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NANCPARTI CULATE BENZOTHI OPHENE FORMULATI ONS FI ELD OF

THE | NVENTI ON This invention relates to the fields of
wphasemaee@st i cal and organi c chem stry and pr oviPGBAIS2005/043707

benzot hi ophene conmpound, such as a ral oxifene

hydr ochl ori de conpound, in nanoparticulate form which

is useful for the treatnent of various nedical

i ndi cations, including osteoporosis. BACKGROUND OF THE

I NVEMINORABCICITIOATE BENZCIH HID PHENE FORMULLATIONS

Conposi tions Osteoporosis describes a group of

di seases which arise fromdiverse etiol ogi es, but

whi ch are characterized by the net |oss of bone nass

per unit vol ume. FIREDCOPSAIN ENVENTIONI S | oss of bone

mass and resulting bone Tracture 1s the failure of the

s kKEBhie iention relases iddhafields af ghasmaceutioalzind vugapioy chefdsiry and

t.he body...One of the st .co n i s of .osteoporosi s.
provide s Rk 26Uy EnS PR SIS A oS BRI B g dtnd in
nanop&rBFNIBRIHEm 2P0 & RERN tor8RYelimt o RARBusRSSichlNndib ions,

rabecul ar conpartnent of the bone within 3 to 6 years

includingensteoperosisssat i on of nenses. This rapid loss is
generally associated with an increase of bone
resorption and formation. However, the resorptive

cycle s mor g SORGROUND G TAK POVENTIBN net | oss of
bone nmss. ri ous

o< PR ARE R RRABRRMRR| e FARGesiiIfS, o 0"

al OBeoporbes aseribdsfd grotip df Wiséabest whish diiseAR. divdie: etiologies, but
_results of osteoporosis are personally harnful and
which prchagastriired by theanet ks ef bensaass et wykveluaet dhp ggnsequence
chronicity and th 2ed, for tensi.ve.. t
ot ol plR v o IERE RO er ST B Ry FuBREL BP Rl
provide @déethheAsRicERs dap@at fol fheShdds. ©mBREiR) h¥stlcot@ndntyparof

elderly patients. Additionally, although osteoporosis
osteqpgrasistis that associated with menopause. Most women lose from about 20% to

about 60% of the bone mass in the trabecular compartment of the bone within 3 to 6 years

- after the cessation of menses. This rapid loss is generally associated with an increase of

bone resorption and formation. However, the resorptive cycle is more dominant and the
result is a net loss of bone mass. Osteoporosis is a common and serious disease among

post-menopausal women.

There are an estimated 25 million women in the United States, alone, who are
afflicted with this disease. The results of osteoporosis are personally harmful and also
account for a large economic loss due to its chronicity and the need for extensive and long
term support (hospitalization and nursing home care) from the disease sequelae. This is
especially true in more elderly patients. Additionally, although osteoporosis is not
generally thought of as a life threatening condition, a 20% to 30% mortality rate is related
with hip fractufes in elderly women. A large percentage of this mortality rate can be

directly associated with post-menopausal osteoporosis.
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general ly thought of as a life threatening condition,
a 20%to 30%nnortality rate is related with hip
wonemwiode@s i n el derly wonen. A | arge percent ageCofustiuss43707

nortality rate can be directly associated with

post - nenopausal osteoporosi s. Bef ore nenopause tine,

nost wonen have | ess incidence of cardi ovascul ar

di sease than age-matched nen. Fol |l ow ng nenopause,

hoBefoey mertopaugetirge, ahost aotlien\ase lekaincitieaersiatdio vasowar

slowy increases to match the rate seen in nen. This
dlseap%@n@se pratshed m1egn H?H@Wﬁtgéﬁeflqpﬁksédh‘?‘ﬁe‘f%éh? B 0lf

Cardlgg%slclgltgls&?e%ggm éwpmt@ﬁ gf"{“ﬁg rf%fease{s% Gcl ﬂ’é?at 4 o gh'iﬁ’#lﬁ”nﬁs

O regul ate eve serum

loss dfaruteeticafhag Seerogaiedstoald loks of dsogerpatdatnepastivulm 1o the tisss of
is not well understood, but evidence to date indicates

estroggs alilityrie gealateth thepevelyed saruan Hipids| e aates; afesirpgancs ability
tore %\Jr‘ll%)seﬁglclgﬁ%é)ikglgk Qe lql%fl%tr's%g(ﬁ btu? e{}lagﬁpcee[o %&% ?I?(flcatﬁs that

ster gen ap

estros@@anafpfiregilatethd lﬁﬁv QY leldE(EDiL) @écepﬂa)@sl ﬁSheElivﬂr to @eﬁﬁbve
ot her beneficial effects on cardi ovascular health. It

excessagholssterlr @dﬁmlly,ws{r@g’em appearytoieae sHEe effect on the biosynthesis
R, us ying estr acenent
of eHBRSlerly A0 Bep R bS5 T

concentrations to those of the pre- rrenopausal state.
Thus, estrogen woul d appear to be a reasonable
t rlsanseasn répprtedin Shediterabure that pcm@wepausah\éomen having estrogen

repla b Tty S RO ERYSe T SR ARl T of he
pre- rﬁéﬁo‘?aﬁsﬁﬁs&@f@y Thé¥) ek@6&h vtr&lﬁd ff}giéalf R bet dWeBscnE itdeh@ibnt for this

be an agent which wou regul ate the serumlipid
conditne Haevdo ds dde-cBepnol etstrogmplacmerdékmam’ as¢ nptasceptable

side-effects. and rj sks i ated wth
to miyeagR TRrQER B Vo i G bt K9S RS fijs condition
woul@i'b%ta'nrﬁgént v 8BSl re@akYe thd @hﬁfﬁ IipRNBvENAd 8GR ESE but would
have denonstrated pofential for inproved selectivity
be daybicksfithogjdnietfees ind tisksi assaciatefewith iestsages theSipyi | ar t o
tanoxi fen, ral oxi fene hydrochl ori de was devel oped
originally for treatnment of breast cancer; however,

t NBrRRNZA FRIRRE SN DUAlcRAOdisti) Oxit- 6&1%5;&19/‘1 E&Sﬁhﬁ{e' de

represented a significant structural deviation from
hydrodidoride] heve miginenbtydted potential for improved selectivity of estrogenic effects
in target tissues. Similar to tamoxifen, raloxifene hydrochloride was developed originally
for treatment of breast cancer; however, the benzothiophene nucleus of raloxifene
hydrochloride represented a significant structural deviation from the triphenylethylene
nucleus of tamoxifen. Raloxifene hydrochloride binds with high affinity to the estrogen
receptor, and inhibits estrogen-dependent proliferation in MCF-7 cells (human mammary
tumor derived cell line) in cell culture. In vivo estrogen antagonist activity of raloxifene
hydrochloride was furthermore demonstrated in carcinogen-induced models of mammary
tumors in rodents. Significantly, in uterine tissue raloxifene hydrochloride was more
effective than tamoxifen as an antagonist of the uterotrophic response to estrogen in

immature rats and, in contrast to tamoxifen, raloxifene hydrochloride displayed only

minimal uterotrophic response that was not dose-dependent in ovariectomized (OVX)

2
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nucl eus of tanoxifen. Ral oxi fene hydrochl ori de binds

with high affinity to the estrogen receptor, and
wOonhicwctas est r ogen- dependent proliferation in RMCFAE2005/043707

cells (human mamary tunor derived cell line) in cell

culture. In vivo estrogen antagoni st activity of

ral oxi fene hydrochl ori de was furthernore denonstrated

i n carcinogen-induced nodels of mammary tunors in

rats. TRECRISkifedt dfidtElorte %, un[dfile 4k @h laﬁﬁ bligfehd @kané éstidgen
hydrochl oride was nore effective t an tanoxi fen as an

receptantingehitgrodices heeutyao@nﬂqiphlo@ka@squ@tmnhﬂéw@&é@ in

estrog‘eg}gﬁcg(fj rrgﬁﬁr%h %ﬁ%glgsifﬁ? (it 8grag?r>§€epgé7¥%rogﬂonde l%nthls tfssue Indeed,
the abillit§ 0Pl GRIHNE h&&l%léﬁl’&ﬁﬁe tatia ﬁ?ﬂ&e []2%) ut@ﬁﬁ@stﬂﬁtﬂ&twﬁeﬂfedt of

ovari ectom zed (OVX)rats. ral oxi f ene
tamoxifedrvas h¢asnily éemsnamrcqqlue Qa8X aats. aRtah)gtfmeshYdmcmcn@e is more

propeflySharF B B re b Dak Byeo P Rieen ot MspHRle? FEER SRS uesp i

unlqug I8 ef'héj&?erﬂleal%ﬁétﬂﬁl of2BeRifse 18ldtRGloriak ig:al oxi f ene
hydrochloride in this tissue. Indeed, the ability of

ral oxi fene hydrochl oride to antagoni ze the uterine
stinmulatory effect of [ was recently
denonstrated in OVX ra%@%‘gjl fene hydrochloride is
e properly characterized as a Sel ective Estrogen
Re W or (SERM), due to its unique profile.
Th em St ctur e of ral oxifene hydrochloride is:

desi gnatl on i s net hanone,

thlen3yl] [4[ r|d|nyl) et hoxy] phenyl ] -
hydr ¢z»l-or|de i f e 2
enpir formula C 8H 4 S-HCl, which

that is very sl igf fete Ral oxi f ene HCL
is commerci al | [ .' ¥ rrm f or
é?'ilN)

oral adm nistr
Each tabl et i
|nclude anhydr ous

base Wi t hH@act | ve |ngré
ec lca S1ZN lOC% mlg on 9 4Hlo¥ en eF -0-yi|- z- -(1-
:.l:)end?ﬂ) {}g}ﬁﬁ Err?klﬁrdrorhn)’oh %Ej rféﬂ fydrotld’fgﬁp)&;%l)%bgéﬁyé%gﬁfﬁigﬂ@dsH27

NO 4 S-HCI, which corresponds to a molecular weight of 510.05. Raloxifene HCl is an off-white to pale-yellow
solid that is very slightly soluble in water.

tent s t hat

Raloxifene HCL is commercially available in tablet dosage form for oral
administration (Eli Lilly, Indianapolis, IN.). Each tablet is the molar equivalent of 55.71
mg free base with inactive ingredients that include anhydrous lactose, carnuba wax,
crospovidone, FD&C Blue #2, aluminum lake, hypromellose, lactose monohydrate, and
magnesium stearéte, as well as other commercially available excipients well know to the
art.

Raloxifene hydrochloride and processes for its preparation are described and
claimed in United States Patents Nos. 5,393,763 and 5,457,117 to Black et al; 5,478,847
to Draper; 5,812,120 and 5,972,383 to Gibson et al., and 6,458,811 and 6,797,719 to

Arbuthnat et al., all of which are incorporated herein by reference.
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magnesi um stearate, as well as other comercially

avai |l abl e excipients well knowto the art. Ral oxifene
woydremebdosr i de and processes for its preparati 8aTAISE005/043707

described and clained in United States Patents Nos.

5,393,763 and 5,457,1 17 to Black et al; 5,478,847 to

Draper; 5,812,120 and 5,972,383 to G bson et al., and

6,458,81 1 and 6,797,719 to Arbuthnat et al., all of

whi ch are incorporated herein by

ref erence. Nanoparticul ate conpositions, first
d¥anoppiigulate ¢ongositians irsiddescrihedds UsB Paent . 5484,684 (“the

. tent" aJ. articles.consjsti f a poorly soluble

684 Pl ati nefhiie Birkisfed s EPATLI Mk MrusBeBiOh i Giigacen

havirf}ad3BEE bb o6k Whddlated WRhSHE kavgReetth@ESTA nod-crosslinked surface
non-crosslinked surface stabilizer. The. '684 patent

stabilifise s The 16 8dawtanit Becsmmh deraribé sulopadiculeiepesinasiiess of 2 a

b bEanthi ophene. Methods of maki ng nanoparticul ate

enztBpBYiSt i ons are described in, for exanple, U.S.
Pat ent Nos. 5,518,187 and 5, 862,999, both for "Method
of Grinding Pharnaceutical Substances;" U. S. Patent
NdViethpdd &f 188i8ing hamopationtatscronsosifnb et dsscribredrinj fogexample,

har maceuytj cal _Subst ' and U S, Patent .No .
US. Batanicas; 3,516,187 388822555, bl oty ﬁ@i@ﬁé@b@m Pharmaceutical
SubsRIRC S PRENRHI Ay 11 188 ManReRAfihidk 8%ethod of Grinding

Nanoparti cul ate conpositions are al so descri bed, ~for
Pharex@npta SubstatteS” aBd {UefitPatiog NG 5298, 28 Porf Brocekisef Reparing

loni.c_Cloud .Point Modifiers to Prevent Particle
ThergpggieGamiPeH PRt 5ﬂlgalstn§r1ﬂ¢l}0£amﬁ%; " 5,302,401 for

"Met hod to Reduce Particle Size G owh During

Lyophilization;" 5,318,767 for "X-Ray Contrast

Cavipoghaitticalate d¢daefasitions atekeddoodesciedgion gxdmfle,3Ad ] S5PatwiNos.

"Novel  Fornul ati on For. Nanoparticul ate X-Ray Bl ood,
5.29%¢8) foroHss %Ipns&g@ﬁvél’%r Mpdiiieghtageeat Paﬂgﬁégﬁﬁgmn

Do A SPEA Pl i gl
Lyophilidafor 03,31 8)767 s X0Ralangad (ddnagspitiohs PYkelal indVIBdidalce
Imaginl\lagl;’!’O ,??2r6t,'i5 §:2| f%r/‘_} o£1661 acl)trringlg%ti:)n %"o? Iéll(a)ﬁc?pgﬁticﬁl?atte X-Ray Blood Pool
Contrast Agents Using High Molecular Weight Non-ionic Surfactants;” 5,328,404 for
“Method of X-Ray Imaging Using lodinated Aromatic Propanedioates;” 5,336,507 for
“Use of Charged Phospholipids to Reduce Nanoparticle Aggregation;” 5,340,564 for
“Formulations Comprising Olin 10-G to Prevent Particle Aggregation and Increase
Stability;” 5,346,702 for “Use of Non-Ionic Cloud Point Modifiers to Minimize
Nanoparticulate Aggregation During Sterilization;” 5,349,957 for “Preparation and
Magnetic Properties of Very Small Magnetic-Dextran Particles;” 5,352,459 for “Use of
Purified Surface Modifiers to Prevent Particle Aggregation During Sterilization;”
5,399,363 and 5,494,683, both for “Surface Modified Anticancer Nanoparticles;”
5,401,492 for “Water Insoluble Non-Magnetic Manganese Particles as Magnetic
Resonance Enhancement Agents;” 5,429,824 for “Use of Tyloxapol as a Nanoparticulate
Stabilizer;” 5 ,447,710 for “Method for Making Nanoparticulate X-Ray Blood Pool

Contrast Agents Using High Molecular Weight Non-ionic Surfactants;” 5,451,393 for “X-
4
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"Formul ations Conprising Ain 10-Gto Prevent Particle
Aggregation and Increase Stability;" 5,346/ 702 for
wOsm/066698lon- | oni ¢ Cl oud Point Modifiers to M RCTUB2005/043707
Nanoparti cul ate Aggregation During Sterilization;"
5,349,957 for "Preparation and Magnetic Properties of
Very Smal | Magnetic-Dextran Particles;" 5,352,459 for
"Use of Purified Surface Modifiers to Prevent Particle

Ray CAHaS00&th P8si M NS fuPheMddicaRIrh g’ ” 5488348 s ‘@demulations of
5,494,683, both for "Surface l\/bdlfl ed Anticancer

Oral Mpstrspatestinal Biaghoicd-Rag Contrest Agsatsén Comslihafisinewith

Pharpi R A RN Es A3 S bt PR Wi o B R St

Comﬁb%ltﬁ)nm%ﬁl '\g@hbl%%& PRbRblipids o Recﬁwéﬁ%g? tibRr 5, 472 683 for

d for ki ng Nanoparticul ate X- ood Pool
“Nandpmtwtdam Dlggmssc thmCMbgmld\bh]eduﬁeﬁr aS\MT@Y{CMmSﬁ Agengs for

Bloo el ST FREREE Sa1004gr g amparfsylaigipggsti

Dlmerf &rma?@&ﬁl%stoﬁgeqtsafor Basiarmion Eﬁdslﬂfrﬁﬁll)at@ SRS Ih£ping;”
Contrast Agents i n Conbination

5 518%rmaﬁléannopaetldu§ate%f SAiﬂD dotmreulgtionss” 5,55] 2,]7&)fc5~8°3~1ahgpartlculate

o A RN SR
“Nan i@@%![ﬁg osﬁc f)?a%n%%ﬁ; Bl X Na %ﬁfrﬁét eﬁ{sefor Blood Pool and

agnostic xe o Anhy i des as Contr ast
Lymphgto SgstémarinBemgd’ o4, 1 Bnfdr (Ruopésa ot Bre@yﬂngﬁi—]{aﬁ@om@s‘f

Comps Ryl GomiHASE NAGEAFGS P ?égéﬁegﬁ?%gug‘a MG

R

Dlspdrﬁd@sjinﬂa@eﬁteblmlﬂh \tﬁFatt@eAmﬂs;r’ 51366,188 fot- ‘Rayyalioyiened3lbck
Agent s; 525,328 for "Nanopartjiculate Di [

Copoltas s Susfacedvied Aesray NemHEHES: A4t B - Bidaen gprionic

S
o0 BRSSO PREC g B Mol Rl mBLies
5,57 1NBs0foa f‘Fdn(ﬁiLﬂﬁlons 5f 65ﬂ1p&ﬁﬁﬂsfa@ rNan&ba’rﬁaﬂete Iﬂldpérsleﬂis iNSApEtible
Nanopar ti cl es 931 for "Formul ati ons of

Oils @dipiz ads; a8, R%ﬂé% 3}r il\@apmcwg Risgosiis Mixeds yberlisl e
Anydgd%% %sok-fe%ft (tléfntégi! ggents Rr BEudl Bt LRy Lylﬁgha}‘tﬁl é‘}é ¢i'faging;”

5,573,750 for “Diagnostic Imaging X-Ray Contrast Agents;” 5,573,783 for “Redispersible
Nanoparticulate Film Matrices With Protective Overcoats;” 5,580,579 for “Site-specific
Adhesion Within the GI Tract Using Nanoparticles Stabilized by High Molecular Weight,
Linear Poly(ethylene Oxide) Polymers;” 5,585,108 for “Formulations of Oral
Gastrointestinal Therapeutic Agents in Combination with Pharmaceutically Acceptable
Clays;” 5,5 87,143 for “Butylene Oxide-Ethylene Oxide Block Copolymers Surfactants as
Stabilizer Coatiﬁgs for Nanoparticulate Compositions;” 5,591,456 for “Milled Naproxen
\;&fith Hydroxypropyl Cellulose as Dispersion Stabilizer;” 5,593,657 for “Novel Barium
Salt Formulations Stabilized by Non-ionic and Anionic Stabilizers;” 5,622,938 for “Sugar
Based Surfactant for Nanocrystals;” 5,628,981 for “Improved Formulations of Oral
Gastrointestinal Diagnostic X-Ray Contrast Agents and Oral Gastrointestinal Therapeutic
Agents;” 5,643,5.52 for “Nanoparticulate Diagnostic Mixed Carbonic Anhydrides as X-

5
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Copol yners as Surface Modifiers for Nanoparticles;"”

5,569, 448 for "Sul fated Non-ionic Bl ock Copol yner
weuodeact@nt as Stabilizer Coatings for Nanopar PCTIUS2005/043707

Conpositions;" 5,571,536 for "Formul ati ons of

Compounds as Nanoparticul ate D spersions in Digestible

Ols or Fatty Acids;" 5,573,749 for "Nanoparticul ate

Di agnostic M xed Carboxylic Anydrides as X-Ray

Ray (oiiatiag benfORR BiodddFooBhA®HyRaki by R4 g, 5 FY 8 BEIT:
7 | magi n £ , 573, 750O for " gﬁg%dnlgg;?igtg I magl ng X- Ray .

"5
“Contdaytus ég@thﬁ@eﬁﬁs’ndins PhamnargdtichbyubsRadespés7d 891 2 for

« Nanopar i cul ate, Fil m-Matri ces. Wth Prg i «
NenegERaas CbSHugian ReJEn s onses bt PP E dpigsherosols
ContaihBiBeclddftidsord RartopiticIDNBASRAS; b 50432025t B+ d de oyt

H gh Mol ecul ar Wi ght, Linear Poly(ethylene Oxide
IntravRobyske AdptinisteBgd SN an0@artionlateFmrmulation dmdiced AQverse Physiological

Gast,s Oj. inal  Th tic, Agents.i nbi naf i .
Reaciier CAtH b SVERP Y LRI AHTES 4 iy Bar BRuBg e gney Virus
(HIV)"S Blteske thiRdrdOsikEL '@é}uﬁfb@m@iﬁﬁ@e b5 e{OPRLESBS Sor “Methods

urfactants as Stabilizer Coatings for Nanoparticul ate
of MaRomgpoNanddrystallitie Borifdatibmé of Bumahmineadodspriance Vinist(HIV)

r OXypr I | ul.oge as pi.spersij t ahilizer;"
ProtesgéduRBET e CRUETE SarRce iR EerEs Priah Lo s Tnebtable
Formwla@iBhd c')ﬁ@éir}o%){rti!lé'ﬁlﬁfé 198r6xHel6 ABY 908 for SRR $d17EDSse Form of

5,622,938 for "Sugar Based Surfactant for
Nanopiatioaleted¥airexch; 50,8284 @Bfor f Detioldspf TwadngdManhals Using of

Oral _Gastrointestinal D agnostig¢ X- .Contrast Agents
Nanoalarata@naffloeﬁg rlgm%ﬂfﬁng%fmmw&daﬁaﬁt&x’w%ﬂ%@’;%ﬁ)rotease
. /N @ i - i . N
I o AR RO RICOnPhAT0 Nkt longrsions:
6,26780! foatidethpdpfvaPirevetiisg €ngstabGgowity; dndPartide A@Brebaion in
"Caont i nuous, Met hod _of G inding Pharmaceuti cal

hod
Nanoggrhigle{ruprosttians;7 e 19189 6rfgr “Useat Sibar-Diceivalazeddpids s Pigface
Stabi],tl g B }?asﬁB@‘%{:ﬁ% rCo%péllesg*ng okes ,025 ’f{é‘g%%gcgiy :f[jgfiléte grating

eroso al ni ng net hasone
Solid DralPosige Faim,” %, F3MNBA0r ¥ Sulid TRed WNanbpartiohilate Compositions
I ntravenously Adm ni stered_Nanoparti cul ate Fornul ation
Comprisingcadynarisiceomphipation ebi Relympee SurfacesStabifzeyand dhioctyl

s SR AL LA o8 G B MR o
Havilg@étwnﬁxSSﬁxf@d ISkabilezets; aBj431 488 fir“SthallBralitdilf;0and 6,432,381
for “Mé\{lﬁggsof%? Targeting Drug Delivery to the Upper and/or Lower Gastrointestinal
Tract,” 6,592,903 for “Nanoparticulate Dispersions Comprising a Synergistic
Combination of a Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuccinate,”
6,582,285 for “Apparatus for sanitary wet milling;” 6,656,504 for “Nanoparticulate
Compositions Comprising Amorphous Cyclosporine;” 6,742,734 for “System and Method
for Milling Materials;” 6,745,962 for “Small Scale Mill and Method Thereof;” 6,811,767
for “Liquid droplet aerosols of nanoparticulate drugs;” and 6,908,626 for “Compositions
having a combination of immediate release and controlled release characteristics;” all of
which are speciﬁcally incorporated by reference. In addition, U.S. Patent Application No.
20020012675 A1, published on January 31, 2002, for “Controlled Release
Nanoparticulate Compositions,” and WO 02/098565 for “System and Method for Milling
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of Maki ng Nanocrystalline Formnulations of Human
| mmunodeficiency Virus (H'V) Protease |Inhibitors Using
waebdebem™s c Surface Stabilizers;" 6,153,225 f oPCT/US2005/043707
"I njectable Formul ati ons of Nanoparticul ate Naproxen;"
6, 165,506 for "New Solid Dose Form of Nanoparticul ate
Napr oxen;" 6,221,400 for "Methods of Treating Manmal s
Usi ng Nanocrystalline Formulations of Human
MateridI§Qed bt GhipaiticViatd Sorhpdsiibon T8l @8S §ebiHthldy fnobporated by
6, 264, 922 for "Nebulized Aerosols Cont ai ni ng
refereNaenopartl cle D spersions;" 6,267,989 for "Methods for
Preventing Crystal G owt h and Particle Aggr egation in
Nanoparticle Conpositions;" 6,270,806 for "Use of

P@%Q%ﬁbﬂ%‘rﬂaﬂ%rt‘rdl@ b&Bp&stiond rafea&e%c%él‘p ifdrl & Bplel BIU. S Patent
Nanoparti cul ate Conpositions;" 6, 029 for ha

Nos. 4783,484 for APartigulst GQinﬁWMOn@mgé,@e ’th@raqf as BB TicroBiel qu:nt »

s he R B omesl ope Come 511
Organst @B pbafds; 0N09 L AL Fo¥ knRatHauns PakimYsifHAY-8ized Particles

6, 428,814 for "Bi oadhesi ve Nanoparti cul at e
From Gmmﬂldﬂe Compsurtday H# 10527 oniGltBsmbAcNosagiegitekbPerpts Particles

of Un?f&é{?{ i 470¥ gtrra]pgllr&re flq,gcl%}lﬁg\%lﬁg}q %Wetlhsd;r ﬁén{gé %%6 for
“Ultra@ﬁfyllqror&% u'i'tﬂ@ssifog ﬁhﬂérﬁ:ﬁ{g‘ I@lﬁjaso-[ﬁlﬁ(ﬂack Rated2, 903 for

Nanoparti cul ate Di spersions Conprising a Synergistic
Combi nation of a Polyneric Surface Stabilizer and

D octyl Sodi urs BMIMARY OFTEHE, INVENGZOR85 f or
Apparatus for sanitary wet mlling;" 6,656,504 for

S S G R R S S A B

benzd’thlbblhdm@, Ibﬁfeﬁibll}&faﬂidmfeﬁe Tidro&0arideo rTheSiImhﬂ»oszmk eorvpilide a
and Met hod Thereof:" 6,81 1,767 for (%wd dropl e

benz%@@%@ﬁsprsferqb&h@b@ﬂfqné hyvdroehlepideg gnd atalﬁ sl gno o6t abiier
1 e
adsorbﬁoeagidsg%& %doﬁ/ Ht a%@{i'lbt'hg g&](l: ar a%l%éél glggﬁlcgeé Thgl I
nanopftictidte ber&bﬂu@mﬁﬁe fpr@tafanyy relogifemoliyalrechldyde; pirablem tigve an
In addition, U S. Patent Application No. 20020012675
effectipje avistagp paiiiels sine of dens dhan about 2000nm.1 drpreferpd Aofege fprm of the

1nven58111 fAP&lid dosage form, although any pharmaceutically acceptable dosage form

can be utilized.

Another aspect of the invention is directed to pharmaceutical compositions
comprising a nanoparticulate benzothiophene, preferably raloxifene hydrochloride,
composition of the invention. The pharmaceutical compositions comprise a
benzothiophene, preferably raloxifene hydrochloride, at least one surface stabilizer, and a

pharmaceutically acceptable carrier, as well as any desired excipients.

Another aspect of the invention is directed to a nanoparticulate benzothiophene,
preferably raloxifene hydrochloride, composition having improved pharmacokinetic
profiles as compared to conventional microcrystalline or solubilized benzothiophene

formulations.
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Nanoparti cul ate Conpositions,"” and W 02/098565 for
"System and Method for MIlingMaterials," describe
woanmpasds cul at e conposi tions, and are speci fi eairfug2005/043707

i ncorporated by reference. Anorphous small particle
conpositions are described for exanple, in U S

Patent Nos. 4,783,484 for "Particul ate Conposition and

Use Thereof as Antim crobial Agent;" 4,826,689 for

"Met hod for Making Uniformly Sized Particles from

vater-lnsoluble Organi ¢ Conpounds; " 4,997,454 for
I\Ihtyhkxﬁoﬂmr eIthdin;y:num]ha‘ iovertipn SngedpiBagstd bﬂnesthﬁmdmme

bl e oynds: " 5,741,522 f | 1
prefe R Al BT s PART e S T TR R G
comp%@ihf)ﬁ‘ RBP4 Bhidash ?P#Qd%ﬁlté’ystb% ufatbnlMVRS Mﬁl’stra@&gof the

5,776,496, "tor "Utrasmall ous Particles
comphbsiian ¢i mgl‘tg,&dt iras fadnadat8ack Scatter." SUVMARY G: THE

| NVENTI ON The present invention relates to

nanoparticul ate conpositions conprising a

b %&Qﬂé? 'eﬁl%laﬁﬂ?ent BF ﬁfe%vaemlé{n fsgdl%{ef Bﬁaﬁ%ﬂﬁﬂ:‘ﬁ%@ ride.

The conpositions conprise a enzo I op preferably
benzdthlopkériesipre featdy @dbbhﬁfnb tigdroalidridé, doamstitiomeadslitidratie

stabilizer adsorbed on or .associated with the surface
compgiping|Ee BEMPER FIBREAR Usat (N HEinS OYROPRENSEBRCAT. CANGEL <

relatelaec%ﬁ(‘ﬁtupﬁs(’phene preferably ral oxi fene hydrochl ori de,
particles have an effective average particle size of

| ess than about 2000 nm A preferred dosage form of
the invention is a solid dosage form although any

rilaﬁwgutqncfarthv Hecdesss ame&%ldsfawmg)@ RenoRprtigalate
benzc#flf Eh %Dtlg ?z'floﬁ%e%g %&dr%ghlib e C%}{’lﬁ)lagl.ltl&l? aéc%rcﬂhé tned
0 ar ceu conprirsing a

inveriﬁlaﬁ opasid ﬁlu{maeeob@mmtd@hmah@m bergiotiliefiant Yorefetably fatoxgfene
drochl ori de, conposition of the invention. The

hydrqs%hmaaa@dtai keapt cm@rwxfgqetstwszeé r time 2ad wades sonviBpeEicient
to prcR/r $ f errla% %rtlgﬁfaf n%]tﬁlo eneocl(%‘)nJl iltl%g an%t r%;fgl%%} 1(5? axbfene

zZer, maceutic
hydr(ﬁ:ﬁfo'hldg &em@&sm@.l Tlfi’éSorﬂ:ﬂjt nﬁiﬁs bﬁl@ﬁbe%lﬁhe%ﬁ e contacted with a
benzothiophene, preferably raloxifene hydrochloride, either before, during, or after size

reduction of the benzothiophene.

The present invention is also directed to methods of treatment using the
nanoparticulate benzothiophene, preferably raloxifene hydrochloride, compositions of the
invention for conditions such as osteoporosis, carcinomas of the breast and lymph glands,
and the like.

Both the foregoing general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanation of the
invention as claimed. Other objects, advantages, and novel features will be readily
apparent to those skilled in the art from the following detailed description of the

invention,
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Anot her aspect of the invention is directed to a
nanoparti cul ate benzot hi ophene, preferably ral oxifene
woydremebdIsr i de, conposition having inproved PCT/US2005/043707

phar macoki netic profiles as conpared to conventiona

m crocrystalline or solubilized benzothi ophene

formul ations. I n yet another enbodi nent, the invention

enconpasses a benzot hi ophene, preferably ral oxifene

hydrochl pipder 169 BTISCRIFPRIONA $HE BAWERITON! | on of

the conpOSTTTON TO a SUDj €ct TN a 1asted state i s

bi ivalent to admnistration of the conposition to
A. a:@@%ﬁgﬁﬁo?n a fed state. Another .enbodi ment of the

invention is directed to nanoparticul ate

i S i A e S S S
benzathivpherred prefisathlyiiraloxifene dgtitoehlotislt e ho caspssitidnseasiprise a

cancer, or related conditiops .. This inveption furthe
benzefhigghesiseBrefrbly FelgKitme %ﬂﬂ#oﬁgﬁgdﬁaﬁ%w@ﬁ a4t one surface
stabilpfl éggo%eﬁ%e&edss&ﬁ SO AR e Magé(bf the ﬁrd%y AR %h@érdéﬁ’ﬁﬂ%e

conposition according to the 1nvention.” Such a metho
benzethivphéree prefarablsciloxidna hydraehlohidojaetivdes lpve he effbttyve average

.ral oxi fene_hydrochl oride, and at |east one surface
partide gige pf leay thap abeut 2DORENMNG under conditions suffici ent

to provide a nanoparticul ate benzot hi ophene

conposition, and preferably a ral oxi fene hydrochl oride

C OAPRBitdgt OOf a ddiwpaficulate bearethiphéms presdratily hinarssartatate

be contacted with a benzot hi ophene, preferab

raloxr'cffan%badﬁ@ahéori% fasenlagen @b thedpygision pegldes butcpge P%‘gl,imﬁ?d to:
i i f . i . .
) PR R IRV e8] oS RSE R A BT pon cr

formtlaB6d; TB Ymal Rk Asds Bedignreqerdd t6 wbaiethb enne bhirapbelogical effect
preferably ral oxi fene hydrochl ori de, conpositions of

as coptpareid iy epvestiona migoprystel gt sokvhilized &ms 9p 8 beazashiophene;
3) iR PE QOB k'S BLPARY 1B WnveriBRa B8R staMHE & Brubilized

forms of a benzothiophene; (4) improved pharmacokinetic profiles, such as Tmax, Cmax,

and AUC profiles as compared to conventional microcrystalline or solubilized forms of a
benzothiophene; (5) substantially similar pharmacokinetic profiles of the nanoparticulate
benzothiophene compositions when administered in the fed versus the fasted state; (6)
bioequivalent pharmacokinetic profiles of the nanoparticulate benzothiophene
compositions when administered in the fed versus the fasted state; (7) an increased rate of
dissolution for the nanoparticulate benzothiophene compositions as compared to
conventional microcrystalline or solubilized forms of the same benzothiophene; (8)
bioadhesive benzothiophene compositions; and (9) use of the nanoparticulate
benzothiophene compositions in conjunction with other active agents useful in treating

osteoporosis, carcinomas of the breast and lymph glands and, related conditions.

The present invention also includes nanoparticulate benzothiophene, preferably
nanoparticulate raloxifene hydrochloride compositions, together with one or more non-

toxic physiologically acceptable carriers, adjuvants, or vehicles, collectively referred to as

9
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Bot h the foregoing general description and the

follow ng detail ed description are exenplary and
weoexplsaaedsry and are i ntended to provide furtheCT/US2005/043707

expl anation of the invention as clainmed. O her

obj ects, advantages, and novel features wll be

readily apparent to those skilled in the art fromthe

foll owi ng detail ed description of the

carrieds N8B b RPosHd A dalEBe PEBGRAET sAPatdntetdiEniebliidaNE &Nniavenous,

_ I ntroduction The present invention is directed to
intramyagidara ot subghtaneousk wpd silmim sisationnp polid, Hguig, or aerosol form,

. _benzot hi ophen referably ral oxifene hydrochl.orj
vaginef gl sl e G T TS £ BB CF o ALl B ey
intrapéritbRed] f NEpioN ARk @stioheanddhd liRe ef er abl y at | east one
surface stabilizer adsorbed on or associated with the

surface of the drug. The nanoparticul ate
b hi oph : bl y .ral oxi f. h hl or i
oarieeried Aatie o PEEPILOR Y Al epebere ARGy

pharma8&RichIfAcRP@ALE d64HR Bl cANARiIBIeS Eﬁémglary solid dosage forms
nanoparti cul at e benzot hi ophene, preferably a

includealndpee hotdirhistdgo tablets fapsalehysdelstshlagengts, pdvoders ipdlsi on

of the invention jnclud ut are nat limted to: (1
gronuSfaldhe ] dasSe, OB e b Pt ot danst gtell degis Bgp
RS f b Qs
conABSFLGEQUET BT MR OB SRIGEIIBLS Ghigh .
extendeidarlzascod sagctalm gifletile micasodpagedrmomixadviemédaiatelease and

i crocrystalline or solubilized far f .
controflef yelp#¥ GlmRaRdo: BF i REIbEAER Uil A 1olidOse fpblgt formulation
ismfﬁggaared to conventional mcrocrystalline or

solubilized forns of a benzothi ophene; (4) inproved
phar macoki netic profiles, such as Tmax, Crax, and AUC
profiles as conpared to conventional mcrocrystalline
B.  oPedigitiths| j zed fornms of a benzot hi ophene; (5)
substantially simlar pharmacokinetic profiles of the

nanoparti.cul at.e benzot.hi.qphepe . l tl BQS:

e AR RSP OB B B ML BT s gy
belowtindQRtouyRb & ke dpPEEARMOKI netic profiles of the

nanoparti cul at e benzot hi ophene

The term “effective average particle size”, as used herein means that at least 50%

of the nanoparticulate benzothiophene, or preferably raloxifene hydrochloride particles,
have a weight average size of less than about 2000 nm, when measured by, for example,
sedimentation field flow fractionation, photon correlation spectroscopy, light scattering,

disk centrifugaﬁon, and other techniques known to those of skill in the art.

As used herein, “about” will be understood by persons of ordinary skill in the art
and will vary to some extent on the context in which it is used. If there are uses of the
term which are not clear to persons of ordinary skill in the art given the context in which

it is used, “about” will mean up to plus or minus 10% of the particular term.

10
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conpositions when admnistered in the fed versus the

fasted state; (7) an increased rate of dissolution for
woOhersrvaooparti cul at e benzot hi ophene conposi ti ORETAS2005/043707

conpared to conventional mcrocrystalline or

solubilized forns of the sanme benzot hi ophene; (8)

bi oadhesi ve benzot hi ophene conpositions; and (9) use

of the nanoparticul ate benzot hi ophene conpositions in

C AR uLEChdrein Wit fefe@édt o astabletheagahiophersadrul stible raloxifene

treating osteoporosis, carcinomas of the breast and
hydro¢hienide prtield sonnedes, bl ianeblimberiorang 9§ more QP@F é%lgmmg

' [ i ncludes . it Gy . .
paranngAS Chl BehpRibiebHeRf ot i RC RRRbGHISbtsles dopot sopreciably
flocculiE bPEYIONEAR due P BfbrphARE, atli UL fi@tedridihaivise Signifivaatly

non toxi c physiologically acceptable carriers, .
increaseljnpeaticls size pverdimes|(@sthatibe physiqal siryctyrgfod thedyngeshiophene or

o NP PR R B8 oS HE AL AR fom o

amorpH3hS BIA4S G4th Bfystaline PhBS (RNBAUED ben@biliopheiit 8 ralokifenon
In solid, liquid, or aerosol form vaginal, nasal,

hydrocldotidé particles ae chémwically siabladendéor (8) whemsithe benzodiambsye or
e I e

point Qﬁth(e hent NEMdn Rr oA fSRIlydrdReAae i BE Prepatdiispe@theany
pharmaceutically acceptable dosage form can be

nanopattidiészddhe feeempirveytieol i d dosage forns include, but
are not limted to, tablets, capsules, sachets,
| ozenges, powders, pills, or granules, and the solid

dq88 9G] WM &RBdnEE or FREn-BARFRtBulaf dcBSE a8t sHD$RAE an

form controlled rel ease dosage form [|yophilized
activeckpsagehich iswolubslizedert whitlebasemaiselie: fvsrage pesticterfdeadof greater

than appyeR b reper A B R etnes BAITEY P OTLR0E Ao tsgie
averaé(%#e[rﬁ}flgrsiz% SbinatLen Jdoemepf . A solid dose tabl et

tionis preferred. B. Definitions The present
invention is described herein using several

gregl{hle Hal(lgltaalfsg g;éorl%rswécg} th?brIE: gru%%’l’ a?s%sgg gertepnr r%%e%] %L%ostehcﬁ'ugs that
have a solubility in water of less than about 30 mg/ml, preferably less than about 20
mg/ml, preferably less than about 10 mg/ml, or preferably less than about 1 mg/ml.

As used herein, the phrase “therapeutically effective amount” shall mean that drug
dosage that provides the specific pharmacological response for which the drug is
administered in a significant number of subjects in need of such treatment. It is
emphasized that a therapeutically effective amount of a drug that is administered to a
particular subject in a particular instance will not always be effective in treating the
conditions/diseaées described herein, even though such dosage is deemed to be a

therapeutically effective amount by those of skill in the art.

C. The Nanoparticulate Composition

11
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The term "effective average particle size", as used
herein neans that at |east 50% of the nanoparticul ate
woenwmhiiiephene, or preferably ral oxi fene hydrechiuseiode43707

particles, have a wei ght average size of |ess than

about 2000 nm when neasured by, for exanple,

sedinmentation field flow fractionati on, photon

correl ation spectroscopy, light scattering, disk

C gRbfel drd PRl B, of @RBakl pharhacsiogigulachatactenmstidsaft hose of

skill in the art. As used herein, "about" wll| be
nanopgrittaitate brydothjophenaentspesitions af hgmyessRt Ivenrtient he art and

will vary to sone extent on the context in which it is

u%ed. f ther ,are.ﬂgﬁﬁ of the term which are not

clear dBergateddQa¥iail®nary skill in the art given

the context in which it is used, "about" wll nea up

t d'hp berzogriophiena formpyatisms oh e pagsenicigy ationepigferably, é@m ene

rei,n.with.reference t ahl. '

nycrogiaBid b B REERT b SRR P RRA BALARRARG aPhgBpme

dose 6fSh@Mmd beizbBebphend)Rad Kquire k@ alér dobes dslohpatedgo prior
paraneters: (1), benzothi ophene or ral oxifene

conveintidna biehzvthidphepa feineylationg cinglgding spreantigpplyaloridera| at e
| te d to int i . i . .
e e R e A T T

admif¥Bfedtth FBatidn? In & ated e RMS bioaluisilenton umimérdtioa of a
benzot hi ophene or ral oxi fene hydrochl oride particles

convensiondtmiatorestadlirpweloxifenehydsenbitorids taletciarmdasted atef r om
an anor phous phase to a crystalline phase; (3) that
t he benzot hi ophene or ral oxi fene hydrochl ori de

PafHel foh @901 afdABCRdibicant BoYaBse iBRHRARY thetthe WaRIArtichRite

benzot hi ophene or ral oxifene hydrochl oride has not
raloxifeerhyslushlecide tlosage fean xhybitt sgnificantly gieateralragebserntionngind
poi nt of the benzot hi ne.or ral oxifene,. .
for thf Gancnercular BT EoR BV PSR Tomew o1 o Ainsaaivelcal odhe
convé?ﬁioh&%ﬁfo%%?ﬁtﬂiﬁenﬁéﬁiﬁfeﬁ@ hydto@1diRleMosE oA the Aahopakiculate

non-nanopdrticul ate active agent” shall nmean an
raloxiferid Iwelrafonide \dobage fosn swulddiave tecbnszinwhgnifirahidy leandrug.

SNCIEONLETLE RN TN ey T
bioav?ﬁ%ﬁhg,bdgm/ee%goemnect ive average particle size of |ess
Moreover, a nanoparticulate raloxifene hydrochloride dosage form requires less
drug to obtain the same pharmacological effect observed with a conventional
microcrystalline raloxifene hydrochloride dosage form (e.g., EVISTA®). Therefore, the
nanoparticulate raloxifene hydrochloride dosage form has an increased bioavailability as

compared to the conventional microcrystalline raloxifene hydrochloride dosage form.
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The phrase "poorly water soluble drugs" as used herein
refers to those drugs that have a solubility in water
wohodeases9s han about 30 ng/m, preferably | ess PO@wS2005/043707
about 20 ng/m, preferably |ess than about 10 ng/m ,
or preferably |less than about 1 ng/m . As used herein,

the phrase "therapeutically effective anbunt" shal
mean that drug dosage that provides the specific

phar maqnk Phiagilacokinpio Beofiley ofithie Bentzbthigphege Compositions
adm ni ?P e veRticn SHOMTAGERLA Py BREFedbr BabBbEState i N

need o . ' [ dth

t he_r apgﬂﬁ%%qjéagﬁlgg%ﬁg\}gg gr(r)gl nt L@ggzgr uzy ?thaf1 is

adm ni ster, t ticul ar bj [ [

oL 2551 e B SR e T PR 7
prefelgglgthrok@w&g'gmﬁﬁﬁled‘@/ﬁ%fntiﬁéipﬁ@ﬁﬁb&inﬁi&%ﬂoﬁl@ @fgle such

age 1s to be a therapeutically effective

benzodtiopirne yndt lholsstarafally laffedted by thededior fasied stitgeof a subject

Na . o
nges e S bR BB RS SRl Yitrence
the qABARRATI LI sBEHR A RS Wbl PRGN SRR WHeh Hitsnaabparticulat
1eqpreg/gnt_ |g§vesnt| on. 1. | ncreaset'jS 1g)i@fgavai | abi | i tg Theae
benzcblﬁb?hﬁnb;bplﬁljf&%béy faboifena hydmehlofide, kempositienstare admimistened in

preferably ral oxi fene hydrochl oride formnul ati ons of
the fe@ﬁ’é“l“ﬁ%ﬁ%ﬁ‘%?‘iatéxhi bit increased bioavailability at

t he same dose of the sane benzot hi ophene, and require

snmal | er doses as conpared to prior conventiona

b eBenefitsiod pdesuge fformmuhidh substantiatly lelidiingestba ofeatiod fiedd include

_ ral oxi fene hydrochl ori'lde fornul.ati gns. Thus, a .
an ingyaRRe PRFUDICCH FRINENTCAL D PTEE AT % PRt GPILCE: 25 thy subject
does fSUeRA R GG tha} Ao PRk lt&[?ﬂ;%’d o8 efiBStwhh 8t WtEout FoSRL This is
'oequival'ent to adm ni sttation of a conventional
signifida@ik, ¢ ythtpabl butgedt@bmyplifren an rydease i theintkelicahboretitiomios
_fasted state. The_non-bi oequi val ence is significant

whiclythealyagsisibeingaaesstibpdimay e of € eﬁ?%@@sgsaqrmcﬁ%wcular

hydr.ochl or i.de £.Qr: L i 00i-F i :
problghg o fl e FBP R i LR S REhORICh s Bl e,
hyd“kgkﬂxkfene hydrochl ori de dosage formto be

bi oequi val ent to the

The invéntion also preferably provides benzothiophene compositions, such as
raloxifene hydrochloride compositions, having a desirable pharmacokinetic profile when
administered to mammalian subjects. The desirable pharmacokinetic profile of the
benzothiophene compositions preferably includes, but is not limited to: (1) a Crmax for
benzothiophene, when assayed in the plasma of a mammalian subject following
administration,‘ that is preferably greater than the Cpax for a non-nanoparticulate
benzothiophene formulation (e.g., EVISTA®), administered at the same dosage; and/or
(2) an AUC for benzothiophene, when assayed in the plasma of a mammalian subject
following administration, that is preferably greater than the AUC for a non-
nanoparticulate benzothiophene formulation (e.g., EVISTA®), administered at the same
dosage; and/or ‘(3) a Tmax for benzothiophene, when assayed in the plasma of a

mammalian subject following administration, that is preferably less than the Tmax for a
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conventional mcrocrystalline ral oxifene hydrochl oride
dosage form the nanoparticul ate ral oxifene
woyadismetdoer i de dosage form woul d have to cont aPaT/US2005/043707
significantly less drug. Thus, the nanoparticulate
ral oxi fene hydrochl oride dosage formsignificantly
i ncreases the bioavailability of the drug. Mreover, a
nanoparti cul ate ral oxi fene hydrochl ori de dosage form
non—nﬁ HicaRtd BESothisthehofophtation (he , ENHET AR radeuviswyidoadithe
ect observed with a conventj onal crocrg talline
same d@aagfx |f T@n@sny@k@@mr@ﬁcpla@e%@aé@ AHPIRL bEre 1 %m STA ).
r.ef.ore
pharmp gt 5 lsd SR SAREE b BARIGE P B ophene.
bi oavai |l ability as conpared to the conventiona
m crocrystal line ral oxifene hydrochlorlde dasage
f dn enezemtuimpnia e peRfoksdhonzel P:PBFIM anpepitiop f the'invention is a

nanop&ﬁpg@% C%S’IFCPF] g}(fﬁr 8r1&ei:§ gr?peog tlé)t ﬁatl e%ﬁ%ﬁ% '1195‘0 %gﬂti‘\%t

pharnideeBasti@stifewith ARes nhhdpasichige Bﬁ{mﬂﬁcb;ﬁlbﬁmﬁ)mlﬂﬂattimﬁ (e.g.,
present invention enconpass a benzot hi ophe

EVISPAS) eacaiinistared aixthe samee qlgsageb ehlivay Rejreajis ha abopH0%, not

areatd} Joor R B ach feafer iR fout 0% Bt L BPRSBGw (0Bt
greate?l{f?dnea%Buﬂ I rggea&ﬁ‘ ShanABBOSI (1% Gidt §Eﬁteﬁ tHmmabsut 21586, not

here is little or no appreC|abIe fference in the
greatearllhﬂm abbyt 2% ol @greabs dhapedont | henat greatep thagrabgut 10%, or not

ees TR AT SRR B P

1bnm% istered in the fed versus the fasted state.
enefits of a dosage form which substantially
eli mnates the effect of food include an increase in

el oS 1S e R GBSO s
nan()}%a{}@é&lle{tgﬁéloﬁff&let}@hfcﬁﬁloﬁdg eSBp&itidtethatdxhibigrin Wbinbartative

I's Is srgnificant, as with poor subject
phanﬁanminle’amtaetmgmﬁlcarrmasmnopamhéatﬁ@dnmmomd ernypatiqayof (e.g.,

EVISTAE) adfl}gglég%%? qggﬁesgagtl}e Cg)é e gg)gﬁ’ﬁlgﬂay at *feasp RS g&%, at least

about 100%, at least about 200%, at least about 300%, at least about 400%, at least about
500%, at least about 600%, at least about 700%, at least about 800%, at least about 900%,
at least about 1000%, at least about 1100%, at least about 1200%, at least about 1300%, at
least about 1400%, at least about 1500%, at least about 1600%, at least about 1700%, at
least about 1800%, or at least about 1900% greater than the Cpax exhibited by the non-

nanoparticulate benzothiophene formulation.

In yet another embodiment, the benzothiophene composition of the invention isa
raloxifene hydrochloride nanoparticulate composition exhibits in comparative
pharmacokinetic testing with a non-nanoparticulate benzothiophene formulation (e.g.,
EVISTA®), adm:inistered at the same dosage, an AUC which is at least about 25%, at
least about 50%, at least about 75%, at least about 100%, at least about 125%, at least
about 150%, at least about 175%, at least about 200%, at least about 225%, at least about
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probl ens for poor subject conpliance with a
benzot hi ophene such as ral oxi fene hydrochloride. The
wonverkseos al so preferably provides benzot hi ophemas2005/043707

conposi tions, such as ral oxifene hydrochl oride
conposi tions, having a desirabl e pharmacoki netic
profile when adm nistered to manmmal i an subj ects. The
desirabl e pharnacokinetic profile of the

250%bgNZat lharhevs, semeabdt 008%patctat aiviuy 3500%| adesst aburt 400%,
iIs not limted to: (1) a Crax for benzothi ophene en

at leasisbaytedd OV at leastpbeistrhRO%Y, ablepst thewti>aR”es abjeat Rbe) 608% Al

qm b . i ' ; ;
o B B S AR Ao e
about 8809 hAfehQHE&: W0v%, EMemt Absut)os 0% bi 164st bBsed 080% bideast about

sane dosage; and/or (2) an AUC for benzot hi ophene,
1050%herieant syt d 10006t dideast abomh1 510%, arahieastiahauisiAg0&greater than

fol | owi i ) o .
e AL RN SR B ekl R i Bb Rl BE S
EVISQP%@P' ation (e.g., EVISTA(r)), adm nistered at the

dosage; and/or (3) a Trmax for benzothi ophene,
when assayed in the plasma of a manmmal i an subj ect

following admnnistratiqn, that .is eferably l.ess th
e TmioroAaRER: PoheAtReoinheRe ?r:f@}’&f*ﬁf"g%igéﬁ@e o
f or mul dovemtige When Admuzistered)in the FedVerssdle fastef State
sanme dosage. The desirabl e pharmacokinetic profile, as
u ?Ieﬂ ivedrtion alsoentdrepasbara@oglositienicomprishe lemapepasipwefe
after the initial dose,.of benzathi ene. .l.n.one.
benz @ EBERfe REETTAD ARBTF B R AT IO RETE CBHPBAR TSP of
admi{ﬁigkgati&xcﬁqflé b itfonBARBEL 15 Y B8] iate 9Xbio8idvalent to_
ydrochl'ori de tonposition that exhibits in Cconparative
admipib@4atiomcetithe edmpositist to ngubjettina fadstateanopar ti cul at e
benzot hi ophene fornulation (e.g., EVISTA(r)),
adm ni stered at the sane dosage, a Trmax not greater
t han U . 0 .
or i Belhec s BpioBh PR Sompl oA elpr R e hnopgriculae
benzétﬁi}pﬁér%adrqj’reﬁemw, aatahopdfieulme tralgxifake drydtdehlorigb adten

30% not greater than about 25% _n r eat th
administstad inabg fadotersys dagrfasted pais gm;%ﬁera%é@?ssegﬁ él‘pé]é? g%, less than

abou{ %/@, 1%‘5)5%111 %@8{?‘[ 29‘%, Q¢ than about 20%, less than about 15%, less than
about 10%, less than about 5%, or less than about 3%.

In one embodiment of the invention, the invention encompasses nanoparticulate
benzothiophene or preferably, the nanoparticulate raloxifene hydrochloride, wherein
administration of the composition to a subject in a fasted state is bioequivalent to
administration of the composition to a subject in a fed state, in particular as defined by
Cumax and AUC guidelines given by the U.S. Food and Drug Administration and the
corresponding European regulatory agency (EMEA). Under U.S. FDA guidelines, two
products or methods are bioequivalent if the 90% Confidence Intervals (CI) for AUC and
Cpax are between 0.80 to 1.25 (Tyax measurements are not relevant to bioequivalence for

regulatory purposes). To show bioequivalency between two compounds or administration
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. 0.80 t@ 0 @%andtthd 2024 tClfpidutax BOELHetween QAR fo

greater than about 5% of the Tmax exhibited by the

non- nanoparticul ate benzot hi ophene fornulation. In
wanaoishescenbodi ment, the benzot hi ophene conposPCT@S26/043707

the invention is a nanoparticul ate ral oxifene

hydrochl ori de conposition that exhibits in conparative

phar macoki netic testing with a non-nanoparticul ate

benzot hi ophene fornul ation of (e.g., EVISTA (r)),

conditPSHE fuk st 8Y 8 Erdépet MR Buid OisiRg.the B0BEXfonATID miust tetbetween
| east about 50% at | east about 100% at | east about
Lﬂ%ut 400% at
| east about 500% at | east about 600% at | east about
700% at | east about 800% at | east about 900% at

| gast  PheslutiROBUHil&lof (B Ben2iRidphdnd0Umpatitioasst the
about }g?%’@onat | east about 1300% at | east about
1400% a east about 1500% at | east about 1600% at

I about 1700% at. .|l east, ab :

B e e TBOoR AP O Tiiat RRey BRRSGn BlyepheigRiny
drama@i‘&@?ﬁ@%%ﬁtpk&mbs?t]@aﬂi’& pESIbiePhRnedhiniRierat dotive agent jset

anot her enbodi nent, the benzot hi ophene conposition of

prefertible, asfastat dissolitinagenetaliy idadnto fhsterr anshl @frdctien and greater
. hanopart]j cul ate conposition hibits In.conpagrative
bioavayiabilityc JI0i IRRFIVE tﬁ%@??i@n% Rrﬂﬁ aﬁg:l?lor?gﬁ% béfr% iogul ate

. Ok Ml AChRBidE ¢ ShriiciM, H TGS to increase the
benzo?ﬁﬁ?l%l?%,%pggﬂgg[ﬂ thelwsams dosaglgeh, l%n AUC which is at
drug’$ éasdlutidiosd thaGveowdd attanstlewbolose ®0R0%at | east about

75% at | east about 100% at | east about 125% at
| east about 150% at | east about 175% at | east about

209 %pe oti1ﬁﬁ§é7n§%g&§¥>siﬁg§so/&}f 86 pleSas invdRAsh,4hEKdind taloxifene

| east about east about 300% at |east about
hydro3Bldhle abmpesitionsaprefirablp @sye adisdobaion rabBletin 4ggel within about 5

e e G 0 e b3 SRS el R e
invengigﬁ%t lega?f)ei{ﬁou? 56¥%00r 3bonlt @854 oA ROHENZ8BRIBhedt of BASLifeabOUL

east about 900% at |east about 950% at
hydrdcBR$ide 3b@pbsifiODRUYissalvel edttin alipouf nlios®9, Inaret pthgs embodiments

PNCERRC I WEAC S LT
about §0% %?ﬁl%%%ﬁ%tﬁl%bﬁ’éﬂ.% c%ﬁ%?ﬁigh,% I@?é?@raﬁfﬂ/rtﬂy kAL Li®Me h9diBchloride
composition is dissolved within about 10 minutes. Finally, in another embodiment of the
invention, preferably at least about 70%, about 80%, about 90%, or about 100% of the
benzothiophene composition, or preferably, the raloxifene hydrochloride composition is

dissolved within about 20 minutes.

Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium will produce two very different dissolution curves for two products
having very different dissolution profiles in gastric juices, i.e., the dissolution medium is
predictive of in vivo dissolution of a composition. An exemplary dissolution medium is
an aqueous mediiim containing the surfactant sodium lauryl sulfate at 0.025 M.
Determination of the amount dissolved can be carried out by spectrophotometry. The

rotating blade method (European Pharmacopoeia) can be used to measure dissolution.
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EVI STA(r)). 3. Bioequival ency of the Benzothi ophene
Conpositions of the Invention Wien Adm nistered in the
woeadeoesm®ss the Fasted State The invention al SBCT/US2005/043707
enconpasses a conposition conprising a nanoparticul ate
benzot hi ophene, preferably a nanoparticul ate
ral oxi fene hydrochloride, in which adm nistration of
the conposition to a subject in a fasted state is
bi oequi val ent to admi nistration of the conposition to
a subject in a fed state. The difference in absorption
of5. t he Restiypessibilieyn Brefilep of the Bgnzoihionhens Lrampasitiqns of the
benzot Hne@lteme or preferably, the nanoparticul ate
ral oxi fene hydrochl ori de when adm nistered in the fed
versus the fasted state, is preferably |ess than about

399 additiona] fratrapbibe bsmopthippheae composiion ofBogrepepd yvention
. . 209%,. 0 .
sl B8 o R sk 30 LB U R b SR RG AR

redis;%ﬂ%@dﬂeﬁﬁﬁhio?lﬁen% harticiasa s lds© than kbsuti2minériso Thésnis sigpERant as
) nanopart.i cul ate benzot hi ogehene_ or preferably, %qﬁ . .

if upomepdapaistrriéan the sanepaBiGUiass BIRYHIGRRNHFqTHROSIHERS B e invention
. dm,.ni stration of .. Sj: 1| Fect
s L Aol RS POIRIA B o SUOLER AR,

beneffd BEBIcH b9 Fornthl Airptth Bedzotiophehiethts b absopattitufras pardeleaize.
as defined by Crax and AUC guidelines given by the
A nangpsrticBlagelsiansiiapledondaiprissntiBtengan ayn ¢ligstive average particle

. r r espondi uropean regul atory agency (EMEA). Under
Size Cf?§s &bﬁﬂ{b‘g)gﬁi%s, two products or nethods are

bi oequi val ent if the 90% Confi dence Intervals (Cl) for
AUC and Crax are between 0.80 to 1.25 (Tnax . .
nmiadesdethemasoparticutaie actiieagaicompositioryel the Prase ixvsation

ul at or urpgses) . .To show bi pegui val.enc t
beneff e S BRARETIE Sitkoh MBS 5B aEe FOhe SR ERERES
redisFet$ORE & stENEAurble @8iupea adilifstR8n Ghed OEluMbl> sRagEloRferated

Igéétvveen 0.80°to 1.25 dfg)nd the 90% Cl for Crrigg} rrustg
activagenepartioled aretformed 8wing tolheedtentalyhighsutfigedseesmergyeof the
nanol?a?'triczu gt@s?ﬁ@rﬁ ggd %g:chgr%c}cfyggrﬁic %frivgn%eforce to achieve an overall
reduction in free energy. With the formation of such agglomerated particles, the

bioavailability of the dosage form may fall well below that observed with the liquid

dispersion form of the nanoparticulate active agent.

In other émbodiments of the invention, the redispersed benzothiophene, preferably
raloxifene hydrochloride, particles of the invention have an effective average particle size
of less than about less than about 1900 nm, less than about 1800 nm, less than about 1700
nm, less than about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than
about 1300 nm, less than about 1200 nm, less than about 1100 nm, less than about 1000
nm, less than about 900 nm, less than about 800 nm, less than about 700 nm, less than
about 600 nm, less than about 500 nm, less than about 400 nm, less than about 300 nm,
less than about 250 nm, less than about 200 nm, less than about 150 nm, less than about

100 nm, less than about 75 nm, or less than about 50 nm, as measured by light-scattering
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I nventi on The benzot hi ophene conpositions of the
present invention have unexpectedly dramatic
wdizemmees on profiles. Rapid dissolution of anPCT/US2005/043707

adm ni stered active agent is preferable, as faster

di ssolution generally |l eads to faster onset of action

and greater bioavailability. To inprove the

di ssolution profile and bioavailability of
methd¥8NaRESEcOR) 8P 6ther itiopadtonetheds Sy methbdy suiteblie or

particular, it is useful to increase the drug's . .
measufingsdieqtivaotyesge phgicld sizeuekgowr taf Rergon efrlingrsoddl! frpthe art.

100% The benzot hi ophene conpositions of the present

i nvention, including ral oxifene hydrochl oride

C@MPOSidtheNPhaihAdention Bxciyyiestsa di ssol ution profile in
which within about 5 m nutes at | east about 20% of the

conposition is dissolved. In other enbodinents of the
i PhentidconicahtorhpaitionataoetrdiB®¥ the invention 4G%0atso dolmprise one or

benzot hi ophene or ral oxifene hydrochl or.i de c osi.tion
more puckags o IAp FRAS. A1 1EE 85HER SEPORGing Bicity RRpetencrs

. . . o, £ o X st o
oo LSl LSRNy Pl e o
and oBRYegdipitihte. Battzaxcipiapherdnowmpodictaron, or preferably

t he ral oxi fene hydrochl ori de conposition is dissolved
wi thin about 10 m nutes. Finally, in another

e i | | t s ahg@ut

T R e e R e
variofenziohdt ephene fuipdisg hgent, arovapousfoetlalokes,ant leepss-linked
ral oxi fene hydrochl ori de conposition js,disso Vg}%/icel(@

.

|
polyvisytpirrelidbersmicnersialiinescelbpsss sheh asohvicd” SEE0E 28
e . C proadi ey B P
L e e D

sMmceirsgol ution curves for two products having very
di fferent dissolution profiles in gastric juices,
i.e., the dissolution nmediumis predictive of in vivo

di Lon o itign. An v di -
S at, DebT g Mt iF RN ARNAAThILAA0 be
compr@Eid! Ttd @bidal SHESPEBx R, DcREPAMosil® 200, talc, stearic acid,

magnesium stearate, calcium stearate, and silica gel.

Examples of sweeteners are any natural or artificial sweetener, such as sucrose,
xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame. Examples of flavoring
agents are Magnasweet® (trademark of MAFCO), bubble gum flavor, and fruit flavors,
and the like.

Examples of preservatives are potassium sorbate, methylparaben, propylparaben,
benzoic acid and its salts, other esters of parahydroxybenzoic acid such as butylparaben,
alcohols such as ethyl or benzyl alcohol, phenolic compounds such as phenol, or

quarternary compounds such as benzalkonium chloride.
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Determ nation of the anmount dissolved can be carried
out by spectrophotonetry. The rotating bl ade net hod
wWORwoempean Phar macopoei a) can be used to neasuPeT/US2005/043707
di ssolution.5. Redispersibility Profiles of the
Benzot hi ophene Conpositions of the Invention An
addi tional feature of the benzothi ophene conpositions
of the present invention is that the conpositions
r esliippRIdikesty ¢hivlideephattiecafidaiytacveptéblieinag dilless, tudl =8
size of the redispersed benzothi ophene particles |s
microcgysallingeellainses lagtoss, dibavie calmmsph%spgﬁﬂ@rﬁa?qhéaﬁ%s agd{or f
S aphe
mlx‘aﬁ@? OF a%‘?'/’Hf %e for?gt ér}% é%gﬁ%?ﬁﬁgérgg ?fd% n@gﬂ){:g‘sﬁ'ﬂ A gﬁlose,

conposrti1ons inv ion redi sperse

such ARAQRBIN PIE L0 18411 Dpict]P PIEH 031 IaEtosd SRR ab M tdte sagehfdat) lactose
may | ose the benefl ts afforded by formul ating the

anhy&h@uz,camti il’hgmm@m MQL2A ; ddmsipaalcivon phesphpta sedhodsEmeonapress”;

artic e size suitable for the present

InmﬂP éﬁ?ﬂbﬁoﬁib PP A @@cﬂﬁerage particle size of
| ess than about 2000 nm |[|ndeed, the nanoparticul ate
active agent conpositions of t he present invention
beSwifable disinteptants inchatld lighalytaradstinkedzmolyfingl psrratidéneg corn

agent; if the active agen ot redis se ipto a
starclypgito 5@@» Beize slareh, AU oG e (oGl loRe sediiyp oss-
| es are forned,
Fmvu%&?ﬁggto tﬁ§%§§¥$%%%%§dn.g su?%%%g free energy of the

nanoparticul ate system and the thernodynam c driving
force to achieve an overall reduction jn free energy. .
les A, cid

wErﬁﬁmm? PisienYaseRnt 3gents fp e%@F%ﬁ?ﬁP SRUBLPS SUGH 5 ANLLE
f
and o0R e Abidebohall, AP BRAAS RO ) cxalifile, offiLOW

tartarfié Mgyl funtiicoddipiecducvigicagehilginitacdderd aabdilesand scidfsalts.
the invention, the redjspersed benzot hi opheng,

Suitabiceqashonpiey apd bisgiboanes WyltdedRr sranrle, sedium earbenaly sediam

i 5O 55 APg L R LRAFTES OB b i

glycia® eatbodda3€) 0.-l8ine lc@bonitbiand algnine tddonae) Altesmtivdlgonly the
about 1600 nm | ess than about 1500 nm | ess than
sodiugp biserbpaae campone of theghfervescent couple may be present.

7. Combination Pharmacokinetic Profile Compositions

In yet another embodiment of the invention, a first nanoparticulate benzothiophene
composition, preferably a raloxifene hydrochloride composition, providing a desired
pharmacokinetic profile is co-administered, sequentially administered, or combined with
at least one other benzothiophene composition, preferably a raloxifene hydrochloride
composition, that generates a desired different pharmacokinetic profile. More than two
benzothiophene compositions, preferably raloxifene hydrochloride compositions, can be
co-administered, sequentially administered, or combined. While the first benzothiophene

composition, preferably raloxifene hydrochloride composition, has a nanoparticulate
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about 1300 nm I|ess than about 1200 nm |ess than

about 1100 nm | ess than about 1000 nm | ess than
wahostos®@®® nm | ess than about 800 nm | ess thagaTalsews/043707

700 nm | ess than about 600 nm | ess than about 500

nm | ess than about 400 nm | ess than about 300 nm

| ess than about 250 nm | ess than about 200 nm | ess

t han about 150 nm |ess than about 100 nm |ess than

parti@b oié, tHSadtifion oh@&SmbiedRn2akBiebh&R ddMposisioneaailied by
| i ght-scatteringnethods, mcroscopy, or other
nanopgpedpe] wiwbikizadnodkave Surisrapettisolpie patielasize. f or
nmeasuri ng effective average particle size are known to
a person of ordinary skill in the art. 6. Oher

PhegeResid, kGal, f&org, bice BbSzoiapiENe @Uinlp6sitiofsauap Qisfiéd fuds the
according to the invention nay al so conprise one or
first, and &oipi aadh ntheadenexampla: | (1) ingtha géletive avenaes paiticlegsizes of

v 5 S B SE  RerHP S LR

comp¥stiol B FRRES the®fbERYARAE eq@BEN S, and ot her
excl pients. Such excipients are known in the art.

Exanpl es of filling agents are |actose nonohydrate,

B R R e e S T
prefddHly e %{q{ﬁfﬁiﬁ%ﬁé&%ﬁiclé@ JFHRCIY St AL dnhRitBl Havé abRast SHE O
as ry PHO PH " 02,

Avi ce and Avicel (r)

surfane stnlitizersissdcidterbwitk HetduoBes ofithd dwig pactidlése dThe one or more

m crocrystal]ine cellulo ProSoly S t . .
surfagg, ﬁtﬁ'alﬁqz@_s Fibbe s seige 2 ﬂ%ﬁ?lgfaf(% r3afe Sitfagh ePhzets) prpgnt in
the f{rgt%%})b%%gfco Bsiigywler to be conpressed, are

coll ico I oxi de, such as Aerosil (r) 200,
talc, stearic acid, nmagnesium stearate, cal cium

t ; d siljca gel. | .
S ST $H Ll SRR SRR S
X Wil . i ' o
1y PG 0 T i

complagivasie ekfmple(a drabieiask cahpddtia@O) , bubbl e gum fl avor,
and fruit flavors, and the I|ike.

8. Benzothiophene Compositions Used in
Conjunction with Other Active Agents

The benzothiophene, preferably a raloxifene hydrochloride, compositions of the
invention can additionally comprise one or more compounds useful in treating
osteoporosis, breast cancer, or related conditions.. The compositions of the invention can
be co-formulated with such other active agents, or the compositions of the invention can
be co-administered or sequentially administered in conjunction with such active agents.

Exampleé of active agents useful in treating osteoporosis or related conditions,
such as Paget’s disease, include, but are not limited to, calcium supplements, vitamin D,
bisphosphonates, bone formation agents, estrogens, parathyroid hormones and selective
receptor modulators. Specific examples of drugs include, but are not limited to,

risedronate sodium (Actonel®), ibandronate sodium (Boniva®), etidronate Disodium
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Exanpl es of preservatives are potassium sorbate,
nmet hyl par aben, propyl paraben, benzoic acid and its
weabisns@s her esters of parahydroxybenzoi c aci #CTwsoas43707

but yl par aben, al cohols such as ethyl or benzyl

al cohol , phenolic conpounds such as phenol, or

guarternary conpounds such as benzal koni um

chloride. Suitabl e diluents include pharmaceutically
(Dldr@rte@ptpapit@yrbia%hntmé AR Sorivativdd th&edt] Schek Y&iRkdtide €Forteo®),

| ul'ose,” | actose, dibasic caIC|un1phosphate

alendmatct(ﬁosadw@amd/calmtnnm(M@@lfbﬁ@tny of the foregoing.

Eér%{t cgazj@grf @%Ig#rjlg d%hlug ae?r%% hp'_ﬁce&? st aJthetag)S' (re%lmens
pacht?f& @gbrakéﬁ’fet@ SETHLD), @%xb@%ic%@%df&ﬂ?}@if@)a b@nidrésiiddisodium

drous, and Phartatose (r) di basi ¢ cal ci um

(Aredpi@)s pnlmatrezdel @hnmsie&@ ,oem@n@s‘@n( (Aromaatn@); @yiclophpsphemide

Croreeriigh )8 S P s T eblsTr b REsR ™ ©
trastu‘iﬁ}ﬁ{t‘o ﬁjlé}Eéiﬂm O 83 RirS1 V&S ce ERINGI LR Pdin 08 A TP cbakel

cro carrrel | ose sodi'um crosspovi done, sodi um
(Taxcﬁetrﬁ@@,hagd:qrtabirmt(ﬁelodat@) rgosdrelirescetaeiZetddex ®).camd| Z@bdﬁmlc acid
are effervescent C

ff t
oGS LS PO B, SLAERCE, AR TV e
1) cy%fgpgl@%ﬂhﬁm%eg@%&a ?Tgﬁethgﬁé)&%e(mﬁé%ﬁopﬁml I@Iex@tb@ﬁhﬁex@)

pi c, succinic, and
and flabgiufdict] @hiodsuradik®, SAPyRy Adesil@n (thmcth&iamaistcsllecBGMFa,bl e

o) oS Bapomeamboseou o ARop e o LR oy i
caue&éé?ggnéi goxo@etlaﬁgttgmﬁy&ﬁ@gaﬂ@tﬁ %ﬁtlmﬁ@&mw@

gl'yci ne carbona l'ysin Carbonate and
callecﬁA@l) nihdoxanbiondidriaflytia®) ahd \tﬁﬂgphospﬂaymdh m&tqmclu,tnxel

ar bonate conmponent of 't ff ent ou e, m :
(Tox )b d@RILbIP (BINBPHSAEDDRRF LD SPlpphamide,
S t her enbodi nment of the
epuu?%véﬁiwh&ﬁ& ]#p@¥$5%%§%partlculate benzot hi ophene
conposi tion, preferably a ral oxifene hydrochl oride
conposi tion, providing a desired pharmacokinetic
D. pr@?mpeﬁtlgnsco adm ni stered, sequentially adm nistered,

o1 1&%&?%9 p\%\;lﬁ]es compositions comprising nanoparticulate benzothiophene,

preferably a raloxifene hydrochloride, particles and at least one surface stabilizer. The
surface stabilizers are preferably adsorbed to or associated with the surface of the
benzothiophene particles. Surface stabilizers useful herein do not chemically react with
the benzothiophene particles or itself. Preferably, individual molecules of the surface
stabilizer are essentially free of intermolecular cross-linkages. The compositions can

comprise two or more surface stabilizers.

The present invention also includes nanoparticulate benzothiophene compositions
together with one or more non-toxic physiologically acceptable carriers, adjuvants, or
vehicles, collectively referred to as carriers. The compositions can be formulated for
parenteral inj ection (e.g., intravenous, intramuscular, or subcutaneous), oral

administration in solid, liquid, or aerosol form, vaginal, nasal, rectal, ocular, local
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at | east one other benzot hi ophene conposition,
preferably a ral oxi fene hydrochl ori de conposition,
woOheds/ogeneer at es a desired di fferent pharmacoki RETiIUS2005/043707

profile. Mdre than two benzot hi ophene conpositions,

preferably ral oxi fene hydrochl ori de conpositions, can

be co-adm ni stered, sequentially adm ni stered, or

conmbi ned. While the first benzot hi ophene conposition,
(powdrE£ baftRleh of alopy), beawl ixedcisdthall indepattoped; dritepicalhas a

nanoparticul ateparticle size, the additional one or
admimsiragiobeandshhlikphene conpositions can be

nanoparticul ate, solubilized, or have a

m croparticul ate particle size. The second, third,

fqurt h.peak6thiophRAgOt hi ophene conpositions can differ

fromthe first, and fromeach other, for example: (1),

i Benhethmpheretdrwesaliveareafepisfaralily raboxifens dydiochloride, can be in a

enzqt hi ophene: or (2) in t.he a f -
crystaGrE e GBRERE oAk & SRR b tepygmorzpus phase,
OrangggM&ﬁh&ggﬂdose frequency required. If the second

enzot hi ophene conposition has a nanoparticul ate

particle size, then preferably the benzot hi ophene

i,cl of th d It h [ .
© e SR tiaB e 28 p SHR b e Aoy A e o dRghag e
invenfbl stﬁegl‘%lh/i s6hBR anliNBsRASHIS N MERt St iQhe nfddabiA brgdrfed

can e sane as or differgnt fromthe surface
dispessiabmbdiz és watpr. pFlesdispersinn tiediafcan e, foreremplp.opfiemneafflower

) onposj tion. Preferably where - i,ni strati,on.of a

oil, othR: C i g ar P e T RG T i Bf Hgol
formulation is desired, the two forrulations are
conbined within a single conposition, for exanple a
d iEHe-beabethvphanery assalt itiereofSpreBeatiptali:ufene hgdrochloride active
Conposi tions Used in Conjunction with G her Acti,ve.

compay@ef YseFHen HierABEeRt BYFR ,caﬁraEPE%ﬁém %C?fg}n@i? Pifished

proce'gg%lé Ok % fh%?e JERIROSIT SOPsieRINGsNE 13 NYeNtd RAeSANI; 4,418,068

rtional 'y conprise one or nore conpounds useful 'in
and 4{389a33i51g Pertse abE asipsan BatewtsAppliaatier 9530605@&6,dtublication No.

069967 Riel St iled Aug 30 985, b2t M6, 106814 QWi are
incorporated by reference herein. In general, the process starts with a benzo [b]thiophene
having a 6-hydroxyl group and a 2-(4-hydroxyphenyl) group. The starting compound is
protected, acylated, and deprotected to form the formula I compounds. Examples of the

preparation of such compounds are provided in the U.S. patents discussed above.

2. Surface Stabilizers

Preferably, the nanoparticulate raloxifene hydrochloride compositions of the
present inventioﬁ comprise the active raloxifene hydrochloride nanoparticles that is
combined with a surface stabilizer, and combinations of more than one surface stabilizer

can be used in the present invention.

Useful surface stabilizers which can be employed in the invention include, but are

not limited to, known organic and inorganic pharmaceutical excipients. Such excipients

22



10

15

20

25

30

be co-fornul ated with such other active agents, or the
conpositions of the invention can be co-adm ni stered
wonoaquasti al |y adm ni stered in conjunction WeCI/Us2mE/043707
active agents. Exanples of active agents useful in
treating osteoporosis or related conditions, such as
Paget' s disease, include, but are not limted to,
cal ci um suppl enents, vitam n D, bi sphosphonates, bone
includ@V4TRL PSly RGN Sw nRSdduhe SREght PAgEGH &) windaleodmg andnd
sel ective receptor nodul ators. Specific exanples of = |
surfactanigs Sinfasie stbilizsts inglude PIIONIE AT QIHC .t CaTioNif, S RIE oRfigh Zavitterionic
sodi um (Actonel (r)), ibandronate sodi um (Boniva(r)),
@1 onat e Di sodi urn(Di dronel (r)), parathyroid hornone
and derivatives thereof, such as teriparatide
(Forteo(r)), alendronate (Fos_armx_(rf), and calcitonin
( Repraskwative §ambescefsurfacerstabilizeraige vda dydrasyprpnyl ar e
ot. . l.imted.to, chenothera reqgi mens || taxel
methy RIS (R0 Jng P A PEPO R Coeh AR S PPy cEdoke,
iAAb RG] him PR LA 81 SR EHsHEBikaAY, @Bla8h) dakein, lecithin
pOly‘gﬁggtrongg(S%aA%limm gg)l((r)), excg}brrest ane (Ar%ma.si n(r)l)k, )
(phosphetides)) dextteaigum ac@ie,ohaleéteiol, tragesaniibistsaric acid, benzalkonium
(El'lence(r)), torem fene (Fareston(r lLetrozol e
chlordeefiiira bt sl i LBl Sponiy oo b EeRGrozol
emul%i%fggg%%,reg%)%lﬁamlsﬁé?sg g?lgégﬁ&g)férfe%ﬂ(}ﬂ )ai(hers(t@.%.@ﬁ@é% ol ethers such

xot er , cape abi ne (Xel oda(r)), goserelin '
as cetomedcatge] (00 qubdydxykihyleae dastul cdldtesivatveacpaly ¢Fethyleag spibitan

fatty gangggtlgreszggg gi?ehqqugttpglgr : 9%/&1%:1&553'0 %%qlfpgg E“c.ilrsﬂes %egt ,Ol'\t)vfr:eenaio® and
Twe%%@fﬁ?&?%%%g@%ﬂ%g%ﬁeﬁ%{@g@ﬁ (e FQarbowaxs 3550% and

934%((BinitorQuibide))] golyox Btz stearttsyaillofda) yiligomilisxideepkgsphates,
e B SRR S AR e,
T
alumétguarsiiehiel fieftAdolaatiyes ipo{yvinyl alechadEVaPHeEiphaB-de wi t h

tetra%%%ﬂb&%gm%gfgoﬁ%r@% %vgbé@)ylggg )é%{dtél glga Ig(?rtngsdehyde (also known as

tylox%iﬁﬁllb g@gﬁgx&{] ?‘E@i %ﬁo%)g ﬁ%fgg?’tli&g Kes £Ebl£858¢ £99® and'FH 08®, which are

araci
block copolymers of ethylene oxide and propylene oxide); poloxamines (e.g., Tetronic

surfa

-]

908, also known as Poloxamine 908%, which is a tetrafunctional block copolymer
derived from sequential addition of propylene oxide and ethylene oxide to ‘
ethylenediamine (BASF Wyandotte Corporation, Parsippany, N.J.)); Tetronic 1508® (T-
1508) (BASF Wyandotte Corporation), Tritons X-200®, which is an alkyl aryl polyether
sulfonate (Rohm and Haas); Crodestas F-1 10®, which is a mixture of sucrose stearate and
sucrose distearate (Croda Inc.); p-isononylphenoxypoly-(glycidol), also known as Olin-
10G® or Surfactant 10-G® (Olin Chemicals, Stamford, CT); Crodestas SL-40% (Croda,
Inc.); and SAOOHCO, which is C18H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2
(Eastman Kodak Co.); decanoyl-N-methylglucamide; n-decyl -D-glucopyranoside; n-
decyl B-D-maltopyranoside; n-dodecyl B-D-glucopyranoside; n-dodecyl f-D-maltoside;
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The invention provides conpositions conprising
nanoparti cul ate benzot hi ophene, preferably a
woab@wcé@se hydrochl oride, particles and at | eRaeT/usem®s/043707
surface stabilizer. The surface stabilizers are
preferably adsorbed to or associated with the surface
of the benzot hi ophene particles. Surface stabilizers
Esef u!;ﬂ%_herei n do not chemcally react with the
heptaRSNALIRHRRNEAEN 8! -h - olutS®hrdnoside ei-aempl F-D-
P |ﬁg|V|du IQhDIecu1esﬁ%$q%hegsdﬁggce stabif??e? are
thiogkesssidet halelkyl (f-DpgluodpyirmtosidepherubdrN-aretigdglucarkidges-noyiHeD-
conpositions can conprise two or re surface .
glucogyrapgsides @@@noym‘é-rrgﬁ%%lﬁ?amlﬁ%hp?‘bﬁﬂgé}g coppRpside; octyl B-D-
. anoparti,cu e ' OfL A :
wiogJEGRRBRAI LA SRERAL, PROERE OB BLARRJAGC v,
PEG-$4thingk SPE@Gjitdian Eslysédymegitindbmsopolghmesatfiviigil pyrrolidone and
~ referred to_as carriers. The conpositions can be
vinylfacgtatel sucle ds PlasdqngReiddn and g ldet i on (e. g.

i ntravenous, intramuscular, or subcutaneous), oral

adm nistration in solid, liquid, or aerosol form
Vatiafples dTasétul cdtRaicaurfacithtilizer behid¢ fowess st limited to,
oi ntments or drops), buccal, intracisternal

polymers,hégretyTnen cpdlysaseharides, ecllulesion Aletwiea: Bhospholinids, prd

ljke.. 1. Benzot hi ophene Benz i T
nonppEE e Fom B B ar SR PSR RE e DHARs by B fidingum.
anthr{ ) pRriéfnYiih 3hidriae, R8s phadbhalipidpuitssaphpsiglysiae,

Seri-crystalline phase, a sem -anorphous phase, or a
polyvingtimide®le, pehbosne, fipmeibpnetihacayple fdmethy smperiumbromide

wmon 5BV EL B SHEBI ER R A BE B
poly\%igﬁagrcﬁﬂ%néhodihﬁtm&oeﬂﬁrlHﬁ&ﬁzﬁi’rj}l@@ dthsher silfate. medi a

ter. The dispersion nedia can be, for exanple,
wat er, safflower oil, ethanol, t-butanol, glycerin,

P obet $§é'g§ rerichil SOhi s vt bR B{))tré}ngi:t%cﬁﬁ%; catibhfe lipids,
S B A o dng Lo
steargfimdihylametbnium chloride, benzyl—di(2—chloroethyl)ethylammonit?m b(r)omide,
coconut trimethyl ammonium chloride or bromide, coconut methyl dihydroxyethyl
ammonium chloride or bromide, decyl triethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride or bromide, Cy,.15dimethyl hydroxyethyl ammonium
chloride or bromide, coconut dimethyl hydroxyethyl ammonium chloride or bromide,
myristyl trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl ammonium
chloride or bromide, lauryl dimethyl (ethenoxy)s ammonium chloride or bromide, N-alkyl
(C12.13)dimethylbenzyl ammonium chloride, N-alkyl (C14-15)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl
ammonium chloride, N-alkyl and (C12-14) dimethyl 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts and dialkyl-
dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated

alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
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procedures, such as those detailed in U S. Patent Nos.
4,133,814 to Jones et al; 4,418,068 and 4, 380,635 to

woeeimrsocoand Eur opean Patent Applicati on 95306060/U82005/043707

Publ i cati on No. 0699672, Kjell, et al., filed Aug. 30,
1995, published Mar. 6, 1996, all of which are

i ncorporated by reference herein. In general, the
process starts with a benzo[ b]thi ophene having a

dlalkyﬁoeﬂﬂéﬁeQﬁMk QiRthiah dhidride (Mdmédyldﬁﬂdmﬁl’ayﬂn)lo@nmmﬂoriﬂeeN-
starting conpound IS protected acyl at ed

tetradcbstﬂimtc&x;’tmzyl@nﬁmmumh@lmﬁqmP&Ohyd@éﬁx%@ﬂfé{gc12E>(bﬁ1fﬁ!eg§’1 1-

o 45 BASERL 80 8L B TR o e

dlalkyﬁbéﬁ%ehéawlsmf’ﬁ&ﬁ&th%ﬁioﬁdet1B@1ynﬁﬁ@mﬂtanﬁﬂdnaﬁm dhidriiej f ene
drochl ori de conpositions of the present invention

alkylbenzyrb mefsleyltatmnmmn\phlmdbmlk)ﬂénm}ﬂﬁdﬂﬁb}‘il agpmeium bromide, Cia,

ticl .t hat
o Rt SR A DBy ARt
poly-cﬁélg?é&:lﬂeglﬁn?ﬁ%nﬁﬁl 4368dd (DADRIAC K aRMthy RvaRéhiam. chlorides,

ace stabilizers which can be e Io ed in

alkyldisethylaweneiiom latugenides, tl‘mﬂtyl am@hyi@mrmcmmun 1ie, known
organic and.in ani cal Ci i nts. Such
decyl%t@lgﬁg@pﬁgm E@gm@% BS??’ On"I“Bik/ ?fgfdgc ul ar -

tetrad%ﬁ"h?xa et %hh&gﬁﬁﬁﬁn bidafig, %etﬂmfw&ylﬁmnﬂmuﬁ Whiogigt BALRQUAT

ce sta | zers |nc ude noni oni c, ani OnIC
336™) AR ODNIQIJAT AOFY, tetaabuqdammbmmnnbnoml@ béugyl ann@thylammomum

bromels ORI HERGRLEFISeER ot Phaa-4EShiin) o

steara Etﬁﬂguo?ﬁ@):mlnp&q{dg XRh %E’X’Je&t‘?flthﬁﬂoﬁﬁﬁl chloride and Di-

ol'yvinyl pyrrolfdone, sodiuml"auryl sulfate,
stearymulmhwms vhibeids), c&rylrmfhdmlgalbadmrde oc elsleride, Habide s#isrof

s SN DR s

Chem‘}%l %f[ﬂaﬁ%)z rlcﬂlln esraﬁ% Saﬁ?ﬁé’ssElﬁ;ﬁra@aﬁ(yleﬁﬁih@s?'tdﬁﬁkﬂémmes

rogo yl ng wax, sorb

alkan6lRbifies, pcﬁl@éﬁh?beyqioﬂmhﬁm NiKydialkylhemealksl @rylatm,mcrdgmiyl
et hers such as cetonmacrogol 1000% pol.yoxyet hyl e
pyriding sameine GRits, gugh asdpyrylening apsialy Seary) ABHie agsTgipallytbyridinium

salt, and alkylimidazolium salt, and amine oxides; imide azohmum salts; protonated
quaternary acrylamides : methylated quaternary polymers, such as poly[diallyl
dimethylammonium chloride] and poly-[N-methyl vinyl pyridinium chloride]; and

cationic guar.

Such exemplary cationic surface stabilizers and other useful cationic surface
stabilizers are described in J. Cross and E. Singer,. Cationic Surfactants: Analytical and
Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Phy;s*ical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic
Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
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fatty acid esters (e.g., the commercially avail able
Tweens (r) such as e.g., Tween 20(r) and Tween

woeQ(06)opdad8 Speci al ity Chemical s)); pol yet hyl enecgiugembs43707
(e.g., Carbowaxs 3550(r) and 934(r) (Union Carbide)),
pol yoxyet hyl ene stearates, colloidal silicon dioxide,
phosphat es, carboxynet hyl cel | ul ose cal ci um
car boxynet hyl cel | ul ose sodi um nethyl cel | ul ose,

comp&WURT, QYR 66thpstindS £ cattiniy SrERidnsA1ip boMPb@IE a quarternary

noncryst al line cel lul ose, magnesium al um ni um
phospibtous abmpotnd, etpmadmhmpmpom gvammiugy easpRAUnd FApgmmonium

1,3,3- tet th h i th
compiitly F‘é‘ﬁ@r%‘% o Compar b RO et oBln FBlgdtid’s
secon%%’xjarr KOk FGS?I‘&))B{]%?t%ﬁl éﬂiﬂn;l?g%ll cgﬁﬁi;?ié@&ﬁgﬁl{aﬁe@ary

ammandyeo lcpmposndsfofeidifprenia NXiRi&s Beroyppreayadsef e formula
pol oxani nes (e.g., Tetronic 908 , also known as
NRRF%%“xam ne 908(r), which is a tetrafunctional block

i§°| Y Rhe GERY Y@qref(ijggnhsequenti al addition of

pyl ene oxl de and et'hyl ene oxide to et hyI enedi am ne
A}SF \Ghard B4R i96Hppr at i on, Par si ppany, NJ.));

Tet.roni ¢ 15Q8( 508) (BASF Wandot t e
C&FBorzﬁﬂieéﬁgﬁ -3)4(21{&*0@“ 3X-200(r), which is an alkyl aryl

Wg et woﬁ#'y&faﬁéﬁ{(%hm and Haas); Crodestas F-110 ,

his ure of sucrose stearate and sucrose
di(sy eartabef RpFRudae Ch, Jne of Ri-Ry is CeHsCHy, and one of R;-Ry is an
p-i sononyl phenoxypol y- (gl yci dol al so known as din-

1OG( r) abeylshaip 9k peysh cayo P‘)ms(‘tﬂ)l‘?sﬁ Cheni cal s,
g%fr&) 0 VQ?%LRA,%‘Q @?ﬁf &% PR AR[i L f1Se g Bind da€ of R-R}Gs an

C| 8%7@@1@%&6@%&%@%@&%@@&&@% (East man Kodak
). d | - N- et hyl gl d
1 o6y R oo EoHs Bt OBR ot e SiAp Gfs(GHR ) where

n- dodecyl,.b- D- gl ucopyr anosi de; n-dodecyl
b- D- mal T 08i de; | i ept anoyl - N- net hyl gl ucam de;

N-(REDT YWwoof R gk Lo O3 aoweso ftiey-R s R HE@Ho, and one of Ri-R4
b- Dt hi ogl ucosi de; n-hexyl b-D-gl ucopyranosi de;

nonanoydonNprises #yeagt Q%hﬁtﬁ@atoﬁle noyl b-Dgl ucopyranosi de;
oc(tbgnoyt% N'frfglt l&gzl gldfﬁggqtledﬁ?f %{‘%} 1%@/ sCH.,, and one of Rj-R4

pyr PUCOpyr anosi de;

PEG phO&mlqﬁlsbpatdeasP&@Ezh@gmt erol, PEG chol esterol
derivative, PEGvitamn A PEGVltamn E, lyso ﬂlmi{a
r aprdlom espfi Rk aye Sy prg/of Ry Ry i§1GolistrElcag one o

comprises at least one cyclic fragment;
(xi)  two of Rj-Ry4 are CHj and one of Ri-Ry is a phenyl ring; or
(xii) two of R;-R4 are CH; and two of Rj-Ry are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium
chloride (Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium chloride(Quaternium-
14), Quaternium-22, Quaternium-26, Quaternium-18 hectorite,
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vi nyl acetate, such as Pl asdone(r) S630,, and the

i ke. Exanples of useful cationic surface stabilizers
wonaelswdesogbut are not linmited to, polymers, PCT/US2005/043707

bi opol yners, polysaccharides, cellulosics, alginates,

phosphol i pi ds, and nonpol yneric conpounds, such as

zwitterionic stabilizers, poly-n-nethylpyridinium

ant hryul pyridiniumchloride, cationic phospholi pids,

dlmetﬁﬁélhﬁﬁ)@m 1cRRkE ¥§HREhloBaL, yétenk hddarietige, diethatbi@maonium
ynethylnethacrylate trlnethylannonlunbron1de

POE (0 potictyb cthenupspiies, didibsnplanssgitmi R k3)olarhethennhosphate,

b d
allowi iR hByHPof el Soctatalmym e RSP RYI- RPN o
chlorlgé '&%Hg%ﬂensdi‘orﬁﬁl'éederﬁdh% Wehobile, m3tikalkohived allblideger s

but are not linmted to, cationic I i pi ds
laurtrlmdnim ichiloridg lethydqtediaiming dlémocidand% rgnamyhn& fySiechleride,

PYrdRREG bt EATR BrGREgRIL R E R RBP4 de, coconut
methytldgéﬁﬂghg%hm {He ﬁhﬁfn‘ilﬁl&bl‘oﬁmgé Qﬂéﬂ’@xmdiﬁ’&ﬁ @HFonﬂEt hyl

roxyet ni um chl ori de ‘or "br om de, decyl
polyqﬁa[temilhiy-ll pﬂmmnehyntrcuﬂnlorrdedmcomew scﬂ@am@kmlum bentonite,

stearatkpprupmAFE RN hyreoRy AF B OYRD ! BRSSP EN PP yco yorice
tallow@%ﬁ%ﬁﬁ%ckﬁ&?@? g{xﬁl géﬁﬁw rml@(fﬂf‘i RENEIh HRSHRIRI UM

ristyl” trimethyl amoni um
met hyl sul phate, lauryl dinmethyl benzyl ammoni um

gmfﬁhg Fq{l%gﬁegsgﬂbg;q%gégg po%?r%%ql%]g av@aa]?qg 911(5/8}‘ (t,]a% oxﬁégpared by
techn%;g%gkﬁcg%rpfnqﬁ 5 R/gdélzéﬁ} SRRl Ql% knblwﬁlpm(ﬂmaceutlcal

nzy amoni um chl orid
exciplintseind acedysbritsbaeh liytallan 2iyd Hantook afd’hﬁﬁmeuf&:al Excipients,

hydr at di nethyl did
publisied gy B AgaecEaPharmeRYel AR A SRS
Someérhoj;t?re?teBrltta nh(gﬁg I?’l{llclmgﬂﬁéémﬁé% 2@6@), and is specifically

anmmoni um sa

incorjstiratel hbRi B} feydrawegpni um sal ts, lauryl trimethyl
amoni um chl ori de, et hoxyl at ed

al kyam doal kyl di al kyl ammoni um salt and/ or an

et hoxyl ated trial kyl ammoni um sal t, di al kyl benzene

dizal ky I Nunopaiticulafel Renzdthioptiede dPactitldiSizet hyl ammoni um

chloride, Ntetradecyl di nethyl benzyl

The compositions of the present invention contain nanoparticulate benzothiophene

particles, preferably nanoparticulate raloxifene hydrochloride particles, which have an
effective average particle size of less than about 2000 nm (i.e., 2 microns), less than about
1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 nm,
less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than
about 1200 nm, less than about 1100 nm, less than about 1000 nm, less than about 900
nm, less than about 800 nm, less than about 700 nm, less than about 600 nm, less than
about 500 nm, le‘ss than about 400 nm, less than about 300 nm, less than about 250 nm,
less than about 200 nm, less than about 150 nm, less than about 100 nm, less than about

75 nm, or less than about 50 nm, as measured by light-scattering methods, microscopy, or

other appropriate methods.
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amoni um chl ori de nonohydrate, N-al kyl (C 12-14)

di met hyl 1- napht hyl net hyl anmoni um chl ori de and
wdadsogoas met hyl benzyl amoni um chl ori de, di al Rgir/US2005/043707

benzeneal kyl anmoni um chl oride, lauryl trinethyl

amoni um chl ori de, al kyl benzyl nethyl anmmoni um

chl oride, alkyl benzyl dinethyl amoni um brom de, Cl12,

C5 C7 trinmethyl anmmoni um brom des, dodecyl benzyl

triethyl ammoni um chl ori de,

pol y-di al I yl di met hyl anmoni um chl ori de (DADVAC),

diByethyffectineoneage paitioleistreof less thandibeit 3P0 amhoik isyreant that

at leaggg%gﬁthg‘ggwhgﬁtaﬁl m%g%pﬁﬁag)é(} eﬂé H§‘ar8£}h<?r§de9' ﬁarticles have a

partic?@gfecé/fi 1bdsRA Mk @ITERRUNERES 'Bgdﬁeight, i.e., less than about 2000 nm,
tetradecyl trinmet hyl anmoni um br om de, net hyl

1900 hmi, 3800/hrayeto r('asuhstlcm plorvied avhenmegsin®d 3 e abpye-npied yeobpixues.
10(t , tet j i

pretop bk SR R S (e aBF5%% gpapgy sbov

99% Gk ioglle?ﬁﬁcs}ﬁ{eﬁe %ﬁi@&%}@fcf@&%ﬁ%lo@@ﬂéﬁ deOE16a S adles By

st ear oni‘um chl ori de conmpounds (such as
weiglfi} keave vl partichosizeiof lesd than the effactivbi aversge yi aliless ihapmabout 2000

chlorid cetyl pyridiniumbromde or chloride,
nm, 1@99?’6’@1@9 g, i)%loocfg’éteé?'ni zed pol yoxyet hyl al kyl ami nes,
M RAPOL(tm) and ALKAQUAT(tnm) (Al karil Chemni cal

Conpany), al kyl pyridiniumsalts; am nes, such as.
allk yhepreseasinvetitadnk jHearduedsr DA0 kfia ohsoparties]ate benzothiophene

compRBHigh SO ARP A ORPRCBYIE HOR Lo G Qe R Feolnpgsiionds the
particlé‘ra%%? tel@&]ﬁcl?sz@% %ltft‘ﬁ?e l%%g&g?ékgfifg n#’agtiﬁ&efaﬁ,t % weight. Similarly,

pyridiniumsa azolium'salt, and
D90 Rnhégartiode sies beliow which 20%i ofitherbaebtisophenopaticles thll, by weight,

uat ernary acryl am des; t hyl at e aterpary . .
and ) iy sy YO B6E BROBOM PP Sio o Easietrar it Bidinsigpide particles
ride] and poly-[N-nethyl vinyl pyridinium
fall, b%%igflltde] ; and cationic guar. Such exenplary cationic

surface stabilizers and ot her useful cationic surface

stabilizers are described in J. Cross_and ES Ei nger,
Cat-i oni Commgntrationof $he Bengothipphgneppyl Surface StabilizErs

The relative amounts of a benzothiophene, preferably raloxifene hydrochloride,
and one or more surface stabilizers can vary widely. The optimal amount of the
individual components can depend, for example, upon the particular benzothiophene
selected, the hydrophilic lipophilic balance (HLB), melting point, and the surface tension

of water solutions of the stabilizer, efc.

In one embodiment, the concentration of the benzothiophene, preferably
raloxifene hydrochloride, can vary from about 99.5% to about 0.001%, from about 95% to
about 0.1%, or from about 90% to about 0.5%, by weight, based on the total combined
weight of the benzothiophene and at least one surface stabilizer, not including other

excipients.
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Bi ol ogi cal Eval uation (Marcel Dekker, 1994); P. and D.

Rubi ngh (Editor), Cationic Surfactants: Physi cal
wGhemwiostasy (Marcel Dekker, 1991); and J . R chromais2005/043707

Cationic Surfactants: Organic Chem stry, (Marcel

Dekker, 1990). Nonpolymeric surface stabilizers are

any nonpol yneric conpound, such benzal koni um chl ori de,

a carboni um conpound, a phosphoni um conpound, an

0XR BhAG YN E ent 2th& abiehirfic0OefBe Bideast oiduirfide Stabilizer can

organonetal I i c conpound, a quarternary phos horous

vary frompbowid).5% tppbowOROARYes Samoahedt S A% QrebPE%HHe. or from about
0 o n um-;Co r
10% G REosaPy BERP S TRE MR, soluThed RYNCRAERELY™

benzARBPtnE Thé @méestraﬂe s@fdce fstalbal {26r, TR udiNeCsiig @i Bighientsn d
guarternary anmoni um corrpounds of the fornula

?|R1R2R3R4 . For compounds of the fornula NR R2ZR3R4 :

[ one .ee OFR1-R4 are CH3;

E. (i“bftggaf °ﬁﬁ”&&“$?§e‘¥r°éh‘&%°’g“(€‘}‘)‘?%{‘8ﬁm R4 are CH3,
one R1-R4 is nd one OF R4 | k I
cHAaRROtBET asRet f %r"&%ﬁ‘?tlﬁ? e %?rprP%‘Qgga {n\;}}; t ot

nano cqﬂ’t@ Reﬁ%ﬁu& ieng, ?%feﬁab%gﬁgﬁc@iﬁg rQlBﬁlfgemyd%'ch'léld@n

aln o teen tonms or nore;” (vii)
fonndilm@or@fof Rie-ikdergtion. Thd neeticb docvenprfsefRAf dé df shet fmélognltg,lmet@@&ft:

sttt FLL A COVBOTEON. OB PR TR S FaF OB et igaef
malcfi Sy e e Tnrgibng 1 R CFhelEhn B PG NOZE B e 7
Methbéd &faedking nanoparticulate compositions are also described in U.S. Patent No.
5,518,187 for “Method of Grinding Pharmaceutical Substances;” U.S. Patent No.
5,718,388 for “Continuous Method of Grinding Pharmaceutical Substances;” U.S. Patent
No. 5,862,999 for “Method of Grinding Pharmaceutical Substances;” U.S. Patent No.

5,665,331 for “Co-Microprecipitation of Nanoparticulate Pharmaceutical Agents with
Crystal Growth Modifiers;” U.S. Patent No. 5,662,883 for “Co-Microprecipitation of
Nanoparticulate Pharmaceutical Agents with Crystal Growth Modifiers;” U.S. Patent No.
5,560,932 for “Microprecipitation of Nanoparticulate Pharmaceutical Agents;” U.S.
Patent No. 5,543,133 for “Process of Preparing X-Ray Contrast Compositions Containing
Nanoparticles;” U.S. Patent No. 5,534,270 for “Method of Preparing Stable Drug
Nanoparticles;” U.S. Patent No. 5,510,118 for “Process of Preparing Therapeutic
Compositions Containing Nanoparticles;” and U.S. Patent No. 5,470,583 for “Method of
Preparing Nanoparticle Compositions Containing Charged Phospholipids tb Reduce

Aggregation,” all of which are specifically incorporated by reference.
Following milling, homogenization, precipitation, etc., the resultant

nanoparticulate benzothiophene, preferably nanoparticulate raloxifene hydrochloride,

composition can be utilized a suitable dosage form for administration.
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(x) two OR1-R are CH3, one OR -R4 is C6H5CH , and

one O R -R4 conprises at | east one cyclic fragnent;
wWOx2006/060098 Of R1- R4 are CH3 and one OFRL-R4 i s arpinaisgios/ 043707

ring; or (xii) two OR -R4 are CH3 and two OR -R4 are

purely aliphatic fragnents. Such conpounds i ncl ude,

but are not limted to, behenal koni um chl ori de,

benzet honi um chl ori de, cetyl pyridi nium chl ori de,

behemtably o dbpesdidofmiedia, ust @ dhkam redu@itnqiroctss is aqueous.
cetalkonrunrchlorrde cetrinmoni um brom de, cetrinoni um

Howaykt, @any @'@dlmt\ﬁ}lﬂabﬁrﬁ@thﬁmpm mgqutiab]ér raloxifene hydrochloride, is

| et h hl
poorl& ?%]{lé]% ﬁ ﬁnﬁsﬁﬁ % otfse% gsr %%ﬁg o, I%cfr]é g@n’} gé%cous ?xamples
of di bﬁﬁﬁﬁﬁédﬁlm&déeﬁiﬁ)ére AT ddN CAjuesisthalt GoRitiohd) isaifower oil
4), Quaterni um 22, Quat erni um 2 , Quaternium 18

and sbleents sidheasdithrsoh-butanol bexapecindalya®d hydr ochl ori de,
cystei ne hydrochl ori de, diethanol anmoni um PCE (10)
ol etyl ether phosphate, diethanol anmoni um PCE (3) ol eyl

etHIRICRO AR 8f pro® di\nRéHeAitiaH Hr&d o Ehﬁele sterediltyibn of

di oct adecyl anmoni unbent oni te, stearal koni um chl ori de,
benzco:tbrrmpbénenpﬂmfﬂablyi eloxiEma thydioshiondn ishide bathymillénga iediainuitting,

chl ori de, urtrinoniy 0 edj. a
and hapegeniaatiane ?qr&éam@sawrtg ﬁ\g ﬁ‘gﬁhrgle M ol E@?ﬁ%}%@ nBall
, f I
ity oSBT AR LGRUIAT i ER T, s,
liquidyThe mbmefialy rairé)pslemsddﬂ a nuilling vessaintnit ismotaddoatiogeimal speed such

ol yquat erni urn-1, praqcaj nehydrochl ori.de, cocqhet ai ne,
that the wiadia|Rensremendardusas the drag RAPGlIRER; rml@ertm 16 media tsed

st NS ORGP PSSO A8 oyt b i

andthﬁmagﬁgyhéﬁmmmﬁhy&ﬁannonlunrbronrde. The surface
stabilizers are commercially avail abl e and/ or can be
prepared by techniques known in the art. Most of t hese

I hZer r [
U R i S
placedfin Eh@fef%@ﬁﬁdl réétcubaxed ipl sadhambePetltdising thddix z[rtd a/robztymg he
Aneri can Pharmaceuti cal Association_and The
shaftfbmaeltaic dbe iretgting shaft agitates the media which subjects the drug to impaction

and sheer forces, thereby reducing the drug particle size.

Homogenization is a technique that does not use milling media. Drug, stabilizer,
and liquid (or drug and liquid with the stabilizer added after particle size reduction)
constitute a process stream propelled into a process zone, which in the Microfluidizer® is
called the Interaction Chamber. The product to be treated is inducted into the pump, and
then forced out. ‘The priming valve of the Microfluidizer® purges air out of the pump.
Once the pump is filled with product, the priming valve is closed and the product is
forced through the interaction chamber. The geometry of the interaction chamber
produces powerful forces of sheer, impact, and cavitation which are responsible for
particle size reduction. Specifically, inside the interaction chamber, the pressurized

product is split into two streams and accelerated to extremely high velocities. The formed
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Society of Great Britain (The Pharnmaceutical Press,
2000), and is specifically incorporated herein by
woebmroeome. 3. Nanoparticul ate Benzot hi ophene Pariisedos/043707
Si ze The conpositions of the present invention contain
nanoparti cul at e benzot hi ophene particles, preferably
nanoparti cul ate ral oxi fene hydrochl oride particles,
whi ch have an effective average particle size of |ess
jets aletfibh ahQUEd RARRI &H¥h Gthe? and olMHEMAAS Intera&fch £dMaNTAG Bislilting
1900 nm less than about 1800 nm I|ess than about 1700
produetrhad esg fink amd atifum pedde onyroplss size.hdhe Noowoflulsgo Hap

provi i e SHAIATERS AT CBSke e SR Lo Nones LR
whwl%%%ﬁ%crhﬁgﬁgrs@@rﬁ&ﬁ% W&%@Q’n%ﬁ{e%qg aPPocdse8Sing EMCOO idizer®

an ab | ess than about 6
resultiiy inl@@spdrtianatapaticlées00 nm | ess than about 400 nm
| ess than about 300 nm |ess than about 250 nm | ess
t han about 200 nm | ess than about 150 nm |ess than

a Q (o] gl O
oA oSS AR IR e RO i
mediliinGh QIEEPY is BEentibile insafubicopriomi & preaiiko The Byrficantabilizer can
effective average particle size of |ess than apou
be pressobinthe premixt eanahn duringipagicly dastedugigypr ttgan be added to the
enzot hiophene f er abl | oxi fene hydrochl ori de,
mugggp?F@Pé§H%%W§p%R%§?$%% gxgﬁgé of |ess ¥han t he
effective average, by weight, i.e., |ess than about
2000 nm 1900 nm 1800 nm etc. (as listed above),
whBlre premsueanceiped Hiseetlydwesuhisedrg it Exmeplpmical means to reduce

Pr ef er abl t |east about 70% 909% . at
e oy e bpationdny PRtV Ritke sy Bloc RS, ARAYE o 20H 0
dispep8 o &f b @Bﬁ%@iﬁ?%&f&éﬂ? lespfahabaR!5ymicedx ilf & peeferred that the
hydrochl ori de particles, by weight, have a particle

premsi beeussf] diresdy whema balbmell issisedl s atividpagdlicmnagvely) ess

t han, about 2000 .-1900 .n 1800 1790 . I
benz DR B AV HPL TS DREDIT e R e f e Pbilbecan'
dispRRAGR el il AeBialRNBEALRABIE ASRRI0A MBI ICovass typs Blerablt a

a nanoparticul ate ral oxifene hydrochl ori de comnposition
homagenedns dispersion is observed in which there are no large agglomerates visible to
the naked eye. It is preferred that the premix be subjected to such a premilling dispersion

step when a recirculating media mill is used for attrition.

The mechanical means applied to reduce the benzothiophene, preferably
raloxifene hydro;:hloride, particle size conveniently can take the form of a dispersion mill.
Suitable dispersion mills include a ball mill, an attritor mill, a vibratory mill, and media
mills such as a sand mill and a bead mill. A media mill is preferred due to the relatively
shorter milling time required to provide the desired reduction in particle size. For media
milling, the apparent viscosity of the premix is preferably from about 100 to about 1000
centipoise, and for ball milling the apparent viscosity of the premix is preferably from
about 1 up to about 100 centipoise. Such ranges tend to afford an optimal balance

between efficient particle size reduction and media erosion but are in no way limiting
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particle size bel ow which 50% of the benzot hi ophene
particles fall, by weight. Simlarly, D90 is the
woaodeisd@s si ze bel ow whi ch 90% of the benzot hi epnaIS£005/043707
particles fall, by weight, and D99 is the particle
si ze bel ow which 99% of the ral oxi fene hydrochl oride
particles fall, by weight. 4. Concentration of the
Benzot hi ophene and Surface Stabilizers The relative
amounts of a benzot hi ophene, preferably ral oxifene
hydrochl oride, and one or nore surface stabilizers can
vy afikitien gzmem V@mwmly aadéamnd@ primaaly vranvhepapticular

onent s n f.or e
mech PRGN EndB oSSR natiBhs SRR Tor BRR b Brocessing times of
up to five GQ% driléndephRAR ®&e réddiB), A[R@hiahﬁ@yﬂﬁb@éssmg I‘D@he@ lp€ less than 1
surface tension of water solutions of the stabilizer
day (lss@enqertmm of enb odnte up to sdverat bewwahare apssible Bithitheuse of a high
h eziz ophene, preferably ral oxifene hydrochl ori de,
shear mggh from about 99.5%to about 0.001% from about
95% to about 0.1% or from about 90%to about 0.5% by

wei ght, based on the total comnbined wei ght of the
béftedichiwiihphme apu fexebly ealetifeon bydrochlavide. qgisiasiest be

i.nclu her . e t l. t)h
Tl B PR SR Ik B B R e,
prefelsclbﬁbﬂa dx¥Bfe lgﬂ?oéf%ﬂdef eRA48 %’éen%e@a%ute@ o884 Hha® GRS to
from about 0% to about 99.9% or from about 10%to

less tbd)mjiou%)°6%re bydinerilyg Ipteferbals dfidesired e pmcassmgmq’gmme@t can be
wei ght . of  t he benzot hi ophene. a | east one
cooleé dvlffawvglt%?l GO il.ng CHBPTEAL | thm% E&ﬁ é?m%% i dY E
JackeM’:f% Pﬁﬂﬁ‘rn@rfsm%% 'tﬁégmﬁ“iﬂg gt O c%%l’lﬁg' hgﬁl'dol@ %oﬁ't’emplated
an er aspect of the invention there i1s provid

Genefiliyhthd nadthqdr efizhe invgntidreiscamanintly ccaniratl@ut under condltlons of

benzot hi ophene, preferably nan rticu alox ene
ambief derBREAYIS e, at PEICREAIRG PISFYISS Y ‘ﬁbarF A r'?P gHectiygdor the

mﬂhﬂ‘e]{n{&??s C%{Haﬁéxﬁ ?f'%c%% 1?? reQdurdsige {)fglclapw 5491 ABk "R for mills, and

pr e evaporation, or cofbi nation$
Vibraeryh'ﬁﬂgie. Exenpl ary net hods of

Grinding Media

The grinding media can comprise particles that are preferably substantially
spherical in shape, e.g., beads, consisting essentially of polymeric resin or glass or
Zirconium Silicate or other suitable compositions. Alternatively, the grinding media can

comprise a core having a coating of a polymeric resin adhered thereon.

In general, suitable polymeric resins are chemically and physically inert,
substantially free of metals, solvent, and monomers, and of sufficient hardness and
friability to enable them to avoid being chipped or crushed during grinding. Suitable
polymeric resins include crosslinked polystyrenes, such as polystyrene crosslinked with
divinylbenzene; styrene copolymers; polycarbonates; polyacetals, such as Delrin® (E.I du

Pont de Nemours and Co.); vinyl chloride polymers and copolymers; polyurethanes;
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maki ng nanoparticul ate conpositions are described in
U S. Patent No. 5, 145,684. Methods of making
woanmpasds cul at e conpositions are al so descri bedTius2005/043707
U S. Patent No. 5,518,187 for "Method of Ginding
Phar maceuti cal Substances;" U S. Patent No. 5,718, 388
for "Continuous Method of Ginding Pharnmaceuti cal
Substances;" U S. Patent No. 5,862,999 for "Method of
olyal il 3dh N9t ARSI éed), e DU TBHBAREST. du Pors dePdéaailrs biad Co.),
P y-S,GGS?Sg& for "Co-NIQng?ecipitation of
and obigen Apenopolyuieas; dighhdensitscpalydthdencagpelyeropilenesoesibiege ethers
Gowth Modifiers;" U S. .Patent . 66
and estw_smqbqsoﬁ:llg 5% F?%@tpﬁl&yﬁf@%&gﬁﬁ%ﬁpﬁ%@ g%&l%?’grofx%thyl acrylate;
d sTRBAIBGRMhING 3o ARGS kfehVis RISl 0hedn8d ald @WiRe. MPBE pbIgHRE Can be
an SU. S. Patentn%%g. 5, 560, 93t2D f}g1 "M croprecipitat Fon of
biodelNenailar Exemphrebiptegradebiandlyaérs Agpdwdespoly(lactidespapadyfiglycolide)
No. 5,543,133 r "Process,of .Preparjng X- Cont rast
copolygispas oL RS s iter i e Batu oy S BAOARY),
ly(NRimo RarBoflates) SodIPMN-: SkyPlol R RREE, Pl Irgitdug
poly( Iﬁgp%rtﬁ%%égg ! 9%\.1 %mag?er# ONo. ?eg Sig, X?g%faor é';;F1>r ocess
hydrefypRtieg)arsteng efitybmapanyliacet@e nppalymesnpoldonhagsti¢n)y

Na ticl " d US. Pat t. .No. 5,6470,583 f
poly(eEv GRS, PRk PIgPREAM N FoioseeaabE iRanes

contafRkRLH 29 tkg;}ﬁ&?ﬁ (iit(s){fb gﬁgﬁké&fsﬂﬁcah%e?ﬁ%%ﬁ@ in vivo into

ggregation,” a are'specifically
biologlrally poepthisld pbyducesthatent be eFairdatad fgm the Yddyg, The polymeric
. honpgeni zatjon, precipitation, etc.; the resultant
resin GamBiygatdeasitairemabauty- B ioasha-0 g¢Bt-er abl y
nanoparti cul ate ral oxi fene hydrochl ori de, conposition
can be utilized a suitable dosage formfor
fad]f‘ll'le’y;‘r'ﬁlﬂtr%t media Preférablgibnges ihdzafremerbsitdh0 hiedatouti3 en. For
or the size reduction process i S aqueous. However,
fine gripdinge e Lrindingmeda Mﬁ%far%b%ﬂ@ Pufg‘ﬁ @r%rl_%/%m» dnd more
r.akoxi C ' ] oorly sol uble and
]xekgﬁégé@é%%§3n¥§%R%Qkﬁé%gﬁ%g{§?§ispersion nmedi a.

Non- aqueous exanpl es of dispersion nedia include, but

are not limted to, .aqueous, salt solutions, safflowe
oi In aap gmberlimant of thadnveatontthabaizothionisre ﬁ?ﬁf?fag %&}%é}f{fne

v Bl SRS s B A BsEl ey
introducing benzothiophene, preferably raloxifene hydrochloride, into a milling chamber,
contacting the benzothiophene, preferably raloxifene hydrochloride, with grinding media
while in the chamber to reduce the benzothiophene, preferably raloxifene hydrochloride,
particle size, and continuously removing the nanoparticulate benzothiophene, preferably

raloxifene hydrochlofide, from the milling chamber.

The grinding media can be separated from the milled nanoparticulate
benzothiophene, preferably raloxifene hydrochloride, using conventional separation
techniques, in a secondary process such as by simple filtration, sieving through a mesh
filter or screen, and the like. Other separation techniques such as centrifugation may also
be employed. Alternatively, a screen can be utilized during the milling process to remove
the grinding media following completion of particle size reduction.
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benzot hi ophene, preferably ral oxi fene hydrochl oride
include ball mlling, nmedia mlling, and
woaomgesiozat i on, for exanple, with a M crofl ui BCTAIS2(05)43707

(Mcrofluidics Corp.). Ball mlling is a | ow energy
mlling process that uses mlling nedia, drug,
stabilizer, and liquid. The materials are placed in a
mlling vessel that is rotated at optiml speed such
that the nedi a cascades and reduces the drug particle
size by inpaction. The nedia used nust have a high

F. dafhshod ofidredtmenhergy for the particle reduction is

i srestatueon s fis eeciedio e BBy ol his Vi ugsive the
nanoﬂ%}t AiatSbARLIHiFene 8Nfsall tBbkedf, preFeiblp eMOxiféhethydesodlor e

recirculated in a chanber containing nedia and a
compositiatsi af ghestnaréntidnnoetdnditionFivach at estdoperosis ot relatgl capdgons,

such alGgrt § G, CoraRBip L BtiEr gt R et B %6 e
r:@pf&%hﬁ@,g}lg Haﬂg%aﬁicﬁﬁ%n%b@itfcﬁ%ayd&ﬁﬁe@ &} trébd ®reast cancer

I'ng me ug, stabilizer, and liquid (or drug
and o@wsitubicgsibfitheibidast 4nd Igmpbinbdder tissdese Thefcompopitions we also be

used et of T5PURES SRR WHFIARE SRABIN BRof T OPa e Py R er
compfi@el At?gaél B 41&%.8& Qtﬁgi'lig& DGR to orTRGcRAQIWRE thOsuPRice of the

reated I's 1 nducted 1nto the punp, and then forced
benzdthib phehib @apspanticies. alone embodinenMty winbparticulete(henzgshioghene is
air out of the punp. Once the punp is filled with
a nanppagdgydate f‘ilﬁ?élf‘i}’feiwg%ﬁh]\%‘ﬂ@-e is closed and the product

[ : i At er i r .
SRS Bl ey et oty
benzdtBibpleme Oprefigidy raloifeae hydmohloride, fomtulationdfi thé irvestion. As

responsible for particle size reduction. ecifically,
used heyeingidie feren |Wbl?ﬁgdf pgsd te mespan ant Pﬁ?’fg@ﬁfﬁi %‘é‘&lm& d

. ro ' [ i.nt ; t
nt B ol Aoy s pSaTB o s scaigy 1o
interdhbigRablgd toward each other and collide in the

interaction zone. The resulting product has very fine
arfepmpssitisnmspisetly for parspicepl dpPEionspaEcomupise physiologically

e AP HATES bflRANA, rbsthaelgsgs o
emuldiSas, and sterile powders for reconstitution into sterile injectable solutions or
dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents, or
vehicles including water, ethanol, polyols (propyleneglycol, polyethylene-glycol, glycerol,
and the like), suitable mixtures thereof, vegetable oils (such as olive oil) and injectable
organic esters such as ethyl oleate. Proper fluidity can be maintained, for example, by the
use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants.

The nanoparticulate compositions may also contain adjuvants such as preserving,
wetting, emulsifying, and dispensing agents. Prevention of the growth of microorganisms
can be ensured by various antibacterial and antifungal agents, such as parabens,

chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include

isotonic agents, such as sugars, sodium chloride, and the like. Prolonged absorption of
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which is specifically incorporated by reference,
refers to a process using a Mcrofluidizer (r)

woesslocoaeg i n nanoparticul ate particles. PCT/US2005/043707
Benzot hi ophene, preferably ral oxi fene hydrochl ori de,
can be added to a liquid nediumin which it is
essentially insoluble to forma prem x. The surface
stabilizer can be present in the premx, it can be

the infidfabROp A héctical Fbrae et bigh abalt biyttheage dfagatiddelaging
the drug dispersion followi ng particle size reduction.
absorfitiee, pnandsaleminubemoresttagite aed §8/atBy subj ecting it to

DB el gEtpa D SRS B RyE Gk iR L B GuE Rf B BRiEe.
prefeliaﬁﬁf ﬁio%ﬁ@ﬁ@%&ﬂorﬁé?cﬂl% de@stmShedempifi&f1Braall cyin bessiployed

an about crons. It is preferred that the prem x
in puto domns ey} velieresichyfonwseaxist, ibphhrmdceutically gecegtabls salt, ester, or

attrition. ternative nzot hi ophe ref-er ab
prods e AR PSTSOR Y TE SRR BHE. Darans PSS rer
hydrotRIBriBE, ifliBPRISBAHibMalcRBmpbSitibes FREE BivesiiROmsY bt b to

agitation, e.g., a. Cowes type mxer, until a

obtaithamagemsafdeiatieplsnespreforabhy mlaxfgng hydibeldarids das isgitective
no | arge | onerates vi.sible.to the naked eye, lt, |

to obigines ;@?S?féé %?q%a%eutlﬁ ESPYBRIY %@@ﬂﬁ%&?{l’é’asmn& d fiegfiod o>

admirﬁgtﬁﬂo!nl. IR diesie rcl%éa?@ 1S BReIISR d8pdidS upSh Rt deRigedMeiaBeutic
m is used for atfrition. The nechani cal neans

effectatiplroer df adméndsteionibe peteacyt dff tbp hdministered bemnzathigphene,

ral oxj fene hydrqchloride, particle ze, conveni ent |
et e B o L esBEl i B RSV GRS o,

di ' hpdsiid i Johah bnfulMiples thereof

m cﬁgééahl\%@ g(tr%a é())s‘rﬁ;/dnrgn%lf#%g%gpﬁrrgg iagbllr#]htlslog@gﬁﬁﬁ as ap gsatngreo
as mayitelusaditb makeagtheidaily orotivedsiuatable ldbsing ppried exg.esiich apevety

the relatively short miljn ime.required to
other AV RRE .l ey ¢ BERTASEEE] il e PRISSEPe Hapaer, gh the
. j 114 d vy [ foats 17=X0 y BN
reoE 8 DR R BERRGRy MBIR il e e
type @dcieltye dfahd caliuldr onghytsivdogipglaespohsewtdp be ashityedyhictivhty of the
remx is preferably from about, 1 up to about, 100

specifie ABYTOF SEMDESI FBRIGLR 15 ROt A6TEY oF SRS oRgmPployed; the
age, %%g'%qgﬁ, general health, sex, and diet of the patient; the time of administration,

route of administration, and rate of excretion of the agent; the duration of the treatment;
drugs used in combination or coincidental with the specific agent; and like factors well

known in the médical arts.

The following examples are given to illustrate the present invention. It should be
understood; however, that the spirit and scope of the invention is not to be limited to the
specific conditions or details described in these examples but should only be limited by
the scope of the claims that follow. All references identified herein, including U.S.

patents, are hereby expressly incorporated by reference.
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between efficient particle size reduction and nedi a

erosion but are in no way limtingThe attrition tine
woameaseps Wi del y and depends primarily upon theCcT/us2005/043707

parti cul ar nechani cal neans and processing conditions

selected. For ball mlls, processing tines of up to

five days or longer nmay be required. Alternatively,

processing tinmes of |ess than 1 day (residence tines

Exa Eﬁ?egne m nute up to several hours) are possible with
€ use of a high shear nmedia mll. The

bz puiniasp hBthés emn@ﬂeewasatqprewmnqir@@értwy&ﬁt%@ﬁm@}aﬂa% of

rt| Ie t be reduced in size at a tenperature
raloxi 3§ﬁﬁ%t significantly degrade benzot hi ophene,

An ac?l Sﬁse&%élrédoﬁ af 9% (@R pratosdfeas hydbétleri dMSRESGtMEr: Aarti Drugs
enperatures of less than about 30 to | ess than about

Ltd; St@plemar@anidaLidhy Batgh Plustber:RAl/593008esioneined wigh 2% (w/w)

e S SN T RO AL T gl o

Nanoi%iuga(fb? UM IySRRIsSK ML sHPrishR, PAL kdedWg. cUasrb)afentAth

ac ing liquid, is conterrplated Gener al | , the
6,43 1shcdoref with 600 mienn PolyMidlReastivieninegstia (Do Ghicmicab(89%
I ent e

medl%ﬁé&ksﬁ%‘gi’%ﬁlﬂgg’%ﬁ ?’&Qeé\% acﬂ“’g at oy 3 I‘eﬁj@g{ ive for
t Iﬁlc%%cl)%}ngfbtﬂfb ?ﬁﬂétfsanﬁﬂp By aﬁfe@ﬁ@MS’OGOB RS B UL E TR 000

typl ca attritor mlls, and vibratory
light saurées(LaBoiatuty hgtriviedinta aiﬁd Supplien dlithgAsigriuanecGn, Msaths Irgl@nd)

showgd, a\rzvt§i4 %:yg)serstgcl? }scr%r ¥ pr Ll%@vé{a]%uﬁgg té(ggt@l?ﬁazgﬂg%/ ?lgg)r& ev1§ent with
| { 9

L9, oty M4 s

The sgmplmhpp@axﬁ&du&ptahh conprise a core having a coating of

o Rt eSSl e et o0 N BENSL Al i aricles
R T e T e e
The Ifléan&hilledtrylokﬁereﬁ@mc&hldﬁﬁlmmﬂlcb\mmdwhﬂel Honmhwitihe d50rof 204
o, A5 P57 08 LG58 20

The particle size was also measured in media representative of biological
conditions (i.e., “biorelevant media”). Biorelevant aqueous media can be any aqueous
media that exhibit the desired ionic strength and pH, which form the basis for the
biorelevance of the media. The desired pH and ionic strength are those that are
representative of physiological conditions found in the human body. Such biorelevant
aqueous media can be, for example, aqueous electrolyte solutions or aqueous solutions of
any salt, acid, or base, or a combination thereof, which exhibit the desired pH and ionic
strength.

Biorelevant pH is well known in the art. For example, in the stomach, the pH
ranges from slightly less than 2 (but typically greater than 1) upto 4 or 5. In the small
intestine the pH can range from 4 to 6, and in the colon it can range from 6 to 8.

Biorelevant ionic strength is also well known in the art. Fasted state gastric fluid has an

jonic strength of about 0.1M while fasted state intestinal fluid has an ionic strength of
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pol ymeric resins include crosslinked pol ystyrenes,
such as polystyrene crosslinked with divinyl benzene;
webtyrsmaes9g opol ynmers; pol ycar bonat es; pol yacet abPeT/usemb/ 043707

as Delrin(r) (E 1. du Pont de Nenours and Co.); vinyl

chl oride polymers and copol yners; pol yurethanes;

pol yam des; poly(tetrafluoroethylenes), e.g.,

Teflon(r)(E. I. du Pont de Nenours and Co.), and ot her
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pRsresspletvadedrrlst sohyignyesnhephidsnaodiaigd toFgCl solutions,

.bi od I I : I Raty . A -
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concélt@tied ieal 4b6ube.0eptakicit P odUsidsnixhats tefeofeFor example,
elimnated fromthe body. The polyneric resin can have
electrplyte aelirtignsfoan e diys are mtdimigd apeheutd). b M HGIer leghabout 0.01 M

rinding. ' ferably r j i f
o 1wt T3 SaRIGH TGS ol EFENATAS! FfrebgmoRatract o
less, ARSIt @.003 MNRCEbARLY, ahll ek ARE WherfofO Dt tHesRddtiro Bt ¥0lutedid,
nore preferably fromabout 0.03 to about 1nmin size.

0.01 MhHéh end/nbd d MdNaClofre nitpst ieprgsantativie, of ipssed human physiological
cond 2 O PR S Pl b GBT  H Bbecesinn

tract.CONpri ses continuously introducing benzot hi ophene,
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ral oxi f rogh ide, with grindj La while.i
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reasoineblz appioairgion, of phecivaicatiepgth conditions found throughout the body,
including the gastrointestinal fluids, although concentrations higher than 0.1 M may be
employed to simulate fed conditions within the human GI tract.

The particle size in various biorelevant media is shown in Table 1, below.

TABLE 1
Biorelevant | Mean Particle D50 Particle D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 178 172 238 258
0.1 M Nac(Cl 179 173 238 258
0.01 N HCI 198 192 256 283
0.01 N HCI 203 197 260 287
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hydrochl ori de. Such treatment conprises adni n| stering
0 to the subject the nanoparticul ate benzot hi ophene,
Exampleo apl y ral oxi fene hydrochl oride, formulation of

t Nend ¢EERE 109 his SgantiSie abl &Y Srepare biRnbwktidul g Rirgoildtidnsof
used to mean an animal, preferably a nmammal, including
raloxifehe/mainoahloriden- human. The terns patient and subj ect

may be used. i nterchapgeably. si.tions . suit abl r

T T SRR i PR RRRGS R .45
combined with 2% (w/w) HPC-SL (hydroxypropy! cellulose — super low viscosity), was
milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA;
see e.g., U.S. Patent No. 6,431,478), along with 500 micron PolyMill® attrition media

(Dow Chemical) (89% media load). The mixture was milled at a speed of 2500 rpms for
60 min. .

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident with
no signs of flocculation or crystal growth. Larger “un-milled” drug was not observed.
The sample appeared acceptable.

Followiﬁg milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 198 nm, with a D50 of 193
nm, a D90 of 252 nm, and a D95 of 277 nm.
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Example 3

10 The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.

An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 2% (w/w) Plasdone $630 (copovidone K25-34), was milled in a 10 ml
chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S.
15  Patent No. 6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical)

(89% media load). The mixture was milled at a speed of 2500 rpms for 60 min.
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The stability of the milled raloxifene hydrochloride was measured over a seven

day period under various temperature conditions. The results of the stability test are show

below in Table 6.
TABLE 6
Storage Storage Condition | Mean / D50/ D90 / D95/
condition time nm nm nm nm
Time = 0 Days Ambient 202 194 257 288
Time = 0 Days Ambient 309 314 472 516
Time = 7 Days 5°C 207 200 270 297
Time = 7 Days 5°C . 236 222 318 364
Time = 7 Days 25°C 212 204 277 306
Time = 7 Days 25°C 227 217 297 335
Time = 7 Days 40°C 203 192 285 326
Time = 7 Days 40°C 216 202 308 354
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media load). The m xture was mlled at a speed of 2500
rpms for 60 mn. Mcroscopy of the mlled sanple,
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"Characterization of Fluids framthe St ch
The particle size measured in various biorelevant me iaqg&ownai?ldl"able 7,
below.
. TABLE 7
Biorelevant | Mean Particle D50 Particle D90 Particle | D95 Particle

Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 MNaCl - 177 169 247 278
0.1 M NaCl 173 166 - 239 - - 265
0.01 NHCI 189 181 254 285
0.01 N HCI 179 173 237 257

The stability of the milled raloxifene hydrochloride was measured over a seven
day period under various temperature conditions. The results of the stability test are show

below in Table 8.
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r easaiRbhedigreBsiex bfistl (@rtwpfaldxifent hydroclﬂbndm@lakmda Ltd.),
condi ti ons found throughout the body | udi
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(Dowrylamaiesl) m/d@edﬁéomsa%e arixewvapmiliadat agagednd 250@ rpms for
60munder various tenperature conditions. The results of
Phe stability test are show

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000

light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident.
However, there were some slightly larger crystal, possibly either “un-milled” drug or
signs of crystal growth.

Following milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 513 nm, with a D50 of 451
nm, a D90 of 941 nm, and a D95 of 1134 nm. The sample was measured two additional
times in the distilled water, resulting in mean raloxifene hydrochloride particle sizes of
328 and 1671 nm, D50 of 109 and 1115 nm, D90 of 819 and 3943 nm, and a D95 of 1047
and 4983 nm.
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TABLE 10

Storage Storage Condition | Mean/ | DS0/nm | D90/ D95/
condition time nm nm nm
Time = 0 Days Ambient 683 426 1568 2172
Time = 0 Days Ambient 751 568 1437 1836
Time = 7 Days 5°C 578 424 1156 1532
Time = 7 Days 5°C 631 464 1247 1630
Time = 7 Days 25°C 599 458 1155 1478
Time = 7 Days 25°C 628 490 1198 1492
Time = 7 Days 40°C | emeem | mmmem | mmeem | e
Time = 7 Days 40°C | emeem | mmmem | mmeem | e

Example 6
10 The purpose of this example was to prepare a nanoparticulate formulation of

raloxifene hydrochloride.
An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.25% (w/w) Plasdone S630 (copovidone K25-34) and 0.05% (w/w)
sodium lauryl suifate, was milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill
15  Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500
micron PolyMill® 500 attrition media (Dow Chemical) (89% media load). The mixture
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was i™Nled & spedd 878300 %ohﬁﬁgr 89 folh. 204 A¥ecs i sal@lle/as filgd for 90
~attrition nedia (Dow Chem cal) (89% nedia |oad). The
min. m xture was mlled at a speed of 2500 rpns for 60
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show8i bruminzam mrotiéroin peats batl aslerge neambey oBflowulatedtarticlerowas e

b of flocculation or crystal growth. Larger "un-mlled"
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F@dll@%dggmmihﬂg 'tﬁ&ﬁaﬁiaﬁ sRRIOY el RilRZ8 oRiferlet§ dfichl Ridle particles
ral oxi f ene hydrochloride particles was neasured, in
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The e iles s PaEe PRI Ho gt pertigrarases T dofy v A ERB ot 452
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e
it S i a j al
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secoril madoRateht thel saingld idmtheni panticdé sizabb k8 ¥5eme, a D50 of 877 nm, a

hydr ochl ori de.
D90 of 4770 nm, and a D95 of 5863 nm.

The particle size measured in various biorelevant media is shown in Table 11,

below.
TABLE 11
Biorelevant | Mean Particle D50 Particle D90 Particle D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl | 103 99 157 177
0.1 M NaCl 104 100 159 179
0.01 NHCI‘ 112 108 167 189
0.01 NHCI 139 139 186 ' 202

The stability of the milled raloxifene hydrochloride was measured over a seven
day period under various temperature conditions. The results of the stability test are show

below in Table 12.
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An aqueous di spersion of 5% (w w) ral oxifene
hydrochl oride (Camda Ltd.), conbined with 2% (w w)
weoehemierms K29/ 32 (povi done K29-32), was m | | edPCI/us28/043707
m chanber of a NanoM I I (r) 0.01 (NanoM || Systens,
King of Prussia, PA, see e.g., US. Patent No.
6,431,478), along with 500 mcron PolyMII (r)
attrition nmedia (Dow Chemical) (89% nedia |oad). The
m xture was mlled at a speed of 2500 rpns for 60 mn.
MCroscopy of The mTl efAgfPi2. using a Lecia DVb0OOOB
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particle size neasured in various biorelevant nedia is

shown in Table 7, below. The stability of the mlled
Example Gxi f ene hydrochl ori de was neasured over a seven day
peri od under. vari ou51 rTPerature condi ti

P SlisRRaPase o S SLARBRIF PRSI WepaTh faRgHgt s fortiarign o

ralox@fe@q%rgp(l)&ﬂ@ﬂdgﬁe purpose of this exanple was to prepare
nanoparticul ate formul ati on of ral oxifene

hyAdi a)qnmlous Hidpersian o UeCUw) dileximsihydroofilogds (Gamida Lid.),

r.al oxi f ene da Lt
comtitedon (v Y ABEN B TSOF U RN B P AR TR /M)
sodiff aqrﬁ §_ﬁl?£te,8s9as m¥d in a 10 ml chamber of a NanoMill® 0.01 (NanoMill
Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500
micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was

milled at a speed of 2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident with
no signs of flocculation or crystal growth. Larger “un-milled” drug was not observed.
The sample appeared acceptable.

Following milling, the particle size of the milled ralox1fene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 182 nm, with a D50 of 176
nm, a D90 of 238 nm, and a D95 of 258 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 250 nm, with a D50 of 244 nm, a D90
of 337 nm, and a D95 of 373 nm.
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mlled in a 10 m chanber of a NanoM I (r) 0.01
(NanoM || Systens, King of Prussia, PA, see e.g., US
woal®mcod®. 6, 431, 478), along with 500 micron PCT/US2005/043707
PolyM 11l (r) attrition nmedia (Dow Chem cal) (89% nedi a
| oad). The m xture was mlled at a speed of 2500 rpns
for 60 mn. Mcroscopy of the mlled sanple, using a
Leci a DVMb0O0OOB and Lecia CTR 5000 |ight source
( I}‘ﬁb BERCR ozd MSAUHHIBRA vEri ARthi SieRPhtesedid th.shohalibaublads,
Co., Meath, Ireland), showed well dispersed discrete
belowparticles. Brownian notion was al so clearly evident.
However, there were sone slightly larger crystal,

nncclhl v either "un-mlled—d Af f..“...+ al
vvvvvv Y \%) u\d OF S \dllo O1 CTystal

h.” Fal l owi ng il 1iF B narticle size of the
Bioielévadt r aMearf Bawdicley {ir B0 Rartigle jaR90tPatickes DY5 Particle
ivBatiar ed, i Sizd¢mpi ze¢d Gimtmnl)ed |watSize (us) ng| a Sixer(nby

0.1 MANBED prticlgysizelanal yaer. The near07i || ed 228
ral oxi fene hydrochlotide particl s 518 nm

Ol\MNalCdi D50 of 1451 nm a DIG4of 941 anQiSnd a Dbos 925

pm—the pHe—pwas—n tred-two—agidy tTomat—tiEs
OOTWG stil Iié% wat er, é§§l ting in an ral oxi fejr%'g
0.0??@1‘,’11%3”' poridejparticlie sizgs of 328 anpigl671 nm [DZ0
0 and 1115 nm [DO0 of 819 and 3943 nm and a DI5
of 1047 and 4983 nm The particle size rreasured in
various biorel evant dla IS n Tabl e

5 TH&estakdity iof thegpillef g ﬂ:flfqn@éw%cgk?rlf‘%w&s Hg?&%&% P}s?f.acfaven
cay YIS BREF YA SO B b AR RRIRRY, TE | S OTRE SUBLEP IS are show
belowt @STabld ©4.show bel ow i n Tabl e 10. Exanple 6 The purpose

of this exanple was to prepare a nanoparticul ate
formul ati on of ral oxi fene hydrochl ori de.

TABLE 14
Storage Storage Condition Mean / D50/ D90/ D95/
condition time nm nm nm nm
Time = 0 Days Ambient 180 174 233 254
Time = 0 Days Ambient 201 169 364 411
Time = 7 Days 5°C 184 178 241 262
Time = 7 Days 5°C 195 189 256 285
Time = 7 Days 25°C 188 182 247 270
Time = 7 Days 25°C 195 188 254 282
Time = 7 Days 40°C 209 203 271 294
Time = 7 Days 40°C 217 210 282 310

10  Example 8

The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.
! An aqueoﬁs dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.25% (w/w) HPC-SL (hydroxypropyl cellulose — super low viscosity) and
15 0.05% (w/w) docusate sodium, was milled in a 10 ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with
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An aqueous dispersion of 5% (ww) ral oxifene
hydrochl oride (Camda Ltd.), conbined with 1.25% (w w)
weohemierms S630 (copovi done K25-34) and 0. 05% ( REWUS2005/043707
sodium lauryl sulfate, was mlled in a 10 m chanber
of a NanoM |1 (r) 0.01 (NanoM || Systens, King of
Prussia, PA; see e.g., U S. Patent No. 6,431, 478),
along with 500 micron PolyMII(r) 500 attrition media
500 mideWPERANIlIERAorit{cBSfedR dbaw| (hashical) (89 hudiu 1 €dAS The miixedre
at a speed of 3500 rpms for 60 mn., and a second
was nsHerpater spaed of 2308dpiheford® mim. M croscopy of the nilled
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in part, but” a large nunber of flocculated particles |
5  showathwelhlpemstbdisaretd pafisldso W raynian mdtiey, wastadsqrearlycvident with

. Si of the mlled,ral gxi fene .hyd Lbarid ticl
ro s 61 ARt o iYL PO e bethes L PO vt T bR
' i cl [ I . Th i1l ed
The Smf,jg%?Ptﬁ@%{%gﬁgmy cle size anal yzer e nean mlle

ra chloride particle size was 178 nm _
wFoHowirghfilbfig, H82pantigle sizDo thefmilad ralerifens diydropbiride particles

s L e BB B RSSO [P
10 The n%‘faflljn%ggd riﬁ efe?rmg ;Hﬁérr%e}iclloagg %artiaé!siz@\%z{ég 99 Qniivith #D50 of 186

I ng, | ed ral oxifene hydrochl ori de
nm, afiz90 6248 mh, z@dwd39 BE 72 7Rmm wint dseaobdeadurgsnt imdistll@bgater,

e S 5,2, P8 51, 2802 L 30, L 0SSP, o
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particle size neasured in various
biThealagtidntizemeasardédsinsiadons binrekabhtamddip idehowm, inTlable 15,
stability of the mlled ral oxifene hydrochl ori de was
15 belowreasured over a seven day period under various
tenperature conditions. The results of the stability

test—are—show TABLE 15
Biorelevant | Mean Particle D50 Particle D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 MNaCl - 185 180 247 271
0.1 M NaCl 183 178 243 265
0.01 NHCI . 200 194 257 285
0.01 N HCI 206 200 265 290

The stability of the milled raloxifene hydrochloride was measured over a seven
day period under various temperature conditions. The results of the stability test are show

20 below in Table 16.
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bel ow i n Tabl e 12. Exanpl e 7 The purpose of this
exanple was to prepare a nanoparticul ate fornul ation
wohooealbeses f ene hydrochl ori de. An aqueous di spePeT@S25/043707
5% (w w) ral oxifene hydrochloride (Camida Ltd.),
conbined with 1.25% (w w) Pl asdone K29/32 (povi done
K29/ 32) and 0.05% (w w) sodiumlauryl sulfate, was
mlled in a 10 m chanber of aNanoM Il (r) 0.01
(I\IanoM I,I Systems King of Prussia, PA, see e.g., US.
I"dl(:‘lll I\IO o 431, 4/25), 1’:\ E]}ﬁi[n 500 mcron
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Tifiieze7 Ofays he mi | MORC T al oxi|f er@7hydrocHb6ri de PO ti £l 830

TIMRS= MeRgyed, igoeeionized distillled 1vater, 089 ng|a340
Horiba LA 910 particle Si e anal yzer. The mean mlTed
ral oxi fene hydrochloride particle size was 182 nm

Examplée B a D50 of 176 nm a D90 of 238 nm and a D95 of

258 nm In a_second neasurenent in di Stl& e walter,
t FicherpEnose af Bis PEmPlnYar BORFRNY yaapspptculate Orpplaign of
a D50 of 244 nm a D90 of 337 nm and a
ralox%%%}g@} trlﬁren The particle size nmeasured in various

bi g @?@U@J&sp’ﬁ?ﬁbr&of 5%(ownraloxifeab hedrbShlotidd @Smmd}hétd ),
st ab of the mlled ral oxifene hydraqchlorid 5\?"5
d 0. (w/w)

combinsasuifeh2SHdr/w) Blarmgcent 0 Epiderrymrmst calllossl
docustageg%) %grau?%%q% n%ﬂncg b é 6%l cﬁgﬁbér%%ldll\tfa?floﬂjﬂlwofsﬁ@ﬂoh\){ﬁly

Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500

DU

micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed brownian motion in part, but also demonstrated a large number of flocculated
particles. |

Following milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 213 nm, with a D50 of 205
nm, a D90 of 275 nm, and a D95 of 301 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 216 nm, with a D50 of 209 nm, a D90
of 280 nm, and‘ a D95 of 309 nm.

The particle size measured in various biorelevant media is shown in Table 17,

below.
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bel ow in Table 14. Exanple 8 The purpose of this
exanple was to prepare a nanoparticul ate fornul ation
wohorealbeses f ene hydrochl oride. 1 An aqueous di SPETAISEINS/043707
of 5% (w w) ral oxi fene hydrochloride (Cam da Ltd.),
combined with 1.25% (ww HPC SL (hydroxypropyl
cellul ose - super low viscosity) and 0.05% (w w)
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hydrochl ori de particles was neasured, in deionized
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bel a,l_%i Lg The mean mlled ral oxi fene hydrochl oride
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Time = 7 Days 5°C 215 208 279 306
Time = 7 Days 5°C 218 210 282 311
Time = 7 Days 25°C 225 216 292 325
Time = 7 Days 25°C 227 218 295 330
Time = 7 Days’ 40°C 213 201 302 344
Time = 7 Days 40°C 221 208 317 362
Example 10

The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.

10 An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 01.1% (w/w) docusate sodium, was milled in a 10 ml chamber of a
NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No.
6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical) (89%
media load). The mixture was milled at a speed of 2500 rpms for 60 min.

15 Microscdpy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (LaBoratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),

showed well dispersed discrete particles. Brownian motion was also clearly evident with
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day period under various tenperature conditions. The
results of the stability test are show below in Tabl e
waaodsaopte 9 The purpose of this exanpl e was POT/US2005/043707
prepare a nanoparticulate fornul ati on of ral oxifene
hydr ochl ori de. An aqueous di spersion of 5% (w w)
ral oxi fene hydrochloride (Cam da Ltd.), conbined with
1.25% (wW w) Pharmacoat 603 (hydroxypropyl cell ul ose)
no s1g3ﬁd>fﬁo&§%t{dﬁ/ Woweet 86w 1506k, PodsibhaSurvinlilleet dirie & 10 m
anber .of a NanoMII( ) 0.01 (NanoM I | Systens, King
recwsiallzpstmwes okrsm'veéegh@S@lple @plsarqdachmtahlb 6, 431, 478) ,

G@ﬂgg\g}g;rgtlg@g% t rgaF Blgfa hlélu)r%d al t r1|fene gdﬁﬂo?lgg g?fﬁcles
was ﬁea%ﬁ%& AnQAbioaPRE diiMed Hafer 6@1@ zDHoM)&LAmO Pertifle §iB€analyzer.

l ed sanple, using a Lecia DVM0OOOB and Leci a CTR
The rﬁ«tw(jnlllle@ reloxiGanedwdyochlotide partiplel sizstwasrAdatns, avith slHPlof é89

nm, 4380 820 e 2 1903 ot Tt SePRE hige NS i Ak eter,

the m@fn falld%&féﬁé ﬁ?&t@cﬂ%ﬁ@lé ﬁirﬁ@le st W RW0B GniYiwlithi 71950 bN218 nm, a DO
particle size of the mlled ral oxi fene hydrochl ori de’

of 29pant, ad eD%/aﬁ"3ﬁ@a1sured in deionized distilled water,

usj,n Hor| rtlcle ana zer. . The nean

m VieatCiLEY ok Reariien papB e o nipslohRe M e e GAS o En
day p@l?&)d Wicfep V%lgﬁ_%Qe Eer%ﬁ?e SRt The tesdif Lot sﬁﬁﬁgyﬂte@eﬁe show

of 301 econd neasurenent in distil wat er,
beloWheTamaathal OXI fene hydrochl ori de particle size was
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D95 of 309 nm The particle size neasured in various

biorefevant media 15 shpWgrifjgabl € 17, bel ow. The
O L AUT T T1 11T | =1 XT 1 TG L; T1
n%:%‘%{ﬁeedyo:%?ra@es%vghtwdb d\ét??lb unc%#ij var i udsou/E D9S /
copdition time,y & conditions. The M&sultls &M the sPbi| |t y™
Titnest 0 Bags $how Ambient 206 199 267 293
Time = 0 Days Ambient 228 218 295 332
Time = 7 Days 5°C 226 217 293 328
Time = 7 Days 5°C 209 197 292 334
Time = 7 Days 25°C 215 202 306 352
Time = 7 Days 25°C 284 273 387 435
Time = 7 Days 40°C 220 209 312 352
Time = 7 Days N e e D s
Example 11

The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.

An aquéous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 0.1% (w/w) sodium lauryl sulfate, was milled in a 10 ml chamber of a
NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No.
6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical) (89%
media load). The mixture was milled at a speed of 2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DMS5000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
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0.1 M NaCl

245

233

327

369

0.01 N HCI

197

192

253

271

0.01 N HCI

201

196

256

282

The stability of the milled raloxifene hydrochloride was measured over a seven

day period under various temperature conditions. The results of the stability test are show

below in Table 21.

TABLE 21

Storage
-condition time

Mean /

Storage Condition

nm

D50/
nm

D90/

nm

D95/
nm

Time = 0 Days

Ambient

213

206 2

71 295

Time = 0 Days

Ambient

211

198 2

95 339

301
318
320
322
491
553

5°C
5°C
25°C
25°C
40°C
40°C

213
220
225
225
316
339

207
212
217
216
304
321

277
287
289
290
438
486

Time = 4 Days
Time = 4 Days
Time = 4 Days
Time = 4 Days
Time = 4 Days
Time = 4 Days
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The purpose of this exanple was to prepare a
nanoparticul ate fornul ati on of ral oxifene
woydremebdosr i de. An aqueous di spersion of 5% (WP@)/US2005/043707

ral oxi fene hydrochloride (Camda Ltd.), conbined with

0.1% (W w sodiumlauryl sulfate, was mlled in a 10

m chanber of a NanoM 11 (r) 0.01 ,(NanoMI| Systens,

King of Prussia, PA, see e.g., US. Patent No. 6,43
Exanpld18), along with 500 mcron PolyMII(r) attrition

media (Dow Chemical) (89% nedia [oad). The m xture was

ni THeqrirpase af giee@mifle P890 piepase £ opn@GOItAUlAte farawlssien oy

f the mlled sanple, using a Lecia DVMb0OOOB and Lecia
ralox’%ﬁ'ﬁ@wqr t source (Laboratory Instruments and

SupPhdiRSud-Edperside BPOU R wSRaloxiaad hiddrot ileHaa (lansiioVRY),
wel | di spersed discrete particles. Brownian notion was
combitiedovith £aPA (w/ey Phwonic FTA8 (eolowaneer SO svas mitledincul Gami on

chamgg{gﬁalel? gqpi\b@]@:(}{? { Qg%goé\a}gf %}%geérbss g%?geg{ I}éﬁ%sl?alomggeee. g., U.S.
Patenﬂygl. 6291, 478€ aBAE Withl R0ShZSorPPoliNBI@atttiB6n hRUR{ Db Chemical)

rochl-oride particles was neasured, in deionized
(89%adnatia Idadyl Vet mixturasiasgnidlediot a spmed of 2900 mpanstforé®Eméi. ze

o icksab pb G RN enmliy usti S pBbis0p0s dad e & TByzpo0
light Q;mgé@aﬁ&‘atcﬁ'? ﬁlsg’:,lg?ﬁs%gg %&g]glgﬁth&.nA%mo., Meath, Ireland),

measur enent . the mean ral oxif ene
showby dieti cidpersed dispratet pactides | Bewnies @OHomwas aléa tlealyB50dant with

.168 P90 of 374 n nd a D95 . of 426 nm Th
no Sl%ﬂfE@Fféﬁéﬁ‘%’e"rﬁ% SEeVin Lasger uRTGSY S 4t nofbltserved
The sﬁ&?ﬁl’@aﬂ gar'gaﬁ&% @B bel ow. The stability of the mlled
ra P y PG ]h

oxI'tene chlori de was neasured over a seven day
pdtdllosvingnoélting,dhé particlesimperfabamdled oaldkifererts drochoride particles

was éga_ss%@tgziﬂo 1&@2%@%@9%@%&&%@5 gsrﬁrtlg %F@rigggm lg%\g@cilg g)i-zl-g1 ekl)rlla?yzer.
The RELARRdF0RM AT HESHI RHR phRBYA WA 13 nm, with a D50 of 122
nm, a D90 of 475 nm, and a D95 of 648 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 185 nm, with a D50 of 116 nm, a D90
of 395 nm, and a D95 of 473 nm.

The particle size measured in various biorelevant media is shown in Table 22,

below.
TABLE 22
Biorelevant { Mean Particle D50 Particle D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 210 204 273 295
0.1 M NaCl- 212 206 275 297
0.01 NHCI 196 184 276 317
0.01 N HCI 269 263 363 394
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ral oxi fene hydrochl ori de. An aqueous di spersion of 5%
(ww) ral oxifene hydrochloride (Cam da Ltd.), conbi ned
Woi200%/050d98% (W w) Pl uroni c F108 (pol oxanmer 308) PCTAS2005/043707
mlled in a 10 mM chanber of a NanoMII(r) 0.01
(NanoM || Systenms, King of Prussia, PA; see e.g., US.
Pat ent No. 6,431,478), along with 500 m cron
PolyMI1(r) attrition nedia (Dow Chem cal) (89% nedi a
| oRd)stablifite ofihetnsilied Méxﬂﬁédeﬂ'ﬁdroahloﬁds pee @he@ﬁur&ﬁ@ﬂ:r rap;ﬁt‘sen
for 60 mn. Mcroscopy of the mlled sa usi ng
day peied andovBans temperaiwed eonditRns0dbe rasylit ok 9 ﬁf@@hty {est are show
ry Instrunents and Supplies Ltd., Ashbourne
belov&‘aiggq%gﬁ) Irel and), showed wel| dispersed discrete
particles. Brownian notion was also clearly evident
WTh no signs of {1 OCCULARI§HPr crystal growth.

-1

LITT1T T A IIUI. Jb | dlmpl
§ BRe DO BER LiowEE) | MR o (1 00 ¢ he 27 EIBos
! 8“6\‘“‘? he m |l ed ral oxifen®hydio Bbrl de | icl &8n
Timas: (Pagul ed, Ambikitoni zéd di7dti |l | ed3%te', i ng a 728
Tikie = (PPas’\| 910 Ravidit! € size ;nal yzer 3gghe| meggs ni | | eq74
Tith€ =¥ Dajy £ Nydr oe@l ori de | parjgeCl €| Si 28 Was 448> M 2008
Tide 4 BafP

1-36 T INUH@'Z 4/ ngkg_dllu 49115 0T 5579

Ul
a__on Ao Ai-at a X + ol
Tipg = 42a¥ | al oxi éirﬁi h\/r‘lrnr‘h!jzj_z do pamﬁ_gzggm&
Timgs hReywith a BBW of 116 nAf2h DO0 623395 M#/6and 8866
Ti®5 HPak’8 nm  FOC parti ¢l e363kze nea¥Mbed| i B72%r i ould826
Tikeere£beyant nmedygeds shown upidable 2847 bel owsThe] 11283
StabiTity of tThe mTTed ral oxifene hydrochloride was
nmeasured over a seven day period under various
Exanmdeyddr at ure conditions. The results of the stability

pﬁﬁ%dgég%s? rc])iJ m1 D e ?v,g-sr%gérg]eaég BP@E%%%’gtllcgﬂajfg fomulatlon of
raloxﬁ@xf@l%édh‘fdf qate f ornul ati on of
An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.25% (w/w) Lutrol F68 (polyoxamer 188) and 0.05% (w/w) docusate
sodium, was milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of”
Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500 micron PolyMill®

attrition media (Dow Chemical) (89% media load). The mixture was milled at a speed of
2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Léboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident with
no signs of flocculation or crystal growth. Larger “un-milled” drug was not observed.

The sample appeared acceptable.

Following milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 283 nm, with a D50 of 289

nm, a D90 of 436 nm, and a D95 of 483 nm. In a second measurement in distilled water,
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ral oxi fene hydrochl ori de. An aqueous di spersion of 5%
(ww) ral oxifene hydrochloride (Cam da Ltd.), conbi ned
WOi200/050628% (W w) Lutrol F68 (pol yoxamer 188) aau/ul205043707
(W w) docusate sodium was mlled in a 10 n chanber
of aNanoM Il (r) 0.01 (NanoMI| Systens, King of
Prussia, PA, see e.g., U S. Patent No. 6,431, 478),
along with 500 micron PolyMII(r) attrition nmedia (Dow
the meh€ Ml&afehe hg&%mﬂa@pmal@)sizem 270 EtHED 5 0ot D BEn@S a DO
a speed of 2500 rpns for 60 mn. Mcroscopy of the
of 36fini, edd s B¥9plad A0dsitng a Leci a DVMBOOOB and Lecia CTR

5000 |ight .source (labor.atory lnstyruments.and .S [
Co e P T et AP B AT SR Rl 22
belowll spersed discrete particles. Brownian notion was al so
clearly evident with no signs of flocculation or
crystal growh. Larger TABLE 24 ed" drug was not
Biokalevated. M BariRie | apBoagticlec qeMMPLrtickol | DISRarticle
Wikdian9. | t NSizPAh) C! ¢ SiSER (Rt hg Mdibedhni)al OKi KeRqnm)

oride rtiches measyred, 44x deiopi ze
0'13| s{ ?ﬁ?ed vvat%e?s,a1 usi ng a %i ba LA 9103d§arti cle Si%gg

0.1anelNyeer{. Theapgean nil | ed 208l oxi flene hyidr ochl pri dgs7
particle size was 283 nm with al!D50 of 289 n a DA0

0.0fNAES rlm and02 D95|of 4481nm In a s&&dond | 324
‘ f

peasttenent—n—di-stitted ter—the meanratoxifen
0G0\ N lori de28rti clle si 285 was 279 nm*Swith b D5GSf
5 270 nm a D90 of 369 nm and a D95 of 407 nm The

particle size neasured in various biorelevant nedia is
s Howerstability alf ke 1B4]ediyalonifene Hydreshhipide iwag neasurbd owdrl d seslen

ral oxi fene.hydrochl ori de was sured over a ven, da
day poRp e e U POETT rSLFe L BE Lo O} DhstabiHRE ot rEhow
belov{,ﬁfwggglézgf the stability test are show below in Table

25

)

Exanpl e 14
TABLE 25

Storage Storage Condition | Mean / D50/ D90 / D95/
condition time nm nm nm nm
Time = 4 Days Ambient 321 303 461 531
Time = 0 Days Ambient 281 273 381 423
Time = 4 Days 5°C 276 265 378 426
Time = 4 Days 5°C 278 267 383 433
Time = 4 Days 25°C 508 299 574 1763
Time = 4 Days 25°C 584 313 1173 2487
Time = 4 Days 40°C 1232 332 4150 7902
Time = 4 Days 40°C 1435 351 5359 8299

10
Example 14
The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.
An aqueoﬁs dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
15  combined with 1‘.25% (w/w) Plasdone C-15 (povidone K15.5-17.5) and 0.05% (w/w)
deoxycholic acid, sodium sait, was milled in a 10 ml chamber of a NanoMill® 0.01

(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with
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The purpose of this exanple was to prepare a
nanoparticul ate fornul ati on of ral oxifene
woydremebdosr i de. An aqueous di spersion of 5% (WP@)/US2005/043707

ral oxi fene hydrochloride (Camda Ltd.), conbined with
1.25% (w w) Plasdone C 15 (povi done K15.5-17.5) and
0. 05% (W w) deoxycholic acid, sodiumsalt, was mlled
ina 10 m chanber of aNanoM Il (r) 0.01 (NanoM I |

500 &%@@Mﬁl@ grtRfior edRi(BowAiensied) 6899 meH&aSoac?atIQlEtmixture
No. 6,431,478), along with500 mcron PolyMII(r)

was ratlled at 4 speedwoli250q Dow fohekindal ) (89% nedi a | oad). The

v RissEemy e el il 8 i BV 000 el P BRadbow?
light 8MHcd @ abérafeFRIm@8Mhehis@hy Sﬁ?%l[e% .14 L ARk Go., Mﬁgglt, }]reland),

I nstrunents and Supplies L Ashbour ne Co. h, _
5  showkd ekeBdtbperssdh disexttaysrticlel. Spromme pEer wasalpmelpady egdent with

.Browni an _nption was als | ear|.y evjident with no.sign
no sigfhs o FBECUFRN DrFrens Eryiia LoGrbu I LT GEPE WaneR quge
The %&5%%%?§arg@5f‘%?§‘%[eyed. The sanpl e appeared accept abl e.

ol'lo

ng m ng, the particle size of the mlled _
r afabboivirgmiltiygythe phrticiedezepditlic milkd relasifenedydrestoride particles

s SEERZES IS Lo VRLEr bt 0 B KRS LRI e
10 The @gﬁmﬁl‘ah 9£1Bg§e1%]?ﬁ>%cgch§>ﬁ]ﬁb éﬁial\eﬁ%gsiétﬁ%asnm9 W it PO d¥f164

nm a a D95 of 242 nm In a
nm, sPeOoL20eas pareineDpS o248 whi [ 2eeonad ercasuréreemendistilled water,

ral oxi fene_hydrochl oride particle size was 9.n
the mga Friex 96 hyfroghiprdspadiclogirestas 79 %WlﬁmD%@é 13} g D0
| | ze measured in various biorel evant
sz%’gﬁ(?%%o%ggfgn abl e 26, below. The stability of
t MEhePakti ¢l siza neidredin Wyiduobilotdevatemedia issreur Al ablee26,
a seven day period under various tenperature
15 belogonditions. The results of the stability test are show

. ot e—27 E:E["pﬁgﬁ%
Biorelevant | Mean Particle DSO0 Particle D90 Particle D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 146 141 199 221
0.1 MNaCl 147 143 200 21
0.01 N HCI 152 150 203 222
0.01 NHCI 158 155 209 225

The stability of the milled raloxifene hydrochloride was measured over a seven
day period under various temperature conditions. The results of the stability test are show

below in Table 27.
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The purpose of this exanple was to prepare a
nanoparticul ate fornul ati on of ral oxifene
woydremebdosr i de. An aqueous di spersion of 5% (WP@)/US2005/043707
ral oxi fene hydrochloride (Camda Ltd.), conbined with
1.5% (ww) Lutrol F127 (pol oxanmer 407), was mlled in
a 10 m chanber of aNanoM |1 (r) 0.01 (NanoM |
Systens, King of Prussia, PA, see e.g., US. Patent
No. 6, 431, 478) along with 500 mcron PolyMII(r)
attrirtron meula (Dow wfmaﬁm(w%rreala Ioad) Ihe

ﬁﬂﬂra&f cros@%ﬁgf)p(’?ﬂﬁmﬂl Ig)ge@a(rrpl eﬁSBQ Q‘éhém DIS /
comgidanBmend Leci a CTR 5000 | iRt sjour®® (Laboﬂ"&torv nm
Tis+10Un@BARt 5 andAsbRat i es Lt d.186Ashbourgte Co. ,23geat|h,258
TIhEEdMhys FNOVeAmbRLi di spersgd discrgige partig es. 336

TR YA T O &g al'so |eqr65y € 'GF(W W ”‘21@0 S 95
T J1 _—4 o Ul Clll U|| §|ogbl yDl a w[l C1 Ul i i C‘Q;l.6
_H?fug_&? obsgrved. appegr-edact pt bl
MW@ |||n%5qh9 natlfll8 size the 44 od 266

Tined ox¥iDayse] hydr 0dHCor i de bar i8] es| wakSImeasur#43, iln 388
Toed edilzed di stil 4¢€ wat er| udli9fg al Hot8%ba LA ZEBO 279

TR Euahgyss| ze angpyrer. The nean nm |1 ex ral oxzdeng 283
hydrochtorrde particre Size was 209 nm with a D50 of
158 nm a D90 of 396 nm and a D95 of 454 nm In a
Exa @geqsd measurenent in distilled water, the nean

raI oxi f ene hydrochl Qride particle size s 197 nm

wi e purpesg abtthig oxamype Was toprepgre Mlenqmrtl%ﬁ%t iorﬁg%at@rl of
article size nmeasured in various

raloxé”zl?e gi!e(\)/c}n i media is shown in Table 28, bel ow The

staRhdidois @fspérsien it bYe@v/hakskifen aydydhloeit 6Cimdiealad),
measur ed over a seven da EerOd under vari ous

combinadpital GVe (wondivtiobRE27 Mrloxpmst 73, was mHieddn g0 mk ghamber
ofa I\tlanoﬁ\/hﬂ'@eo 6T?N’a11oq\/l?l\’§ys%m akln?g gf%’msgﬁ?%, Sed® g., U.S. Patent No.

6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical) (89%

media load). The mixture was milled at a speed of 2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Labbratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident with
no signs of flocculation or crystal growth. Larger “un-milled” drug was not observed.

The sample appeared acceptable.

Following milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 209 nm, with a D50 of 158
nm, a D90 of 396 nm, and a D95 of 454 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 197 nm, with a D50 of 125 nm, a D90
of 410 nm, and a’ D95 of 479 nm.

The particle size measured in various biorelevant media is shown in Table 28,

below.
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The purpose of this exanple was to prepare a
nanoparticul ate fornul ati on of ral oxifene
woydremebdosr i de. An aqueous di spersion of 5% (WP@)/US2005/043707
ral oxi fene hydrochloride (Camda Ltd.), conbined with
1.0% (ww) Pluronic F108 (pol oxanmer 308) and 1.0%
(ww) Tween 80 (pol yoxyethylene sorbitan fatty acid
ester 80), was mlled in a 10 mM chanber of a
NanoM TT(r) 0.01 (I\Ianol\fl-hhﬁyg ens, King of Prussia,

%@e‘?% ] O%&?olﬁkﬁ)ﬂih . ?SD tl’lr?f??c;S’ *‘5'})(5() %Bgﬁa' ongfgi"ga sncle

Olﬁdﬁaqlpns “forl%0 min| M crégi:opy 3t theilled sarrgg%
a [Leci &, {dv6000B and cia CTR'5 I ght So €
gg%;latory ?zr@{rurrents ar%g$8uppl ies Ltd., Ashbourggg
o,o@q\IHd}’Eath, 7651 and) | showed wel || di sp®©sed dj scrége

particles Brownian pption was allso clearly evident

0.04i¥ KGlo |si gns27&f flogcul alén. Thr oughdidt t he| sanfil®

ar oy nAacod LLJ

arger—posstby—turmmtted —drug—crystatsor crystat
growt h, however, was observed. Nonethel ess, the sanple

apﬂﬁ%’fa%‘i’hlﬁ%@ ﬁﬁtrﬁ‘ﬁ’ﬂeﬁ ral GRId R WMy cRlokilié Res rﬂeﬁ@ur@@bﬁdr%' séven
size of t | ed raIOX|fene hydr ochl ori de Bartlcles

day perasd msdes wagols tempﬂeﬁum]cczr@@tlmssif ¢ resultsvoff the stabHitnigsteare show

Hor | 910 particle size analyzer. The nean mll ed
belowgﬁtﬁ%??é e hydrochloride particle size was 180 nm

With a Db0 of 88 nm a 'P%‘EL‘EZ@W nm and a D95 of 685

n In—a—segond Eas it II gt Vat [l

ngjé’ﬁageal ‘oXi té’ﬁ%geh %ﬂdé%?ﬂ?o 1(\Jl/te artl C gﬁgl ze %%/ 182095/
copditiofi #IHe4 D50 of 88 nm of |60 m |and™3 pos "R
Tikfe2= 0DayIhe parAmbiest Size rreé%&red i A6darilous69 756
Tigle0s inAyant medimbikst sho I p25Tablie 306 bel ow49The 688
Tideadh DY [OT Thegap T'Ted rlal 0%p4 ene hlyzgpocr! oryzge Wasog
TinE 2 A Ds o e 00?7 G one UdT..EeMé)S. e T iy FARIS T
Tlitrg:QHZ ay's hm,\ff C“{ epea7 394 352 617 746

Time = 4 Days 5°C (Repeat) 463 429 697 816
Time = 4 Days 25°C 886 361 2764 4102
Time = 4 Days 25°C | memem | mmem= | mmmem ] emmee
Time = 4 Days 40°C 1084 520 2923 4221
Time = 4 Days 40°C 1276 580 3512 4888
5
Example 16

The purpose of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride. »

An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Litd.),

10  combined with 1.0% (w/w) Pluronic F108 (poloxamer 308) and 1.0% (w/w) Tween 80

(polyoxyethylene sorbitan fatty acid ester 80), was milled in a 10 ml chamber of a
NanoMill® 0.01-(NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No.
6,431,478), along with 500 micron PolyMill® attrition media (Dow Chemical) (89%
media load). The mixture was milled at a speed of 2500 rpms for 60 min.
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bel ow i n Tabl e 31. Exanpl e 17 The purpose of this

exanple was to prepare a nanoparticul ate fornul ation
wohooealbeses f ene hydrochl ori de. An aqueous di spePeT@S25/043707

5% (w w) ral oxifene hydrochloride (Camida Ltd.),

conbined with 1.25% (w w) Pl asdone K-17 (povi done Kl

7) and 0.05% (w w) benzal koni um chl oride, was mll ed

ina 10 m chanber of a NanoM 11| (r) 0.01 (NanoM I |

Smic%&%pfi%mﬂe Rl dEPla usﬁé\a 126 BMB000B)al L&tad €TR 5000
478 along ' with 500 mcron PolyMII(

light Euutcra (mmraMQdInatr(l@cxm and fippdiey LidBodshheuing @mdﬂyatLTIﬁ@land)

re was t.a eed. of
showdqy Wl afpBseisereE FatiolS, HEHiee mcf}gﬂnn@ LR
R 2
no sigh3e BBEL AR THRARNOMARL SMANE SRgtr BB Slmilled. drug
crystals e apsdl, grewihybavever,| wat csz@‘lvsda dN dn@hq:lesseﬂpaampl@l a@Qeared
Browni an notion was al so clearly evident W|th no signs
accepible| occul ation or crystal growth. Larger "un-milled"
dn
Fg*l‘blglgw Iﬂﬁflliléj tﬂ%ﬁﬁfﬁﬂg s%g r%tf fh?'fgﬂllgfl ?&é@%ﬁ&l{%@géﬁ%ﬁﬁh@@ bh@rticles
was nigilsapedf mrdelohyzcdd distilled maeerpaing cHesbabs @aguiticksizé malyzer.
dei onj. zed di.still t usji ng a ba LA.91
%%ﬁntmléheg ralpifeng Essbfﬁﬁﬂﬁerﬂaéﬂﬁlsé envas 133(9 Ty Vg ¢ @QQ of 88 pm,
&c]m] l.e. s
a D9d‘1§€5 o ,gd'nggg)%f&g%g lﬁrrln lngfs(f\é@ﬁd ﬁq%ésd%ﬁlerWlﬁ HlSﬁll@Qfa@f the
meangelogifenantgaisichiriletpaitivlasisd whd Hb 1wa1 Wrth atDﬁé) 0f§3mm a D90 of
r al OXI f ene ?der ochloride particle size was 213 nm
605 ngp.tard 8 BHIIO2 19D nm a DI0 of 375 nm and a D95 of
42’131 Mé@m d AR duid 1anar15{3}seo15}ehév%ﬂt ﬁl@hlg)fé {598 in Table 30,

e was neasured over a seven day period

be1ow1nder various tenperature conditions. The results of
the Qf:—'lhl|lf\l test i

be apparent to those skTABEE3® the art that various
Biopeleantal Mean Particle | D30 Particle | D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 208 202 271 294
0.1 M NaCl 211 205 275 298
0.01 NHCI 263 257 350 382
0.01 NHC1 279 272 377 417

The stability of the milled raloxifene hydrochloride was measured over a seven
day period under various temperature conditions. The results of the stability test are show

below in Table 31.
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vari ations can be made in the nethods and conpositions
of the present invention w thout departing fromthe
WOR6ito8 scope of the invention. Thus, it i spPCHUSz@sd43707
that the present invention cover the nodifications and
variations of this invention provided they cone within
the scope of the appended clains and their
equi valents. WE CLAIM 1. A stable nanoparticul ate
benzothiophene conmposition conprising: (a) particles
of a DenZOInlopnene or g g§J§3ihereoT havi ng an

ectirve [T C ILE | DOU
ﬁgﬁ“gﬁm 3] éor(alg?%é‘ﬁ“aftéogsi (%ﬁ sur f aclg§°§4 abi IF‘blg’zbe/?. 21.)95/
COREHOB Sifosition of claim 1, WHereiln ™% benzB8Phi ophdHB
Tiims =r@Dayd f ene Awsbiathl or i de2037 The Li#dposi 14680 of 5406
Tifk@ WDyl cl ambientwher @i n2ophe benzpydai ophepgoi s| 5127
Tlﬁﬁ,%'—e&bﬁfs rom Thegroup FONSiGL 1 NG 0459 Crysygl 1 ne g0

Ti :g:::\le ﬂYS,., JCIILULIISoldJIIBIIC ar 7 g.)l pt UEZLzZ)gai? 95 825
Tigerrrh aysnnhpnp’ B o oo oL oiarddge 11 748 876
TimerrzbDarsophene. 23740 ni xt lir estdlher eof 394 The657 764

TimerpdBhys on of 269Cone of cl4831s 1 td13, wheV@ n [ he827
Tigk=e£Dbye | aver agec@arti cl e sjae of] t B@enanopssd i cul atst
TiREZPDRyOpNhene pasEicles|is gl ectied shyom t heysgr oip 1265
CONSTS Mg~ OorT T'ess thamm apout 190U nm 1eSS Thnan pout
1800 nm Il ess than about 1700 nm |ess than about 1600
Exariple 17€ss than about 1500 nm |ess than about 1400 nm
ess than about 1300 nm I ess than about 1200 nm | ess
t HEe puspese of toe example wes tq Prenparg BewRoparel Herforpadation i n

| ess than about 800 nm | ess than about
ralox Eewoq%é%ré % han about 600 nm |ess than about 500

NM\n h§RDub BRPersRAWS sm/wmalbﬁmet}ﬁafmmbﬁue (GRRidamtd.),
| ess than about 250 | ess than about 200 nm | ess

combihechwitly d)@ﬁ%l(y@(“ﬁ rPilasrl@rw(ﬂﬁe(pma@@m K¥B aneh0- Qe (Weds
benzalﬂomum c%forld%, was milled in a 10 ml chamber of a NanoMill® 0.01 (NanoMill
Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500

micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 60 min.

Microscopy of the milled sample, using a Lecia DM5000B and Lecia CTR 5000
light source (Léboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
showed well dispersed discrete particles. Brownian motion was also clearly evident with
no signs of flocculation or crystal growth. Larger “un-milled” drug was not observed.
The sample appeared acceptable. »

Following milling, the particle size of the milled raloxifene hydrochloride particles
was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 195 nm, with a D50 of 187
nm, a D90 of 254 nm, and a D95 of 283 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 213 nm, with a D50 of 190 nm, a D90
of 375 nm, and a D95 of 420 nm.
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5. The conposition of any one of clains 1 to 4,
wherein the conposition is fornulated: (a) for oral,
woubosmaeavy, rectal, opthal mc, colonic, parenteCcaius2005/043707
intraci sternal, intravaginal, intraperitoneal, I|ocal,
buccal , nasal, or topical admnistration; (b) into a
dosage form sel ected fromthe group consisting of
l'iquid dispersions, gels, aerosols, ointnents, creans,
COTHe! PV of BheRaRd frélbﬁlﬂén%thyﬁﬂﬁ:hld‘rﬂé Maﬁ‘ﬁidasured over a seven
formul ati ons, | yophilized fornmul ati ons, tablets,
day peripd uhdss vadelssipmgerrareconditiansnmilharesshs of tg stehdty test are show
bel relfa?ﬁi %orrrul ations, pulsatile release fornulations,
elovy iiT4RIS &% i medi ate rel ease and control I ed rel ease
formurations; or (c) a ¢amimpasion of (a) and (b). 6.
TeorGg gpos StTAPLofIoRTE Wil A7 > D50U° P DY ' 595/

I on conpri ses pne_or npre

?ﬂ@i‘ cally accept ab ¥ pi ent B capri ®Ps, o™
Tuuuw atl}}su ] llll:‘AqFl ETSRA még\pgb}i  Of a5 0T Ofe3
T‘éneqabﬁPaysn AAmentc;;L {e&”?r e O, e 375 ° | 420
Temasi2dPaxg of fré8€about b9 299 o hnhothZ 0 0013/31 f rlor??
Tabou2 D&% 1 0 abolfC0. 1% and 20om aboZikl 9006 t287abgut320
Tend%2 Ibyyswei ght , 24rgsed on| t heo7ot al ctdmbi ned & ght 306
TiE€=DanAAT T ophepscand at | Teagly one swgd ack 279 323
T‘,f 8‘“'2'1555? ﬂOI ;461% uol ng otngn excl pt@p[s, (74 al 301
TebF S PorC AT Sop obos D baror i o e

to about 99 999% by wei ght, from about 5.0%to about

S B B L PO AT RE U R o AR omp )

ined dry wel g
variall6fizdah be@pdtRe titNdethddd edongositivns dixhe pﬁetsa’iluhVezmbn without
not including other excipients; or (c) combij nat i

depaging fepm Bigcbp{rl)or scope of the invention. Thus, it is 1ntended that the present
invention cover the modifications and variations of this invention provided they come
within the scope of the appended claims and their equivalents.
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8. The conposition of any one of clains 1 to 7,
wherein the surface stabilizer is selected fromthe
wgnrespeeRsi sti ng of a non-ionic surface stabi PCTAIS2008043707

ani oni c surface stabilizer, a cationic surface

stabilizer, a zwitterionic surface stabilizer, and an

ionic surface stabilizer. 9. The conposition of any

one of clains 1 to 8, wherein the at |east one surface
WE €1 g4 zer is selected fromthe group consisting of

cetyl pyridiniumchloride, gelatin, casein,

phosphati des, dextran, glycerol, gum acaci a,

chol est gLpble f4BgaGBMAR bei@RbH er@EhehpoliasR biaplivA:

chloride, calciumstearate, glycerol fnonostearate,

cefapst eparg¢lesa¢ﬁmbmizptlmﬁlenmmrracﬂyhlth@rmﬂ lsving mgpffmtwe average

sorbitan ters ol yoxyet h e al k
et hers, wléf)ﬁ‘%‘épﬁi}l ﬁ@n %‘t%PS@mn ge | vatives,
pgqbéoxyaﬁéw @rféestﬁﬁﬁ@bt‘é%ﬁéérat ty acid esters,

et hyl ene gl ycol s ecyl trinethyl annonium
brom de, pol yoxyet hyl ene stearates, colloidal silicon

d|0X|de phosphates odi_u dod yIsqu
a#-boxy s SRS HOR A& gl o ii‘ﬁ %PBIWIF is raloxifene

hymﬁa%#ﬁ&§ses hypronel | ose, carboxynet hyl cel | ul ose

rum met hyl cel l ul ose, hydroxyet hyl cel | ul ose,
hypronel | ose phthal ate, noncrystalline ceIIquse
nggne5|un1a|un1nun15|llcate tri et hang

yvi nyhe emrassion o slam Igripm o Mhseie the benzothlophene is
selecfe%dhflr(?rll i %x up, é&%ﬁhg YD ld{% e?%}lg g);?lg p f%w&ﬁxopmﬁehan

yl'ene or ma oxaners,
amorphb@ stk efhendotblvphety] a phrabaksthilipe gphase of benzothiophene, a semi-
dloctylsulfosu00|nate di al kyl esters, of sodi um
amorghpysarhasepiheazethiopheng and mixtares theredfi fate, al kyl aryl
pol yet her sul fonates, m xtures of sucrose stearate and
sucrose distearate, p-isononylphenoxypoly-(glycidol),

degan OyThd\lt‘ﬂi’ﬁﬁnéitginltﬁ‘&ﬁy da¢ ofclsiayll to 3, wherein the effective average
b- D- gl ucopyr anosi de; n-decyl b-D- nal topyr anosi de;

part1¢1e Q@g @é {he n‘gntgpag'p g;p})pgw@l@pgl@ne Rardisles dy pelected from the group
consxs’guag gf ot%u):t/r? gl% i ﬁgb@%yks%nfalgédﬁ?ﬁg ﬁg‘]l %gso tshgxa QS&EMHOO nm,

less tRai bt 180(Ch@! KEPMA @B@ﬁlltﬂ@() nm, less than about 1400 nm, less than
nonanoyl - N- et hyl gl ucam de; n-n

aboublmcgmud@whm@m éZO%@maWWhmAmWﬁ;lll@@ baleFan about 1000
nm, ]655%_?1?% Fﬂ%odllt E@@l e gﬁ%g}anoﬁo&%’% oGt )fess than about 700 nm, less than

about 600 nm, less than about 500 nm, less than about 400 nm, less than about 300 nm,
less than about 250 nm, less than about 200 nm, less than about 100 nm, less than about

75 nm, and less than about 50 nm.

5. The composition of any one of claims 1 to 4, wherein the composition is
formulated:

(a) for oral, pulmonary, rectal, opthalmic, colonic, parenteral, intracisternal,
intravaginal, intraperitoneal, local, buccal, nasal, or topical administration;

(b)  into a dosage form selected from the group consisting of liquid dispersions,

gels, aerosols, ointments, creams, controlled release formulations, fast melt formulations,
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| ysozynme, PEG phospholi pid, PEG chol esterol
PEG chol esterol derivative, PEGvitamn A PEGvitamn
wa2006aacto8n copol ymers of vinyl acetate and vi npCT/US2005/043707

pyrrolidone, a cationic polyner, a cationic

bi opol yner, a cationic pol ysaccharide, a cationic

cellulosic, a cationic alginate, a cationic

nonpol yneri ¢ conpound, a cationi c phospholi pid,
lyoptRtddaBiraulatiBhsd Sabldds) xpsalddydelBich g a5k @enulations, extended release

tri met hyl anmoni um brom de, sul f oni um conpounds,

formyletigns, nylspijle release derenwdatifingeandymixed iromediple releasraandyrpairelled
1 di thﬁéﬁ sul fate, hexadecyltrinethyl ammoni um brom de,
meaﬁﬁggBH PBn%onpounds, quarternary amoni um conmpounds,
bepyy! - flbdrdbiahiiq st add@s.hy! armoni um brom de, coconut
trinmethyl ammoni um chl oride, coconut trimethyl
amoni um brom de, coconut rmethyl di hydroxyet hyl

a ni um chl ori de oconut t.hyl. di roxyet hyl e
roni Ub U OB agY o5t pETRT Lo SR L HIgpggstion
furthS QM priteSBANN m b Pharey.REEdal1g mgtaum ShlREitslRarriies ¥t a
di met hyl hydroxyethyl anmoni um chl ori de brom de,
comb@istiohSHéneef. hyl hydr oxyet hyl anmmoni um chloride, C
-1 sdi met hyl hydroxyet hyl ammoni um chl ori de brom de,
coconut di met hyl hydroxyethyl anmoni um chl ori de,
cogonut TRL BEh hkktidAVHaRy BRE BY¢laiisnoni 6l WHkf de,
nmyristyl trimethyl anmmoni um nmet hyl sul phate, |auryl
di @t hythelbenzojhiaphema ispresdnit or ardenouni selyéted inont thy lgroup
benzyl  amoni um brom de, | yl. dinethyl (ethe 4
cons ko) GAPCHDE JUere 0 A - R CRR STPL NI a0, o and
Ry ' .. ! ( [ :
from gnm) n |dd/{r;rn]t(g?1wo% ?gg . Nﬁk@%ﬁ %gﬁ%g)t%%%@ﬁ%&lzgﬁ of the
benzethivphenrahitdedstiene shrfhed statrlbeyr) nad imethindihp ethey Excaprmtsi um
gmbg: : ggt’ lggg? gﬂq{g}{rggg é{.al%ég%igﬁlses%{t ﬂxgg %,qngunlgto sréielétrgd from the
' i . : . i
grou%g?]ﬁ%ﬁﬁ% df?fo?ﬁboﬁmzﬁyﬁ%@bﬁm & 9448, ]3% g\}’e@{t,rﬁ’érﬁm S4% to

al Kyl -trinet anmoni um sa
aboutl9aDkyhydwaight) whd fromrdbom Bt ts abduad9.§e by waight)phsed on the total
ammponi um_chl orj de, et hoxyl ated

combingd s v gRHay Ithe Renk 91 a8 least ong FuElpefosghibgaE ot

. [ | a4 . salt, dial kyl benzene di al kyl ammoni um
mdug{?lgg)adrt%ee,x@]@%wdgg]yl di met hyl ammoni um chl ori de,
Nt @) r ade eymbinagohyt (apaiy/(b).

8. The composition of any one of claims 1 to 7, wherein the surface stabilizer
is selected from the group consisting of a non-ionic surface stabilizer, an anionic surface
stabilizer, a cationic surface stabilizer, a zwitterionic surface stabilizer, and an ionic

surface stabilizer.

9. The composition of any one of claims 1 to 8, wherein the at least one
surface stabilizef is selected from the group consisting of cetyl pyridinium chloride,
gelatin, casein, phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth,
stearic acid, benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl
alcohol, cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers,
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amoni um chl ori de nonohydrate, N al kyl (C12-14)

di met hyl 1- napht hyl net hyl anmoni um chl ori de,
wdadsogoas met hyl benzyl amoni um chl ori de, di al Rgir/US2005/043707

benzeneal kyl anmoni um chl oride, lauryl trinethyl

amoni um chl ori de, al kyl benzyl nethyl anmmoni um

chl oride, alkyl benzyl dinethyl amonium brom de, C12

trinmethyl ammoni um bronides, Cl trinethyl ammoni um

poly&(y@tﬂyﬂaﬁé castdrloil ddrivRtives) pcﬂ%ﬁ@l&thyﬁ@ﬂé [seFBitdR Satty acid esters,
dodecyl benzyl triethyl amoni um chl ori de

polygshylonedglyddlss iddileny tymethlaninenivm ypingls, p@m@ylene stearates,

cons S BTG5 b oL SRR s

calcﬂﬁcw&&t B3 LERTBRE, Wb RInNodE, carboxymethylcellulose sodium,
dodecyl tri et hyl ammoni um br om de,

methylelwdseg yydmxymhylyetlhlmmy[pmmﬂm @htha}ateg heucrystalline cellulose,

t t h|
g RS e TG P R B8 BRIV P S o PRRYTRNdome.
4-(1, l?@%e@@me S}HJu'tﬁﬁipor | dﬁcﬂym%ﬂ?tﬁ'eﬁﬂf'lh'n@ xR lagd ifslehaldehyde,

‘st ear al koni um™c e conmpounds, cetyl pyridinium
poloemears;dpe]oxestinds, pyhdrgidihespletiipid idiestylhdfosaeinsd, dealkyflesters of

BT N R KM s ——

of su%ﬁ‘)lsé Steardi¥ A8 sﬁ&bg@&steérme ng 1%‘% IBhéHB)(??él?-%glyﬁHQf) ONREES1-N-

quat ernary acryl am des, t hyl a ed quat er naf

methytylycamide; nadedylciD- gllucapygmslde,hﬂdedythé ]Dmmmpynanmd@m ~dodecyl
any one of clains wherein: (a) the AUC of the

B D'Bb‘ﬁ@@ffmoé&?eﬁébdw&ﬁ l%rg@hyéléeﬂhﬁpmey amsthylgficgmide; n-heptyl-
B-D-ER P KB PEP YL B e et e B Do PaslfiBR. '
nonaicq:ﬁ%lwln?ett }ﬁ%luceﬁgf@enﬁ %ﬁﬁeﬁ -@licdpPard 8B, GeRPEN- (b) 1 he

benzot hi op whén assayed in the plasm

methgfglacamideyakocayl- B;Ebglampyfanbkldw m:gyleﬂ;lmtmogtucapyr@mmda
greater than the or a nonnanoparticul ate

lysozyaiez BEﬁrI&}?ﬁBhfélpﬂ%rPrﬁﬁ é%ql%ﬁtprolaaﬁﬁwlsql%ﬁteéal dorivative, ERffsvitamin
A, P%@:\grgte }atn%i&% C{Eﬁ@lﬁrg%{s (}fhf%?fxg %@gt%iteg&nﬁ ggﬁpgyr{&@%ﬂf Oa V\%art%é)mc

polyﬁéﬂa@hﬁdmabio@ﬁlyme& d @86nit palyshdvhaidan s cﬁ@cﬁmacellulosw a cationic
nonnanoparticul ate
alginate, a cationic nonpolymeric compound, a cationic phospholipid, cationic lipids,

polymethylmethacrylate trimethylammonium bromide, sulfonium compounds,
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate,
hexadecyltrimethyl ammonium bromide, phosphonium compounds, quarternary
ammonium corhpounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut
trimetﬁyl ammonium chloﬂde, coconut trirﬁethylrammonium bromide, coconut methyl
dihydroxyethyl ammonium chloride, coconut methyl dihydroxyethyl ammonium bromide,
decyl triethyl ammonium chloride, decyl dimethyl hydroxyethyl ammonium chloride,
decyl dimethyl hydroxyethyl ammonium chloride bromide, C;,.1sdimethyl hydroxyethyl
ammonium chlbride, Ci2-15dimethyl hydroxyethyl ammonium chloride bromide, coconut
dimethyl hydroxyethyl ammonium chloride, coconut dimethyl hydroxyethyl ammonium

bromide, myristyl trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl
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benzot hi ophene fornul ati on, adm nistered at the sane
dosage; or (d) any conbination of (a), (b), and (c).
wa2006aes9g onposi tion of any one of clains 1 toPeOUS2005/043707

additionally conprising one or nore non-

benzot hi ophene active agents. 12. The conposition of

claim1l, additionally conprising one or nore active

agents useful in treating osteoporosis, breast cancer,
amm&fiuR Aty BikdiBylaRhzyl hthmoHiem Gesalk| hinghdi@deteylai m

12, additionally conprising at |east one active agent
(ethemmiydcareniofinwnehidridey tavuy) dimersyl(ethenoefs emmeniym bromide, N-

I . "D bi ,

o) PR iy L S hERS RPN 1 P pen

ammORLAL NG RieINReRAROFliEREthyBEN Y ESMmSalee thivadd ReafHydkate,
nodul at ors, anticancer agents, and chenothera

. A . , € Py
dimethydiderd amionivph ehlovidpdsiatiybad{Cic A idimeatByl 1-napthylmethyl

addi ti,onal ly. c rising at lea e active agen .
amm@gpimgtliiter S hae gt RS o B et diallo-
dime@9HntbniLR AR, PR} ErisRHA Binnfhidh Rk Ee RisRGiaa

téri paratide, "al endronat'e, calcitonin, paclitaxel,
alkyagusterlkdielkylanpaenidmoalis a etheohitedirialinh smmenpine salt,

ol ETE S AR S OB IBOAE SR RS, Rpm RLETLER, -
tetracfzégflggxr%gﬁ&lbelfi?pﬁr_ﬁmtfgﬁﬁ%gglogg% sRbhdraceNadIRy(@nd,) _dimetth}él 1-

ni ¢ acl a conposi tion accordin

naphthyimethg anfmadiainrchldrideod i cyldimatipdberaplidnmmoniue dﬂoxa?ge, dialkyl
nmedj. canent .. 16.. . Th se of. clajm 15, . wh i.n t

benzepealkg LvEmPRiE Shlemdh. 19y (Y h g By SuRtids, i benzyl

methglééalﬁlgeﬁﬁlﬁﬁdﬁorid%; al}gfbé&ﬁ AhneftlyBhiinbRiunBRAEE) ¢ Meimethyl

ament 1s use in treating breast cancer or
ammohiner brotniaes SC gftrimbéhybammshivanbromidesh Caotdindetry] ainssuagn

18. A pethod of [ i
brom@c&ﬁ@%ﬁﬂ&%@ﬁﬁtﬁ@g&gé@ q%gﬁnmgﬁgﬁ(rié,lp%w— 1taﬁyldimethylammonium
chloride (DADMAUC), dimethyl ammonium chlorides, alkyldimethylammonium

halogenides, tricetyl methyl ammonium chloride, decyltrimethylammonium bromide,
dodecyltriethylammonium bromide, tetradecyltrimethylammonium bromide, methyl
trioctylammoniuin chloride, POLYQUAT 10™, tetrabutylammonium bromide, benzyl
trimethylammonium bromide, choline esters, benzalkonium chloride, stearalkonium
chloride compounds, cetyl pyridinium bromide, cetyl pyridinium chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL™, ALKAQUAT™, alkyl pyridinium
salts; amines, amine salts, amine oxides, imide azolinium salts, protonated quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

10.  The composition of any one of claims 1 to 9, wherein:

(a) the AUC of the benzothiophene, when assayed in the plasma of a
mammalian subjéct following administration, is greater than the AUC for a non-
nanoparticulate benzothiophene formulation, administered at the same dosage;

(b) the Cmax of the benzothiophene, when assayed in the plasma of a

mammalian subject following administration, is greater than the Cmax for a non-
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conprising: contacting particles of s benzothi ophene

or a salt thereof wth at |east one surface stabilizer
woaooeaetdsge and under conditions sufficient toPOT@SR@E043707

a benzot hi ophene conposition having an effective

average particle size of |ess than about 2 m crons.

19. The nethod of claim 18, wherein the benzot hi ophene

is ral oxi fene hydrochl oride. 20. The nmethod of claim

nanopdtiOlaftSenvbtiiophéhetfienwans:g atinitgsteednt iheesme dosudeny,
wet grinding, honogeni zi n%, or a conbi nation_thereof.
(©) the Tmax of the benzothiophene, when assayed in the plasma of a
mammalian subject following administration, is less than the Tmax for a non-
nanoparticulate benzothiophene formulation, administered at the same dosage; or

(d) any combination of (a), (b), and (c).

11. The composition of any one of claims 1 to 10, additionally comprising one

or more non- benzothiophene active agents.

12.  The composition of claim 11, additionally comprising one or more active

agents useful in treating osteoporosis, breast cancer, or a combination thereof.

13.  The composition of claim 12, additionally comprising at least one active
agent selected from the group consisting of calcium supplements, vitamin D,
bisphosphonates, bone formation agents, estrogens, parathyroid hormone, parathyroid
hormone derivatives, selective receptor modulators, anticancer agents, and chemotherapy

regimens.

14.  The composition of claim 13, additionally comprising at least one active
agent selected from the group consisting of risedronate sodium, ibandronate sodium,
etidronate Disodium, teriparatide, alendronate, calcitonin, paclitaxel, doxorubicin,
pamidronate disodium, anastrozole, exemestane, cyclophosphamide, epirubicin,
toremifene, letrozole, trastuzumab, megestrol, Nolvadex, docetaxel, capecitabine,

goserelin acetate, and zoledronic acid.

15.  Use of a composition according to any one of claims 1 to 14 for the

manufacture of a medicament.

16.  The use of claim 15, wherein the medicament is useful in treating or

preventing osteoporosis.
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17.  The use of claim 15, wherein the medicament is useful in treating breast

cancer or other tumors of the breast and lymph nodular tissues.

18. A method of making a nanoparticulate benzothiophene composition
5  comprising:
contacting particles of s benzothiophene or a salt thereof with at least one surface
stabilizer for a time and under conditions sufficient to provide a benzothiophene

composition having an effective average particle size of less than about 2 microns.

10 19.  The method of claim 18, wherein the benzothiophene is raloxifene

hydrochloride.

20.  The method of claim 18 or 19, wherein the contacting comprises grinding,

wet grinding, homogenizing, or a combination thereof.
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