbsdiicamonrheam gthough. thd erntigidtis on to t he

pol ar head g , sur f act.an ui res apol a roup,. and again there
are gui del |‘F%' ‘HPV leé’fcf‘ééklaf%;‘éy g% gécpaa%@aﬁ_o?%{act I?(‘ﬁﬁ‘éh E}Yﬁf‘l?ﬁg‘?}yv\hi ch are
of cour se tmﬁeraﬁt&haraﬂrxmmﬂ corhpoufids hidhhie fbaRkIR calidd sGAEcRRRSn eveRRARY N MUSt be

d)t %or sm&act ant associ ation b(lah ~~i.or to occur, although at | east
8 or 19 i s PFRYsSIRgy Ao £Bpsastenpiifs sl (eausnty- dhopsh) nphplvays. arf phssessed by ligidgarene

am ne head fw0thBy ¥ bedd df Siologfhl dRiglnAindeBRHE el Gend®o B &6 bdivge RDilRatagad
group, exhibits a lanellar phase with water at anbient tenperature. as well

as a nanostRRPOYesE [pdeedmany compoundsiplred to g Ipidsdiaypdremely lowsolubigias inksson.
L' .. Mal nVi WaterPardGhus 32 Ghrdbbilce 804 hydRphdbiclddfrént nday b@hee@@ar@% biak:dodpd | nterface

Sci. 118:233. Br anched hydr ocar bons yiel d basical] %/ t he sane requirenent on
the |ow n eR¥r aql@rtenélszrawsvcens TIORET ey ineifiassogiphion ta bemastislealy o f ul |

range of |1 gidedeedr 441k aPJ‘xﬂ&e%& S Rorexarhpld 3 &in 68: 1.
However, the tevv((:)’e Casev?d near a% ranc u(sj. %ﬁgr o%arEonasc a?e \c/l§§1)[( |y
different osironglg rddisgphherintsifabéal tempiombdtivere ail gndswumaltowctomemwensc bren tugh he
tendency to |1 S.. S that for I n_abqut. 18, . the
I Crafft te n%xgeé?t%?og soFu%xhty in“Whter mlgr}f?make Sbsélvagon gfts‘taﬂ:face 1 SioR R tion i the

aqueous system difficult; similarly. the addition of a hydrophobic solvent to a lipid-water system

might make the determination of self-association into nanostructured liquid phases and
30 nanostructured liquid crystalline phases a much simpler matter. whereas difficulties associated

with high temperatures might make this difficult in the lipid-water system.
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30 becones high and the tenperature range of nanostructured liquid and
liquid crystalline phases increases to high tenperatures. near orq EMAREQQ?] ng
100 C in the context of the present invention, for nost applications t
renders thqgapoofdspact ants considerably | ess useful than tpgggReMskid n

SUBSTI TUTE SHEET (RULE 26) 5 MAR 200Z WD 99J12640 13 PCTI US98/ 18639
between 8 and 18. Wth the introduction gf unsaturation or branching in the
chains, the range of n can increase dramatically. The case of unsaturation
Cﬁn be ill ﬁStz r2 atlﬁ&;wliﬁas Bé&ﬁP\:@tﬂ&ﬁud@‘of|nhrwstﬂ&nd&ﬂiqalﬁi¢r\fsfaﬁmb _fsh&:hxr&itﬂuﬁ mewhe[] e
chains wt carbons can have extre neltin ) lue to the
presence of CARMOARHYY baveep ‘M}b"uqué”%’bcﬁ’algrge"%{g‘°f‘% %@dﬁtgaﬂ‘gﬂggﬁéﬁfﬁ ¢ igEds @ding its
derivati vesisuihiaaly | Sisdelislie FREREAL WaEHhE ﬁ'ﬁﬁsch&ﬁls?&%tudﬁli@xds Rl EFoRDhe

pol ybut adi ene_of very high MVis an el astoneric yner at anbi ent

t enper at ur e biolgisalsidscaed é@&é%?@“\& from ‘BBWE&E‘%‘F‘M@%‘P%R@‘Q’F@SM SR nown
to yield nangstdlitddiee Jb(kjéNUd assats%r%u sefttahd! tn\/addwoﬁ I aﬁéa%athorzﬂéiuct ion

of branchi ng, one can produce rocar bon polyners such

pol ypr opy! e fagefrintithat cerad) svnﬂhﬁlwfsmsesuchss dlh@mwwdwpﬁwbmommwomea nunber
of anphi phi | C t f ' such as

t he PLURONI ghgcg?‘}egeselﬁtl'%&go EIF“% fi EF 3 Bﬁ:@g@é‘lﬁ? glf f}%ﬁgﬁlplgl ?ﬁ%??‘%&i 2hydr ogen)

i n parti cul aydrophebig selvents vmerrieledndrfomtl‘@dlemrMnmsstrailw of meframfaswns\ (ﬁmbc al | ~
| owers the requir I
l'i t hium per £ ?’g’éﬁfg voct gh i Suhlf as%h&ﬁ% hcﬁ(# {/gfbé&?gu‘ﬁ(g&@lr‘l désb%?p as‘aui d

cn~st altbi ne bplhmmemorelontelsuglpm@ofiwmcrmmbhmuﬁfataetspﬁmalaumntcbhcm cleat thatyforr are i n
surfactant syste A& $ V\/ﬂe nQé’g : pt (ggoups such
as the fused® e‘i“ﬂ’@“fo 'ct“FSdE‘taﬂ 8°’?9?“P$1%e cﬁ%’ﬁ?’t’%‘ aélgé g F’ésmé'aff al so

serve as ef fp&:pt-.mveaamcﬂradfangﬁmLmamcﬁdrimlbgdmamﬂmlesaﬂ@l&ndmmblegemuar aI ly be
treated on a case bé ase basi in terrlrs of deglﬁ{e ‘g‘k’g eﬁher ?1 ]
particul ar HGTUPIPHOBITT FrEEHIT sanepiieimplist ¥respiRt aprioaticanied ggrerally oil

si ngl e- conpaesrble. bl ock copol yners, reI atively sinple nean- fi eI d statistical
t heori es are suffjcient to predict when nano ucture |iquid phase and

li quid erystal | i hEPspRASSrsRet eontext-anpemphinhile il?[ﬁf“ Ve oW cpResrasipns lowars e

general overingriMallRndidR Gawedn Wheekd W%hWEeﬁﬁethér ihex\ drsphb&ebe%zqm Huggi ns
interaction paraneter between pol yner blocks A apnd B, and Nis the total

i ndex of pol'YHerebibts rswrslblﬁ@ifr%@alaa%n inRaappsipRregiceliaginveftemicelipniors, or

nonomer uni tbsconhﬁboamor?mlag@rin & R oil 6PBH. 5§ Lkhdtantd THR clabfordipfds Gindplyon of
the interaction parane e bl ock copol yner.  then nanostructured

liquid and |1Pﬁ%ﬂeaaet}b91§%sapnsrsnég ?fﬁ&@%nﬁrvﬂ“fé‘%ﬁe‘tﬁbé’@%@ﬁ'gtﬂhe product xN is
greater 25 than 10.5. Leibler, L. (1980) Mcronol ecul es 13:1602. For val ues
conparable to, but |arger than. this critical value of 10.i. ordered

nanost rifct ured (Prleirpolar ipteriare: invesurfa¢ians lesulp oge eanrdind p dividing neipnt éayém

bi conti nuou J
Honeker G sCsoﬁx'J RiEs. @Q@xﬁﬁ Sif ﬁxlﬂj@ afi.%lar Q‘o@%ls r?(t:i éﬁl;g?rtfdr@@e?rsﬁerﬁ.nore ﬁ{ah' e as ol L%ml A,

Macr onol ecul ‘é@cmlws ﬂﬂ)’%acvrl'dhemmmdob{s isensn divising noqm Rér phigede) mrathe moabuls that abl e
for the nano&%ﬁ{&& H&l%&gﬁ%% # }ngiem.ﬁg ﬁ%lﬂ ﬂue%ﬁol | 1 MXarQ?tE.\f&reﬁﬁxquxd r;?a%se or

nanostructure tructure erial,
nanostructured liquid crystalline phase. the surfactant forms monolayer or bxlaver films: in such

25 a film. the locus of the dividing points of the molecules describes a surface that divides polar
domains from apolar domains: this is called the "polar-apolar interface,” or "polar-apolar
dividing surface.” For example. in the case of a spherical micelle. this surface would be
approximated by a sphere lying inside the outer surface of the micelle. with the polar groups of
the surfactant molecules outside the surface and apolar chains inside it. Care should be taken not

30 to confuse this microscopic interface with macroscopic interfaces. separating two bulk phases,

that are seen by the naked eye.
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m croemul sion or d. a nanostructtued L3 phase material. PCTI USO8IGLOGAP 7fe
nanostructured |iquid phases are characterized by domai n structures.
conposed oWodemRions of at least a first type and a secongctygessnsl i n sone
cases three or even nore types) having the follow ng properties: a) the
chem cal noieties in the f rst type domgins are inconpatible with those in
t he second type domains (and in general. each pair of different domain
types are nut ualBidntifarpat bhbmmu@u@huc&mtthetgemezms Bextribed ¥y tckistinkie gi ven

condi tions but, rather remain as separate for e the first
type dormi rRUHBYICASEEY BiEsERg S Q?B&F%ﬁﬁ}? %‘d‘%g%’df cqpgpugus ﬁ%@mﬂf‘%h as
vat er and | iy, f id}ResbiShAPEse Whénkife spRofIIFE Siack mwdm&ermm& i€ 0 path e
conposed substantially of apolar noieties such, as hx_gr ocar bon chai ns; or.

first type WBHerHe oBOUOMHY hrompsusspace I A CIFORHIHPYSS U Enachof B SHSHEFhS ar e

pol yi sopr eng stk mhne HPofintérfil dritfEetH QRBINE SwduBspaeds il daMipRM by ald gewe-rich) ;
b) the atomc orderihg wthin each ‘donain is |i iquid-1ike rather than

sol i d- | i ke, mptexals orjimoietiesyarhefinhicheexiendsdbrgpghopy %Spé‘Fe ip h‘éth@aeémemem s woul d
be evi dencegpoggogzgg,dg%e@ﬁ@ &fd @Exﬂteﬁrawarﬂﬁééﬁofrréﬁtlv%&?kaﬁﬁem {ho ﬁﬂg' €

x-ray diffract e smal l'est di nension ness € case
of |ayers, bfcminuaus stiuqtutes in theimatendl reajm.i ndkase park@laepxagwlve{cme bf tkesu'bsnmsns) of

subst anti al %i&&g{lﬂﬁgskomgegﬁhgn;og $l1&s Ea0EELREnd 'R gﬂalsessgac@ Thbkhi réa m about

1 to about or gani ation t he domai n ﬁot

exhi bi 10| ongfmmg:eas ooidds oqwopled:lnym‘ ﬂmdn Cavtamriyotropeiiquidicrystabing stnes arél' :hsos is

evi denced by th bsence a f.l ec n

scattering ée(x amna ¥ T OR N a?e ehng °° g by ?’Eﬂhl?ﬁlgrm nQIl)ercgl Ss(glsents?ég’?ﬁil al§%rle edemml f h| gh
vi scosity ashdetdike elfra‘\is ngeaieerderedaadmﬁtchxchiacthe other dubspacei teing Totcmﬁxgd Bvédkence of a
liquid, as oppo uird cr sta i,ne. phase. ct to each
of the Iiquf® gpfb‘ﬁ g‘§me§ b% %Fﬁ%s‘tﬂ ‘éeesaa‘%ﬁhaé ﬁ?"?aé’biwa?ﬁ%cs"mpméer lgn‘{sﬁigﬁ\ﬁ& types of
domai ns in h)bkﬁclﬂ&l’laﬁtﬂvﬂﬁi:ﬂbﬁfhnh Iv@ttt (irea:mea fupthbrepossitiiligl in RINEH Gde subspPace is

initial di, | | owi,ng .t hat ste based on_ bl ock
copol yrlréa?/s de ngfe Eis "(ﬁ“ ‘}?erf’t}%éﬁg‘s‘g"? ttleﬁéff?°§¥f'1‘§v“ i &Pthmél’?ﬂ’mpé)bol ar'

may or nay Ednedid satiidhiricbl dil.entbdliurﬂahﬁft ehofhisd. CeortdimequilibyiRa sicrfermulsiéh , €t c.
wher e as defined above (in the defi n| %(ﬁ_n of a npanostructure |IhHUI d) donai n

types ' A aRepsesghat squai compaisble amprs qfihygiosasonarg Weter a8y avamabip phase:
In an LI phagfclahidia O iibc lbxébnﬁn&&ﬂﬁtﬁmmsﬁﬂmﬁlﬁecﬁﬂﬁgﬁﬁiaﬁéﬁ Sate bfucRMfiyAL ur e
of SUBSTI TUTE SHEET (RULE 26) MAR Z WO 99/ 12640 PCT/ US98118639 15
the pol ar - api§Prdsr by iearal moronssiof brugiye Wf‘evxdaﬁm%semwo&ﬂhw}hereeg. ons,
generabby r eshibelling GvilidhePRE Fnhﬁllpﬁ%oﬁtmuﬂp I BBdnuhR€ kdoBshologied Sdkr aB¥ iSlerhifl 2

wat er - conti nuous nedium (Here "water" refers to an%gpol ar solvent). Wen

these m cel PRASe-pseEERa b IPRkicoRlYBITHSpq Anderspy DM iDdetisi A &1 Nigsche d ot anéns or
CoNposi t i ONSeHRANIE (190N d\aAs i AlelnidaPPHySiRE 77:996t her and bi continuity can
result. In addition to the water continuity, the hydrophobic domai ns can
connect up to forma sanpl e-spanning network; this can still be an L 1
phase. I n addi t| @femildeiferid! 3 oAU S rBhnk: alnuaﬁé}%?émamavm@xvt fixggnce of
havi ng no m crostructure at soever 'S re are no no
wel | - def i ne@ndidisrusspdin detaid by Bobertdatghlin fqrdbfeumhles%*ahmrag'leepblarrzr@p is
struct ysel e 0 ost I uct ured
rateri o TreuStRGR A A o bl 8 o F bR AERRRA R

in water. of nanostructured phases even at rather low concentrations. R. Laughhn. Advances in

Liquid Crystals. 3:41, 1978.

The following listing given by Laughlin gives some polar groups which are not operative
as surfactant head groups — and thus, for example. an alkane chain linked to one of these polar
30 groups would not be expected to form nanostructured liquid or liquid crystalline phases — are:

aldehyde. ketone. carboxylic ester. carboxylic acid. isocyanate. amide. acyl cyanoguanidine. acyl
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10 nanostructured phases by sinple change in conposition wthout any phase
change in between. In other words, thernmodynanm cs does not dictat® MAR)I?@GP
boundary between a sttucturel ess solution and a nanostructured phase. Thi's
is. of couwpmsnfycontrast with the case of a transition betossnsa@sphase
havi ng | one-range order (a liquid crystal or a crystal) and a phase | acking
| ong-range order (a liquid). where a phasg boundarr~ is required by

t hernodynami cs. 15 For L 1 phases that occur in systenms based on bl ock
copol yrer s, gulryhireal £6v1 bifwed, NN-diatechylanyidel aitrosontitynermitroadimpé. yjtrakedstet, nivdmy case
there are two (Oor in Sone.cases,, e)..domin types: . make t.h nvent i on
hat t e curdist BaR PRI BTREQH LS SDe s el e pafoRies
typi cal nanagifédeCihdsghinacullige, B9 bifide fulfondniitie: keifonarnitie methghie addohde, of
domain type A located in a continuum of B, donains. i

. .As an exanple,_ in
pol yst yr ene-BERfrsHprabnester (NgRIRCg Rl SSRRTaDY a‘?‘f’“%'%%’“\?&l“ﬂﬁﬁ‘g‘gﬁﬁéﬁ‘??@ﬁ' of
pol ystyrsene dyneKshosphinéSedoniRYWphdsptinel 894 tertikgbhéspRineisual m crostructure wl|

be pol yst<~rene-Tich sp’heres In a continuous_ poiyisoprene matrix.
Contrariwi se, poP§RSPYFEREPT VBiph &7 RBFRYE prSUEagit 5@@9@@%%@%@55@% rix
woul d be t he,nlaied 3ham iinkiatis b It Hespold? YeoRpY WoutPBY &p@tel®s fokm daRbPickired

| dentification of the nanostructured L 1 phase. Since the L 1 phase is a

| i qui d phasdiquiting Hewidhprojeielinepheses.aeeen devel oped to di stingui shed the
nanostructured L, CoaftfoR i o) Ustirite Sl pahd! biRRack. iblbufa R ARG, | 1
addition to the gk%jgm%t%ﬁ%tr g%elgs)'t at ar e.éli s_cus%ted bélﬂgtw,_ ‘?ﬁ%’f‘e is a
wel | - kndwn body ehoskirtanpenspfenatiphosphingte détsoanydet wislkylsyifophlmethide samlate;
determ ne a pri okl : qj. ven. : J0 form
nanost ruct ur ed pﬁé%%@gl}cgg{mengﬁq}gf S}glldﬁrr%kﬁ%‘%g&nsg rhugg ﬁ?gogﬁgsﬁgsﬂkosgﬁé& 30 Since
the formati on of cnanogionisst ammechid aaguaiedplpzosioprapmic mafoose. pyodivioety ilsiléus: d
crystalline phasesc.is_one requirenment in the definition of a rfactant, in
the discrimnati g'nse(ﬁlpo ar‘cﬁéﬂlbrgto?( IL?E‘[BE’P%’HOW + ghose ero&heaaﬁﬁ?fnosxfdreu%?yﬁ’?lgﬁ sol ution
it is extrenely wvalfaxihihe silfond dlrein€.ranineihioandidate. SUBSTI TUTE SHEET ( RULE 26)
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compount’ i's in fé‘@'t‘ig‘gnélﬁ? prErest i’staegfpeéalmF‘éﬂtlhf)?%wp&e&?%?‘a‘é&rﬂfﬁﬁér of
tests for susskataiamegymplex ofid diven sulartgeoup®ith @Hehotija digdrsger GoftihgOdnbig (s Ieks trast | y
anal yzing the ‘Iﬁb%}t{?l o&ﬁi n questiig]n. @ nunber of frit rigf have been di scussed
by Robert Lavlfi-itnit PRECEIAPRw 1oK0q QPETYF 28 A ARl heall gquP. 1978 To begi n
with, Laughlin | iisk&iReding pblarichd @buR a Eifac@ir@juifestinagolar gduipQind aphiginbRr a
gi ven conpound wi.l] be a %rfact ant, ang this was di séussed in detail

above. If, b¥Eewddmetineweticveapqlay eroppe ?fﬁgﬁﬂ%d‘?’é‘s’éf‘s?‘ﬁf e cPYsaghe mot r ue
surfactamt. tdiafod. 18 iCROP@RHAFOS BrbBXp 86l £ chubi®e hOELM ORNOGTatEGoaGighases in
water. In addition, with such a conpound in the presence of water and

hydr ophobe. RHAYSTP Qe PEpugh2 e8! 87 d O i taesusl et BRFFESERa L Py l2miBe-reihiny 8

i ncor por at i Ngndathe dniAStead gAY WhitkisYhst pd1g chMFh QPRQAPECIE BSEKRthd orbp, lefhibiRle event
t hat a non-surfactant anphiphile is added to such a system and in

particul ar alRmgHEhase Mith WaisT §ampiEnitempesire. s Wl asa ngnestiystereg haphasel al cohol .

di oxane, t et KaREROTURRensthiTBE ML AIQEFRM HBImAE A @NhddNilsSon, P. (1987) 1. of
di met hyl sul foxi de. etc.. then structureless liquids could form &s the

action &% th&obridand Intefeske Seint1843p1 Braoehed hydrgcathens Yicldibasicalbt the samegeqirbment
aggregates a L > Ladghld ..goes on to
di scuss a nugglehgq)oéﬂ %:gral' t&e%?gg%ésggg%o%a@ggﬁggﬁteo%ggn~at ptlgér?ge Q%C@gldmel | - known
criteria is tiysaliing phagal Wimsardl. Aeg(18a8) Coene.rRaeyi 68l . (HOMEYeramthe tovo cases ofisneanaed! i n
surface tension surenments. | .he surface.tensi f _an_agueous sol ution
of the conpohﬁﬁcﬁ%éfﬁoégrtbi"gﬁrﬁ vest |‘£B{}F§ Oﬁgwi’gpﬁlﬁfﬁ%i %thgr]n eatr’ﬁém%geﬁég‘ﬁ?er ation,
then at very chanw. thORERA 1@ tiveraltize i Bschhat fof s @rebenBancabowi] B) thoKraffeRmpérau@r op

of f sharply if the added conpound is indeed a surfactapt. Then, at a 20
parti cuPdr cSFROBYY high 3nghelerBRGFRAIE rangRofERRestTLIY rqﬁ?ﬂtﬁn@ﬁﬁmwrwtgbweﬁ n this
plot, as the;RlaReHigH BRpdrduites. HEF bEASREing | GFLC: Gidht YonteRt &tk presatlin@htidnhe
CMC. so that the surface tension decreases nuch |ess wth added surfactant.
The reason i $ormpstapalirayens thisremons these sistactanis sonsidershly lgisaselyl thasthosewithpe| vy
into the creation of mcelles, rather than to the air-water interface. A
second criterion tabulated by Laughlin is the liquid crystal criterion: if
t he conpound 25 forns liquid cn~stals at high concentrations, then it nust
be a surfactant and will for WaTRY o [ hases at concentrations

| ower than those at which thgkgggﬂ?qT?%Hga?b#gh ar, the L 1 phase is
usual |y found at concentrations of surfactant just |ower than those that
form normal hexagonal. or in sonme cases nornal non-bicontinuous cubic,
phase liquid crystals.




Anot her criterion discussed by Laughlin is based on the tenperature
differential between 30 the upper Iimt of the Krafft boundary pl &t pRAR m
the nelting point of the anhydrous conpound. The Krafft boundary is a ¢ e
in the phawesigy am of the binary systemw th conpound gagluv@hgdss bel ow
the Krafft line are crystals. and above the Krafft line the crystals nelt,
so that there SUBSTI TUTE SHEET (RULE 26)3 5 M ~~ 2002 WO 99/1 2640
PCTNS98118639 17 "' is a dramatic increase in solubility over a very narrow
t ﬁ_rrper at ur Qemmagﬁ:cl?.nWimhl& iiﬁt@iﬁéttonlgif axesatu_fam?ﬁ blfﬂ)rﬂﬁﬁiﬁg Qiﬁ?@chhi!hbl@he&ék_{g@@ﬁt ant,
this tenperature differenti is sybstantial: fqr exapple, in sodium

pai mit at e. YARINFERSE drRga 1h?+llff°a{°ri’g“%ﬁ%}‘|‘%‘r°6&a§ bé&il’ﬁﬁﬂﬁﬂ&%‘*’?%&@ﬁ%ﬁi le the
| Crafft |i rgerived$rointfish BisAvA&Y cibinsG3BQG2 carBoristan havB extibidefyasw Meitidk pbisis 20C.
Laughlin goes on to djiscuss the case of 5 dodecyl am ne. which ﬁas a

t enper at ur & BF PrEgnetRfjagmarytas p4logble bonds- a3l decaspheradiongisiagid andity deaivasivess e
di agr am CoryHshRRRe ﬂﬁm&%ycbﬁ&!d,' sBapfs! &S {Firtfermiokty!Soly HuthidfeAd 6%@%@@%& l,uge_gr €e
of association colloid behavior. In contrast, neither dodécyl nmet hyl am ne

nor dodecarfFoBsiA polmenalpabicat EBPerauIscand dlock copolymess yithpetvhuadieneocksaaind  bot h
have zero tepanabwh e i SRkduab 1 j hg,fa5¢ J :a rystals, as
di scussed herein, E)gi @eﬁuliﬁﬁgﬁgﬁuge:d ll@ﬂgfg&g%églgﬁﬁﬁﬁb\‘g{htlliédg{g%quggof)‘é)?i ment al

pr obes one beanphing eng ean grotesehydrecapiivaphlymerssuchass polyeropridnesyide (PPON whiths case a

liquid, is . . 1 i .dj in the context of
the L 1 phactiis Hetibishe sRO8 uldMiRBe e RBfl BOUCORH b ST Bl b ¢ ne
appr opt0i at émpertinée. seb kxthsPLURONI deries dfetréacmhna ubstitptiornt of ifinorieSbr Hy@rog@iybi ne
as manv of . racteri-zations, as feasible. As.with all the |iquid
phases. thdh PERCEE BELACBERE AR BN cofu Mgt reiemepthe 1 15
does not gitkemiinggdhalod dfmgasiererbpiidied by MvRmzrtishapeansbt n=ge wheshatsgRlys a

sur f act ant. S0, A.n.examnnati.on with,.crossed polarizing filters, the L 1
phase of suﬁrﬂf\gag%daor{thq%'%?%t 'n%@&esHB‘fludé%aé‘r’%tFWB@ie\P asﬁi‘”?’&%‘ﬁ% fjﬁ‘@‘éﬁ%@"‘even
under nodersatfaetdhi YeenO Al discossed eldnherd] dthimhidophebit Brous ARE ks thOflid.&fy | ngence

in thecase of block .copol r.- based systens_js, conplicated by the

possi b1 1 ¢y BRB e chOIe aAr s ise A0 Ty S ELTPEVA, B0 EF0HPS Algoke o d i n
t hat cialse. ks Ralmgexﬁewng bk ditd‘d&ml&wﬁfe&ﬁ]fc@daﬂaﬁ@ﬁﬁﬂ%dsloidm A gwgegfép§i ty |h s
generally quite low considera ower than any liquid crystals in the
same syste mﬁglﬁ*@'\é\lﬁm“g’&cﬁrﬂf@ﬂﬁé%{d nhbehaYyr e the effective sel f

di ffusi on coef f Fer saileScomborleh€oldRIchYiving L FINER kitnplethdn e tibiRal mddigs Se! f
di ffusi on of %%tact ant, and any added hgdrophobe, is very low t~~pically

on the or dei Ffiicient 1p Preqisy whan ngposiradwre liguifl phase 4nd diapid svatalline plasonaterilious: see

25 belzow. ) willioBeuk. and@ER URQuité)enBYal JBF ¥wilB &lAge ®ocl bddolSlel 10§ isHLHIRGE ant
and hydrophobe is by diffusion of entire mcelles, which is Very slow

Al so, the di'f8EUS INGRACHeR Rasamster SevEdgIoler Blagks oY and yAd prsigh istske tetabindiet dfe near |y

the sane, f@fyneReaiSRAMRikAAS MR nusbR bl sARAlLurit! FhonbAlhahd, BGnd SINSR), does not
gi ve sharp Bragg peaks in the nanoneter range (nor am rangeg', of cour se.
However, arfpipssorsigntly with ghsdefinitien afthe injgraction earametan oftbelblotk copvl@@ert then
literature Gaskded i e e i ? anal yzing the
fallof f of INntensity U pEHGhD o SHesds R AT WhEY BBaucbIN RS "
i nver s® of tbﬁ\eloéukﬂblem brli 980 MacrameletuesdB HP02. orevabancodpamblainbuttidtgerappar ent
SRS O SRR Wicd Iy 6.3, il d P it UG R co B BST! TUTE
including even bicontinuous cubic phases. Hajduk, D.A.. Harper, P.E.. Gruner. S.M.. Honeker.

C.C.,Kim, G.. Thomas. E.L. and Fetters. L.J. (1994) Macromolecules 27:4063.

The nanostructured liquid phase material suitable for the nanostructured material of the
30 matrix may be:
a. a nanostructured L1 phase material,

b. a nanostructured L2 phase material,
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sl ope, to deduce Rg (the so-called Guinier plot.) The radius of oyrMAR Q002 s
then related to the dinmensions of the mcellar units by standard well-known
formul ae. {yoonxsé! fall in the range of manoneters. In gegikisAResoDY
plotting the product of intensity tinmes the square of the wave nunber,
versus the wave ntunber -- the so-call edsHosemann plot' -- one will find a
peak that can also be related to the dinmensions of the mcelles; this has

t he advant age that id, ahfmostRstred@icroérhulsiod & i Nt eracti ons between mcelles

than is the radius of gyration. For surfa.c‘t ant -based L 1 phases which are
bi conti nuous, the aaﬂoeewwm&#éﬁg’éasgmw ows. First, the viscosity can

i ncrease C%'ngx%ﬁtbk&em%ﬂ pRhse P& b}{hkﬁcieﬁzéaq{?ldbﬁlam(ﬂ@u&@est npokedi ol idnfaif t he
sur f act ant Im which is continuous. Also. the self diffusion rate of the
sur f act ant cﬁnﬁlegveﬁrsmpela@d asrserf ‘Dip?ﬁ?"é‘ﬂh&ﬂ&‘? cReR theee OF SYPR ROt fePeshiavingdhey added
to a bignary, mar ker) can increase dramatically, approaching or
even egceefﬁéﬁﬁie ﬁ%es in a lanellar phase in the sane S%ste.m And whil e
SAXS anal yses. bbthtichemical mefpties inghe gssmm aif§ @retiprompetiblewitinthpsedn thewi | | gi ve
resul ting L § rpreted as
characteri se{:’ggﬂﬁ‘@%g?’#l g‘%@sggrp t'he |ag§g?i?fﬁrﬁot3§ 3 %&nmgﬁu%ﬁ rat her
than as di nmusnpmﬂ:ie)(sﬁctdhzs treptiengaris hodeethe givemcohBitigusrbut rtathdrebsxamsusnlparm t he
i nt erconnect ed. cyl i_nder t al non Prager
nodel . a bl%’: SIS R ir‘r&‘g %’m ed(ﬁnﬁér?%s% élla?)e reﬁserﬁsgu%mnpa"\ °38°larm%‘Ft‘°ﬁn| ts.
which HIt homngllnammlh;yd hqaag:toupsL whilq thas&ondnypeehhmmyccmtdl;c cbmpbsdd ng bl ocks

f t bi L 1 bl ock
copol ynor - eutrealhe Gnie ho e S80e AR HERGRS b S st ot R

bandshape alstﬂvss.eénf: ridh. fufhite kdamcﬁB;&deahﬁmE lxte?poi\ isogreneerical and chitdapeGidtnkiyis & er . nor
do surface tc?n5| asur nents. However, vapor transport neasurements have
been used |?1°¥Vl’fév "i“ﬁ”&)ace of NMR self diffusion. in particular. if one
gan fi nd a gas \Mﬂtr}]ﬁhtohﬁc d?dieﬁﬁ@ﬁvﬁﬂfhleadﬂdﬁrrﬁmhsllllcidu&i-lxmrﬁlh@ttﬁﬁ sémifemdﬁlreaimdtypes
ut no ot her en one can test for contipuity of those domains
by nea ‘i néqisﬁﬁ“cter %éxas)?ﬁthwomwblswgldt FYHATG W 2atepteef sharp Brapgpeak

possi bl e, thﬂecugﬁslummglgxirky@gg&,dnm continuous dormains (type B) in the
m cel | ar phase should oe only slig g}céﬁslovver than that in the pure B

pol ymer, wher ea<) asmalfest QS’P‘P“\(“&‘ 8 ip Hi5epss Qflay gs- ’%ﬁﬁi“ﬁ?%ﬁﬂﬁfl d be
very | ow. Thainghame omaﬂésé Hige ddnafhis U616 @MY lal ABhaiRAS RAhd ak! If ffnoRlRRRE 1S
determ ned l'argely by that of the polyner block form ng the continuous
donai ns, pofYaerornErtel IgapbaebHPeri®d. " Thus, 30 for exanple. in a PSPl

di bl OCEO whi ch i sq) 1% dantzadA of Moz HoESlo: %xgnqr)m-ﬂaﬁbe%r&inﬁ'& cBiBEAS1oRhy MBUI X,
t he shear nodul us would be close to that of pure po soprene. W thonly a
sl i ght i ncr Bddicdayicet dhis fevidercsd hie e ayseqogef ﬂrgrprﬁrwrpfﬁ%ﬁnonpm@paélsqnmnghy in
the reverseg B RULE .48) 5 MAR
2~~2 WO 99“%%‘2?{0 P%%élggﬁtgé%g iéﬂgluém ceggggwérfmg%}t‘&nuousag S matri x,
the el ast ombir¢fringencersrechort lackingathispt wiohgievidenesaf @ tiquiss ppmosed te Gawd erystallivhi ch
can |nprovepﬁ£g3)fracture characteristics over those of pure, glassy
polystyrene

With respect to each of the liquid phases. systems based on surfactants. where the two
types of domains in the nanostructured liquid are *polar' and 'apolar.' are initially discussed.
Generally, following that, systems based on block copolymers are discussed. In these systems
the terms 'polar' and 'apolar' may or may not be applicable, but there exist domain types 'A’, 'B',
etc.. where as defined above (in the definition of a nanostructure liquid) domain types'A' and 'B'

30 are immiscible with respect to each other.

L1 phase: In an L1 phase that occurs in a system based on surfactants. the curvature of
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L2 phase: This phase is the sane as the L1 phase except that the roles of
the polar region and the apolar region are reversed: the curvat ug emk Zﬂb?
pol ar-apol ar interface is toward the polar domains, the interior o h

m cel l es {iofoohf¥gy €xist) is water and/or other polar nopeiissmnsasd the
apol ar domains (typically al kane chains of a |lipid) forma continuous
matrix -- although it is possible for {fe polar domains also to connect up
to forma bicontinuous L2 phase. As above this phase can be either

Nanost r ucCtyy ﬁ%ﬁ?ol&ﬁﬂt&faﬁ:é’fs%ﬁ@the 4fdldr ditrofak)radiondgeérally v@sult g MS parsikddsur ed L2
phase. The guidelines for nmaking an identification of the nanostructured L2

phase are tmslamclla%-- thabexist i1 aMgercopingoysgrediyan (Here "WRtsK aefergza any pplar ol | o
i ng modi fig ﬁﬁtﬂ) en%sé‘ﬁﬁ:@'llé&@aﬁ/sf&in%hssﬁah&ﬂ%l 18 WYildataR N cob@ifiGd of 2 Phase.
since int ock copol yner-based systens the two types of mcel | ar phases
(A in B, aoupeditions giange; Geysepnistagitaefyse togathpr arts’chr@nwww@tm\%teém addigion to
|dent|f|c Aoia ms. First.
L2 phgs es q{aér‘g&grceeﬁtg{rng%f rﬂlér:ﬁ@rdé&%?bgﬁl nen‘isr& éoﬁﬁ& !é aV%l‘é'sﬁ%ﬁgfrngex anpl e
with et hoxyztvmlednactaoemibbe @Jrlfmeaealntaédm‘avthqgaap @cmplles oﬁ!ﬁtwbasevhatehwl ene
oxi de grou C n h or with
doubl e- chaﬁglﬁ% sur % "ﬁ&os“%aﬁ gm %{g&g%y%gtgé %H%%/m ltaﬁklpiﬁe% v%endé% t‘1dl y
occur at Hdoglams. Jmstfrﬁctmamtolamlamnhmglt:& onsstmd:tmlelesﬂ/m nhm lmmﬂe«slm&ﬂt thatggui d 20
crystalli ng phases n h_g " {efasags) 2’ efﬂnggitase to
bor der t he &0k} %ﬁ‘%&‘k’éé&ﬁ&f‘ap 8 %*t“"ﬁte P “é‘ﬁ‘?sf ét!tsaﬁ‘f‘"t!‘tf & ®ons.
\I/:vl(")|r hﬂ) phaﬁﬁé?str?dhm@@plﬁ(ﬁj& b Siimply chapk iid Idbﬁi;bsf sm(bri\?l;l'ﬁ)ultiﬂe phidat ﬁm@eﬂh berdhkdnf 1451 on

ich is ver ow, and, nmeasurenent, of t si.on coefficient y
pul sed- gr a%t%wdﬂwmmmessa%ﬁ 8‘3tdé°ﬁf’6"tﬂﬂ‘a an nllf%eé?aé‘ﬁ’ctuff’éesbf‘ék‘—ipnof

10- 11 n?/ s@€ a@knosP&fredAhssR. This HOSRIIREE PdoRirastivith thgicike of N@anSitigCbédbechRe
reversed m cel I es, which w || essentl ally be the 25 water donmain size.

M cr oemul sFHBFF hayingops-Fapsrdsrdmligrid cristal et svee)) apd aphtsh lackipelpRerraneemisr
stabl e, | owiiqiigy Rfért ¥ phaaPbdubddr! téréq'ﬁgtdrmh&momnﬁmstructur ed liquid phase
contajning oil (apolar liquid). water (pol ar iquid). and surfactant. See
al so Bani el ssofor 1 phaseq that orgwrem sysams pass@an b eﬂqqoat’ltt@eraﬁ’eftsmsfpataegnds 391
Ther mody napgotlshay nstagtyebdt hpa'vdasmete%a%m%r iR WnfAdaled Hore &t%a%a%tt &dwg are
SUBSTI TUTE SHEET " ( RUL wo 99n26ao 20 PCT/ US98/ 186
usual l'y r emél@rtwomna@ th‘i‘é‘?ecféﬁ'ﬁ‘luéei & H@ A/&mtfréa%éut%gﬂ%ép@slesam aid y
homogeneoU@pxctlm%atcﬁtrétvau@tdﬁeactf%,ae%ﬁgncgﬁﬂewm& tfeaagtata n@mt Rcdedliffal- 000
Angstron) into aqueous and ol eic m crodonmai ns separated
sur f act ant configyyntqf Brdomgise. Sk ur expmple. in Folysiyrenegiobisonrenaliblocki@pdlymers..if Phys.
Chem 205 5&5301&%& Hg‘c)ﬁoﬁﬁffedowsﬂgen@ Gt@&l&érfveﬂf 10&. $8Y G6REHLH fd &Ual'nﬁcrw%tcm}t contain
"ol | " éapo ar solv or Tiquid), in addition to water an surfactant
i t is alway lbﬂp@hgstemmhﬁpb@%bya dentipyrdus peimisonrene grafray fontrdsidguse of t he
strong ten sence of an
organic SOP@ re{x:tnga phe g%]lq ltsvgiorﬁ%)eo?oﬁtz@%gs %:E:ﬁ& gltdt%/gttﬂgﬁ k‘L(]bgt Rlasf%e? hanol .
THF, di oxah®s pmmpranéS(Phdtbmck e) dinethyl sul foxide, and a few others), a

clear. single- caont ai.ning, ol | t n surfact nmust be a
HE‘enﬁF caluon c%l tflje g ? $ctured El Phaae é@%e% Ital seis a li:‘l ué.ucg;r 355

m cr oenul si on, bas ¢ that the
phase2$ s nanlnﬁcIubultat\ub&d devisoped tbhann@nsmdxhommtmbmdmphak ﬁamlnesr@amiea or L2
phase, especi al | al ns defined m s; however i's
PReTe1 oo Eutniitit bhasts, HadRion to A xppiBeial Prop B8, Bie Ao ELog) therewe
mi croenul sivellkhdvnoBRstkabwie eunaegmmdewr&rmamh bofie @n détereink afirfoh '~ 0i | .
wat er and surfactant has a characteristic donain size |areer than the

nanomet er WATHE 2 ebhRRtYsEeR shoyld P?Fépﬁeér‘%f?“flﬁﬁ‘tj’é‘mcﬂ‘@r?h?sﬁs i“§544@fF16W§er a

m croemul shRfuliutkd SRRy @ 15 "m ni emul sion" or plain enulsion; both of the
latter are non-equilibrium The term m croenul sion was int roduced despite
the fa8t that LSincamhs formapenef@encsausiusesHiouidphases and-paepsiuntred dinyidseystalline

bi conti nuo t

o 1 v or - B pIE R Firkent b AeEiof UL il BE SRRARROREHL

wat er - cont nzmosmstuted ligwid ﬁnmlanmmnmcmmd mlhtmnom exuemaly vaugtte mdna\pha&aa feundari es
in between. In this case, it does not nake sense to try to set a dividing
point 20 between the "L I " and "L?" regions of the phase diagram so
instead. one just refers to the whole region as "m croenul sion" --

recoeni zinQ that at the hig B t f this region the structure
is that of an oil-swollen Qyﬁﬁtﬁ@gﬁ@%qﬁﬁgﬂggm gh-oil -content end of
this region the structure is that of an L2 phase. (In terns of Venn

di agranms, there are overlaps between mcroenul sions and L 1 and L2 phases,
t hough not between L 1 and L2 phases. ) As discussed 25 bel ow, the

m crostructure of m cr oenul si ons | S qU| te general I y descrl babI e | n ternms of

o o S Y Y T T N o




structure to forma bicontinuous mcroenul sion. It nust be pointed out that
an enmul sion is not a nanostructured liquid, as the termis 30 app5 AJR 2002
herein. To begin with. the characteristic length scale in an enul sion,

whi ch essenbiogidsyp 1 S t he average size of an emul sion dr olsxi;—ﬂt;sgsnsssgener ally
much [ arger than the characteristic length scale in a nanostructured
liquid. and falls in the range of mcronginstead of nanoneters. Wile
SUBSTI TUTE SHEET (RULE 26) 5 ~~'~R 2002 WO 99/ 12640 21 PCTNS98/ 18639
recent eff OHEtSrrﬂlﬂngf)WM\&Egﬁmléoﬁﬁpﬁmﬁi mntfmauﬁrfactammtehao;mxmpmxaﬁsr dnave gi ven

rise to smallerdr | sions and to t vent, .0

enul si on. " H@ °é°$'gﬁﬁf°ﬁs‘g¢ffﬁ'fcéll tP@ F‘éﬂﬁtg‘éds%ﬁf‘gﬁedé’f{ﬂ”ﬁed“éﬁbl ”é‘f‘léﬂgg Had
mni el si ggsid il Qdtohe AmBMbENoPEritBrdd 1AS¢ bdf HidEudsbdIbly Rubeth TSRS AdvABRRIiH ed
herein. The nanostructured i qui d phases descri bed herejn, including

m croemul si dwid cersplsd 4 1978 e TaBesym . Laughiin flisth phemisal srieriadfor detespining a

enul si 0gs Wh.gh w%:ﬁeracgnveﬁ%ﬂlﬁdum wme&m&&n{ouﬁd @ilvas BBEuEsEH ADdeRiBER! 18! S-
Furt hernore, a nanostructured whi ch is acqui escent and full

equi | i br at edased omrhssec,careny atcma@wgrlwpectq%@b%%ueéﬁrf@m thep thejcompaundisal | y
opaque -- Or Qfae@é&%’ ﬁa.nbs?ru Ore Bhidsed iR Watef. %a@asa&mmhsdcnae&q &uh@p,méf one

t akes the nodel Fri he structure of an ordinan~ enulsion to be
true, and t Ipresericsofjeawsand hx\gdrqpb@t@gmnzwcmwd phasesfarealsp expested tq foam r@rmally

di stinction, |3 to be dramatic. According to
t hat nodel . l n{ﬂtog’lgg%@é&&% {tgﬁgg{l}?hG& aFﬁ@&g@ seen to be stabilized by
interfd®ial fil nmthmmhhampmn surfaq:tmampﬁuphxlexaadldﬂhtbmmh atsystg.cadl impapicalwe t 0
be filnms of nanos féj L9y ?(}1 g am ccﬁlopﬁsxam“%% t hus. these
emul si ons haa\’7€m5 ?%{Fmﬁcsgvlen Lfléta c Fleqhol DSKRS SEFARY DR phase

pl ays the r crlueethﬁlfoanaamaé)ndemahmg dlﬂyTGVlSlhBRm&n‘. -hliea smmunelhnsmhuﬂds"\@utalmﬁks

whi ch are the errul5|8n dr%ig) l g lgSD contin Loys . e e of
the term "ndRSEEFIPRCLIIEG™ ﬁé‘f%egﬁ“ 1fge“erﬁl 53¢ ?’Eﬁf‘?ure% a F¥I%§§ cfﬁ the nor e
preci se and %ﬂBﬂl&dﬂ[tﬁdcdﬂ@bhﬂ’n& of the term "nanostructur ed and its

excl usign of ot hﬁ?ﬂgb‘ "iﬂ hase ~~hich fall int a(lil e é \é di fferent
realm Such as e IHHE 2 ‘?—f’afP {scuss p pPRET § C(S'r‘rcé'ta P 8’6 G CRIENGHYSdi ct at e
that an enul GheorelMiAbeR critésa islthe Blgdabmizelld doficentralidh (mclﬁhm rsroemvehmﬁtfa& and
astablllzm filmwhich be a |liquid crystall ne | i s not

appropri at e EEPRELEFRARBP |t13frsuff?°°é°"gﬁ°ﬁ%‘ﬁ‘a{‘ﬂ’t‘?°8’f§“5‘fm P’ﬁ‘ iﬂ"é’é’é‘?ﬁmlqﬁ#@?ﬁl on

whi ch gener aik biudies aduriiichbf e coitRntediide thedfat Veryiots Oficentios. tHe RadcO RnQén
nanostructure‘ﬁl m croermul si ons. The methods and . %Fcfeslugges di scussed above

for deterni n¥tlibgaeeafo drameft sharpby ififhe @dded comppuad is i ganty henp a

det er mi mat i Oﬁth:fulaﬂ@ﬁ%&ﬁt%%&@das%&CM@W&hﬁip%aE b.&l$&§ur imHidpib S hodidde W Ng
vari ations. 25 For m croenul si ons do not clearly fall under either

the L1 phase‘hf)|"“"c‘5ﬁé"“l_52s deppieally %@EF’E‘?}M@H&:MC SHRTIAC fusfageriensioa degremsesgnushse t o
be treated hgiBrithadi¥ shiddeBnf Ot rdafiidlis MRABoveithe ML, AMR&L surftfiank BES SinREE

bi continuous. and in the context of a single |liquid phase containing oil,
wat er and suSMtiEekY aiotthe dssatiernefimpicalies rashes thap iesthestir-WAlE! IBRSE: t hat t he phase is
nanostructured, ${ esdeAdlisd t%lﬁatélﬂj« L%Qﬁx’h ICRETRI érbéﬂél'bﬁt%n&l{ fF th&%ftbound

bi conti nuous. ThIS I ssue has been addressed in 30 " ennnst?atlon of
bi cont i %%ousfogtwr ligyid prestalsiahhigh eqneentratienis ghen ivmpst h@hﬂﬁact@t andsmllrf@tuahquid

o Fors s S Bl 0 6 USRI, el b 20

bi cont i nui t yphase it osublbefomd as eshegntrations nf suNWnt p.mdo@tﬂﬁﬁltlﬂsﬂ'ﬁaﬁbﬁﬁ%dn&lULE 26)
5 M-~ zooz 991 312640 PCT/ US98/ 1863 é aulthhe ef]&ectl ve self

di ff usi on co®FFFRHeNtL G BBt PP "8y E°W8‘f‘s WHsPPaF iy s RS aly it s
best to neasure nseddiigerioe tikcudiell by suqhlinfs bhdae o the teaptatite difftremial beddden
conduct | V|ty can al so be used to establish wat r contéfnégelatn\émalthough this

is pronddto [FBpeRlimi akBoR kT beyndary plaehiggiieg W%@B@é B cempRuBd.
quenchi ng hagy SSdAry hde AtAl dt@ﬂewﬂyr@;téx@mm@&ﬂms Riabi o,
M, Santos-Vi deglbgﬁtgl_a. %Emght&%d E . E. (1985) el-tJ. Phys.
Chem 89: 411warsrrh¢l¢w§1né<|ra5fthemrp @wst&ﬁ@n&aboa‘yths Ka%fftém th@cra%lf ylslé§o Havrécrbeen
used to exam ne bicontinuity. Auvray, L., Cotton, R, Cber, R and Taupin,
J. (1984) J. Phys. Chem 88:4586. Porod analysis of SAXS curves has been
used to deduce the presence of interfaces. thus proving that a

nanostructure is present. Mardy "W (1990) J. Phys. Chem
94:1627. Freeze susttimuts L'?}'“'%"'Iﬁ‘ko'EE25)E




10 fracture electron mcroscopy, with extrenely fast rates of freezing, has
been used to study microenulsions. and is the result of decades of

devel opnment on fixation nmethods for nanostructured liquids: a cri tﬁ cb%q 2002
revi ew di sqoss5hitde t he nmethods and the reliability of thepee,gygsp,gﬁhas been
given. Talnon, Y .. in KL Mttal and P. Bothorel (Eds). VoI . Plenum
Press. New York 1986, p. 1581. 1 ~ In the event that an :

oi | - wat er - sur f act ant |l iquid phase is not clearly an L 1 or L2 phase, and

does not shewdsinkdidereaét HABIBILB overl L ﬁambvtmpetamhmhmlargammﬁ: K. In
denonstrate that it is nano ructured be airl %Ol ved, and, no single

t echni que viP§ $assefrartiug gurfactgnty Hé?‘%ﬂera“ﬁﬁ ﬂ‘l“’(!i 1s Spbstaptial Hfar sramels, 18 sedi ‘E‘%

di scussed l;rarrﬁxmesuﬁ%mngaomw% aﬁﬁvd?e%l&rﬁﬁoumswmhﬁ@ﬂhé Keligh libSha@fs CT YO
EM etc., to atteg{t to rationalize the data within the context of a nodel

20 nanost r uRlateauadt 69°8. soribas the de@f%?Hals‘ezwgﬁr baughlingasmenste discusg theregseodbmet i nes
exhi bi ts * t OfQH i i B o Qipefifurd BifHenda B0 ¢, Bhdhadh ShilRERA S HObLLS { Ne
normal appearance of a sinple phase region. 'This soneti nmes appears al so
with some Ldlagrmgwmndxastodmg@rcm@& Hhus indicatipg @ modestdegres of srseriatine salol osel vy,
especially X nt al
ey 11 om | el 1 B Rl PeeR R A9 odc Btk ihsokiBidh s HRAFEE T 2,
the form ofthasmfamta»sperapdmthha\(slztrO(Imrwe diferentizl. ) on one si de and wat er
(pol ar solvent) t I these
phases are call e%ri]n {hggasghﬁﬁggtc? a?ﬁ'%cr{lﬁﬁ{sﬁdeﬁe gﬁ?a}ng’bﬁ%lg&germa e5vat er
(pol arlGol v@“rckpemnﬂamrd)besbmb&en uﬁh@d&&n@uaﬂmthe@rganmrmitbqal omrhm cderaed;uidp be
bi conti nuous and n fa har es 0 her wi t h cubi ha

there are tWo-are éé‘tfé énsb S\ﬁk‘)sﬁ%r}nrt r??'et €t§higﬁhaﬁi}?m§°8 &‘5{3% Yoy t he
bi | ayer. Soto atllnalok&mpmsauids with the pptepriatexhiadi ficationk Olntsheh a:dHiHnamBﬂ’ta}SEis but

| acki ng the | ong-range order of the cubjc ase L3 phases stemm ng fromL2
phases and a8 Borabipsr mrer ‘é’fﬁEE‘ﬁ“TﬁUﬁ%“’?-‘eﬁiﬂ}e“‘%‘e ~ 2002 WO 991 12640

PET I useg/ 18633 ?A&»ﬁthﬁmmmg;uﬂ‘drp@muhgmaﬁeg 1@1\;;@1«:@1&\1@&0%& fnftgamnﬁa@ﬂmf it L3
phase" or those assogj to L ases nd ,"L3 * phase" for

t hose agssocs‘%ifé?igt‘ﬁ aLplT‘%a%sH%BWlﬁ‘ﬁf phdeyeraadsutfastast s r uct ur ed L3

phase. Deter m natlidh eRéminktfonwithRRRSA poRriglhGfilkens: the @1 phade bhRrfadude ystehui d
phases di schrssed herein. can be a sophisticated probl %fnoqsre quiring 5 the

combi nat i onYe5F "LEsRArAlY iyR QircfEpgencegyan wder moderasy hdBesitiaigividues are

now di Scussgpect 1B b&iidgndfin ihk Sase B hi6E! coba%rrcbased\eh%sw fef&iy tend the
fact that it is.a liquid, the L3 phase can_have the |nterest|ng property

that it canPsRilib;qf s¥ainhirsbinesnce; %qg@ﬁrféwtﬂeb@ﬂf pethad in thatrassoci at ed wit h

fairlyahi gh Vi so@sirig to\heSalRiunybisBal 1 fiidle. MRS blREAP i 1b@NBLiddnaR, t hat

observed in the L 1 and L2 phases. and conparable to or higher than that in

the | amel | alovshiaman: Tined ervyals iy Bpemeisesemr e of course a result of the

cont i nuous bi | ayeding dulsd-gridiidd Rt %%&sdr@fhg%ff&gne%teffiﬂ'ifﬂanQ&fﬁ{!&xé&ml ogy.

and the geonetry. of the nanostructure. Thus. shear can res

cooper at i veVHPRHRPONest. ¢nedinds trh@éhﬁ seifliffusion ghyvefpatant. nd Mﬁééﬂ%ﬁdl@p@hg iof the

bi |l ayer fil t I[3 b4 vvhere
Oary A ERRLHAR el of 013 fggrsu fess @niBls @R e i éoéhh%%@

i ndependent mnicell"ar units can sinply W t ear, ace with
shear, 2&nd bﬁO\ahﬁh@as@caJsmmpmawrnm fg@ﬁmsmnloysmetthEddwhmenaw e under
shear 15 th r S fr t he
Fact that t o geRlt e icsTPRich i By ol ST HERRE SOFIAR SRR W0 o e
vol une frachydnopholbeshuﬂdb&ﬂeaﬂhythembfoetheﬁammahoporte G ( 1990) Europhys

Lett. 13:641. Sophisticated tron. and x-ra tre

net hodol ogi es haﬁ'ﬁa”fﬁ%lﬁ de?@g%@‘@&&%"{Sé‘ﬁﬁ’WéP%h %ﬁ F?%ﬁg’stg’er ’if‘g’t”ﬂ?‘%rd L3
phases. Saf t‘dﬂga(noﬁnergﬂod%ourR HoSRvdr NanalsiSof. theﬁlnﬂh&urvai(severaﬂn&dH@ fromP-
dark, N. A and Bell ocq. 1986% Phys. Rev. Lett. Q7;2718; Roux, D. and
Saf i nyd? c Fe ligergrerg gan give ﬂF‘H?’Sgth xalgqble a@oawmremﬁvraalywrs the falloff of ipyensitnd
Prost, J. at:hg@%\)a\ e]nunlggrs'(‘tﬁr &6 c@xgpagéd' tgﬁxe lry@ﬁe 1R éﬁ?ﬂa&ar{?inol%@ﬁlélen?tf.)

In Roux. D. . Cfsson u. . let, F. and B ocq,

A M. Eur ophyescan de:rrmncphnqvparcré mdyusr% gsaa;ioe ang ph@tl@tmﬁméﬂm he sgwnee of the
nanostructure has two aqueous networks, separated by the surfactant

bil ayer, which gives rise to 25 a certain symetry due to the equival ence
of the two networks. Fortunately. determ nation of the nanostructured
nature of an L3 phase based be nore secure than in
the case of typical L 1, L2 %pag€gﬁﬁﬁ?§$%ﬁkﬁ?sro phases. This is first of
all because the L3 phase is often obtained by addition of a small anmount (a
few percent) of oil or other conmpound to a |anellar or bicontinuous cubic
phase) or small increase of




30 tenperature to these same phases. Since these liquid crystalline phases
are easy to denobnstrate to be nanostructured (Bragg peaks in X- rayg M'ZiP
particular), one can be confident that the |iquid phase is also v 2002
nanostruct weednydaen it is so close in conposition to a | ipggiugosagssst al | i ne
phase. SUBSTI TUTE SHEET (RULE 26) 5 May 2002 WO 99/12640 PCT/ US98/ 18639
24 After all. it would be extrenely unlijgely that the addition of a few
percent of oil to a nanoswctured liquid crystalline phase would convert the
lj' g]yl d crysale nifbé. @amestmh ﬂbﬁsa dleﬂtlwad(thé seletied Guiiesgo: )grlﬁdhcﬁlﬁktoho/R se: ;

i ffusion neasurenents in the Aeroso ri ne s-~st t he se

di ffusi on bEMBHPRYthERTelplgd to the iiwawné%‘?%mﬂegﬂtfé*gﬂwrwgﬁ%3(9%% THES- i n

t he 5 near byhi§ GUERS SCthdiafge b hitidlefersC llkbécﬁltiah&ﬁ'q}lotfﬂgl tBe sradit dfIntpRag émbas been
t he subject of a caonbined SAI\TS, self di ffu5| on freeze fracture

el ectron ni HeSHEE) the tygug number, yersusjthe wayg gpmbegy- th ‘S?&ﬁﬂ ¢d Hegemansplote-- ong

Mari gnag, Jw1lpﬁ}fél ageﬁcstﬂﬁ ca.rpalso Be@elatgﬁ fo‘iﬁédiﬁx@nsﬁﬁgof[?ﬁé‘ﬁﬁhlfe‘é thik hé‘{ﬁ{ aRhgeul ar
Aggregates:' S. H "Che . S. Huan P, Tartagli Eds.. Ki uwer Acadenic
Publ i sher s. timibis igss maﬂnartwterqcn twepmmsplﬂssﬂaneptmgusef@tam .ng anal ysi s
of L3 phases. a gpqhf giﬁ %E&Wﬁc}%@&céxﬁm@u&% BRI, gﬂm@E Wi Sws.
vectors that correspon acings that are the sanme order o magni t ude
as those i anstdbmsqqmywsn mgtbase corisisicrably whan bigersinwigsaachiys.ida ta therigiinsef thii agr am
and the aut Eiﬁfac:?xﬁsﬁng%ﬁé 19&? nﬁ’uo@dﬁiso f:%! seﬁ%xfﬁﬂi%ﬁ?até‘@f’!%ésﬁdﬁf%héﬁ‘&% el Jg I's an
extrapol ati on Kno res for bicontinuous cu ases erson.
D. M . W enneddet hydrophbbe (anhath Elrslxdnhbetatel-( adiieB©@)a hinar}mm amamkergaandm&hse 15 As
a conponent ,of the coated partic d ui.d crystalline
phase materi g "mrlrcﬁ@y’t?@prgacglgg 8’%?’?°ﬁ%dtmﬁrtgdva?uer el rgélﬁr h\?seeﬁsélﬁ s&'ﬂ%f’é‘eﬁ’hase
mat eri al , bAndwhd©BsX$ amlysésebbtmme realius Of gyraioeasedie Hoseagomplbt. plibgiee mat eri al ,

c. a nanostructurﬁ?d nor mal reversedt nterrrebdi. af e ghas%Fmater.i %In gr 20 d
a nanost r uctUPHEEE FmEs o M tb%’é?’g%mﬁﬁ”@?%e °Se FR! OF AHSTFFL &Y GragreTsts et

cn~st al | i ne sgiastthe ammmhtax@ dorh#ihi siaechrd) yatleo then 5 dhénsvhtisfeliscre@@aniore AL f
domai ng.of at Iea | t. type an . second . type (and in songe_cases three
or eveﬁSm)rémf‘f/’f.‘}gic T“da ?W?}/J%ﬁ%f\ﬁeg@ﬁ’t"a‘gs P‘B&]l 8%58“‘@?85‘5?? Pgtbe Talmopy, o
cEem'zcal fTDIPﬁgbﬁﬁodegabh&nﬁxﬁdﬁﬁﬁgjﬁaéﬁﬁ@mﬁiﬁﬂaﬂs P@re@érﬁediaeﬁﬁmﬁifdflghxﬁ Which h Ei hose in
t he 25 second type donmins, (and in general .. ea ir o i fferent donmin
types are nﬁf §Fei“H‘§ ‘i{"éP@?"’s‘ﬁ Y ?%{’“"Pﬁ’éﬁ%gsaflﬁb‘imﬁf“ﬁmﬁ’rﬂfélm"fjﬂe gi ven
condi tions hktondmbiieeoh&AMi N as separate dommins; (for exanple, the first
type domai ns coul d be conposed substantially of polar npieties such as

wat er and 1ipid Fedd rhssuigdlockpapelymerbasedktysifgs: ﬁ?b%éﬁisﬁgalﬁwwsb@

conposed subsheRt NMR Ban@haRRAE 1 i EIni RS suBdiedh1sas pdhdl QORE DA H2ddRe O,
first type domains could be 30 | ystyrene-rich. while second type donalns
are polyi s O HERE Ienpipthmeasrgmerss: rPEJ"fey?J'e‘ A RO Apegsurements have been used in the

pol yvi nyi pytga@lid plenRes v eif-difusioR € 1rAtafi¥iEr. FoHe EdnThid Wih WHicHE @ pRRfARHRIVY 1S
liquid-like rather than solid-Iike, |acking SUBSTI TU‘%E SHEET ( RULE 26) 5
~i AR 2002 WSPWble i ef wmmmapqsswsgotzs‘heézgm(ﬁaethm@éﬁmtfﬁrC@rn@mé)t s ;

(this woul d e f in
wi de_angl e e b R B oy e e LS B oSHIL A«
in the Pase uwshspor jiweugh thiicanripueys domainhaypsdd) én be miogllarphiase shocld bsphlersbga)tlyof

substanti al | about 1
o about 100 e haL B pis B RLklE hBRACsR RPREL B Soithhd o M2

| attice, whishbuldibgvebeloone-, two-, or three-di nensional, and which has a

| attice paranete cell size).in the man

about ~ to about eﬂrﬁmm’f’ﬁ?a&}ﬁgﬁ?‘%’me&ha%? B[] hasge Fﬁﬁ@’%ﬁ#flggﬂ%{”fo one
of the 230 Stamethefa@wa@r bR eWraingehe dﬂnt'idil@usH&hﬁan@blyﬁﬂ@ﬁB inleibtdverion. Thus,
Crystal | ogr and woul d be 10 evidenced in a_~z~ell-desi gned smal I -angl e

x-ray statt Z‘gf ﬁ‘ﬁmPISAXSfS%ﬁ‘QWFl&W@ﬁ? 153 9%HResqpu LS r’i‘B@”Eﬂ‘ f°§"l‘15‘@|§°ﬁf“éﬂ§“5
reflections yadih ok SR2MLAAS Wuld ﬁ}%ldspm opm@ﬁomﬁ)fp}es@ wmﬁlv%hm icfeadene

range of 300 nm Lanellar phase: The |anel|ar ase is characterized by: 1.
Smal | - angl e Sueitehe pigsnes ofehaiPS mierdlesci Intgrestingly; lztpr rgvesse case, With 0% Ry anddisber . |
S ' '. To the unaided eye, the phase is either transparent or exhibits mld
or noderate
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turbidity. 3. In the polarizing optical mcroscope, the phase is
birefringent, and the weil known textures have been wel| described§oWAR 2002
Rosevear. and by Wnsor (e.g.. Chem Re~~. 1968. p. | ). The three nost
pronouncegidgriigdf €s are the "Mal tese crosses,” the "nosacgusskagésrn, and 20
the "oily streaks" patterns. The Maltese cross is a superposition of two
dark bands i interference fringes ~ roushi ~~ perpendicular to each other.
over a roughly circular patch of light (birefringencei. formng a

di sti nct i vel pitliles im a caminuius BS matrixf the blastyni¢ric®? miceHesriah provide-a shealpol . The

o 3 el | RS E T R iove gkl MLl Bl BB B 11 00

texture capolpgyreitvi sioned as the result of 25 tightly packing together a
dense array of deformed Maltese crosses, yielding dark and bright patches
randomy quilted together. The "oily streaks" pattern is typically seen
when the (| 0i N Vi §iEe& Thiéphdsa Rhd Ame REAE € 1 pheidwiexchit tiwe e raldsas the doldr egiver S| i P;
in this pattern, long curved |ines are segen, PaFon cl.ose inspection under
magni f § cat Peshthe apolpr region aseyreversed: the BRI ARgIolar-pRRlar iterfase is saveard ghe pofar

roughly peypgngi eidliférick 8f th'icklidd@if fley bXigt) WARLandAs otheSfold BisR ) arid theti | r 0ad
track (to be 30 contrasted ~tlth the hexagonal texture discussion bel ow).

In sone cagedar dompins Gypically glkane chaigs of p ligid) fosm gandingous makiit-t ghthpeghibisn gl ass
and cover Slyh Qirifor e PétkridBlaind ald Ronnk&@p tA¥Rh b BicoMinaSS [Wiphdse. ML SHdve .
SUBSTI TUTE SHEET ( RULE 26) 5 MAR 2002 WD 991 12640 26 PgT/ US98/ 18639 wi t h
its optic abisphageqanbs either ngnestructuredher ypcielgEt in the microscope, resulting
in a di sappearance of the birefringence. For |anellar phases in
surfactant-water systenms: | . viscosity is |ow, enough so that the material
fl ows l0e. g., whklenHicitihef the nanestnicugedi i2ephadea Jhe puiddingsderdnakpgiade down) . 2.

the self di.ffusion rates o 1 J GO r e their
val ues in B?ﬁnﬁﬁeago%? g}.w, na{“lllstemcg}}rf %g?ﬁ%gp%g@ S%fl?e?sgﬂéﬁggﬁw%ogegp‘?ﬁ f<’(o-:lllblgen ¥@?as‘=wat er

i n the | anstithahe foliasieg msdificaupas: A% reed only Himcuss e pufactantevesd L2 Shase.sircéin
surfactants, that formliquid crystal Le I Ligui d.at , anbi ent
terrperaturtsatge. ln? é:o?ognéerr'g%sg%syﬁa 'ﬁ?h e? g?“&ﬁseo#sjngfy%mlo‘l}{?% gg’? g’nﬁc%cg?ﬂ faéﬁt of the
sur f act ant egsivaleait. ah0 alive ae distiissed siredddnrifiéazion of thémpicellar plrse meblockegwiyned) sel f
diffus]itson coefficient of the surfactant in the lanellar phase is often
taken to be tHB reference point for interpreting nmeasurenents in other
phases. 3. if tBRstsiypghaet o gerictallg @istecprahimentiwbed the HhBaddlogt fobigxampledvitthe =H

NVR bandsh d finds t i ith the splitti t
hem i co SRRATISE AFge] PR B ABORER Rmoep ety oot Poi el Yihace.

behavi or, tieg. Wigh®pitaalkPAse PRSI lvith dogkletkmint sirfagiants Unfra@k 3fdhase
concentrations.in single-tailed . surfactant | water s%st errE, t,élgi (lt_al |y above
Feergd i

70% sur f act BEATVOT ey &5 TRl ocer pEieher sy iaeany spreentyapionshal gven the Ayder
concenty at | @nsalliefph&es: 8 1caive ithgiswelylcolfloa W fSGhOL2 pas) Berder there¥degnds to
consi derably higher tenperatures than do a_nPy ﬁ%her 20 . liquid crystalline
phases t hat iexagspal phase atdughar surtartank eongepyationy; £ f-4 Rassayhich arrdiof birortinuausdt m
si ngl e- conp@RRRtardy SOCHFFERRAINITRE vty BIWe Bl meéhsurshidabs HOELdh dosrrgiemesal | Y

| ower than other liquid cn~stalline phases in the sane sgsﬁery
puised-gradient NMR. for example) should give a number on the order of 10-! ! m</sec or less.

Iy

1

Also. 2 Hosemann plot will give the size of the reversed micelles. which will essentially be the

25 water domain size.

Microemulsion: A microemulsion may be defined as a thermodynamically stable, low
viscosity. optically isotropic, microstructured liquid phase containing oil (apolar liquid). water
(polar liquid). and surfactant. See also Danielsson, I. and Lindman, B. (1981) Colloids and

Surfaces, 3:391. Thermodynamically stable liquid mixtures of surfactant, water and oil are

SUBSTITUTE SHEET (RULE 26)



?. in ternms of phase behavior, the laneilar phase generally occursig
~~ol unme 25 fractions of the two bl ocks is roughly 50:50. Nornal JM&QUUZ

phase: The nornmal hexagonal phase is characterized by: |I. Small-angle x-ray
shows peakgobomdeswni Ng as | :J3:2:J37:3 . . . ; in general ,pcififsdsiiseik + k2),
where h and k are integers -- the MIler indices of the two-dinensional

symmetry group. 30 ?. To the unaided ew®. the phase is generally
transparent when fully equilibrated. and thus often considerabl e clearer
than any nesasliyrefenettolaamicpreanisionSUBBIY belIpEnagtdEEpicalRUOmOgGeous, MR 2Q02 WO

99112640 27_PCTI.US98/.18639 3. In oscope, the
phase is bf‘F“éW“ﬁaém‘méﬂW Eéﬂ%tl‘@\‘i‘eafelq?(?(ggém éh{)}g)rlma 'ge\%lés%ldg f'%el | descri bed
by Ros ev_eam;cnahdxmlnyse\{a}'ated;b\ra(Lefagant-rﬂnﬁlm SEReSkurt¥g6 8, aqultsox) U. o1 yiost

The U of Piva B TGS & Ry denRER Rl gt Mt Fyndl el CXMETRIREFE Dt P
stri at§ ons(apésiar s@li"&m@t Nduid), id Addifgrad WaREfdrsarficting dxémlwayfs nammmtwy fan. Fan
directions in_ a jacent %gtches are ran orﬂ&gorle ted Wlhh respect, to each

other. A kesfnitionfla gencead basasts Gl siSEPRETERIERSY VREGH SPANBFT 1P %%ﬁergrfg%ageaﬂm
patterns i m&&ebfanfb%gai;crsbﬁ&membk of B 1ubBisRg ot ahd ARSI QicH S dihol. YREN Cl Ose
exam nation at hi magni fi cation. prove to be conposed of finer striations
runni ng pefigxangi F#C‘P%mt‘%émvﬂ’ryéé'tf?"éﬂ? w9 atfepe othersly @ pleast singlarphese liayid t hey do
in the | arre&rltaﬁlngom%&mér{aslﬁ%taa%ﬁg%e mnm&n@lonma%ﬁécah eafa%&ﬁfa agy - wat er
systens: 1. VvIsScosit derate. nore viscous than the phase but
far | é8s ~1hasb9@eslonq1 ﬁth%h?&?a# napofiiuetuigth gl ets thayghmicrpeppylsion can %%Jd)sm Lésrin the
mllions ofy i J k.oRwenehf

surfact ant fl'iéﬁa{s%} o{jﬁa/R (b:lgl?r‘)plglr%cc’fn n}(;)'se‘?ﬁgéefﬁflér? [{‘&g% ‘amel | ar llﬁlgggg pﬂ{%%i%ﬂgfth “water is
conpar abl e miggllesag necessanily swollen with oil.5TH@ mlcrh@hulﬂpmwnmmhmﬂélqu@iphge

deut erat ed nt..s h pllttlng
observed f(I)thH L%%fﬁi 5 1 ggrgyg?ﬁla B iR ha.%maggthea\r‘grﬁse%o I g@gngﬁkg\r” 3‘?‘ t he nor nal
hexagonal phlrasetegengs. thhal iy. 1mmcun<soratangmtiiermtseloskqngéraaomammalsmmantmwhons in
si ngl gzt ai l.ed. su fact ant ter S Ri,Sa on he order of 50%
surfagtsant % ﬁmn £ ga'ﬂcffnr‘r’asllonh%é% %ﬁealfmer%%mn %Jéllybgﬁmfﬁs—ha cent to the

m cel | ar mecrodmmﬂsxc)n \pehammduc&gj daspnea{etfmmgﬂlrandLblphzsmdamm&tn mufand:caﬁhases
can soneti es \Qgeur b n‘J q s t} eecglmsur Aot ant s ﬁl rally
does not ocCUr”® fcméf‘fmfs etc?luée 5‘”‘:% 'P?%l t SR RREErS s"faéefhsurﬁﬂan B} gonal
phases in sysisae e\mmama:ambmblwffdm wmmﬂoyuimxbuﬂyﬁcemsmodsIntEoﬂ-afnﬁBuouﬂﬁ'mirﬁd) and
"reversed" enera pl. al.t hou e where one block is
ool ar - and FAEe BoteR e Eetn Y PR B w8 S s b
princi2el e) .bethleen hirdar anddi2l' RgionslofIhecihast didgraie xapaaal o2 ias R fdrStog@naioid | Y

hi gher than a Iarrel | ar ha,se and | ower th n.a bi cont i nuoys cubi ¢ phase, in
the same sySPEA PHEBHINONGT THIPELEING BALAS hs ey yaleranten sHat thinmsgig tiener al | y

occurs at \sohdreisfiliaa6t in@nsweflert NephiPankdlaDB Bighoil CoierD ExdiRST (14 region B
Typi cal ly, two hexagonal phases wl| st raddl e the lamell ar phase. with. in
each case. STHEWRISHRA PLaR L2PBpSnEATermRpinGnp fiesrams-there geayerlppsdpvesy hij s

descri pti onnitRRh@GbMRGEnd bﬁandrl_@rﬂmtieé HRMEH R GerwBQTANGH 85 WhdesOf ASalidae] ant
systens). 30 Reversed hexagonal phase’ In surfactant-water systens. the
i dent i%i catbelon- e migsestructure of microemulsions is quite generally describable in terms of a

monolayer film of surfactant that divides oil-rich domains from water-rich domains. This
surfactant/lipid-rich dividing film can enclose to form micelles. or connect up into a network
structure to form a bicontinuous microemulsion.
It must be pointed out that an emulsion is not a nanostructured liquid. as the term is
30 applied herein. To begin with. the characteristic length scale in an emulsion. which essentially is
the average size of an emulsion droplet, is generally much larger than the characteristic length

scale in a nanostructured liquid. and falls in the range of microns instead of nanometers. While
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reversed hexagonal phase differs fromthe above identification of the

nor mal hexagonal phase in SUBSTI TUTE SHEET ( RULE 26) ~ ~~~ Z00Zz ﬁ\quAR 2002
99112640 28 only two respects: PCTNS98118639 1. The viscosity of the
reversed hgpyageal phase is generally quite high) higherpdhesysasssypi cal

nor mal hexagonal phase, and approaching that of a reversed cubic phase.

And, 2. In ternms of phase behavior, the yjeversed hexagonal phase generally
occurs at 5 high surfactant concentrations in double-tailed surfactant /
wat er syst epggent effér&o Srs&RB eintigiohdwitiDdubMicesitirdpdet sit@Mvesgivdnaise @snalléssual | y
the reversed hexagonal phase region is agdjacent .to, the |anellar phase

regi on whi cHropletemusions andigahe adyent aitheisim CBIRERIMHISIN. | BFFe remain uria) difterences

bi cont i NUOUSKER &SRR ImEINBh<Can AAS&uR{dnE Rof GifeltEaln f RBILWRGRred TIgGd hRIES s ed
hexagonal phase does appear, sonewhat surprisingly. in a nupber of binary

systens wi t iapndied bereint Bhenappstrugryrad liquid phases desqribed hersing inpluding micseemplsions,
monogl ygeri dgg o { Hﬂﬁrx R ESRhE 15i63 YhBchAHHIEEquiltbri hepd ¢ PEG
based sgrfagﬁnglré{shg{/;\nrlot ?W*Eﬁ%ﬁﬁn,&swstat eggg%)uo%e in the .di.sqcusgiﬁlgr?h% nor mal
hexagonal plrasmdy, metéstabldimaterialst Ferthetreargvaaanostrentured liquidiwhicly is geauiceagnt andx agonal
phases nake ens. L2 t 101, _ 4t

si ngl e- corrpglrl}@ne{aﬁlg}’rg{g %c? g%&ﬁg%éﬁ%%ﬁ%%ﬁ%{ p élésgds?l.qs g@gﬁNgfl%aﬁueBl érgmgrlynuous
cubi ¢ phase milkigamsmubsidn, for eamplen lwadlitoniif enepakasthe model lofFritwrefor the strioyure 1.
Smal | -angl e x%-ray._shows .peaks .indexin hree- di j I ace croup
o aoobr ol Sy SR BERAR t, 204 K ket ResSi B el Ben TR T e i th
t hei r il0dexidistjsction athe thalSnhlal ScARAAN bendebhtoiba dexiatiy Agordihg dd thardnodel. emulsion PNn3m
(#224), with indexing J2:. "'::2:. %0:J8: 20.. coand Lmam (#2291 . with

| ndexi ng. )2-250pIeEEan geh Affyoe dertto'bé Hablized g "t‘%“ﬁh@f“a-e‘bfg%y“@?m PHEShIRiS e i s
general |y t reagfipgios nipicaietodetb by filuof hinostaicmebd lignid civistabinopliasnmaerms: ar abl y
cl earer than, an ear | anel | ar phase.. 3. . ln the pol arizing optical

i cr oscope. ‘Pﬁ%‘}'[’ﬁ‘ﬂ%{%‘@%‘?aﬁb ‘i‘rﬁti“faé?tf‘icwge’ﬂt“fh‘cgﬁd‘a’f%g‘%é‘frﬁ{@aieﬁ’ yéR‘ﬁF%leﬁfif
optical textsbBising EoerfoefveBDtheMainbuliding biBeke Ushichitid Gie PRAGESIOS dioplets and the

surfactgnt-water systenms: 1. viscosity is high, nuc re viscous than the
| anel | ar phdORINAY At 3K usaaf dederm Pﬁ%ﬁ’ﬁ"‘tﬁg‘?@c&mﬁg‘? nENCTOSERAYEH A basehses.

Most cubi ¢ phiaBemttaieci 8 firicled fatlird of 1he e " hdnBstGiciafed CaMtils BRI of oth&tO
splitting is, opbserved in the NWR ba‘gg?fha e, only a single Ffeak 30

. , A . p . :
cor r espondi rifiutdphrsshyhighhfall inie e epirelysditerent realmosudtyas gmulsiony, Cheagly- simplg he
normal  bi congebmMetAd SonGilidhfonPHiGR teke Arbnilidion witibhTkl didplets Skl brdeRbD fifobns

in size. and a stabilizing film which may be a liquid crystalline layer, is not appropriate as the

20 interior of a microparticle of the present invention which generally has a size on the order of 1
micron.

Determination of nanostructured microemulsions. The methods and guidelines discussed
above for determination of nanostructured L1 phases carry over to the determination of
nanostructured microemuision phases. with the following variations.

25 For microemulsions which do not clearly fall under either the L1 phase or the L2 phase
descriptions -- which is the remaining case to be treated here -- we take note that many. if not
most, of these are bicontinuous. and in the context of a single liquid phase containing oil. water
and surfactant. bicontinuity provides strong proof that the phase is nanostructured, since
emulsions and other common liquids are never bicontinuous. This issue has been addressed in

30 "On the demonstration of bicontinuous structures in microemuisions," Lindman, B.. Shinoda, K.,
Olsson. U.. Anderson. D. M., Karlstrom. G. and Wennerstrom, H. (1989) Colloids and Surfaces

38:205. The time-tested way to demonstrate bicontinuity is to use pulsed-gradient NMR. and
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5 MAR 2002 WD 99/1 2640 PCT/ US98/ 18639 29 occurs at fairly high surfactant
concentrations in single-tailed surfactant / water systens, typi ﬁgﬂ'ﬂ*}% ﬂ]ﬂ
the order of 70% surfactant with ionic surfactants. Usually the ' 2
bi cont i nuows ¢64dsssc phase region is between |anellar and pefrp§hsdigxagonal
phase regions, which along with its high viscosity and non-birefringence
make its determ nation fairly sinple. I modouble-tailed surfactants. it
general ly does not occur at all in the binary surfactant-water system For
bi cont i NnUOUgesuRitie dBfa@HE Self-diffSdidHIdoeffiziRne 0NVl oibdndGlates e@atatem?éensﬁéﬁt R, the
terms "normal” and "reversed". . do, no&I g aII oley é@ { hough in the case
where one bPetie nmeasusralsotheseH-diffsiog of F s 'ﬁ'g“@ g &0 Sttl"i“ﬁ'lcé‘t@s%tk‘ﬁ’d be
applied in gy ésﬁsllsﬁlv\‘i)er co-mﬁ'uxﬁhﬁt‘?:f)uém&' isLb‘Eode@o ﬁrﬂﬁﬁnﬁasﬁﬁcﬁ%tm{huﬁbﬁmﬁum ¢ phase
is generall~ much higher than a lanellar phase, and significantly than a 10
hexagonal pheseessesi Flupmsneegyenching hiasalsobsen sedior eantipiity deterpinatipn oancherre
bi-cont i §lUOURy auméCsmS\ﬁaatseﬁnhr RubiMordE 85, Al P 'JUEE(1§ ¢PhPNEnh. goldg) [ WO
bl ocks on the ordér of 26: /4. In sone cases. bi cont i nudus cubi ¢ phases
wi || st raddSmali-argld neeon and xpipessattering mlyscwaeew vsgd to examine hicpminkity. conponent
belng insid c r h cr

nor nal i revgr yégl‘ #gﬁe&g%’ﬁb&f&e{ %@@Eﬁ ’aﬂ' ﬁg%ﬁqsﬁ terrs%rﬁa‘{r?ggh%(’){%d %’ﬁgfls phases
straddl i ng bﬁmﬂmhmm\andtotdnﬂurelk&ppﬂscxgceﬁlsietfmes e proying thet £ont i nuous

cubi ¢ phase; ever sed cont ar ed by: In
Curt achant - RaPRhEFRRES: leiSE AR B a0 e cHERAGEL Rl e
cubi ¢ phase fidethire elwrdnrmﬁcmstcbﬁy, afirb exteemetiefadt irftésed freezingOifas béea ussdrioithdy

bi cont i nuous_.cubi hase.in on ne,respect I .erns, 0 hase

behavt or °t PSRy Ea g st P e et BT & hand® o BrBh o Bon & he

| anel | ar phaamsmduadhauirde\aehﬁ@drehex«ammina fHeasethodwirenieaslidblity Sfahdm@sult S
found between the |a ar _.and_nor.nal onal e st t herefore
make refere Esebef'bg‘t’?ﬁ’en?ﬂtn%dsét‘gﬁ' ?)é““fé °@f€£b%§ﬁf5r@e‘h‘5‘r eSS M agonal
from reversatj,rmemgpnggl A good rule is that if the cubic phase lies to

hi gher wat er concentratl ons than the Ia phase, then it is normal

wheread i f it |Bdhesyen thapanpilayatersurfatans ‘EUHE%‘M‘?‘&’FP’M Llipah2 phaselaadrel | ar

then it is riesaibbmew st eViddRE sEslcanuiiify, RBRGE a8BR iddembn@atUha 3¢ hi gh
surfactant concentrations_ in _double-tail ed surf act ant | water systens,

al t hough t hin@nqsEucgiredsan boiaislviinvetved. agg ne finels ieliniqug will suffice, fngeperalgoneybi ¢
phase may ORVoxlda@plf; @iéRttadubenten® dRERSQNE thidkcrid daeh LN Qs s( Ngﬂi self- OF

anphi phile. The reversed bicontinuous cubic phase does appear I n a nunber
of binary syéfusion aEMcicnde stempt lodationplize herdamvathindhagonisxt of g modelof many 30
nmonogl yoer i d@sostrhdagt ude gl ycerol nonool eate), and a nunber of nonionic

PEG based surfactants with | ow HLB. SUBSTI TUTE SHEET ( RULE 26) 5 MAR 2002
WO 991 12640 30 PCT/US98118639 It should al so be noted that in reversed

bi conti nuous cubj S 212 has
been observed. Thﬁg gm}@}s Zp}ﬁa%f}%gé}?\}xgﬂ{a érdc})?%??ﬁsagt@hgl&%g)a@g?g&&g Esoglg%( 8%

st at ed abovefihgmt lepg. @tusmgm@ﬁ ulike thgrnethal Bprearance hﬁmeplslmmbasp reg®@s Thishe
di stinction sQﬁEthﬁe‘? nge Exlg@lvnttt m Llrr@%gﬁssﬁcﬁescgb%fow YRR oﬁéjgéaﬁlm%pf’ﬁgﬁs makes

sense only in sur
closely. especially with X-ray and neutron scattering, they differ in a fundamental way from L2

25 phases. Inan L2 phase. the surfactant film is generally in the form of a monolayer, with oil
(apolar solvent ) on one side and water (polar solvent) on the other. By contrast. in this "L3
phase.” as these phases are called, the surfactant is in the form of a bilayer, with water (polar
solvent) on both sides. The L3 phase is generally considered to be bicontinuous and. in fact. it
shares another property with cubic phases: there are two distinct aqueous networks, interwoven

30 but separated by the bilayer. So, the L3 phase is really very similar to the cubic phase, but ‘

lacking the long-range order of the cubic phase. L3 phases stemming from L2 phases and those
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generally not in single-conmponent bl ock copol yner bicontinuous cubic
phases. Normal discrete (non-bicontinuous) cubic phase: The norn§l MAR 2002
non- bi conti nuous cubi c phase is characterized by: 1. Small-angle x-ray
shows peak® doRdayi Ng to a three-di nensi onal space group pefriuRosuseisbi C
aspect. The nost comonly encountered space group in surfactant systens is
PnBn 10 (#223). with indexing ,~2:J4:J%3 . . . . In single-conponent bl ock
copol ynmers. the commonly observed space group is Imam corresponding to
body- cent edi@fiming Blosy1d- ;masektue gﬁzgn differantinaniex I'Rphase? isBedifofthddd associated to. 2. TO

t he unai ded, e )hase, eneral | ~~ nsparent when fully
equi | i br at g%p}}/aé"ﬁo‘mp {Jg Fg’ﬁ ﬁ%?sﬁoé}agﬂlt%i‘ha’]@é%ar than any associ at ed
| amel | ar phase gﬂxﬁmﬂmﬂeﬁhmg&mﬂ@ome&ahmamwmwghas&m phase is

non- birefri ngent, and ther efore there S‘ée no tlc%intextur es. For normnal

di screte cﬁlmr@nphtaé*&soﬂ}eﬁ 1QHid phasss dieusied ’iems%P #ophigticalzd proplemy tequiging,i gh,

much more ihe SGAbIRatiol 8selddf ahAPaRL. | e nMvBERPoRMEH ofANAE 1eblidhieydrs RAM SisdudRA.
typi cal nor mal hexagonal phases. Modst cubi c phase have viscosities in the

m | 1ions 20 of l8&iteiohiss aical iyoapRyeyhen peguisseeat ”6‘F’ theifecs Hahitisadiquid, thel 3o i n
common Wi t phakdiGn Bh QR thidkeits p%f,@hﬁh&h@éaﬁ%xmsmﬂwme?nﬁgem%pthﬁ iRgs i n the NMR

bandshape. only a single isotropic peak . In terns phase behavior, the
nor mal di sassediaedowiti feirly higbevisgesitiarviscosity @@étﬂ@e aensidggably Plghﬁ\lhasmhak aloserved
concentrat | y. 1y on
the 2~ or denﬁﬂélfi %6@ ?g%s?ac a‘lrlot?‘g)\}a\ﬁ%%Ji Q?%tr}\l?éggrsumfwg%%tr}%?s % ﬂ%e%eg nor mal

di scré®e cobpetighasy cowsh aomsultf the contipnous bilapat film. wbich ahacaﬂwgmnmindmxagonal
phase regi C I t [ QS on- blrefrlngence
e N A e N T Rl SIS e

general ly dtfemanomaod:rewlm@tahgﬂxﬂennwf tal'g& pb'n'roasqf tmbllhmﬁamtm vamtrest u&yﬁbem For
SRR R R R T I
terms 30 "Ror é’%rse ot guReratyy app HTASUGARh t he
case wher edmpieceb;lnmhealr,smpml any caadmbhcﬂamh@nemwhath mbrlealsfarrpbid untiérghéar coul d
be appli ed rinc The, shear SUBSTI TUTE SHEET
(RULETS6) * tad o BlsyRF SEooSs 8 eaasaio pomes oo TGRS HEOT R CLLEBE phase
i's gener aI lisytysleie adiact: fakiomsf tRRblume fidctidh of Arfadhe Bnatre.duhasPoat, ¢.Reogap! ymer

that forns _the bl OCkﬁla‘Q t he continuous phase. In terns of phase behavi or,
the di scr e8RS L%I4&Hs general |y occur at very |ow vol ume fractions of

one or other ofsdphRridated Gight! Rltsn. atik-fahl €caErilpmetiodd0MesHave R3S devBRYES BLd
di screte cuybi c phase; The reversed di screte cubic phase is characteri zed

by: In sur PEETiPRtoRatneposEyewradE? Phapss: § B CrR-cRAF o SR, e Shghr Sl
di scr @ve CWwimén.Phasek 0. AfmE0Bellocq. A.M. (1986) Phys. Rev. Lett. 57:2718: Roux, D. and

Safinya. C.R. (1988) J. Phys. France 49:307: Nallet. F.. Roux. D. and Prost. J. (1989) J. Phys.
France 50:3147. The analysis of Roux. et al.. in Roux. D.. Cates. M.E.. Olsson. U.. Ball. R.C..

Nallet. F. and Bellocq, A.M.. Europhys. Lett. purportedly is able to determine that the

nanostructure has two aqueous networks, separated by the surfactant bilayer. which gives rise to
25 a certain symmetry due to the equivalence of the two networks.

Fortunately. determination of the nanostructured nature of an L3 phase based on phase

behavior can be more secure than in the case of typical L1, L2 or even microemulsion phases.

This is first of all because the L3 phase is often obtained by addition of a small amount (a few

percent) of oil or other compound to a lamellar or bicontinuous cubic phase, or small increase of
30 temperature to these same phases. Since these liquid crystalline phases are easy to demonstrate

to be nanostructured (Bragg peaks in X-ray, in particular), one can be confident that the liquid

phase is also nanostructured when it is so close in composition to a liquid crystalline phase.
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fromthe above identification of the normal discrete cubic phase in three
respects: 1. In terns of phase behavior, the reversed discrete cubik MARSE(?
if found between the |anellar phase and the reversed hexagonal phase,
whereas thevowneab i s found betv~~een the 10 | anel |l ar anccraspgsedexagonal
phases: one nust therefore nmake reference to the di scussion abo~~e for

di stingui shi ng normal hexagonal fromrevesased hexagonal. A good rule is
that if the cubic phase lies to higher water concentrations than the

| anmel | ar phasfeer all.iewould beiestrenteiyredlikely e tha sddidonidf a fgveperdent diioges  sur f act ant
concentrations than the.Janellar then jt is re e T, verseq. cubic
phase gener aﬂaf‘?f‘r%‘é'ﬁ‘# léquéc{c n?aélﬂl?a?sfé"&dgﬁf’ e ce\gﬁtl{lrﬁac&sghsoealsn potelite ‘g‘-q‘t“ iled
sur fact ant /Ini6t eulsddgradied BIVR. sedt diffasitgimdakiraménss infHeeerosolrQir § vt @iy t he
fact that the reversed. cubic phase, |y be found in,the esence of
added hydr opﬁi‘B'ﬁéhaE“hSF f'%‘H‘&ﬂm i%m%ﬁ%r%e ?‘é‘@%‘i%%‘d%%‘éﬂ%f"&%ﬁﬁﬂ} € phase
does appear pehrbf reverdddeicoRfinudhd b 5&5@31 THIS satel I3 phase@hebeemibk eebj&tisfflaact ant s,
such as those of man m)no%I ycerides (i.nclude t?I ycer ol m)nool"eat e), and a

nunber of noferbied SARE seifdipsionapd frpezpriactue elgotfqs microggopy study. StreyrRelaipace

group obser ~gedihg N5Udkt, 5. id&Bnat320d Okson! 18 i® Wifucdielahd! Dy imicfort he wat er
is very low. while that of any hl)r/drophobe present is high: that of the

surfactant i Supipmedscalpn Aeeregrtes-yS-hi Ghen Eoriparamdd Teraghn g §-rKlpyer Acagiastic ar
fﬂgs e. Sfis ng% ?%ﬁﬁﬁﬁpﬁ%%léxﬂ%ﬂmg HRALS AN Al smsrgednemgsaﬁs@;i@%ﬁ%h:ﬁsep'aas es,

etween "normal’ a i phases nmakes

. : "reversed' discrete cubic
sense oHly i broslintxferenan peak yssafiempbsemnadatyBve sastorathatgormesporidrio dispagings baraponent
Pl ok COPO! VB Lorfll et B fiagfittlle s BRSH Bicor B O TREM: Bh-SesROR 3L Bearth IV the phase

i ntermedi at e phase 1's characterized by: ese phases occur quite rparely,
and when t hegiagiare. ahd e duthdvdiygs dpaplepeall a odelcfoulpd/phase nanestrnerereywhisgiisoms i n t he
phase di agra Presentl vy th truct.u t a upknown, or
under debat eFQu?Floela%loﬂf) é%n%n% |s[alfceurepsﬁgrsbelgsog(ﬁzxéu(r%tl#en%gl%ggs%f'ﬁmgﬁ&géb?\g)’l SWET T3
Nor mal i nt ( 1H. pkd&3wen. dc989)dt Pliyovhems:4582t ant concentration than the

nor nal BSTI TUTE SHEET (RU 2B 5. 2002 WO 99/1.2640 PCTI US98/ 183639
32 brcoli i nuous AR ‘ERIERE Me Pk nrritis eosdasg Nt s e Rpe sl s
general |y | omapbe noderately | ow. no higher than that of the nornal
hexagonal phase. The phase i,s birefringen ith textures typically simlar
to those of the ﬁeiﬁaﬁgﬁﬁftuﬁﬂﬁg@afgé’F‘fcrsgi?f"P’Efsqwﬁsﬁ”ba%enf"{ﬁe conponents is very
simlar to those b BninbQrubkied gomel oftbassed héagdnhl phagineatefial, ay shows a

| ower -symmetry space grou han the cubi ¢ phases,, typically nonoclinic.
Fairly sophisticdt %W&ﬁ\‘ﬁ“ﬁﬁh&% ‘é”é‘f?&se%}@%“"aqsﬂ%{?%é%’g%‘gﬁ‘ e used to

di stingadosh thi s phagesfucaradidliaofhag méi@ungonal phase. See Henriksson, U..
Bl acknore, E.S., idg%, G J. T, %nd S dergﬂan. 0. (61992%\]. Pagr}/s. Chem

96: 3894. Typi cal | YrepERssiare lapidicrssianigs plases arpR et RYfoman SReHEen t hose
of hexagonal cafshsédE daBaifs TRl ledst 4 Gt ©pe dnb @ sécoad fypPiasid RREAGEcasehorRkQVi des
good evidence of an internedi ate phase. 10 Normal int(2) is found at higher

! . P .
concent r at i off9re Hess of fomains) haine HefollpmineRIeRE e bi ¢ phase. adjacent to the
l'amel | ar phase. THeRendaadl moledsein HRIBHY R Q6RaindRE McdnibatiBE Wih Rosdih @Rer t ~~
and probably also in terns of structure. to the normal bicontinuous cubic
phases. Zéxceptcordype domeins (dad & gsperels eacmerivnf differrat domsip PRy i n NVR
bandshape angy bf%?‘f?:'cl?/&%sche Rirofilx Upft i ghRn RbRIRATBMARAer HHARURKepalalt SO
cases resenbling lanellar textures and in some resenbling 1 ~ hexadonal .
but these cadobang (forsxareplebhe/firstypesiomainkeayliddietchmposed substantially ef rolanmmoigties

phases. As i he i nt . as ; L ovwer. symetry,
typically rhglrltgtggﬁgﬁtfra#d é?lbg‘ g@%‘é‘%ﬁé‘fﬂgﬁ%gﬁﬁﬁ ﬁé@%ﬁnﬁﬁﬂld {(J:Ce P Bszg')riarret ers
f or char act esubsahtialin of Holdr moikiiesgudBAX By drovatbys timim] drf firstuyde.domaingecuiital . i f

t he squares of the d-spacjng ratios cannot be fit tq a sj.nple |ntegral
schene. %P hen pﬁﬁsﬁ‘"ﬁ’feé’?cﬁe@}?‘&tsgmﬁﬁggﬁg%‘?ar"lf‘c?felﬁ” 1j08reRg;8 ?:'{d.d“%w?%‘i?é'}ag‘gﬁrei nt ( 2)
is found at IpeM&inyisRfGEdHerRRY, ONS than the reversed bi continuous cubic
phase, adjacent to the | anellar phase. These are _Eir fringent, and show
unusual in NVR bahdasrsgmic arderingAstinsash dogedn is Jiguid-like ather thanysoljd-likes laekingnt ( 3)
phases, the space group is of |lower symetn~. t-~~picall~~ rhonbohedral or
tetragonal. requiring two unit cell paranmeters for characterization. and
maki ng SAXS analysis difficult, SAXS analysis difficult. though the 25
presence of Bragg peaks in t%%ﬁ@gﬁ&ﬁ'(ﬁdﬁ&iﬁ)‘ do not index to a cubic

or hexagonal




| attice (which have only one lattice paraneter) is, together wthmq&c@b
bi refringence, indication of an internedi ate phase. Space groups ' 29
| i kely for bicontinuous internedi ate phases have been discussed in a

publ i cati opolbyrdedee present author. D. M Anderson, Supplgdgrdesiisssd .

Physi que, Proceedi ngs of Wrkshop on Geonetry and I nterfaces, Aussois.
France, Sept. 1990. 30 C7-1 - C7-18. Ata2she tinme that the coated particle
10 is being forned and the exterior coating 20 is not SUBSTI TUTE SHEET
(RULE 26) laﬁcM&rﬁQ@Q&U@oﬂQJ(M&Mlmidﬁﬂﬂd bBE3DseBte afsharp Bragpgdeaki t i S

hi ghly desirabl e that nanost.ructured |iquid phase material or the
nanost r uct Uf ‘iﬁ“?‘}sc‘fh\”@eé‘? ¥ FIHAYRAse nmterial or the combination be one
that is in equik)dé imaestidintenyiod @Ig., ticknags stk vasa bl iayers, diamerer iprecasalfy, with
a dilute aqueous solution. Once th coated, particle 10 has its_exterior
coating 20,cYlipdersassRhgiss) e s W‘Vﬁﬁ?ﬂ?’éﬂf 15t FRge © ﬁﬁaé‘amﬁﬁfs (W fiorm abopst s
in equig i bryi bkt 160 @t #id- The [iquid phases that can be in equilibrium
with water are: L2 phase (a.k.a. reversed mcel|e m croemnul sion. and L3
phase (but not whie prganizatianefith edm@srecgftfﬁwse%mmf H@nhunaf\y.ba Op§- 07 OF | ne
phases t hat me@-'am%s,bnl wmubﬁaswmetparmeke(or urkeell SO B¢ n&{é}ﬂieﬁzr R
reversed hexagonal phase. reversed internedi ate phase, and |anell ar phase
The phases ifafromanoyé 1 #hosiAdo mmbrthqmewqahowﬁtdemala%téusmoeﬁomtem efdha t he

poi nt of vi I dr%‘t:‘a i i on.

Pr ef er abl y,%:«r?gice gﬁ)lﬁbsq%oeﬂa%rdggg%gﬂ e%@’?iﬁl}ggleﬁefr el nll?%ﬁ%ﬁg%gr@gﬁgﬁegl ven phase
as t helbmt r ¢videnged in gw deeqsxgatd wnailiangle ke yorterieg (A XShmersutsmentiby theerresence or

what ever soJ)tvng.h BtE e?l@&%h?‘lv%d- a@m?§ ot l&%& 5xjaer rHEADRE Béﬂ?& i tlixé’\h L t?%ngl'\?vi ‘h

interior phase aseth rion opertyt it 1s1n
excess aque¥¥smsol uti on during for ITB.tI on of the pani cl es, then concerns of
phase transformation are minimzed. Simlarl~~ when the i nterior 20 phase

is in equilibriumwth excess aqueous sol ution under the conditions

encount er ed ~hemamtdaxafﬂaee~Thhkampl:barphasb'fscharamdrizgi&ys rel eased. then the
concerns of phase ch g%ﬁg are ik V\nws%&?] ﬁh ;nzedI in.sone applications
this ma~~ be advant ag anglR X700 VRSB BT g AP n it e PR

sol vent5 in general)?2iT thy ehiled €d. heophasdie citmt trinspandnt driekhibisthdbr Addep@r ti cl e
formati on, nlg frequently also at the tine of application, there are 25
appllcatlongJ difere sol ubility in water at the tinme of application is
advant ageous and t h Sn 6RMpoRAZAE 6N InicrBepe: it PhdsOB bireHihgdnt. mme%n-on For

exanpl e, sider a matrjx co osed f 20% C 12E5 ent aet hyl ene col
dodecyl et h ‘)W“i‘Ff“\Kthg?'e begp “’7 esgribegd Y§°¥6‘ﬁ‘]§&§‘%ﬂ W&f‘p?fr BQUEE ng(’ hase
which is i npeﬂUIHeldbEdrHcmd fxdbn@dﬂ&@&&es\Wébtiaé "Mdtebw&segltw'lm@m" pafidntahals this
conposifion wou readi | ~= ersible at 75 C t ication

t enper a{) ure %?‘L Sﬁég\ie@ﬁerés amq‘é%‘%seémséﬁ ASPREERPSIFON ?fh‘éﬂ d?’R S@‘%F E‘f‘@?ﬂf’ﬁﬂce
conposi ti on fiyvyed) coudEiv ?&bﬂﬁlcﬁlafﬂeﬂﬂtcﬂ{er oA rbughlyaatuldrpeckd@Rmt acts as an
ordi nar<~ ~ater-soluble surfactant at roomtenperature. This coul d be

advant ageouSPifefringenseinforrigaa ¢istiney e RageB despiBisreat of thea W1 Sempananiligryssymgol. -

1;3 I nalR 268? u 3\}1)(3 {éagllaf%g% b ﬁ,@L BfrlrBas Well 8A8R0REe, i RorIdRIS tetHE & iR ok Rl 26)
Thesis, Univ., of anesota, 1987. The "mosaic" texture can be envisioned as the result of

25 tightly packing together a dense array of deformed Maltese crosses, yielding dark and bright
patches randomly quilted together. The "oily streaks" pattern is typically seen when the (low
viscosity) lamellar phase flows between glass and coverslip; in this pattern, long curved lines are
seen, upon close inspection under magnification (e.g.. 400x), to be composed of tiny striations
which run roughly perpendicular to the line of the curve, as ties make up a raiiroad track (to be

30 contrasted with the hexagonal texture discussion below). In some cases, particularly if the phase

is massaged gently between glass and coverslip for a period of time. the lamellar phase will align
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PCTNS98118639 particle coating. The nanostructured |iquid phase materi al

may be formed from a. a polar solvent and a surfactant or b. a polarg MAR 2002

sol vent, a surfactant and an anphi phile or hydrophobe or 5 c¢c. a bl ock

copol yner pé eshzesd bl ock copol yner and a sol vent. The nanegSiwsssisssed | i quid
crystalline phase material may be fornmed from a. a polar solvent and a
surfactant, b. a polar solvent. a surfa@sant and an anphi phile or

hydr ophobe) 10 c. a bl ock copol ynmer or d. a block copolynmer and a sol vent.
Above underwithies dpeaskisaralblanthedine 6F sighe ini the micrds¢ope.iresuliog & adisappesack ofhi ch
coul d be usgd t(ﬁ(}?sel ect operative polar and apolar groups in order to nmake
an operati Vi NE%%nt. Thus, suitable surfactants include those conpounds
whi ch contain t\Nerlaxhamgﬂ&kesmohﬁﬂaétaa-wmeysbeisng an 15 operative polar group

chosen fromthose described. in that.discussion roups. and.the
other being an oper abFEoSHhISIOW- egoteh 3° ﬁ'ﬂt%S%Wa‘F?agﬁlog%{%e 8%?:8’?’5%@‘3"““& hat
di scusss on @é pidis Apped updidesdows)li t abl e surfact ants or bl ock copol yner
conmponents (or mxtures t hereof ) may a. lﬁ@bl oni ¢ urfact ant 20 b.

ani oni ¢ surfactant c thespi-giffusipn & Eﬁﬁspéép ‘é’ﬁ'tp%emsza\’/ﬁ F‘?WZ’@ edp el plusiin . in

particul ar, pak RRQS m{erfbdeiweisartdlff@adnl cBefHciBiv6E Whter i eRl@hdlbr KhaR O sdMiRtabR S,
desi gned to mat ch the ?5 physico-chem cal characteristics of a bi omenbrane

d, nonogl ycpliggure wapESjIcs tiedudisrantichel form lighie crystale aes uaisdy aodigridif ¢ h
aromati C ri fgnify téﬂ{ggﬁ rels QPé)lleFéF@ﬁEe &)Qm'for th sHF-dQﬁExlan @Ae‘?ﬁ‘clfe%t SMRY QPERQE o Ut

rrutuall%lnmsm w th both ophilic, but mutually
i mmi scibl e; clgwsswmurgcghggffecpmnsa&md) selfsdl nzedﬁmmowﬁ 1\2@4@n135the

PCTNS98/ 186%&@!!& as%’ls olﬁerpﬁﬁen% 9&5\ Wgéﬁppétht'fﬁr ifid r&tﬁ@m@%b@ﬁme& EOb e,
i.e., anphiphi 85‘ ST M Xture of two of nmore o ove U|ta

| i pi ds i ncl plheesphosphol i pi ds (such as phosphati dyl chol i ne,
phosphati dyl seri ne, R I, & Qﬁ¥ﬁk [

gl ycol i pids (such as qI\EI%% hg%:{f/ %ﬁnﬁgﬁgeg;?‘?lgﬁggagf&k“?%g?% S, kggrﬁs'h%f’% A)
Qt her sui t ablessuted pine §ndsrieo prikes plitd Ithepplikgng bmécumenng‘hwpthans irotyié ndxedanales,
phosphafléi dy})g‘aggm tol s, phosphatidyl gl ycerols, phosphatidic acids,
phosphati dyl'séri nes, phosphatl dyl et hanol am nes, etc.), sphingolipids

(i ncl uding 4. in terms of phase behavior. the lamellar phase generally occurs at high

surfactant concentrations in single-tailed surfactant / water systems. typically above 70%
surfactant: in double-tailed surfactants. it often occurs at lower concentrations. often extending
well below 50%. Ii generally extends to considerably higher temperatures than do any other
20 liquid crystalline phases that happen to occur in the phase diagram.
For lamellar phases in single-component block copolymer systems:

1. shear modulus is generally lower than other liquid crystalline phases in the
same system.

2. in terms of phase behavior. the lamellar phase generally occurs at volume

25 fractions of the two blocks is roughly 50:50.

Normal hexagonal phase: The normal hexagonal phase is characterized by:

1. Small-angle x-ray shows peaks indexing as 1:v3:2:v7:3 ... ; in general, v(h2 +
hk + k2), where h and k are integers -- the Miller indices of the two-dimensional symmetry
group.

30 2. To the unaided eye. the phase is generally transparent when fully equilibrated.

and thus often considerably clearer than any nearby lamellar phase.
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from 3016 to 20 dar bame! kemaonH ghasesdn agtcaurissier spfemst hy| ene oxi de groups m

is from2 to 80: ethoxy, ral b --
NN NCtT et hyl am nodiedaai ARt Hoftyisell ddyic ABEp RIS YRR,

MAR 2002 WO, 8@h ,2B4i3:uBi6 pREHENSBBA 186 3Bcasilics thamilkonaiof dentolsy). chain | engt h
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dodecyl di met hyl anmoni 88‘5? yr a‘{gus‘°a‘o%*h°‘§qmﬁh99{ﬁ?§‘ﬁ25 %?‘fgﬁ?%rﬁlgﬁorﬁhﬁlﬁ?g‘ﬁ de):
decyl net hyl sudnfeﬁmq:dasendmefwatcmtdnyﬂaabkeosymlaanm&lwateexanoat e and rel ati ves of

t hese xwi.tterionics a Ia wth al chai ths from8 to. 2

Pr eferr\gé sur f act antsrg ?ﬂk cOapdSRERS G3PE d¢ %erages(psiuﬁt?%m?g%rvegS’?lw&guﬁg’ch 18
benzal koni unbﬁdfahabfthd@hnmgdbsemdi&mmyMmlllaxtpmasenyr| styl - garma pi col i ni um
chl ori de, Pol oxaner %m gﬁgx or 0|] sorai) an rm a mtate,
and sodi um 2- et hyl hex n‘Bt A Seéﬁ?atvé?ﬁl T U RS %c“%[? FRE Y
c;)rrpos ed ?f Tnl\Wex@l’e sﬁiﬁcﬁnﬁ'ﬂghdéﬁﬂrdtx‘ysnsl 1ﬁ’§ﬂn§l|64ltdiﬂe& sirfaomits vxfafeﬂfi?stlﬂs &hﬁcaﬁ@bxh i ne
cl asses of polyne i enes al | enes, acn~lics and

onymet hacr | PEec 0o Rianh TR yabaade Hetsentel Birsy (RE iatnes © thepigelar
pol yacr ydoat esLl)mLsy rRA oG RohAISS-bicPiInMslis sUkIs blhafséstc@xdsoﬁﬁﬁxﬁéﬁoccur in between. In

pol yacryl am des nmet hacr | am des. etc ers. polyvin~~I
al cohol s. po%ﬁ%"efgi"é”’ f/ ﬁweraﬂéaﬁ’ﬁég‘ °°é’5la§% ﬁ)}]e éﬂaf"osé actaflsVirGT SyHEm.
nitriles. polv~~i Fa‘h'aa@&ﬁaﬁ?kﬁsesﬁ&mn\(é@é‘cfnﬁﬁﬁﬁn bloed abpaemyﬂseﬂm the MO Xt Ay
pol ycar bonat es, pol yesters) pol yanh' ~dri des. ol yur et hanes,

pol ysul f onat @84 "p¥rssd| dogwhgreeraliyapplydalthopghen ‘heﬁéqey‘ﬁ‘ﬁﬁeﬁ’ﬁ‘?\@@k inpRlar4nd thes |
pol yhydrazi degher BRIY. qﬁ&@@mﬂ@é a/o%mrmgbuemrﬂﬁ&hpw YRRASPRSAGKRES such a

pol ysi | anes, polysilazan aﬁ benzoxazol es. pol yoxadi azol es.

pol yoxadidaz olhe@ngn@é phagois gerierally bighes thap ¢ llapstiannhese; ang devees than a bicontinuous cubic
pol yp~~ronel |4, u I bV 684

pol ypi per azi ﬂfé%mflp%%%eléﬁg/gﬁo\? esS. epﬁ%lxﬁﬂe{c}éam C aﬁj(?gsl%f §enera1l¥ EER i n.
chitosan, gl y’gbwge&acthap@ﬁthwworbdmks an thmﬂypﬁ@%%dﬁmyally. two hexagonal phases will

straddle the lamellar phase. with. in each case, the minority component being inside the cvlinders

(this description replacing the 'normal/reversed' nomenclature of surfactant systems).

30 Reversed hexagonal phase: In surfactant-water systems. the identification of the

reversed hexagonal phase differs from the above identification of the normal hexagonal phase in
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pol yphosphoryl di net h~~l am de. poly-2. ~sel eni enyl ene.

pol y- ~4-n-but yl pyri di ni um brom de, poll--2-Nnmeth~~l p~~ridinium iﬁoMAEeZUUZ
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3. in terms of phase behavior, the normal bicontinuous cubic phase generally
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properties whi chRﬁ%ﬁE%dtbeéﬁﬁ“SU’“Elﬁ‘b"g%Pl?“abl eéF'é’erE"tSla’t“i°H‘§f’“ﬂ’ést°é' ERE0 the
present i nvejhhha@etized By begl n wth, the ph~~sical integrity of lanellar
crystals is inherently conprom sed by the weak | ocal |i nteractl ons bet ween

layers. This is 4 SHeaERRIcISYsEms. d}éerfé"é‘élﬁb"?“”ﬁﬁ heEHTSE PIOHInSOSSYPIT Ohase SHEET
(RULE 26)  &ffls Aom AGbse eV@nﬁ@éaﬂ:&%ﬂhé’r@%M@%ﬂ&ﬁ&%%uﬁ@ phSd WRRN Bk ARt e (a

| ayered crystalline formof carbon) with dianond (a crystalline form of

carbon that Ragms pirbasedprhavios tararerise Rigpmigyous criieriye if Ff’é““ll bravesnibetlangellaphi t e

i's an inmportgnte e GREEN hekdbohf'p Ba@b RuHehsBd the AHngl- is FUR BeBvdel the@B@atMAli N
which the | ayers slide over each o her. whereas dianond is an abrasive,

i |1 ustrates Rdmalhexagenatiphapageone yst therplgrirepke rofesengs to|thadiscyssionabaredfer of

| ayered cryskg lnlq b gér]@; ﬂoxﬁ%eﬁeﬂexmﬁmm 8&&@1@%@1&1&&@@8&5 padd! S
sane mter-larné ar s ing-effect In fact, the sane effect t Hat gi ves
rise to the hqs(tmhllglmwatemos@omttoys hhn mhbme&mhasarthqnnqemmk yhereds|if inkesphase
conpare that of .ot her f

compar off w t Ak ey Shregrreyp il SLRLR DR BHARER: TheReiRREd bl il
phase. As a éane:hm\easccurmmm@tsuﬁﬁctanf cdnbansatldnqiniddutblé-taﬂemmt/whter svirihs

't ogr Ly wi FIRCLRRIG ol SogERGH PO (e & RRRe PR UGS RERU (1

"l ead" penci {hg pre%l:ecch added hydrophobe ('oil') or amphiphile. The reversed bicontinuous cubic phase

o)

does appear in a number of binary systems with single-tailed surfactants, such as those of many
30 monoglycerides (include glycerol monooleate). and a number of nonionic PEG-based surfactants

with low HLB.
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are graphite. The detrinental effects associated with |ayered cn~stalline
structures can be seen in everyday life even in situations where
macroscopi ¢ shear is not involved. According to a w del y-accept e@ rr%%ewﬂ'bf
the structyheyRkseul sions advanced by Stig Friberg, as s@viussispy 1 ~
Larsson, K., and S. Friberg, Eds. 1990, Food Enul sions. 2" Edition. Marcel
Dekker. Inc. NY, lanellar liquid crystalshine or, comonly. |anellar
crystalline coatings stabilize the oil droplets in an oil-in-water
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illustratin e use. of the present i.nvention i reat.i ng panicles wth
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exterior coHereiRie heye @smo srpE M Ehe i nternal core 10 and any active agents)

or 5 conponent s)Fh&RASBE k@b RIpRased AkurBXRAPWRer sp@@hSt oxi dation,
hydrol ysis, premature rel ease, precipitation, shear, vacuum enzymatic

attack) degradation fréWPow el siphmeRviscess thapthejprashiar phasend even dnosy

condi tions Qxt&E B@h whRaltnBBnat AehEHhalbhdel CMBS culli©phaSANP! iSoositidk ih Minfillions
preparation such as pH, ionic strength, or the presence of bioactive

i mpur i £Pes. okgraKPoss. Wicherdiscade grbigenenuedses. Exanpl es of each of these are:

10 oxidation: e.g., hOfiso@RtdnBXbrltt Be SiGHindchs Vit @fHatks CherdRinG Qﬂﬁﬁdfgx el hEI T
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such as sombtwetradormal mideilariand sormal inmidoyal ghiise kegion® Ovhith gleag eth hyhignzynes in

t he body. can be held actjve in circylation until . reacghing the site of
rel ease and VE&?S_?%FRd ”Gﬁ'g’r'ﬁjﬂﬁﬁef“&?dnﬁiﬁcbt ?ffrﬁlérfaf‘%’bﬁﬁfgﬁg?f’?%ﬁng?‘g’.left ere even a
slight reactsirfrtahes it RedrivBaidedibt 6QNPARR I thélbiage S thetait- e sysihr nal core and
an exterior one could, over a shelf life of
For discrete cubic phases in single-component block copolymer systems, the terms
30 "normal" and "reversed" do not generally apply (although in the case where one block is polar

and the other apolar. these qualifiers could be applied in principle). The shear modulus in such a
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nont hs or years, pose a problem 25 external pH e.g., a drug in protonated
formcoul d be encapsul ated at low internal pHto ensure sol ubility MAR 2002
wi thout requiring a |low pH of the exterior liquid which would ot hen~~i se
upset theywgl9aRad; external ionic strength: e.g., wherepérpsdsiigsn is
encapsul ated to avoid salting-out and denaturation: 30 external inpurities
such as proteases, nucleases, etc.: e.g.31 when the exterior contains a

bi oreact or-deri ved product from which renoval of proteases m ght be

prohi bi ti vealscraxmmsdhm is gonEiaTy depEniderblintobt ¢nitdlyFonAby shear mokiiis AQhe/pdlyher

99/ 12640 41 P 639, For .the exterior c I ng .20, the, nonl |1 ar
crystal | i ne® %éq%’ 9F§§/mﬁ§° ?ﬁt“B‘Pb‘a‘ﬁ‘ﬁ? &%mmhasﬁﬁclﬁa‘ﬁlg? a‘éﬁfsgei?c? bund, a
mneral, a ﬁfﬁ&@'geneﬁdﬂ@bc@ﬁa@@hdow Oslueé Bedtiofs ofphédd dtiteoftheR@mioks, bRt such as
i odi ne, or an organonetallic conplex. The structure of nonlanell ar
crystalli ne°’é€ié’f§%°ﬁ‘&iserl als may be a. crystalline, non-porous b.
crystalline with a one-dinensional network of pores c. crystalline with a

t wo- di rren5| onal network of pores d. crystalline with a three-di mensional
net wor k5 of por e Reyprsed disareia Gubinphasedde revarsedliscess wewspbm Hcharagierizgd by:
characteristics:y mfaltantN@ﬁerQ?stténQ%Edeﬁlﬁfcg@on%f tﬂé'?gléfsecmlécr&@&gictphﬁ’s@%lffers
encountered in normal use or b. under certain conditions as encountered at
one or nor efremahecaboysfidepgfcagion N"éhe norvnd isgretetvabig hassinghrequegnsetsiall conditi ons
encountered in nonp gpe’_m VeRkd @ikdets AN n ered at
one or nore st agles yagjh'%b aviﬁgﬁre ged: a. etat ?ds%eﬁeegftogﬁlcb%gge?%meonl y or
?0 b. over hmgharphgend thatevepdisxagiral plamg@hgtasnhﬁrnmnal issfeurdrbenyeen rhea pH
range that t | i dur .

col | ect ?on i ﬁ %‘1' a% gc%gc }{39 an p%g‘%‘cglgl Sﬂ(})‘ édéé?eg%éo? bo tﬁe 15%"15%0

nonl anel | ar am\yﬁtaishmqmehmgabmraghemgoezl|fxahsrpvmdh¢vgombnmgnmndﬂe Wmhat Ifugeccur in
nonl anel | ar _crystal.li over usefu ich are
tn 2~ nost 8‘%’39/3““‘* lieg 1 {o]\?{}‘¥h8§<wac‘°’tc°“°§ﬂ‘&“8?nv‘P?“o‘ranga’r?aﬁﬁr pi‘ase %“’ “d?”é ‘swg?’t’ﬁsc
aci d: ascor i 1c11epad igHeafuefactas parctmmm itichn tkh:elmﬁlanthexbmtsae\mspd]tmIrevefshcs mut h

b b t at e d but vyi b | t
T TR TR ST A L R e
ca: ci ums hy dsgntiedlth6wRhchisl MopBORipHtLRed bfitofat Gliat the keversst cabio pRiengy ofly bdasi c;
cal Cl um

found in the presence of added hydrophobe (‘oil') or amphiphile. The reversed discrete cubic
phase does appear in a number of binary systems with single-tailed surfactants. such as those of
many monoglycerides (include glycerol monooieate). and a number of nonionic PEG-based
surfactants with low HLB.
20 2. The space group observed is usually Fd3m. #227.

3. The seif-diffusion of the water is very low. while that of any hydrophobe present is
high: that of the surfactant is generally fairly high. comparable to that in the lamellar phase.

As stated above in the discussion of normal discrete cubic phases. the distinction between
'normal' and 'reversed' discrete cubic phases makes sense only in surfactant systems, and

25 generally not in single-component block copolymer discrete cubic phases.

Intermediate phases: The intermediate phase is characterized by:

These phases occur quite rarely, and when they are found they generally occupy very
narrow regions in the phase diagram. Presently the structures of many of these are unknown or
under debate. The intermediate phases can be classified as follows:

30 Normal int(1) phases occur at lower surfactant concentration than the normal
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30 pyrophosphate: calciumsalicyiate; calciumsilicate; calciumsu fﬂéﬁ 2002
carm ne; cetear<~1 al cohol: cetyl al cohol; cinnanmal dehyde: citric

cystei ne hydrochl oride: dibutyl sebacate; esculin; ferric oxide: ferric
citrate: fayseH@kfrri c SUBSTI TUTE SHEET ( RULE 26) 5 MAlderAtdg 18683 99/ 12640
PCT/ US981 18639 42 oxide; gentisic acid: glutamc acid; glycine; gold;

hi stidine: hydrochl orothiazide; iodine; igpon oxide: lauryl sulfate;

| euci ne: magnesi um nagnesi um al um ntun silicate: magnesi um carbonat e;

magnesi um nysleshihets cdbROAESE] ddfiosi tdt8e heXBGNEIPhET ViscoshisgendlBIe® olim
sul f at e; magne5| umtr| silicate; malefi Cm.él d: ma i.C Sﬁm d, D, L-.. nethyl

salicyl ate; BedeRKly ab‘é‘ﬁgheﬁﬁ‘ﬁ’b%bqflﬁ}?ﬁ"@ Qﬁﬁg‘é‘a ?'étbéeﬁmgem

propyl par abegih &kiute§ frpicallyl sirki® to thbdeiof 88 heaBrlalighases (Sélf-uﬁm&bhl bih@smidoh&Rd €;
sodi um am nobenzoat e: sodi um benzoat e; sodi um bi car bonat e: sodi um

bi sul fate: siaemisimilasigitiose @th@wuaaqmleh%oﬁa#bmgkedﬁﬁ% PROME B AWegraYmIBeIR um
citrate:s sody Epg?aipqmn (fmbﬁ‘;shasésogﬂgiemmsﬂo@ﬁﬁe I%ﬂﬁ'édﬁﬂxﬁﬁﬂémﬂﬁ@ban@hﬁ}ﬁs' C:

sodi um prop| nat e; 10 sodiumsailicvlat'e: sodium st'annate; sodi um succi nate:
sodi um sul f atre:SASSHinalyses cAnfhaueed e digfingwish Hiicmhaserfromsthe nermial hexagoha) plise. See
succi ni ¢ aci t @l r t Ayl sSadfmbd: r DL-:
tartrazi ne: ﬁe’frfkggroﬁuumgl a?ﬁ E‘lr% gﬂa(;%%ié(‘ﬁ‘r tﬂ{dﬁggeu nO gl% i Pl‘ﬁ' a&{gat e:

tri chl or onones: ]m%r Eypiclip baxﬁslmpesphamgmﬂlehedntmmdﬂe(bwcmy@k ophexpgonsiebdy |

nmor phi nan hydr rLde 2|n re of
"ot br st i n” B Grrechine o 8 <o i, whisn PRt Yool BASABAY Gn 1B BRE oS
phosphaté&s are a Nmmrmquﬁpfmemm hq;herbmonentrat&es dhan the dormaldcondirousctubical
conmponents. For e e.treatment of ro t he rel ease of
Che appr opr | B ARSIl ebten GG OHB St TR PSR blt Y Bh SRR o1 cal
conditions t bx&iprbb‘;lﬁlu@ﬁodit&&ﬁbﬂﬁtmmrd)fo tbom‘tﬁmélaﬁudnﬁith& dbic phep aickpiGaihey

coatlng) 20 P sium rate. coati narlc | tural

appl i cati ons *Si %gn¥°ﬁba‘?fi|&il?‘f" Flgf" "g@&@?“?ﬁﬁ%ﬁ‘? ‘%gég? P‘?”iyéf pepires

aspartic aci dre shafzai tihuaﬁl ch sobﬁkweﬁk&%mﬁﬂraﬁmﬁr@xumand mabgeé u@arﬂmag ate
t|5|c Cld gtldlne pro and zi nc oxi de can be

di sodi u al | at
parti culq}’ir E@é?nah ui dhess Gpa afqnﬁxﬂga%a%r%b@ hﬁféﬁé‘ﬁﬂ%‘? COFHBATRRASSE t AT

appl i cati ons tRemAaY siasésh@y sfaas s\xﬁlebﬁbwm&ﬁﬁmh@wtmtaw rh3§bc§ﬁhﬂdpdrlténta¥onal
(generally less than 5% and are on the FDA list o ro~~ed inactive

i ngredi ents FOHINpREnEIsEIEPAERSIS fof FigrrSteriggiop apd meﬁ%? Xhenehsisdiffigile d)rat i ng
mat erial s ar @erfelaRtifthelg@sres JPIRMEINPESNPrati &UaiholBY Mtb AbipRliReAD skidin ONSr anl

d athrates and inclusion conpounds (sone of which retain pernmanent por05| ty
upon renpval Hgmediate pRasgsvacreinuEReGt es) . Werner conpl exes of the forth

MX, A4, wpbere Mi SRa'eretY ﬂ,V\DWS R M ok Er@ondeRiratibhs thialhe @%rse@%ﬁlnﬂ:&%u@baz—r
(RULE 26) 5 ~' ~~ 99/ 1264Q 43 PCT/ US98/ 18639 Cd, Xis
an anionic | m@%@dx«xmso theNgomtlar rimse. Tiesg are birgfringgait. and shoy ““&9(‘#61 iNM

el ectrical Iy ypeid I S A€Hh e or

i soqui nol i ne; exifata @%md Sﬁﬁnﬂal?%g I&%glqhﬁgrtéﬁ %ﬁ% gfgl(tf%la%ggmﬁ{%}%ék%yﬂuy? i di ne,
4- phenyl pyri dymr@emamulcalhvhmbqbthalmr magmaweq@nmamemmdlgumtemfbecu| es can
be included i | ene,

di chl or obenzeﬁegé{kﬁéﬁoo’taﬂ?hlgﬁgg SA&? Sﬁ%l&ﬁlpgé%qﬁa‘r’r}gs dl&?&ly%g%hr@%t on,
xenon, @)ﬁygem)esmw oftyeqe, pegiaihn SdKS»pastepmMchdn notiisdek fd dabicet bexagauler si bl e
oxygen- car n~i, I at es uch bis-s d vl,e negé i m necobal t
and ot her bi s&gcaeﬁw Sk Ve ey latﬁcerpea(rzmg?elr)tlggoegr% |h\g/r§1‘{']%v n&ﬁ@ dfigepqe; jndicatio

di hi sti di ne afieh ietniddac phﬁkecsism& gffohﬂ;s]wlﬁcm anetilady for lﬂmm‘ﬁhubueﬁnenhédﬁhﬂ(ﬂﬂaées

di et hyl gl yoxi and nickel (1]) t h~~l gl yoxi | exes of the form

K, Zn3[ Fe(Cl\I)g’f”?bi cussﬁﬁfélaé’“}&llff“t‘%’i t}%ﬁr g%‘a °”ﬁeMvC§Fn¥§BP URPlEmH tdpond to
conpl exes Whipasiqtie @lrstestﬁﬁgqaﬂwaﬁksw&&;euﬂ@:my ArANRYEdceD Audshie. PABLE Sep121990.

Zeolites: 15 faujasite-type NaX zeolite
30 C7-1 - C7-18.

At the time that the coated particle 10 is being formed and the exterior coating 20 is not
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fauj asite-type NaY zeolite VPI-~ zeolite The coated particles 1_ of the
present have application in a variety of fields. The coated partifciMAR 2002
are adapted to absorb one or mare naterials froma sel ected environnent,
adsorb on@oZ9 15440 MOre materials froma sel ected envir ongefjusssisésel ease one
or nore materials, such as active agents. disposed in the matrix. Wth
respect to absorption, the coated partisgj es may be used to harvest products
or scavenge waste in biological or chenmical reaction processes, to cani

cat al ysts & f6rdiR8 .8t iPhighle F6siable tiat the pamvsmicanedniguid ahdst gersdaler theast e product s
in medical applicatjons. to jdentify a few ex l.es, 25 Wth respect to
adsor pt i on PafostERcRERdlignid srysajlios pase mgteril °ﬁ¥'éﬁ°'§§np%’ﬁ? BHRR St 1e i plPEI S and
gas adsor behsvare¥{dolr §obR 61, ok predieBsRith & BifuEapead sqhaicni OhRshdBaxede used
for the controlled rel ease of, phar mafceut_i cal a enti, such as apti cancer
agents or pAGei8AY hasis extenns coatips A0 dheiiaregQing pagesuEtied saterpimesd natgeong that T
(RULE 26) isin eguifibrRBQANWAE HrbdRiid phists HR8 B3R 3quittiuaORiPRAL sk & al
materials. An active agent may be disposed in the matrix for rel ease upon
the triggering Tezphﬂ&ﬂl(égéer.evwﬂwa%l e, a pharnaceutical or biologically
active material mggmgjﬁ%@osed in the matrix. In applications of these

m croparticles 1n drug-delivery or with enbedded proteins or pol ypeptides
(in particul ar Lepest(butnortbe b3hehaje)i t can be hi ghly advant ageous to have an
interior i i s gg@ ! 2 LS designed to
simul ate gﬁté’égéfg“ %n%mﬁhéléﬁhg taml1(§;r¥aélq’h€)§r%go%lgtrctgllE %ilgg?agﬂ%gﬁfr&g at ri'sorrenbr ane
from aoliving cebtrsedthbisplesail d be i nportant for the proper functioning of a
receptor protei n.or ot hae(rmagehrgts)erane conponent, for exanple, or for pronoting
assi milation of “tHES FEEMIOF Rt ri x into the natural bi omenbrane in
drug-delivery. fSerkddymeraetiewipbat. apd operties that can be inportant in such a
context include, the bjlayer rigidity (a neasure of the resistance to

bendi ng). bil aygf"eﬁqr@}‘ﬁf'ty (a measure of the mcroviscosit~~ of the bilaver
meriorl. tThe phsesthatcittberin bailibriomaricth vixitdr aseepreférted dlomabspoiitlog view demaag amet er
as a fynction of sition on the lipid. acyl. chains, the,surface charge
Genai it Hamet ek at b PetrR et LrEsRENip Gtk PR PRCIOARFIR B f or | ng
conposi ti o?}iw'e:tshh %_véﬂ'&iasbials iy a']fa;ri)dﬁh hsagélafab;eumgaye lphﬁe Bd"lidsollﬂaleﬂiﬁ RateR )R

curvature (for a djscussion of the relatjopshi et ween these tivo

cun~at ur es %@é‘“’ﬁ.”mH@P%‘Flﬁﬁ?rﬁﬂ‘dpeﬁegﬂm' EHBE‘?“?BEI: whep th;inferiorppess pas the

Ther nody nanddagiomd gropiryftedt @M ih@huiBRRAELiY exedss MuesRSbluteH dufigdfoMakiehiopdhs. Eds.
H T. Davis and J.C.C. Nitsche, Springer-Verlag, 1992, p. 137), chol esterol
content. caiisiydheRicancers oEpitese tpRgformagion ?fﬁrnm“a}zaé-eﬁlﬁﬂ?fg'w*&n tsyintegigsper

choi ce2f  cARQSinteh @ Mbrivd it BResd dhuesits sbRBSGLuRAT R BhBlidnsleAcodneRl QBefliENt 1N
an artificial system nanely a 20 nanostructured |iquid phase or |iquid
cryst al | i ne*jShié gartigrpgoauneHisFrigesed; ten e FORGPS ¢fiPAse Fhapess ar lkewiseminimided~~ t he
addi tion ofanarﬂ);@,ingQ%Mg&ionpgiqstr{wge@a\}ama@gowhati c al cohol s: and bil aver
charge can be adjusted by adjusting thé ratio between uncharged |i pids
(such as phospha¥hespps iaprdutilite jn vigier (@xeapal sajvant. b1 gegerald is@refereed Sordlenaitix di ¢
acid). Al so : i-Sit 4 ; nction of a
nunber of n%‘%%n?gﬁgﬁdg%%étlée){aﬁg&mﬁr%gh ﬁgﬁﬁtﬁjaﬂgoghgﬁgg% %Ege%lrléea%r}ye}% %ﬁpconti nuous
cubi ¢ 25 phepphicatiphsevhe® splbidity, in avadr at thedimeend gpnlicasion ésradvantagequenagd théxtambx agonal
phase are i | Cul.ar I r I . ticle of
t he present ghfn elfrsl'{’el%g‘r%f,’?1 ‘K’/ﬁv’?#’}‘ Elgkétﬁﬁ'egé}g?%f F ?&gﬁ%ﬁﬁgnég@@ged%ﬁg% vt zt h

t uned physi 6t2ESr{panakthyibrerghebedodedyl etlerfiowateh eAtf A5AC tthie pormmpsitibn prodeeparict ed
proteins or_.other. .bionolecul es, can be very val uabl e.jn products, for

har mcout | B0Se Whirs GumG iRy St S e Cbe SBH0 e BRe Blspemdion " 30
Menbr ane prabed Béreadile d@gdraniakl 35°Cr thetipblicati@nenstedive Goredetiebdy id 25P¢i eu in
order to function properly and even tqQ_ pmaintain proper, confornmation, and

for suéh preRvEMFsthen bis tesiop pAMROie oW be soppblerin Waten pnd in fact the ChiESmcIs ay er
%;)per ties jiiedard N adRshibideta@RPHSoom RRplauRe TAR cSHBET T ATEeRiHERhoh RULE

greasy. non-comedogenic -- and even cleansing -- final product is desired after release of the
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5 MAR 2002 WO 99112640 PCTI US98t 18639 45 excel |l ent and very useful matrix.
Exanpl es of nenbrane proteins include, in addition to receptor prot

such proteins as proteinase A anyl ogl ucosi dase, enkephal i nase, J%S%yzﬂﬂz
pepti dase Wb oogagape- gl ut anyl transferase, gal actosi dase, P@Qﬁjsmsgggdase

al pha- mannosi dase, cholinesterase. aryl am dase, surfactin, ferrochel atase,
spiralin, penicillin-binding proteins, msrosonmal glycotransferases,

ki nases) bacterial outer menbrane proteins, and histoconpatibility

antigens. | nparici¥otingt e demandi ng requirenments for the delivery of

pharmaceuticals in the treatnent of cancers, 2‘{ aggant ages and flexibility
of the present |H@éﬂ%"?ﬁﬁ’cmé‘qi“?PB%FﬂaEUF‘é?qY)}’e TFaEPPve in the delivery

and rel ease of antinepgl, aﬁltgog,egtgﬁglﬁgurfa@gﬁtmas for exanple, the follow ng:
10 ANTI NEOPLASTI CS Al kyI ating Agents Alln~l Sulfonates - Busulfan.

| npr osul fan. Pi posui f‘ém’ohﬂ et h@gfa&:‘a‘ﬁé‘ﬁ%ﬁb@ﬁ?&‘l’ hte, P ETBRREE OMet ur edepa.
Uredepa,s Et hvl eni m neg P&l am nes - Altretam ne.

Tri et hyl enenel am ne, 15 Tr| et hy enephos hor am de,

Tri et hyl enet hi ophosphd)raé)ﬂm&eommemmog’ﬁﬁel amine) Nitrogen Mistards -
Chl oranbuci | . Chl or naphazi ne. Cycl ophospham de. Estranustine. |fosfam de.
Mechl or et ham ne. Mechl or et ham ne Oxi de Hydrochl ori de. Ml phal an,

Novenbi chi n. Pherlks hewitnewrddiigdidicrisstliing ghasdmeteisd frapribel formed fagrn:l  Must ar d.
Ni trosoureas - Carnust |ane r%‘ll Qr9zat ?a.c Fot enrusti ne, Lonusti ne,

Ni nusti ne. Rani nusti n&, pﬂﬁ ey’ ¢aPbazi ne, Mannonusti ne.

M tobronitol, Mtol acbalpplaPsqirabr e smfactaditrand bn ahphiphile ordgytimphaberyci ns -

Acti no in FI Ant hr a ¢ aserine. Bl eomnycins, Cactinomnycin.

Car ubi cf'h, Carzi nophi F%“Eﬁ?pé’ & ns, Dactinonycin, Daunorubi cin,

6- Di azo5- OXO- L- nor i euﬁlartﬁocl\la&)wm}dahﬁd fsohvepd r ubi cin, M tonycins,
Mycophenol i ¢ Aci | a i vomyci ns, Pepl o in i.cany

Por f i romycin, Pur%%}‘c':?’?ﬁle“g%/ B‘P%&’ﬁ?‘ﬁ C‘@E‘laecﬁ‘feé’fé‘(?f sc%“’;ﬁlﬂ&t} ‘Eﬁulﬂbﬁ used
Ubeni nex, Zi angleatopérativé@bldbindiapolar@eipd inld:Hdr 1otk hn oRekifze Aflactant> T, , R 2002
WO 99/ 12b40 44 ntl rretabol ites Folic Acid Aal ogs - Denng&)eri n. .

Met hot r exat e SWBP'E SYFCERT feluds thasscPmRoHnds WiiehgonBind e Shesycabpiojeies- aeheingan -
Fl udar ah ne, oferdvive paRtPRipchiten frdMindae @dsériRd mmtegu@mbmr,pol%y éﬂoﬁibsdéd&‘iheAna' 0gs
- Anci t abi ne) AzaC| tidine, 6-Azauridjne, Carnof

Doxi f | uri di n&heERemgiap gparative anolas groyp ghasen from H’B?"cﬂSfcé.‘E? m *hréaaqumn ofapglares -
L- Aspar aei naggupst hers - Acegl atone. Amsacrine. |3est rabum | . Bi santrene.
Carbopl atin. G spl atin. Defosfam de. Denecol ci ne, Di aziquone. Eflornithine.
El i ptini um Acet a¥®tablEsusgetas oF blqok GRRAITRRE COmmaPFALF miXtures thereof) may include:

a. cationic surfactant
20 b. anionic surfactant
c. semipolar surfactant
¢. zwitterionic surfactant
i. in particular. a phospholipid
il. a lipid mixture containing phospholipids. designed to match the
25 physico-chemical characteristics of a biomembrane
d. monoglyceride
e. PEGylated surfactant
f. one of the above but with aromatic ring
g. block copolymer
30 i. with both blocks hydrophobic. but mutually immiscible;

ii. with both blocks hydrophilic, but mutually immiscible;
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Nitrate. Hydroxyurea. Interferon-ot) Interferon-P. Interferon-~~.

I nterl eukin-3. Lentinan, 10 Loni dam ne. M toguazone, M toxantrbnMAR 2002
Mopi danmol . Nitracrine. Pentostatin. Phenamet, Pirarubicin, Podophyllinic
Aci d. 2- Eloydoliygds @zi de, Procarbazi ne. PSK09. Razoxane. $b¥‘ﬁ1fsbaf/1%5b9

Spi rogermani ttm Taxol. Teni poside. Tenuazonic Acid, Triaziquone. 2,2',211
Trichiorotriethvlamne. Urethan. Vinblagtine. Vincristine. Vindesine.

ANTI NEOPLASTI C (HORMONAL) 1 ~ Androgens - Cal usterone. Dronpstanol one
Propi onate, Epitiostanolii, Wihnt bieek dephilie aidthecthangdrofivbicaidi,enal s -

Am nogl ut et hi m de, M tot ane Jrilostane, Andandrogens - Fl utam de.

Ni | ut am de, Anti estrogergp? hiphilitho i f en. Tor eni fene, Estrogens - Fosfestrol.
Hexestrol . Pol yest r aQingknf s @infore sdnd dthold! Anal ogs - Buserelin.
Goserelin. Leuprolide, Triptorelin, SUBSTITUTE SHEET (RULE 26) ~r ~~
2~~2 WD 99/ | 26Auiierikptsanciuis phosaholipids Guch %?g’éﬂ-’é’ at*"dﬁb?hﬂﬁ@é?%ﬁbﬁ@mmat e.
Medr oxypr o %Jh% méﬁﬂﬁét&%hxr&tﬁjﬁ?éﬂn‘? -or P@E& ElQis Méb@' NEGPLASTI C

(RADI ATI Aneri ci um | zed Gl, Cold

( Radi oact i @aecylslxemmmwl)glycmaawmaﬁ@ rgﬂnsémw\lm@e M@hqsmip&aémﬂu@g

Sodi um Pho [ cid

Repl eni sbe@“%ﬁ?‘lﬁ%?@e gﬁg’ép}{ 5@“@%@ écﬁﬁh}gﬁ&l&%pmgsﬁhﬁmc aglrdrégl es of uses
of coated puwsphatdydsrins, nhh@hglwmolmumthmﬁphlmplhaldefmc_h@nm Pai nts and

of coat ed pim e driphingslipde(inc0ing. Pai nt s ¢
oi gent & (MRERE N BROERARR T R BB RAARE S i bBGDG T P07 i ng

agent $0f or dm%lmqp:emmsvlrg&acerbrs an@ LipRafe saltsiofictioliclacidy ab clandapidusueh appaci fi ers

(alsomplnt . Pressure-sensgitiv n s. for carbonl
Copy ! ng papsryic sk EAGEGIE SR el o PRSP ET scritnell FaMiber <
t hr oughout plpsmsi@RAd. egebrdsided(inohglingGulphatidad), gahﬂtbhlkiéh aglopeaiduidiiprel r el ease of

lnct abi 6 1 F RaEaeegP B R0 FHCER P CURT HoT P OR e e of

i nsect cheamst by tekraid] 9f @kGcyicRad.h regul ators (many of whi ch are ot herw se
envi r rrent ally ”St@ﬂf% troI | ed . rel ease of other pesticides (with
terrpe tur e i nd¥peRyakiednse Pyrirctanty Rclpre)aniopis fatieniq. apitterqnic, senipglar,

her bi ci des PEGRigRE.SHE &hin®Bxigd, ;t,éfaﬁalsaﬂfamg{sth regul ators 20 et hyl ene and
acen~| ene (that are otherwi se volatile) ste nodjfiers to deter manmali an

@
pests (e. c BHORICCt Yoriumgieare: g%ﬁ‘t“”h‘?ﬁfle‘f‘éf"tl aje; spdiumy Gigthydhexy! sutfospepinatepnment
and forest ry, i ncl Udidhghn Gafeity Bk cifoalcBRse. BlivAdaleing Dk diges. for weed

SUBSTI TUTE SHEET (RULE 26%
ethylhexyl sulfate. sodium undecane-3-sulfate. sodium ethylphenyiundecanoate.

20 carboxylate soaps of the form IC, where the chain length n is between 8 and 20
and I is a monovalent counterion such as lithium. sodium. potassium. rubidium.
etc.:

cationic -- dimethylammonium and trimethylammonium surfactants of chain length from
8 to 20 and with chloride. bromide or sulfate counterion. myristyl-gamma-

25 picolinium chloride and relatives with alkyl chain lengths from 8 to 18,
benzalkonium benzoate. double-tailed quaternary ammonium surfactants with
chain lengths between 8 and 18 carbons and bromide. chloride or sulfate
counterions;

nonionic PEGylated surfactants of the form C.E,,, where the alkane chain length n is from

30 6 to 20 carbons and the average number of ethylene oxide groups m is from 2 to

80: ethoxyvlated cholesterol;

zwinerionics and semipolars -- N,N,N-trimethylaminodecanoimide. amine oxide
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5 M-~; 2002 WD 991 12640 48 PCTNS98/ 18639 control: Controlled rel ease of

ot her herbicides; Controlled release of nutrients in maricul tureg WR’ 2002
treatment and nutrient rel ease; Encapsul ation and rel ease of chelating
agents te.g.. for heavy netal contam nants): Control of deposition and

envi ronnent.alw@ a¥@e4f actives (~~iz.. through targeted rel EEEHSH8&Pyst al
coating and/ or adhesive property of cubic phase): Encapsul ati on of 5
hygroscopic or other (e.g., urea and sodi u#f chl ori de) "seeding" agents for
met eor ol ogi cal control; 6. Vaccines, including HV gag, gag-pol
transfection of cells surfasnnewathpiket chaigjengthfom %1818 £4BONSr oper presentation
of antigens or antibodigesecyfmelMifainfithioBRel il Aed ARG ITRRRALAIA! | VO
(ot herwi se nutual | y-destructi ~~é& ~ 3 uclides 10 into séeparate particles
for treatnment of cancerdod®yitriBmshyiEne d@mwmmqw@emmcvlo)@ﬂdbnﬁone@mmagl ng
skin cream Separation of ) Sunt an
| oti ons with encapsul at gﬁeth g?ﬁ%ong&ngmgz%%%& ?gkn‘}le%s %%‘giggﬁqgué%fi%dn of

fat - sol ubbe vitam ns, antﬂalhnsmhylksledhsmﬂangtbs froh &ma 205, vitamn m X€es;

E | ati f volat] f U ther odorant t ed
vol atile perfunes PoErtSebia et Cabrrraed SohERa S S BBl te RSt i on

of volatile W&K}%rmtpsd’dﬁﬂﬂ)t%%k)&hﬁﬁte QhBtyl- gmwltamuhmhloslhe%lomﬁmss @Blyoxyl
Encapsul at ed sal ven olish r vershé1 r the polish itself ):

t r nail
Aerosol parti él’é%“%Bﬁ*tSa% P‘H@O'@H§§ﬂ§‘ﬁrlaa@ ULt a“°§aﬁ‘idt ary napki ns
cont ai ni ng encrRAsiH %&Qoﬁtﬁ?\%zﬁ‘@ﬁ]ose%omy@&%ﬂtﬂ@bﬁnore hﬂﬁxlaminﬂlgs&ﬂangQJslfx%g)
rel ease of volatile anti-flea conpounds; Encapsul ated feed additi~~es for
runi nant 90 Endhgfeliavirg d#ssesiol eahepersiipely ipealpolAlFnF s BAYACTYEFREE Pplimathacreics
husbandry: 20 ﬁa@ludxﬂ?ﬁﬁ @Acm,b Ms%mgmﬁemxe&hdse&nraeiv@@%%@M&n&@@
conponent s, part| cularly "hydrolytically unstabl'e anti-cal cul us conpounds;
Del i very of orpalydgyisiiuigd atess. p@lmmdmdg mq@ml@pwmm) elc)ipolyvilyyethers.zat i on
catalysts in t ) =e0N
products. incl [3\,1891 a&%ﬁ%l? })ﬁa g&ﬁ ggsnér%?drn& éne?lgé%OlN?H?%n%S )[“ml ed
rel ease i nsectestm@pael\'lsmeh@, pdba:hndte;zescimlmxgbnpslvqaebogaws E(ﬂmpssumataehi\ drides.

b ght endls: SOREF TSP BT CRo B o e R ER bER e Ben aptSaGE

PCT/ US98/ 186 3%oHBydtZides. mdlufntarsl ;aalh,canbnahinudhsngdyﬁh@sammeambbmaoés phosipahae,

et hyl ene di brmj volatil.es for n uct taI ytic
L s N T Tt e e

14. Pol yner addlypirvesijitiinided. pdvqm@ominyﬁpdslyl&dﬂmtdaz/cee ﬁo@rpxn@fa@ﬁxactdlloms@f Wi res,

r rton roden r I n n
ggggl flcgrtso S ﬁa’é“?‘eét rpaﬁgg %{{fliéfsg mn crI;Qtosan u?vc%gcn cpgrgn?péctsln.%oﬂ'phosphorus

20 nitrile chloride. polytri-n-butyl tin ﬂuonde.'polyphosphoryldxmeth}'lamide. poly-2.5-

selenienylene. poly-4-n-butylpyridinium bromide. poly-2-N-methylpyridinium iodide.
polyallvlammonium chloride. and pol_vsodium-sulfonate-trimethylen’e oxyvethylene. Preferred
potymer blocks are polyethylene oxide. polypropylene oxide, polybutadiene, polyisoprene.
polychlorobutadiene, polyacetylene. polyacrylic acid and its salts, polymethacrylic acid and its
25 salts, polyitaconic acid and its saits, polymethylacrylate, polyethylacrylate, polybutylacrylate.
polymethylmethacrviate. polypropylmethacrylate, poly-N-vinyl carbazole, polyacrylamide.
polyisopropylacrylamide. polymethacrylamide, polyacrylonitrile, polyvinyl acetate, polyviny]
caprylate. polystyrene. poly-alpha-methylstyrene. polystyrene sulfonic acid and its salts.
polybromostyrene. polybutyleneoxide, polyacrolein, polydimethylsiloxane, polyvinyl pyridine.
30 polyvinyl pyrrolidone. polyoxytetramethylene, polydimethylfulvene, polymethylphenylsiloxane,
polycyciopentadienylene vinylene, polyalkyithiophene, polyalkyl-p-phenylene, polyethylene-alt-

propylene. polynorbornene, poly-5-((trimethylsiloxy)methyl)norbornene, polythiophenylene.
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suppressants; Stabilizers; Optical brighteners; Limtations in current

pol yner - based encapsul ati on of additives include |ow nelting poSnMAgd%@an
processi ng), polyner-polyner inconpatibility, particle size |[intatio
optical clyghbdisesoet . Sonme pol yner additives used for | uigrigdénsesw of the
pol yner are based on waxes. which 10 suffer fromven~ | ow nelting point.
except for certain synthetic waxes whi chgyare expensive. 15. Food and
beverage processing, including Encapsul ation of (volatile) flavors, aronas.
and oi | s ( enéparin. @eEiQ dhltin, EPRAN 43 Alg)ric dehicmp ftsisais.i Bupedidllyedeatedibloek f at s i n

cattle feeds: Encapsul ated e s for fermentation and purification (e.qg.,
di acetyl refRROYEEE aferFog'é?é'Fe“ﬁSé%/ﬁgﬁﬁ?e‘: PR QRS 7P s&'ﬁg’ﬁ'lbfsg’fﬂ‘ﬁf‘ﬁ“gxgct 0

bl anchi ng, {@4, polrethRMR6xikd-b-popiendokidé. e arehoB direthliildtane. peleBASHbAELd
tobacco additives (flavori ng};sg' pHtriggered bufferi ng a%ents; Renoval of

i mpurities ArTABASIVBITDIRENES-((Yimehviiex methynorbamers, Polyitetiisasbat ed i n a
porous Kt ef(ufthe ykﬁpxﬁxﬂ&ﬁﬁﬁh?&%ﬁieﬁé oly&tedyledli-BelorbbineBs Aty dthylenkdRideiy- h

di spersions of subm cion p otoreacfl ve particles; Faster filmdue to

optical cl arpibgmengnpphybhiylenenxifedrethyiensanides Bolysthyleneryiderhntilogsnepnd thedsitderk20
times of subhm i QR CJ-GRNpyHaMel ation of photoprocessing
agents; 17. ¢ °§‘{“%2F€§é§°%g°ﬁd'b%?’6%“gbéﬁ§§, including Both liquid and solid
propel | ants and bxPiidspmpanentr kydrepbebe; o neprsutfcantameliphidy m  al so, water is
used in encapsul ated f raf 10 solid propellants;
18. Research, incl udfl'nag{aﬁ)} %?%%g%gt[ﬁQPgég{?gﬁ%%E%@%%&extracti ons and
separ atldons; 25 Bi ocherproaic campeund, sugheastteluanear |y i n pharmaceuti cal research
and screening; 19. Dicalglglqsﬁta}nca% hj&nd udi ng Encapsul ated markers for

angi ogr aphy and radi ogr ?1y 4nd O i ni cal SU9STI TUTE SHEET (RULE 26) 5 MAR
2002 WO 991 12640 50 dssglyeritiaididixcends antrigheeridegnsi ti ve proteins and

gl ycol i pids. PCTI US98/ 18639 si.rable tri rs for co nci ng, t he rel ease

of active agents, or “aft%¥ ﬁtﬁque({;%[“i}' Sé‘%h’ﬁéﬁ‘g’i%ﬁ‘&‘ BT (71 S LRI ORg| ease

is by dissolution or sehgsiblege,odmiifire bheritaad wiktgdifferént nhbensfiacd chand abl e 1.

pH 2. Iqnic strength 3. Pressure 4. Tenperature 10 H Extensive variable or
113 EEFLE PR

ot her Dilution 2. action 3. Enzymatic activity
f. other hydrophobe or non-surfactant amphiphile or mixture with one or more of
the above.
g. none.

Suitable third components (hydrophobes or non-surfactant amphiphiles). include: n-

20 alkane. where n is from 6 to 20. including branched. unsaturated. and substituted variants
(alkenes. chloroalkanes. etc.). cholesterol and related compounds. terpenes. diterpenes.
triterpenes. fany alcohols. fatty acids. aromatics. cyclohexanes. bicyclics such as naphthaienes
and naphthols. quinolines and benzoquinolines, etc.. tricyclics such as carbazole, phenothiazine.
etc., pigments. chlorophyll, sterols. triglycerides. natural oil extracts (such as clove oil. amise oil.

25 cinnamon oil. coriander oil. eucalyptus oil. peppermint oil). wax. bilirubin. bromine. iodine.
hydrophobic and amphiphilic proteins and polypeptides (including gramicidin. casein. receptor
proteins, lipid-anchored proteins. etc.). local anesthetics (such as butacaine. ecgonine, procaine,
etc.), and low-molecular weight hydrophobic polymers (see listing of polymers above).
Especially preferred third components are: anise oil, clove oil. coriander oil. cinnamon oil,

30 eucalyptus oil. peppermint oil. beeswax. benzoin. benzyl alcohol. benzyl benzoate. naphthol.
capsaicin. ceteary] alcohol. cetyl alcohol. cinnamaldehyde, cocoa butter, coconut oil. cottonseed

oil (hydrogenated), cyclohexane. cyclomethicone. dibutyl phthalate. dibutyl sebacate. diocty!
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4. Chem cal reaction (non-enzymatic) 15 5. Conplexation with target
conpound 6. Electric current 7. Irradiation 8 Tine (i.e., slow

di ssolution) 9. Shear(critical shear rate effective) 20 Il. Rel eésMA%rZUUZ
absor pti ogyg ga/1¥dedt POXeES in the coating. circunv enting theRsadeioor the

di ssolution or disruption of the coating 1. Selective by pore size vs.
conmpound size 2. Selective by pore wallsggolarity vs. compound polarity 3.
Sel ective by pore wall ionicity vs. conpound ionicity 25 4. Sel ective by
pore ShgpepMBglat&Q)TPA)Of%ﬁ piamsar® ethlgaa}agmm, vigzehol. ﬁdiélmﬁmidoély&ehﬁ dfstadate haf,\h sone
conpounds or jQns rm porous .inclusion.c ounds .with the cpatin er eas
ot hers do ﬁﬁ?ta‘?la‘i“f’thgG@Wg{"hwgﬁl’lé&{féﬁ&r xgw%ﬁ%ﬁ%ﬂtﬂ?ﬂ%&chﬂleg\falcpﬁﬁ. l?fB% e 4
effects). tRodiePsdrRs. heMuedDpigioRmiltrapebdee ot Qadie desBiné bil. Gb:BitARMMPRITRER, by 30
1. providing a volume of the matrix that includes at |east one chemni cal
speci es hasdualane squlens. ytearig saif teacstin.agmyrisa. vanilisnadpminE. cr yst al | i ne

mat eri al upon -

aaction i ih a e e ecsisEe KRt o ARy e M SR PRY ) e
with a fluid contai giWR§rat | east one chem cal species having the second
noiety so as to reagtg%,gggﬂfirst noiety with the second noiety and

cont enpor aneousl y subd viding the volunme into particles by the application
of 5 energy to the wobmanide. Nahathyl frampmigeyor dinkethytformamideparti cl e can be nmade
by 1. providing a val iR.Qf h,w%rgmrrdophw}%ta Lhg! udes the nonlamel | ar
crystalline material 1 Sofation IR ot an E causi ng the nonl anel | ar
crystadPline nmt eri ale. dtlyldpgoenien nitrstel ubl e in t he maui x and 10

cont enpor aneously subdi vi di ng t he .val into_panicles b he application
of energy to the vollé‘u0 A “?“ﬁaqgﬁoé's B(élﬁresf’g?&?fé’t‘%‘@ag'%ﬂ\ﬁr\éFym%o "’P%‘é‘ﬁrrat rix is
| oaded wi th a conpoutthnide aprididiem ohilofide éxt.ng a nonl anel l ar crystalline
material on reaction with conpound B. .and a fluid(typically an aqueous

sol ution, often ref é;rz}@atu{r%ofggroph@one%gxgpbqg& utiori ') containing a
corrpoun(cji B isdonaanhm pbmrs?tltv&ﬁzme Warkr, gxlsrel:rr]mrm,\matgae(}sl. foianB e NCAARA ]tcmd A and
conpoynd B i nduces..cr allization at the interjor/exterior interface,

whi chqéouplf‘é"a“awqehd"ﬂ’ﬁ%ﬁgc‘ﬁ’ﬁ?‘m aﬁhéﬁm&fmwws-ag E‘}ﬁyeﬁg’}%‘bﬁy%ti on, causes

particles coat egs petibustyseatdd0TheasRkibrdoariig)2®tnftly bk FRmBBS fRmoAlbmbir BR 8AlnOf f
into the fluid, This neth f.the present invention is uniq y

et hod . p ) uel y
vel | - sui t edP¥SE- ShoEme in9g'2ae e i 2prlied fesistad Aeuchye hegein quig de taken iaghenavi ng
coatings offollGwis dodles:. Minkelar @YWtaliHe @hastO WHih hrie liisBfot frbm SamellBY 1Rfufy Akalirk €SS
than ?0 about twent~~ (20) crans per liter of water and even nore

pr ef er abl y PP&ES O} oagsBigomRangs (Dmicalyy Rt lipidp)- npigaiic eompgprderand | ¢ i s hi ghly
advantmgeolsganiindiIBSE AREQEE 8RESphhAL cHWRALENttaind RarliSisthd S MR xkibi € - NOt
merely di spersed or suspended) in the matrix before the contact wth B and
soni cat i on 'BEgrRas threediperpignaliigiesrdaring of thefrogrrabiemeios peleetieninalie case

m croparti Qfesodpfhid B e mafiSiall iSGHSSRE FRROY K intefAbifon Berfll {gﬂﬁs_czﬂﬁéh' n
addition to requirenents for optimzing solubilization o S8 act ves,

par ti cul ar |5" Biclyfer e dondingalosic bprdinghydipgen horging. sierie interdcriensr hydrophobad a
nanost r uct yped i bR gs. ague ] I NSy hd | I ow for
he. ol ubi 117 oara sfer Gt oR R, B0AT Gk rufl FoRRE BB AR B e Y 1

pol ar ol venaierules thayierwithintheplanerof a danielathaty acedse disgnct lamellae. For example. in the

case of the layered structure of graphite. the atoms within a layer are covalently bonded with

each other into a two-dimensional network, whereas between distinct layers there is no bonding.
only the weaker dispersion forces and steric interactions. This absence of strong local
imterlamellar interactions gives rise to a number of physicochemical properties which make them
30 undesirable as coating materials in the present invention.
To begin with. the physical integrity of lamellar crystals is inherently compromised by

the weak local interactions berween layers. This is dramatically evidenced by the comparison
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nonl anmel | ar inorganic crystalline precipitates are generally perfornmed nost
conveniently and effectively in agueous nedi a, and reactions yieldi gp \
nonl anmel | ar organic crystalline precipitates 30 from solubilized pr mWéb?@ﬁ?
are of tenw@siizég@nveni ently and effectively sel ected to peggnisbyisgsduced
protonation or deprotonation reactions of soluble salt forns of the desired
nonl anel | ar SUBSTI TUTE SHEET (RULE 26) 395 MA6~ 2002 WD 991 12640 52
PCTNS98/ 18639 crystalline exterior coating material, where water (or an
agqueous N CHepoteABiaPhite (i Ryad @iavllind Jorffdficarbon)Atitheliarmhd (aeckystallime ool of
tenperature, or a crystallization pr ter, .or ctri.c .current, could be
used to prdQtRos hat bas T?4’?&‘Fl°8ﬂ%°?‘ﬁng§g§1dﬁdoﬂletfa(%?ti'%ﬁfagg‘fei B TEPHEF st andar d
ermul si fi catihgradiem ideetain GudkibAusDucys @ e witharhiph therlpretsslidelheseach oheride

m crofluidization, valve honpgenization ['Thomperg. E and lLuyndh, G (1978)
J. Food SciWheaess gismand ia apabeasiye lesrpics %hﬁgl,[’q“é‘{]@?e %és'ilqugoqfxﬁ%a?ﬂkvg&@fasw bl e
surfactant . jpi&f &ysaiiing mt@&ﬁmeﬂm dﬂu&iﬂf%s&em%ymg sddfe iS@N@MmaHar SIS and

Dal ton nol ecul ar wei ghts) such as PLURONI C F68) is added to the aqueous
sol uti on i neffectirin fagt, the adme sffeet thahgivesgise &thp mueh leveryiseesity ghthe lemelgydiquidat i on

as they formlifi, Qg'e%ma?éan\ﬁ& tya%ﬁ%th& eufapmarsﬁmn@ﬁﬁagés.l 8 p&aamtcmgar?& hi s

surfactant also serves to enhance the ect” of sonication. Mam- of the
nonl amel | ar wisinths tverly lhigh eviserglasticits bf he bicestinpeusicubie phagke S'sraj flghgr indicatian dfdspl es
reported heyein;. D WY : F SACt react
o forma il iR BIRRY BapppaRSH D WA ROl SR R kS, [

t he nah®st r ofihtegrird wiith sheardn the chse gfigraphi® icseysinagivdrydag lifehvathe'leadnpentitsewhich
precipitat earf %ran'ﬁitthe exterior coating. Another nethod which bears

i nportant si SEIarties, as well as inmportant differences. to this nethod is
a general met hodThenemihienhl effles aysdciared adithtlipatedics stalling orupmtel eancdbeatenrig, cal | it
material A is dd\i/\ﬁsollved jn.the L g}%i d phase material or |iauid cn~stalline
phase nat er PS5V 92H R PHE SUaTYS SPEE FBROFEPIS§ B S ASHRS 5@ PHE"UMEIRGe of one
or nore condideiyeatsepted niodél offthe Etiicfire oftimilsicns advanded by Bdpskriberp, dsaegiewdaitbyr e ( but
it could be 20 angther, ¢chance s S crease_lip.pressure ddjtign of a
vol a1 18 Sobaawe Kot PR Egnanie FrebErbEoRcs Pubhr M oodi inoyth
reversal of ldnk@aaRidickis@mline or. EREHARS Ginfellad diGtallRBPEAiAs\$tabilizé IME b AfoPletslin
pressure. e~~aporation of solvent emreverts to a

f , gtc -- the .syslt
t wo- phase nPXPHisWtr eulsion7of fhevater depplersq P &S inoll saR OB {FtomM9He phase
material aneén@unerl af@bibasudhs &Rl ikd deaniTiia@brindike. Aic.. 1B &is@Yilitieybd: ateSvedPpl i €d
before the nonlanellar crystal]ine mat h

| grglgl A"h?fi{t,etineto coarsen 35
into |arge CRYMSERAIRE lavperspir-and Witke fRdreiaet it uPF T Ee et warignisin
ul trasound, |Rge BthEhe QIS fthGalal Q8L BREALOHQLQGY Evdith § g6idddsRSmuBRnBhGBKI Ng
off of particles coated v~~ith nonlanellar cn~stalljne material A For the

case where t&¥fs8reatingsenteseq copnuat HEVRIOPUHFITIRG 20 colsippRstrfd Rithimetiay

nanost r uct ukglis|oh s RRASE BN th #le dofaliRNRSditeHGF ERishipfitsd crystalline

phase material nust 30 change with tenperature, and the higher the

magni t ude of t heABd Bpes apgtheriiryels oyares qrystgllineapaierals cahipiethamisplangsatiities pfibe

smal | er the (@ (v,@{xlﬂgn%vén?%i?E@ﬂ&axiﬂﬁﬁéj&%ﬁg? P&t BdThe; Bf e ARASHFenti&D"
bil1ty of pot

exanpl e. the 'solu ssiumnitrate in water is a very strong
functi @4 of Goosiesithetcaseof theURSEr RpTiexsHEETOrpIRYE R 1yl dithiocyanate tetra(4-

methylpyridine). that form clathrate compounds with a host lattice containing embedded guest

molecules, in most cases yielding permanent pores upon removal of the guest. One such Wemer
complex was used as the coating in a particle in Example 22. thus illustrating the use of the
present invention in creating particles with coatings possessing fixed, controlled-size and high-
30 selectivity pores. According to J. Lipkowski, Inclusion Compounds I, Academic Press. London
(1984), p. 59: "Layered structures of Ni(NCS)2(4-MePy)4 are stable only in the presence of

guest molecules while the beta-phases preserve their porosity even in the absence of guest
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5 MAR 2002 WO 99/1 2640 53 PGTI US98I 18639 A fundanental difference between
the precipitation reaction process and this type of process is t a& 'hnut?is
type of process) only one conpound (A) is needed in addition to vh AR 200
nanost r uciyg @dadspt €ri or matrix. In the precipitation reagiigs/igeiohod, at

| east two conpounds are needed, conponent A which is in the nanostructured
phase, and conponent B which starts outggan 5 the exterior phase ("upper
solution”) which is overlaid on top of the nanostructured phase. Conponent
B in that GakRulks" Thd BiRe-dinEaki¥nad ndtHdyalal wruetesdthetiacdihase® s disasssed ig onponent .
This serves to point out a, sim| ari,tﬁ‘fbetwee t he two IEro,cesses, ifn t hat

the presendgiaibin thesame peicatan; syck #5 "o RERPHASES- JRYE B thregrligensiopa] SYSRety be

t hought of  @gied int&Odhdéckdd Wroughl Rarels of Muledular sipkl. i N t he aci dl base case) which
causes the crystallization of A, that i may, _be sol ubilized by the use

4 I S.
of 10 basic pH. Theryteripricgating 20 garpratesf;the ‘W@W@’ﬂé’é‘“@)?ﬂy&ﬂ“tﬁ"@ﬂ}i@ ¥ondi.ti ons,
whi ch are irefl(sDY; tHrEAS0C&ample! BRinSedxRialic, hpha§fs, pREARADENKathe MDSt
i npor t ant gl sﬁnnpgs?ols bet ween the't\é\o' kn%% hods is V\ﬁgt zegf pt he chan%se’ in
condi t i ons presipitation sheas, vabuamg erRZYMANG 3ttagk, degradgiondrae ethersompenents aftbey and wher e
the exteri iV PR oSOl AR B the &AfRE B%tiSied. BE m&@@t- ase. as
m t he AB p%é?lg%@é%gp@lgg&ﬁ%n, agp) V\;}et ﬁq?&ihtei.g Scc rr’i’{l]g%{s#;neﬁ% tzgoﬁeousl y
t hr oughout stéhes pHl iknioftrength, ok Shemaesonre of bipactivelimphitites, sughsasi protedses or nucleases.
t enper at ur e=_i nduc r |lj.zation. It is also possible to use a process
which is aeEé%m ?sn(ggfcg]r?}‘g‘%%taﬁéé Al B reaction process and the tenperature
procesi® descri bexidaivaveg., foypiiogitidnys such swviimia G edhehere Whieicenpawed desi red
as the particle caati ng .\évoul d be atdqecﬂ. E({g.the matrix in wo chem cal forns.
The first woul dSBE"THR SRR AP POV 0P Che final coating, typically the
free acid (freenbhskgis:fe@l. forafdniz widhplabiteckstembondh 20 woul d be sol ubl e only -at
el evated tenperature anq i nsolubl.e in the matrix at the tenperature of
particle format PHRAtFRECENE St B ¥ a precursor form t~picall~ the
salt form nade Brecipitafion: g fdr Adnigiete amichated {Hydractiarkiz) fout fhad®o@®di um
hydroxjde (or reacting the free base formw th acid such as hydrochloric
aci d))fswhere t hFP P Li‘f@8P°4y§ﬁ'fﬁ‘ad¥ﬂr@yl§§°°§5lnﬂf8ﬁ‘glei n the matrix even at the
tenperature of pwdatieGl,en fadsiiHciePocessiig afdanfipalation Endali@rCMAER-s@sitive Denzoi c
acid particle 25 coatjng, both benzoic acid and sodi um benzoate woul d be
added to the rraf‘i"T‘BP,““%fg‘Fléastﬂ’i‘é‘e‘ﬁﬁtri x is such that is does not dissolve

benzoi ¢ aci d at vidiameat.. in@ARE Whérd bRceshitlf indlo10& vatuuah-divigher tenperature. The
upper solution would contain the necessarX conmponents). to convert the

precursor form EHEEREC pitael| 2 pPYHES hRFMPRS: D ey fomatgstaty, Whish B nepmally quicklyi n t he
case 0fo sodi um RREAQANRnzyHROth HEBIdyGn b8ReId Diale RRtRuliRh MRidtRnsglsantial Iy
di ssol ved), and then cooling. 30 overlaying the upper solution. and

soni cating or othilsessd 4aMng energy to the system the formation of
coated particl eqeyQutfn FMPbieEr doifpohtifts: RBL DAEE ctn LA G iRBUGRE an
precipitation and'reaction-nediated formation and preéecipitation of coating
crystal. This ce&ompprbndisp@SeBETheinrmakliqrrand emextgiop gie could. gy shelfdifend
99/12640 54 PCTNRARL 8032 &Fygﬂggg‘gs, in ternms of providing two sources of
crystalline coating neaterial that could result in particle coverage at an
ear | i e?5 stage t leaternal pH: &g tavismg imgrdiendted épymrcauld by encapsulatep polovdiitergel atide d
protection agains arthcle fusi I i . a, nmor.e uniform
particle size dieg{uf |58151E"ih h?‘,n Wﬁ?&‘a‘ﬂﬁ%‘é‘gﬁgfa ?ﬁﬁ%gty’%%&%g{: p%"# %Plﬁ%%"?lgﬁ W th

| ess ener gy i nputhervaguipseetientomadt,c. Ot her net hods that may be used for

maki ng coated particles, of the present invention gre: A . .
El ectrocrystal | iei'&f’iah)ﬁf"cé?m%@cﬁ?%’dafﬁ atﬂﬁmg’ﬂbseei"ga:?f‘a?tﬁdt 183vE FAlnEAN 29 it ri x.
seed in exteriordephiagRy, C. Pronotion (with supersaturated solution in one
phase) crystallization pronoter in the other phase), 10 D. |Inhibition
removaPl (with spermshinpuaitietsush Ry PTASHSUSHESHIFASE Grther B gxerorcprizia her
phase), or E. TiyfelBldofed Srodilt Rk wiich WnRivAWs ¥rotdaREmBshPBE Srakibifiadl £ d

[

solution in interior phase. In order to formnmany of the desired exterior

coatings, includkprgsiveearly a!i of the
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i norgani ¢ ones, one of the reactants (and usually both) will inevitably be
soluble only in water. or 15 other polar solvent. In particular, th
the salts that are used in these precipitation reactions will dis gﬂqzy
in highly Relegizead! vents. At the sanme tine. in order forpariBdshkessMateri al
to be dispersible in water in accordance with the present invention, it
appears to be a highly desirable. if not ,an absolute. condition that t he
interior phase material not be of substantial solubility in water)

otherwi se Some Ofofdd exddriol tb%ut@iﬁueatm%tﬂar st'vﬁame\tﬁmeﬂm B bR dARAY gol ution
rather than be 20 dispersed init. Therefore. in order to form ahlese
coatings, theompaend sn inereanicemipenng. ¢ yrinesalrametplosish asgok Pt otas crystaliine st

cont ai n ague, and condition 2: it must
be of | ow soﬁuﬁ&ﬁ |1{03&P§th?gt®|g?£ ?%&&%&n} ?dgg?cgﬁﬂe |l ow (or with sufficiently
sl ow di ssol ut i on The sitcturesdf nomiamelkan erystatling @hunsuwatmaa eof the phase does
not occ 25 during t rticle production fromthe phase

(typi calu{y 5 to 100 mpgggté@(ﬁ?%nggsm‘gs?se the entire material into
particles), since thik crysullne whatoamxmhdxmarmdumleoftms:syl el d efficiency and
could thus dimnish the o r al lt ag g tlven o¥ he met hod. These two
condi ti ons are worki n§j P ‘85”9 Yoo §t°t‘sé°“8 Swtr orf€™®and very few systens
can be found that wil 4. csatallat withathree- d&bxatsﬁinﬁlumtmﬂedpbreqw d phase materials

and liquid crystalline phase 3 erials reversed type or the
| anel | ar type. allé‘ §‘§\‘} QFV%"fVC’qﬁgq “ﬁ\ﬁ;'@ é’ﬁ%‘enﬁ“ﬁs sone cases. it

wi || beil@advant ageous toqamlemae]ﬁ@gee into the upper solution one or nore of

t he conponents that are in t anostructured |jquid or liquid crystalline
phase. and at times in su@s‘t*td‘ftﬁrr1 s&metwgemmméuw 2.002 WD 99/ 12640
PCTNS98/ t 8639 55 appr eci ahy, gnRPRahS ondithi BbncduliRfed aﬂér@&ﬂék@&ﬁ@s%fvmen it
may be advant ageous to have a nanostructured, surfactant-rich liquid phase
for the upper solution. IMarticular, this coul d occur when the matrix
phase is not in equilbhyd bW tfargeat er (or a dilute aqueous sol ution), but
isin eqwllbrlumwth another liquid or liquid crystalline phase, such as
a_mi cel '"ar phase or even & Bndepdll spndidensiepcounigrse in nFmMAWER®. Thus, as t he
"fluid” referred to in the, gRRPLRhaindEREHdnRh éﬂ@oﬁ{eretdrl?ormo?ﬁt%%tagé Jgn above,
one coul d use such a phase, or such a phase to which addition conponents,
such as reactant B and/ or W&Phi philic bl ock copol yner stabilizer, have been
added. In this case thejgppaht well be no conplications introduced by any
i ncorporation of this upper phase into the mcroparticles, should that
occur, since the upper phasatigaslecdic pein{aaibrgeneral |y 10 woul d be) chosen so
as to begin equilibriumw [ &Qgsst ibly for exchange
of the agtl ve i ngredi ent bl%at \A%E?Hrp%%arett% mat gel’l a%%?gwgﬁg\?\gul d have sone
consequences but these wow. dlfbtﬂ@nﬁﬁb‘éaln%ﬂt@mﬁweﬁveﬁmrm@ﬁta&mf)usc Wiiches
formation of t he coatedp : =i , ybe di spersed in
this upper "solution" th?%%%%c?ﬁgm&ggﬁ%tp%%t 19{1?%!#9@#1 di al ysis the

conti nuous outer Iﬁvtmtesoﬁmita:blebmntakmhgedsﬂaﬁmmdahmgsnatmaimoarﬂmdsr corggbundy) such
as water, saljn 1S o t(J)flferl el megﬂ;}glelo %exa K ' (g flrate t he
present i nventhon Bu i TRpamAly cygeline 1onh oyer Bt ko a‘?ﬁs’taﬂ WhIEh AR on.
EXAMPLESSI n uﬁmtdaselsbbmvmgu&wanmémsom&nmﬂrm;maam 1S 16. and 34

denonstrate systens oat I | NOS made, of, . ph |1y rqbust m neral
materials, such a%sc?fﬂﬁf"i‘?: af°€ SRATLRAE SPARIG a?:‘gpbéi(’t?fﬂ ?t?ig?ﬂkfg‘f’g%’s’f‘m&t can
provi de for stabi $ubkayboRite: tths/latdmttgmbxwpanéﬂecwﬁpamdxerca&ttmm@fe Gl

conditions. such as during punBi of a dispersion of the coated particles.
for exanple, for $SEYHR:CHEUB CADPRARS FRiTWM chiprideecalfyfpfigite sAldim| so of | ow

aqueous sol ubi |ty drdmlélaamttﬂmmmpma%meaﬁtmﬂﬂto&rhﬁétmbttma&ml ations
requiring rel ease of the particle coating by strong shear. e at the

sanme ti 2~ pr ot puenhogphatesahlaim sakidvisees ealelure sifieatas eaigim Sdfaltq;pa:mmew th water.
An exanpl e of Sucpetqu'l a"ﬂpo[hlol: 8&&1'&'81101; cinnamaldehyde: citric acid; cysteine

hydrochloride: dibutyl sebacate; esculin; ferric oxide: ferric citrate: ferrosoferric
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woul d be where a rodent deterrent such as capsaicin, or rodent toxin. would
be encapsul ated in the coated particles of the present invention}b tMAR 2002
particles inpregnated into electrical wires, corrugated boxes. and ot her
products RneSIYY26400 Protection agai nst gnawi ng by rodent pcridds/ise® gnawi ng
action of a rodent would induce rel ease of the active deterrent or toxin.
The | ow water 30 solubility would preveggt the deterrent from premature

rel ease due to danp conditions. A robust organic material that provides a
coating that i Soxidesgenfific ARWgREHBOA; BRtiHE)igbidt MistidineSHRGIhIdtiiattzET ( RULE
26) 5 M-, ~ 2007 WO 99/17640 PCT/ US98118639 56 et hylh dﬁoc,u reine, as in
exanpl es 17 andiodine: rgp gxife: fauryd sfats: gpeIpea Maghesumy) (ARSI AUmBNm ot or j st ¢
that it has an @xdafeeRBinésitth bdrbunateABigedilia hydiotides magmevibeleoxdde; addi ti onal
deterrent effect in_a rodent-deterrent applicatiopn. Exanples 1) 2, 3, 6, 7,
8, 9) 10, 17, 1Wagnesium ﬂ@satezslaarwauwul&*ﬁ\ﬂaa@“%ﬁﬁﬂﬁéﬂ; pelecsidi By that are
of | owswater sojpilii-detRfl sdlfRiiateShetRyTharktieh; tdidiodiunCEi@anae: PPyt antial ly in

solubility as the pH becones either acidic or basic, depending on the

conpound. " Thi s geliatermismyinarabers siliea siligrm silicon dipxige; sofymalutieasilicsts; for exanpl e,
drug delivery, RfFufind@obdolilbedShE AR mHAIERAN Wt Hislifleed Part | cular
pH range is desired, such as for Intestinal release. such a coat | ng

coul d rel ease, widluovhisuifite;lsedivre caberateofodmm chtvridisodiomicadatecspdiwound, at sites
of bacterial activi.t<s. where.pH. is.10 i cal .acl & Qr _the rel ease of
the coating at QE‘SQF%T?‘E-USP‘:HP‘“SL‘@%&%S“H‘”‘ aPﬁ%?vhat?%géb%é 'g%dglé& %rf’ plgn%‘ill stabilizing

conpould or a bstkfuar salgyddre sadidnostare@ngotiiami sncainace: epdinrt swifaessadami gned to

control the pH of_water in sw nmng pool Exampl e .4 gives .an exanpl e of
particles with E{'lf@‘(‘iastoﬁw& tglgf%té‘rsofq’gﬁ‘it@@?"?f?ﬁas[uc%nglﬁ ché&?cdg"ﬁ%tém\?aé?'y usef ul
properties as atathfuadidSasshcrgidaDientarrainecelliriuen: Stithnne dioxidé: dgaceat i ng 1 s

wel | - known for 15 C'Loud-'seglqi n effecl}‘i veness, and tg(%gi?urface area and
surface mor phol BPYEeFas 48 prreduprathnieciramethagyne and 4 HrRY-Roul d anpli fy
the effect of tbRicpidpyiethyDdbrginanHyt®ckloidegziieoxede. conmer ci al i nportance due
to the expense qf silver conpounds, .in whjch caclise tHe i nexpensive liquid
crystaP interi of2lcym Riosphate eoapings apepf interest in higmaqdical and pharmagehtiealy oy de t he
same or gr eabiatdiBeshch ealf@h Biishimtes e adndjdrachpHOntQf bérR Qe 2hd SherSirith®
silver iodide. A simlar increase in eff‘ectl veness due to 20 anplification

of surface RFEENeRISgRer creRle invthe frenuBene gt osjerpareds: the gelepe afifes apBOPTES es as
| ocal anesthgtnhaesiuitf cotiptufdSoulBR2RRE by pdiolddRaloffdns Al RBGE deﬁolﬁdop' ds

and active anesthetic hydrophobes ( such as lidocainel in the particle
interior cotfibanafandauespiihs ramipgRedinBhe ef fect. Exanpl e 5 denpnstrates t hat
conmpougds such  aporsddufnl fikede @RShe ¥e QB Riterdin REriddRAHl ABBlicROGHs kiRESmd Ebakﬁ% coat ed
particles of the present invention. even when they require gaseous 25
reactants f¥¥ FoasmieniBrilizesuch conpounds are wel | -known for being not only
hi gh-stiffness mgfRrighie adttberBbi Aid BEMlafRlnl droRXSILERRE Kiuhidkate Abaiugthi ch
coul d make such coated particles of inferest in applications where the
particl es egrabtigacid: hisddins propwd ghllazd and migic prigesdan &k particwdirly jugshid as gustsilises woul d
be expected. . . i : L i.L_processing
mvol vi ng. h e bl Rl B ATORUHIR A el B el P 2720
nonwovan masodubilisy égenestlly les§harESCa gk @ oh ZheiliA 1B oflappronet inaxtive inprediesefonf hi gh
wat er - sol ubf'njeicttamegoorrﬁotuonds as coatings, that can be of inportance in

appl i cati ons’requi T éld’ﬁi ck and conveni ent rel ease of the coating by

si nmpl e di | uti on Ofiphtticod@tiseérest BxOdoatinpshadiai. areeclaipaay Bymplesofisthimateialsdrarer ge
t wo strearrsésfgﬂ‘no%s_SUBSTl TUTE SHEET ( RULE 26) 5 MA'~ 200Z WD 99/12640 57

1. Clathrates and inclusion compounds (some of which retain permanent porosity upon removal

30 of the guest molecules):

Werner complexes of the form MX,A,, where M is a divalent cation (Fe, Co. Ni. Cu. Zn,
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PCTI US98/ 1 S639 containing the dispersion and the other water, could

provi de an aerosol in which the particle coating, useful for preven;td}g&\

aggl oneration prior to spraying, would be dissolved after spraying R 2802
particles Wifﬁnf’s' §eady aerosolized -- in flight, so to spgpksosikéyee this

di ssol ution cou é expose, for exanple, a nanostructured cubic phase

interior that was very tacky, the partighes 5 could be used to adhere to,
e.g., crops, or the bronchial lining, etc. The capsaicin |oaded into the
interior in Exagal gs Hg CANR isled aMH1: thgAFRAKRICKHINC OO OURD3 QTIPRE 8N Al A is

i mportance in providing rodent resistance after deposi f"l on of the tacky

aer osol i zed par &n eleettically,peytral ligprd-supgituted pyriding, alebpeydalkydrming of ispawingjinger al | y
strongly repel | eghyOesLhR it @-n&ihg&@ﬂﬁﬁb,(3'.ﬁdi%@x?lp%diﬂé,ei-}ﬁhén?l‘rﬁ@ridinc. d 4-
concentrations. ALl percentages in the follow ng exanples are wei S%t

per cent ages unl eiyipyridies: i} wide rageeef gusgy mphéulamg@ iclydedtimthesesapplexsst s used
in thedollown ggﬁm- bén 2 ri 1 I labad the

rel ati vse anount gx mai lr:]xﬁgs |ne"?§lg ekig@ﬁ%e,i@d?ﬁﬁﬁseﬁesﬁggféﬁgﬁﬁg%es calh be
scal ed propor <i chlatogiethane; wrgar kryptos, xepah. axpgem mnitrogens eagponaiaxifdeodfarboour se t hat
scaling up to Iadgsg J2TRunt s will require |arger equipnent to process. In
the follow ng exarrg’l €s, unl ess othenvise noted, the exterior coating of
each coated 15 particle conprises a nonlanellar crystalline naterial and
each interior ce c rises a.matrni x consi,sti entially.of at |east
one nanost ruct u%&“f‘ﬁgﬁ’l‘y&e'ﬁﬁa&@'@,g chglatpssuel 35 Sésaﬁ%ﬁag%ﬁd&beflﬁ'ieg%dlﬂlﬁqﬁPlﬁ‘l“
crystal li ne phasad etherdiscsalidyiafiahydasimirecabhlt Herbvativearebaltdl) ditistidint biddlateid qui d

phase d at |eas e nanostrucnred liqujd crystalline, e. EXAMPLE 1 20
e et shoteare AR airaren DRt A ARRC 4o ng
conpounds of i nuhéIgeoxime. phar maceuti cs and bi ot echnol ogy. can be

i ncorporated into nonlanellar cn~stalline material -coated particles of the
present invention An anmount of 0.266 grans of sodi um hydroxi de was

di ssol ved in 20 @Bmphxestf e ¥l KQZHQF&GN?],E&H‘:(DQWMch&EihRlﬁlh&gafih‘é vitdigbld 0

di ssol ution. An equinolar anount, nanely 1.0l grans, of 25 nethyl paraben
was then di ssol VOHESPARGAP FPlexss Waish ViRl PoiageR! PATFSUPOR Femov e of the WaiEs gr ans
were taken out and mxed with 0.436 grans of lecithin and 0.173 grans of
ol eyl alcohol_in a test tube. The active ingredient (or agent) identified
bel ow was | AcePPi6¥at ed at this point and the solution thoroughly mxed to
form ajpanost r ucgyr&e, ok Atk dediiteyst al | i ne phase material with an active

i ngredi ent disposeéd within it. An "upper solution", which was obtained by
di ssol vi ng 0. 062XfagasigivpaiiaBizeqlittURONI C F- 68 (a

pol ypr opyl eneoxiglﬁ-_jogglyt?t hyl eneoxi de bl ock copol yner surfactant
commercially avail able Trom BASF) and 0.0132 grans of acetic acid together
and SUBSTI TUTE SHEET (RULE 26) WO 99/1 2640 PCT/ US98/ 18639 58 adding to

the tcst tube aspg cl)&é/cgﬁ;]a{ﬁfef %ﬁ%{&% g,;agﬁn@ba?ﬁﬁppﬁibﬁiomnﬁ%daﬂé{é of A H%Qf%%%t

i ncluded the active ag e ‘test tube contalning l'iquid
cryst al | i ne partigieul @e adapted tvabsopipene os mloretraserialsfipnsheglected envigonmeans lagsognahe

soni cat,gd f I . i J = icato Model FS6,
ranut add ur od! Byl e sle e ioneh i B HEASANAR U SRR, 100
| oadi ng of DBgemat dishelsn heataeit. Wi t h net hyl paraben with size on the order of
one m cron upon gxam nation w.th .an optical m crosc . Example 1 A 2.0 Wt %
of salicylic aci %‘FB"&?@W&W"W@"‘J@ c@ﬁ‘?‘g RFUGE Y RE gsfeﬁ%ehaﬁvﬁfté’%fmf Pqui d
crystal | i ne sghage wasi Ribickdglcal\ G ShdnilcH) kRO RsteRSs. RtaRCiatahBisagfble prééaspl e 1B
2.0 wm % Vinbl asti ne sulfate (based %g t.he a/ei %\p&fof the internal core of 10
Liqui d crystSIMPHEOHA AUIEH#OB VAT Jrogies 1f FE £ PRAf 2N ‘QW‘IQ&ﬁeWéxadﬁéﬁt.
Exanpl @51 C 2.4 wit?{o&{sse%%ﬁﬁniﬁ&fﬂl&%a@@pmesm%hseeas dnbiindi Pk phidMedfaOr € Of

liquid cn~stalline phase material) was I ncorporated as an active agent.
and gas adsorbents.

With respect to release. the coated particles may be used for the controlled release of

pharmaceutical agents. such as anticancer agents or photodynamic therapy agents. or cosmetic or
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Exanple 1 D 1.6 wt % Thyrotropi c hornone (based on the weight of the
internal core of liquid crystalline phase material) was i ncorpor%t[SAlR aPpan
active agent. 15 Exanple |E 2.9 wt % Anti 3', 5 cyclic AMP antibody (based
on the weiwghboBsot he i nternal core of liquid crystallinediiasgisemterial)
was incorporated as an active agent. Exanple 1F 2.0 wt % L- Thyr oxi ne (based
on the weight of the internal core of ligquid crystalline phase material)
was incorporated as an active. Particles such as these with a coating which
i ncreases stdimeatfidabhhtyridld) AA0dctity dgefitynag de tisgosed-in 2@ mandx foaiase uponithd be

useful 1n drug deliver<~_ where the increase |. H.noving al o t.he
gast r oi nt estrie8emeEf wlepser Forpxamples euf! 7phlg&pafaélgtafthvggnaé%ﬂgayrt&u| t in
ef fective d@isposef i teGnatde | ower gastrointestinal tract, giving rise to a
nore uniformdelivery rate over tinme, Fs, XAMPLE 2 Thi s exanpl e denonstrates
the long-term stla_BPHhFQ“?_ni)?f‘%F%i“%@%ﬁ‘_“&f“%ﬁﬁ%P%@chﬁ@d??tﬁ?sé‘ient
I nventi gn. };&gpeg{&ee@n ﬁé‘r{idﬂ?réfé t&?;aazeﬁs) it éhntbB GigAFRENtaBEoud 10/ hade £ iAlFor WAS

- y

di ssolved in grans o rochloric acid. resulting in the

formation omapiydichealtigeaharmhasiciontemismibeticyisidevigned fosimypia closhy thas dried on a
hot plate UBLef i é}E e?ﬂie(rﬁ ’o\flﬁl{&ux%ﬁﬁoxﬁ@?ﬁbr reuediv c@l‘I.Y'rﬁipco‘ﬁi-?inﬂé'ixﬂé\ﬁwmh
o%pe IC

dryness; dryi'ng was s en the weight reached 0.1666 gram
cor r esponds farghegpmepesingtiohing otapeceptor proteinoat @thet membranelqompensnt; foe exanplsl. ore.  An

amount of O'fgfi’ on%ﬁiﬁg%éi%la{ié}xi .tkféqu‘?&gr%g}’{ﬁﬁtg 1R fath EB&M?%%%{?’%HEET

nanostructured reve DI conti nuous I'c phase materi a
(RULE 26)  PbysidéRenZ0 gropyti@Ifat 26V iREHrahiSO Sich@6869e:8 hchide tha bda) ebrjgidity(a ng
sunfl ower oil nonoglycerides,an ter . ccentrifudin nd renovi t he
xcess. et o el BB el Bsles s S A ML B 1€
sodi um hydr exaemwetidd i gy lahsin dhgivatdbilavékitickmagsethe ordercbawaster as a funcuon of
triply-distill.ed. The. upper . solutio S overlaid on the cubi c phase, the
test Tube s @aien onttr ipsbRSlendne Heolthel BRp R Rho Tl SRt os A2 a ne T k- wh t o
5 di sper si onegmégated {ipid darhiihCofRNfeginn t@nbositibwitititi the bitayeAbidvet dubvanglé @er si on
was prepared with the use of PLURONIC F-68 gs stabilizer. An anount of
0155 G arrs RO EFHER o SN IRAL eI RRR PP aFeD SR FHE gt S0 1

nanost r uct ureehnérRwel & IIMC ARddridH OH StaGstRAICTheMAY Pnaifids@fid Blfferhitid MRYBendtd an
upper phase consisting of 0.08 grapms o

) f F-68.1.0 gramof 1 M sodium
e ox! do. - ARGRSSHET YETHS B BT HALS BV G VI, SRBEE0Y R oS Bctiihed
reverse bi cQRblediedsléontéri Rafbopfidteconhe iriddhe 1gdipro@Ri 6@ BY propérhbice 6F
m | ky-whi te di spersion of |eucine-coated microparticles was fornmed, where

this time tHMPOEIONLAREFAN]USY thesp pasaIReters 9y large pxteny jrrag apiifisial systamerpmelye out er

(I euci n@- baspsrsdairt ACRidHhadelte iQAd tivahiBSe phAR. RoCREhHIOltheEBRG: HIRRY cdn®eShoOW
the necessity of the leucine for the formati on of ctystal coated particles.

1. 107 grans 'Bfucts hytismddition pfpmpbiphigs; Rarnonlstin plirbale 2lsoBols gng bilay prabareg capdee 15

m xed W th I.gQ0@q Waﬁlrﬁ}]sf?ﬁg W8S béiRednQUnbRarbe MRRAS(EAGE PHoSShati@N&@BR:) and _
bi conti nuous cubic ase material. An upper solution was prepareén by addi ng

0. 08 grans ofhaped jiRisIwcrasghonbatidiomidyr Alse thsfaddisipnef chalestqselris intpertany fias the
procedure u - i i i i ; .
e L S e e A R S S S
phase i er i Riescathelld plwse. et to dseer sxsent &g revearsedshenagonal ghiase png in prricubavel)-
essentl ally J&Rec{)@o tlr’ugﬁ r&a!cﬁl flﬁls\/%aﬁicieoorf gr S&l?i mﬁioﬂ,‘%ﬂ&%ﬁé IH&LHJ n?agri{ g >
bi conti nuous cubi ¢ phase nat eri Cemar ned as arge. nmacroscopl ¢ chufks
e~~en after smecvephate withunsd phystohéntied! cioimcweristies for the figmtieningoofdhicbiporagdas t he
| euci ne

proteins or other biomolecules, can be very valuable in products for pharmaceutics. clinical
assays. biochemical research products, etc.

30 Membrane proteins are generally crucially dependent on a bilayer milieu in order to
function properly and even to maintain proper conformation, and for such proteins the present

invention - particularly with the bilayer properties tuned as described above - could be an
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expennent. This dispersion of the coated particles of the present invention
was exam ned regularly for a period of twelve nonths and did not %WRW
of irreversible flocculation. Wth even 25 slight agitation, it s

signs of i wig¢Rteb bl e flocculation over tinme scales of \A@elﬁ,s9sl,1@63t,he
absence of agitation. it did show signs of flocculation, but upon mld
shaking for 5 seconds or nore. any floccuysation reversed A dropl et of the
di spersion was examined in an Edge Scientific R400 3-D microscope at 1,000

magni fi cati ogxcelledDand Ybry Q6dhili \ehuri>Q 1 Hxainple®6fThedbrant @w&mxﬁdmd ih a@tifion t@nd shown
to have a very high | oading of submicron partic 30 Particles such as

these, with feewsarpxpéqn}; welakrotsrr@ahpreteea%m ﬁ@gloglesmlds% ekerhalinass. dipgptidyl . n
acne creans, ny g&gh\@%mﬂﬁﬁ M?an{WBﬂsfe?dse,iﬂﬁaoéi’&sé hemﬁﬁsse%ﬂadnmomdase

i ncor por at ed” an e’s assocliated wth applying the materi al t he
ski n woul d r ehoéa@watsherytaoadasmg urfagtimErrovisiaase | spiafing Rujcilin pipding gromsa 2002 WO
99/ 12640 t gl?geﬂ at
the | eve ‘%&%@4’ ﬁeggfﬁ{agékrshlg %sbgag{zﬂé,;ﬁogaggﬁnﬁ Icle r?:%\g% ﬁmﬂ&%é‘gs&[ eucﬂﬁ
which in ot hgmgensarrpl es herein has been shown to provide long term
stability. 5 A pacl I t Q-QPf'E ont i nuous
cubi ¢ phase nmat e?ltﬁa eh%)f%e dg&%dmgg&ﬁﬂerﬂ I&g&&#&&gg f%@lrlﬁ%ct% §§<cglls ?m'g% ssol ved
in 2 m t-butreaunént of mwmamad\tanmgetsmnéﬂlemlelwpéme hiessoninientionmakelibpacticplasds e

om ol yeer of - GPRF Aubedihrer Pt kA pthp s v s sk s s Bhine : we

rever se 1Di COANTINBOPLASTICS phase material fornmed that was viscous and
optically is The sanple 10 was centrifuged for one hour. during
which tine n%t"“bv:}&f'igp‘*igf Ufe appeared. Optical isotropy was verified in a

pol ari zi ng OpPUAVESIlfoka& - BEEDRE Improk@faf.l Fidsiilgaelr ochl ori de solution in glycerol
was produced by m xing 0.241 grans of |eucine. 2.573 crans of 1 MHC. and
0.970 grams of glycerol. after which the water and excess HO were

evapor at ed un@ridinas -rBefnidae;ba:'CQBo@oﬁ&)ﬂeh@édeﬁﬂ Gtedepagdr yi ng for three hours.
Next. 0.882 granms of this leucine-HCO in glycerol solution were 15 added to
t he nanosttuctured reverse bicontinuous cubic phase material. The upper

sol uti on was mmmmme@eﬁdmhﬁmeeﬁlmeﬁg;\ﬂetmzmgrrmﬁlegémé?&ﬁiﬁp\ﬂ CF-68 to 4.42
grans of _an aqueous buffer at After overlaying t he upper sol ution

ont o t hd3nandsiethylerephesahorasmids. QE‘C"BY‘EWR’?%&WB%T%GB@‘W@“W@H al, the
nanostructured reverse bicontinuous cubic phase naterial -~as dlspersed into
m croparticles by sonicating for 2 hours. 20 Particles such as these could
be used for tYi&ogetAupands e&h&@r@wé (iornanbazingt Cyslophesplamide. Bgeamustinac| i t axel .
EX ~1V~PLE 4 Ifo@famewmmaﬁmt PRcGQhbRYe WRRe Al dr¥horla0diibhaiathi ch has the
potential to make the particles useful in phot ogr aphi c processes. Silver

i odide is sor?mmablcmwgmmrm Rregpimustipe A rofesfamidas recil Mustarda. si npl e sal t
(wth nmonovalent ions only), it has a very low solubility in water. A
nanostructured reverse bicontinuous cubic phase material was prepared by

m xi ng 0. 509 Xjireserreas- Garvsimdh ChBrqzoosindiotsmusting, apsistizgoNanusting Ranim@Gringst edt
AH and referred to herein as "sunfl ower nonoglycerides"), 0.563 grans of
triply-distilled water. and 0.060 grans of sodium i odide. An upper solution
was prepdr ed Meradliacahatine? Manmpmassuneolitghrbniwel. Milofactat, @jpobrot@d, 30 gr ans of
PLURONI C F-68, and 0.008 grans of cetylpyridiniumchloride to 3.0l grans of
wat er. A dispersion of mcroparticles was then produced by overlaying the
upper sol uti umtibidtids { Akacinomycins - Actinomycin Fl. Anthramycin, Azaserine, Bleomycins,

Cactinomycin, Carubicin. Carzinophilin. Chromomycins, Dactinomycin, Daunorubicin, 6-Diazo-
3-0XO-L-norieucine, Doxorubicin, Epirubicin, Mitomycins. Mycophenolic Acid, Nogalamycin,
Olivomycins, Peplomycin, Plicamycin, Porfiromycin. Puromycin. Streptonigrin, Streptozocin,

25 Tubercidin. Ubenimex, Zinostatin. Zorubicin,
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SUBSTI TUTE SHEET (RULE 26) MAR 2002 WD 991 12640 61 PCTNS98/ 18639
nanostructured reverse bicontinuous cubic phase material and son&lcmhnﬂmﬁor
one hour. The particle coating was silver iodide, which has a lo !

sol ubi litywddapv@aber. j EXAMPLE 5 In this exanpl e cadm umpgghikbd@sipas used as
the coating. It is a nonlaneliar crystalline 5 conmpound that exhibits |arge
changes in physical properties when dopgd with snmall anounts of other ions.
Thi s exanpl e al so denonstrates that a gas, such as hydrogen sul fide gas.
can be usegpiifefab8litlr €sent invention to induce crystallization and particle
formati on. A nanostructured reverse bicontinuous cubic phase material was
prepared by thoroughly m xing 0.641 grans of DI MODAN LS with 0.412 grans of
water, andgbe. S SRS - BEBRrR NARRowbnd PRRGGH. TAMHckR,SUl fate hydrate.
After this. 0.039 grans of calciumsulfide was overlaid on the mxture, and
the test tube was purged ~;~ith argon gas and capped. An upper solution was
prepared bs:.add) ( Y RONY (s 3 .83 grans of glycerol
to 1.51 grgﬁ%'%ﬂa%gﬁﬂoﬂg%?abaﬁ%%%ptgﬂﬁgr gi ngﬁtl rgﬁ’solu{l%%%’vm th argon. The
upper solution was taken up in a syringe. and added to the first test tube.
Upon addi tiyon. . th | | d - SU £ . aftiltd detected in
the test tlﬁ é'.mdﬁ'se%\%fq% é?gl{wf?gr% T'Kér%rggl? 1In§lr$ %}fqulggl%l oW s}ﬂc%é:}%@?epi tate: this

i ndi cafed Dhrifladdine Bnaritatiyed FlogeidirsuFlhorderagihJ egafurpr oduci ng cadmi um sul fi de
(CdS) fromthe cadm um sul fate. The system was sonicated, resulting in a

di spersion of microparticles which had a cadm um sul fi de coating. EXAVPLE 6
20 Thi s ex&upymresd&rxpartagiadses t hat the interior is substantiall~~ protected
fromcontact with conditions outside the particle by the crystalline
coating. which here is |leucine. Any contact with zinc dust changes

met hyl ene [Dthést Ackoe] QaGcrinR. B&gshitdBisaanene SCatopthiin R epatin a0kdbdringBe. of  zi nNc

did not cayse a_l.oss. of col for s .24 hours._ Althouygh there was an
eventual | egicingy W‘ﬂ“‘l“ﬁa"%{%@g‘ei }glH%B‘I“F%A%ﬂe't%ogﬂﬁﬁdggp%sfdﬁpq}%“"{% t he
effect of iNiga&iHyEroRVuréaRuterfeton iof) @ntEr@ién- PdnteEroly Satetdukiar?. Dénth@)Ci Ne
hydrochl ori de in water was pade by mxing 0.122 grans of |eucine with 1.179
gr ams 18f 1Mopidaming Mitaghazars, Mitoxaprapg M°P‘§g"ﬁ?lo§l“ﬁﬁ‘ r@ﬁif”‘f“@‘i"aﬁh"@ﬁm%‘ol ution

remai ned.  Boratubics, PESpIRUGRA Gd. 2RIk AR de [ PrédaftakifdVP K 00 Rk MR ES LGRS, and 10
drops of a strongly col ored aqueous sol ution _of nmethylene blue. An upper

sol uti on wepIpIFITEER Tayoldeaipptide Toyrzogicirid: driaziqpongaeri-ZAid 0. 037 grans of

PLURONI C F-18hibRuiitfhmiRcalRe b, \akbiah MRtisinleingper 30 sol ution was
o~~erlaid, the system sonicated. and a dispersion of mcroparticles forned.

An SUBSTI TUTE SHEET (RULE 26) 5 M-~~ 2002 WO 991 12640 62 PCT/ US98/ 18639
ANTINEOPLASTIC (HORMONAL)

15 Androgens - Calusterone. Dromostanolone Propionate. Epitiostanol. Mepitiostane. Testolactone.

Antiadrenals - Aminoglutethimide, Mitotane, Trilostane,

Andandrogens - Flutamide. Nilutamide,

Antiestrogens - Tamoxifen, Toremifene,

Estrogens - Fosfestrol. Hexestrol. Polyestradiol Phosphate,

20 LH-RH Analogs - Buserelin. Goserelin. Leuprolide, Triptorelin,
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aliquot of the dispersion was filtered to renove any undi spersed liquid
crystal. and 0.1 grans of 100 nesh zinc dust added. (Wen zinc dugt y\g Vi
shaken with a solution of nethylene blue, the reducing effect of hM” |?ng
removes thgolbsRegcol or. normally in a matter of a secondpcPissshidst

i nstant aneously.) However, in the case of the m croencapsul ated net hyl ene
bl ue produced by this process, it took gn the order of 24 hours for the
color to disappear, finally resulting in a white dispersion. Thus, despite
i nteract i onpropatopesy dntemadikvae Adélatt.MedreiypiopatetdnaiMeparotinsentpt t he coatings
of these particles, the coatings provided substantial protection of the

net hyl ene bM&'é“%@‘éﬂl’nst the effect of the zinc, increasing the tine required
for zinc reduction of the dye sone 4-5 orders of magnitude. 10 If particles
such as these are enployed in a product in which two active ingredients

nust be seqﬁﬁﬂ@@ﬁhﬁsﬂ?&\@&w&@f WSAVREEN ot her (such as the

oxi dat i on- sensi tAN&i.RR CHRG! ®f-EdiodZRaDALGSd (Hddh@RATABMal. FadRk, RAEHNY

oxi di zi ng cl eansi ng zéﬁnt benzoyl gerom de), this experinent denonstrates
the fedsi bi $ediym kedidg @%@ebﬁ%gﬂrc baspleptyFedipacti¥a), i n preventing contact

bet ween an encapsul at ed conmpound and the environnment outside the particle.
15 EXAMPLE 7 In this exanple a | eucine coating protects the nethyl ene bl ue
dye in the ANTINEOBLASTK;ABJUNCEH contact with ferrous chloride. as easily
seen by the absence of the expected col or change when ferrous chloride is
added to the dispersion. This indicated that the coating was substantially
i nper neabl eFdiccAxid Replatisher ZBbliAicsaidit i on of | euci ne hydrochloride in

gl ycerol was made by m xi ng 0.242 granms of |eucine. 2.60 grans of 1M HC,
and 1.04 grans of glycerol. and then drying on a 50 C hot plate under flow
of air for Uroproftd.- Misiaanostructured reverse bicontinuous cubic phase
material was prepared by mxing this |eucine-HO solution. 0.291 grans of

| ecithin (EPI KURON 200, from Lucas-Meyer). 0.116 grans of ol eyl al cohol,
and 0. 873 go#iEBexampih yaResQf coatddipartidiasofahd mesent iiyenttn ihdhleaddi ti on of a pinch
of net hyl ene blue. An upper solution was prepared by adding 0.042 grans of
PLURONI C F-68 surfactant to 4.36 grans of pH 5 buffer) overlaid on the
nanost noict un ephift€aAne. ikl wiiMBioeMEpslaRbE o P iBERsNBARhic BhargiAR6F diftfentyy St em
soni cated to produce a dispersion of picroparticles. To an aliquot of this
di sper si on HkereRidrdepersiencs cap ba‘rfE‘PB‘Fa“f)ég‘}lifﬁéndc‘ﬁ’f‘HFi"&ége%s fPRRAREIHE B BENE. The
absence of a color change indicated that the nethyl ene blue was 30

prot ect ed agai nst contact with the ferrous conpound by encapsulation in the
| euci ne- coatelfPpaintivgipg Micrappruisr enzeifisig (@l 1p RAIBE): PEFsHEHESEE K de to

met hyl ene bhjigos@buidsiF@RSbEHNIBIph e pliRAGES t he SUBSTI TUTE SHEET ( RULE 26)

5 MAR 2002 WO 99112640 63 color to blue-green (turquoise). PCTN598/ 18639
Simlarly to Exanple 6, this experinment shows that encapsul ated conpounds
such as net RYNeRGoRnY thcWling A ddiiCesPR 2dHele S fibQs thtdigholl oy, ' educi ng
agents. can be protected agai nst .reducing conditions outside the particle
until release of the coating. This could be useful in, for exanple,

el ect rqehemiscal ' jie sl [ e|l ectrical
curr ent ol BiREe L APLUAP EoRRRLERAR oF icRihont (AR VARE s iyl

exanpl e. whenlatlses erd@emmetntally nustahletifnoEsneagsiiated) for insedt BxtaaipTantrolled reiease of
denonstrate t4 Cl I I W th t hyl
paraben can Be-tapes el 87 vk HRuRoR Ry SR ERBARRR GVirfiriehlf) ")

t her mal pr ocesshle)sOaivoked réledseaftatireg pestcitigsiigitimemheratpredndepgndence betng cal
reaction, such as acl 4- hase hod. _To a .nanostructured reverse

bi cont i nuouémeﬂtﬁﬂﬁ?%ﬂé{%%gﬁ%aé? ?ﬁé‘#ﬁdﬁ&&@&“‘wn r?? ';F Rt Gropsregplators o

sunfl ower nRagEhY SRR (RhMILANS) voltild): Tasié AfodifieR1® dedr nidginthlign paiser at
pH 3. were added 0.051 granms of nethyl paraben and a trace of nethyl ene

bl ue dye. THeS1PAisH ¥ Brigphandfertilizegrdedsel10C, shaken and put on a

vi bro-m xer, and plunged into 23C water for 5 mnutes. Tyco mlliliters of
a 2% PLURONI C F-68 solution, acidified to pH 3 with HC . were overlaid, the
test tube scaFevropmemaed forsstsy. incdysiingfroatrelicd releaseolangaie herbisides faeveedoni cat ed
for 30 mnutes. This produced a dispersion of mcroparticles coated with
nmet hyl paraben. Since this experinent along with Exanple 10 denonstrate that
particles coated ~ith the 20 sane conpound. in this case nethyl paraben.
can be produced either by a I a chem cal precipitation
met hod. this provides an extrbgsgg'gpgg%g%%sg?%lé%)%)i ty which can be inportant
in optimzing production efficiency and mnimzing costs, for exanple in

| ar ge- scal e pharmaceuti cal production of mcroencapsul ated drugs.



EXAMPLE 9 25 The nanostructured reverse bicontinuous cubic phase materi al
in this exanple is based on nonionic surfactants. which are generallm
approved for drug fornulation, and which yield liquid crystalline 2002
material s i fh,ppoperties t unabl e by small| tenperature C,J&qngeﬁmﬁor

exanpl e, in an acne creamthis could be used to achi eve detergent
(cleansing) properties at the tenperat upe of application. but insolubility
at the tenperature of fornulation. Furtherm)re since it is based 30 on a
tuned m xt ylgQf anY\‘Bue%H‘&Eﬁ@BPd?ﬁe? rem §Ceﬁt?ollE@ﬁlda§la}?ﬁutﬁ5}ﬁs R RRSN kS

t her eof depé’nd SUBSTI TUTE SHEET ge © 2B) 2 WD 991 12640 64

PCT/ US98/ 18%dioreatmantiand pastignt irleasey ncraa%qlvéwwndtrhleass ﬁf)Chéleﬁ“?gaPGF‘éWtesG forfheayy
provides a ganvGRLGS marteﬂonaemﬁfdﬁwsmeﬁ nmma&mde of RBVR Rl du i of the
internal core. I'n addition exanpl e resu In a transparent

di spersi on. tar‘ghae@reieasemﬁcxemdrcomwIaadv,‘magleesmemertymwc mha@mﬁmpsdanqu ticles
wth a siz oLty th out b wiy

di spersﬁlsoneh)J,ﬁz\ros o] orotﬁgrr(gg ?rga\nlagnrdgg (?glﬁ’tﬁd u%gdsin% EI C p aseeoqag@erl al was
prepar ed bycamtradi ng 0. 276 gt' ans of 052 (an et hoxyl ated al cohol surfactant
commercially avail abl e as "Ameroxol OE-2", supplied by Amerchol, a division
of CPC International, Inc.) with 0.238 grans of "CES" (an ethoxyl ated

al cohol sur 6.atkams, indwdir KiVadak ygag pal trankfeaion sf celsmsran xxdmpEAdjuvarss fopthe ed by
Anmer chol , a_division.of CPC Inter lonal Inc.), and addi ng 0.250 grans of
wat er (i ncIEfB%‘ngfF“ﬁé%%f@%fP%?rm %his was added 0.054 grams of nethyl
paraben and a trace of nethyl ene bl ue d~~e. The m xture was heated to 110
C. shaken an put on. a vihrg-mn xer, and nged |nt 23 C water_ for 5

m nut es. %CFfirqutwsmﬁvdl%s fior e 031 SRl iRy eaaionsflides pH 3
with Hi) V%Ecﬁse@a‘fﬁéba@ﬂx&’es fsiRathRatorlche&: sealed with a twi st cap, and the

t ube shaken and then sonicated for 30 minutes. This produced a di spersion
of mcroparticles coated with nethyl paraben. 15 Interestingly) the

sub-mi cron §i @RméHcs. Jmmrﬁdtﬁkﬁ&t r@8afieQlinicRaf: $dpRASAAIIAN cIMBRGTIr AR -
EXAMPLE 10 This exanpl e shows that_ nethyl paraben-coated particles can be
created by antﬁwtmeﬁgatmownwg lesiope wigh encppsulaigd proptagiandips eptbvigeing: base net hod
of the pr evEgéassu%amfﬁ-soﬂ}bk%ltﬁﬁamkﬁatﬁleﬁ%eﬂﬁweoff&ﬂlﬁst GifanfiflAixe@ M xture of
two phases can be dispersed. 20 Leci t hi n” (EPI KURON 200. 0.418 'grans) was

m xed with Gneapsulagipmpfvolstilepedymesand etherl oderaufs: cﬁnmiulg}ﬂhwéavéﬁpeﬁemen for wat er at
PH 3, nesul Lirfigh dof sRelbothtbfiel: ENGRARATOHCE Wik rﬁﬁ(\s%ﬁ&n&&ﬁgp&mue?%{fm gbic

phase materi a nanostructured reversed hexagonal phase materi

this was t alt@shet @Gnagplarfmcapsdatvmiod:‘hnﬁwéqf@albmilémfemowg(og?haMISbﬁtSQ*ﬁé)t hydosol

par aben, an then
r eheat ed to‘ﬂ%éﬁ@%iﬁg egq}pét u é@%%?@flg%g:\?}ég‘ %}éx@scérogéh%%![n eﬁcq{;/ Jd%ﬁ%%g & test
tube plunged into cold water for 5 mnutes. After this the tw st-cap was

t aken of f: n to pH
5% th o) s ot RS Cetleble e it S Ao B Bl G, |

soni cat ed. TBHdigves s nimisabtst Bncapsulatitry shantiemidiobijabangd iinsecticifdesnin ammpbtmsbandhes
coated with nethyl paraben. Exami nation in an optical m croscope showed

m croparticles with sizes in the range of 2-10 m crons. Excess nethyl 30
par aber20cr y d0&bdntah énciuding ICoatrollad-seleaksdensfieticompohentsepantinnladly Hedrolpsdaliat es t hat
a mxture of t xi,sting nanast.ructured phases can ST SHEET
(RULE 26) ea“?ﬁ%%“‘%%’%?‘f’%%i%“ BT R R 435 WP Bl&"é P;LPS%“I nterior
of the rricropartlcles This could be inportant in. for exanpl e.

control |l edrel ease drug delivery, where a m xture of two phases, each | oaded
with drug, éétﬁ"&’“&?&%@ﬁ?tﬁlbﬂsdﬁﬁi‘%%(Séi‘géfe%af’lfaéfi) TP REBDKiI netics: for
exanple, with a m xture of a reversed hexagonal phase

12. Household products. including Controlled-release air fresheners, perfumes: Controiled-
release insect repellants; Laundry detergents (e.g.. encapsulated proteases): Other detergency

25 applications: Softeners: Fluorescent brighteners;
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and a cubi c phase, the release fromthese two phases follows different
kinetics, due to the different geonetry of the porespaces. and the R. 2002
resulting kinetics would be a conbination of these two profiles. ﬁ/PMé a
Thi s exanphgo §p3¥e that water-free particle interiors carpchﬂlsgglgd@ced, such
as for protection of water-sensitive conpounds. 10 The sane procedure used
in the preparation of Exanple 10 was useg but the water was replaced b~~

gl ~~cerol (which was present in excess) In the preparation of the

nanost r uct Uf £ ndakBANHERHEH EndaBuREiSESF phodphite, R RRe dibHiidt, &8 volailes foh €
material. The anpunts were: lecithin 0.418 grams. ol eyl alcohol 0.1S2

grams, gl yc&migatioe 295d grogyrss: Catalytineartisles: ﬁ‘&l"’é‘ﬁ%f‘haﬁm@&‘c‘af’%ﬂes forserties ul t was
a ml ky whi bgy SiigBRbsl on of mcroparticles coated with methyl paraben. 15
The protection of water-sensitive active conpounds is inportant in, for
exanple, oral health care products incorporating actives that are

hydr ol yti cal EHS #ﬁﬁ

i ncor por at eékﬁﬁwﬁ%@g %séﬁcé@ EEOI\}M&%A&S%P%S?%%%%F ??ate aﬁaﬁ%ﬁ mt he
nanost r fict uftenh rodentsy Impady mdtfmuﬁ@lgramg prdooppifiers Fiamegetdintiand dmcked on
extrenmely 2Q in t The coating is easily renoved by
sinply addi (r%gppre‘?{ggtgrﬁabﬂezeé%ég&lbgﬁﬁémrdp sprayi ng gun which nerges a stream
of the dispersion with a stream of water, as it aerosolizes the liquid into
dropl et s. te. assiumnitra u serv a, dual ose as a
CerPi Tl e Ui 8"%{7"8‘[)1’°EP’1"?";55’?S§%F%“"S&égqmdd‘g‘é i i Jowrmgl Kt (0. 402
grans) wer e (durixg fro2dssiig)f ﬂmb&xaﬁ-@dlygeamnmﬁnmg Srartisteisizh limdeatidne @pticahtibipt ed

W th pOtaSSIU nitr re.the active ¢ ound ca icin (in
bur 6 ryet arft Semt bt atfuyes uibe el r e B sF PR POt b aE B dded | n
the anmaont chffd) fidtheHameltibig Bbdint. Ok Zor@ermdimsy@thefidWwakeWhithire expRfisvel €NOVeEd,
0.135 granms of potassiumnitrate were added, and the conplete m xture
heated to 80C for 5 nminutes. An upper solution was prepared by taking a 2%
aqueous sol usjrad &fd HRldeiFMtdeedsmB Sncdtimi BhegRblichtof Dbldrile) hioks, RBMAS Sidik
nitrate. The nelted nixture was shaken to mx it, then put back SUBSTI TUTE
SHEET ( RULE (98 coconsit. pepperingh Bppapsigyion sEyigeiale faesip %@%ﬁ&cge%gavsmateﬁe 80C oven
for 2 m nut eﬁzymﬁber?&ﬁémauup&mﬁmenw%”m&vu rE'duzQ.@ iWBtS breltlp);> M nutes. at
whi ch point the upper solution was over , he entire mx stirred
with a spat lﬁnﬁaps‘éﬁwbéﬁan aliprptEYE to Blﬂ'éFhE’énﬁDb‘ﬁthed hﬁ%’ém? ekfrnzen fpads; a di spersi on
of m crgpar tMi@Jo@&aEsﬁﬁIeSQ)chB Bdd3Ped BB bR Ebl Bﬁ%g%ere@ﬂﬁf&ﬁ@&&h@‘ ]@%mtvgeofact Ive
ingredient capsaicin in the interior. di spersion was diluted with
an equal vol'BR¥iEs andedecojorizatips ue@aﬂthae%@rcaalssepw@d@ pperewsonatisbe with the
hi gh solubility of potassiumnitrate in water at roomtenperature). and
this was mani fested as a rapid coagul ation and fusion of the particles into
| ar ge chunps!é- Bhewerankies: ingludige Fingwerpipilm wigh @smraeneoftsamlyronmm;praaceveyst al, so
that in the ARRRAGEATHIA IGOBOPRA cifrd bl Il hibher Hlmhddh PG QS it The
exanpl e that we discuss here is that” of a spray that woul use

decor atdlve pirsspssubmitraprdispersioni¥lictoertapsulatiprsof phetoprogssding azentsr anl mal s from
eating the | eaves. VJe ha~~e succeeded in encapsul ating the conpound

capsai cin. which is a non-toxic conpound ( found in red peppers and

papri ka) thal’. Bxplesiyss and lpropellant. lselnchag Bah liquid addesolm)prbwellams mdrcxﬁm\reahﬂeons in
t he range of sai c of conmmerci al
use as a detueS?drlgﬁilca S(S'fa%é f‘?ﬁ‘d%“ & aL{e?n gﬁerncﬁpﬁ et i%rmlg'fjr Eém@ﬁ’ﬁ%’é“ﬁ?dﬁr%s
encapsul at ednsalidtphspeltantsj ¢ phase interior of particles having a coating of
crystalline potassiumnitrate -- saltpeter. The exterior solution outside
the particles was a saturated aqgueous solution of potassiumnitrate. which
prevents di SISBORéEE’.ArQﬂm@ﬁxdﬁl?ﬁil&@@})h’f@pddl&ﬁ'cblulnhs inexteclisHsAd separdfidnyit i on of the
di spersion with water by approximately 1;1 resulted in nearly 20 conplete
di ssol utsi on %‘PChFﬁealpﬁéﬁﬁYﬁ pardculaslytin phpgmaceuticpldesgarasand SeTPBiNGhas capt ured on

vi deot ape and. on viewing the tape. it was clear that there was dissolution
of the coating and subsequent fusing of the particle interiors.) Upon

di | uti on and!%Disgengursrincheiingskricapshigigd olarkets dor@ngiegranyy andvadiogreghyiand Clidical he
particle was
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exposed. this being a cubic phase with the follow ng crucial properties: 25
A it was insoluble in water; B) it was extrenely tacky, adhesiv§;M§$1dztﬂﬁ%
it has ven high viscosity. Together these three properties inply’th

de- coat ed wobypenase particles should adhere to plant | gawgsesnddsl propert~
A nmeans that it wll not dissolve even when rained on. 30 The sane three
properties were also crucial to the succgss of animal tests of the bulk
cubi ¢ phase. used as a controlled-rel ease paste. in the delivery of

phot odynami gssiy3 $vaRing(ilituseRdiVe PRt dnd glycalgpedst s for the treatnent of oral
cancer. SUBSTI TUTE SHEET (RULE 26) 5 ~~~~~ 2002 WD 991 12640 67

PCTNS98/ 18639 The concentration of capsaicin achieved in the cubic phase
particl es VWagsifahR ufifgfhS ¥ét cOhmbmRsH the 4eiRasd 0BRGN 4IRS, or BlihhavaReRMthdre Rk
preparations used in the treatnent of arthritis. Hi gher |oadings, perhaps
as hi gh as 2B9ptigmyrehe possi bl e. From the standpoint of

commer ci al i zabi Iy k%‘l ask {;q,yggmgg;?ﬁ&i&mmgic% sion are extrenely

i nexpensi ve, and a f are” approved for use in foods, for topical

applicadion, and theA. nwnsive varigbleli t i on, potassiumnitrate is a well-known
fertilizer. EXAMPLE 13 Thibéﬂexarrpl e used capsaicin / potassiumnitrate as
in the previous exanpl e, t here the nanostructured reverse bicontinuous
cubi c phase material is badei swangtieci t hin, which is an 10 essenti al
conpound in plant and ani{mgl life. and can be obtained cheaply. This
nanostructured reverse biContinuous cubic phase material is also stable
over a w de tenperature rafdgaperatirel east to 40C as m ght be encountered
under rmal weat her r%c%ntdi t‘; ons lsoéthl ecithin (EPI KURON 200), in the anount
of 1.150 grans, was M XE N ARG I8DE ams of ol eyl al cohol. 1.336 grans of
gl ycerol, and 0.407 gransl.dfilupai assiumnitrate. The 15 active capsaicin was
added to this in the anou tS f 0.1 .SO granms, and the m xture thoroughly

m xed. Next, 0.50 grans o?‘ FIROEI UM nitrate were added, and the conplete
m xture heated to 120 C f ®IEnzynhiBudtiety An upper sol ution was prepared by
taking a 2% aqueous solutiopn of PLURONI C F-68 and saturating it with
potassiumnitrate. The rre‘i"tcgﬂm‘r‘ﬁ’l)(?aﬁf‘%“ ZeYMAYq  then put back in the 120
C oven ibor 3 m nutes. ThesGgiplekatd withSarkdiCorpdsaged in cold u ~ater for 5
20 mi nutes. at which poin he, upper solution was overlaid. and the entire
mx stirred v~~ith a spat bl ",""E’é*l‘g@’d, shaken, and sonicated, then

al ter nat ed bet ween shaki ng 1gafatipgni cating for 30 cycles. The result was a
di spersion of mcroparticles coated with potassiumnitrate, and containing
the active ingredient cap$ai'®f i foVRissqlEHaB i or at a | evel of approximtely
5% Al'so present were crystighbs(cRficabieaSoie PRIAFSI Um nitrate. 2~ The
applications are simlar to those of Exanple 12, except that the use of

leci thi®) in the PnRdsasoer abwmugn §iviARoms it Be corting. sircumyeriipe shei nsed fof the he

galr_ti cl e i ntadsbi@hionr ifirdpliéh PhRRbarfng! | Membranes, possibly yielding better
elivery.

1. Selective by pore size vs. compound size
2. Selective by pore wall polarity vs. compound polarity
3. Selective by pore wall ionicity vs. compound ionicity

25 4. Selective by pore shape vs. compound shape
5. Selective by virtue of the fact that some compounds or ions form porous
inclusion compounds with the coating, whereas others do not (although this is
generally a combination of the above 4 effects).

In a preferred embodiment. the coated particle may be made by
30 1. providing a volume of the matrix that includes at least one chemical species

having a moiety capable of forming a nonlameliar crystalline material upon
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EXAMPLE 14 In this exanple cupric ferrocyani de-coated particles were shown
to be resistant to shear. 30 A nanostructured reverse biconti ngoMg\ch(}QiZc
phase material was prepared by m xi ng SUBSTI TUTE SHEET (RULE 26~ 5~ ~?
2002 WO 9Nd 464068 PCTNS98J18639 0.296 granms of sunfl owerrusesmmsgisyceri des
(DI MODAN LS) with 0.263 granms of a 10% aqueous sol ution of potassium
ferrocyani de. An upper solution was prepgared by adding 0. Q@1 grans of
cupric sulfate and 0.063 granms of PLURONIC F-68 to 4.44 granms of water. The
upper sol ution was oveattion withasecont nwiegamdst r uct ured reverse bi conti nuous
cubi ¢ phase mate ial, the test tube and. t e. system
soni cated for 45 ‘m nﬁ?@%‘nm&ﬁ'@ vplamg th\ﬂg{g%dcoﬁga@wg%blﬁ%%i ﬁf}ﬁgﬂ SBFes avmg
microparticles, coat ek sétdnl nidiehy sots tocxeson thy first thoietyawich the sebordinguiey &tds on t he

order of 3 microns. This proces dyce roparticle t hout .requiring
t enper at ure excur si orfgnte ?“sfyh%é‘g‘“ ‘é‘ggﬁvﬁf W?W’%ﬁi’?’mﬂﬁt ﬁ u t hese

can be gircunvented Ryerppioike viderer form of emulsification. Furthernore,

no excursions in pH were required. 10 Wien a droplet was placed between

ni cr oscope s"#‘?%“wlﬁd“@(‘)%?dmcb%Peﬁi“@r‘{‘lscopl c exam nation. it was found
that the cupric ferrQeyaihPvohad Gehditddit GhacWRE Be halidhelial @pdami@Nt to
shear: when the cover slip was massaged over the dispersion. light pressure
~~~ith the fingers direpstistinjsplytiendn #ngndnot i ceabl e | oss of shape or fusion of
the particles. This ly

wi t h magnesi um car bo\é}%?sedgﬁh%wﬂmgﬁ? ch’Ig?xge EQ{%Q){@%@%}“E&? t;rilécllt?} ‘%é“m’%‘%m gh
degree ®f shape | oss cantdmmrsnemgsi\osub@andmgclllee@iumphegearb@ecehwbmpghs@nmfe in
accordance with the hj.gh sfdd{dgss of cupric ferrocyanide. Particles with
coatings resistant to s ear cou be inportant in applications requiring
punpi ng of the part| cles. where traditional polyner-coated particles are
known to suff |ifet] | i t f ath W th
shear. 20 E)g,& ngn Nk erq;%fihl‘}s&uen%é’rfrp Znagg‘ saora?:elcé(r?g‘l{/}\1/215%%%n &%F %ocrag{ﬁ?ccf%? é{lgf%al rliy
hi gh | oadi ngnonhaenetidryryStallihe %tema’nbmrdah@nlwnmenmpmmd 8t andrayhlim'plcamtaﬂ@lq\m&ist icles
of the present .inv nt| An NQSLIUC versed bi ¢ I nuous, cupi c
phase s pr BIHIRBATE e (¥ Besretplifer d caiEhe forPogitly s St iR,

al cohol 15 0. %Bﬂ@roaﬁﬁctg&twe@ro@inpommﬁm 4hd tOmhp@ind Bundutescapatizalon aftabt ai ned in
cn~ stalllneform/asa rf% lwgﬁ See.d Oorf).. Buffal o, .NY). To this
cubi ¢ phase VEPE/IGEING &ﬁwlg%ﬁ?gr’ 8 {S‘F PRPISAHOR 9F EereX P uei s PiePRit i on was
prepared by tauses Dg'nﬂes'iﬁﬁecgﬁ'Me ﬁ:ﬁnla‘tﬁﬂ&amvmmiemmfrmlrm breylastt theo e NEO. This
solution with qS4 wat er. . The uﬁﬂ 3_0 utJ&on was overlaid gnto the
cubi ¢ phase-@ﬁ‘s? ot "F%R‘é“"Fr‘?‘B?P&Sr‘E“quélﬁd" F?B“etd FPrEBRnE GUEYs AISPErsigRs ohour s.
The reacti oncdakeatparilaésrnawﬁglacran@gsloehfaeﬁalmnh ey waer s&aﬁluhéé eV ipfiehsddieQyhdnhe
deep reddi sh-brown col or of the 3@ und. At %h gﬁ f this tinme. the
cubi c phhse RSt RPRD E0L &AMS PRY teE ¥iiE o FYB BERTHEratly S B RPYI R @Y. The
coating was pRAep&fies bidwd&. it BhighGyRANAReoudt Bilke bfocesd forebtipdmie lodle and has
SUBSTI TUTE SHEET SRULE 28) 5 ~~~ 2002 WD 99/ 12640 69 PCT/ US98118639 sone
sel ective pefisioliss (iier porumsrely dispersed promependsi)in hempatrix bedpse the gontagt with Band s g
robust cryst sdnicafiéh REEL irf dr@dotMIPA RorddkencdBfli§RRRA L Mftrdpariieiéd laeﬂéf‘énar As

unpl easant to the taste of rodents. these particles could be useful as
rodent det er Figspsssd Ffw\ okt i5/9n¢ Feason Sragritiondo rakiFRsats der opdRizing selubilization of al

| ant s, setc PMJ'F‘ mld
ghear ( ég du?‘iﬁr?{gsr r o {?@% fl"%’ﬁ 56%%&‘:%6{??%2%%’?3% %ﬁ%g%gée%?hﬁﬁ%%&ug |I |don of
the parti cl ematinthevipg sntos) niqudomeing.an erder toalkon faythe salibdliratidn of cetepriusd Whl ch
woul d open t u'ﬁlcm rﬁa%?%zrtstésl is lscﬁ&bléle ghqy S\Xp%g??oh;egg &aﬁ%ﬁﬁhﬁ} ReabtRn ﬂ?ld%”' mal

nonlamellar inorganic crystalline precipitates are generally performed most conveniently and

effectively in aqueous media, and reactions yielding nonlamellar organic crystalline precipitates
30 from solubilized precursors are often most conveniently and effectively selected to be pH-

induced protonation or deprotonation reactions of soluble salt forms of the desired nonlamellar
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t ast ebuds. EXAMPLE 16 In this exanple mcroparticles wwth a cupric
ferrocyani de coati ng were produced using 10 the sane procedure as im 2002
Exanple 14, but in this case an anti body was incorporated as the Qc e
agent. | nyansdihedel ar, anti 3'. ~' cyclic adenosi ne nonoporasesissis AVP)

anti body was incorporated as an active agent at a loading of 1 wt% of the
interior. A cubic phase was prepared bysm xi ng 0. SO1 grans of sunfl ower
nonogl ycerides with 0.523 grans of water. Potassiumfetrocyanide, in the
anount of Qg@éﬁmg exérior cobfifig matekeud, Wherd werd orzinaquebesseicrotiory@n Hiean otividns 15
approxi matel ~~ 0.010 grans of the antibody. Excess aqueous sol uti on was
renoved af t“(‘-ﬁd‘%ntrl fuging. An upper solution was prepared by adding 0.032
grans of cupri CARehftVEIR, 25061 tBmplPatGre AR cBistafizAtidoivohoker. @B cle@rid cilregt. adiiid Of
water. After overlaying the upper solution and sonicating. a ml|ky-white
di spersi on bGPS%‘%P’G%'&FP’i"E‘F@%a“m(‘:oat ed with cupric ferrocyani de, was

obt ai ngd. Such peddihien RSokeibs] oBRr u&mlemu&@atmnqﬁdﬂfbhmum & dsleRdgysuch as
a bioreactor. in which 20 the 'stiff cupric f errocyani de coatlng woul'd be

useful in IR These neludergisroividizadonnyalr homogenizag orabree. Enansiiindn & (f or
exanpl e, i ’11@78?! GG, Z@,%'sfn'aﬂa bladPdin®tg, EtQ ﬁé@ﬁa&:%§%@ﬂsdi&lleeﬁ§t§ct&ft coating
and avail abili of the bioreactive antib MPLE 17 In this exanple

et hyl hydr ocmgfpreblmen frophiphiligrblask consimey ofrﬁamaléMMnd Dltorymgleculas wrighlesugh ap 5

aci d- base cubi c
Phase. mat ert TG 188 6 6 o ARARE Gl EE Y e HeBRLA URHE

nmonogl Mcer i atemst(aurml\hs ltisy fmm; fif @nE&ﬂangs mtooiﬁ‘ommtt particlefornpduios, thier e added
0. 084 granms, d reine de, and a trace of nethylene
bl ue. An upb‘g%‘:&gpgﬂ%ngg Hlpaﬁrgeetg%?fg%p{) Sméfg% | .01 grans of 0.1 M sodium
hydr oxi de and OMbg o@thanmla&ﬁllm‘fcn@lallﬂﬁé)da@nﬁl-c@&ed per@:led dgreebesl infheixameples Af t er

over | ayl ng the er sol utipn onto th ET (RULE 26)
~ M~ 202 wrﬁgﬁ%%ﬁfﬁre 8?5@%?&%%?9%}6”9’:5 ?’gg?%gtﬁ Sream? S soni cat ed.
resul ting |preap1dtesapme siofacebetwien rlmpauemabdohmoxmﬂttMamstrhcmtmyciderlmidpr ei ne

Cxcam n o THe R L LI “PHF PR EHELo ARLER AT BRIt REBhPREy "W 1

dessi cat i onmt;mukrﬁl sipflaritses.fas el as mipeﬁanemamnhes tsih&\mw&ide%gén&ﬁl AghddGh| t ur al
actives (herbicides, her onop pesti ci

weat her
Condi £ ono BHGH tieEisdl B Briuieen e gringebAlis G Refin i frrase
EXAMPLE 18 inazeﬁahlosmﬁmmkamde@uﬁt Bﬁteﬁﬁlatvﬁldt}ﬁk&ﬁsfsblﬁtﬁcﬂ?oeiﬁ@bfbnﬂafeﬁ%"/@ii chéb a
heat i ng- cooglj g rotocol. A nanostr %r ed reverse bicontinuous cubl c phase
mat eri al 9 8{3‘5?’@8”15‘9‘%% ipithegnaeniah sych as pnipgregse ndemperatire (Rut itcoldBs yceri des
(DI MODAIN L Sinotfet éhafgekdch o8 ddi@aseOh pe@dudd. addTion@s BYol@t@edhvent etk Nernianagt r uct ured
reverse biconti nuous, cubi c phase materl al taken fromthis mxture were

added O. 048"‘¢}f1§ﬁ§“5t1ﬂbbﬁ°|%el?%ée‘efﬁﬁ’eo RRe,CPRGIEON g deCiepse Of Wy IRPeTAlUSR ¢RcEfasEt ed t O
80 C, thenjgpaked et@ofaﬁamﬁsam@reaet Unig @Meakawt@gtw&% Rikurd S¥Edi ately a
2% solution of PLURONIC F 68 in water ~as overlaid e m xture shaken, and
t hen soni caPRQSTUFRFed liguid or liuifl Grysiallineiphasy mptrialiags e patamellasrcrysialling materinlc | es

coated W thal edebPipu {:ﬁpﬁ‘&' et m& 90 A Rarl PRAREafAR A BE el iind D bsarkASe
| euci ne% by either a thermal method or

2 into large crystals. where this may be through the application of ultrasound, or other

emulsification methodology. This causes the breaking off of particles coated with nonlameliar
crystalline material A.
For the case where temperature is used, the solubility of compound A in the
nanostructured liquid phase material or nanostructured liquid crystalline phase material must
30 change with temperature, and the higher the magnitude of the slope of the solubility versus
temperature plot. the smaller the temperature increment needed to perform this process. For

example. the solubility of potassium nitrate in water is a very strong function of temperature.
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an aci d-base nethod provides inportant flexibility in production, since.

for exanple, certain actives (proteins. for exanple) are ven~ eass
denatured with tenperature but can be quite resistant to pH ~her a?w@t Re0?
conpounds w@bo/Rgser €Si stant to tenperature but can hydr ol pcrassesrise®0 aci di
or basic pH EXAMPLE 19 This exanpl e shows that interior conponents can be
protected fromcontact wi th oxygen, evess when oxygen ~as bubbled into the
exterior medium (here water.) A nanostructured reverse bicontinuous cubic
phase mat eri al A funidimenat differenes tetweenvths p&&pmttepmembnhsyocm'smhmguszy;ﬁlbz grans of

sunf | ower ogl tide h 2. 667 qrans rom hIS 60 grans
of nanostrr?f:"[ ff?ésyc}ﬁasg\/‘gﬂ’?é’e f%rﬁff‘? ﬁﬂ&gg’m&%’%‘ lsnee ?&ald ’Itmwé’rﬂé r emoved.
yeXt 4 0. ?3W\7\hﬁﬁ&1rh6ﬁ intBior InaeteN. I‘Iﬁtlﬁrpﬁbc@u&&i r@bﬁmmddﬂlﬁodl atlléalsi@w? gﬁﬁpbuﬂdlsﬁ&d andf
rie after ich 0.102 grans ~at er re a e a solution o
| euci ne hy dFSERCHRPEt Apliicthis °3’H’8§B’°f"8’ { %‘e’dmgﬁé Ffé hich S5 ORtiR t ur ed

reversg bi GeyHxieRbkGihBseCWbpet sBIBEMC) WHEIEHS b@érlard%h@é}g)ﬂﬂietﬁn&trﬁd’t&@& ha&. of nethyl
red d~~e. The nanostructured reverse bi contl nuous, cubi ¢ phase mat eri al was

a strong S\YsEppneptikindhaticase isgljensimply a susabiyghosenggidio\gpbasis copgongnty This
PCT/ US98/ 1863& 1Y $bihiQth £Hnfirity tawveemﬁawseroe@sdesoutmaameemtsenkmcbmwreﬁreaim

crimson-red in about 3 mnutes. due to oxidation. An upper sol Ution was
prepar ed byhafxseripiphesesanaligmativelibe thoughial @y diiePRRiHRNG (i garticaropiBingheans  of

PLURONI C F- 68 5a@Rke PwildtPcalies WRcH/stalliRaribh SP&! §atqs) Aotila\} BUchBiR e GEL NY!

% § ha R
red- cont ai ni ng m croparticles was prep ar ed over | a I ng pper sol ution
ont o tl9e | ibgsi¢ pH.ang thisds reandblsbmh;a!tsq ﬁgcxdicmﬁmsdlﬁqmsswhxdrmemuectHyahe a

sol ution of r&?&cF’ }théfiégerfop H’X?g Proba b st 1 rprun&lfﬁbﬁg:gg %‘?&’ ﬂmequ' ckly

changes frdm P on-red wien ai rougﬁo Then, when
air was bubmtlwds tsmuhghhetcrheng:tiixsmdisibmhajfcamthgntn stadlizagomdfa ovicmrg onty

T OB | wd dncie OMDP R RS Al WU RBOAEE IR Yk i

m croparti eMBsprqyrpcatmtradndnher whethieyit 1smedmagamnﬂtan®mlglaimughoutﬂlﬁbﬁlamfﬂxel es
such a the ~hi ch e abhle to protect t 1 ve conpound from cont act
wth oI;ygen c%s“l‘%“'ﬁ%&ﬁ%e ?sdflﬁleﬁmbé' Ba?lg?fﬂdﬁcég i AH%0siti ve conpounds, such
as iron di et an~Itdsiigl possitid o utmpreoeamlhxeh 1sdudsmhsimtioobgthsm ﬁ@:&mnw&ﬁ_ 20 In

this exanp e water su stl ce was, us th int erior
st uet reree: piaees Afetite b fEEal it S S s tpigpound Reprabest o
exterior (cthﬂparninlmmm)ngomtd begddddhslthe mabistimptd chbhicalefitdst Tharfirsyedu®l befthom t he

di spersion. ;A di S$1:0 of m.cro red SI n | ycer ol
Mherend of SHEPEHISE] S Rdnatroaty BRENM e £% AR R RSB RLR bbb b o
2.4:1.20 henwanwberbgluemelsst Qé\)ﬁ&ﬁkdﬁipeﬁﬁﬁ: aﬁuxnsalgblaﬁkdtheﬁxarnlsuaf tH@ieRGerarfife cRMOUNt
of 0.70 grans, f this nostr d revers b|c03® uous, cubi ¢ phase ?0
materi al  ~aRAYFSAeTapY: sfi’Si ‘g %rfe%?h@rmﬁa?‘ éﬂ‘e splhfofrp gwde ol ut i on

was prepar edading thaded R mrﬂasmer; 8H DDA feactlil MEqel basttork RGm! evel
of 2% The nangstntctured reverse bi conti nuous cubi ¢ phase materi al - nmet hyl

par aben mi x¥LAcK syghas Bylspcblerig Acid)n whire tristsechzser form WP‘&!%BE plible in the akiixed to 120
C. and t heneveh wksempeRiuge Spﬂaﬁxc‘f%ﬁﬁauo@tl’dﬁ’@*%leoﬂirﬂﬁcﬁs’@%f&'%xc&%

was
overlald and the test tube re-sealed (with tw st-cap) and soni cate%n

"this fesul $8Engboth benpgie acidhandispdipm §enze%tvedd b r@e%@ttma%mge the nhawrixg
gl yoer ol CoRbidaNs dRaASEsssHVE berdoiBhol & afibichASASkrrS R ReOR kil | Nt e et

in the m croencapsulation of water-sensitive ac
temperature. The upper solution would contain the necessary component(s) to convert the

’ie)
=

precursor form to the final coating form, such as hydrochloric acid in the case of sodium
benzoate. Upon heating (so that both forms are substantially dissolved), and then cooling,

30 overlaying the upper solution. and sonicating or otherwise adding energy to the system, the
formation of coated particles would involve the two methods of cooling-induced precipitation

and reaction-mediated formation and precipitation of coating crystal. This could have
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Using mcroparticle dispersions such as these, hydrolytically unstable
actives. which are encountered in a wi de range of applications, Ca”ﬂﬂ-‘%ggnz
protected agai nst contact with water even after release of the coatfng.
EXAMPLE 23vdSigB26kb TUTE SHEET ( RULE 26) 5 M-, ~ 2002 WO PerAisesi36352

PCT/ US98118639 Sim | ar to Exanple 6 above, where zinc is used to challenge
encapsul ated net hyl ene blue, but here tkge coating is potassiumnitrate. In
addition, the sane dispersion is also subjected to chall enge by potassium

di chr omat e .advnRaa0Ritdring bigreddingwer sdarcks of orystallinocvating titeriap hasuldaésal il was

Bl Cohol . 0.PrBSIeGPHE: Branshyiarst haa i e BEboepiae iy FErES ifteseed o 460
grams of t hgoasibh hdalsiiaridicHisiaRaniBsosslly fddifg RAmae aifona paficle sigsi um ni trate.
An upper sol ution was prepar.ed ?b%?lg ding 2% PLURONI C F-68 to a saturated

aqueous s ol distmRyEoR)s and sogrefiicicnt B qgmatigy; with \ess ensley, BRI FRAUFRMSIG RS | qui d
crystals, and thegaystessanmeRpbOded! ok nakihf) foatel Partidle NN pidsempverticnafs: sed
into mcroparticles, coated wth potassiumnitrate. The 10 col or of the

di spersi on was Wi Eleetrasrysiallizatig, t ests were then used to show that the

met hyl ene blue paSeclip R ilrirROL@RRDA Brhdiflc bdilGadior ARG! 1 €1 5. To
approximately 1 0 hi's di spersion ~~as added approximatély 0.1 grans of
finely powder edCzPrmotion{with pensrsetpeated solndondn anephese, srestalljdatioreprbmerer in the
solution. it cag%lgrsphgﬁeéloss of color. After shaking, the m xture was
centrifuged ven Dri‘e , Wwth about 10 seconds total tinme |loading into the
centrifuge, cenfxirhibijiongemavaldwith surersaurared sélnthom it hee phasstand fegd e the dths was
done to avoid i n%erference fromthe zinc in determ ning the color of the
met hyl ene bl ue- B8RP ni ng particles. It was found that there was very
little, if any, EdEieasiodi(trvidisigowalooty from mpelagurtiee sdlurntin imeribr phaseo.

showi ng that the m.,croparticle.coatin r.ot ect ed .t he. net hyl ene bl ue from
contact with t hé®FEHdC OFRGFRY ﬁ%@%@?“rﬁ%"%f’%ﬁ%‘t‘?&f‘ém‘i}\%éngéﬁﬂéc&tﬁ“’5not her

al i quot of inb@arfi¢ br@gh.Rat of thexdictdntsynddissable bsthpwill iddvitably beosoiidit dnlydn 0@lebr t 0 a
gr eeni 20 gol or . Lt h no hint of tt}g}te{)ulgsp}li sh- brdoog that .results if

met hyl &he bP'BE PPIAT SOBCRt ATHPArUGRNIAE MOSHAT A6 SAYP et ATe 35 TeHE Bt Ch RN AR FE3cHOnS o at ed
pani cl es of wilhiigolkX {1 nthidhBagoldr Solddhtse At KR FRhy/ QA orddriferal hatex m@etidl fidbe

material. potassiumnitrate. and ye rotect active conpounds agai nst
chenical de@SREEHRS Brivager mcmﬁféagmf\{*t%ﬁgﬁef%ﬁ&m%péiaﬁrgeaﬁsE@Pﬁ %hlsfﬂbgfémhlem

i mpor t ance iffiot dn@bsoR¥e2BdHdRIon AR the Lhdriof FHaseSthAaMal £t BasEubiEONBRlE iR2 Thi s
provi des an exarrﬁl e of mcrgparticles With oil per.nsel ective coati ng of a
A el dissabys 1 |

i ncl usi on cHABAMENVistRerac A of themajerip R HirBReREpIutionaashes shap By Wener
conpl exo hagisperRd BYi0 PRYeleYord. PdrddrRefoRR KeEd dosting€ TR mdirivvada sitily (guest nol ecul e
is renoved. Cl athrate and inclusion conpound coatings are of interest as
coatings of cyWiti®Bt i ve porosity, where selectivity for rel ease or 30
absorption can hgnfiased iRt @h@mbg@doustbrdsther E&l@frgswexawxﬁrnsmhar! ty. A
nanostructured reverse bicontinuous cubic phase material was first prepared
by mi xi ng SUBST|cpgﬂi@ng}qgmus(kpqmgvgwjubility in water. i.e.. sufficiently low (or with

sufficiently slow dissolution kinetics) that substantial dissolution of the phase does not occur

DA

25 during the process of particle production from the phase (typically 5 to 100 minutes to disperse
the entire material into particles), since this would substantially reduce the yield efficiency and
could thus diminish the overall attractiveness of the method.

These two conditions are working in nearly opposite directions, and very few systems can be
found that will satisfy both. Nanostructured liquid phase materials and liquid crystalline phase

30 materials. of the reversed type or the lamellar type. are several of these very few systems.

In some cases. it will be advantageous to incorporate into the upper solution one or more

of the components that are in the nanostructured liquid or liquid crystalline phase. and at times in
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5 MAI D 2002 wo 99nzbao 73 PCTNS98/ 18639 0. 525 grans of sunfl ower

nonogl yceri des and 0.400 grans of water, To this were added O. 038 Rfﬂ
manganese chloride (MhCl,) and 0.032 grans of sodi umthi ocyanate: A ”@H@
sol uti on wasedpr&par ed by adding 0, 147 grans of 4-picoli eTnusesnsess
(4-methylpyridine) to 3.0 m of a 2% aqueous sol ution of PLURONI C F-68. The
upper solution was overlaid on the liquisg crystal m xture, and the test

t ube seal ed and soni cated. The nanostructured reverse bicontinuous cubic

phase mat er ipplecidBls athblings. TdRRE heRtrd iRétehces Wiie avidyi be ladbangmued haved) t he
manganese form of the \erner co Mh( NCS}., (4-.MePy), . e coating
in this exaPAPRruptpdsspiastaydch lﬂmmé%a{;;‘fp\éﬁfmﬁf h%ﬁﬂ‘ N?aé' ‘%“ls BW'IT???FGH'St rial
streans. | nwhdpiife ARASLPRAEEs AR qiSlitFiam ath »aatd@@dr@ﬁuﬁ aYiRb@! solutio HUMs idS a
clathrate -- which permts 10 atomc |ons to acrqQss the coating and

into the cutsudibpamavithianqtasr figyid oxiquiderysal line phask sHgAS e Arphase gpven ey

absor beat f Bﬁw.mwﬁty%ﬁeuhophme THiD K HUTHRL Geferh 8 fh (HERBLrI deschipfdn W tRN

ani oni ¢ surfactant. nmore sel ective chelating groups such as bipyridinium
groups. et cpr)acesmmabpvemeyoxpiéumnm phasss ersugha phaserie whigh adsitional The

sel ectivitYedidoRbhChelds feRifinCh BAANABRHARE bIdGk CopbIgHENERI e ﬁy%e b&dYadehon 1"
sor bent power I'S Inevit traditional "sorbents (suc

activated 1 tba cise therenuightercst be ae cqxnnllaanogminyncbacy) by agy incerporagncpd thizuppprounds
that conpet g, rption
sites. Rege er aﬂllgc}fr‘\ag’fc;o %gaésogb@ré%{hdgg%clﬁ{ ftr)‘gﬂg I‘ é‘%ﬁgﬁg&%?ﬁ“g@gepi ng

t he paildi cl muldfad) chosa § scmgso benbatht(rhxm \snth the meunxsphap(exmpt pbssibly dardeciiahge, be
an exanpl e o{ rel.eas ﬂ)‘ , E{ ié a}d av oat ed gartlcles with
an outer coltPhEFEHRE F‘§’?‘ G Hﬁ/?“oﬁgart%ﬂ?ghw ﬁ%lw avih s%{"es%?gie'lq gregypat

di sposed i niekewdiheleh btlﬂ:latl{@durhmp!@fﬁﬁ) hﬁexcfnx&nanuoofshmbue@p@ﬁmae“maﬁ eri al

were chal l enge ani oun wh e a co ange
in the event B °E‘5‘ﬂ%15§?% it t"h‘g’s Rer "lytion”. ﬁﬁ%’m@;}ﬁr’l’f%% ‘Eﬂlfc"i‘ngéﬁ ly
smal | . the S6RMEAS o@Er phieToil@bé chalg@dSrotnthik td dnGtheranddiung sich ab Waen sdligelS even
to veri smal |l _ions. 25 A nanostructured reverse bicontinuous cubi c phase
materiab wadd %"r’ ared by nixing 0.424 grans of sunflower nonoglycerides and
0.272 grans of V\me%uowT@g dxhrhSled VB iitrarAickqdesOn G nthdiFardriot Ftetphsuidad Aben and
a trace of h% ye 1, 2-pyridyl azo-2-naphthol. An upper solution of 1 %
cetyl pyri di ‘l‘ﬁgﬁll‘eo‘fﬁ’e&%m\rvas prepared. The liquid crystal was heated in a
120 C oven for five mnutes. stirregyAMeLpss!y, reheated. then plunged
into cold water, and which tine the 30 upper solution was overlaid. the
test tube sealed, and put in a sonicator. The result was a dispersion of
net hyl paraben- C%E@ﬂlléﬂnﬁ% aaaﬁngteg _ExBfipledtiat 5. a9 QhAYLdHiohAratyhidiss Winder of 1
m cron._ SUBSTI TUTE SHEET 5 M-~ 2002 WO 99/ 12640 74

PCT/ USFS/ 18639inemidsob pleylafﬁI\debuﬁiazgmeqabnmm%s%a-*océ!ﬁ%%{r?%adq weraltiva dye
was prot ect glodphQMiGPth Pdvide 'f&r@tabxlﬂﬁ' &ﬁe%th&'barﬂﬂ@ssﬁder%&&e%%QMﬁxtﬁﬁ?n' de
was added to a sol ution of 1,2-pyridyl azo-2-naphthol (whether int
presence of smehes duting pumping of hdispetsionrof the sericsipanticlspieresarepie. fos reavelinggr pur pl e.
However, wh r [ n of
dye- cont ai nﬁ%&ggrﬁégll@s{é}m o Tgﬁaggg‘%g&g%s‘%g?&g%#gag% ﬂﬁg]vﬁ;f E&eﬂhﬂ’ﬁ ﬁl i

was pr ot ect exdpiicatiams cegniriag teleasetolf the iparticla peatiog b srent d@arbyhltmthnmmwﬁmqoar abe n
coatin i [ i nto
the confer groccupt B ke bylth shuife Sshint bidy, 15 ot SHRE g BHGH") O
whi ch woul d wadd Hreavhereprredemrﬁe&demhmhcasbapsammamg:demmtixt veuld batrcamulaed irseal ed

off the partjcle. The ection, of active ¢ ounds fr contact with ions
fromthe outlb‘? Cpate gﬂ?ﬁ“’rl%ﬁ’ Presgst inyentign: g@%@gg?mﬁr?gnaq’%?‘%geﬁﬁﬁ?lé“ ™8 ug
delivery, i nofagatdd®boked and BthelPrddvuers )éq@ihnglﬂxﬁﬁbtmh@ﬁﬁdi plawirigeby Wodeas, @@tHed be
conpl exed and inactivated by contact with multival ent ions, EXAMPLE 24 In

this exanpl e2PAWEE asiaRPERrofieshwpwd induge relpase pirtbe AR detsramhr ©Xifadh¢ oyeutEd f or
pot assiym ni dohbfigy »@&@& 5EleRARd defer@Rr frohPprémiae Aidabd fike W @hp cBNBHicHS.

bi conti nuous cubic € ase materi al was ‘grepared by m xi ng 0. 434 (grams.of
sunf | ower nonogl y\Febysiganigmpteyiabthat-prayi mcqs\flnma@té%alwpélqquw%s ubiléty ésd

0. 158

—
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grans of potassiumnitrate and a trace of the dye

1. 2-pyridyl azo- 2- napht hol . An upper solution of 1 % cetyl pyridi ngum roqpnde
in saturated aqueous potassiumnitrate was prepared. The liquid ryé‘fa was
heat ed i nwe 992846 oven for five mnutes. stirred vigoropet/ysosnedseat ed. then
pl unged 20 into cold water. at which tine the upper solution was overl aid,

the test tube sealed, and put in a soniggtor. The result ~~as a dispersion

of potassiumnitrate-coated mcroparticles. Wen cuprous cyani de was added

to an al i qupyiebrobdpetind] EREEEMBRS 07 ard3s; Mmdnhiftompogndtas the addiional her e was only
a slight change of color. show ng, that the dX was, subst ant ;’?II%BpJ%ot ected

f r om cont acharggteristic tat ichapsnsxirems] ¥ Ritgrtass thatfe lgé’f%&?’& ditioppl deterrens sffech g o5

The utility, pfodblieendfbgplicdies. i s sinlar to those in Exanple 23, but the
cost-effective coati ngu:got assiumnitrate was_used in this Exanp

| e.

EXA, , MPLE 25 A Feamplestuofuh dcP Pelfel 5d Spieth? o Preifsicxapmescd copipes i al was
prepar gd by 'o?gnﬂvda?&%ol%iﬁt%t A A Y, b @iek cidase EREMBINiPQMbilitPaARD Or ans
of ol eyl alcohol, and 0.90 gfans of _3(5 gl ycer ol éexqess gl ycerol). After
m xi ng t horrblskomeszitker acidie pf tasigi dependipg 90 thercampouss. ThiecasmR&e ity craedSHEET

RULE 26 = . s 0 %953@(
ﬁever se %)i cpgﬁicli\éﬁﬁlugg%a |l§)’ fﬁﬁ%&éﬁﬁﬁrﬁ?c‘i@l wer e %eén%\%é%g%%& gggéxlgé’?g%s of
di basi ¢ sodn apaiwepHaange &didsid. sieh agfprintesivhlrelease. Qrsycipa engtingebuldyrelaaseli ng

0. 10 grans @f cal.ci um chl or] 3 Mg aining 2%
PLURGN ¢ 7 BRI R st forbouBl PR PR AR A, WBRRR 21 100,
sol utiin onypibdlylatidiai Or the yeddasd of thescoatingrat ppavtiquinaplé conldkallomahe teleasetofs pHE ube
was seal ed and. sonicated. The.result.was a, di rsi.on of. mcroparticles
Coat e i« HEEAPER AR e LS ol B Ble L RRER R, Rrinfle L il

i nher ent i njleoPedieriimsvimmingaloslal cont exts since cal ci um phosphates were a
maj or conponent of hone, teeth. a of her.structural ¢ aopent EXAMPLE 26
10 This exanpl e B 4?W%ﬁanteﬁﬂn%gfdﬁéﬁc[}ﬁ]wggf‘B%ar‘fg%éﬁ‘%%?agg ‘gﬁf’?‘ﬁ%?r&’d? n the
exanpl e ) r et \?drﬂus‘ef(}xepx’b%dnﬁt;s f&gﬁ il?\t}d-d&éﬁgﬂig @eﬁtsﬁ\gbﬂﬂe&ﬂver idgﬁlb coaing Wlﬁﬂ\-’]ﬁxbﬁn exterior
wat er ase was dried off. Thus r<~ po rs.can be produce ile

ret ai nFSng t Heudrepding ehfectiygness. apg ?-‘!"Fﬁaﬁ"n&fﬁ aﬂgflﬁfaﬁﬂn%‘?%ﬂl & °'§ﬁ‘g§é‘hﬁat erial .

" Tong- sor bi picl CHARAHA Slze coBIQRPLHthddTfecd T kHelsitVer Jodide.” TRIREukbef t&thmegAPOUNd”
was 15 prepared as follows: An _anmount of 110 ms of tong o0il (obtained as

0] ! . [ . .
Chi nese TunPROFEnCE Ao e swrenssiof yﬂ%%o“tpamsffeafgic cage the inexpeasive Hiaddcerystal 1
11. 50 gr anmsin@kioS&@uldiské the IdiCasal fARKhiBSouRLETGREE the dabhe BF r s&RBlgPeeAitiaheat ed
to 170 C, and stirred magnetically. Sodi um carbonate (3.6 grans) were added

and the ni x# fagion of the eagt of simplepilver igdige. A figlgr incpgaserip pifecyngs dustog gr ans of

3-chl 0b@®- 1, gmpithicRiMRARRHE e MRER RS BFlinteddtin R QisdTd il PaRic e 8s 1609 hRenLiRs F 0OM
tenperature. Seventy-five mlliliters of the oil hase fromthis reaction

he y .p .
were nixed Yromveasaembrapss. ad dtegerer bakpeeoflipids andycvs Jppsthetie hydsonbolesy (sueh er

centrifugat .h@l'ﬂioc%‘n-th HAREBri G colid behised BendPe it effder, acet one were added,
the m xture centrifuged, and an oil residue on the bottomrenoved. Then 44

grams of water vitamplgddenionsuzies thitsomprungysuphissulfidesandoxides cancheaedsasd
di scarded. Einaid: A ; L Syidal he oi |
Fé}a@ﬁ#ﬁfthe eSudd p?:%le? df tlé%ﬁ&@s{gﬁ’@;ﬁtx@ggﬁg wiGHind @J\}foe gﬁ?&s y

resi due on ottom col'lTecte under argon °f S yiel ded
appr oxi2frat ekepcids for fophatian) Suel corapaupdsase welbknosm forfbeing negiontyl highsstiffoess was
referred to_her.einafter,as '\t -S L: : " 20A. . A
nanost r uct ur g g Hp 3‘3’8{%58 ¢ ?H(I:I(C)arllltv ?gtge&eg)r %%Jl%)l é ‘gﬁ%&@ﬁlﬁa‘éﬁﬁgﬂﬁg p%figlﬁ%l?fed by
m xi ng 0. 11@meesaimmppiicatidne wherel thy-particles ¢nobungar batshodhémical aBd physica rendidons,0y

|l ecithin, and,0.248,30 f water,. nmixing tharaughl d .centrifuging.
To thi's wae SdsoRe bensBiam Rl B Patic AR iphoRaRied sh eRRSHSEBrdiPG . vas
then prepar aighkNead déth AginfrepAdiod bAER-cOhtaibldB pdrtidieslik nSivkioledn hitkdidls, &6)

30 Examples 12 and 13 demonstrate the use of high water-solubility compounds as coatings,

that can be of importance in applications requiring quick and convenient release of the coating by

simple dilution with water. For instance. a spray system that would merge two streams, one

SUBSTITUTE SHEET (RULE 26)



, ~ M-~ 2002 WD 99/ 12640 76 PCTNS98/ 18639 PLURONI C F-68 and 0. 147 grans of
magnesi um sul fate to 5.34 grans of water. The upper sol ution was OV?}J@.{Rd
onto the liquid crystal, and the test tube seal ed. shaken. sonicate d 2002
hours. andvdéonaédy shaken well again. The result was a pdrisesdasioe

di spersion of microparticles coated with magnesi um car bonat e hydr oxi de.

This was diluted, by adding two parts weter to one 5 part dispersion, in
order to dissolve excess inorganic crystalline nmaterial. A snmall drop of

the di sper &Bﬁﬂm‘ﬁ@&ae%ﬁ?@ﬁ&l ANhd dthed WaRr, tdifd proviflemeaeadsolan whick fs pafictes! i de.

and allowed to dry, After ten m nutes of dr})/i ng, th fer exaherior, to the
particl es aaing] usefukforseysnineasglomerapn RaeEg SPRYDE.FRie dissdlyadiakieh SPERINg howed

that the pagfeh te$eifIEMSErt AR &S RrdsoliAl NQFATghEid 1o ShaResingNAls dissdhilioh chifie OTe

anor phous bl obs, "as was observed if uncoated particles were dried in a
similar nareKegsefor exemple, gaanpsireciured qyic ghase jnserier thatiwas Yery tacky thepapisles o

i qui d). 5gug§§haﬂagt£%§,p&5§, S hdBrOHHRE hihg) eleX THIasa R B lodRS i@t €d to

40 C. According to phase a~~ior determnations, at this tenperature the
i nterior pHatswonimExamplea 2 andr 13ovauidanake this preducpofpatential ippogtancy in praviding

di spersi on [emhi g%ét [}QQ tﬁ’tgc : affic %ﬂ:

retention of m g%’%%‘acr |é§?ie S gér??/fve ; k%?%?%ht&%ieps szég gﬁgglg&éﬁtgal éet gl:&‘fe. 15

wat er, and redenfsacstganerallyrsronglyrepdiisd by the talste 0f capsaicimersn al very law nenserstationst ur ed

m cr oemnul si on. MPLE 27. 1.0 i XAl [ ' re.di sposed
, gpickimgt i A EEAMR £t BEBRL Bl RAS B8 ofudsided

Wi thin the maui x a
mat er i Bl i rnTHehsmoumi efhite comporensfusadan the fallowingarioupiestcan bowtiedlaspiasitedcl es. t hen
the coated particle re in turn enbedded_ in.a. h ogel . The coatjng on
the 50 pani ratee o B K56 e o i Pafl e o e RS sPST8F Braml G B L oo ng
and st or ageprogonibnaibie o e déstred-anicAD veecbnbyngved shiirseghdt scatingef o t@gelidRuntd hi S
exanpl e and an‘PIF 28 qﬁl)lresa e the use of coated particles of the present

i nvention f8Y R IArECLERIPREPVO PIFGvat ogr aphy, usi ng hydrogel beads with
coated parti cl esn @t fdllb@ingeREiMs, inlsCRhira3e AothE; dideshetior coftpglof &¥6h asamynt of
0.470 ans_of .soy l.ecithin (1EPI KU 200) was gi.xed with 0.183 25 grans of
the "t bhg- SR GMPHTes & nRYiameliar qyplimegraisrial ATC G1eh IErigF Corgomatises AT dded

0. 112 gr anmscoafistpQleseftialljTbiat R 0AS Rinostrbttinsd QS FIREY. ki 1d400@ nhkingey&r al hours
and the excgss, aqueous phase renoved., A preparation of torpedo nicotinic
acet yl chol i fgud ins Phase ST %@@g&aﬁﬂ‘ q@b‘&&&?’%@“‘?‘ﬁmﬂq’l‘gc Pt ¢ agdatdessthed by

L. Pradier aiGaMswtenddNaiRSystalinephaset ure and Function of Menmbranes (ed. P.
Yeagl e. 1992, pp. 1047-1106)". In this preparation, 50 nicrograns of
receptor 30 protein was contained in 50 mcroliters of lipid, nost of which
was di ol eoyl phosphati dyl chol i ne (D@@)LAMPH}% remai nder was ot her nenbrane
|'i pid conponents, such as other phosphol | pids, SUBSTI TUTE SHEET (RULE 28)

~ nay 2902 WO 9dhistzanpipshowsguss viss 3oeyof activs cempengs- inchding rommpugdsafpunt  of
prepar at i oniNRaaRE d8flaticdies A8 BREMHLY Btlbd BYRpRRedihfoMALML AN SrvaMRLLC
phase material - potassi um carbonate m xture, and the entire mxture stirred
gently but mMewHlepvedgarticles efibepreseyuBEnienK i ng, as checked by the absence of

bi refringence. j olc : : i of
magnesi m sul 7 at s HAEpr 0268 k0o MESRGRRE BN F I SERTY O

cetyl pyri di n$inghetingrandiginting t2 @id0R digyokutisn. ohn equinagiar amioyns, rgmaiyd .0d fgrankseofupper

sol uti we verlaid onta.t te . nEal i ept or - | oaded
nanost ragct u%‘gt&%rpe\?é?ns“éasb ¢ gﬁf‘?ﬁegb“‘&gﬁ’(‘;’ﬁ ?‘gan%g'aérgh%? gorhlﬁtgﬁ ; 6‘§§&Q¥Wew°feest t ube
seal ed. shakaken ounmm rmied veiti (4B 6fgemsdf ecithirsand THi73 graes of dleyd alcohohinditepaibs.i on of

magnesi um caf bonat.e hydroxi de-coated.. receptor-coptajining mcroparticles, a
sugst aln'tJ i al ﬂ“‘r acuYS 'oere ?ntgﬂ)ﬁ:a%%t)@.égﬁye{owéwgilygmprgﬁ é{lgffp%?‘@nﬁ 8“’%&“‘1‘;% cron.

thoroughly mixed to form a nanostructured liquid crystalline phase material with an active

ingredient disposed within it. An "upper solution". which was obtained by dissolving 0.062
30 grams of PLURONIC F-68 (a polypropyleneoxide-polyethyleneoxide block copolymer

surfactant commercially available from BASF) and 0.0132 grams of acetic acid together and
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The m croparticles were then immobilized in a pol yacn~l am de hydrogel .

Acn~l am de (0.396 grans ~. nethyl ene-bis-acn-lam de (0.024 crans. as
crosslinker). ammoni um persul fate (0.00 grans. as initiator), and B MARdchUZ
t et r amet hyweeddhgésene di ami ne (TMED. 0.019 grans. as co i rAcrnusboIsgdner e adde
to the dispersion, resulting in polynerization of the acn~lamde into a 15
crosslinked h~~drogel in |less than 30 m58utes. A thin slice of the hydrogel
was exam ned under a mcroscope, and a high concentration of microparticles
was seen, | addingssthevcstutiehea yergf selitiogiabereties rugviouy palutipn-thpt ingluded thesactive

was. acconpt HEpie dpSHiey ol dhd ot B4 AR Ml Ml e 9wl blin o' ©
m cr on mneshwaGhaken eigorméihinid soriiéatddrfot thieg haxsimalsmall.dabdgotop ultrasontcaton@odelr e

di sposed in e internal re,of .co d ni c). es _of .the esent. i n-~ention
where the CE%{' Jee é’t@%‘gﬁffﬁnﬂ"lf‘fzﬁeer."? Jﬁ‘f@“@%gfo&d gaﬁﬂgﬁ ?oc??lgg % h turn
i mobi | § zedpdrticlddyedtednath thaiad parabdiavithaize ph die-otdeciehiond mivtien wpeh examitatieswitu | | y
tested for binding,2~ activity in radi oassays perforned at UC Davis. An

anount of O03PRYSR) R soy | ecithin (EPI KURON 200) was mixed with 0.185

grams of the "r uExamsiel RiloGItsrealtGtic acidBEked oBHS waight s tefinté@alRbre of Bodidii S Was
added 0.198 grans of potassiumnitrate, and the contents thoroughly m xed.

A prepar at | S¥s@EneRbpsssrial) Bt inFareoraieb s AR r ecept or was prepared as
described in thexpmheyiByD JkevRbEstink Bulfalt (Baskt SHARE RbilIRA10F the iRl c&¥EF Y S0

m crogranms of receptor protein was contained in 50 mcroliters of |ipid,
most oft0 whi bemiduerystallinsinbesy mstesial) was ineQPOUrRipbAS BAECDRRRT). Fifty-five
mlligrams of pr%g@ﬁt@.ﬂt WOSThRHREAE @%Eo%@%?igﬁﬂéhﬁ iErhal coré orhgim?- 002 VO
99/ 12640 78 PCT/ US98l 18639 added to the nanostructured reverse Dicontinuous
cubi ¢ phasecmygialling phiasepeatetioh MasringerperaR esAnFFREGED®. and the entire mxture
stirred gently byt e\ 3 I %he \Gki i on was
prepared by addi ng be?%g'granjgh%@m%,} n%?[%geéjg}n gn{jkgedg.}@%tugggen;nsﬁ%{‘r%f

cetyl pyri di Hawidetystallinechaseanaeriob wys smerporhted astanactivedgeatiueous pot assi um
nitratggsolutio t ur V&I, ' ' i hase

mat er i g? pot ass%xh% E?tlrggtrb Cewtp;}? é%g'rjé? ggﬁﬁng\gﬁﬁnégb @g@%%@%eﬂg 8(&@% Ogiﬁ{s%sol ve

pot assi um niirterpel egre bHsmiderystaljimd phase materid) W ingptroratddes ad &ting agedtes. The upper
sol ution was oveg] ai RtQ e . b cept ar.- |.oaded
nanostruct ured reéexve geﬁﬁioggr{{?gh%ﬁ%‘“%@%ﬁ%gggR’tﬁg,g&&r}gc?éécﬁgtf&gé:ﬁ% 0? L‘%‘“ est tube
seal ed, shakostallianphagondteriat)erchs froprplratedas aractivei s resulted in a di spersion of
potassiumnitratg-coated. receptor-containi.ng 10 mcroparticles, a
substantial fr acfalrt cgesa‘fcq\%p’gﬁ \K/It-ehraemfnhngt%éChs}?%eeasersglﬁgs '?m(l)a?@é’? ???‘fbg“ﬁasrfpec’?%n.
The m @boparicreatesouie beusefubin drugndetivéry. Aehdreitite iacrgmee inapdl mbdmg denghyedr ogel .

Acn~l am de (0.36 qgra ~ t h~~| ene-bi.s-acn~l am de (0..049 grans, as
crossl i nker %?Strﬁ}wg?ﬂan‘?ﬁcbfé‘?gﬁ\efsgf“@g‘t 8 .ufﬁﬁte%‘t”%ﬁfé’%g} esgh &‘re(gg%‘B'F 8?1|"5W,t° §‘§
initiator), lewsl gisebihesikiacetivink eidetodinture aefotn] MEHVeryQat®dver gmans, as
co-initiator) were added to the dispersion, resulting in polynerization of
the 15 acrylamde into a crosslinked hydrogel in a matter of hours. Athin
slice of the hydrogel was exam ned uEdgMPBLRERCroscope, and a high
concentration of _mcroparticles was, seen (except near ,the very bottom of
the hydrogel), | [t exg@plgidemonsigesns opgrierm daliiv o8 p dispersignedt Rertislegrdithenas
furtherxmor e phdsayREigal | Nto bits with size approximtely 30 mcrons. This
was acconplished by pressing the hydrogel through a wire mesh with a 40

m cron mesh 20 sThesamingacig mg-lwmoﬁtmiamomtzéo-lﬂreem@awasegqsmm:e 2tShégrambe

di ffusion tigrgyf Hroaﬂcﬁ'ml:ild. r\%ﬁltﬁﬁ% fhe dtnidnb¢ 16GERY .droglfll?ﬁde% LotlfonOtnd €
order of a second or less. I chi does not have a significant 1npact on the
recept or t esphtionopasdtietbnreehot plate under flow of air, but was not allowed to dry to complete

-

dryness: drying was stopped when the weight reached 0.1666 gram, which corresponds to one
30 molar equivalent addition of HCI to the leucine. An amount of 0.130 grams of this compound

were added to 0.879 grams of a nanostructured reverse bicontinuous cubic phase material
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Using '="1-1abel ed bungarotoxin as the ligand, an assay of receptor binding
was perfornmed using the nanostructured reverse bicontinuous cubic ﬁp %67[002
material mcroparticle-inmobilized 25 acetyl choline receptor syst@ F )
descri bed.wd J9mssat andard assay for bindi ng has been des@drinsds/isess
publications fromDr. Mark McNanee's group.) The results showed that the
nanostructured reverse bicontinuous cuybi c phase materi al

m croparticle-inmobilized acetyl choline receptor system exhibited binding
of the bupgRkabyMiKin@sunfPWsrOH intoAbgYoerid3¥ndvarh eentrifgthy, ambremowing the t h t he
standard receptor preparati.on, dermna%rati.nq% 6he re{g‘?tion f.protein

bi ndi ng pTXSEe Maiek sAREPPELTP HAMhWIRPrepgted B muxing, LO pramy Y 1M sodiym ivdsoxideadur e, but

al so the [RK 3 eRmé BPWARerl PAWaeMasedIaL ply-ditaled eTRAGOE sHIGEMORR oviiRiIdE € on
whi ch the sanple was prepared and the date it w?h? tested. The foregoing

Exanpl es $cytic phase, e oyt tabrcppledand sppiated esuliinedp the fRemptioniof & milky-WiitSUBSTI TUTE
SHEET; (Rukigpe?s@n of miicropafidled Edted \With9&Ucihé 640 79 PCTNS98118639 bi ocheni cal
assays, and show a ‘i arge inprovenent in stability over the commonly used

| i posones, whi4simiardispersiomasirensrediith thejse n@wmdwwem asispbilig®si int i es. Such
assays arg_i ' ,d ' 3ol j fBgeut i cal
drug scr e&{"ﬁgm&%ﬁﬁ og ighﬁﬁsﬁﬁgm%lg%ﬁi& %%degzoo%\gz g(r:ilg%tdﬁ ?g?ga{g oat ed

parti cl esrexesebigmtchwoechbicrphash mategilaspbave. and an wiipsr phrserephsistingief G8grans uct ur ed

reverse bi i, U L G t eni i | nmerized. by
the effect ﬁ'g? é‘&i@ﬁ%’?f@nﬁ%@‘@?@ﬁ%@ ) %ﬁ?g}lﬁ%ﬁy a%é‘g?s?gr%@a?? ﬁ"g{hgoat i ng
nevei® hel esssiprexedné\ersp hisamigaous tubiaphase) matereat artdrsomcatodt Ageinedmilkyewhiler i | |

shrinmp was. obt.ai ned as Krill. shri hesphat i dyl.chol i ne fram.Avant i
S T A P s
| eci t hi n bhask topsieatevduifiictdit dohfdd eamer (éucinebagd)sorfine bbihe partelesct " . ON20 gr ans
of water. 0.005 cra of a caobalt dr<~er. (fromthe _a terials supply
conpany & umag%%?oj’g@ﬁﬁ?eélmi“ﬁ&g}@wg? ?ecﬁéﬁ‘ﬁ?fﬁkéeﬁ]ﬁc&e f%fglber%%mb?éﬁ%‘ 5f
Eot assi u nhédﬂédqm;ﬁalaatlﬁm giains on‘mmmll AN LGr(Beeinafet lfmﬂtbwaaﬂﬁﬁdg[y'deﬁddf’@g/e{?EVe (r]I 3 e

i conti nuous .cybic ase material . An upper solutji.on was prepared by addi ng
0. 5085 o1 e Q0B A S BB 10 oo B OIS BOFA FRese 4. ety
pyri di ne) matkridll AnQipBéFBol@fionFlas/Biehliréd by fiding B10E gfindd'of PUURIDKRIGF-64 to 4.00
cetyl pyridiniumbromde to 5.10 ans é)f %t Ei{' . The upper sol ution was
over |l ai d G WA S\S(PET BT $pME rqcedies wed 1mashihe dispasions 3eve upihg Sucitat er i all .

the test tnipp&aahesh wasBXRIA onditchafeMRuGae@fbvertd HidbniifiBuyubRphisk hiateRigl t he
soni cati on Eath wat er. As the greencol or nangstructured reverse
€

bi cont i nudBi&the tesh tebespaledand sanisatedy Inghis case-ssiepuially np pcseransicles wewSermedicl es. t he
reactioon GrfaRskracied Ruerfddadhubes Wb \Whase AlateRll réiiindd Q¥ [afpe. MathsbaRL 1 al | ~~

all of the nanostructured reverse bicontinuous cubic phase material had
been di sp&P¥rs eyenaRerseteral hquesof soisatipn Wdereheae conditiophisthelguding si ze. The
coating wagpedimégs ner conpound, which according to the literature has
channel s that allow the absorption, of ‘(or passage of) nol ecul ar oxygen. The
hi gh degree of Thindiarersicataf €18 cpaied neeticies pf the prasent inyentionawas\ganpinegdreaulaaly i n t he
tong- sor bigof pebP6kiGLIye AciuhsUE G0t shbb Bighlie i AkAIK A Oy bvdaNe cobal !
dn~er, makes 1t possi bie to pol'ymerize this m croencapsu‘l at ed[

nanosAr uctslighidgitagom itshovwed mo sighsnfdmeyessiblei flocpitmion oventime sales bfwaebntladte wi t h

at nospheri xygen. .The ¢l at hrate . i i xappl.e were di scussed
above (Ex aaﬁf)eﬁcey‘gﬁgl}m%ﬁﬁt%o‘g 5lg%§lﬂ§§qt%ﬁa|§ds”9 Z’)% ad ﬁ%’f }é’ngg’ﬁ% r%% P 6%%‘55@6 rever sed
hexagonal mdrasey fimcaitonlrevarsd. di dpplesafthe dBipBSidh WasldxaGinkdTh ag BupdSc2mific 5 MAC
2002 WO 9%408 ng) mg:(r)oscope at 1,000 magnification (100x objective, oil immersion, transmitted light)

and shown to have a very high loading of submicron particles.
30 Particles such as these, with relatively weak organic coatings, can be used, for example.
in acne creams, where an active material such as triclosan could be incorporated and the shear

associated with applying the material to the skin would release the coating.
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PCT/ US98/ 18639 A nanostructured reversed hexagonal phase materi aI was
prepared by m xing 0.369 grans of soy lecithin (EPI KURON 200). 1'# %ﬂﬁf
of sorbitan trioleate. and 0.370 grans of glycerol. To this nanoﬁst ARt d
reversed haxogesel phase material was added 0. 054 grans pefr/Usege®i um

sul fate. An upper solution was prepared by adding 0.10 grans of potassium
carbonate, 0.10 granms of PLURONIC F-68, gnd 0.02 grans of cetyl pyridinium
brom de to 5 grans of water. The upper solution was overlaid on the
nanostructured reversed hexagonal phgxaMPLEBi al, and the test tube seal ed,

shaken and soni cated for one hour, resultin on of nost of the
nanost ruct ured riBWET SRR BckiRsFlYES saperaled @ g‘P? EY&P&% g/p F gpserral FtF-e Shec oat ed
Wi th nagnesr&m;le dabRy WisQedaine venidhdg othlﬁxmﬁedndmmmsemlsh&% ©fprdvitR 18ML es
(cylindrical) in the reversed hexagonal ase provides a uni que release

ki netics pr &rmis@ biliyi ch coul d be useful in, for exanpl e, controlled drug
delivens EXAVMPLE,3 J;clﬁaﬂﬂ%gﬁkﬂﬁg ansthf2 &%Eve?sfe b‘cgﬁuﬁ&ﬁ\éﬁbﬁﬁﬁﬂpﬁﬁﬁnalwﬁ?
nanostructured reversed hexa eg"lase material that was dispersed in this
exanpl e was preduced by gnixing 4 g p disgalvesldn ¢l Ebutanpl; inyg anoswyktuted reyarse

i nsol ubl e i ans) ,
and gl ycer olrglc?%hgglg ey Prsagﬂv’v;et%an% n(%uéh ?}?ﬁ?ﬁ%mﬁ) “{ B?’%ﬁ%@?ﬁgq‘gg‘&’ﬁ’ il
nanost r uct u088o gm\slmcsreld afmemagmaﬁxbn qf Idx;sb@tan@ltmﬁqr atgomta nprpsmcneedrevenseur . To
this nanost g 1 n d 9 grans
of magnesi um%gtﬁ‘ug'g cu@%ﬁhage ol r'a)f?qgﬂfagﬂt%}gigcéﬁg‘%d@gtabl ng 9e-ﬂ5 51 §r ams
of pot d@si umageemﬁngmmatoee hcﬁr llﬁmg;\ahrm tixhe MﬂRﬁNa@aﬁpﬁﬁd Qp@ha&s&&pgmm of
cetyl p~~ridi n| & r sol ution, was

oyl g o e Sl heloRical MR er o 1Rl e A Bl RR L BT Y ¢ e
test tube sSepddackd bsRakirg0.241krayuf tautiael 2(5T8 priths 6T MM HES, and @970 gramigof N a

di spersion o t. of t nanost r uct u reversed, hexagopal phase materi al
e O SePaT S e s i et R e P DR B bS5 A
abilit< to cﬂa@efy&% f&&ﬁ@éﬁdu&:scwfn]?d 8?1@:51@50%& ce\i,a\gaerrﬁcnﬁtglygaommgbﬁ béﬂeﬁm with
excess ter pa st e range o chemstries |1 C e used ILn the

pr asent!> ny dAEsaInthe ppoSTIstuRdAgvereF pigontiuous subie eﬂ}aﬁi,m?tﬁﬁ@ PPET SOLUSRHRS g
appl i cat i onShenréparea sy sHdihg 0D ek ¥ PNURORICEF-bR1o0Rt 2 brdkd? bin Sfueflis LG ar

criteria nust_ pe sinultaneously satisfied. EXAVMPLE 32 30 In this exanple.

t he nanost r (it uP-etft§raMeleying the HBR?é S‘?‘r‘&t°§r°f"8l‘h"v{&§°sﬂ}“§‘ﬁ§4 ‘S?éﬂsel}%‘Pﬁlj““&“s&}lHBSTl TUTE
SHEET ( RULE ph8de matepial: the nanogRiedirddr 28k b6kt hublls EhbishBLelBRGH) Gds aRAELRlo
reaction process. A nanostructured | anellar phase naterial was prepared by
ni xi ng O. 832“‘@?03%"‘6?“55(99“3?‘@&|f?ft¥|1\‘?“’(SEPI KURON 200) and 0.666 grans of water.
To appraxi mat el y pRi8i GERdTRhed cduldive ubRITOShé watrweedexéamtﬁ%umgﬁﬁmm grial
was added 0. 057 gram; of magnesium sul fate. An upper solution was prepared
by addi ng 0.Peglita¥ehns of pot assi um carbonate. 0.10 grans of PLURONI C F-68,
and 0.02 grans of cetylpyridiniumbromde to 5 grans of water. The upper
solution was overlaid on the nanostructured reversed hexagonal phase
material. and the test tube seal ed. JS4MELEA] sonicated for five mnutes.
resulting in a di | t hase
material into m é?@%a?% es CE%Z‘% gg; sva@ﬁo&r]rgé;%gfsclﬁ g%tfébgéfkgﬁg?%&%&regm de. 10
The parti cl erprticies usefid inphatoplaphibpracesses.stilverdodidedis samgivhativowssaliipthal, even

pol ~~ en l. ) harsh chem cal
condi 'Enla/%)ns u@é’%ﬂ ik ?Qm ugagtsm mr?%&eéﬁggiggﬁ%yt) Qx%gbe&gﬁ;}g U}B?Wemavf)aitﬁrl ty to
produce. in a si mgriaﬁosﬁ'hﬁﬁred ieaﬂﬁlﬁmmzqnhasmbicrphae matenqdavak pepaed Wanikind With a

~i de range o st al m.|d condit] oul] d nmake

the present é?’n@eﬁ% b@ﬁ&ﬁﬁ@ré@ﬁ%ﬂ?ﬁ gbéﬂs&?mr(gr g'é&%?’lfg'e EFJ‘Qery 1
S EXAVPLE 33hehiepasaifioe rwnogly&ﬂdésa)sem @Qﬁ&bf@ﬁmyhn@maa@upra_ﬁa 08sPgEmaGut r al
red were purchased in the protonated h~~drochl oride form In each case this

salt was di s¥giundadifs, Angipaer solption was PrePared byaiding 0240 &rams ol eitiaksy BP¥xi de i n
1:1 nol 5 ra%a?gs ofﬁmmr@mt qrte% 2 0t008 plam F s oPceR MR fnShl ol QrBSOIFHrQMQ\Qteia

precipitate t was washed with wa (to remove NaCl and am- unreacted
NaOH), 20 ceftdispsrsigref neierdpartipas wWap ﬂl@@lpraém@b‘t ovsrigvingthanprgsplytiondnta the free

base.
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Preparati on of nanostructured reverse bicontinuous cubi c phase di spersions.
Formul ati on of dispersions began with the foll ow ng m xture: 054MARg2ﬁ[l?

gl ycerol nonool eate (GMO) 0.191 gm gl ycerol 2~ 0.044 gm et hyl hydr ocupr ei ne
(or. as tReooweenay be, neutral red, both in free base Haayuspsigemnst ead of

t he usual nonogl yceride - water nanostructured reverse bicontinuous cubic
phase material, the nonoglyceride - glyagrol nanostructured reverse

bi conti nuous cubi c phase material was used in these exanpl es. An upper

sol uti on wasanoRaeuRy ravess bicotitingouP L BRPHass rharérial amd somitazing foo oge Hoaw eFheof 2% 30
After weighing.the, conpopents.inta test t .and m xing wwth a spatul a.

t he seal ed {’?&ﬁ‘%‘i@@&p‘y sf’é?f‘“?l#ﬁ’e‘”ﬂﬂ@“ﬁﬁfw g}‘?H‘gﬁ 8 W¥oven for at |east 20
m nut es, and the ethyl hydrocuprei ne SUBSTI TUTE SHEET ( RULE 26) 5 MAC 2002
WO 99/1 2640 82 PCT/ US98/ 18639 (or new free base) was checked to
have nelted. The test tube was then nto water. which was bel ow

room t enper at ur gp (aduhplé Cadmiurh Bulfi@ WasGEGHES tR120ating ANis b AOTAhSMablérPstatlinedt €r i n
others; no difference was found in_ the dispersions in the two cases. After

the sanpl e RePoyebtiatexhibitidarge ehangrs inphyeiral prpertigsotiten donrefl ith small epauntsiog cosi ty
was checked gihgr iBR. 1R ¥xdtipi hisol daptbishieBarh g8 RAHIAE HedroleR SulfifVRE. 341 be used

bi conti nuous cubic phase; in sone cases the sanple was observed through
crossed pol &rthe presenigpentian to insigeercaysiallizating apd patiele formationoat i ng domai ns are
much smaller th I s Ok : : tical
properties). Thgﬂp’%%%\eﬁé%tﬂ%%% glggg[tﬁl% ?‘%Eﬁ%é%g%’aggﬁda ! ?N%lf%r@é e@%% gﬁ& g@ge
until about mixing 0.641| gramsTif OIMOBPANGS with 8413 graeef. watey. dnd tacthiawals added0.058e use
of a hani ] [ ' [ e..as the
bul k nagost Pt ofiehflun Afife L. AR IAEHMRo REL SAMAE LR P8 Be B car e
and went i nthe nikspeaditizrest Sbbdivehpurgedtvathiargat garand Spper i ATgupptrascintianwas

m cr oscope reparatbon did i i Ye-f i xation technique

what soever. %%25%%% K} mghﬁ'rg%ée) ‘& %%fﬁv‘t‘/g%R%@\%cﬁ égeap"?géé(?%nﬁ oglglg‘;feéo(j? # HETS t he
wat er evapomnétMdCland then tfarging 1Be svigtios odth arpgn. OTheappdy oolutiypautas eskertupdn at 0 avoi d

charging 15 effects. In the. sputteri appar at.us ef.ore spuiterin egan
the sanpl e \Xé’éﬂg&@f@ﬁgﬁ;ioé{%f“ téfsiit“gfjr&g’ﬁc?g@“@’ eﬁfﬁ‘flggff]gfimﬁe’&&&-’ltgﬁﬁ?s&gmg X
10" ngr. Bhidaedddsn ﬁ\emet thaise, hs?séulatém fordatiod sTagsllefist PeigaeR] :ﬁism@dg@ahﬁg- Ihe
SEM used was a Hi.tachi S-800 fjeld-em ssion S was operated at 25 kV.
B oure 3 shaRnghhEEen RS e SR B BT RS e GReRer SH8. ~and
particl es i ITht b8emangoridated @siiltin@.ima dispersion@ifl miidrépiRicks witick h&dadiupe bot t om
half is a 10 ni.fication of the 20 area boxed in the top half. so that

t he magni fi égpgg%ai“lﬁ' 500 on top and 5.000 on the botton). Many of the

pani cl es. remarkably. distinctly show a pol yhedral shape. The neasured
particle size distribution for this %gﬁlg ‘see t he next section) sho~ed
that particles on the order of 0.~ - s dianeter domnate in this

di spersioon. and THi samgle@6SoNahtks WAl ihiGorPadibaArtsl SR e8cted ¥rdnh Sontie G0 aph.
One can estimate that the thickness of the 25 ethyl hydrocupreine coating in

a 0.~ mi cr orfoRiqns eveds e ey hpcmisialling fqating; whighlereis keypine -Anvisortaet svitbugh
that it was ARlds bRunpsHeBfient Bife lo A1k GRS seebhal ke, hdlfifihicPbinOfigt NE

particles from
not cause a loss of color for some 24 hours. Although there was an eventual loss of color. that

loss is believed to be due simply to the effect of the zinc on the leucine coating.

25 A solution of leucine hydrochloride in water was made by mixing 0.122 grams of leucine
with 1.179 grams of 1M HCL. and evaporating until approximately 1 gram of solution remained.
To this was added 0.922 grams of sunflower monoglycerides. and 10 drops of a strongly colored
aqueous solution of methylene blue. An upper solution was produced by adding 0.497 grams of
1M NaOH and 0.037 grams of PLURONIC F-68 to 3.00 grams of pH 5 buffer. The upper

30 solution was overlaid. the system sonicated. and a dispersion of microparticles formed. An
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evaporation in the 0.~ niforr vacuum In this dispersion. the nanostructured
reverse bicontinuous cubic phase material was |oaded with |ithi GmMAR g8t e
as a nmarker before dispersing, and i ndeed the EDX spectra of 30 particles
in this diwagpenséson showed a sul fur peak. Lithium cannot Poguses/melded by t he
EDX used. and other peaks in the spectrumwere attributed to the gl ass
substrate. Figure 4 shows an SEM m crogéaph of a neutral red dispersion.
Substantially all of the SUBSTI TUTE SHEET (RULE 2B) 5 M~1R 2002 WO

991 12640 83ligaot bf the dhsaefswmmas fikered fomemdve anoungisparseddigaid cmtahﬁm(bhgrams of

PCT/ US9811 9 Part| i Stri |
diffracti oﬁggg‘ﬁ}\ %’PC U taQ @Xg “lfénccfb & s?r‘e&ﬁgﬁ‘tg%t %ﬁ{' |°§f’?nre9§lef‘ i ue Hor each
di sper si on redueinf effect 6f theeaincderpes te bine aclde dormaily ina mrofearsedohduodal(nwt er).

resultlnglnalar | ution, of th concentra g avoid.multiple
scattering.! %"“%é? F’P‘é’f"é”é’? 'i‘&c'ﬁﬁg %Wﬁfﬁeg?fp%"iat%{%%Wle&ﬁwg[u&pmg\’ceg %% phere of
t he same vahispRcesyyitt6dk dn&he’aormeﬂzmtfbﬁhcamﬁmﬁsappgr tﬂnellmimth@dm gl shape

of the partigcles. (Se el ow, Thelntrune is uring

1 ol ba il Sierion. | TS Apitb nfEPREHi Peten (e iae B ChS IEocine 6 PRGBS B ule
contri buti oRgumgs ohﬁé& barﬁ'&é’WthE Soatings ;msw:dea RiSbstarlti® pfottiichl oF thei nféhylting bluk but i on
of adlspersmn ared with a 13:1 ratio of |0 GO et hyl rocupreine is

hy

shown in Fi agawéﬂsef P Of8n@pG incregging ﬁé“waquaquslrforrﬁmswmw@diw sRerse

bi conti nuougdd&rédintaghii@se Material to cn~stalline coating agent increases so
does the particle 5| ze. The data for this dispersion show that. on a vol une
aver ag¥ basi s. Ifomstistes susk apthese ereemplpyedin g pradpet iewhicly wvo agtee ingredients rust
mcrons. t hﬁe%e §t§l‘gd fr&h Er%x?écp&ﬁ]geagﬂ ptth%%&ﬂg%é Q)Hdtla(m sengin@e%_n gac@englt cron. The
nar r owness of e distribution is indicated 1n tw ways I'rst

D(v.0.9) an@nm(mnd()ndosyn andghelsrongy hxidizing cleansing pgept Henenyl pdﬁ@quohlsme wei ght edl

average of o s the

w dt hof 1 rEPireP il e R0y UEP Heling ea BGs iy Wl oGt

conput ed t obepgeets amenca'ﬂselmd ccmxnsnhndsandmlmh epwiteamantfostiside yhelpamticltegr ee of

aggl oneration. A narrower distribution was indicated for a dispersion with
GVO. neutral red = 10:1. The 20 span is given as 1.1. and the (differential)
particle size distribution ~~~as easEXaMPMET to be quite sharp. droppi ne
of f quickly abovye.2 nicron snal. ured. for

di spersion pr ep; HF SEFpRle glePﬂ{}&e‘}"aw[f%fﬁ%@}ﬁ%@&‘ﬁ{}gﬂepb\,‘\%dﬁ%’ﬂ?f P%“CIW'L‘HM

di stributi oﬁoxavenagwmgfeﬂo\& cﬁioﬁﬁ@)ascasnamdexab\anazbsm‘ce 3f tBe explual copatiahgd € Si ze
can be contr fe %hl %‘df anostr ctur.ed ed‘gverse bi conti nuous cubic
55 phase. b8 arou st e heiiPeny it HSSed B HarnaT ol o < e

decr easi ng wbkibntidBE ingafmeagte E@hit®ionSmal | - angl e X- ray scat t ering (SAXS). This
was usgd to verify that the interior of the panic

et hyl hy@rocupre|L}ﬂg"l‘m"gB%lf"é"l"l?ﬁ‘vé\‘agl%f‘dﬁéfh%i%"teFougf“Uf‘% Pé’U’é‘P% 247 #8ht huous

cubi ¢ phasele#ii® 26 kramd BEIMHENQARE | 0N giains 6f dlydBRl. add GHONEeRE bah §0°0F hétHaue

particl es-was Iﬁ)aded intoa 1.5
under flow of air for 1.5 hours. A nanostructured reverse bicontinuous cubic phase material was

prepared by mixing this leucine-HClI solution. 0.291 grams of lecithin (EPIKURON 200, from

Lucas-Meyer). 0.116 grams of oleyl alcohol, and 0.873 grams of glycerol; this was colored by
25 the addition of a pinch of methylene biue. An upper solution was prepared by adding 0.042

grams of PLURONIC F-68 surfactant to 4.36 grams of pH 5 buffer, overlaid on the

nanostructured reverse bicontinuous cubic phase material. and the system sonicated to produce a

dispersion of microparticles. To an aliquot of this dispersion was added 0.19 grams of ferrous

chloride. a reducing agent. The absence of a color change indicated that the methylene blue was
30 protected against contact with the ferrous compound by encapsulation in the leucine-coated

particles. since the addition of ferrous chloride to methylene blue solutions normally changes the
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30 mm x-ray capillan~. which was transported to the | aboratory of Dr.

St ephen Hui at Roswel |l Park Cancer Center Bi ophysics Departnent. gmz
canmera was equi pped with a rotating anode, and neasurenents were p

at 100kV, ¢@ sohreapver (4 kV~. Data were col |l ected using achifeikesb/TE SHEET
(RULE 2B) 5 ~~R 2002 WO 99112640 PCT/ US98118639 84 | i near
position-sensitive detector connected thrggugh an el ectronics setup to a
Nucl eus mul ti channel anal yzer. The MCA has the capacity for 8,192 channels,

but only 2, 0dfrkeRRd-ghinqlrfBie)rised to increase the counts per channel .
Counti ng t| mes on_ the order of an hour were used because the volttne

fraction of nanoSimilasly e Bxample fe thisexperinsnt $hqwsthat eapswlated coapovnds 81chas in t he
di spersi on (yihQbheWAR vHRAUEe EnihveTto, T:r{"ﬁns%{etx'e@dcﬁlg\égérhm b\é/?&teaadfamspr der of

10% The software package "PCA" was used for anal ysis_of data. Figure 6

shows t he negdupingtositicss pyisideibe pa,me}ewg&selm theecopting. dhispenld bemseﬁwmvfer

xefgg ; gsyl ts hé’&#"gﬁe&f&“gchggﬁ%{ﬂ} sin Iviﬂ?r em%a%fgﬁs Biggx?%%@%égc?aﬁﬁgﬁ ate f rom

the g-val ue bf gated®y shyghemifdl ealeasenf theycoatihg= 2n/q. In Figure 6. vertical |ines
gi ven the exact, calcul ated Bragg peak positions for a lattice with space
group Ph~m and lattice paraneter 7.47 nm This space group is

wel | - est abl i shed for nanostructured r EXAMBLE 8bi ¢ phases in the

nonool ei n- wat er artl cul for C ui Librium
W th excess wat e?%%(elx%pe d"he conﬁ‘ ?{85 0%‘”13} e’%ﬁﬁp g@ér%g%ga%pl%ldpﬁgg"g? W‘f’ ch
are in eqw | thiar partivies/nof the mammmﬁﬁmated vizh spﬂxgaaag:bquan Bapriothkdrinaivo

excl usi a 8 Lattice

oot 15t o BRREE{Rbicnt e Rk BETR RoadsR cu'ng o TR RRARIE: Bk 67 b bse o
8 nm a nor ecmtremﬁmaﬁdh&@anmbasmmad bI e because of t he substitution of
gl ycerol for vvate in the @ sent case. @3@; case. e lattice type and

si ze deduced from Hf@w%@’c LEVEEY ‘C%{P@“‘?“Hc P:tlas%fﬁ?,‘ff PEGdnesd by mixing ur e

data for nmonoghygams Q%uﬂﬁﬂ@ﬁﬁabﬂt?wéérﬁﬂs (TINEIISAN CEPwieh msgeasns of BeidibaRPacCe
group Pn3m the MIler indices (hkl) for the allo~ed peak positions. and
the val ue of PHZ+were addsd 0.9 kgrams ﬂfm yl paraken gndja trace of mftg‘é‘%ﬁb“& dyqJthe ) 6;
(220), 85 (2%kxthre was he(az%a?&uoét?shaﬁémanh gmrav&@-ﬂk*é?gm@{uluﬁ%}'@xrﬁéiﬁcmﬁr fdre
expected peak positions, it is clear that the g&aks at_t 110) 25 and

(222) positi orinusse Tapmitigjess of a BYALURPNIE R-6fesolption, acidified o p§131W9th Ehnvere
appears as a sl e Eestttﬁ’oe spﬁed(wxilh]a@wd?%karﬁnhettbﬁe ﬁ)hl&ﬂﬁncﬁthgxesoﬂf:aﬁmt ﬁp an, and
as a small but discernible peak on the'left side. (200) peak

supported at Migaest This prodeced p gispersionyal migropagicies caged ‘t”Fh mgetiydegraber; g vvays
measured to be Mugheds &p%f%éﬂﬁl%né Qﬁ‘}pEiﬁﬁ)le(l:b defdbns®ad tlﬁ%cle@%@%&i \l.xﬂ'l e
nonogl yceri de Pn3m phases, Pn i m phases in general, as
been fodRd t Gamecompoundciolds wsq metbﬂ@eqawr eaalbe arpgnded gighsr B r@mmnammev a
[Strom P, a r peak is
supported by Qg%né}g@ g{eﬁp lﬁam{;)m% Jdasggr)) 1&&?%8 gg%:aadr? gée gfg‘gsﬁ“hw‘%%‘&‘gg“}‘)&i data on

t he right si deporthign apsswrivgproductiovefficiensygid minghizipg edsts. foeexamele it hege(stdd )

and (222) is UTE SHEET (RULE 26) ~ MR
2002 WO 99/If@?ﬁggﬁﬁ%gﬁy%§5§T¥§Q§B&§%%§gﬁ§;g Y on (109 of nanostructured
reverse bicontinuous cubic phase in the dispersion, since the intensity of
diffracted x-rays varies as the squarg¥ag%%£§§volune concentration. Despite
this. the definitive peaks at the (11 22) positions, and the

per f ect 2igr eenent T nahdseuchigel reedsel lﬁ?dohinmeumﬂiclphisb maerigl an dixekaiplasblsed 4 at ed
systens in the literature vi de s S ort for the congclusion that

The SAXS dat AOHEHBREEFER'S Which Steeeurea y ABRToT By "%‘@ffﬁ‘i”&%‘f”i" wglcws#délqwﬁase
ordering in tdhRwaRme bhasd ﬁatkﬁhq@»mpgr&peﬁbamwwmwlteﬁpeﬁaayé chafiRs. F3fEdhplen.  for

exanpl e, controlled rel ease of anti SEE'[I cs in oral 10 rinses. where the
sol ubi | i ti es i®anachecreambthissouli hejused to aghipysivietergentdoleansing)Properias atthe tempteaturef 51

was in of application. but insolubility at the temperature of formulation. Furthermore. since it is based

30 on a tuned mixture of two surfactants. and since the phase and properties thereof depend
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the right range to nake delivery preferential at sites of bacterial
activity. EXAMPLE 34 High-pressure |iquid chromatograph~~ (HPLOR WHR Q§8d
to characterize the inteerit~ under shear and pressure of two dispersions,
one chosenwbewfreawe a rigid coating -- cupric ferocyani deperusdbissdhe ot her a
soft. easily disrupted coating, the latter to act essentially as a control.
to quantify any rel ease under pressure g4 the nore rigid coating. In other
words, if the 15 concentration of marker in the two di spersions were

appr oxi mat eknsitivelg ofi &iRatiodf the taesurfattaras ehioprovideslkaennveniettiaed poverrfill myms @m wer e

a small fraction, say x%. (where x is syhstantially |le than 100), of the
rel ease of © qig‘te pf"r?&‘??@@ﬁf‘?‘“??s‘f’@rﬂn “Hﬁ&?{‘*@}\%"%‘&}éﬁ&”@%ﬁd’r LEEPEE only x%
of the par tdisgbﬁi%n.i Thié i Qotewathe becauseleven Dénglidfradiion b garticleseithd f2datpé thaand t he
remai ning (100 - ~)% remained intact during the HPLC. (Indeed. this

per cent age 2P 0.5 microas gives Fisedp ap ppaaye disAFESIONct yal percentage of 20 i ntact
rigid garticl es AWRndsfuddBedreverié!bitofthuods diBiciphab fatetisl wab p&?z[r&! ByaHiehgt hat sone

fraction of the soft“é)ar"tl cles in the control had actual] % remai ned intact.
though t hi 9-376gsmsiof {QE2" (an ethowyleted alpohohiytacnt commergialiyvaildblaas shgepsele
assumed to @%g%ﬁlie;!%f&m&&ﬁﬁ_a%%&?{ c{fﬁ‘zgcldl){teﬁﬁﬁdﬁ_ﬁi', 1hd.) thgb.zgé &raﬁxE‘Sf'@%@t' L\O'

particles bro reparation o I spersions. 25 Exanpl e 34A

nanost r uct Uprethoxariated slgolil susfactam gommersially availahiess "AmeroxolOE-dh suppliediar ed by
m xi ng 0. 49 - iLhi ; | - 0. 900
granms of gl %gge}?lgolﬁ dﬁ\%&géfggqgt&%@nggl%' %Sg?ﬁ“ﬁ; ﬁ%%ﬁéﬂ%ﬁgg@@u&s t he
nanost uct uaxeess waterdr Tethisives added 0664 gramb pmeshyd pasabentand & tdce bf methylbiedhey st em

dded 0,04 ' I . UL i d b~~
ndding 1 arby ShenalRs g sERLBTIE0 Bl it BPE i ibls S BB ERIEED o
30 sol ut i onwatarforddeininas. drveridiilitdreofl a 24 PUURONHE B6B soiwiomedcidified|to pAdvithhe t est
tub I d i cat ed Lt.ing..i 11 kv whi ' ' f
i cr opar 1 ol e ROMeH B s L oy e S NSBB8 Datees
PCT/ US98/ 186830 idfmuiex cThid prodiddd a dispersiva of mictdpartields coated witk nethyipatabenious cubi ¢
B e o et R e b e P PSS oy © 1

capsaicin. To this were added 0.046 grans of cupric sulfate. An upper

sol ution was prepared by adding O. SMmgf 10% pot assi um f etrocyani de
solution to 2.54 grans of water. Th | ution was overlaid onto the
liquid crystal, Tatxinife $hoet thadthethyl @akias-comed papvies dirtid, crdaR8 bY h héding-N a

m | ky-white cg]'k,s ersion of mcroparticles C(% ted with ch:ri ¢ ferrocvani de.
The concent FOXIRSRTOSsSS- Heffifitipn tothragidibase methedqf the nigyious Bxamales Brisexampleiso t wo
sanpl es. Th@erhdnitethes @RANERARKkIS1 1B phdted A€ bEiRPetsed.f er r ocyani de di spersi on was
2.44% _conpared to 3. 19%for -- a.30%.di fference, which wll

, 3. 19 10 Exappl e 34B - o
be accdlint ed f orteFifip @@I%QHPQQ-P&&E%@!%WS Wi“f‘}h_é)d"égﬁgﬁi°éi’lﬁ-"l\ﬂé’§hctlhen run
in HPLC, anghd (481 @Gradn oP @Y witerh Pl i30RsligBn @ ixdide 67 MHdsBEctird@federfiOt shown) .
Under these jdentical conditions, the two djspersions prepared above were

run. The daPi§omtigpous gebignhasematesial 2o npnosimturedaysrsed hexagana! phasempaiasiak Qutofing

for the cuphfs fRrEEY 50k aRs RAFALIEWES addid E.iowgﬁmﬁofmgh Batabkn i mixediweft, t he
i ntegrated peaks corresponding to 1 ~ Figures 7 and respectively. as

out put f r omlhisaasimated o6, stirred sﬁﬂah@tﬂgemah@temug%m @stetube wastrémeaved | s a
strongspeak gl J . \ i L u 3 by the
comput ar1 - S e gL St e KRR Tl P s i AREI 0 RN ol
3,939, 401. Masraksdn offveolngitlilippesad ai2% RIJERONIC 2268 solwian.asidified foi g3 witBHChunber ed

10,0yt Qi a5y ELUES, LAY SRRLY AR D

concent r at | ohitoOdispeaRal micfopaicled\eated iwith ntethyppaeaben. MExamimationdin A3 Optit@1l/ 0. 0319
for the Exag{)l e 34B case .and 304,929 0.02-i4 fo M‘?‘ cugr' c ferroc~~ani de
case. the r St§TEFCORe spoveed HusTARAMCIS VIt SIZRS in thedpngr pi2- picton fisimethyl
ferrocyani dgagssnklihd\QarbetA WRd soXe&h. case is 0.101 -- that is, at nost
10. 1% of the cupric ferrocyanide particles rel eased the capsaicin marker
under the HPLC cBhd*emplpdemonstrapsahas a puxiirg oERvorca¢aistine Aanpsiryrduredphases pap g

m neral of |ow aqueous solubility, making themof potential utility in
applications requiring release of the particle coating by strong shear,
while at the sane tine protecting against rel ease due to sinple dilution

with water. An exanpl e of s%ﬁgﬂng%?th?(?@L%I d be where a rodent

deterrent such as capsaicin, or ro




woul d be encapsul ated, the particles inpregnated into electrical wres,
corrugat ed boxes. and 30 ot her products requiring protection aggi rg@t,?
ghawi ng by rodents, and the gnawi ng action of a rodent would indu gqugase

of the actywyeydeferrent or toxin. T he | ow water sol ubi |pdTyusesngésh pr event
the deterrent frompremature rel ease due to danp conditions. SUBSTI TUTE
SHEET (RULE 26~ 5 M-, ~ 2002 WD 991 126650 PCTNS98118639 87 TABLE 1:

I ntegrated peak intensities. corresponding to Figure 7, for HPLC anal ysis
of Exanpl eprdide ﬂﬁﬁﬁtéridr ofthe Mt apanicies 'Bﬂmaldcﬁerhnpd?maddn#‘dr&thﬂt frentrodled:

K. K Aregq 1 2914 5 96 3 848 66 5 11304 6 2254 10
?ai’ig'ﬁ'g 5)1 2 %Hg%{ée"i reRIXBIEe °ﬂ“"i é“ "’33‘6‘3% éé’&é‘icdlﬂ 39153

15 ° '55273ch1¢6/e 436868 l%ﬂna'b@knﬁ&ﬁ&%rkﬁmﬂ;ﬂﬁ%hhgmﬂﬁﬁ%f 2 eevéiohidxagbnd) phade 25 22
1481 23 344230 24 9971 25 194442 26 89 31 g}q %gGO .28 105163 29 186224
SUBSTI TUTE anshtpicppese gtheslease fipp thege lgws ditiggsnixineties. que tafhe3g 35 37 38

30 40 41 4l 484020, Pk dD AR hER ik S RILG BRAERRi B Bdsel 10347
4391 1275597 1353000 238187 ~ MAR 2002 PCT/ US98/ 18639 SUBSTI TUTE SHEET

(RULE 26) twaywofilss.12640 89 5 MAf~ 200 PCTI US98/ 18639 TABLE 2: |ntegrated
peak intensities, corresponding to Figure 8, for HPLC analysis of cupric

ferrocyani de-coated panicles containing capsaicin. Peak # 10 is the main
capsai ci n peak. Peak Area ___?ﬂ__EXA PLE 11

This example shows that water-free particle interiors can be produced. such as for
protection of water-sensitive compounds.

10 The same procedure used in the preparation of Example 10 was used. but the water was
replaced by glycerol (which was present in excess) in the preparation of the nanostructured
bicontinuous reversed cubic phase liquid crystalline material. The amounts were: lecithin 0.418
grams. oleyl alcohol 0.152 grams, glycerol 0.458 grams. and methyl paraben 0.052 grams. The
result was a milky-white dispersion of microparticles coated with methy! paraben.

15 The protection of water-sensitive active compounds is important in. for example. oral

health care products incorporating actives that are hydrolytically unstable.

EXAMPLE 12
In this example capsaicin was incorporated in particles coated with potassium nitrate. and
where the nanostructured reverse bicontinuous cubic phase material is based on exremely
20 inexpensive surfactants. The coating 1s easily removed by simply adding water -- such as in a
crop-spraying gun which merges a stream of the dispersion with a stream of water. as it
aerosolizes the liquid into droplets. Note that the potassium nitrate would serve a dual purpose
as a fertilizer.
The nonionic surfactants "OE2" (0.597 grams) and "OES" (0.402 grams) were mixed
25 with 0.624 grams of water which had been saturated with potassium nitrate. To this mixture the
active compound capsaicin (in pure crystalline form. obtained from Snyder Seed Corporation)
was added in the amount of 0.045 grams. Next, 0.552 grams of this mixture were removed,
0.135 grams of potassium nitrate were added. and the complete mixture heated to 80°C for 5
minutes. An upper solution was prepared by taking a 2% aqueous solution of PLURONIC F-68

30 and saturating it with potassium nitrate. The melted mixture was shaken to mix it. then put back
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1 1681172 5 2 3011240 3 106006 4 2760 5 59059 6 38727 10 7 163539 8 44134 9
6757 1 U 304929 11 10466 15 12 141800 13 332742 14 14442 15 6996 ]ﬁd@%?(@g;?o
17 11940 19 91446 20 ®021.1 21 B190? 22 203000 25 23 44658 24 1

24296 26 A9§Fohaded 25527 30 28 15593 29 75442 30 . 10245 SrrRjdediisbbs SHEET
(RULE 26) 5 <<~ 2002 WO 991 12640 90 31 421437 PCT/ US98/ 18639 SUBSTI TUTE
SHEET ( RULE 2B) 5 M-, R Z002 WO 991 12644 91 EXAMPLE 35 PCT/ US98/ 18639 A
nanostructured cubic phase liquid crystal was prepared by m xing 0.77 grans

of soy |eci tnhh@so(’CEE’w}eKtﬂR@\hxa&le The @53 thbiowss thépheigyd mQO“ZB\Bat&rfarnSSmeneQ heyl
al cohol, and_0. 84 grans of ycer ol io whi ch, was added, O rams of auric

chl ori de. N&Yhﬁba?‘i‘tﬁbe WRRer 5&‘%‘6‘ Wa$ ovriaic and the B}“&’t‘?”d‘r?uﬁ‘fd‘f"m%s tAPRed. onl y
nechani cal  sfakén hfdaGoMbdidd. ThSREMNA-a d¥PerSioR Yfthickd F&Q&es&foé‘{@@wﬁﬁ ptisigm™M Xt ure
was renoved and sneared al ong the bottom half of the inner surface of a
test tube. N‘Faﬁﬁ@é@%%m{!ﬁﬁh@)#t%@gﬁfi@ﬂéﬁéﬁwwnHF%@%H% ng 0.14 grans of

f erouss chl or i dewgidsdiQésh I8 aithecdtia o ol bfwaler e CladiiPul di Sti | | ed
water. After overlaying t e upper solution the test t ube contai ni ng the
cubi ¢ phasediageived 6in aesardaats with shelhighsglubilityeof ppiggsivrsnizate i wateraropar t i cl es

coated 10 wj r

sol ution con%‘gl ne%?tag &%%g%mf&eﬁggerggﬁgﬁqﬁ}on g%s ~§2E§§%ﬁ8f§$§§; 1grﬁde b
side witht hhambs r'Bee imaivpbieactnphrtitilcivasattacke Siguid crystalasodhas peths atsenco bf a

nt croparticl ealn }1 » eactd niobeotcvveen ferrous chloride and auric chloride
results in f?\ Hred kf PO B & ement al , nonl amel I ar cn~stal l'ine gol d,
whi ch itd t he CaS'BllecaniﬂIﬁélhitlv\VeS’.ﬁsctiﬂIhpﬂeés th& 20 h speay tha wohld be ngdtoh decogdfive

m croparticl es coyvere UbIC ase interior A gl ycer ol

- water ni xPE‘Pé a"iﬂ’?’ﬁ“&“ﬁfgﬁlscf‘fqﬂ? a&Bﬁ‘%@%Wﬁi &afugﬁr}hf&ea\)\%f‘s\% ¢ prepar ed
by m xi ng OSL&Bedgétﬂﬁ’Endafysu&hyﬁﬁé @dmpﬂuh@ca@saﬁﬂﬁ \\gfcaﬁ& roh-1ad @mpoaiid found in

appr oxi matel t he di spersion was .added to this, and the new

di spersion & P!?ef%gga@" a)éli?bgat“é"r?tl yning,sgnsationin e MOuth a1 FAnPEiAlans i8S coul d
be centri f ugade bfn feW@arkPet RN Capdafin 128 h record Of Evninircifl @B dsiaflde@iréld 1 Oor 3
hours. g rmns rati n t hat the density of these particles was significantly
hi gher Phan ™ 2‘53‘1 r%’é‘aﬂue to 20 the presence of the gold coating. since

the density of t ge Eaﬁghh&n WRAREpAsted i@ cubid Phabe Aterior dfPAAEHs ha¥inAlcbdap Of
t he cubic phgse whi ch was not dispersed during the tine of sonication could

be centri f uGEErYEHtinegotapsim pifrptgysaltpeds- SB&%F°BW§°H§°%°W‘%FQMSW pand.
show ng t hatsartifated a+de%'sgu%%f986ﬁldn?ﬁﬁatgm phebais difs8lufb S thadoatiloSR {?' on.
Because gold is well-known for exhibiting chem cal inertness, as we

good 25 mechutiived) 2 Gluppreetthedisparsion With watse by appraxismasfi |y reshited i in pgarts, and
since ido is calnﬁeteagsmmsﬁqmy di&e EQ&Js%hmuyonﬁtQHm§caeturadapvme&taﬁ%h0“
gol d-coated particles coul Be useful in safe, environnmentally-friendly
product s derPBIYEMRG tegians | @am §leas gt 'ﬁﬁ?@iai:%lﬁsl%ld“%‘t efhecoatingtansh spbseapent fusime nor e,
such particlgmepbididagiofhf ective in the treatment of arthritis, by

provi di ng greatl ﬁ I ncr eased surface area of gold over other col I oi dal
for ns. pon dilution and subsequent dissolution of the coating. the interior of the particle was

exposed. this being a cubic phase with the following crucial properties:
25 A) it was insoluble in water;
B) it was extremely tacky, adhesive: and
C) it has very high viscosity.
Together these three properties imply that the de-coated cubic phase particles should adhere 1o
plant leaves. and property A means that it will not dissolve even when rained on.
30 The same three properties were also crucial to the success of animal tests of the bulk
cubic phase. used as a controlled-release paste. in the delivery of photodynamic therapy (PDT)

pharmaceutical agents for the treatment of oral cancer.
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30 EXAMPLE 36 A nanostructured liquid phase containing the antineoplastic
drug Paclitaxel was prepared SUBSTI TUTE SHEET ( RULE 26) 5 ~~~rz®@R 2002
991 12640 PCT/ US98118639 92 by sol ubilizing 0.045 granms of Paclitaxel. 0.57
grams of QuP@nRedse 0. 615 grans of soy lecithin (EPI KURONpgQRikses/ 86333 9r ans of
gl ycerol, and 0.06 grans of cupric nitrate with 0.61 granms of nethanol, and
then evaporating off the nethanol in anggvaporating dish. with stirring
during evaporation. An glycerol-rich upper solution was prepared by

di ssol ving 0. 09Two%fr&n@£noﬁ@f@§§ad.mmﬁwddﬁ;heaxﬁépmamww‘s ulammme%d? 68,
0.44 grans of water and | grans of glyceraol. After ovF Ia§ the upper

phase, t he m3gaiwiahigny thasim mem}cmpﬂaﬂ@smﬁmﬂh the dramen sl

Pacl i t axel -|6QHo@inkiniid as RigR S3084) alay beFoskib@Ui d phase into m cropartl cI es
coat ed vvlth cr <s?t gskﬁla?legl odi ne. Si ngoe t hese ingredients were chosen for
their general aEwaphesiedpeist of seremerrializsbilitethe exmrqaents yrthe dispersignipre axel

| tsel T)s exchl ma:gmﬁ%&t bedREAREMnAbAR¥Sr topibdl SpdlidkdBr! ra
vari atl on 1%9 lﬁa# #pgxcl:ouf af‘larrpﬁortance inth reofne |I\J/Jery of Iggmlk?axel
for the treawndditian, phassumaisrate iTmwell-kpayinfgrtiiterPacl i t axel in the particle
interior was quite high. nanely on the order of 3 ~~t% which in this case
was so high that precipitation of sone of the Paclitaxel within the
interior of each pani cI e may occur EXAMPLEd43sol ubilization of Paclitaxel
inthis cubic p t udi es

t.as
indi cate that t sﬁ’faér L}sfcg‘faf’%’% SPO%gsm'gn%t% agn?, %grg'tf%oﬁ’r‘agmmeg‘fgmﬁ n days,
at such | oa:%msctuxsmrebh&tbxmubmoamuba:l;ih;s,eaiatenalhs bdsed cﬁ’aednﬂlmawmlch lsafmi ns in

SRR ENE T T SR AT N R

formation OIfevér@mmﬁfuMlﬁstoablS phds@ifngRfial tidwsd s&bmo@mnme lbtﬁpéritﬁre@ﬂﬁ@.@ﬂfeﬁsﬁfoi on of
pacl it axel |nth|ssstemwerelovvered o %or | ess of the interior.
then the sofdba ’F‘¥3¥9°6H°°BF‘C‘I9§B’F4"{ norepl Wi Hmlsr uly stable sol ubilization

(thermodynam ¢ agyliekittis (BPIIUREN 250), tnheetmwuﬂcdfpus@&ﬂa@a wa$ miMe@ \W§R 0&do
al together, and mcroparticles of the %resen |nvent| on coated n_nh

nonl anel i ar S&Rekoky) slepbol, &d3taramsof ahwergh grams il petpssHEItFe. t Fhes

Exanpl 5 Thatsivé Spsaichywis@BaddOitisdf he aMYE1: BF 0. SARERY. A thmixtBSthblaugtde! | t axel
deliven~ for cancer treatnent. EXAMPLE 37 A Pacl it axel -contai ning cubic

phase |i qui BixeryNexs)0.5R-gsams08 patpssmjirats Werp gddsd. and thg completo mixgyre Sepjedteci t hi n

(EPI KURON 2059 C 6 s3Rifutd. 3PuppEr s8RliSIOWA prédard® b@{aRiXp a 0% 24@dotY somqn Br 02 grans
of Paclitaxel %from LKT Laboratories); equilibration was speeded by

pl ungi ng a PEYRONI(HE6Sand staraging it with potassiugy niteatg. gHie gipledsmixpure Wes stitred: ghehoi | i ng
water for opg bH&kﬂHEh% 120 ke vefs RPb nfifludsO TBQ@H‘nﬁb% %?{h%%é‘ed i EblcP& £ fgxea

coating material, 0.07 grams of propyl gallate was stirred in and the test
tube aglin Aémtesch Whickpgintthepppestselution wastpxerlaish avd theigtive lb'ééh"@hﬁékmamhat
propyl gall @épgedﬂaﬁaen &drgesma@édsm URrBREbEGEAhNKidgdhnll Mnfeal Fso% room
t enperature that the solubility increases substantially at"- C An
upper sol ut ITbhwesudiveas 8 dispersidn of nigoparugies ceﬁtedawxz%om_umr@ennésomsgmum
SHEET ( RULE 518639 ion. The
cubi ¢ phase " b gsdieaeflRin WOl AdE Lt apirdinde} 4 R bR apout
80 C. sti rlceetalmfdxcaqummxumaltate the el evated tenperature, and reheated to

100 C After C I|n the mxture f.or ut 3 Secol | ution
was théh overl ai Pﬁ‘tcﬁlogs?ﬁe prto ﬂ%‘\’ﬁ%oaﬁ%gm{’l% ¥ B qgﬂgtlﬁé@%‘)#{%&)g“é’bﬁf:cati on
bath for OI’lﬁnémuEould%r&hééﬁ’&rt&ttﬁﬁm@érati‘ﬂn@fthp@ﬁrtxtle ingsiovwitithEpiatict 1 membranes,

cont ai ning int %[ill or. a éghed wi th propyl gallate was obtained. The

di spersi on R&H Vﬁ"lkBFﬁ YFati on of extrenely fine mcroparticles
(estimated particle dianeter |ess than 0.4 mcrons), which were observable
in the optical mcroscope at 1, 000x b%Avi rtue of their Browtian

EXAMPLE 14

In this example cupric ferrocyanide-coated particles were shown to be resistant to shear.

30 A nanostructured reverse bicontinuous cubic phase material was prepared by mixing
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notion. The overall particle size distribution was fairly broad, with sorre
particles as large as 1 2 mcrons. Only a ven~ snmall anount of Mﬁ%ﬂﬂ
Paclitaxel. in the formof needles. was 10 observed, so that nearly al | of
it nust beyddnbéyg i nteriors of the microparticles. The GerfifRbd/sgisi on of
Paclitaxel in this exanple as high enough that the sol ubilization was

net astabl e. ~~~hich has inplication as flgscussed in the previous exanple.
Since the concentration of the ant~neoplastic drug Paclitaxel tn the

interiors @f29kBRRE oPAhfbvwer RBn¥EkeiRe UDIMOBANAISI with 0. 260¢rRAOEM 19%Pdquidae
formul ation are on the FDA |ist of approved |nact|v§ exci p| ents for oral

del i very (apigtionfppipssium ferrocyamide. (i HPPEFSORHPRLYASi PERarge by adding 0.02) grams of

fFornul ati OQuﬁR:Usmatpﬁxd\(ﬁféy ﬁgﬂﬁ of Pmﬂﬁoﬁﬁ: P68 Emmhhmmei OT e pBdris@BidrO" ¢ he
treatment of cancers. he anphi phi |

pol ~~et hyl eweex#rlﬂébp@ltwpeew@weé)werec %F%R“Q?biﬂb!%ﬁc mageripctie @subs ( al so

cal | ed sPOL ,111&%1 pM th 0.70

grans 20 019 ééﬁ%@r@o gap leéﬂesg ca&/gtf (;err4§%0%%%ngg%‘}tyr§|§tf‘g%)§?‘|&on t wo

|totr1]as tes r essonesotratioh ef mmtopmlphmd lmﬁmgpra: fmm@g@gwt%@dhdmm ah tpmrdel andcI
e top a c Ry e |liqui

cn~stalli ne%qaﬁ'géré& THs gocgsgg}c?ﬁu&p%%%paé{aleg\ere i 18 %).i &é%%& gbdl um

i odide. A chxcqpt thbsceasugemod wmmnwdutmlartdahmd@bglcamveﬁted byeusing waethey iameoft 0

ensure Iowew ?s‘? {Ki{y ghed trhInS Qansciwstrl?ﬁ&w%qe uirg&u d phase. with 0.14 grans

of silver nitrate 5«3 R i cupp rsolution ' in dispersing

the |ikuid CrySNaiehlaﬂtbp}Bh\&aS@laca'd]hmech bréicrbscopei stidend sevenslip fonmictosdoglicon t he

I|qU|d crystalllne C ni n he iodide, .and the m xture sonicated
For 1 o~ o aminyige. FRaE Ry e Sy ey i oeioried Pt i Kbty

partl le esI lshmM@meﬁbmblxpW?IMaeéd dvbﬁhﬂ&&gﬁlid’nunghupreduiel\ﬁtlh:tﬁie Maxﬁexd Thi's
Exanpl e illusuates the use o nost ruct ur [ crystal li ne phases
based on SO“%P@B% a&%qccagﬁéq)sg °g ape fyr fysiog,of ﬁ‘ﬁlp?’flgé% 15ras i qontgsp withy dor e

present i nvgaipie/particits Edated viR HRenddiiirEdarbahiBSHydiddide, Wiidkight frelshre 2hiced s~ ~——~
2002 WO 991 12640 PCT/ US98/ 18639 94 was used as ?amgr eferential solvent for

the polyet hyeldrgtsotbaps lowrad Bing plepapictse« Thagpfisgraions ‘éi?fﬂ"’é\‘i@féﬁ‘?é Fe with

preferenti ahe 5igh Yfessid® bupkib Gride)aiiae.opy| eneoxi de bl ocks of the bl ock
copolymer (which are insoluble in water). This Exanple also illustrates the

use of a gener alPagis|ss Wﬁ‘éFPaH?%é?}§§éH°&W“‘%@P%@‘H@alﬁ’hﬁ%’éanﬁnng

nanost r uct Up@kbidd AR pARicled) SvhBle Xrhdifibhal P mERbMESpartlct B@ kndtRPE sufd littkikdan " -
providing noiety B which reacts with noiety Ain the interior phase to
cause preci b‘F‘t‘%PPb‘i‘Fe(‘ﬁ deéraé‘l“gP§t°§thF9?§n&U§1? 8 nmaterial. In this case. Bis
the silver nitrate, which induces precipitation of silver iodide on contact
with the interior matrix A (the cubic phase) which contains sodi um i odi de.
As disélissed abo~~e) it is generall m Se to choose this upper
solution so thatpig éx§m*)l9 cégpgéﬂ:xh Wy hw?bo}ﬁed"éttar?autiﬁﬂzﬁ 13hdihd. mdiRb WI intd » aS
in this case, very near |y deviation fromtrue equil 1)r| um
bei ng due t&leﬂmw%mflctyﬁ@rm#d aarsqlwglf the gresgnt inyensign. 4 n@pstyrcrungst rg\rerdeéss t han
0.~% of eu Rgﬁa[

general ly ugig nu%océﬂg%hge t 8%:3{5%%'}’?%‘}“%?“ ré’(l;)yol? E%F)Eg%a&ntfglle }cous
mat eri al , nalcbhomﬂrGél gams plxcerdljand Oppégram@ binapsammchbtmhedsh onybtallibefontf as a

rel ati IyI i nt a fi ations and
vari at ?gns 5’?‘%{ §rf‘ﬁ és%%{q% hégff 2 d Ba& %Pﬁ% Toﬁggﬁa’f’ﬁgfsspl rit
and scope otuﬁriaeulmtee%ntppdrmmmiﬁmmmebiredmmixdgrO%mgxdmts be10% petaskidment i on is
not confine articul ar tructi.on and arrangepent herejn

descri bed, Wc’@ﬂgf’ é‘g‘égusé?}ﬂ‘l‘f’“ﬁﬁgﬁozp SRS ter 1Heuppes s‘gW‘?EWf’Yﬁﬂﬁ‘dt%@
appended ¢l @ieftGbic PiSe-SRAE hulfa naiRR nd e tEhedBsiCatddIBAWa heurd ] TR YekioNRM: Of
exanmple only and the invention is Iimted only by 20 the terns of the
appended cl iqrﬁag cupric ferrocyanide was easily evidenced by the déep réddish-brown color of the

30 compound. At the end of this time. the cubic phase was dispersed into cupric ferrocyanide-

coated particles, The coating was made of cupric ferrocyanide. which is a strong material and has
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SUBSTI TUTE SHEET (RULE 26) 5 f~AR 2002 WO 99/ 1264Q PCT/ US98118639 95
CLAIMS What is clainmed is: 1 1. A coated particle conprising 2 a.5AMAR 2002

interior core conprising a matrix consisting essentially of 3 i. at |east
one nanostwdedipesd | i quid phase, 4 ii, at |east one nanogdrusyemadgeds | i qui d
crystalline phase or 5 iii. a conbination of 6 ( 1) at |east one

nanostructured |iquid phase and 7 (2) atgd east one nanostructured liquid
crystalline phase and 8 b. An exterior coating conprising a nonlanellar
cr ~~st al | i ngom®deRrttivd!permieabilitydo Sulfafe dshs [Binideitlih eoating miabriad isch rbyustdratanad seen

wherei n sai d nanost tured |iquid phase material ¢ rises 3 a, a
nanost r uct ug@ﬂ‘a@‘a'fp%ﬁgsa@d FRREHTR é?lef“r%‘ei‘f “‘?Feﬁﬁ'ﬂbtgf}feﬁﬁiﬂ?g%e’l‘ﬁ haseRatticlsst er i al |
S c. a m creailbsiseftl ishtadeni eSO mipraleiting Admayge t6 cerug@edbuRes hgriekussled L3

phase material. 1 ; A coated particle as defined (lg% laim1l. wherein said
nanost r uct uPEEs] St Rapicriats vhare the parfiplesspustpg resistant t Hﬁﬁ#fgé@s dyring praduction

nanost r Yct ureg the PRHIEBYacl bokEsY 6 iR Békitior B the PAHASIEs dHRS Ririts), prioftolthe ghawing action
nanostructured nornal or reversed hexagonal phase material c. a

nanost r uct uroE Epdemsy Yhirh yeuld %@é@ﬂpﬂ?@fg‘?ﬁé&? gtresshecpsairin otheminl’'se d. a
nanost ruct urgeyifnel | ar phase material. 1 4. A coated particle as defined
by claim1l, wherein said nanostructured |iquid phase material conprises 3
a. a polar solvent and 4 b. a surfactant or a lipid. 1 ~. A coated particle

as defined b~~ claim1, wherein sai th ured |iquid phase SUBSTI TUTE
SHEET ( RULE 26) 5 May 2002 WO 99/1 material conprises 2 a, a

pol ar sol vent, 3lnghis sxasnpief raictopaticlew with d qupiicifearneyadidecoating earpirogived esingr
B
agent. In particular. anti 3. 5' cyclic adenosine monophosphate (AMP) antibody was
incorporated as an active agent at a loading of 1 wt% of the interior. A cubic phase was prepared
by mixing 0.501 grams of sunflower monogliycerides with 0.523 grams of water. Potassium
ferrocyanide. in the amount of 0.048 grams. was added to the cubic phase. together with
15 approximately 0.010 grams of the antibody. Excess aqueous solution was removed after
centrifuging. An upper solution was prepared by adding 0.032 grams of cupric nitrate and 0.06
grams of PLURONIC F-68 to 3.0 grams of water. After overlaying the upper solution and
sonicating. a milky-white dispersion of microparticles. coated with cupric ferrocyanide. was
obtained. Such particles could be useful in a biotechnology setting such as a bioreactor. in which
20 the stiff cupric ferrocyanide coating would be useful in limiting release during miid shear
conditions encountered (for example. in a pressurized inlet). prior to the desired release of

coating and availability of the bioreactive antibody.

EXAMPLE 17
In this example ethylhydrocupreine forms an extremely hard shell. In this exampie an
25 acid-base process was used.
A nanostructured reverse bicontinuous cubic phase material was prepared by mixing
0.648 grams of sunflower monoglycerides (DIMODAN LS) with 0.704 grams of water. To this
were added 0.084 grams of ethylhydrocupreine hydrochloride, and a trace of methylene blue. An
upper solution was prepared by adding 1.01 grams of 0.1M sodium hydroxide and 0.052 grams
30 of PLURONIC F-68 to 3.0 grams of water. After overlaying the upper solution onto the liquid
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3 a. a block copolyner. 1 7. A coated particle as defined b~~ cl ai m 1 ~;
herein said nanostructured |iquid phase 2 material conprises 3 a.

copolymer and 4 b. a solvent. 1 8. A coated particle as defined b cI aj m
wherei n sajdomppstructured liquid cr<~stalline 2 phase peangos/ddszscconpri ses
3 a a polar solvent and 4 b. a surfactant. 1 9. A coated panicle as defined
b~~ claim1l. wherein said nanostructureg liquid cn~stalline 2 phase
material conprises 3 a. a polar solvent. 4 b, a surfactant and 5 c. an
anphi phi | ec@ftalhmdmtamhesonlcaﬂee refltingan eaispwidmochﬁcrmmteﬁ couted viith~ cl ai m 1.

wher ei n sai ostruc d liquid.cn~st 2 phase material, conprises 3
a. a bl ock“gb‘&ﬂn fine ei ase%\l@ %tg ‘iil%sl“éreggss P FUHORIR SEEWIER 1 wher ei n
sai d nanostfaufded Wl opticdlihidrosdbpst al 11 ne 2 phase materi al corrprl ses 3 a. a

bl ock copol ymer_ and SUBSTI TUTE SHEET ,( RULE 26) 1?-‘& 2 WO 99/ 12b40
PCT/ US98/ 18639 Retticles pyhich maisyajniniesrity v desﬁlce‘&&tceﬂd B%PSF oz exapple: Hew by
claimg, wafdae d?aﬁx"i’duﬁurhl%@\rek Rlerti3des, &%ﬁbhéq&stémeﬁ‘é{cl)\/ﬁh& @f?%amél sposed
within said matri X. 13. A coated partlcle as elne claim 10, wherein
said acti v@f&g@mco@@ﬁﬁ@m@@awfdﬂc!s&ﬁgess rgsisfant partjcleso ot ed partl cle as defined
by claim 10. wherein said active agent conprises capsaicin. 1 15. A coated
particle as defined by claim10. wherein said active agent conprises a 2
phot od~~nani ¢ therapeutic agent. 1 EEAMBIdal®d particle as defined b~~

claim 10. wher g rg%g 117. A
coated particle as§%!egp %JC%' %Q%(g?%?tﬁ@g\a é)rolﬁoﬁrg%‘?dé conpri ses
a reversed 2 cubmmopthawdrmtees:bmbmmﬂous&ubmpmmawquilpre;baeedets migihg hétl by
clai gl WRRLeh R ROl deRles (B0 RIS 475 092 AL ¥Ryder 2950, dlogROS e

Wi t hin sai particle as
wherein saloﬂthantnommcmmrnt\ esse bjsonisiesus oaite j:ltasmettenahaﬂﬁxfrom rkmmedrqmadfré i cI e as

defined by lh.saifd actlve a ent C icin. 121 A
coat ed part?‘%ﬁgrgégg@@ff’ e‘b'?“%lﬂlerﬂ“ﬁ‘i’fe Wik et °d“e gFJﬂeg ?“{/@Q%Sgﬁf‘ conpri ses
a 2 phot odyneéled © rédrermpeatiie by piRgihg intvazs?. Inhaﬁm)emlz%aolhumi of PAYRONIC Fed by
claim 18, erein said active co ses .a nucgleic o 123. A
coat ed par 5 ¢ ¥ “'aaéY‘?r]ﬁ@d‘hE)?‘"ifg’égt?ﬁki%Q;P%g‘rs@?‘ﬁat%dal 'Sé%SPF?ﬁgmé FikY conpri ses
aI SUB|S'§| TgﬁEpSHEEB_frﬁx 1(2&)coatec5wit191eucu?ea~f~'7 WO gQI 1|2640 PCT/ \l,dﬁ98/ 18639 38 1
gl ycol i pi A coat article.as i ne aiml erein sai
active agent coﬁrllberar glé‘smé?'?g%ﬁ?ﬁﬂm?wﬁ'é’?gdm ‘E‘SE§° gﬁ“ﬁ%ﬁé‘&“bﬁ%ﬁ?’&l me Sd ®fef i ned
by claim 1&a a%ﬁﬁlﬁthﬁabﬁvﬂ@1mp6n:ﬂ©ﬁ6ﬁb1§@mrbdiﬂﬁorﬁsxﬂcepf& yReple ffainl 26. A

coated particle as defined ); claim 18, wherein said active agent conprises
a protein. actives (proteins. for example) are very easily ‘denatured with temperature but can be quite

resistant to pH. whereas other compounds can be resistant to temperature but can hydrolyze at

20 acidic or basic pH.

EXAMPLE 19

This example shows that interior components can be protected from contact with oxygen,
even when oxygen was bubbled into the exterior medium (here water.)

A nanostructured reverse bicontinuous cubic phase material (with excess water) was

25 prepared by mixing 2.542 grams of sunflower monogiycerides with 2.667 grams of water. From

this. 0.60 grams of nanostructured reverse bicontinuous cubic phase material were removed.
Next. 0.037 grams of DL-leucine and 0.497 grams of 1M HCI were mixed and dried, after which
0.102 grams of water were added. to yield a solution of leucine hydrochloride. which was added
to the 0.60 grams of nanostructured reverse bicontinuous cubic phase material. along with a trace

30 of methyi red dye. The nanostructured reverse bicontinuous cubic phase material was a strong
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2 27. A coated particle as defined by claim 18, wherein said active agent
conprises an 3 antineoplastcc therapeutic agent. 4 28. A coatedf pdAR i 2002 as
defined by claim18, wherein said active agent conprises an S

anti hyper L@ywhYgot herapeutic agent. 6 29. A coated part ipclr@seaseef i ned b~~
claim 18, wherein said active agent conprises a rodent 7 deterrent agent. 1
30 A coated particle as defined by claim 18. wherein said active agent
conprises a 2 pheronone. 1 31. A coated particle as defined by claim 18,
wherein s aivdllmédldtaauagwspﬁ@dmn ia:saaﬂlman need ptimsondedinabait A midutd2duedo coat ed
particle as defined b im1l, wherein sai trix [ terial
having 2 tﬁ’él%ﬂ s ARGR ﬁ?lﬁtéﬂ“WB'ﬁB?‘rf ml&‘fngg SEFSWE‘nBF@Ep dl"ﬂfngﬁﬁoﬁ coat ed
particle aw, (ﬂ@fgiraﬂﬁdf IYURORIOTF-8%, and\?163 Sedf wateti A dishestandiianine-aodtel mathy]
conprises a 2 biologicall~~ active E(?@%/‘Ee ti.de materi A,goat ed

particle a§541"éﬁniaﬁ’é‘t¥ TRiGTORATHGIgH Vs pri aying th%t‘fﬂ*’l"")(”@ﬂ?fb‘?’i‘%é& ligui

pol ypegti decrﬁfal 2B afibil By Whikd chédkbrh2@)solutiéh d3MRHORE xd/\Qt&WWmS& 2 a
protein inmmobilized in said bi onmenbrane. PCT/ US98/.18639 35. A coated

particl e ad-efeadderequitkly ehapgesirom yalRYY 1o cHmsef-1gd hensais was b&%‘iq hgugho ideR.ses a 2
nonl anel | ary,eh ¥s kvaé ﬂ,dbﬂﬁd ma&ugﬁ uﬁldlspémw&r et BP kddRbhthih¥g aﬁcrbpzﬁmeg hpgasabout 10

grans per liter coated ‘particle as defined by claiml.
wher ei n sa|fdureixmrhemlorccbémtngane@ﬁmvslw Hup demensatiag hathe encenghlation cfthe A

coated par trhgt G re%%nils%ftﬂer}fﬁgro %n&!:s?r%cjted e ﬁvl'?ed:%hlqst %ﬁi?fo&xor coating

Et
conpri ses an I ncl usi on cohpoun A coat ani cl e as defined by
cl ai mI0, wher ei Rargelpbudxasahesowhicivare awgtmm thsactivg czremund fo2 comscepithl . 1

39. A net hO&vga C%Ew&e& &%@&&M@{ Ll flﬁ&rugﬁ;péanag has révdl.l:&se“ or core

conprising a- I'X CORSI St NG ESSEnti al east
nanostructumeﬂmhumﬂbﬁwphasemnmzbnqmaagdeast one nanostructured l'iquid
crystalline phase or iii. a conbination of 6 (1) at |east one
nanostructured |iquid phase and (2) at |east one nanostructured |iquid
crystalline phase and 8 b. An extermngﬂnnhﬂggg conprising a nonlanel | ar

crystalline r| Si dl n ai trix that includes
ot Teast one chdnpaa g dF aBler b s oot i Beed boc fhr DY Seppsiinged

nonl aned | ar revérsesticdhiiiubes dibit @hds@matefisinant @att kaeriom dohriross caaifg. set y 12 and
13 contactin fI UI d .containing at | east one chem cal

saj
speci es hav?“g ﬁl‘ﬂe‘il“ m%@’é‘ﬁﬁg" eisperdidi-r eact said first moiety with said
second noi ety amddxmﬂmwﬁi@d]ﬂﬂw&k yaslprepafed Risthy plliend irs@hdloMaked B nhiking

EEgt ST 8 LN TG UNPRS kT e
WO 99/ 12640cdntrBIiddSAH ahBBRS 0.70 grams of this nanostructured reverse bicontinuous cubic phase
20 material was mixed with 0.081 grams of methyl paraben. An upper solution was prepared by
adding cetylpyridinium bromide to glycerol at the level of 2%. The nanostructured reverse
bicontinuous cubic phase material-methyl paraben mixture was sealed and heated to 120° C.
mixed well. reheated to 120° C. and then plunged into cold water. at which point the upper
solution was overlaid and the test tube re-sealed (with a twist-cap) and sonicated. This resuited
25 in microparticles. coated with methyl paraben. in a glycerol continuous phase. Such a glycerol-
based dispersion is of interest in the microencapsulation of water-sensitive actives.
Using microparticle dispersions such as these, hydrolytically unstable actives. which are
encountered in a wide range of applications. can be protected against contact with water even

after release of the coating.

30 EXAMPLE 21
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1 ao 2 a. Aninterior core conprising a matrix consi sting essentially of 3
i. at least one nanostructured |iquid phase, 4 ii. at |east one Mé."? %02
nanostructured liquid crystalline phase or Siii. a conbination 6f 6 ( at
| east one waewstdpuct ured |iquid phase and 7 (2) at | eastpcansosime®dst r uct ur ed
liquid crystalline phase and 8 b. An exterior coating conprising a

nonl anel l ar crystalline material 9 conprmsing 10 providing a volune of said
matri x that includes said nonlanellar crystalline material | 1 dissolved
therein and 12 Gahifdr ROExafpld 6doVeawhdrt Zific 8 nyedtatallage emamsnliact niethylege one

insoluble in said matrix.and | 3 contenporaneousl y subdi vi dji ng said vol une
into parti cﬁr’]lé%%b&@et%%‘ﬂ‘ﬁll? ROAASSIBH “Wtegﬁ‘é? L‘Lgnttge gagleélsﬁfs‘%’lsﬂﬁﬁ?‘%f%g. A
met hod of rMalkhii@ng vyPelaeshnPditirbGte conprising 2 a. An interior core
conprising a matrix consisting essentially of 3 1i. E\tglilsl east .one

nanostruct ured 14 eAEPYFUHES Eeverge bipontigjous eubiq PhTAnERbRASRIPRTSH BYmMiXiRgi d
crystalii neo.@é"ﬁ?&‘m%f s6y letithin, @.3@?%Fﬂzh§‘§ftdlé3rl‘a1@cfhoﬁ 0738 grhmabf diRedt, afetrace of
nanostructured T1 qui d1phase and (2) at least one nanostructured liquid
cryst al | i nempthziere thued T8 01469 grame of the pawilibsated nhasy was Addedl 823 gramnefipotssiunm ar
crystall'i nemateq] PGS | §b, BYUR ORIE IR S | [ x that
i ncl udes sal nbﬁ{q%?f%ﬁﬁ@%i%@ﬁ%@g&%ﬁ%ﬁ al 11 di ssoltvegﬁ?ﬁgdre %Jui'sind

t hat i ncl udesdutign of patassium misrateh dhisovab owplaidionty theiduisierystalygndthy sysemesohicatef 12
form ng sai lanzgl I : i e ki 1.t.h second
noi ety and %Hg{c%rl\@gﬁgtcbﬁél g%}ﬁg&@%{ddﬁg nﬁw@%@hgﬁf 1 cggg@gg}ﬁ?oﬁsﬁﬁlﬁéﬁ% aaEe' I—Igi%tst one
chenm caf spedored theawpergiorswasdightblse clovedeswowvert then tgd tesshow theathelmbthylste bimd et y
with said second [.ety and cont oran sly ¢ ing.l, S said . nonl anel | ar
crystal | i ne' nater %Igd b'\t%'c SCOIe [ﬁeso cﬁ?ﬂagfg%ﬁ z%?pg%?(rﬁ?argﬁl&l %?jﬁé‘ﬁﬂﬁ?e\f?’?ﬂ ng
sai d 16 vol waradded apppaintatety @$ ghags bhitnebphiderad tion whEn prveiegy zinocdhgicd Vol une.

SUBSTI TUTE SHEET (RULE 2B . WO 99| 12640 | 5 MAR 2002 PCT/ US98/.18639 1
42. A net ho&‘egPE‘eﬂé‘féP%‘ﬁ S‘i“ °6‘a‘8?i‘“6§3?5|58 °e°9°éo%%‘F‘i SE%&' %eg‘}xwﬁ “i*‘?ﬁeé}’if‘&egcore
conpri si ng &erybtieflyx witbatdusio sa¢pnaswrnirhalohdingihto3hd cenwitugk @amtifu@ing, and

nanostructured |iquid phase, 4 ji. at |east .one nangstructured |iquid

Cr vt alfi ne ampyise Mg o F o s e Flnei SO BT GO Bt i eriotbing

nanost r uct utieaolot sfithcnahaan bardortaihidy paticibe aswasdamd tanmere i€ vy Bélelif qui d
crystalline phase and, 8 b. exterior coatjng, conprisjng. a first

nonl anel | ar ag‘fggffem 1 hle Rlpararn e Geaimt 30 &6y oA b iSFoPgIticle cogting ne
material COmptdctld i rdthynOViue bl contd@vitAhe @fnc.S Thetl. pordstiimng dichdmale Mk WilRg sai d
first nonlamellar crystalline nmaterial 11 dissqlved therein and that

i ncl udes at ‘9 ¥QUEr Bkt chBRPEEinal SRR SisReFPh gl S FERast {hecalptiBr@restisi? f or me
sai d segond cBRAMARBS hil ofGlicsitish-bidem Mt RElIAkS hidliVlent 8RE id BRIV drite BortREANd
noi ety and 13 contacting said volume with a fluid containing at |east one
cheni cal spé%Wé@mﬁ&FL¢H§m§ﬁFd 14 second noien~ to react said first noiety
with said second dyRk&bhiclds GAHGRPIR T l rem RS- Sfcdve Tk thalehibiS t

nonl anel lar crystalline material to beconme insoluble in said matrix and
subdi vi di ng PRBSs&u BUYe|andrget Profest JHYA Ompaundy agaie! Appicel dagrrdstionfrore aesidy t o

sai d vol ume.coddidds. rfakiFe tHRRbrPbrehttl hoRakP f BR eRAHd, SlrRuGRATRbN LB 2 8. AN
interior core conprising a matrix consisting essentially of 3 1. at |east
one nanostructured liquid phase, 4 ii. at |east one nanostructured |iquid

crystaldsine phase or 5 iii a conbi naFXR@!ﬁIEQZ( 1) at |east one

nanostructured |iquid phase and 7 (2 one nanostructured |iquid
crystal |l i ne phas&hiamdvigestan eXampdxdfemicropartiahatwithg permsplectise ogpting of@rihausidnl ar
crystalline cg%%gurnid.ajﬂﬂs particular inclusion compound. a so-called Wemner complex. has the property
that the porosity remains when the guest molecule is removed. Clathrate and inclusion compound
coatings are of interest as coatings of selective porosity, where selectivity for release or
30 absorption can be based on molecular size. shape, and/or polarity.

A nanostructured reverse bicontinuous cubic phase material was first prepared by mixing

SUBSTITUTE SHEET (RULE 26)



9 conprising 10 disposing said particle in a fluid nedium conprising an
adsorbabl e material and 11 adsorbing said adsorbable materi al on,?-s'@A,ﬂ 0
exterior coating. 1 44. A nethod of using a coated particle conpri'si gzgza.
An interi ovos®wrze4oconNpPri sing a matri x consi sting essenti apdtyuso$nsssd . at

| east one nanostructured |iquid phase, SUBSTI TUTE SHEET ( RULE 26) h~AR
Z002 WO 99112640 102 PCTN598/18639 1 ii y3at |east one nanostructured liquid
crystalline phase or 2 iii. a conbination of 3 ( 1) at |east one

nanost r uct ur523 granguwif sinfibasrencaoglyetridédandi0.40k@aths aivateanahothisrweed added0.039qui d

crystalline phase and 5 h. . [ oatin ising a,nonl anel | ar
crystalli negr%ﬁst°Zﬁaﬁ¥an%sec?@%%qgﬁ%?ai"dﬁossgSrsaimﬁé)gséogll t%’é’?’ﬁn%ﬁep‘? HPPET £ 1 ui d
nmedi um conpolutibigasiiiepaies by baiirge. #d igeanisaf 4-pivdlir (¢osdiylpyriding aé 310 el spa Dabl e
Wherei n saaues s Bion gt RUEGNG R, s vobef FRRE R o1FFa S5 ustfiliol) o
coati ng by mixiuge. btdthehestisbe Yéiled hndHonicheETHRMANARGuGE 130l bicoftirbod dilic

wherein said absorbing is triggered, b~~ disruptiaon of 2 said exterior
coating. 1 Bhpsemegrat wesdhuaalispersed ipp migrorarticies ropied willdheananeansssiform etihei ng

occurs t hr opygheR@meRx MAmeP MhRCOGUMNENS,. coating. 1 48 A nethod of using a
coated particle conprising 2 a. ‘An interior core conprising a matrix

consi sting esserhf edarige igfhis exagple may find pygdn Wafmqvmfbwwelaﬂdwmn@hmb, 4
ii. at |easy _ : - b Aok ehstapl kidve 21 :

combi nati on rg?ﬂsg I?l? a%ertﬁéé%g%&%%tbﬂﬁgdggt rcﬁ'gt.ured 1 qu?%ﬁ%ﬁasghgm%"f 2) at
| east the nziemistiong et passeagroby theifadting andtinid the qebipphassinigriet. Bhiph is Amexasctrelyi or

cpati ng CO”ﬂH&ﬂ-ﬁJ Q@tv%b{%%h%tn#s%e g)rt)(egltl'@]l Lxlrigge mgaénﬁh' (gsiS%m)arn o%icng 10 .
di sposing sard Bartlc e Ina flurd medfum conprising ‘an absor abl e materi al
and 11 absovufasignt.saimdresbisoivb alislatingratonpsisa¢h s hipsadidivaneraps.ere.)cdbtiligly 1 49. A

nmet hod of u .n'ﬂ & %01 [ ergQ {g@ é% jnteriar core
conpri si ng gé n%}cr |p>(§ egovﬁglf@gl[h%é)g%sseeﬁ?l?ébﬁy o?rgegf% |Ut }éeg‘?ﬁﬁ%’m(%ﬁ@“%)
5 M 4, ~ 200the Wou@ion kG AentPCTUIBS 8/ inev888OwitDBadltional satbedte@sdh a6 Bcivated
nanost ctuag?d] liquid phase .2 ii..at |east one nanostructured |iquid
cryst aHJ i ne£ 0 on Sal?agrg?cr%;ﬂ@tllﬁuf‘ar poéyné%'s ?uﬁ;‘_ flar er c&mpounds gmat compete th ‘inhe ta:geq
heavy metal ions for the available adsorption sites. Regeneration of the sorbent could be by ion-
exchange. while keeping the particles and coatings intact (this latter step would. incidently. be an

example of reiease).

EXAMPLE 23

20 In this example coated particles with an outer coating comprising methyl paraben and
having a special dye disposed in the nanostructured reverse bicontinuous cubic phase material
were challenged with a cyanide compound. which would cause a color change in the event of
contact with the dye. Since the cyanide ion is extremely small. the success of this test shows that
the coating is impervious even to very small ions.

25 A nanostructured reverse bicontinuous cubic phase material was prepared by mixing
0.424 grams of sunflower monoglycerides and 0.272 grams of water. To this were added 0.061
grams of methyl paraben and a trace of the dye 1,2-pyridylazo-2-naphthol. An upper solution of
1% cetylpyridinium bromide was prepared. The liquid crystal was heated in a 120° C oven for
five minutes. stirred vigorously. reheated. then plunged into cold water, and which time the

30 upper solution was overlaid. the test tube sealed. and put in a sonicator. The result was a

dispersion of methyl paraben-coated microparticles, with average size on the order of 1 micron.
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4 (1) at l|east one nanostructured liquid phase and 5 (2) at |east one
nanostructured liquid crystalline phase and 6 b. An exterior ?)q\q,imdﬂ[]'l
conprising a nonlanellar crystalline material 7 conprising 8 disposing said
particle iwoayfdedi d medi um conprising an absorbabl e mat epdpdsoaigs®
absor bi ng said absorbable material in said interior core and exterior
coating. 1 50. A nethod of using a coategg particle conprising 2 a. An
interior core conprising a matrix consisting essentially of 3 i. at |east
one nanost f(ui}*dlzl% eﬁnidi:(wildemadia derhohsirate alfat ihedsetwasl’pﬁotamﬂdﬂ)hfdwﬁtaw\ﬁtﬁ thé qui d

crystal line phas . |nat n_of a
nanost r uct U &1} ?fr ﬂé‘é"émﬁﬁ df°eaas§ﬁmé?lé“ WJ@t E‘ﬁ‘b’?ﬂ?"é‘ﬂwl i qui d
crystal | i newhBif&Sn th pesinék dTEFLE, ¥r rfocamné bcsbmaxﬁesfa&ﬁbmgeagamnggu@posed

therein, and 9 b. An exterior coatin ‘% g&é% nonla | I'ar ¢rystalline
material | GIeWYy WaGRYPreds pRiffowsagdedss ap lghgtog fhe disPErslon 91 @vErcorARiNen and 12

rel easifg Sgirkh1AGhdr RasiBBlor EHhse, Sdwehefthdt ki dPBeHhs idtectedlom Anfli WARhAS

defined in claimb50. wherein sard release is triggered by, dissolution of
sai d 2 ext ef4pEs exgaide bithepethy) naraben gogtinge §Ing £3n %lcslzte ﬂmt%’?éfi}f@aloagmaefa ned in
cl ai m 50. Wm?fo% Bn 3 e EAIE BPL1 hrforde doARRIEEh BY ofdb:Sr R QBordl or3s i
exterior coa A nethod as defined by claim50, wherein sard

rel ease occwewd ncn rhmgarpvprmdetbe ¢alorshange Radthe eoatingrnog spaled Al theSRBEEl TUTE SHEET
(RUE 26) = T FORROHE: 00 2640 BT AL I o W i BN O
using a coated par e conprising An Interior core conpri

mat r i x 1€ onsé¢wtd legseidde fidrieainple. dfuglelivenain pagslar mmlelmamfsmmelbmoede \khxctw d
phase, 4 il east. ane, nanost r crystalline phase or 5 iii.
a conbi natlc(")or?‘?‘dtbfe Cgmfli’ﬁ g?d ’I"%Ct’v?te%%rsrl‘ecoﬁgaﬁtovglhr”géé{“t’f}egé%fl| qui d phase and 7 (2)
at | east one nanostructured liquid crystalline phase and 8 said matrix
conprising an active agent di sposedm:L%Q b. An exterior coating
conprising a nonlanmellar crystallin 10 conprising 11 rel easing
sai d active agerih thislexixhple the RPdniuedortisst dfthe predonsexarhple Wasrépeatst € @biassfiad d

rel ease is tri%%er edd b%lﬂ?dl ssolution of said 2 exterior coating by said
fluid medi uP"eE 884 PAME hod as defined in claimb54. wherein said rel ease
is triggered by Alh@biRtiRE reverss bicshtidud tebid ghascandérian@as pleparéd bAmEANI0d as

defined b m 54. erein sajd re occurs.thro ores in said 2
exterior Zogt“%%famg‘?jé OYEFTEORGS dfﬁ?@%%%f-ram%f Féai%geg‘zerie@ie d0.158

grams of potassium nitrate and a trace of the dye 1.2-pyridylazo-2-naphthol. An upper solution

of 1% cetylpyridinium bromide in saturated aqueous potassium nitrate was prepared. The liquid
crystal was heated in a 120° C oven for five minutes. stirred vigorously. reheated. then plunged

20 into cold water. at which time the upper solution was overlaid. the test tube sealed. and put in a
sonicator. The result was a dispersion of potassium nitrate-coated microparticles. When cuprous
cyanide was added to an aliquot of the dispersion of dye-containing particles. there was only a
slight change of color. showing that the dye was substantially protected from contact with the
cuprous cyanide by the potassium nitrate coating.

25 The utility of these particles is similar to those in Example 23. but the cost-effective

coating potassium nitrate was used in this Example.

MPLE 25
A nanostructured reverse bicontinuous cubic phase material was prepared by mixing
0.913 grams of soy lecithin (EPIKURON 200), 0.430 grams of oleyl alcohol, and 0.90 grams of
30 glycerol (excess glycerol). After mixing thoroughly and centrifuging, 0.50 grams of the
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58. A coated particle as defined by claim1, wherein sai d ITB.tI’I X consi sts
essentially of at |east one nanostructured I i qui d phase. Mﬁ&tml
particle as defined by claiml, wherein said matri x consi sts essentially of
at | east ap@ogmag@structured liquid crystalline phase. 6GcrAuisoosie®md particle
as defined by claim11l, wherein said matri x consists essentially of a

conbi nation of at |east one nanostructugsgd |iquid phase and at | east one
nanostructured liquid crystalline phase. 61. A coated particle as defined
by cl ai m 1 paNd3@écirét reviirsd bitoiinuaisRiubia phase ymteﬁttlwememema(b 03 0sgratis odr gani C
conmpound. 62 A coat ed art| Ie as defined by cl ai n saj

non- | anel | &¥bagif sadium phospbateaddefl; Ap uprer sqjution 3ya BﬁPaéedggrfﬂﬁ‘ﬂﬁgqgl grgms & coat ed

particl e agaliin ARAION 3GhIF AR Qqueauaememdn cotaitling Q% FIAURDONIGIF-68 adtied | i ne
material is a mneral selected fromthe rou(ﬂ consmil g of cal ¢cium
it Alac

car bonat e, “€RIPyTidipHm PersRife tAfter pysrigwiag the uPRes FAVOROP HiS Bstglyisdiume) |

cal ci um si | jh6ahe mHRE HETs? bt AhEsealk®hrld s6nibatddd The feQll{ WAl dRpErsion 81 de, gol d,
i odi ne, magnesium magnesi um al um num silicate; magnesium sul fate;

magnesi um tpicepyridestceatedigiaeaioinm ebaspBita {Calciurpgierhiatg foatipes wte efinhereaynesi um
oxi de; mag I

bi car bonat gﬁé}eﬂgﬂ Eih%oglg%*%%ﬁ%xt%eslldcg f%%pg&?g%t?s?gw &‘Hﬁ? um&g{)ﬁlﬁ taotfzggé {éﬁh’uri um
titani um diaosiother, stragrgraldomponsrisde. 64. A coated particle as defined by claim
1, wherein said non-lanellar crystalline material is a netal. 5 MARCH
2002 106 65. A particle as defined by claim 1, wherein said non-Ilanellar
crystalline material is a crystalli M&hﬁﬂ.ﬁal form 66. A coated particle

as defjned by c nen- | J tIllenat rial is an
or ganofr(r)et allic trglrsrﬁfaé@lev!g?ws tkq ﬂ?S)a‘Pa “hart %%r%%tegém%e%ﬁ m% ee o i V)

wher ei n sai Weiniargtig mpdd c&ﬁswaﬁc)ﬁsttﬁ{ isi wien treetegteti| wakes plaage wmﬁted vff. Thgr&di ent
suitable for injectable ati.an 68.. A coated part ef i ned by
cl'a m 1. PR S e PG g B e arareh P e sk e,

A coat ed pambteidle as defined by claim1, wher ein said non-lanellar
crystalline material is selected fromt roup con lStI ng of, ascorbic
acid, ascorbic pé% TSpepfteh comp ﬁt P'C'paé?fPB g‘l"?&él"ﬁ‘g'sﬂ g} mdoas bi smut h
subcar tonat grepdaddtay Flibwel hydroxyt ol uene; but yI par aben; caI ci um acet at e;

cal ci um ascorbate; calcium car bong}&)e; éal hI or]: g alciumcitrate;
cal ci um hydfBamest of 1P erams b pihtopRine ‘i‘eée ﬂ’?‘ﬁﬁ’&%‘ Dpas tribasic;

cal ci um pyr epiyasa iad x@actt@x@-h&;k With 3 &l50 Qhél'n@'bﬁsor&t@i CThd sk vhas Gavg€d witidhrSdr M
sul fate; carnjne; cetear %9 al cohol ; cetyl alcohol; cinnapal dehyde; citric

aci d; cyst ef%Ed ARAdeiehod 79 e~ ands siTrc prasagisallya Sediva Serhenals: (3 £ gramstwesgi de:

ferric Citradded addahd ISRESHEbE70 Ue forg et St iAol 3. Odrbkh 860 Cohdzd-d2- 9l yCi ne;
gol d; histidine; hydrochloroth|a2|de i odine; iron oxide; lauryl sulfate;

leuci n&d e BivRatRdiAl WeieagAeds AAREIRNTR IYAS OPlefl PoFPem CRREARE: SRYORrtnat e

magnesi um hygliiQgisdehe PROHES! UM RisireRiio RGO RDIE MAtR BbJ xﬁ%f%cet&ﬁ%ﬁ%'w‘ﬁﬂ%

sul fate; magnesiumtrisilicate;, malefic acid;, malic acid D, ; yl
sal i cyl at e; PIeeipla smpyes afier crsnedsiony Nex Lieserasaf waisk andyl00 g pf asetene were
propyl par abggted She rhixfire é}&hﬁ%&ganﬂn'dlﬁ%u‘! A¥ed on%&g\b%m %EHTA %h!dfcate?
sodi um ami nobenzoat e; enzoat e; | um I car bonat e;

bisul fate; @ were bided laicithe botwotiphasa again bolleateéandgiisdarded: Eirlably. |2élerans@ﬂi um

g' }\/Lgtcgf 0 og) %H?#FE%@?& in%'tfué Iu%e 4Rl t%'"s'?dgé & b noﬁx% fl#{pd B%Bc? %‘ basi c;

I onat e; I um sa um s Nat e;
sodi um succﬂnat &his mkdednppsmintamt)eso xsbmfaumgtfmvosdlcfstatoé sorbxtm,mhn}maacfehedt al c;
ta|CtI’ItUI‘§l aErtar, ic aci.d, D,L-, tartrazine; telluriun titanium
di oxi de: tr i jer 3 ¢ HRg ‘tol:?rf’ﬁhﬁf tri chl or ononof | uor et hane;

t romet ham ne; 2 ERAEIHIR2YA. nAchxﬁdseﬁHnﬁedftemsetbydonmbw&aahdayﬁta@ﬁm ik pidfareqand
zinc oxide. 70. A coated particle as defined by claiml, wherein said

non- | amel | aby @yxjag G} llolgf?@sl?ﬁthér TuBg-sqriitql BYoduct P HoaamERt g0y tpaithing apd{h248
particlig as gflefslopReteMixkd %d:rwgm \Aﬂﬁrceﬁtn §ﬁgdrma wad BRIl B8 LErat & | T ne
material is potaSS|umn|trate coa particle as defined by claim]l,
wher ei n sai @owgsin @tbenﬂlarAltlthsftSal“PPmEaSrfh‘t“qupalled hwaddpefdd &eragspfibi [ity | ess
t han about 5% 73. The coated particle as defined by claim72, wherein said
non-lanellar crystalline material is selected fromthe group consi sting of
i odi ne, aspartic acid, benzoic acid, butylated hydroxytol uene, calcium
edetate disodium gentisic a SR r | gallate, and zinc oxide.
74. A coated particle as def ?HggTWEI%%nR&vﬁgééei n said non-|anellar
crystalline material is a \Wrner corrpl ex. 75. A coated particle as defined
by claim1l, wherein said non-lanellar crystalline material is a reversible
oxygen-carrying chelate. 76. A coated particle as defined by claim 1,
wherein said non- Iarrel | ar crystalline material is a conplex of the form

17 M~ r~ 7 ~AN /1 ~ .



5 MARCH 2002 108 77. A coated particle as defined by claim1, where |2®25a| d
non-lamel lar crystalline material is a zeolite. 78. A coated @arwﬁ

defined by claim 1, wherein said non-lamellar crystalline material is an
am no aci ygongsspal t thereof. 79. A coated particle as oerivsswisésy claim 1,
wherein said non-lanellar crystalline material is an inclusion conpound.
80. A nethod as defined by claimb50, whggein said releasing step is
triggered by pH 81. A nethod as defined by claim50, wherein said

rel easi ng $LEORONICIFL483EE0.24Y frymé SMthagnéiuneslfats to 824 primsefiviaesl Bise wppéri ned by

cl ai m 50, wherein said, rel easjng, ste tri ressure.

met hod as depHTewesioyerlaidania B! 1q%%’}’§§£ﬁ“§ ?ﬂedesgég gﬁ%dh‘?@‘f‘éﬁm??tefjrf?rgger ed by
t enper at ur gouB4ind AndlKishaRen #8ll anfnl rmslream Wasa milkyOvhitsldBp@sioh Sfanickopli@asi ng
step is triggered by dilution. mz#}% %ﬁ gfbln%{j%é’clalmSO wherein
sai d rel easPef Withopagngsiym Fﬁb‘%‘?’é&v‘ﬂi?x‘g‘h Wag RS ey GPPINEIYO PRLS AL AR0nEs

defined by i6h, M&’J & dlssoRvk BxceflifAgnt G rystalihe nfatekifli A0SR drdpYof @i8ZY Mt i ¢
activity. ﬂ‘tamr ' OQS 87. m;t hod a?%defl ned by claimb50, wherein

sai d rel eaglispersion wps $Pseati By @ate@etiyrf%,cﬁ ahs wigrospeps slidegind aH‘BWedA° et WoEr as
defined by gl i ﬁ]?gf e e Whted %@h&%‘d ﬁ@ﬁmaes% rannao%t Johbggﬁre%sipobafed

conpl exati on w a target conpound . A nethod as definred by claimb50,
wher ei n saiMicras¢apixsixmginatios phveed tirat @gemdewvmhel@wrﬁtemwhmeqhape 8. dignatet hod

as defined b e
T adi att oo SR HCE R pRRNG GhRR! LS Sichid ORISR
step omcurs(a:bmed:iie;isiiqhidtc'mnallménmmrdttmstteahmnd)coat| ng at a desired rate. 92.

A met hod aSBdefAIE%&(@jﬂg%éEglsﬁxa e*sPﬂ%an %roéuchp m%@(&rﬁplg V\kﬁ @Vgé died ¥ e oicS triggered

by shear. inosard rel easi ng step
I S Via por eAccortlirpab ﬂhaeedbeaﬁux@rrdeeﬂmhamgs andtlis ump@ﬁtmme ineribyphperveasai ze ver sus

d ' I '
Step 1. vi aBRFECUEh N U BRFapRgeLc R g ah P B RUS SR e
polarity veﬂhﬁ:uﬁc@emﬂmemé@bn bymicidpartidlesmtwelid Sinse i L2 pRae bontidsailm S0,

wherein said rel easin ep i Il a.pores in said exterior coating and is
sel ect tve bY2Fotnd spefierast @ﬁ%ﬁ@&%&wﬁ&@w 9 BpAng§ggrured microemulsion.

EXAMPLE 27
In this example receptor proteins are disposed within the matrix of a nanostructured
reverse bicontinuous cubic phase material in the internal core of magnesium carbonate-coated
particles. then the coated particles were in turn embedded in a hydrogel. The coating on the
20 particles can be used to protect the receptor protein during shipping and storage. and then easily
removed by washing just before use. This example and Example 28 presage the use of coated
particles of the present invention for. e.g.. affinity chromatography. using hydrogel beads with
coated particles of the present invention embedded in them.
An amount of 0.470 grams of soy lecithin (EPIKURON 200) was mixed with 0.183
25 grams of the "tung-sorbitol product”. and 0.359 grams of water. To this was added 0.112 grams
of potassium carbonate. This was centrifuged for several hours and the excess aqueous phase
removed. A preparation of torpedo nicotinic acetylcholine receptor was prepared according to
the protocol described by L. Pradier and M. G. McNamee in Structure and Function of
Membranes (ed. P. Yeagle. 1992, pp. 1047-1106). In this preparation. 50 micrograms of receptor
30 protein was contained in 50 microliters of lipid, most of which was dioleoylphosphatidylcholine

(DOPC). (The remainder was other membrane lipid components. such as other phospholipids.
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96. A nethod as defined by claimb50, wherein said releasing step is via
pores in said exterior coating and is selective by pore shape §eM$\g52[][]2
conmpound shape. 5 MARCH 2002 110 97. A nethod as defined by ¢l alm50
wher ei n sgj¢logiigésgasi Ng step i s perfornmed by sel ecti on ofpcgrisbsgusgsoCconmpounds
or ions form ng porous inclusion conpounds with said exterior coating and
ot her conpounds of ions not form ng poroms inclusion conpounds with said
exterior coating. 98. A nethod as defined by claim54, wherein said

rel easi ng stheipstérsl. Etébmemdmbdfmdﬂaraﬁ&l wa ad@ddhe the asnodefctuneidreveyse C| ai m 54,
wherein said rel easin is triggered by iqnic strength. 100. /A nethod
as defi ned BSPIRIUQPTTUBE Phash Pﬁ tetip)- pé’?ggur? &?’B%{é e Yy XLReL 3 the ffite e rimsd

pressure. I1f3ddy it IRk BRigiR® cdand iRl nm{ng: baéhatied by e @b®hd? of Birdfrig@h@@3ahNg St ep
is triggered by tenperature. 102, A nethod ﬁn% deflned by claimb54, wherein

sai d rel eastPRY SS‘PB%‘ Was PepRige B widing,p. 348 prams ghmagpegium Aulfas Q2 SMEREf i ned by

claim 54, wiafeNcas] ami @ml Fichs OF @d@ynpys,dhﬁw%ﬁm 19Y0. A rarRCdrter AGLd ON.
104. A nethod as defined Fal m 54," Wwherein said releasing step iIs

triggered bgraneyofyheaippes S@lm@qwqre/ove&l@s ontp, thedesh e eoNAiNNG thetscepipridadedn 54,

wher ei n sai A RCH
2002 111 10%“5%1"%@?%%3”?5&%3@"#? é‘g’%ep:}:‘%“ﬁ'ﬁyeéﬁh%ggéftﬁ&gga&%hfkegss‘?’% step

i s trigger eynisjtedionphasntThinresnitecing dispergien oforgpesinmicarbopae hydroniderroateds
defined b
efined by Orgéeg{omﬁmawgﬁrcga@m@; qsﬁb%laﬁ@a% Agigh Bgﬂmu%w&a LSS Olﬁ:ggg ofbSH i cC

current. ned arm eretn sard re Si ng step
is tri ggeretimb'yomrradl ation. 109. A nmet hod as defi ned by cI al m 54, wherein

said rel easing %In gmrs b rfegg re?hen udel{ lzzeg ma b vacrv?a%ci)%f }B/drogﬂ fj‘aﬂc%efl ned

by cl ai m 54, wher el P46 o eFsasT A riggere
met hod as d@fa%leﬂnzbymedhalbm-lﬁéacwmrder(mzs@raihsralcemgmhg) &fnﬁ‘pnﬂuﬁl péisalf4dor es in

sai d exteri coating. and el ecti e‘wﬁ% ore us conpound si ze.
1007 A et oS ERina i g} Sndf S ey B e TP P RS Sy s i &
pores in saintlia@xtvesid Mlded o el diersiofl, resaltiag ire@lyinvegizAion pOthe adtethrhidphad 1ty
Versus lf Orrpgrgsgpnlpeg L c{roger less than 30 minutes. A thin slice of the hydrogel was examined under a
microscope. and a high concentration of microparticles was seen. just as with the original
dispersion.
The hydrogel was furthermore fragmented into bits with size approximately 30 microns.

This was accomplished by pressing the hydrogel through a wire mesh with a 40 micron mesh

20 size.

EXAMPLE 28
In this example receptor proteins were disposed in the internal core of coated particles of
the present invention where the coating was potassium nitrate. and the coated particles in turn

immobilized in hydrogel beads. The receptor-laden beads were successfully tested for binding

e
wh

activity in radioassays performed at UC Davis.

An amount of 0.470 grams of soy lecithin (EPIKURON 200) was mixed with 0.185
grams of the "tung-sorbitol product", and 0.368 grams of water. To this was added 0.198 grams
of potassium nitrate. and the contents thoroughly mixed. A preparation of torpedo nicotinic
acetylcholine receptor was prepared as described in the previous Example. In this preparation.
30 per every 50 micrograms of receptor protein was contained in 50 microliters of lipid. most of

which was dioleoylphosphatidyl-choline (DOPC). Fifty-five milligrams of preparation was
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113. A nethod as defined by claimb54, wherein said releasing step is via
pores in said exterior coating and is selective by pore ionici t?‘é mRs@ﬂﬂZ
conmpound ionicity. 114. A nethod as defined by claimb54, wherein said

rel easi ng woemaesp Vi a pores in said exterior coating ande¢Buseh®ssi ve by
pore shape versus conpound shape. 115. A nethod as defined by claim 54,
wherein said releasing step is perforneggby selection of certain conpounds
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EXAMPLE 3

30 In this example. the nanostructured lamellar phase material was dispersed using a
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109&' (1p- F710%&THe)particles in this Example bear a structural relationship with polymer-encapsulated

liposomes. but do not suffer from the harsh chemical conditions used to produce polymer-
encapsulated liposomes: the ability to produce. in a single step. lamellar phase-interior particles
coated with a wide range of crystalline coatings. and under mild conditions. could make the

present invention of importance in controlled release drug delivery.

15 EXAMPLE 33
Preparation of free bases. Both ethylhydrocupreine and neutral red were purchased in
the protonated hydrochloride form. In each case this salt was dissolved in water. to which was
added aqueous sodium hydroxide in 1:1 molar ratio. The mixture of the two aqueous solutions
produced a precipitate that was washed with water (to remove NaCl and any unreacted NaOH).
20 centrifuged and then dried above the melting point of the free base.
Preparation of nanostructured reverse bicontinuous cubic phase dispersions.
Formulation of dispersions began with the following mixture:
0.417 gm glycerol monooleate (GMO)
0.191 gm glycerol
25 0.044 gm ethylhydrocupreine (or. as the case may be. neutral red. both in free base form).
Instead of the usual monoglyceride - water nanostructured reverse bicontinuous cubic phase
material, the monoglyceride - glycerol nanostructured reverse bicontinuous cubic phase material
was used in these examples.
An upper solution was made by dissolving PLURONIC F-68 in water to a level of 2%.
30 After weighing the components into a test tube and mixing with a spatula. the sealed

(twist-cap) test tube was put in a 140° C oven for at least 20 minutes. and the ethylhydrocupreine

SUBSTITUTE SHEET (RULE 26)



5109& ()-1 11!JJI1KKAEDC! 10% U& ()-10% U& ()-f 10% U& ()-z 10% U& ()- 10%
U () - y9!1 g10% LB () - KI; LLMN-N2bCl S@¥10% W& () - ! S@¥10% ! & () - @ 19pf 9002
U& ()-y! D@ 109U ()-fm0% U& () - @o%
U& () - ~NOWRS/Sa@IBOC! | - #1094} & () -, T 10% U& ()-F *- 10%cTifs)186380%

U8 ()-S& 10% W& ()-S 10% U& () - f QRSkSSSSSSavk@ 10 U 10 U 10 Uy: 10%

U& ()-F7310% U& ()-510% U& ()- 4 10% Ugy()-!5- z#109%JU& () - SSSSWAVABVK@
#1098 () - |

109&' ( 2) -1 '(wﬂé&uﬂ)rece&dg@aﬁs/&as(lcge%mﬁ%e(%elﬁaOfme t(is)é t}gdméﬁ;p}%&’éc?\id&gﬁz%m‘yﬁ% (/ q)&
-1 @ #10%008 109&' 7 9 a 9
ety oty U bl 11U i el bery A
_dYNC! otildds; 10 diHffende0o4 f((u)ld \ﬁ7thé|-§l%%r§i()rrs fbthd Wakade.- /

10%&' @ 3" 109% ()-= H.T aaBYNC! , 10% & ( , T L
10% " fgz) ( 3/ | Yz 10! (he ymmpi%%wnel) the EQUDE Ra(eS O@P%%M}mﬁ the viscosity was

aaTbbexccdipyieh gl @g i §f1113§x & nbdostrdd8R dre (ekseBieontinuous cubic phase; in some
10‘V&'() @0% & () O%?: 3%7 ddeRf vggdEYNC! , . 10% &' ( (p 10% & ()-y&
cases the sample was observe through crosse polars for optxcal isotropy (the crystalline coating

domains are much smaller than the wavelength of light, too small to affect the optical properties).
The PLURONIC upper solution was poured into the test tube until about half full. The tube was
then shaken. by hand and with the use of a mechanical mixer. The solution became increasingly

10 opaque as the bulk nanostructured reverse bicontinuous cubic phase material disappeared and
went into dispersion.

SEM characterization. Scanning electron microscope (SEM) preparation did not
involve any fixation technique whatsoever. A drop of dispersion was simply placed on a glass
slide. the water evaporated. and a thin (2 nm) coating of carbon sputtered on to avoid charging

15 effects. In the sputtering apparatus. before sputtering began the sample was deliberately held for
about 5 minutes at a vacuum of 5 x 10 Torr. This was done to test the robustness of the particle
coating. The SEM used was a Hitachi S-800 field-emission SEM, and was operated at 25 kV.

Figure 3 shows an SEM micrograph of an ethylhydrocupreine dispersion. and particles in
the range of about 0.3-2 micron diameter are seen (the bottom half is a 10x magnification of the

20 area boxed in the top half. so that the magnification is 500 on top and 5.000 on the bottom).
Many of the particles. remarkably. distinctly show a polyhedral shape.

The measured particle size distribution for this sample (see the next section) showed that
particles on the order of 0.5 - 2 microns diameter dominate in this dispersion. and this agrees
well with the particles seen in the micrograph. One can estimate that the thickness of the

25 ethylhydrocupreine coating in a 0.5 micron particle was about 10 nm. and this was clearly thick
enough that it was able to protect the liquid components in the interior of the particles from
evaporation in the 0.5 mTorr vacuum.

In this dispersion. the nanostructured reverse bicontinuous cubic phase material was
loaded with lithium sulphate as a marker before dispersing, and indeed the EDX spectra of

30 particles in this dispersion showed a sulfur peak. Lithium cannot be detected by the EDX used.
and other peaks in the spectrum were attributed to the glass substrate.

Figure 4 shows an SEM micrograph of a neutral red dispersion. Substantially all of the
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The narrowness of the distribution is indicated in two ways. First. the D(v.0.9) and D(v,0.1) are

15 each a factor of 2 from the (volume-weighted) average of D(v,0.5)=1.2 micron. And second. the
"span". which gives the width of the distribution as:
span = [D(v,0.9) - D(v,0.1)}/D(v.0.5)
is computed to be 1.4. These results indicate a fairly low degree of agglomeration.
A narrower distribution was indicated for a dispersion with GMO:neutral red = 10:1. The
20 span is given as 1.1. and the (differential) particle size distribution was easily seen to be quite
sharp. dropping off quickly above 2 micron.
A small particle size was measured for a dispersion prepared with a lower
GMO:ethylthydrocupreine ratio. with a distribution averaging 0.8 microns. and a span of 1.2.
Thus, particle size can be controlled by the ratio of nanostructured reverse bicontinuous cubic
25 phase material to crystalline coating agent. with the particle size decreasing with decreasing
ratio.
Small-angle X-ray scattering (SAXS). This was used to verify that the interior of the
particles in an ethylhydrocupreine dispersion was a nanostructured reverse bicontinuous cubic
phase material. The dispersion itself—not a concentrate of the particles—was loaded into a 1.5
30 mm x-ray capillary. which was transported to the laboratory of Dr. Stephen Hui at Roswell Park
Cancer Center Biophysics Department. The SAXS camera was equipped with a rotating anode,

and measurements were performed at 100kV, 40 mV power (4 kW). Data were collected using a
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10 A d-spacing is calculated from the g-value of a Bragg reflection by:

d=2n/q.

In Figure 6. vertical lines given the exact. calculated Bragg peak positions for a lattice
with space group Pn3m and lattice parameter 7.47 nm. This space group is weli-established for
nanostructured reverse cubic phases in the monoolein-water system. particularly for those which

15 are in equilibrium with excess water. (Indeed. in nanostructured reverse cubic phases which are
in equilibrium with excess water. the space group Pn3m almost exclusively appears). Lattice
parameters for the monoolein-water nanostructured reverse cubic phase with space group Pn3m
are also close to 8§ nm: a more exact comparison was impossible because of the substitution of
glycerol for water in the present case. In any case. the lattice type and size deduced from this

20 SAXS scan are in exact accord with literature data for monoglyceride nanostructured reverse
cubic phases.

In the space group Pn3m. the Miller indices (hkl) for the allowed peak positions. and the
value of h2+k2+12_ are: (110), 2; (111). 3: (200), 4; (211), 6; (220), 8; (221). 9; (222), 12: and
higher. Looking at the data and the expected peak positions, it is clear that the peaks at the (110)

25 and (222) positions are strongly supported by the data. The (111) peak appears as a shoulder o
the (110) peak on the right side of the scan. and as a small but discernible peak on the left side.
The (200) peak is supported at least on the right side of the scan; this peak is always measured to
be much less intense than the (110) and (111) peaks in monoglyceride Pn3m phases. and in
Pn3m phases in general, and this has been found to be in accord with theoretical amplitude

30 calculations [Strom. P. and Anderson. D.M. (1992) Langmuir, 8:691]. The (211) peak is
supported by data on the left side of the scan. and the (221) by data on the right side. The

absence or low intensity of peaks between the (211) and (222) is a consequence of the low
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5 conclusion that the SAXS data demonstrate nanostructured reverse bicontinuous cubic phase
ordering in the particle interiors.
These particles could be useful in, for example, controlled release of antiseptics in oral
rinses. where the solubilities of the two coatings at slightly lowered pH (on the order of 5) was in

the right range 10 make delivery preferential at sites of bacterial activity.

10 EXAMPLE 34
High-pressure liquid chromatography (HPLC) was used to characterize the integrity
under shear and pressure of two dispersions. one chosen to have a rigid coating -- cupric
ferocyanide -- and the other a soft. easily disrupted coating. the latter to act essentially as a
control. to quantify any release under pressure of the more rigid coating. In other words. if the

15 concentration of marker in the two dispersions were approximately the same. and the release of
marker in the rigid system were a small fraction, say x% (where x is substantially less than 100),
of the release of marker in the soft system. then one could conclude that only x% of the particles
in the rigid system broke up under the pressure. and the remaining (100 - x)% remained intact
during the HPLC. (Indeed. this percentage 100 - x is a lower limit: the actual percentage of

20 intact rigid particles would be calculated to be higher if it were found that some fraction of the
soft particies in the control had actually remained intact. though this possibility is remote. In any
case. the calculations were assumed to be on a worst case scenario. by assuming that all the
control particies broke up.)

Preparation of the dispersions.

25 Example 34A. A nanostructured reverse bicontinuous cubic phase material was prepared
by mixing 0.499 grams of soy lecithin, 0.163 grams of oley] alcohol. 0.900 grams of glycerol.
and 0.124 grams of capsaicin. To 0.842 grams of the nanostructured reverse bicontinuous cubic
phase material from this system was added 0.043 grams of sodium cholate. An upper solution
was prepared by adding 1 drop of 1M HCl to 3.00 grams of pH 5 phosphate buffer. The upper

30 solution was overlaid onto the liquid crystalline material. and the test tube sealed and sonicated.

resulting in a milky-white dispersion of microparticles.
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18(0;% ()- égl%%‘%(%as of 3&%%{%15) 0 ;h%slv\!t/r@zﬁhéa 64’ g?gnsjoq %/ﬂ?pn@ baifate: An upper
solution was prepared by addmg 0.563 grams of 10% potassium ferrocyanide solution to 2.54
5 grams of water. The upper solution was overlaid onto the liquid crystal. and the test tube sealed
and sonicated, resulting in a milky-white dispersion of microparticles. coated with cupric
ferrocvanide.
The concentration of marker, namely capsaicin. was comparable in the two samples. The
final concentration in the cupric ferrocyanide dispersion was 2.44%. compared to 3.19% for
10 Example 34B -- a 30% difference. which will be accounted for in the calculations below.
Purified capsaicin was then run in HPLC. and found to have an elution time of 22
minutes (data not shown). Under these identical conditions. the two dispersions prepared above
were run. The data for the particles of Example 34B is shown in Figure 7, and for the cupric
ferrocyanide particles in Figure 8. Tables | and 2 give the integrated peaks corresponding to
15 Figures 7 and 8. respectively. as output from the HPLC computer: sampling rate was 5 Hz.
Clearly there is a strong peak in Figure 7 at 22 minutes elution time (numbered peak 13
by the computer). and Table | gives the integrated intensity of this peak as 3.939,401. A much

smaller peak is seen at 22 minutes in Figure 8 (numbered 10 by the computer). and Table 2 gives

the intensity as 304.929.

20 If these integrated peak values are normalized according to the concentration of capsaicin
in the two samples. namely 3.939,401/0.0319 for the Example 34B case and 304.929/0.0244 for
the cupric ferrocyanide case. the ratio of the normalized peak intensity for the cupric
ferrocyanide case to the Example 34B case is 0.101 -- that is. at most 10.1% of the cupric
ferrocyanide particles released the capsaicin marker under the HPLC conditions.

25 These particles have a coating which is a mineral of low aqueous solubility, making
them of potential utility in applications requiring release of the particle coating by strong shear,
while at the same time protecting against release due to simple dilution with water. An example
of such an application would be where a rodent deterrent such as capsaicin, or rodent toxin,
would be encapsulated. the particles impregnated into electrical wires. corrugated boxes. and

30 other products requiring protection against gnawing by rodents. and the gnawing action of a
rodent would induce release of the active deterrent or toxin. The low water solubility would

prevent the deterrent from premature release due to damp conditions.
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TABLE 1: Integrated peak intensities. corresponding to Figure 7. for HPLC analysis of Example

34B particles containing capsaicin. Peak #13 is the main capsaicin peak.
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with a gold coating. A control sample. in which the upper solution contained the F-68 but no
ferrous chloride. was sonicated side by side with the first sample and did not result in a
dispersion of microparticles. The reaction between ferrous chloride and auric chloride results in
the precipitation of elemental. nonlameliar crystalline gold. which in the case of the first sample
resulted in the creation of microparticles covered with gold, with cubic phase interior.

A glycerol - water mixture with a density approximately 1.2 gram/cc was then prepared
by mixing 0.62 grams of glycerol with 0.205 grams of water. and approximately 0.1 grams of the
dispersion was added to this. and the new dispersion centrifuged. A substantial fraction of the
microparticles could be centrifuged to the bottom of this test tube after centrifuging for 3 hours.
demonstrating that the density of these particles was significantly higher than 1.2: this was due to
the presence of the gold coating. since the density of the cubic phase was less than 1.2 -- indeed.
a portion of the cubic phase which was not dispersed during the ume of sonication could be
centrifuged out of the original dispersions as a lower-density band. showing that this liquid was
even less dense than the original dispersion.

Because gold is well-known for exhibiting chemical inertness. as well as good
mechanical properties when in the form of very thin films, and since it is also approved by the
FDA for many routes of administration, gold-coated particles could be useful in safe,
environmentally-friendly products demanding chemically and physically stable coatings.
Furthermore. such particles could be effective in the treatment of arthritis, by providing greatly

increased surface area of gold over other colloidal forms.

EXAMPLE 36

A nanostructured liquid phase containing the antineoplastic drug Paclitaxel was prepared
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loading of Paclitaxel in the parucle interior was quite high. namely on the order of 3 w1%. which
in this case was so high that precipitation of some of the Paclitaxel within the interior of each
particle may occur since the solubilization of Paclitaxel in this cubic phase at this high loading
was metastable. However. studies indicate that the precipitation is very slow. taking hours or
15 even days, at such loadings, so that substantially all of the Paclitaxel remains in solution during
the course of the production of particles: thereafter, the confinement of the Paclitaxel within the
coated particles prevents the formation of large crystals (larger than a micron). If the
concentration of paclitaxel in this system were lowered, to 0.7% or less of the interior. then the
solubilization of Paclitaxel becomes a truly stable solubilization (thermodynamic equilibrium),
20 so that precipitation is prevented altogether. and microparticles of the present invention coated

with nonlamellar crystalline iodine can be produced as described in this Example. Thus this

system provides several scenarios for use in Paclitaxel delivery for cancer treatment.

EXAMPLE 3
A Paclitaxel-containing cubic phase liquid crystal was prepared by mixing 0.345 grams

25 of soy lecithin (EPIKURON 200). 0.357 grams of anisole. 0.26 grams of water and 0.02 grams of

Paclitaxel (from LKT Laboratories); equilibration was speeded by piunging a test tube of the

mixture, after vigorous stirring, into boiling water for one minute, then cooling to room

temperawre. To provide a coating material. 0.07 grams of propy! galiate was stirred in and the

test tube again heated in boiling water. It had previously been checked that propyl gallate does
30 not dissolve appreciably in this cubic phase at room temperature. but that the solubility increases

substantially at 100° C. An upper solution consisted of 2.25 grams of a 2% PLURONIC F-68
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concentration of extremely fine microparticles (estimated particle diameter less than 0.4
microns), which were observable in the optical microscope at 1,000x by virtue of their Brownian
motion. The overall particle size distribution was fairly broad, with some particles as large as 1-
2 microns. Only a very small amount of precipitated Paclitaxel. in the form of needles. was
10 observed. so that nearly all of it must be in the interiors of the microparticles. The concentration
of Paclitaxel in this example was high enough that the solubilization was metastable. which has
implication as discussed in the previous example. Since the concentration of the anuneoplastic
drug Paclitaxel 1n the interiors of these particles was about 2%. and the components of the
formulation are on the FDA list of approved inactive excipients for oral delivery (and nearly all
15 of them for injection as well). this formulation could be very important as a drug-delivery

formulation for the treatment of cancers.
EXAMPLE 38

The amphiphilic polyethyleneoxide-polypropyleneoxide block copolymer PLURONIC F-
68 (also called POLOXAMER 188). in the amount of 1.655 grams. was mixed with 0.703 grams
20 of eugenol and 2.06 grams of water. Upon centrifugation. two phases resulted. the bottom phase
being a nanostructured liquid phase. and the top a nanostructured cubic phase. An amount of
0.68 grams of the liquid crvstalline phase was removed. and to it were added 0.05 grams of
sodium iodide. A drop of eugenol was added to 2.48 grams of the lower phase to ensure low
viscosity. and this nanostructured liquid phase. with 0.14 grams of silver nitrate added. served as
25 the “upper solution™ in dispersing the liquid crystalline phase. Thus, the liquid phase was
overlaid on the liquid crystalline phase containing the iodide. and the mixture sonicated for 1.5
hours. The result was a dispersion of silver iodide-coated particles, in an external medium of the
nanostructured liquid phase.
This Example illustrates the use of nanostructured liquid crystalline phases based on

30 block copolymers as interior matrices for particles of the present invention. In this case, water
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15 [t is apparent that many modifications and variations of the invention may be made

without departing from the spirit and scope of the present invention. It is understood that the

invention is not confined to the particular construction and arrangement herein described. but

embraces such modified forms of it as come within the appended claims. The specific

embodiments described are given by way of example only and the invention is limited only by

20 the terms of the appended claims.
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4 ii, at least one nanostructured liquid crystalline phase or

5 iii. a combination of

6 ¢)) at least one nanostructured liquid phase and

7 (2)  atleast one nanostructured liquid crystalline phase and

8 b. An exterior coating comprising a nonlamellar crystalline material.

12 A coated particle as defined by claim 1. wherein said nanostructured liquid phase
2 material comprises

3 a a nanostructured L1 phase material,

4 b. a nanostructured L2 phase material,

5 c. a microemulsion that is nanostructured or

6 d. a nanostructured L3 phase material.

13 A coated particle as defined by claim 1. wherein said nanostructured liquid crystalline
2 phase material comprises

3 a. a nanostructured normal or reversed cubic phase material,

4 b. a nanostructured normal or reversed hexagonal phase material

5 C. a nanostructured normal or reversed intermediate phase material or

6 d a nanostructured lamellar phase material.

1 4, A coated particle as defined by claim 1. wherein said nanostructured liquid phase
2 material comprises

3 a. a polar solvent and

4 b. a surfactant or a lipid.

13, A coated particle as defined by claim 1. wherein said nanostructured liquid phase
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2 material comprises

3 a. a block copolymer and

4 b, a solvent.

1 8. A coated particle as defined by claim 1. wherein said nanostructured liquid crystalline

§S]

phase material comprises

3 a a polar solvent and

4 b. a surfactant.

1 9. A coated particie as defined by claim 1. wherein said nanostructured liquid crvstalline
2 phase material comprises

3 a. a polar solvent.

4 b. a surfactant and

5

c. an amphiphile or hydrophobe.

1 10. A coated particle as defined by claim 1. wherein said nanostructured liquid crystalline
2 phase material comprises

3 a. a block copolymer.

1 11. A coated particle as defined by claim 1. wherein said nanostructured liquid crystalline

2 phase material comprises

(0% ]

a. a block copolymer and
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1 18. A coated particle as defined by claim 17. wherein said interior core comprises an active

2 agent disposed within said matrix.
1 19. A coated paruicle as defined by claim 18. wherein said active agent comprises paciitaxel.
1 20 A coated particle as defined by claim 18, wherein said active agent comprises capsaicin.

1 21. A coated particle as defined by claim 18. wherein said active agent comprises a

2 photodynamic therapeutic agent.

1 22, A coated particle as defined by claim 18. wherein said active agent comprises a nucleic

(3}

acid.

1 23, A coated particle as defined by claim 18. wherein said active agent comprises a
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6 29. A coated particle as defined by claim 18. wherein said active agent comprises a rodent

7 deterrent agent.

1 30 A coated particle as defined by claim 18. wherein said active agent comprises a

2 pheromone.
1 31, Acoated particle as defined by claim 18. wherein said active agent comprises a receptor
2 protein.

1 32, A coated particle as defined by claim 1. wherein said matrix comprises a material having

o

the physicochemical properties of a biomembrane.

1 33, A coated particle as defined by claim 32. wherein said biomembrane material comprises a

o

biologically active polypeptide material.

1 34, A coated particle as defined by claim 32. wherein said matrix comprises a polypeptide or
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10%&' () - yf B&3" 10A@ddted-pashitle 2Oafinéd bySld YRivherein said exterior coating comprises an

2 inclusion compound.

1 38. A coated particle as defined by claim 1. wherein said exterior coating comprises a zeolite

2

material.

1 39. A method of making a coated particle comprising

2 a. An interior core comprising a matrix consisting essentially of
3 i at least one nanostructured liquid phase,
4 ii. at least one nanostructured liquid crystalline phase or
5 iii. a combination of
6 ) at least one nanostructured liquid phase and
7 (@) at least one nanostructured liquid crystalline phase and
8 b. An exterior coating comprising a nonlamellar crystalline
9 comprising
10 providing a volume of said matrix that includes at least one chemical species having a

11 moiety capable of forming a nonlamellar crystalline material upon reaction with a second moiety
12 and

13 contacting said volume with a fluid containing at least one chemical species having said
14 second moiety to react said first moiety with said second moiety and contemporaneously

15 subdividing said volume into particles by the application of energy to said volume.

1 40. A method of making a coated particle comprising

SUBSTITUTE SHEET (RULE 26)



| 109 ()-'}5Sa| }~dE:/ 10 10; 109%& ()-3710%&: ()- @ 4109%& () - @ 10%& () -
0109%& ()- @7 10%& ()-~ xY:/ 10 10% & ()-

10% & ()- & Ff10% & ()- L10% & ()- 31 F10% & ()-&@0% & ()- 10" Twdi: MAR 2003
10% & ()-T SGL0% & ()- @ 10% & ()-y 10% & ()-, 04 & (V.o WgaB: /
10$#10% & ?500912“%%&-() Sl 10% & ()-!W"10%& ()-,fz PR
10% & ()-f, 10% & ()-1haB:/ 10 /510%&'() 0% & ()-f*10% & ()-fy)
10% & ()-' 10% & ()-! Sy&MLOYSA& ()-h"89: ; MK@10 10t 10t 10t:

10% & () - FlO‘VfIi&'()-I 4. %} & 1) E Qe%-éﬁ(l'(o?-;G?UchVK@10 10
10%: ()- 160% ()- 5372‘% %%b"/é M‘—’ §oa 13"*1‘;05/9/160& ). j*JaBVK@ 10
$S109& () - '3CSS#10%&' 1) f BOR?&'I $ne-neaB g nyd liguidite®, () - S 109&' () - 4C} " ?VK@
10@ 109%&' (,)-,1 109& ()-! 0 0%{
109%& () - ! 5f's&nt 100& ‘} ] xn\S‘E i‘%ﬂf/&z“:ﬁrw}%g “ig’;ta}%"eff}%s&“ ()- @7 10%& ()-y5
109&' ()- @ 4109& () - @iiﬁanaZbﬁfn#liﬂ%&o() @ 1098 () -f
109&' ()-L!Yz109%&' () - 910%&' 0%&' () - Qa 2 C .
101! @ 109688 () - ! Hy#10% ( )%&' e aff‘ﬂ“ié%?&s °g“"%g’f%}d€i‘ﬁsf o ()-Sz10%& () -
OJEnNbC 10! 72S10%&' () - S/ f 1Q¥R' ( atleastldd@BanodtrudynreQifdid c)ysialline phase and
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10%& () - @§10 e ( ) f >An gtg'r?or%ci%gg/ch&xgp?ns%g%goxﬁmggllar crystalline material
9 comprising
10 providing a volume of said matrix that includes said nonlamellar crystalline material
11 dissolved therein and
12 causing said nonlamellar crystalline material to become insoluble in said matrix and

13 contemporaneously subdividing said volume into particles by the application of energy 1o said

14 volume.

1 41. A method of making a coated particle comprising

2 a, An interior core comprising a matrix consisting essentially of

3 i at least one nanostructured liquid phase,

4 ii. at least one nanostructured liquid crystalline phase or

5 iii. a combination of

6 ) at least one nanostructured liquid phase and

7 2) at least one nanostructured liquid crystalline phase and

8 b. An exterior coating comprising a nonlamellar crystalline material

9 comprising
10 providing a volume of said matrix that includes said nonlamellar crystalline material
11 dissolved therein and that includes at least one chemical species having a moiety capable of
12 forming said nonlameliar crystalline material upon reaction with a second moiety and
13 contacting said volume with a fluid containing at least one chemical species having said
14 second moiety to react said first moiety with said second moiety and contemporaneously causing
15 said nonlamellar crystalline material to become insoluble in said matrix and subdividing said
16 volume into particles by the application of energy to said volume.
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1N at least one nanostructured liquid phase and

7 (2)  at least one nanostructured liquid crystalline phase and

8 b. An exterior coating comprising a first nonlamellar crystalline material

9 and a second nonlamellar crystalline material comprising
10 providing a volume of said matrix that includes said first nonlamellar crystalline material
11 dissolved therein and that includes at least one chemical species having a moiety capable of
12 formuing said second nonlamellar crystalline material upon reaction with a second moiety and
13 contacting said volume with a fluid containing at least one chemical species having said
14 second moiety to react said first moiety with said second moiety and contemporaneously causing
15 said first nonlamellar crystalline material to become insoluble in said matrix and subdividing

16 said volume into particles by the application of energy to said volume.

1 43. A method of using a coated particle comprising

2 a. An interior core comprising a matrix consisting essentially of
3 i. at least one nanostructured liquid phase,
4 ii. at least one nanostructured liquid crystalline phase or
5 iii a combination of
6 ¢)) at least one nanostructured liquid phase and
7 (2)  atleast one nanostructured liquid crystalline phase and
8 b. An exterior coating comprising a nonlamellar crystalline material
9 comprising
10 disposing said particle in a fluid medium comprising an adsorbable material and

11 adsorbing said adsorbable material on said exterior coating.

1 44, A method of using a coated particle comprising

2 a. An interior core comprising a matrix consisting essentially of

(9

1. at least one nanostructured liquid phase,
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10B, 100/3@ disposing said particle in'a fluid medium mprising an absorbable material and

8 absorbmg said absorbable material in said interior core.

1 45. A method as defined in claim 44, wherein said absorbing is triggered by dissolution of

2 said exterior coating by said fluid medium.
1 46. A method as defined in claim 44. wherein said absorbing is triggered by disrupuon of
2 said exterior coating.

1 47. A method as defined by claim 44, wherein said absorbing occurs through pores in said

2 exterior coating.

1 48 A method of using a coated particle comprising

2 a. An interior core comprising a matrix consisting essentially of

3 L at least one nanostructured liquid phase.

4 ii. at least one nanostructured liquid crystalline phase or

5 iii.  acombination of

6 ¢y at least one nanostructured liquid phase and

7 (2)  at least one nanostructured liquid crystalline phase and

8 b. An exterior coating comprising a nonlamellar crystalline material

9 comprising
10 disposing said particle in a fluid medium comprising an absorbable material and
11 absorbing said absorbable material in said exterior coating.

1 49. A method of using a coated particle comprising

2 a. An interior core comprising a matrix consisting essentially of

SUBSTITUTE SHEET (RULE 26)



10988 () - @0YB& ()-" 10YB& () - FnloYB&' () - YYd0uB& ()-Z 10BU--//r//10aB:/
10By# 109B& ()-!109B& ()-!;,"10%B5B& ()-g, "10%& ()-gf S 5 MA;’@ 02
109B& ()-fZ"109B& ()-1000 1] 111dE:/ 10B , &109B& ()- +109B& ()-y) 1098 %@
' 109B&' () + oB&' ()-$ 109B& ()-11K2223qg3dE:/ 10BS5! 10UB& L)

34@0YB& (W%%AB&' ()-31z 109B& () -/ 10%B& ()-@y#low&gﬁgﬁég@?&s 4 4bC
10B° 10% h&' () -1410% h& () - S& 10% h& ()-Z.,10B 10B 10B; 109B& ()- Y7 109B& () -
444 5v5X77dEbC 10BY" 10% h&' () -1 @ 10% h& ") - 10% h& () -1 @0% h& ()-1,!10%
h& ()-z! Ff,10% h& () -.7788=999aBhC_1 0 h& ()- 10% h& ()-yy#10%

h& ()-!yy#100oD& ()-" 10@(‘)9%3?‘8‘39“;"}““%%‘%%‘%‘Bq-éég“:iigiﬁr; ; <mkaBbC 10B+10%

h& ()-)Z10% h& ()-Y if.10%atiéssf yneyndd@eradnged Jqul ct94llim&'phdse bt 10% h

h& () - gmes0=U==>f >dERC 10B, F&" 10% h& ()-210% h& ()-Y 31710% h& ()-/10%
h& ()- .10% h& () -, #10% REPPYPFO8S o) Hn o9/ 2<2bC 10BYGLOYE () - USL0%& () - 3
10 h 10 h410 hf; 10% h& (1) Yat2éa6%nkSanp)trubthied Y& phigse aRi? 2t 2?7?29 @RIELC 10Bf
1098 () - @.10%&' ()-| 1ocy&'é))-u| 109%& () - S109%&' () .- S10%& ().- @ZAAA3BBDIELC
10By 10% .5()_ 2 SH109%&: () - ( 10%.1%7t_qx1i6&astwglfe%hgald crystaf%ncg ghag and

10%&' () - S'610%&' (b) - y DARPBERriIrEstibg cobtiphigh 20%@nd hr cristaliféEnateriald 109& () -
s109& () - . z109& ()-ff#10%& () - EFeFF! GGGaBbC

comprising
8 disposing said particle in a fluid medium comprising an absorbable material and
9 absorbing said absorbable material in said interior core and exterior coating.

1 50. A method of using a coated particle comprising

2 a. An interior core comprising 2 matrix consisting essentially of

3 i at least one nanostructured liquid phase,

4 ii. at least one nanostructured liquid crystalline phase or

5 iii.  acombination of

6 ¢)) at least one nanostructured liquid phase and

7 ) at least one nanostructured liquid crystalline phase,
8 said matrix comprising an active agent disposed therein, and

9 b. An exterior coating comprising a nonlamellar crystalline material

10 comprising

11 disposing said particle in a fluid medium and

12 releasing said active agent into said fluid medium.
1 51, A method as defined in claim 50. wherein said release is triggered by dissolution of said
2 exterior coating by said fluid medium.

1 52, A method as defined in claim 50. wherein said release is triggered by disruption of said

2 exterior coating,

1 53. A method as defined by claim 50. wherein said release occurs through pores in said

2 exterior coating.
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1] releasing said active agent.

1 55, A method as defined in claim 54. wherein said release is triggered by dissolution of said

2 exterior coating by said fluid medium.

1 56. A method as defined in claim 54. wherein said release is triggered by disruption of said

2 exterior coating.

1 57. A method as defined by claim 54. wherein said release occurs through pores in said

2 exterior coating.
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at least one nanostructured liqu1d phase.

59. A coated particle as defined by claim 1, wherein said matrix consists essentially of

at least one nanostructured liquid crystalline phase.

60. A coated particle as defined by claim 1, wherein said matrix consists essentially of
a combination of at least one nanostructured liquid phase and at least one

nanostructured liquid crystalline phase.

61. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is an organic compound.

62. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is an inorganic compound.

63. A coated particle as defined by claim 1, wherein said non-lamellar crystalline
material is a mineral selected from the group consisting of calcium carbonate,
calcium phosphate (tribasic), calcium phosphate (dibasic), calcium silicate, calcium
sulfate, ferric oxide, ferrosoferric oxide, gold, iodine, magnesium; magnesium
aluminum silicate; magnesium sulfate; magnesium trisilicate; magnesium carbonate;
magnesium hydroxide; magnesium oxide; magnesium silicate; silica; silicon; silicon
dioxide; sodium bicarbonate; sodium carbonate; sodium chloride, sodium sulfate,

tellurium, titanium dioxide, and zinc oxide.

64. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is a metal.
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67. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is an inactive ingredient suitable for injectable formulations.

68. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is a clathrate.

69. A coated particle as defined by claim 1, wherein said non-lamellar crystalline
material is selected from the group consisting of ascorbic acid, ascorbic palmitate;
aspartic acid; benzoin; beta-naphthol; bismuth subcarbonate; butylated
hydroxytoluene; butylparaben; calcium acetate; calcium ascorbate; calcium
carbonate; calcium chloride; calcium citrate; calcium hydroxide; calcium phosphate,
dibasic; calcium phosphate, tribasic; calcium pyrophosphate; calcium salicylate;
calcium silicate; calcium sulfate; carmine; cetearyl alcohol; cetyl alcohol;
cinnamaldehyde; citric acid; cysteine hydrochloride; dibutyl sebacate; esculin; ferric
oxide; ferric citrate; ferrosoferric oxide; gentisic acid; glutamic acid; glycine; gold;
histidine; hydrochlorothiazide; iodine; iron oxide; lauryl sulfate; leucine;
magnesium; magnesium aluminum silicate; magnesium carbonate; magnesium
hydroxide; magnesium oxide; magnesium silicate; magnesium sulfate; magnesium
trisilicate; maleic acid; malic acid D, L-; methyl salicylate; methylparaben;
monosodium glutamate; propyl gallate; propylparaben,; silica; silicon; silicon
dioxide; sodium aluminosilicate; sodium aminobenzoate; sodium benzoate; sodium
bicarbonate; sodium bisulfate; sodium bisulfite; sodium carbonate; sodium chloride;

sodium citrate; sodium metabisulfite; sodium nitrate; sodium phosphate, dibasic;
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70. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is calcium phosphate.

71. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is potassium nitrate.

72. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material has a water solubility less than about 5%.

73.  The coated particle as defined by claim 72, wherein said non-lamellar crystalline
material is selected from the group consisting of iodine, aspartic acid, benzoic acid,
butylated hydroxytoluene, calcium edetate disodium, gentisic acid, histidine, propyl

gallate, and zinc oxide.

74. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is a Werner complex.

75. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is a reversible oxygen-carrying chelate.

76. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is a complex of the form K,Zn3[Fe(CN)¢], hydrate.
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78. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is an amino acid or a salt thereof.

79. A coated particle as defined by claim 1, wherein said non-lamellar crystalline

material is an inclusion compound.

80. A method as defined by claim 50, wherein said releasing step is triggered by pH.

81. A method as defined by claim 50, wherein said releasing step is triggered by ionic

strength.

82. A method as defined by claim 50, wherein said releasing step is triggered by

pressure.

83. A method as defined by claim 50, wherein said releasing step is triggered by

temperature.

84. A method as defined by claim 50, wherein said releasing step is triggered by

dilution.

85. A method as defined by claim 50, wherein said releasing step is triggered by

surfactant action.

86. A method as defined by claim 50, wherein said releasing step is triggered by

enzymatic activity.
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88. A method as defined by claim 50, wherein said releasing step is triggered by

complexation with a target compound.

89. A method as defined by claim 50, wherein said releasing step is triggered by electric

current.

90. A method as defined by claim 50, wherein said releasing step is triggered by

irradiation.

91. A method as defined by claim 50, wherein said releasing step occurs by dissolution

of said exterior coating at a desired rate.
92. A method as defined by claim 50, wherein said releasing step is triggered by shear.

93. A method as defined by claim 50, wherein said releasing step is via pores in said

exterior coating and is selective by pore size versus compound size.

94, A method as defined by claim 50, wherein said releasing step is via pores in said

exterior coating and is selective by pore wall polarity versus compound polarity.

95. A method as defined by claim 50, wherein said releasing step is via pores in said

exterior coating and is selective by pore ionicity versus compound ionicity.

96. A method as defined by claim 50, wherein said releasing step is via pores in said

exterior coating and is selective by pore shape versus compound shape.
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98. A method as defined by claim 54, wherein said releasing step is triggered by pH.

99. A method as defined by claim 54, wherein said releasing step is triggered by ionic

strength.

100. A method as defined by claim 54, wherein said releasing step is triggered by

pressure.

101. A method as defined by claim 54, wherein said releasing step is triggered by

temperature.

102. A method as defined by claim 54, wherein said releasing step is triggered by

dilution.

103. A method as defined by claim 54, wherein said releasing step is triggered by

surfactant action.

104. A method as defined by claim 54, wherein said releasing step is triggered by

enzymatic activity.

105. A method as defined by claim 54, wherein said releasing step is triggered by

chemical reaction.
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112. A method as defined by claim 54, wherein said releasing step is via pores in said

exterior coating and is selective by pore wall polarity versus compound polarity.

113. A method as defined by claim 54, wherein said releasing step is via pores in said

exterior coating and is selective by pore ionicity versus compound ionicity.

114. A method as defined by claim 54, wherein said releasing step is via pores in said

exterior coating and is selective by pore shape versus compound shape.

115. A method as defined by claim 54, wherein said releasing step is performed by

selection of certain compounds or ions forming porous inclusion compounds with
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said exterior coating and other compounds of ions not forming porous inclusion

compounds with said exterior coating.

116. A coated particle comprising,

a. An interior core comprising a matrix consisting essentially of
i. at least one nanostructured liquid phase,
ii. at least one nanostructured liquid crystalline phase or
iii. a combination of

(1) at least one nanostructured liquid phase and
(2)  at least one nanostructured liquid crystalline phase and

b. An exterior coating consisting essentially of a nonlamellar crystalline phase.



