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of this loss of bone mass and resulting bone fracture is the failure of the skeleton to

15  provide adequate structural support for the body. One of the most common types of
osteoporosis is 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

20 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
25 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 ﬁ'actur.es in elderly women. A large percentage of this mortality rate can be

30 directly associated with post-menopausal osteoporosis.
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be devoid of the side-effects and risks associated with estrogen therapy.

Preclinical findings with a structurally distinct “anti-estrogen”, raloxifene

20  hydrochloride, have demonstrated 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

25  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

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

minimal uterotrophic response that was not dose-dependent in ovariectomized (OVX)
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receptor, in that it produces a nearly conpl ete bl ockage of uterotrophic
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hydr ochl ori de and processes for its preparation are described and cl ai ned
in United States Patents Nos. 5,393,763 and 5,457,117 to Black et al;

5,478,847 to Draper; 5,812,120 WZ@ 383 to G bson et al., and
6, 458,811 and 6, 797,719 to 25 Arbuthna e% al., all of which are

I ncor por ergin by reference. 3 WO 2006/ 060698 PCTI US2005/ 043707
Nanopar tfi cul a ositigps, first described in U S Patent No. 5,145, 684
("the "p84 patgnt"), >¥are paxticles consisting of a poorly sol uble

t herapei ¢ orf di agnostic ag¢# avi ng adsorbed onto, or associated wth,
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10 HO S
The chemical designation is methanone, [6-hydroxy-2-(4-hydroxyphenyl)benzo[ b Jthien-3-yl}-[4-[2-(1-
piperidinyl)ethoxy]phenyl]-, hydrochloride. Raloxifene hydrochloride (HCI) has the empirical formula C 28 H 27

NO 4 S-HClI, which corresponds to a molecular weight of 510.05. Raloxifene HCI is an off-white to pale-yellow

5 solid that is very slightly soluble in water.

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

20  magnesium steafate, 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

25  Arbuthnat et al., all of which are incorporated herein by reference.

3



5 stabilizer. The. 684 patent does not describe nanoparticul ate
conpositions of a benzothi ophene. Methods of naking nanoparticul ate
conposi tigns scribed in, for exanple, U S. Patent 187 and
5,862, 999&%@86‘{4&9%3 "Met hod of Grinding Pharnmaceuti cal P%?BESI/@%@@S; " U S
Patent No. 5,718,388, for "Continuous Method of Ginding Pharmaceuti cal
Subst ances;" and U. S. Patent No. 5,510,118 for "Process of Preparing

Ther apeuti ¢ Conpositions Containing Nanoparticles." Nanoparticul ate

conpositions are al so described, for exanple, in U S. Patent Nos. 15
5,298,262 for "Use of lonic Coud Point Mdifiers to Prevent Particle

Aggr egati on | EL -1 ONg . e Particle
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For Nanoparticul ate X-Ray Bl ood Pool Contrast Agents Using H%h Mol ecul ar
Wi ght heving asdsorbediontan or assosiated syitlp thesufacetherzof a nen-grasslinkes spEgce magi ng

8, SR el Bt O

" For mul gEd-@fSodkep®rising Ain 10-Gto Prevent Particle Aggregation and
Increase Stability;" 5,346;702 for "Use of Non-lonic C oud Point Mdifiers
to Mnimze Nanoparticulate Aggregation During Sterilization;" 5,349, 957
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for "Surface i'éd Anti cancder hoparti cles; ter

| nspd ubBebsyaresyRUIS: tRaterlyBNog §)788,8 88 afot “Coretinuass Meghodtof Griffldigonance
Enhancenent Agents; " 5,429 824 for "Use of Tyl oxapol as a Nanoparticulate 30
St abi | | PBarmacaitigalSubstanges; arwaﬁoBaﬂemNmmél I8fap pRiocess of RreparinRay Bl ood

Pool trast. Agents. Usi i. gh | ecul.ar Wi ght Non-ionic Surfactants;™
5, 451, 3 erfa%er“tt‘“ % “F%%gg’f‘gé‘g%%y)aﬂ 445505/ 043707 Ray Cont r ast

Conmposi tions Usefut in Medical Imaging;" 5,466,440 for "Formul ati ons of
O al Gastrointestinal Diagnostic X-Ray Contrast Agents in Combination wth
Phar maceut i cahgpaticdase sbinpositienssare also da@ribed foroaxatuipis, i &. HfPaRne Pas.i ng

' | L I, Ni . Ph | i pi .0 R
Rggfgg;%:éhi& g)r 4 gg ?qungs) p%%'&tl’%nﬁl l\qulgérasrt $9eventof§£'tqgle IAPglgcrjesga%:lgn educe
During Sterilization;” 5,302,401 for “Method to Reduce Particle Size Growth During
Lyophilization;” 5,318,767 for “X-Ray Contrast Compositions Useful in Medical
Imaging;” 5,326,552 for “Novel Formulation For Nanoparticulate X-Ray Blood Pool
Contrast Agents Using High Molecular Weight Non-ionic Surfactants;” 5,328,404 for
20  “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

25  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

30  Stabilizer;” 5,447,710 for “Method for Making Nanoparticulate X-Ray Blood Pool
Contrast Agent.s Using High Molecular Weight Non-ionic Surfactants;” 5,451,393 for “X-

4



5 "Nanoparticul ate D agnostic M xed Carbam c Anhydri des as X-Ray Contrast
Agents for Bl ood Pool and Lynphatic System I nagi ng;" 5, 500,204 for

"Nanopartj jagnostic Dieters as X-Ray Contrast |.ood Pool
and Lyrrphgg)rl"lgg@@@gm | magi ng; " 5,518,738 for " Nanopartﬁ%gq}g?zgg%iﬁﬂ

Formul ations; " 5,521,218 for "Nanoparticul ate |ododi pam de Derivatives for
Use as X-Ray Contrast Agents;" 5,525,328 for 10 "Nanoparticul ate Di agnostic
Diatrizoxy Ester X-Ray Contrast Agents for Blood Pool and Lynphatic System
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cont 1 asB1oHd PabPardPLyrBheAR et Bidiner 5800064 ¥ SNbIIFAGIAG Diaghsthy 573, 750
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Nanopar Dimers a$ X-Ray Cohtrast iAgents Wirt BloBd Boelcind ¥ ynphetic 8ystem' Imaging(y, 579 f or
"Site-specific.  Adhesion Wthin G Tract Usin ngparticles Stabilized
by Hi ghg)@g#%%foérNMP%’ﬂ?matEim egtcm;% érﬁgléiﬁ:}g; Qﬁm@ﬁﬁwg@zﬁ 5, 585, 108
for "Fo At ko | P ' ts in Conbination
w th Pt G (AL RONR LR ARBREE DB, Bt 1 one

Oxi te- EtNatlopagic@taPidghostic DiatoxyBster SURAECHARAEAgents fordblobd Pl akdat i ngs

for Nanoparticul ate Conposjtions;” 5,591,456 for "M |l ed Naproxen with
Hy dr oxy pyaphaticSistemn baagings” £i54p4 83 fem Popaghd ofiPreparingsX-8py Guirastor " Novel

! oy T g s e e .
5. 522, oSanphyton et AR BRI TS % DV Rl A e Mp dBLORE S5 1 or
" | pr ov REndpArdaK s 5366,991 6 EbmitlaliSiilSrCMREAINA NIGERRYIAHE X Ray Contrast

Agents and Oral Gastrointestinal Therapeutic Agents;"” 5,643,552 for
" Nanopabispensioas én DigegtibletQits dviBetiyl ACidstiohbasS, K8nfpd (P dlyslkaleniBocO 2006/ 060698

| abT ng COPTReR 25 Saiabs MM 1 MASDNBERS 5SRO AP AGH (LI NCOS cal
Subst anggzic Copolyhter $hfabi3ht as Stabilizer Coatings for Nanoparticle Compositions;”
5,571,536 for “Formulations of Compounds as Nanoparticulate Dispersions in Digestible
Oils or Fatty Acids;” 5,573,749 for “Nanoparticulate Diagnostic Mixed Carboxylic -
Anydrides as X-Ray Contrast Agents for Blood Pool and Lymphatic System Imaging;”
20 5,573,750 for “Diagnostic Imaging X-Ray Contrast Agents;” 5,573,783 for “Redispersible
Nanoparticulate f‘ilm 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
25  Clays;” 5,5 87,143 for “Butylene Oxide-Ethylene Oxide Block Copolymers Surfactants as
Stabilizer Coaﬁﬁgs for Nanoparticulate Compositions;” 5,591,456 for “Milled Naproxen

with Hydroxypropy!l 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
30  Gastrointestinal Diagnostic X-Ray Contrast Agents and Oral Gastrointestinal Therapeutic
Agents;” 5,643,5'52 for “Nanoparticulate Diagnostic Mixed Carbonic Anhydrides as X-
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"Nanoparticles Containing the R(-)Enantioner of |buprofen;" 5,747,001 for

" Aerosol s Containing Becl omet hasone Nanoparticle Dispersions;” 5,834,025
for "Red I nt ravenously Adm ni stered Nanopartl | ation
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Formul ati ons of Human | mmunodefi ci ency Vi rus (HV) Protease Inhibitors
Using Cellulosic Surface Stabilizers;" 6,068,858 for "Methods of Making
Nanocrystal | i ne Formul ati ons of Human | munodefi ci ency Virus (H'V) Protease

I nhi bi tors_Usi ntg Cellulgsic_Surface Stabilizers; 153 225 fo "I njectabl e
10 For rRavEonsrast Ae emﬂ&ﬁmﬂp@%mé@élwmhmmr@@e@ns 161133888ty Sol i d Dose

For m o1 ARABRR LB AR MEac 2R R, 00, ¢ Mo of Treat | ng
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Nanoparticl e D spersions; 6, 267, 989 for NEt hods for Preventi ng Crystal

Growt h %mmpmgthyﬂ@w;@oega{ap@pmlﬂe Ibsmesmp 5,8%4 @i:fmﬁBsduqﬁ@n@f 6, 270, 806

for of PE |vaE |ds $ Sur PRAIEH
anchar Tralarey AfmibEief AR SRR sol i o
Oral  DoRagfofe” 6045829 %ﬁag&?%sftﬂrme ﬁ@ﬂmuiladém 8f H%&&a%ﬁiéh@ﬁﬁe&?mafsi tions

Conprising a Synergistic Conbi nation of a Polymeric Surface Stabilizer and
Di oct yl (HISOBmiaasSl]iﬂhbﬁonsdJsmg @ellulﬁsldS&i'&&zStéhthdtBi’ 6;(16868§i8\fer ‘Metbpde t i cul ate
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Di spersions ner nati’on ‘o yneric Surface

St ato | IEc&mmmnﬁ)bﬁwbpa&ixdﬂaxﬂ\ﬁpfdx@ﬁw&waOG for “Iﬁe@&%h&&sé Borni 4ppar at us for
sanitary wet m|l] 6, 656 or "Nanoparticul ate 25 Conpositions

Conpri s #@pmmglgpwem,oéﬁéﬂ%@ for ‘Methodsd AT rpﬁmgléymaﬁag Met hod for
MITi t . | | I hod Th f
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6, 908, 6@hibiters;” 626W932 FdroNRbulizd A@&o@owe@ﬁﬁm{ Nahdyartidwpﬁpatsi%ngel ease and
controlled release characteristics;"” are specifically

i ncor pob,26 598 Dfor F Dlethatsder Pﬂewieradm@rlysiml,GM aﬁdaPmleA@ggrcgwmnmm No. 30
200 012675 Al bI hed , Ly 31, for el ease

arSrpetie Compasioren 62 0ate RielasrBeBGmeturi- sl ridas Sttt nod f or
M ' |1 NGgta BBk €6 Rhro grtﬂzglsabé EBRpBARGRT § 516102 for “RIPRSY bisﬂﬂégratﬁ{kd are

specifically i ncorpo
Solid Oral Dosage Form,” 6, 375 ,986 for “Solid Dose Nanoparticulate Compositions

Comprising a Syhergistic Combination of a Polymeric Surface Stabilizer and Dioctyl
Sodium Sulfosucécinate;” 6,428,814 for “Bioadhesive Nanoparticulate Compositions

20 Having Cationic Surface Stabilizers;” 6,431,478 for “Small Scale Mill;” and 6,432,381
for “Methods for 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 “Nanoparticulaté

25  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 additioh, U.S. Patent Application No.

30 20020012675 Al, published on January 31, 2002, for “Controlled Release
Nanoparticulate Compositions,” and WO 02/098565 for “System and Method for Milling
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reference. Anorphous small particle conpositions are described, for exanple,
in.U S Patent 5 Nos. 4,783,484 for "Particul ate Conposition and Use Ther eof
as Antimcrobial Agent;" 4,826,689 for "Method for Making Uniformy Sized
Particl’es from Wter-1nsoluble O ganic Conpounds;" 4,997,454 for "Method
for making Uniform y-Sized Particles Fromlnsoluble Conpounds;" 5,741, 522
for WUtrasmall, Non-aggregated Porous Particlas of Uniform Size for

Ent rappi ng Gas Bubbles Wthin and Methods;" and 5,776,496, for 10

"Utrasmal| PREQuS RREGI B oh icHRARRIpBEibhS BRSO M BRE)ThRbAS

reference herein to a patent docunment or other matte iven ds
prior art ireferemtet o be taken as an admi ssion that that docunment or matter
was known or that the information it contains was part of the common
general know edge as at the priority date 15 of any of the clains.
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nanoparti cul ate benzot hi phene, preferably ral oxifene hydrochl oride

particles ha&fdnifprmepizader Fatrapming s fibbles| Withinzandohe heds;” tandrd, PEOHPOn fer A
preferreg d Sl PABL F%@iﬁle‘s%’ Haflling ?dﬁas%ﬁhigaé{)?%qﬁr horm al t hough any

pharmaceutical 'y accepta osagle orm ca Zed. In one aspect,
the present invention provides a stable nanoparticul ate benzothi ophene
conposition conprising: 7 (a) particles of a benzothi ophene_having an

ef fective aver age pelerangs berepye agratgng decumpens qr alhsymatigouhishyis giKen dypriosart

least one SY§ h8€R B¢ }¥eh! &S admission that that document or matter was known or that the
information it contains was part of the common general knowledge as at the priority date

15  of any of the claims.

Throughout the description and claims of the specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises”, is not
intended to exclude other additives, components, integers or steps.
20
SUMMARY OF THE INVENTION

The present invention relates to nanoparticulate compositions comprising a
benzothiophene, preferably raloxifene hydrochloride. The compositions comprise a

25  benzothiophene, preferably raloxifene hydrochloride, and at least one surface stabilizer
adsorbed on or associated with the surface of the benzothiophene particles. The
nanoparticulate benzothiphene, preferably raloxifene hydrochloride, particles have an
effective average particle size of less than 2000 nm. A preferred dosage form of the
invention is a solid dosage form, although any pharmaceutically acceptable dosage form

30  can be utilized.

In one aspect, the present invention provides a stable nanoparticulate

benzothiophene composition comprising:



wherei n the benzot hi ophene is ral oxi fene hydrochloride. 5 Another aspect of
the invention is directed to pharmaceutical conpositions conprising a
nanoparti cul at e benzot hi ophene, preferably ral oxifene hydrochl ori de,
conposition of the invention. The pharmaceutical conpositions conprise a
benzot hi ophene, preferably ral oxi fene hydrochl oride, at |east one surface
stabi’lizer, 10 and a phannaceutically acceptable carrier, as well as any
desired exci pients. Another aspect of the invention is directed to a

nanoparticuigte %%mf%p@&;zsﬂmr@r:ﬁé RAVIRS Yn TefeO %?agavﬁ;r@aplsp%icggess

conposition aviEg i nproved pharrmacoki netic profiles as conpare

conventi onal m ctwmarapetta2d00men;andsol ubi | i zed benzot hi ophene 15
formul ati onzlﬁ In yet anot her en%o(ldi ment, the invention enconpasses a
benzot hi oph&Me, a%@@?é?ﬁﬁ? G329k 1%€ne hydrochl oride, conposition, wherein

adi ni strati on offie 1EUEAOShlobAtheliOrdog ik Bl ioigbast ed state is

bi oequivalent to admnistration o e conposition to a subject in a fed
state. Amot her enbodi ment of the invention is directed to nanoparticul ate
benzot hi ophene, preferably ral oxifene hydrachl ori de, conmpositions .

addi tional Iy corpother r?gp%eoafoﬁ%erfﬁv@tleanﬂﬁdﬁmgedu@epleﬁmaﬁettt%bf?rmOSltlons

ost eopor osi : t : [N Thi S 1 b

further di sSPBRasAg's FRRGHhicAke b SRIGRhER, JRRIY Mo TS by bERbHa
preferably rahpasifieneohytile omvktiande, The nphaihtacanical aofihosigiono tdreprise a
invention. Such g nethod conprises.contacti 8 benzot hi ophene, preferably
30 ral oxi f eREMAIPRRGAECPTEI2 hinktloifene B sroshiBrider Htafeastoanebirfask S tabehaek, 1| e

and unds  sagdibhhAnReall) ShaBtaH RO hApeR a0 BOBATLL ShLigsenzot hi ophene

conposition, preterably a’ral oxi ydrochl ori de conposition. The one
or nore surface stabilizers can be contacted with a benzot hi ophene,

preferably raloxifene 8 h déﬁchl ori.de, eithgr before, ,during, qr after size
reducti on of the%@%@m%gﬂ & invieptign isidirerted 49 a aanopagiculate kerEthioRheRS: on

provides a Bgéf@:‘aﬁl Of a1 SIENE % o AR LB ALE hBGRE Ahiraniae lifl on
conpri si ng: con acat(?yﬁg par)?llrocﬁﬂes of "a Eerllzot h?ﬁ%eh‘gﬁwth at Qg&;grﬁé %ne
surface st aprdfileseas tampared to conventional microcrystalline or solubilized benzothiophene

15  formulations.

In yet another embodiment, the invention encompasses a benzothiophene,
preferably raloxifene hydrochloride, composition, wherein administration of the
composition to a subject in a fasted state is bioequivalent to administration of the

20  composition to a subject in a fed state.

Another embodiment of the invention is directed to nanoparticulate
benzothiophene, preferably raloxifene hydrochloride, compositions additionally
comprising one or more compounds useful in treating osteoporosis, breast cancer, or

25 related conditions.

This invention further discloses a method of making a nanoparticulate
benzothiphene, preferably raloxifene hydrochloride, composition according to the
invention. Such a method comprises contacting a benzothiophene, preferably

30 raloxifene hydrochloride, and at least one surface stabilizer for a time and under
conditions sufficient to provide a nanoparticulate benzothiophene composition, and
preferably a raloxifene hydrochloride composition. The one or more surface

stabilizers can be contacted with a benzothiophene, preferably raloxifene
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a tinme and under conditions to provide a benzot hi ophene conposition having
an-effective average particle size of |less than about 2 mcrons, wherein the
benzot hi ophene i s ral oxi fene hydrochl oride. 10 The present invention is also
directed to nethods of treatnment using the nanoparticul ate benzot hi ophene,
preferably ral oxi fene hydrochl oride, conpositions of the invention for
condi ti ons such as osteoporosis, carcinomas of the breast and | ynph gl ands,
and the like. 15 Both the foregoing general description and the foll ow ng
det ai |l ed de eyl [ : i ed to

or ovi de. 1 ur Da S o B64T sEREERRIG, Giheriine FRALRLY oF A B R BREREC o
advant ages, and novel features will be readily apparent to those skilled in
the art fromthe followi ng detailed description of the invention, 8a WO
2006/ 060698 PCTI IS200%e0 4376, thoERIESEEDIPEROR pPrvis¢sor meiRod \ERFRKIDS A

I ntroductio ¢ I [&: Qi t o nanoparticul ate
conposi ti onlga@B%ﬁlg:ieﬁ%&g&hL@ﬁgﬁ %oﬁﬁ%i?gﬁ’g,crogrfpﬁgﬂgabl y ral oxifene
hydrochlfri de. Teentsningqaitidlenst £ogmzoihsephene béthzoldisophesiefacp srbiizabioy

ral oxi fene hydroch|oride, and preferably at | east one surface  stabilizer
adsorbed on or a3diRs ardundgricandiiens g pigyides benzethaorhgne TRBPAEHOPHRYINEUI at e
benzot hi ophene, . oxl f.ene.. Woldl ] S

ef fective aver aggﬁ %E%E‘E‘gér ?‘(‘%?%e é%rtzlgﬁosfl%vggge% ktlgé{nn %gdélltj?a %ggl]gi%ﬂéﬁgvgﬁt ages

of a nanoparti cubaizetiiepteat b apikéfere hatreflgswdd.y a nanoparticul ate
ral oxi fene hydrochloride, fornulation of the invention include, but are not
limted to: (1) snaller tablet or other solid dosage formsize, or |ess
freque admi ni s t] f. 5 f L atJ on: rug
reaui Telf to- obt arperHEREE b el e rT ket Opy R T Br BeatiRRE BeRl e
convent i onaharBpaftiealays beddothiephene, Ssrkfekiblly ze6kifene My defchbrideneahposidieng;  ( 3)
i ncreased bioavailability as conpared to conventional mcrocrystalline or
sol ubi | i zedthefipyspsiopfor condiansisuelh pe AgeoRo9sis, wprcapErps s herhitcakt andtlymph
profiles, s +.Cmax, and AUC profiles as conpared to conventi onal
nicrocrystagﬁﬁﬁgﬁggﬂggﬁﬁ%iIized forms of a 20 benzot hi ophene; (5)
substantially sim/lar pharmacokinetic profiles of the nanoparticul ate

15 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 aspects, 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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benzot hi ophene conpositions when admi nistered in the fed versus the fasted
state; (6) bioequival ent pharmacokinetic profiles of the nanoparticul ate
benzot hi g ositions when admnistered in the f fasted
st at e; &@?ﬂ%’%@%&gsed rate of dissolution for the naﬁgﬁﬁzﬁﬁqéﬂg
benzothlophene conpositions as conpared to 25 conventional mcrocrystalline
or solubilized forns of the sanme benzot hi ophene; (8) bi oadhesive
benzot hi ophene conpositions; and (9) use of the nanoparticul ate
benzot hi ophene conposi tions in conjunctlon with other active agents useful
in treating osteolEBAIE )  EBEEON O NYENEHIN| ynph gl ands and,
rel ated conditions. 30 The present |nvent|on also I ncl udes nanopartlculate
benzot hypphenftirodic@ioar abl y nanoparti cul ate ral oxi fene hydrochl ori de
conpositions, together with one or nore non--toxic physiologically
acceptable carriers, adjuvants, or vehicles, collectively referred to as 9
WO 2D06/ 0606%Be piesentEreaton #3lifcted ¢ananopariculbiteconpysimins comprisiagabe

formul ated for parente jection ( travenous, intranuscular, or
subcut aheBdy oﬂsmmpmée@k @f bffmeolwdrﬂﬁﬂmed CiCQMPASIIGRS CUIRBEEI2 f or m
vagi nal be rﬁgt}qheﬁ%ﬁ)%@ﬂerabgp o@({fe?é tﬁé’l&’d@ﬁﬁé efé&&ﬁl?‘iglt §st%e §). buccal,

|ntraC|s raperitonea 0|cé1 m nil s I on, hellke 5

A pr ef estabilizelaRssBed o1 Bt 8dsotiled Mﬁthethé b@ﬁde%f&eﬁd?h%d'rﬂ@ﬁ aftmme al t hough
any pharmaceuti call y accept abl e dosage formcan be utilized. Exenplary

solid db@agﬂnmems pre ntﬂbbﬁr@loxtfme hirdsoeideride, partielgs have angffastie avezagsul es,

sachet s zen or granules, and the solid dosage form
canﬂﬁe, pgry es%gr?% eég a:?gptﬁjgbtmhosage form 10 controlled rel ease dosage

form Iyoph| | ized dosage form del ayed rel ease dosage form extended

rel ease dosage form pulsatile rel ease dosage form m xed i mmedi ate rel ease

and contr ol Addantages af e ndosmgiculate henzothiephenesiprefatablyna hdnepaericulae sol i d dose
|n|t|osThe prese i nvention is

525 Lrelt bféagoxqgﬁneh&eshl refgfgfé{it?gbqfl E? tBIivsﬂgon inelude,but grenpt ligfe Hm ‘and
t hrougheuto Lig: tQQIQLé)lCc?.hérO%{lil{l%Bsagg?or?gg}% Oosfl{sg(ﬁleﬁ ént 3dim] 8:?21 @o%’th%' e size

as used‘herein nea anopart
benkdt hfamudition; @) sipakéralozds of didd equiredt ébtain dgd¥agiel ;ﬂﬁrrp@ddld>gié£ sffect

as compared to conventional microcrystalline or solubilized forms of a benzothiophene;

(3) increased bioavailability as compared to conventional microcrystalline or solubilized
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

20  benzothiophene; (§) 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 th:e nanoparticulate benzothiophene compositions as compared to

25  conventional microcrystalline or solubilized forms of the same benzothiophéne; ®)
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.

30 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
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have a wei ght average size of |ess than about 2000 rim when neasured by,
for exanple, sedinentation field flow fractionation, photon correlation

spectrosc j scattering, disk centrifugation, a ni ques
known to W@g‘%’%@%ki Il in the art. 25 As used herein, P‘S%@ﬁ&%“@ﬁ%w be

under stood by persons of ordinary skill in the art and will vary to sone
extent on the context in which it is used. If there are uses of the term
whi ch are not clear to persons of ordinary skill in the art given the

context ipn which it |{s used, "about" wll nean yp to plus or mnus 10% of
t he paw@m-aﬁqv&mﬁoswn&emm%@ay b Barpiey Pd4 87 ATaVEROYSsed her ei n
wthr e | r S r i e

hydr ocﬁfﬂgrl gem%ﬁrggﬁéﬁggﬁﬁﬂt %?5%@%%‘53&%})?‘ Slolﬁgﬁ lﬁcg'ga’fo o ag}nog&(lot?ﬁﬂnbr e of the

f ol | owivaginal assalyatetals oculdr) locbb@aombisp@ihmmr draps) xindceak idtmdisteeddl or i de
particles dg not appreciably | occul ate or agglonerate due to interparticle

at t r actiniyaperitngals ontopinehadministratipgyanditeelikd. y 5 i ncrease in particle size
over. time; (2) that the physical structure of the benzothi ophene or
ral 3xifene hydrochl ori de particles is not altered over tinme, such as by

conver si on A gréfated d¥REIOAH DfATOedtonds & 5olRt ddshidorRl afiough 3hy t hat the
benzot hi ophene or raloxifene hydrochloride particles are chemtcally stable;

gnd/ or Ifohgl)matmteﬂi@.llw:ecetmbi@ddshg@ﬁ?wambg Miakid(iﬁmtﬁl@ycspgg Hosage ?Im?af hnot
een subj.e 0 a heating s at or .abov e meltin int o e
benpot HPUSR R nOE R i bticsfcabtnly fatbetslopstgct pORsFS: P G5t °t ne
nanoparg.l S : i i 8. t W I " or

"non- na%%%%‘%f ?Igﬁhg? gll‘ggf&?gghaéﬁg%ﬁ%’ gﬁgﬁﬁﬁghﬁf‘aﬁ%ﬂm‘é@g}sl elfg}ggnt which is
solldbi |dontrolleay releasedosags forn, Bophilized dosageformed¢laydd releassdosagedforgy eat er 15

t han about 2000 nm_ Nangparticul ate actjve agents, as_defined herein have an
ef f ect i axtendedrelpgse dasage &rm, ppisatilsrelpasgslosagg Aomm suixed tmmedigte relsasendase

2" sor utschPRE SRRHPURaBE AD. ofF lRBARH Biof A Rple [Peq BB PERG) oy "

about ZQprferred/ M., preferably less than about 10 ng/nml, or preferably |ess
than about 1 ng/m . As used herein, the phrase "therapeutically effective
anount” shall nean that drug dosage that provides the specific

phalrsrra(:é)_l oglﬁg{ni{iggéoonse for which the drug is

The present invention is described herein using several definitions, as set forth

below and throughout the application.

20 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.

25
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.
30
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adm nistered in a significant nunber of subjects in need of such treatnent.
It is 25 enphasized that a therapeutically effective anobunt of a drug that
i s adm ni particul ar subject in a particular_instance will not
al ways beaéfﬁﬁg?%gggin treating the conditions/di seasesPEEYEHHEHer ei n
even though such dosage is deened to be a therapeutically effective anount
by those of skill in the art. 30 C. The Nanoparticul ate Conposition 11 WO
2006/ 060698 PCT/ US2005/ 043707 There are a number of enhanced

phar macol ogi cal characteristics of nanoparticul ate benzothi ophene

conposi t i onsAbysedhisrein withseferange i # sfable benzothiephens on astabiealoxdBng ity 5 The

benzot ANk Be A AldrARs Bt 10 RoRESRANS ohEYERLOB mPtRAP! v al oxi fene

hydr och ns he 1 nventi on, I'ncreas

bi oavai paadihdtersy (13t benbsthiophene staaRxifend Meirsohltrideqiaziilés dypie appreciablyr equi r e
smal | er doses as conpared to prior conventional benzothi ophene

f or nul aflacenlate armgilomenaje duaicointarparticle attraghiver fonees Do otheawise bigoificartly

aanni apiPay ip gatche et R, (Didoftefe BRY 3%t VB e hipEhRRs "
admi ni skl hfrochlofRPasitE LR Aot Ql‘té%édD&FeYﬁlhﬁ', Lﬁdﬂ?asrb?'!c%ﬁ‘#é;r;ﬁﬂﬂ flaygapchl ori de

tablet 1n a tasted state. The non-bi oequivalence Is Significant because it
means tdmxirphdis phaseofoardrystalline phasé5(3) dab e fbenzothipghenehdroaloxlidferdosage f orm

exhibits signifjcantly greater drug absqrption. And . for fhe nanoparticul ate
ral oxi fBIHE PRFtEslgsgEe Ei&‘&ﬁ%l%f 9ok ("c)i‘z?laraa{hﬁabeamthkoaﬁ%wr

conventj ' 1 i | OXJ ' .orm the
manoparteap by GGileRias nBFbéch BbleLCRG HUMAGH B insBolRRHRINEL T, Contain
si grii f i momtdfYthd kaothichhendTbiialoxifene hpdro@adridedit it preF&hﬁdri é£me hydrochl ori de
dosage formsignificantly increases the 20 bioavailability of the drug.

Mbr eov eanopartielas phtheipseseritiavetionxi f ene hydrochl ori de dosage form requires

| ess drug to obtain the sane pharmacol ogi cal effect observed with a
conventional mcrocrystalline ral oxifene hydrochl ori de dosage form (e.g.,
EVI STA(T)) . Tikeesh Ot Svehticha Do aR0ARAMSparAItE aétﬁ}eoig'eﬁ@@ﬁalmﬁ@ﬁr%ﬁ” oride
dosage form has an increased bioavailability as conpared to the

convent activelhgemit sihictr iy solabilized or whishithe areffigctive ahdrage particle sizg ef greater

15  than about 2000 nm. Nanoparticulate active agents as defined herein have an effective

average particle size of less than about 2000 nm.

The phrase “poorly water soluble drugs” as used herein refers to those drugs that
have a solubility in water of less than about 30 mg/ml, preferably less than about 20
20  mg/ml, preferably less than about 10 mg/ml, or preferably less than about 1 mg/ml.

As used Hemin, 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

25 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.
30 C. The Nanoparticulate Composition
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12 WO 2006/ 060698 PCT/ US2005/ 043707 2. The Pharnmacokinetic Profiles of the
Benzot hi ophene Conpositions of the Invention are not Affected by the Fed or
Fasted St Subj ect I ngesting the Conpositions ositions
of the prgggﬁ?8$%%§ﬁtion enconpass a benzot hi ophene, pr%?&pgﬁﬁgaggpbxifene
hydrochl ori de, wherein the pharmacoki netic profile of the benzothiophene is
not substantially affected by the fed or fasted state of a subject

i ngesting the conposition. This nmeans that there is little or no appreciable

difference i the quantity_.of drug absorbed or . the rate af drug absorption
when the nan ?f“i’egtﬂu&i‘??r oiﬁ‘ﬂl?@ﬁ%?mbq?i%?a?ﬁh@%?ﬂ%c? 0?al oxi f ene

hydr oc j Rz%éﬁl ehrRditond StiRE Bksét intdiBoh €d versus the fasted
state. ngselgg%lﬁ%%ﬁ%;ma og ge e?c(rg)r r@%m suggt gnt ilgjl yoel i mnates the effect

of food include an increase in subject convenience, thereby increasing

subj ect conpi.i anChicréised Biofiailability 15 does not need to ensure that they are
takisng a dose either with or without food. This is significant, as wth poor
subj ect co i i I .cal |t A t he drug
s "bei ng. pr ol Piebob 5 RER RNt SANPRRAGR micBRGh, ritfrab B S 8 O

pr obl erydrévhl g fofmblatesis ofal@invamtion, wthibit lickaBedbibhwilabiliey sithé saste
ral oxi fene hydrochloride. 20 The invention also preferably provides

benzot Masphéths semeperiothiophenes ardreguire smallsx dosea @s hgmipaed kwoptiete conposi ti ons,

a0 B e Bl Bk bt oL ga gl Lo
COonppsi E}jd%b‘}ﬂdi{cﬁ:ff%ﬁﬁhﬁt‘{oﬂsn CﬂHﬁQ,%nan@Hirfihﬁa@%lo&ifEﬂé BArdcBlor{dbhatleCfn for 25

benzot hi'ophene, when assayed in the plasna of a marmalian subject foll ow ng
admi ni sadnsinistamed toteeptatiest ipracthsted btate ig nettieaquivadant thadntinjstration af a

non- nanoparticul ate benzothi ophene fornul ati e.qg., .EVISTA(r)),

admi ni s‘i%‘?’@‘&m&’@{ m%ocg&%@ﬁasg%lagl?ﬂ{aﬁ’aﬂwﬁgv% mgi}’th)@?qst?fi SB"E?r_zojt hi ophene, when
assayed in the plasma of a mammal i an subject follow ng adm nistration, that
is preferably greater than the AUC for a non 30 nanoparticul ate

benzot hi opheTige hc-bivt@tivalendeds gignificitSEA{Ise It meuhgithit Heatapaticilae sanme

dosasge; and/or_ (3).a Tmax for benzot hi ophene, when assayed in the plasma of
a 1 raloxifene hydrochloride dosage form exhibits significantly greater drug absorption. And

for the nanoparﬁéulate raloxifene hydrochloride dosage form to be bioequivalent to the

conventional microcrystalline raloxifene hydrochloride dosage form, the nanoparticulate

raloxifene hydrochloride dosage form would have to contain significantly less drug.

Thus, the nanoparticulate raloxifene hydrochloride dosage form significantly increases the
20  bioavailability of the drug.

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

25  nanoparticulate raloxifene hydrochloride dosage form has an increased bioavailability as

compared to the conventional microcrystalline raloxifene hydrochloride dosage form.
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mammal i an subject follow ng admnistration, that is preferably |ess than the
Tmax for a 13 WO 2006/ 060698 PCT/ US2005/ 043707 non-nanoparticul ate

benzot hi o lation (e.g., EVISTA(r)), administered at the same
dosage. TW%@g{D%GE?e phar macoki netic profile, as used hBFEUS2005843797

phar macoki netic. profile measured after the initial dose of benzothi ophene. 5
I n one enbodi nent, a preferred benzot hi ophene conposition of the invention
is a nanoparticul ate ral oxi fene hydrochl ori de conposition that exhibits in

conparative _pharmacgki netic testing wth a _non-pangpartjcul aje

benzot hi ophefre foﬁﬁ?gﬂ‘ﬂﬂ?‘ﬁ@%t.‘c, b "‘%&‘f’@fﬁ\l’? ‘,‘z"atgﬂ’ip Fu¢ g"@tp"é’ct“’t“ﬁe sane
dosage, a T. not ¢frithadnyentinpmaredingAffegted hiothe EpdorEastedStatehout 80% not
greater than abouef theBubjest Ingestingthe Gampabitions 60% not 10 greater than
about 50% not greater than about 30% not greater than about 25% not

great er t hanTRb&IMposfiéns BPthere@ninvemirn cabSpashaBennRhiophel er t han about
10% or not greater than about 5% of the Tmax exhi bited by the

non- nanprpferabily dlenifend bydrochiovidb.omkerein thepHasmacokinetis profilapbtheer enbodi nent,
t he benzot hj ophene, co sjti.on of. t inv ion . is a anoparticul ate

ral oxi 1 BAZO SpT Bibelahiale irectet oty Sl arBstedtle of SiDRIRKL | oo

phar macgki i | W : o i

P ormt e et the dERldsibalhinls BBV RAAGRR IE WL B St LA HARERT

whi ch i theguahtétpof drbabsorbed/pr thie rite af drugabsorptiddOen the nasesdrtialiat 200% at

| east about 300% at | east about 400% _at_ | east about 20 500% at | east
abol®t  ebrwethigrhens, prefengblyiralpadisne BydrochipridegeompostispypreadmigisisredBout  900%

at | eas t ast about 1100% at | east about 1200% at | east
O e

about 1 eas olit 1400% at | east about 1500% at | east about
1600% at |east about 1700% at |east about 1800% or at |east about 1900%
greater than the C. exhibited by the non- nanoparticul ate benzothi ophene

f or nul at i on. Bemefityofjaedosage faray which sehstastially eliminatss thet dffesphtfeed dagludesi t i on of
the invention is a. ral oxif.ene pydrochl ori de nanoparticul ate copposition
exhi bi 1 8RR R ieF o S PEIEPR s BSp PG R aR, 3 SRRt i cul at o
et SRt AP o YA iR SR PLRE, Shiffe Sare
about 7&ghifinant] ssagith pdoristbje008Gmp tanteeasincebsein themedicatcondamn for
which the drug is being prescribed may be observed, i.e., osteoporosis or cardiovascular
problems for poor subject compliance with a benzothiophene such as raloxifene
hydrochloride.
20
The invlention 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 Cpax for
~ 25  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 henzothiophene, when assayed in the plasma of a mammalian subject
following administration, that is preferably greater than the AUC for a non-
30 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

13



about 150% at | east about 175% at |east about 200% at | east about 225%
at | east about 14 WD 2006/ 060698 PCTI US2005/ 043707 250% at | east about

275% at l‘félg,‘};,” @9&2{ 300% at | east about 350% at |east about 400% at

| east abou 5% | east about 500% at |east about 55BCF/USEO0SA4Y7 ahout
600% at | east about 750% at | east about 700% at |east about 750% at

| east about 800% at |east about 850% at.|east about 900% at | east about
950% at | east about 1000% at |east about 5 1050% at |east about 1100%

at | east about 1150%. or at |easf about 12009 er .than the AUC

Gxhi b+ I BPOPHECRBK braroBianbr TR ABem G nF ST e e e g,

EVI STA( Bi ¥mfboliR&icBROARt I QR RaRiCapesi tions of the 10
Inventi%%lne\&oreéﬁgei m ﬁ#gllfgdrlggﬁl n t%eﬁ%ggﬁVeréus tﬁe Fias’ted State The

I nvent i pharmbheskiretic peglils secmsared afifyahe inital dosepf beazsthiophemeopar ti cul at e
benzot hi ophene, ' preferably a nanoparticul ate ral oxi fene hydrochl oride, in
which adm nistration of the conposition to a subject in a fasted state is

bi oequi val en{_ t Wl t . OS] .1 lect.in a fed
tace. The dmnddelboBiit S bsRsAbsRigdis e TRARLIHE of Sedpieoia 1
nanopar hdrophriictlateteloxEeRd RRde¢oride ddbfpositioh tivat ekKiBitE Cudidrateue! at e

ral oxi f ene hydrochl ori de when admnistered in the fed versus the fasted

stat e, pharpaedkinetiotestingyuith snen-nanopartieBlxge hengethiopheneformblation §084 | ess t han
about 9 han about .20% |gess than about 15% | ess n . about 109%
ess t PEISHARE anlaPr B Hin Bftas » Sous 1oR AT RBAEPNSOOAt e
I nvent | glatef M%b@%p?@&&@&%ﬁlﬁﬁmﬂ%%?%s %rréét&%% ab&R%0Minephene or

preferably, the nanoparticll ate ral oxifene h ochloride, wherein 25
adnithi sgreatet than about36%6 aopgreater than abowt 39U netgreater thaf abdwe@5%4, abk i S
bi oequi val ent to administration of the composition to a subject in a fed

sta'é e, @saighthen aboul 203 ngbereaistthay abeyhl15%, gaohgscater thae aboutd 036, 9ROy t he U. S.
ooncy PEmehshat R 5% bR, UM byiR AGERARHLAG.RH RF8M

pehﬁ atory

bi oequi foamatitionf the 90% Confi dence Intervals (Cl) for AUC and gOSC‘rfﬂnr ear e

between 0.80 to 1.25 (Tm neasurenents are not relevant to bi oequival ence for

regul at ory purposes). To show bi oequi val ency between two conpounds or

ad rTHq Istrati nanthSGr embodiment, the benzothiophene composition of the invention is a
nanoparticulate raloxifene hydrochloride composition that exhibits in comparative
pharmacokinetic testing with a non-nanoparticulate benzothiophene formulation of (e.g.,
EVISTA®), administered at the same dosage, a Cmax Which is at least about 50%, at least
about 100%, at least about 200%, at least about 300%, at least about 400%, at least about

20  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 Cyax exhibited by the non-
nanoparticulate benzothiophene formulation. N '

25

In yet another embodiment, the benzothiophene composition of the invention is a

raloxifene hydrochloride nanoparticulate composition exhibits in comparative
pharmacokinetic testing with a non-nanoparticulate benzothiophene formulation (e.g.,
EVISTA®), adrginistered at the same dosage, an AUC which is at least about 25%, at

30 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
14



WD 2006/ 060698 PCTI US2005/ 043707 conditions pursuant to Europe's EMEA

gui del i nes, the 90% C for AUC must be between 0.80 to 1.25 and the 90% Cl
for Cm mdid )&) 0.70 to 1.43. 4. Dissolution Profiles_of the

Benzot hi ophene Conpositions of the 5 Invention The benzbtHUSEHEAE707
conp05|t|ons of the present invention have unexpectedly dranmatic

di ssolution profiles. Rapid dissolution of an adm ni stered active agent is
preferable, as faster di ssol uti on general ly leads to faster onset of action

bi oavar Pt %?Sfcﬁ U136 e oot Bt Teast ot A Mt Gk s A6
Par i cUbdlbes iort 3 @?tﬁose%wm& B AR bl Y50, s aponeci et i

could attarn a |ophene conp03|f|ons of the

present ldast\aetslttwcm%, labRlastchboat T08P/&>at feastabodts7504) aﬂlebétwbodmmtsmobaw ons,
preferably have a dissolution profile in which wthin about m _nut es at

| east ablut 85065 aifeashabauy 390 Qtl least abouy P30%) atdepst ahpupd ﬂ@%eﬁﬂ%t oMt s of the

o 1 PRl BRoaRF o ikl AR bk e bR BRRARROMBERER i o, 11

yet ot hﬁtem@eﬁluﬁﬁeas t1f ndnDiganb anh@menwtﬁtgt@blfumattaﬁ Sglg about 40%
about 50% about 60% about 70% or 20 about % of the benzot hi ophene

conposi EVSSTA®). preferably the raI oxi fene hydrochl oride conposition is
di ssolved within about 10 mnutes. Finally, in another enbodi ment of the
i nvention, preferably at |east about 70% about 80% about 90% or about

tSS%SLl LP?deb§SZﬁ%‘§t ARGy of %W@ﬁ‘* “’g Gapofpolnol i o s
£o ‘Sgyrw 'éé ?’géos léﬁt %F§t§¥$f%natlng Such

| ut
a di sgo: Stnl Iofl Ironadl umw || produce two ver d| fferent di ssol ution curves for
two products %H\YFW@OW@WC%W%M CGEHBQ%PQR ?Q?F’PTWJEB@P&OH"‘H“‘QE?& ric juices,
2 oo DR eHE R B BLEA iyttt f SARRUTT o of @

conposi tTon ne di'ss an’aqueous nedi um

cont ai nhdlﬁuﬁsﬁﬁu@mbfﬂﬁto@ﬁipoﬁtﬁﬁhmhl?djlédfﬁn 8 tdstediseateds Blodyddvalldnt et er m nation of
t he anpunt di ssolved can be carried out by spectrophotonetry. The rotating
bl ate nedmipistration ohhwrcoripasibiar Eposutigct imm fedstalesed t o nmeasure di ssol uti on.

16

The difference in absorption of the compositions comprising the nanoparticulate
benzothiophene or preferably, the nanoparticulate raloxifene hydrochloride when
administered in the fed versus the fasted state, is preferably less than about 35%, less than

20  about 30%, less than about 25%, less 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
25  administration t)f 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
Cmax 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
30  Chaxare between 0.80 to 1.25 (Tyx measurements are not relevant to bioequivalence for

regulatory purposes). To show bioequivalency between two compounds or administration

15



WD 2006/ 060698 PCT/ US2005/ 043707 5. Redispersibility Profiles of the
Benzot hi ophene Conpositions of the Invention 5 An additional feature of the
benzot hi o sitions of the present invention is_that the

conposi tions redl sperse such that the effective average PSFUSEI4%% of the
redi spersed benzot hi ophene particles is |less than about 2 mcrons. This is
significant, as if upon adm nistration the nanoparticul ate benzot hi ophene
conpositions of the invention did not redisperse to a nanoparticul ate
particle sjze, then the dos rm, | gse_ t h 0 fit fforded by

P o mul RPROnh B ERBLCR BPERR SHIMEf S1detineh oot gy 8T Spusthebebycsa” A
nanoparg b d ' fo inyention is an effective
averageé'%gwt F‘éfgﬁ 4 g‘%z%m?dergm% ﬁng%]ﬂ%tg\gﬁe?ﬁ%%tg lrizrﬁ?' | ndeed, the

nanoparti cul ate active agent conpositions of the present invention 15
benefit fromthe small particle size of the active agent; if the active
agent does rbt rRisselytiondrpfiles of theBenzofiiopheneLompasitipnhokiligi ni strati on,
therd "cl unps" or kyghtinerated active agent particles are formed, owing to
the extrenely high surface free energy of the nanoparticulate system and

t he t her modymidbéhzethiophefe Ethpdbitichs J€ MePtesedtinOdBiod Have ufekiette@ly i n free
energy. Wth the formation of such agglonerated particles, the 20

bi oavai drabati¢ digsafitiomprofidesa dkapidodissotutionfoflah administbred mstivhagentisser ved wi th
the liquigd i spersion formof t nanoparticul ate active, agent. In other
oo HReEtg, 3R FisteraisnRiBh 2cnarally AR Setes Gobho) SENPLINLSIEI: of or abl 3

ral gxi f i - | rd:d | .0h; e an effective
ave%geﬁggvra{ﬂ%gl?lygr gierhﬁggeg%*éesgisﬁ?ﬁ%&o% %lljc%ﬁl\éggésﬂa? Egg%gbout 1900 wa, |ess

t han abbazoth&phenespand mbsxifehahydrbchloride/@artivnlar cis § usefinl taboreaselthé0 rim | ess
than about 1500 rim |ess than aboui 1400 n | ess than about 1300 nm | ess
t han ab®ys’smssolutign sotiat it qonldatiagby levehdeseto A0%ess t han about 1000 rim

| ess than about 900 nm | ess than about 800 nm |ess than about 700 nm | ess
than about 600 nm |ess than about 500 nm |ess than about 400 run, |ess
than about 3Pkk BehzoBflophRAS cohpdyitadHe WF theafesehiinvefich, ittiutlifbRWxifeRY nm | ess

t han about 150 nm .l ess than about 100 rim |ess than about 75 nmu, or | ess

t hahS abhjidrodhdoride compositions;peefetaplyl hayh a-disselution prafile ivwhichxitdu alzme§8
EEC;I'/h gggr%grgl,/t%ﬁ Iengtf qh%%% %2 Sof thrg C%I;l?p%%l%%}ll’is &}gso?\}e .erIn % err %Blrbbgluneen{ge c}f Ql?ed s. Such

invention, at least about 30% or about 40% of the benzothiophene or raloxifene

hydrochloride composition is dissolved within about 5 minutes. In yet other embodiments
of the invention, preferably at least about 40%, about 50%, about 60%, about 70%, or

20  about 80% of the benzothiophene composition, or preferably the raloxifene hydrochloride
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.

25 ‘

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

30 anaqueous medium 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.

16



|

measuring effective average particle size are known to a person of ordinary
skill inthe art. 6. O her Pharmaceutical Excipients 5 Pharmaceuti cal
conposi tions according to the invention nay also conprise one or nore

bi ndi ng aY&hi086/0606%8 | ng agents, |ubricating agents, suspRGHUSRIOHSHS,
sweeteners, flavoring agents, preservatives, buffers, wetting agents,

di sintegrants, effervescent agents, and other excipients. Such excipients
are known in the art. 10 Exanples of filling agents are | actose nonohydrat e,
| act ose anhydrous, and various starches; exanples of binding agents are
various cel I uI oses and cross-1linked polyvinylpyrrolidone, mcrocrystalline
cel | ul ose, Avi ce| vicel] (r PH102, mcro stalline
cel | ul ose, d Si F@?P?Yéw&%ﬁ@%ﬂ?&ﬂg‘? ﬁﬁ‘ézo('ﬁléig’l’gﬁ%"s °m°6‘§8P\’/°f% SMCCT") .
Sui t abl e | ubri canfnventige| udi ng agents that act on the flowability of the
powder to be conpressed, are colloidal silicon dioxide, such as Aerosil(r)

200,_talc ear,i.c, e |um st arate ci um.stearate nd silica
gel 5 20 Exan%péédlalpnévegwsﬁ??ﬁe Wigphen, cominosgions ot ﬂw.m?sspt BYeliBner, such
as sucr sﬁiéeo d acsul f ane.
Exanpl elg oé@kgﬁgégg ss'égﬁg}b {gﬁggﬁﬂ‘?q‘?t"?ﬁe mar ff t%&FCO) , bubbl e
gum f aredfsperaeﬂibénzutlﬁombﬂa/pa:racles ildsstthan dbiokie2 nﬁ&oﬁxaﬁhﬂs%s@mﬁpm,s&sr vatives
are potassium sorbate, nethyl paraben, prapyl paraben,  benzoi¢ acid and its

salts, ibupeR administeatign the-nanppatiswatsdisntsithiopheng comprsitiony,efthe fventiem

o con0l Sa3HERORBeSLIYE afloghBlle SLASUSL:, BUPARIILoAIIRRMITOAYED a5 pherol
PCTI(US20efifb3ftRded b%ufohatmlaﬁngitﬂe%ﬁ&&hioﬁﬁédédﬁo&h%weﬁlh@qiamﬂ@ﬁz@ pt abl e

inert fillers, such as mcrocrystalline cellulose, |actose, dibasic calcium
phosp haAel,an@Imt;Matc dize suitabli for the present invention is an effective average particle

size of less than about 2000 nm.

Indeed, the nanoparticulate active agent compositions of the present invention
15  benefit from the small particle size of the active agent; if the active agent does not
redisperse into a small particle size upon administration, then “clumps” or agglomerated
active agent particles are formed, owing to the extremely high surface free energy of the
nanoparticulate system and the thermodynamic driving force to achieve an overall
reduction in free energy. With the formation of such agglomerated particles, the
20  bioavailability of the dosage form may fall well below that observed with the liquid

dispersion form of the nanoparticulate active agent.

In other éembodiments of the invention, the redispersed benzothiophene, preferably
raloxifene hydrochloride, particles of the invention have an effective average particle size
25  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 S00 nm, less than about 400 nm, less than about 300 nm,
30 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

17



m xtures of any of the foregoing. Exanples of diluents include

m crocrystalline cellulose, such as Avicel(r) PH 01 and Avicel (r) PH102;
| act ose s ose nonohydrate, |actose 5 anhydrous, and Phar mat ose
DCL2I ; di @%@%’%@g’% um phosphat e such as Entonpress ;: nBAHUSHIOSO&%: ch:
sorbitol; sucrose; and glucose. Suitable disintegrants include lightly
crosslinked polyvinyl pyrrolidone, corn starch, potato starch, naize
starch, and nodified starches, croscarnellose sodium cross- 10 povi done,

sodi um starch gl ycol ate, and m xtures thereof., Ex | es aof effervescent
agent s @Fgloé?’fngf‘ CPner Qfﬁermpé?gopg@@rfn@&q ﬁwbm@&ﬁmﬁaﬁw a carbonate or
bi carb Kiringe j £ i | ST bk {1 tartaric,
mal i c, O@gﬁnarl g%ﬁgﬁpgﬁg@agﬁg%@ﬁ%%&%%ﬁg%&?ﬁ aclgéa}écl)rgs an(lg‘g'gnsl%%ﬁ tﬁggrt and acid
salts. 15 Suitable carbonates and bi carbonates include, for exanple, sodium
carbonat e, sodi um_ bicarbonate, potassium carbonate, potassium bicarbonate,
magnesi um caé-bonaOtherdharmacenticaliBxeipientvonat e, L-1ysi ne carbonate, and

argisni ne carbonate. Alternatively, only the sodium bicarbonate conponent of

the~effervescent couple may be presept. 20 7. Cqnbi natjon Pharmacoki netic
Profile Co pestdical s S‘é‘ﬁ’&? ﬁ@Pf‘g%@o‘gﬁﬁmenB?n e ajsﬁ\?@ﬁ’ﬁ’rlé%?m‘amfi rst
nanopart.i : tetig i LLAR, i ene

hydr oc h#gﬁ%dgaégﬁg%éél?t |lor1%)$%§§\’/ }@ﬁ%&? agglgt?’rse ﬁ&{)d?ﬁ%%tg%v&%{te?féfspr ofile is

po- adm flavdridgegdents auesentatined, puffei] wettihg agahts, disistograntsasdferydsberd agéits,| east one
ot her benzot hi ophene conposition, preferably a ral oxi fene hydrochl ori de
corrposiqucﬁil,left%m’@é%eﬁ‘ggéﬂlﬁlﬂé%ﬂfﬂ%mmF\‘@Péﬂt phar macoki netic profile.
I\/bre(\) than two benzot hi ophene conpositions, preferably ral oxifene

hydlr ochl ori de conpositions, can be co-adm nistered; sequentially

adm ni st er edExshple@sfiINA agoifts h 1hdissemdrvhy @y Rickise RRIgAeouss AREPOSi ti on,
preferably ral oxifene hydrochl oride conposition, has a nanoparticulate 19 WO
2006/ 0cuB8®s PETchessx@0ples 4§ bindingrgents ateevagions celhileses dutl ¢roswrkihkedine or nore

e PR ESERE, l5Sy S JBEoRab Al o by o " 2
ot her, Tar0S e ERARLC GlRE befalisHeq e Nblink cdufls @Gl 0" o2
benizot h§pjgeavy, or (2) in the dosage of benzot hi ophene. Such a conbination
conposition can reduce the dose frequency required.
Suitable lubricants, including agents that act on the flowability of the powder to be
compressed, are colloidal silicon dioxide, such as Aerosil® 200, talc, stearic acid,
magnesium stearate, calcium stearate, and silica gel.
20 '
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.
25 .
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.
30
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I f the second benzot hi ophene conposition has a nanoparticul ate particle
size, then 10 preferably the benzot hi ophene particles of the second

conposi ti | east one surface stabilizer associ i e
surface O%%@é’/ﬁ@ﬁ%s particles. The one or nore surface @ﬁﬂ?%é@?i&can be
the sane as or different fromthe surface stabilizer(s) present in the

first benzot hi ophene conpositi on. 15 Preferably Wnere co-adm nistration of a
"fast-acting"” formulation and a "longer- lasting" formulation is desired,

the two for Iatlo are, c ined wthin a sin ositjon, for exanple
 Gual - of caSuereATudts ioRds b By RekatBlsiput AlBSichly [ n 50

Conj unc PAfl rably a

ral oxi f}edrlléeljalqud%glghl or| 8“Md&eégﬁﬁczcﬁyg?%ﬁéﬂa?m@/%%ﬁ}gdﬁscan (grddl tionally

conpr i senixtaees@f anpofthe cﬁmegmngs Enamples of dildentssihclode mixybeaygtallins icsllulosegast
cancer, or relateg conditions.., The conpositions of the invention can 25 be

co-for nﬁ‘l‘céltaée‘ﬂ(ﬂml PH10 apd AwicehcPHIQ2; Ag?é@ﬂe§uclbas ]@ﬁ@s%@ﬁp@ﬂdﬁt&r@ﬂ@iﬁ t he

t tiall t '
con) e ARBIE e HTBRE AR ol Bic G bspibe S B Eaffofictier ui 11
treati ”Elaﬁﬁft@loﬂgfcﬁséo?bﬁél SRk Neeshdilst ] ons, such as Paget's di sease,

include, but are not limted to, calcium suppl enents, vitamn D,
bi sphosphonat es, bone formati on agents, estrogens, parathyroid hornones and

selective 30 receptor nodul ators peci f xanpl e of drugs include, but
are not |ini 1Saaah16dlsmt%emw§t1®e§ksa§&ﬁsoeaitr@éﬁ B&ﬂ%ﬁeﬁ%ﬂ sodi um

(Boni vaGed, sl netendl Sglhull 20,60 de&%ﬂﬁ%r asza(m.)@?a@etgm@; dgor one and

deri vatives suc brl par a ona e (Fosamax

a )10 angdovidbfd, sediim s&%lag@bsua&(aﬂd)mmﬁn@@&iereroancer drugs include, but are not
limted to, chenotherapy reginmens, paclitaxel (Abraxane(r) or Taxol a ),

doxorubicin (Adrianycin it ), pamdronate di SOdI um (Aredi a(r)) 5

| A A h
O oxan(r ) Y ExalgplRs BF Sitbrbsce TR hiY ire B RORUEd duch 5 i RREASRPART 7o
(Ferer aid ) cubbft UZHERBonkESERMd BEil) aolR ARl eym%ee&&ic) tanoxi f en

citrate (e.g. Nolvadex(r) docet axe Taxotere(r)), etl t abi ne

( Xel oda(m‘bahp, makie feharic adqﬁatsecoﬁﬁqlaadalg”nn}:)apldaladd mdi)dddeermtd avid shlits.

(Zomet a npl es of chermt her a‘#’i/ éonbl nations used to treat breast
%l

canéer S Hitable sar%ma}esm dcjearbonates rExgmpleasndiym casheppis: ok o
(Amet hOB}cgfﬂoﬂs{e, pot%%m gér&natg,?}o%s(lﬁﬁ-n)blcﬁg&ate, magnesium carbonate, sodium

glycine carbonate, L-lysine carbonate, and arginine carbonate. Alternatively, only the

sodium bicarbonate component of the effervescent couple may be present.
20 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

25  atleast 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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fluorouracil (Fluorouracil S, 5-Fu(r), Adrucil(r)) (this therapy is called
CVF); (2) cyclophospham de, doxorubicin (Adrianycin(r)), and fluorouraci
(this the ' |l ed CAF); (3) doxorubicin (Adrianycin(D) and

cycl ophosgﬂgér/%oﬁiwg is therapy is called AC); (4) doxor @%%?05/043707
(Adriamycin(r)) and cycl ophospham de with paclitaxel (Taxol (r)); (4)
doxorubicin 15 (Adrianycin(r)), followed by CM;, and (5) cycl ophospham de,
epirubicin (Ellence(r)), and fluorouracil. D. Conpositions The invention
provi des copposi tions, conprising nanoparticu | ate henzot hi ophene,

pr ef er aBREAClE sizg) teiadditional enese pIass perzothiophene cermpesidonsicapdsst one surface
stabili I .20 L ] . y adsorbed to or
associ a?‘ gﬁdo p\i’\‘/lilE [&ﬁlaﬁ;gglgﬁﬁ%zgé,eorg%%%{erh%rgha;rg?ﬂ?tg "‘gtifg é3§1ér't icles. Surface
stabilizers useful herein do not chemcally react with the benzot hi ophene

particles or itself. Preferably, individual nolecules of the surface
stabi | i zer al&e secondithirt] fputthenic., bymzpthiaphans eampasitions gaw diffenfmgetbe The

conpgsi td gns n copprjse-.two or, nore surfac stabilizers..25 The present
VRt i O A I G e e SRampler b e B R P R GUR ST o ons.

t oget hepeMiokiiohafie: Vr (FPHah QhsahO 8T BerBihiipheAd SithlaVeodfifRiP! e carriers,

adj uvants, or ~vehicles, collecCtively referred to as carriers. The

conposi compssitancanaedurerthe dosedrekjuengyaequitedr al i nj ection (e.g., intravenous,

i ntramuscul ar, or.subcutaneous), oral admnistration in solid, liquid, or
aerosol form vaginal, nasal, rectal, ocular, |local 21 WD 2006/ 060698

PCT/ US2005/ 0 : ' ; [ aciast ernal ,
i ntraperi tonﬁ?zeggﬁ?%\@@w}%%ﬁfﬁgéégﬁ g%%p?ﬂgﬁ?% earﬁ?é i ér@%’t hi ophene
5 Bedzophdferpbignie: enzethi@hiend peticlesd of the sécdndkbipositiex hive léustisrechl ori de, can

be in a crystalline phase, an anorphous phase, a sem -crystalline phase, a
seni - amsugg stabPizar essociated avith the syrdacetof dheedrpig pamticleBe ko Pn¢ opmeite or a sal t

t her eof , _pref bly raloxi fene hydrachl gride,, of the .10 inventign is poorly
ol ubl o SR abe o P8 he S8 el EtEctet e e S Sotataliporly B o

di sper siyigEstndothfophBietompdiftiol spersi on nedi a can be, for exanple, water,
safflower oil, ethanol, t-butanol, glycerin, polyethylene glycol (PEG,

hexane, or glycol.

15 Preferably where co-administration of a "fast-acting" formulation and a "longer-
lasting" formulation is desired, the two formulations are combined within a single

composition, for example a dual-release composition.

8. Benzothiophene Compositions Used in
20 : 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
25  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
30 receptor modulators. Specific examples of drugs include, but are not limited to,

risedronate sodium (Actonel®), ibandronate sodium (Boniva®), etidronate Disodium
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The benzot hi ophene or a salt thereof, preferably ral oxifene hydrochloride
active 15 conpounds, useful in the current invention can al so be nmade
according to established 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 Peters; and

Eur opean Patent Application 95306050.6, Publication No. 0699672, Kjell, et
al., filed Aug. 30, 1995, published Mar. 6, 1996, all of which are

| ncor por at ed 61?»&5%1@5 A sird%nwog SafENFRAlves iAol ALRSS ¢t ﬁa&faewi th a

benzol[ b] t hi ophene roxyl group and a 2-(4 roxyphenyl)
group. m-tem@ralelntgomerﬁmsmdax@, apd otleitdren (Macylca®d, and deprotected to
formthe formula | conpounds. Exanples of the preparation of such conpounds

are pro 1%21%9%41'@0}&6{ srnaudgalfu?g];e noqllxﬁﬁfé??c?%hﬁ\ggt\ﬁ@laﬁg1635%6119 gclm)?el?' lizers 25

Prefera iI"cul"at'e ral oxiTenre rrp03|t|ons of the

present (ABREd@®or THRNO®), WdxbRBIcAE (AdrEaniy@in), ﬁaﬂemmwaxscbdlmﬂ(ﬂleemppart icles
that is conbined with a surface stabilizer, and conbinati ons of nore than
one Bur PARE0SQIaEAINIdIX®)g axeNIRStANS SATaTRASIIRY. eyclenbRsPlaRVdntGYeKan8), Usef ul

surf ace SEARLLIERLRM: Bl iH R BIBLEY 30 & Bic FEr AT LAD.0G! ude, but are

not lim I'norgani c ph(ar maceut i cal exci pi ents. Such

exci pi eHercepB@Pnkgedid) (UBEE R TNB3RITET 61438 g. Nolvhdsk®)y dsdcaitsl pol yners,
| ow nol ecul ar wei ght oligoners, natural products, and surfactants, Sur f ace

st abil i i@a@wrﬁ@mmee%@hmsrﬁKéloda@ @RpeelinenetaimiZolades®) cand zaledsapia a4 i oni ¢

f};(rj]; gi;g?é@g a@) %ﬁﬁgggéiacthfn\ﬁ%ﬂﬁfaﬁgw ﬁ]%ln%tloﬁéjlg efi‘%a tlézh%ﬁ)éasf tjza%gi dxélﬁée‘*'??)

hydn OXymly@lb)dlhdsghzimid@f(eytox@ﬁ@)’\nhdﬂlydtfh)(ﬁﬂéQNﬂw’(dptel ﬁl@d Mlemate@; Polex®)| drdt €,
di octyl sul fosuccinate, gelatin, casein, lecithin Bhos& ati des), dextran,
gum acadlugrowaol @é*{%@‘ﬂﬁml@r%rﬁé@aﬁﬁhml@}) s therapy i, ca Ro@)um chl ori de,

cal ¢i um {:I%ﬁﬁc?sﬁoﬁam%ley&o%{gﬁ*blmggﬁhﬁﬂgf&}@ aﬁgtiﬁ?{]o%?ﬂéc e(tln% 1%hap¥t %(éaﬁlgg @chpgol

10 enul si ers po yoxye

macr 090|(3)3@di©ﬁtﬂ)1§lu((hd11@1&{@1&@9@@6%@110%9&%610 @mlsmxa/;@tlbyhlmeA@ﬁu)or oi |
derivatives pol{oxyethy

ene sorbitan fatty acid esters ]§® &d
com*reerﬁ’P(PSP wiin{ AdimeycTyRbans ayrlophesphayides veith pap\h@éﬁl Aogel®)a domblnm

355001 ) HTRRGLR, KHETRS Bt ndl) SElbEDEr A ERuRic Perss® AT or oo

sili con fliodirgtgl. phosphat es,
D. Compositions

The invention provides compositions comprising nanoparticulate benzothiophene,
preferably a raloxifene hydrochloride, particles and at least one surface stabilizer. The surface
20  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.

25 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
injection (e.g., intravenous, intramuscular, or subcutaneous), oral administration in solid,

liquid, or aerosol form, vaginal, nasal, rectal, ocular, local
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15 car boxynet hyl cel | ul ose cal ci um carboxynet hyl cel | ul ose sodi um

nmet hyl cel | ul ose, hydroxyet hyl cel |l ul ose, hypronel | ose phthal ate,
noncrystahh} Bﬁ%%glose, magnesi um al um nium silicate, érlethanolanlne
pol yvi nyl "a coﬁ VA), 4-(1,1,3,3- tetranethyl butyl)- pﬁ Uﬁﬂwﬂﬂyﬁyr W th
et hyl ene oxi de and fornmal dehyde (al so known as tyl oxapol, superione, and
triton), poloxaners (e.g., Pluronics F68(r) and F108(r), mhich are 20 bl ock
copol ymers of ethy| ene oxide and propyl ene oxi de); pol oxam nes (e.g.,

Tet r oni 908(r), also oI oxa .908(r ich is. a

t et r af u&’el"’fjﬁlﬁa‘i’mg?‘?ﬁ%orcfg H@T@V?Hnﬁ’r éﬁ%ﬁ@@éi@m. tion of

propyl e ene oxide to ethyl ened| am ne (BASF Wandotte
Corpora%ﬁ%ﬁﬁh arlg:agdﬁlellmeN J.)); Tetronic 1508(r) (T- 1508) (BASF Wandotte
Corporation), Tritons X-200(r), which is an al kyl aryl polyether 25

sul fonate (Rohm and Haas); Crodestas F-110(r), which is a m xture of sucrose
stearat e andl- sucBeezothip h@wate (Croda Inc.);

p- i sononyl phgn | S 0 i N- o} ur f act ant
To- &1y 1o i ReER s & é%%ﬁ@s%eafa%#ra%&r%ﬁ?a&%oﬁoaﬂd%% bl !
and  SAIEHAENindBh4se, Ar Pl 6 MNefHi3ys ﬁﬂﬁfe ,4(seHi2-6db ho(lEﬁﬁaisEﬁn Kodak
Co.); decanoyl N et hyl g ucam de n- decyl gl ucopyran03| de; n 30 decyl
Q D- mal orgpopixiwnes theeeofn- dodecyl (3- D- gl ucopyran05| de; n-dodecyl

(3-D-mal toside; 23 WO 2006/ 060698 PCT/ US2005/ 043707

hept anoyl - N- et hyl gl ucam de; n-heptyl-(3-D-gl ucopyranoside n- heptyl (3-D
thi ogl ucosi d?he[ BerlBtdpherte BF Sl MNLR DRSSy rBRADAYhydhdiiel of theam de;

n- noyl G3-D- ucopyranosi d oct anoyl- N-met hyl g uca

n- ol yl ml?eﬂlcg:l ispopnly solaide ded dispergiblainlat ldakﬂamgllnqumhynedlaom preferred

PEG phos}ghol i pid,  PEG chol esterol, PEG: . chol est erol derivative, 5 PEGvitamn
A PEG Girpessiph media is $wiernd be disparsianasedin ardhes fosrexamma, watersafflowsie and

O e T el O g P

bi opol yners, pol ysaccharides, cellul osics, alginates, phospholipids, and 10
nonpol ymeri ¢_conpounds, such as zwitterionic stabilizers,

pol y- n- met hyTlpg/betxwpﬂuthpnam ansa,lmhemf,|pmfmab1mrclhmfcwbydrmmnﬂm a@tlve

pho ho [ ds Chl ol Si ne nyl.i m da br

Dol ot s e EaBe ety e oo S b b Soenrne freBblNRighe: )

hexyl deﬁmbédwéﬁﬁahlﬁmeuemlt%m%!ém 4.133%814 to Jones et al; 4 418,068

pol yvi nyl pyrrol i done- 2-di net hyl am noet hyl nethacryl ate di met hyl sul fate.
and 4,380,635 to Peters; and European Patent Application 95306050.6, Publication No.
0699672, Kjell, et al., filed Aug. 30, 1995, published Mar. 6, 1996, all of which are

incorporated by reference herein. In general, the process starts with a benzo[b]thiophene

20  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
25 Preferabljr, the nanoparticulate raloxifene hydrochloride compositions of the
present invention 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.

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

not limited to, known organic and inorganic pharmaceutical excipients. Such excipients
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15 Ot her useful cationic stabilizers include, but are not limted to,
cationic lipids, sulfonium phoSphonium and quartemaryanoni um conpounds,

such as t hyl ammoni um chl ori de,

benzyl - di ?ﬁfﬁ’;}//h&) %{nﬁyl ) et hyl anunoni um br om de, coconutP?TfPﬁ@Pﬂ%wgmmni um
chl oride or brom de, coconut nethyl dihydroxyethyl 20 ammoni um chl oride or
brom de, decyl triethyl anmmonium chloride, decyl dinethyl hydroxyethyl
anmoni um chl ori de or brom de, Cu-isdinmethyl hydroxyethyl anmonium chloride
or brom

myri st yWCFWng‘ggg‘gﬁrgoé)%%g:]@%ﬁ %%ﬁ@%é@%@fﬁ’mgbﬁ&r hl i %;PJ? elrjlxlm ngrrmnl um
hi d

gro%rljewa#kﬁsorgug@c? %?fé'i'i%ér)sghﬂﬁéeﬂﬁq "ben? Iaﬁfb nﬁ’oél]tll um’c o’r| g'}lvﬁmrﬂﬁ(é)r

( Clal8) gurfartdinyd. - benzyl ammoni um chl ori de N-t et radecyl i dnet hyl benzyl

ammoni um chl ori de nonohydrate, dinethyl didecyl ammoniumchloride, N alkyl
and (C12-14) dinethyl 1-napthyl nmethyl amonium chloride, trinethylamonium

1o 2 R ARG B SoB Ffpdsyl Bph o um sal o

al kyamﬂeﬂ{ 1dlo§é (DOMAKRBVA A hyRbhelfsig), BYdoRytb aseliu@dsed trial kyl anmoni um

salt, I al kyl benzene di al Kyl anmoni’'um chl ori N- di decyl di net hyl
anmoni upoltyhinalpydehddne, scuhwadeluyl shlfats dnpbﬁylsnlzf?sucamtwg&lmn chsain,i legithin

nonohydr N-.a C 12-14 th h h th i um chl ori de
and dod@?ﬁ@i@?ﬁ?%"ﬁgﬁ%ﬁm& L rSﬁ' iraga dan é? ‘%‘ir"fg}ﬁg amoni um
chlorid ur r b h anmoni um
chl ori dgl?logﬁ%yc?ﬂc %%&?h&’émm&’%ﬁﬂﬁ% ?‘%ﬁa@l%c@él eaé%f?&%‘} 17 trimethyl
anmbii Usmblsifyingex, skrbiay ehes glydxyethylent alkphathérsi (8. & hinacrogel ethers such

pol y-di al | yl di met hyl anmonj um chl ori de (DADMAC), di nethyl anmoni um chl ori des,

al ky! di ﬁe@qﬁ?mmmllaﬂ%apb@mthuégne qaﬁﬁoeeﬂﬁpnmmupommm%mr mnde

ot s adeBp i SR e AT AR R oo e S ES  de
(ALl QUATwe3§ 80y M)I Sﬁ@iaY@dG'BeinQEMﬂ, p@gm_w%he glydms wg celﬂiow&ysyso%ﬁaom um

brom de, @Fnz yl  trimethyl amonium brom de holi ne esters (such as choline

esters 834% dinign Gaibirls)), polyenyethylond s]waihs,@pllmdal siliconrdadide,i phospiatesy i de

co unds suc eary] trinoni um ide a e I di noni um
i 7 1 QE5FoOERelvtcs ol e bl s e R oS by by Betfulose
hydroxyethylcellulose, hypromellose phthalate, noncrystalline cellulose, magnesium

aluminium silicate, triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-
tetramethylbutyl)-phenol polymer with ethylene oxide and formaldehyde (also known as
tyloxapol, superione, and triton), poloxamers (e.g., Pluronics F68% and F108%, which are
20  block copolymers of ethylene oxide and propylene oxide); poloxamines (e.g., Tetronic
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 1568® (T-
1508) (BASF Wyandotte Corporation), Tritons X-200®, which is an alkyl ary] polyether
25  sulfonate (Rohm and Haas); Crodestas F-110®, 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 SA9OHCO, which is C1g§H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2
(Eastman Kodak Co.); decanoyl-N-methylglucamide; n-decyl B-D-glucopyranoside; n-
30 decyl B-D-maltopyranoside; n-dodecyl f-D-glucopyranoside; n-dodecyl 3-D-maltoside;
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15 salts of quaternized pol yoxyet hyl al kyl am nes, M RAPOLTM and ALKAQUATTM
(Al karil Chem cal Conpany) (quatem zed anmonium salt pol yners), alkyl

pyri di ni URFo Siklososo@™ Nes, such as al kyl am nes, di al kyl agj
Q Mshigod BRI es, and

al kanol am nes, p et hyl enepol yam nes, N, N-di al kyl am no

vinyl pyridine, amne salts, such as |lauryl am ne acetate, stearyl am ne
acetate, alkylpyridiniumsalt, and 20 al kyli m dazoliumsalt, and am ne
oxi des; imde azoliniumsalts; protonated quaternary acrylam des;

Zﬁf:y'd ?p‘%gﬂ@sﬁé@%?&&@ﬁ%%&rﬁﬁ%pﬁ%&‘ﬂ%&ﬁé%&% i E”“’ ”‘g
sur T ace GBI W EHELEGTBb 0L R B A ey oAt RE R GR 8 T
Sur f act %Jﬁb@yrﬁ%@idﬁ,té&ﬁﬁoﬁ-'}ﬂme 031 9chinfiad; @&mﬁ-%ac&ﬂ%mgideps&m-o-w%); P.

and D. bingh (Editor),” Cationic Surfactants: Physi'cal Chem stry (Marcel
Dekker , thi®gagopymndside; B G+plospholigids PBEGaholeSterdl JR¥ Giehelesteral alerivatBieeni st ry,

(Mar gel kker,, 19 30 Noppol yneric surface stabilizers are an
nonpdl y '@%%&%ﬁ"’@%ﬁl Eﬁ@?&?ﬂ“ﬁd’ﬁp EAPAIYMEFs of yiny; ngﬂi‘ @éﬁlrpound, a
phosphog{n9m%%@gmsﬁgs&§g 4630 224 0142061060698 PCT/ US2005/ 043707

a ha ( (

conpound, oni um conpound, a ¢ationi c organonetal lic conpound, a
gquartemary phosphorous conpound, a pyridini um conpound, an anilinium
conmpound, an_ammoni um conpqound, a hydroxyl anmoni um conpound, a primary

amoni um conp¥ynples af ussdelnatianip suriaesstabilizesripeludal bubareaiot ligyitpd domoni um

conmpound, ;. an arternary;o I Uy C unds_.o he.foarmil a NRI RRR3R4( +) .

For " conBub RS BEBDHEIAE Pl o TR e XRUBRRS., Hgs &, sk R B TSR (1)
one1®! HangdymhdricdRipountls,isich & Atteriorid stilizés, @jﬁ -méth{lpyridabldmof R -R4 are
CHs; (v) two of R1I-R4 are CH3, one of RI-R4 is H5CH2, " and one of R1I-R4 is

an al kemthgbpyridimiugechdoride chijoniaplnsphalipids shitosemipolylysingf R1- R4 are CH3,

ggre bSL g@%yﬁiq%gg?pﬁym%gg p%?y%le?ﬂylg%fh@éryia%e %etﬁ)il%o%]u%gmgidem net een
bromide (PMMTMABE), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate.
15 '

Other useful cationic stabilizers include, but are not limited to, cationic lipids,
sulfonium, phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammonium chioride, benzyl-di(2-chloroethyl)ethylammonium bromide,
coconut trimethyl ammonium chloride or bromide, coconut methyl dihydroxyethyl

20 ammonium chloride or bromide, decyl triethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride or bromide, C;;.1sdimethyl 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 (ethénoxy)4 ammonium chloride or bromide, N-alkyl

25  (Cj3.13)dimethylbenzyl ammonium chloride, N-alkyl (Ci4.15)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl
ammonium chloride, N-alkyl and (Ci2.14) dimethyl 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts and dialkyl-
dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoicylated

30 alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
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15 (vii) two of RL-R4 are CH3 and one of R1-R4 is the group C6H5(CH2),,,
where n>1; (viii) two of RL-R4 are CH3, one of R1-R4 is C6H5CH2, and one of
R1-R4 conprises at | east one heteroatom (ix) two of RL-R4 are CH3, one of
R1-R4 i's C6H5CH2, and one of RL-R4 20 conprises at |east one hal ogen; (Xx)
two of RL-R4 are CH3i one of R1-R4 is C6H5CH2, and one of R1-R4 conprises
at | east one cyclic fragnent; (xi) two of RL-R4 are CH3 and one of R1-R4 is
a phenyl ring; or (xii) tw of RI-R4 are CH3 and two of R1-R4 are purely

al i phati c f3ag0m ?@n%ene aéllﬁﬂ'ﬁﬂmgﬁﬁﬁpemﬁdé nqldigle 1dbMEth§/[ @nﬂl%ml!!ﬂ]mhlm{het N»—

behenal koni um chl ori de nzet honi um chl ori de, cety pyridinium chl ori de,
behent r i nonitetradedyldimietteylbdnayl a’nkmmlmmchlmidonmt@hydleteall‘k—a}hyl(ﬁ Qi) dmediy] 1-

cetri noni um brom de, et ri noni um chl.ori cet dr of l.uori de,.
chi o a1 'y | moRHRRMAEHYT PR (bQade i ey dres By BErl rHORRIL Sborde,
chlori de ] 0 et e mRA

chl ori de( &Qg'?%ﬁﬂl llj)%ﬁie?}%lkﬂ dag)?l é??\l%ﬂ}%}h&kd&a{}g%ﬁl Eﬁn“%{] LE’%@ Qja? ﬁﬂnuln&n{:hllgnde

hectorit®, 2kkyien2(1GHatleoa8B0RGH Uﬁaﬁ%/aD@BBé}ﬁyl dlrnmhﬂydnamnmmet brphnidd, 64, de

hydr ochl ori de, st ej ne. hydr och] or| de, nium POE (10) al etyl

et her phospr%\ﬂ‘e él@ﬁ HinehY| ARmoRTEmbEBHd E%)‘{S’B bf’é‘tz F”eé}l‘lﬂs%‘é‘f’é‘“"? Flﬁpﬁ‘é%/

al koni um chI g@mﬁw n

chl ori de, ﬁ@llylﬁ?ﬂ%ﬁ%ﬁ{nnﬂ@ﬁ%iﬁﬁﬁrﬁeﬁ nzoat e, ?nglﬁl?gérgg gﬁﬁg%@({: ﬁ??rrﬁldgge 5
| aurt ri noni mﬂh)dchhmthymhmmeniluyi e nledogami des, dlthyeiybc hinethiytie, amereomiwh ne chloride,

hydr ochl ori de, rjidoxi ne HCl, iofetam ne hydrochl ori de, um

hydr ochl or i @&CY1t rﬁé‘? hﬁl‘”&’é‘?ﬁ’é‘{‘ﬂoni u %S’ri de, dy(}%f?)ﬁ?}ﬁﬁlaﬂ?l%}momt%m de, grom]de
oleyltr ni u C

oL ey OO BRI Ry a4 S5 iy R A0l BERACIBFACPALIQUAT
trihydr oxyet3sgM™)p POy @Uadi & “h@odqummﬁmum); therabut§lanahbmiwhr broatide) rbenzyl

chl ori de, and hexadecyl tri thyI ni um brom de. The surface stabilizers
are. comrer oitEMENY AR PRIBMe bErRiley O HiehestErs e @s tf}o?fl%aﬁmrwésaﬁhcﬂms} n

the art. MgfenfikdiieaCenistided GeariRHilnZ&SH A EoliPOMasPRAEHTRE StahAfHmonium
chloride and Di-stearyldimonium chloride), cetyl pyridinium bromide or chloride, halide

15 salts of quaternized polyoxyethylalkylamines, MIRAPOL™ and ALKAQUAT™

(Alkaril Chemical Company) (quaternized ammonium salt polymers), alkyl pyridinium

salts; amines, such as alkylamines, dialkylamines, alkanolamines,
polyethylenepolyamines, N,N-dialkylaminoalkyl acrylates, and vinyl pyridine, amine

salts, such as lauryl amine acetate, stearyl amine acetate, alkylpyridinium salt, and

20  alkylimidazolium salt, and amine oxides; imide azolinium salts; protonated quaternary
acrylamides; methylated quaternary polymers, such as poly[diallyl dimethylammonium

chloride] and poly-[N-methy] vinyl pyridinium chloride]; and cationic guar.

Such exemplary cationic surface stabilizers and other useful cationic surface

25  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: Physical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic
Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

30 Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
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excipients and are described in detail in the Handbook of Pharnmaceuti cal

Exci pients, 15 published jointly by the American Pharnmaceutical Associ ation
and The P%g&g g&%cal Society of Geat Britain (The Pharmaceutical Press,
2000), an § ¥P%ically incorporated herein by refer BREAS2098/043707
Nanoparti cul at e Benzot hi ophene Particle Size The conpositions of the present
i nvention contain nanoparticul ate benzot hi ophene particles, preferably
nanoparti cul ate ral oxi fene hydrochl oride particles, which have an effective
average particle size of |ess than about 2000 nm(i.e., 2 mcrons), |ess

t han abeampozsdbdonivm ¢ampound smcatiopicorggometathic cempounidan quastamary 700 nm

| than about 1600 | ess. than about’ 1500.nm | han about 1400
| eos 1 naRROHES Rl = puldinh bl ettt eorbet RBEARNE 1100

l'ess t hggmmhal!a Qxilhﬂhxoh%céxﬂﬁéhﬂ?@ﬂﬁm%%xﬂﬁﬁuhﬁé&nﬁ&ﬁﬂ about 800 nm
| ess than about 700 nm |ess than abolt 600 m, |ess than about 500 nm

| ess t hsacomdaoy émaaium compeund; hdertisdyamm@&idn eompbesd, andapasdroary 250 nm 30

| ess_than about 200 n |.ess. t hgn m less th ahout . 100 nm | ess
t har® abUTIONHE (RRPRIHD eé@etfﬂ%ﬁakﬁﬁ?{gﬁégiﬁ%ﬁa§owagﬁas§] tbquqngiﬁ -scattering
met hods%@% eppy, or other appropriate nethods. 27 WO 2006/ 060698

PCT/ US2 07 By "an effective average particle size of |ess than about
2000 nnt it (ip neaode 6ffRt+-RadirelGHSt 50% of the benzot hi ophene, preferably

ral oxi fene hydrochloride, particles have a particle size of |ess than the
ef fective avdbDageond9f BeRgiCHi; e, | ess than about 2000 run, 5 1900 nm

1800 nm etc,...{as,list bove),, .when neasured by the above-noted

t echni ques. (lﬁﬁefg’rr?fo? ,l'gfarle?fg%’ about 70% at |east about 90% at |east
abopy 95% ofivpt hedsR, e cCHP9% of the benzot hi ophene particles,
preferably ral’oxifene f11y rochl oride particles, by weight, have a particle
si ze of | ess(Whantwdef Ri-Rgatei O3, ane 0fiBe-Rsiis €sHsOHes and basmoffReRY is2000 nm

1900 nm 1800 nm ]gii) nm_etc. 10 In the @re_sent invention, the value for
D50 of a nanopartf PRSTYER FATROINEIAMS OB ISS$0si ti on, preferably a

Dol ow wihi oh G0 o § BLR B 2 GG SRERERIR FERATH ffia bikc SEERPEE ® 211
D90 is the parti chkkybchatn bfinstesiarborP6mobr mbee; benzot hi ophene particles
fal llS by wei ?vtflt) two of R;-R, are CH; and one of R;-Ry is the group C¢Hs(CHa)s, where
n>1;
(viii) two of Rj-R4 are CHj, one of R;-R4 is C¢HsCH>, and one of R;-Ry
comprises at least one heteroatom;
(ix) two of R)-R, are CHj, one of R-R4 is C¢HsCH, and one of Rj-Ry
20 comprises at least one halogen;
x) two of R;-R, are CH3, one of R;-Ry is CsHsCH,, and one of R;-R,4
comprises at least one cyclic fragment;
(xi) two of R;-R4 are CH; and one of R;-R is a phenyl ring; or
(xii) two of R)-Ry are CH; and two of R;-Ry are purely aliphatic fragments.
25 '
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
30 chloride (Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium chloride(Quaternium-

14), Quaternium-22, Quaternium-26, Quaternium-18 hectorite,
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15 and D99 is the particle size bel ow which 99% of the ral oxifene
hydrochl oride particles fall, by weight. 4. Concentration of the

Benzot hi o @ﬂg urface Stabilizers 20 The rel ative of a
benzothiogﬂgﬁﬁf prgferably ral oxi fene hydrochl ori de, aﬁﬁgﬁﬁéagﬁmﬁ%q%
surface stabilizers can vary widely. The optimal anount of the i ndividual
conponents can depend, for exanple, upon the particul ar benzot hi ophene

sel ected, the hydrophi lic |ipophilic balance (HLB), nelting point, and the
surface_ tension wat er sol utlonaﬁgof t.he st abhil |iﬁer etc, 25 I.n one

embodi rfdmet Yl%“%hﬂéﬂ?ﬁ@ﬁ hysyoghlorides cytsipoRydregy digthanglagimaniuma| oxi f ene

o oC B o G bA BgRR RGP ol Dot 057t

conbi negllowalkafiun®thibfide, laaﬂamymleah@e@ylammbxﬁﬁmbaﬁsmt@ searalkohii@e st abili zer,
not i ncludi ng other 30 exmﬁg@ents 28 WO 2006/ 060698 PCTI US2005/ 043707 1In

anot herchéqrtd@ddmrphenbm@@ ptonium benzedte mmmigalkpriym chdorides ur f ace st abi | i zer
can var from ab 5% t out 9 om ab ut . 5,0%.t 0,about 99. 9%
or f5r 0 ?‘?)deaf) M@’n@‘g %Vdg%q%?ﬂc{ %h YERSRIONdE  conbi ned
dry V"e';?i‘fdoﬁlfnetﬁ@ 1&&%%My@fﬂ%ﬁ[&lcﬁnﬂe§l ir?ealﬁklr&:'ﬂfo fl4r face stabilizer, not

g

I ncl udi ot her ekci pi ents.. 5 E. Methods of Making Behzot hi ophene
For nul ahethytbenzetlomiirh ehloridpenyrimoniuem broméde; bleylitimensim ehlpride;i ded a net hod

of prepari t he anoparti cul at e _benzqt hi,ophene, preferably nanoparticul ate
ral oxi fRON “I% F E‘l}’gl@pﬁlgpgf,, efing, glearalkaniym gﬁntoﬁ%f’e met hod

conpri r pi tation,
evapor Zs?%sﬁhﬁﬁﬁgg oS e ARG Sovatdbh ik BIBRMLRALEL | o
nanl@pmhllmuﬂ:—mtmmmh@dé; @ﬂ&eﬁﬁdﬁc@&ﬁﬁéﬂh?bdnmbmhinﬁbroﬁﬁﬂe nt No. 5,145, 684.

Met hods of maki ng nanoparticul ate conpositions are al so described in U S.
Patent No. 5,518,187 for "Method of Ginding Pharmaceutical Substances;

us. P 5 718.388 for "Co cal Sub |
Subst aﬁf:gg H(t)‘? %"%F%%'@ L af%é@f%f?%% iﬁ‘éga“‘i{a%f w@gqrﬁga%bpe@%{%ﬂ &’P’ngr maceutica
Phar macgetinigidh krow i e @t "Mbhtof that QEtacbtabilizers are known pharmaceutical

excipients and are described in detail in the Handbook of Pharmaceutical Excipients,

15  published jo'mfly by the American Pharmaceutical Association and The Pharmaceutical
Society of Great Britain (The Pharmaceutical Press, 2000), and is specifically

incorporated herein by reference.

20 3. Nanoparticulate Benzothiophene Particle Size

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

25 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 abaut 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,

30 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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5,665,331 for "Co-Mcroprecipitation of Nanoparticul ate Pharnaceuti cal
Agents with Crystal Gowh Mdifiers;" US. Patent No. 5,662,883 for

"Co-Mcro [P jon of Nanoparticul ate Pharmaceutical Agents with
Cryst al G%ﬁdr?wf%%"gﬁiers;" U S. Patent No. 5,560,932 foPCT/US2005/043707

"M croprecipitation of Nanoparticul ate Pharmaceutical Agents;" U S 20
Patent No. 5,543,133 for "Process of Preparing X-Ray Contrast Conpositions
Cont ai ning 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 Conpositions Containing Nanoparticles;"

and U.S. Patgpt 3 p f P i I

Conposi ti onsggoﬁé\g?‘encl% ng%ggeg%%ﬂgﬁgfsyghg%g%?ﬁg ap glﬁ%)gggquggqﬁ%%l} g%gti on,"
al | of whedshse%efsenkzotiphynd, peeiérably dhlodiféne Kydtcvhthde, pdriitledhave m | 1 ng,
honopgeni zation, precipitation, etc., the resultant nanoparticul ate

benzot hpastitlesize of tess thanithe efifectivp avarage. by weight iexiléss tkantahenb2M0onh de,

cConMposi {ion ¢ e-utilized ui t.abl e dosage, formfor admnistration. 30 29

w0 Dooo lrsalioB Bt (1 AP IPRLF L RRET e P Ie abSiseP SO ReRBANE. voed 1 of

the si zpreradbitdt QhsTIHRGET! 5t 188 SRS 90TIONAUR] abRRYSHEBE At loakt Wbhigh

benzot hi ophene, preferably raloxifene hydrochloride, s poorly soluble and

di sper s9%hof trrbeneothiopherespanticles peaferably ratedifene Wydrochipride partectasnpy es of

di spersi on di a ing¢l ude, t% t mtgot limted to, aguequs salt_sqolutions,

saf f | owdPighh ha¥e apRFticls sizs/nldess & efERNA R BV erage. Bt b Hankeudd00and gl ycol .

Ef fecti S hal chanical force for particle size reduction
i mdp}&g,nle@b nitd ‘i‘?b@bﬁg el

of benzot préfera ral oxi fene hydrochl oride include ball

m 110 ng, nedia mlling, and honpbgenization, for exanple, with a

M crof | ui di zertilr) (Mcrofluidics Corp.[&;. Ball 10 milling is a | ow energy

m | 1ing prochsiepresentinention) the waluerfatild0 eframpnopartibulptehsnzothiophene qui d. The

materials are.placed ..n a mlljng vessel that is rqtated at optjnmal speed
such ¢ FBgspish, BefGat] ehafmartiifle¥ BRGHteme Mtrogflopds BobpefltioR RAbETS,

i npact i paricitRfze RIGwAWHRES 0%4185the BakRtiAopHed pgﬁiéﬁstﬂ/ﬂ,ﬁ el t?'S?thXrl)f,Pr_ the
particle reduction is provided by gravity and the maSs of the attrition
medi a. D90 it particld sizeghelaw avihcly$D% nEthgbenzdthiophererpadixdes. fally bygweightabi | i zer,
andlg ! qgrllc{jD% 1es the particle size below which 99% of the raloxifene hydrochloride particles

fall, by weight.

4, Concentration of the Benzothiophene and Surface Stabilizers

20 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.

25

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

30  excipients.
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placed in a reservoir and recirculated in a chanber containing nedia and a
rotating shaft/inpeller. The rotating shaft agitates the nedia which

subj ect s e dr to inpaction and sheer forces, thereby reducing the drug
particle &2’2@96’%6%0mgeni zation is a techni que that doe&%?zoﬁg@gmﬂ ling
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 Mcrofluidizer is called the Interaction
Chanber. The product to be treated is inducted into the punp, and 25 then
forced out. Inpaother emnhediment; thegfoneentration obtheat dpagteonesurfgessstabilizes gan of t he

punmp. Once th oA S fil o rQ te, nol RE_DF I W] valeve I;s..cl osed and
t he pro%%ofl%a oﬁg%gﬁ%taf}f’r%tﬁgw&%ﬁpgsglgttsr%% t%ﬁkg%g? 'g%’r?é ﬁé)énoé t ?y of the
| nt er ac{ % Ro DS 5%, HyAMisRSbaaed\6h the tofaPE6iRbined dShRéiEht dffR@ct, and
cavitation which are résponsible for particle size reduction. Specifically,
i nsi de bénzothinpbenearidoat ledstotesurfacthsiapitizers notiineludigg ofhepxaipients. split into two
streans and accelerated to extrenely high velocities. The formed 30 WO

20067 060698 PCTI US20051043707 jets are then directed toward each ot her and

collidegin tmtﬁdﬁsq;fy%%@gtwmﬁﬁlﬁng %ltuﬁig)inéproduct has very fine and

uni formparticle or Sl ze. e cro i zer(r) also provides a
heat exchanggr_tg all ow cooli of the.oroduct,. U.S. tent .No, 5,510, 118,
whioh 1 s apelt wofef popett EBs b ddin o SPRMIRY 2 mettpd pEPRRAINES Cucs i ng
M cr of | yirdparichlate beﬁzétﬁﬁigﬂhr g%daﬁrgfé}alﬁl@ﬁﬁﬁ)@}ia&ﬂi&ﬂ’dt@ia%)ﬁﬁhé h?&_h%’éhloﬁéé}z ot hi ophene,

preferably ral oxi fene hy ride, can be added to a liquid nediumin
whi ch i formslationsofi the inventios olheanethod comprises of oaerpithe Tolkowing msatleodst abi | i zer

can, . be present in the premx, it can be duri,n rticgle size,.reduction, or
o B BrecipUaHels PP O CanaR AP e, LR BB Ga  educt i on.
Th o . o . ; . i ol "

! ogune’ Hlfing Andifiritiidle CohBhdchs e dURHE MS! Pt NI G, TEATS L0

par ti cl Megtiode of making nafloapticudate bohpoditiensdes alse desstibed indU &, Paehi No.l ess t han
about 5 _m crons. Is preferred that the 15 E)ﬂzlem'x be used directly when a

bal | i $5184 8%3@8&(@%@& (Grinding Phomaseyiicel SehsiancesyeH#o PrieapNene, preferably
oo s R 0 SR R SRR SR SRR,
a 15 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.
20  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 Nanopa_rticles;” and U.S. Patent No. 5,470,583 for “Method of
Preparing Nanoparticle Compositions Containing Charged Phospholipids tb Reduce
25  Aggregation,” all of which are specifically incorporated by reference.

Following milling, homogenization, precipitation, efc., the resultant
nanoparticulate benzothiophene, preferably nanoparticulate raloxifene hydrochloride,
composition can be utilized a suitable dosage form for administration.

30 '
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honbgeneous di spersion is observed in which there are no | arge aggl onerates
visible to the naked eye. It is preferred that the prem x be subjected to
such a pr&iA dohi | spersion 20 step when a recircul ati | ) is used
for attriﬁaoir?bé/%gﬁrrechani cal nmeans applied to reduce t%ﬁgizog?ﬁslédﬂhene,
preferably ral oxifene hydrochloride, particle size conveniently can take
the formof a dispersion mll. Suitable dispersion mlls include a bal

mll, an attritor mll, a vibratory mll, and nedia 25 nmlls such as a sand

mll and a bgad m.| | .media m/.l i referred, due to the relatively
Shorter i 1 | gpretiathe disimien oastspisch B B Rize GuieHSn RstiicE PRIFOMH pa t ol o
size. FLwekdi S HY: i nARRR i b al. e IS Bhidelis preferably
from abggt 10bﬁl oﬂzgggb@g’?gg%‘é cent P[E;é(ﬁe’sg,e%n %0?79 e(flll I ?ﬁﬂcﬂ nlge’tlhe appar ent
Vi scosi pgorhyfsoltbde mmdedispersiblepar beusdd as o dispersiatbmetial Nqn-dquealsexampls
centipoise. Such ranpges tend to afford_an optinmal bal ance bet ween

ef fi ci eft dipperyior mediy ipglude butare sat Himdted ioypgueons salbspluiiensasatiiowerml way
limgin . The attrition tinme can vary
wi dely %}ldd%évg\gfegnﬁégﬂgé ?%g?oﬁﬁyﬁlu%mox g%)a%ﬁ?é@é?lér mechani cal neans and
processing conditions selected. For ball mlls, processing tinmes of up to

five days or_|onger may be required. Alternatively, processing tinmes of |ess
than 1 5 dayEffeetsiednetbeds ofippevidingsmeshaniealtferce fonpartae sizaredueiionsof ar e

i bl ith th ' h ia.ml].. The b t hi.oph :
D of er aBFAFoERSE RS Er ey B icps BURoe Rule b mifog B4R BHERE o ve at a
i . R | : . 10
p(rarer}:)g g%ﬁ/ﬁor a g)%??@ﬁlg’qﬁggr o@El%%lmdée:mgrogcessf?gﬁ%cgﬁ%gre%??@%q ess than
abold 3fhilling isssow érengyaindilihg pfdCessriRatarseld millihg mediapdmpy stabilikdr, alsi red, the

processing equi pnent can be cooled wth conventional cooling equipnent.
Cont r ol ligidy ke matgsialparg placeding millipg vesseldhrtiintpteted phoptimalspeedfsuelhe nil 1 i ng
chamber ;wi th.a cool i ng |i qui [ ont enpk at.ed. . Gener al t he et hod of
tho it gkl ks ehdidliocsshe AR SRy bR onbe mOBRR 0! ot

t enper ajnukEchat8d hidh MMBRE 8Sthe EnfteH FGURE ParfibleGEdRti6n SPhrovried b?Ha@ﬁ?' ve for the
mlling process. Anbient processing pressures are typical of "ball mlls,

at t ri t oandvibe Im:ass afithe attriiommedia. ni | |s. Ginding Medi a 20 The grinding nedi a
canlgorrpri se particles that are preferably substantially

Media milling is a high energy milling process. Drug, stabilizer, and liquid are
placed in a reservoir and recirculated in a chamber containing media and a rotating
shaft/impeller. The rotating shaft agitates the media which subjects the drug to impaction
and sheer forces, thereby reducing the drug particle size.

20

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 pfoduct to be treated is inducted into the pump, and

25  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

30  product is split into two streams and accelerated to extremely high velocities. The formed
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spherical in shape, e.g., beads, consisting essentially of polyneric resin
or glass or ZirconiumSilicate or other suitable conpositions.

Al ternati rinding media can conprise a core having a coating of a
%ﬁiﬁmﬁkggﬁp %iﬂj

pol yneric resi ered thereon. 25 In general, suitabl b M8 Vesi ns

are chemcally and physically inert, substantially free of netals, solvent,
and nononers, and of sufficient hardness and friability to enable themto
avoi d being chi pped or crushed during grinding. Suitable polyneric resins

i ncl ude, crosslinked pol ystyrenes, such_as .pol ystyrene crosslinked with

di vi nyl iséyare hen diregted fevard sack ptbesandrollde n theateaactiopgope cBheesultingch as
Delrin(r E.l. du 30 Pgnt.de Ne rs and .Co. ) ;Vvinvl ehlor ied ol ymers and
copol ynB\)'oél,{lCtﬁgf yfﬁye%f‘faaﬁ@s?mfggﬁ p@@%ﬂéﬁ%@ﬁé&g Igéfll%éf%@lgfiﬁﬁ%fg%oo pol yam des;
pol y(t ebfovidey @mesiexehapesto alRwleoolih ok 8RR (pradukt. | U S paRaniods,s NgIpgir s and
Co.), and other fluoropolyners; high density polyethyl enes; pol ypr®opyl enes;

cel | ul osvhichtihspesifavally dxoeposated b referened, refers $ea ok st wsing a Microfluidizer

pol yhydr oxynet hacryl at e; pol yhydroxyet hyl acrylate; and silicone-containing
pol ydrer &S alragmmﬁg;scﬂa%ﬁmé €and the like. The polymer can be 5

bi odegr adabl e. Exenpl ary bi odegr adabl e pol yners i ncl ude pol y(l acti des),

pol y(gl ycolide) copolyners of |actides and glycolide, polyanhydrides,

pol y( hydr oxyBehdthiophdirgprefirsbly ralogifene hyiraehleddd@antbe agided to a liquid

pol y(N-acyl hydr oxygr_ql i ne)esters, gol y%l—mpal m toyl hydroxyproline) esters,
et hyl enaedivnyin which at is essentinllyhinsaluble 40 formra premit. cFlag surfage stgbibizgnrashact ones) ,

The hodPaPresGls B rahia 00 0F B0k PHORSSR PO RERRAAR T e O0ES B DG cal |y
accegt ag}l@ dqgﬂggq&{ ﬁ)ntowg %ﬁcl@%iz%'rédﬂcﬁ@ﬁ.ed fromthe body. The pol yneric

resin can have a density om about 0.8 to about 3.0 g/cnB. The grinding
nmedi a preferably ranges in size fromabout 0.01 to about 3 mm For 15 fine

grinding, the grinding dia |.s preferably fromabout 0.02 to about 2 mm
and nore pr &NEPEHILS cAR berhsadtirectly By s'elaecérasattmnwﬁmalsmeza@s 19 redee
enbodi t ' ' n | . Vs xi fene
hydr och or"llvglz-:-fl,gé E%O?ﬁﬁggehg’;béefﬁap%éy gaécﬁﬁfeﬁ%gﬁds}ﬁgﬁogﬁéé %ng{crﬂee%%eoléq%egnpri ses

cont i nudispeéryion2 tHedesivellisizd) préferabBi Iischhicdbout Phafiéehabitis profepret e ehe
hydrochl oride, into a mlli nﬂq chanber, contacting the benzot hi ophene,

pr el &r aprepmix he vagd dircetly yaheo @tialmidlds uggd: far gfirition Ryterpativgly, while in the
chamber b(tenozo{lﬁgp%%ge,tpr}gfelba%PyzlpaioryiféBQ ﬁ?&ockﬁggée? 51?(? lh\é sﬁ?ﬂagg étﬁb?ﬂfer %Xr(lj &°¢ hlori de,
dispersed in the liquid media using suitable agitation, e.g., a Cowles type mixer, until a
homogeneous di.;,persion 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

20  step when a recirculating media mill is used for attrition.

The mechanical means applied to reduce the benzothiophene, preferably

raloxifene hydroclzhloride, 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

25  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

30 between efficient particle size reduction and media erosion but are in no way limiting
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particle size, and continuously renoving the nanoparticul ate benzot hi ophene,
preferably raloxifene hydrochloride, fromthe mlling chanber. 25 The
grindi ng gEF%@“&% ipe separated fromthe mlled nanopartjcul ate

benzot hi ophefie, B? ef erabl y ral oxi fene hydrochl oride, usihyUedIfyit7onal
separation techniques, in a secondary process such as by sinple filtration,
sieving through a nesh filter or screen, and the |like. Qther separation

t echni ques such as centrifugation nmay al so 30 be enployed. Alternatively, a
screen can be utilized during the mlling process to renove the grinding
medi a foll ow ng conpletion of particle size reduction. 33 WO 2006/ 060698
PCT/ US2005/ s s 0, . : Lnvent i Is al so
directed togﬁggaéggmfygg§%%n %?J%fgégﬁﬁ%%ﬁﬂﬁgﬁﬁg§ﬁﬁ§“hﬁ&%@%ﬁ? i cul ate
benzot hineghaaital Mea andlpkodebsihg ednditidiifiseleeted.y FobakinilBerobysdimpaliherdfde, 5
conpositions of the invention for conditions such as osteoporosis or related
condi t i emt fivesdayh onlongerguay be rriquised; eAlterastiveli precesding aeppklgss thamd | ynph
gl ands, ;and the |.ke. For exanpl e, the nanoparticul ate. osi t.ion,may be
sed t o EesideRre P o heaminibye tn sruel oy are Ryssipivish BHELER ot a Haghon
nodul ar gHehSHH& mifine conpositions may also be used to treat or prevent
osteoporosis or related conditions. The conposition nmay further 10 conprise
at | east one surface stabilizer adsorbed to or associated with the surface

of the benzgthjophepe nanoparticles. |In one odi ment, the nanoparticul ate
benzot hi ophen®® *’?ﬁo&%ﬁ%ﬂ%@ﬁy&@xﬁﬁq‘w&@ﬁ‘gg Pytfles Mugkbe such

treatnme I} 0 - | ' ate

bengot hCaAan 1z e AL UARH bt dob BB Ao TP e

| nVENt | preferdily raloxifepe tytieochiofide! Reocksing témpanreés of lesstsarhbiont 3¢ an ani nal ,

preferably a mammal, including a human_or non-human. The terns patient and
subj ect leasithanaba d8°C pustazdiniaribiprafsrgd. Eeleginas theqmecessing aguipmentcapdeent er al

i nj ecti . ' hysi ol ogi.cal | tab teril
nonaquetTNOLH G PRaton Siida SRRy GREr o e iemmbrebity Sr oL and steril o
powder SjaEQéﬁnrg‘%EggxﬂﬁnFegsgdH e bfliheThmbSyiti'h 6601 lgqqlﬁcp, 'iélédxﬂéiﬁ}ralﬁfed.

di sper sions. of sul tabl’e aqueous and ndénagueous cartriers, diluents,
sol vent &enarally, the method of the invention is conveniently carried out under conditions of

15 ambient temperature and at processing pressures which are safe and effective for the
milling process. Ambient processing pressures are typical of ball mills, attritor mills, and

vibratory mills.

Grinding Media

20 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.

25 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

30 Pont de Nemours and Co.); vinyl chloride polymers and copolymers; polyurethanes;
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vehi cl es including water, ethanol, polyols (p ropyl eneglycol,

pol yet hyl ene-gl ycol, glycerol, and the like), suitable m xtures thereof,
veget abl ey as olive oil) and injectable organj ch as
et hyl ol eé‘&#@@@gg fluidity can be maintained, for exa#r%f@,g%“%g‘f"'i@ 25 use
of a coating such as lecithin, by the nmaintenance of the required particle
size in the case of dispersions, and by the use of surfactants. The
nanoparti cul ate conpositions may al so contain adjuvants such as preserving,

m Cr oor BUAEIAES RO B LRFRGETIBIFOR) & TEURR AR BEATB e Aot 89 EPamgal
: « hi f loc- Igel ' dth
ko, 1 e EeP GRS, il Ry PR aks; R erdE MBIRE T 0C o,

sodi um aiid etérelsuchasdellilesd adetate; Pobyhpdraeymethacryate; polyhydroRdeti¥d adf04i¢;,060698

PCTI US2005/ 043707 the injectable pharnmaceutical form can be brought about
by the argbmb@or&g:emam&p@fymgf sugh a9 pelysiloanes and theslikg. arate and

t
Densbt nbisgRgatle TR RIMegralsble oRBRIS b e bPBaideS ol aBFRIR heq
enpi ri cabpolymés of RBtdS &a@ﬁoﬁde, pRlyafihyitdes, lyihroxystts/] Snsibidechlate)y M5 exi st

in pharnaceutical |y acceptable salt, ester, or prodrug form Actual dosage
| evel s pélyGeruotanhanatesy olyiNedoythytitoxypralingesterscpolyapaotitayt i de, in the
nanopar be varied to obtain an

i cul ate,conpositions of the invention nma
Amount . BYCERFBICHTR BHASHE (SR T RLERIAE SO PONGCERRIE, de. t hat | 5
ef fecti ' ' |6 parti cul ar
conposi pgggéagrﬁgi%@tb @bgﬂcgﬁ élygﬁlg(s]ﬁn@%@?f gq:%hqd%éﬁgﬁgpé@%nggs’dos age | evel
t her®ef ocentampatios fromothe nfedidiesel fr adelaritiigeoasle din metabbliCin, vitdiatg out e of

adm ni stration, the potency of the adni nistered benzothi ophene, preferably
ral oxi f Biedogically geteptableiproduiets thas sary keeliminated dipnvthe bpdwt ke POlymsHS ot her

factors Py 1] jni3such anmpunts of such

subnu|tFﬁE@%S&ﬁg$£8%“%§§Hﬁ§§£@§Q@%@g%?@gﬂggé p the daily or other suitable
dosing period (e.g., such as every 15 other day, weekly, bi-weekly, nonthly,
etc.) It will be understood, however, that the specific dose |evel for any

particul ar pdh¢ grinding medireprefetablpnges insizedrom ebout 4kl dpaboutiemnt. yiinr and

de e af the cel]ular..or si ol ggi cal. respon to pe achieved; activity of

+ hel s B biEeig e iRl il b DS e abo Ro2ug aboyi o et oy

conMposi Lieakl o%%utb@t?ﬁﬁ&t,l%ﬁﬂym‘é%ght general health, sex, and diet
the t

of the patient; I me of admi nistrati on,

In one embodiment of the invention, the benzothiophene, preferably raloxifene
hydrochloride, particles are made continuously. Such a method comprises continuously
20 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 hydrpchloﬁde, from the milling chamber. ' '
25
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
30 beemployed. 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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20 route of adm nistration, and rate of excretion of the agent; the duration
of the treatnent; drugs used in conbination or coincidental with the
specific . |i ke factors well known in the medigal arts. The
fo||om»ng%§§§#8P§§Q%re given to illustrate the present iﬁegﬁgywﬁ@*V?7should
be 25 understood, however, that the spirit and scope of the invention is
not to be limted to the specific conditions or details described in these
exanpl es but should only be limted by the scope of the clainms that follow
Al'l references identified herein, including U S. patents, are hereby
expressly incorporated by reference. 35 WD 2006/ 060698 PCTI US2005/ 043707

Exanpl ezl Th this exanple was to prepare a nanoparticul ate
formul ati on @fe%ﬂ;d;&z; e(f)aenéamwdrochl ori de. An aqueous di spersion of 5% (w w)

ral oxi f ene hyky grefdn® invéatiohviriidoaditedtedto mddidds trelt®ht obprelélitioRURigite : Cani da
Ltd.; Batch Nunmber: RAL/503009), conbined with 2% (w w) Pharnacoat(r) 603
( hydr oxyaoppiculatstiepzethiophensserna salidheraef] prederably ralaxifepe hydeoeblorides a

pat ot FesnbosgiRSof BRaRvention B iRTRroat sh B oslroBaPyRPr ey Eadfodison o a

(Dow ChgifehGaPhget 8 eeatis dhdirlonRd bf thEPedSt Hid fyRphfands| drddhélika Speed of 2500
rpms for 60 mn. 10 M croscopy of the mlled Sample, using a Lecia DVb000B

and Leci a CTPoreXafpld, thgnaneparticdate lcamposition ynay bs isedviortrent hredstSapgeri es Lt d.
Ashboune Co,, Meath,_ ]Jreland), . showed we|| digspersed di.screte pasticles.
Br owni a%anﬁb‘?rtfﬂmﬁb?s"féj’%gmé?té&ﬂ ﬂm&wwﬂ% tgyes. The campesitions REBRPSt | on or
crystal . gr IPJ gl ¢ PR e T F t 3 l e
appear e ggé(‘:\%rp té)%?g%ﬁ%o%p%%isﬁog r%I] %ﬁ}é\@iﬁ? {llk(é) ]B%B:t%?{cq\égﬂlgpz% o] e mlled

r al mxi f esrepring At [eastl odeisdefagadtibilizeg adsorbal toRRassocidtedi witltitheanifaecofdhst i | | ed
water, using ,a_ Horiba LA 910 particle size analyzer. The nean ml|ed
ral oxi fb«?r@ogmnhmnwa@wkér {n eneerabodimants the pangnerticylats bangotigopliengdy  um a

D90 of 271 ni%[ca{glg a D915 OI} %Q%nna The particle size was al so neasured in
medi a r%B?’I_éo?, HAS/E BHeBE Y’ 8? %ll'l ©0 condi tions (i.e., "biorelevant
nedia”). Bi OS@hQYe%ﬁhe&%ﬁﬁ#ﬁe%iﬁis&?ﬂgQ@ﬂﬁ%ﬁbj@&%ﬁ@ﬁ&oﬁi&iﬂuﬁt@ hat exhi bi t
the desired ionic strength and pH which formthe basis for the

benzothiophene, .preferably raloxifene hydrochloride, formulation of the invention. As

D

15  used herein, the term “subject” is used to mean an animal, preferably a mammal,
including a human or non-human. The terms patient and subject may be used
interchangeably.

Compositions suitable for parenteral injection may comprise physiologically
acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or

20  emulsions, 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

25  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,

30 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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bi orel evance of the nedia. The desired pH and ionic strength are those that
are representative of. physiological conditions found in the human body.
Such bi or ueous nedia can be, for exanple, aquequs electrolyte

sol utlonsw&%%glbmg s solutions of 25 any salt, acid, or (32’38208?/043707

conbi nation thereof, which exhibit the desi red pH and ionic strength.

Bi orel evant pHis mell known in the art. For exanple, in the stomach, the pH
ranges fromslightly less than 2 (but typically greater than 1) up to 4 or

5. In the smal|l ntestine the pH can range from4 to 6, and.in the colon it
can ranﬁ’EWJP‘B‘FPlBP ceutmab%ﬂmhp%m@&grméh thse Of 3geats JRMMN& nown i n t he
art. i F]! c strength of about O0.1Mwhile
fasted Sgﬂma a‘“{ugstg?n P?ﬁl}ln(&ji&lﬁasg%%ea@o gaﬁgtrength of 36 WD 20061060698
PCTI U3200510@)B€ Of ordad@y skill wiill apfieeiate that, effectivtodihowits 6f benzothiphend, erl zation

of Fluids fromthe Stomach and Proxinmal Jejunumin Men and Wnen," Pharm
Res., 1lpreferably midqxiGme hydwghlpride.tcan de determined empirically eng pmabmemxdﬁmd strength

f | |, th |
O e ERbe RSl Sl R B S Bl b BRI Sa SGR oo
thr ough?ﬂa HARITOMS, ARHIR B@éagé’[b‘izeﬁfof%&ﬂ&'ﬂﬂoﬁfehg%reféidb‘l’;“ﬁl&éfeﬁ& salts, single

| € conjugate acid-base pairs (i.e., weak ‘acids and correspondlng
sal ts ohydrcb:;inloradn, i) the nanopmpticu]dte cempositidnsof tiei mvmtl&mtmm bﬁwedécn c
Repr ese tat | ve el ect | utio e,. Db t m t HCl
Sol ut i ot i of Perbhice e PrURraP B SAloRIate g esdiords, dabiseisetivey | and

NaCl soluj ?&?ﬂh ﬁgﬂi{é bout 0.1 M
and mxtures thgéle Q%B%lﬁgxrgﬁ%ﬁ%wtpg@{aro yte so utiggﬁ@étclzlgn e but are

not 10 i madmidlistratiomb®hi¢ sdlected\ldsbe levelltharsforadependOupdh the deliiedalierdpeatic about
0. 001 M HA or | ess, about 0.1 M NaCl or |ess, about 0.01 M NaC or |ess,
about 0ctfiet, the reuts ofrdmiaistration, thewotensy of therpdministered banmetionkersst r ol yt e

| uti Na f fasted
Pormn pRyrt ol ARt REE de MR aurRRE o B AL R Bl P kfs o' (o ©
condi tions opofdpe Mt%iﬂ@huﬁﬁ@ﬁlh?béﬁtﬁﬁtshélﬁémo&tft%f sucﬁ'sﬁ&hﬁﬁﬂp}é% %ereof
concentrations of 0.001 " MHC, 0.01 MHCL, and O. HCO correspond to pH

3, pH 2as maybeused,to M<pelptthc/®,1ky orDthes suigable dD’_smg mods(olgu wudrasavnm at es
:))r/g SLQ%CI aly?w%e 9,' lgll-\%le )f, (I)ll%n ly, eté {]?t whlob erséosclohg\%rlex(/)e? t tl?e 1 MNad
specific dose level for any particular patient will depend upon a variety of factors: the
type and degree 6f the cellular or physiological response to be achieved; activity of the

specific agent or composition employed; the specific agents or composition employed; the
age, body weight, general health, sex, and diet of the patient; the time of administration,
20  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
25 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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reasonabl e approxi mati on of the ionic strength conditions found throughout
the body, 5 including the gastrointestinal fluids, although concentrations

hi gher th y be enployed to sinulate fed conditjions within the
human G mgqo%/o%ge@part icle size in various biorel evantpmgﬂ’o?@“"@‘f?om in

Table 1, below. TABLE | Biorel evant Mean Particle D50 Particle DOO Particle
D95 Particle Media Size (nn) Size nmSize nmSize nm 0.1 MNaC 178 172
238 258 0.1 M Nad 179 173 238 258 0.01 N HC1 198 192 256 283 0.01 N HC
203 197_260 287 37 WD 2006/ 060698 PCTI US2005/ 043707 The stability of the
mlled Examplelne hydrochl ori de was measured over a seven day period under

various tenp J Lol r t L1J t are show
bel ow i n Tab?felgé%%%% eggrgﬁ letla'g‘ggé £ c?r?%gllee aﬁ%agl%p %“Jaglrln fﬁgtg{-r}lﬁl%ér{r? / nm DO5 /
um congildxifefie hydckloride.t i on Tine = 0 Days Anbient 207 200 264 292 Tine = 0

Days Anmbi ent 284 290 430 473 Time = 7 Days 5C 216 209 280 308 Tine = 7 Da
5C 224 Angquepysdispersigngf 5% (wiva\rgloxifencingroshipride {Mpnufactyrerp AartyDpigss  25C 220

11 20 300, e oLy EPUS 0 S50 221 498,800 S TLfEa BuCR 0 205 225
nanopar ph4iasdRef U3 THY@bkRAitoy] métRy1eiuiRBE waY diNed P4 161t 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.

10 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.

15 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 milléd raloxifene hydrochloride particle size was 211 nm, with a D50 of 204
nm, a D90 of 271 nm, and a D95 of 296 nm.

The particle size was also measured in media representative of biological

20  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

25 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) up to 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

ionic strength of about 0.1M while fasted state intestinal fluid has an ionic strength of
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An aqueous dispersion of 5% (w w) ral oxi fene hydrochloride (Camda Ltd.), 10
conbined with 2% (W w HPC SL (hydroxypropyl cellul ose - super |ow

Vi scosity 1lled in a 10 M chanber of a NanoM Il (r) 0.01 (NanoM I |
Syst ens, %%%ﬁg?mg(}sussi a, PA° see e.g., US. Patent No.lg%",)’%’i’?ﬂ 07 al ong
with 500 micron PolyMII(r) attrition nedia (Dow Chem cal) (89% nedi a

| oad). The m xture was mlled at a speed of 2500 rpns for 60 mn. 15

M croscopy of the mlled sanple, using a Lecia DVb0O0OOB and Lecia CTR 5000

i ght sourc Lapor at Qry strunents and .Suppl| e td. hbour ne Co.,

Meat h, quatﬁd%) ?588 eiodediahbPd Ly @E@&wa&% of E{‘Egﬁj’lé?‘?ith‘? §omagh 30 an ot i on
was al s s oo va| ] Y. f Uha rystal grow h.
Lar ger Pﬂdr;l&% 1%%&1 3‘3&%&% 0 sé%@dms'%ﬁ@éﬁ 5.ééfla%ggyr?ed accept abl e.
20 Fol | owi ngltris beligved tHabthepH hnd odicsstreggthiof tHeete stisbhtidn isinoxd dritival than

hydrochl oride particles was neasured, in deionized distilled water, using a
Hori ba th& spewifip shemigplecontept Apeardingly, appromiatenl and ionig strepgdkyalugsecan

hydr och} orj de rtigle size was,.198 n with a D50 of, 193 . D90 of 252
o anaPaopseel oy Fritroe SRpibat Gk stions aokiss S0 s BonBeRe par ¢ of o
si ze Meg/IMAE coijuyRé hQbakd ﬁdi@'(?&?%al@&ihsaqnﬂ%oﬁ@[)g}%\dh@ sARDbLth acid)e! ow.
TABLES Biorel evant Mean Particle D50 Particle O Particle DO5 Particle

Medi a Sﬁmomﬂi@ianébuhp@itizeleah‘o@kqseet@.nn) 0.1 MNaCl 184 179 243 264 0.1 M
NaCl 184 179.243 262. 0,01 HCl, 192 187 250 273 .0..01 N | 95 189 251 275
The stabil i t&earresmtwmehcgai\bl'rt%mwwﬁen h&ﬁ%e&mw#l&gte@éﬁ@a@h Sover a

2 f . Fon _ A
seven r&gr_gh rch&n&Egcgv{ frg@lragvevaf%b%%ew gkfg%@qz@@@smzﬂ@r | fs of the

stability st are s l'e 4. orage Storade Condition
Mean / Eaftehtration¥én /abéi®).001 to about 0.1 M, and mixtures thereof. For example,

electrolyte solutions can be, but are not limited to, about 0.1 M HCl or less, about 0.01 M
HCI or less, about 0.001 M HCI or less, about 0.1 M NacCl or less, about 0.01 M NaCl or
less, about 0.001 M NaCl or less, and mixtures thereof. Of these electrolyte solutions,

0.01 M HCI and/or 0.1 M NaCl, are most representative of fasted human physiological
conditions, owing to the pH and ionic strength conditions of the proximal gastrointestinal
tract.

Electrolyte concentrations of 0.001 M HCIl, 0.01 M HCl, and 0.1 M HCI
correspond to pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 M HCI solution simulates
typical acidic conditions found in the stomach. A solution of 0.1 M NaCl provides a
reasonable approximation of the ionic strength conditions found throughout the body,

5  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 NaCl 179 173 238 258
0.01 NHCI 198 192 256 283
0.01 NHCI1 203 197 260 287
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condition time nmnm urn

Days Anbi ent 226 224 301 328 Tine
7 Days 25C 206 200 263 290 Time = 7 Days
7 Days 40C 216 210 280 306 BERUS2005043397s 40C

Days 5C 1
25C 202 1

78 Tine
Ti me

3o Jgoags °

Time = 0 Days Anbient 204 198 258 286 Tine
7 Days 5C 201 195 257 284 Ti rre

0
7

218 212 282 308 Exanple 3 10 The purpose of this exanple was to prepare a
ral oxi f ene hydrochl ori de.

nanoparticul ate fornmul ati on of
di spersion of 5% (w w)
with 2% (w w)_ Plasdone S63
chanmber of aTkaftaRiify gfithe gu
€. g.

attriti

a speedbelbwdhQ@blepns for 60 m
M croscopy of the mlled sanpl

| i ght source (Laboratory Instrunments and Supplies Ltd.

N hy

n.
e,

(co ovi done, K25- 34)

ral oxi fene hydrochl oride (Camida Ltd.),

An aqueous

conbi ned

was mlled in a 10 m
dreghle léﬁlﬁswa%mﬁﬁuzﬁd PHeLESFED PA; see

457 pe BBl oty B b bl S R0,

39 WO 2006/ 060698 PCTI US2005/ 043707
using a Leci a DMbOOOB and Lecia CTR 5000
Ashbour ne Co.

Q'MW 1)

ure was mlled at

Meat h, | ,m-i}—s-eﬁe{—e——p-a-r—ﬂ—e{—es.——&e\w—aﬁ mot i on
was al s¢clearly y-evident with —no [ o floccul al_l_gn—g:‘ﬁ?a;t_aiqgr ow h.
Larger |un- ftamage” dfr u§tewagenof Mssndnue(1D59 /1me [ s DN /ammpe IS naeclpt abl e.
Fol | owi nccomditiomimet heCqmalitiox| ¢ si ze of [the nillled ral oxi flene hydrochl ori de
particl "ST1ﬂ@50rﬁﬁ§uregmH;Ehtde onixggd df st hphed V\m9'54 Usi ng 99210 a LA 910
particl‘ 7€ Da. Z 1L me<an "‘_ilc,l 1 xtfrene 3 UIULIIIUI 31 rticle
size wai-BBteRODA b Amblento oy 98, T R0” o) 5030 lana 43 noxl of 344
nm 10 7 h&nnﬁarthaﬁ cl 76> IGEHQU (:-d Zlﬁ vati 03Q9h| re]&gnt nedi 13089 shown in
Tabl e 5/ Tiped DHDaFABLE 55°C 224 216 291 325
Time = 7 Days 25°C 218 210 283 314
Time = 7 Days 25°C 220 211 288 320
Time = 7 Days 40°C 230 221 296 331
Time = 7 Days 40°C 235 225 307 338
5
Example 2
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.),
10 combined with 2% (w/w) HPC-SL (hydroxypropyl cellulose — super low viscosity), was

milled in a 10 m} 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

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.
20

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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Bi orel evant Mean Particle D50 Particle D90 Particle D95 Particle Media Size
nm Size nm Size nmSize (nn) 0.1 MNaCl 174 167 240 267 0.1 M NaCl 176 170

242 268 186 179 247 274 0.01 N HO 188 182
stabili ty@vocfiooﬁ’géﬂ%ﬁ | ed ral oxi fene hydrochl ori de was nea%éf/g%%@g&ﬁ(g seven

day period under various tenperature conditions. The results of the
stability test are show 15 belowin Table 6. TABLE 6 Storage Storage
Condition Mean / D50 / DOO / D95 / condition tine nmnmnmnm Time =0
Days Anbi ent :}.%02 194 257 288 Tine s AITbI 09 31 516 Tine
7 Days 5C 207hoaytislsGizBgmeasyredin varior jaelgal sy 38 40 5ne = 7 Da s
25C 212p,d@¢. 277 306 Time = 7 Days 25C 227 217 297 335 Time = 7 Days 40C
203 192 285 326 Time = 7 Dg s 40C 216 202 308 354 40 WD 2006/ 060698

PCT/ US2(005/ 043707 Exanple 4 The pBABIF30of this exanple was to prepare a

Sanopart ' BiHr@feG%}ft?’V/nMeﬁﬁ PaRtiele rBS@ghPtﬁli@ “ym@ﬂrﬁEledﬁLD@'swglﬂ@U :rb q
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The stability of the milled raloxifene hydrochloride was measured over a seven

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

below in Table 4.
TABLE 4
Storage ' Storage Condition | Mean/ | DS50/nm | D90/ D95/

condition time nm nm nm
Time = 0 Days Ambient 204 198 258 286
Time = 0 Days Ambient 226 224 301 328
Time = 7 Days 5°C 201 195 257 284
Time = 7 Days 5°C 195 189 252 278
Time = 7 Days 25°C 206 200 263 290
Time = 7 Days 25°C 202 196 260 287
Time = 7 Days 40°C 216 210 280 306
Time = 7 Days 40°C 218 212 282 308

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 S630 (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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10 light source (Laboratory Instrunents and Supplies Ltd., Ashbourne Co.,
Meat h, Ireland), showed well dispersed discrete particles. Brownian notion

was al so jdent with no signs of flocculation owt h.
Lar ger u?l‘l(?\n Okléﬁl%yddr ug was not observed. The sanple apgéyﬁ%)%é@bé%{ abl e.
Followng mlling, the particle size of the mlled ral oxi fene hydrochl ori de
particles 15 was neasured, in deionized distilled water, using a Horiba LA
910 particle size analyzer. The nmean nilled ral oxifene hydrochl oride
particle size was 186_nm wth a D50 of 18Q _ri D9Q of 242 .n and a D95
of 263 nm TMErREOPY Of el emnler wins mLoste PIRDOGR b TESH08 15 shown
I n Tabl , 5@5}‘& |.ar il hcl e D90
Parti cl gg%ggmggﬁoa:ﬂgraggry Ia eéltfién(an%p E}{éz@t“trcll %%‘g&%% i’%g&?ﬁﬁg@@w NaCl 177
169 247shoh@davell dispeaded distietd patields. BrdniadmdfioNwatalsd 8Ratl§ bvidert vai@d 0. 01 N
HCl 179 173 237 257 The stability of the milled raloxifene hydrochl oride was
measur el ggayoffloseylation gugrygalgrowthy lepsgery ypimsilled’t dmgevasmot ebsevidi t i ons. The

res ts-of the stability test are show belowin Table 8. 41 WO 2006/ 060698
PU%SZB@%?%@’PC“F,R&%@ ‘orage' Storage Condition Mean / D50 / DOO / D95

/[ conditi QnFélidmng'miHiﬁgntHeZﬁhici@ﬂEeEf tle BANSI ARIRAL hyddcHIBAd idddd Tinme =
0 Days Anbient 221 204 380 425 Time = /7 Days 5C 193 187 252 2/8 Tinme = 7

Days 5Cwa9sedsafedpioddadizeddistilled watBaysing a¢iaribe L8921 @ partigleGize analyzer.

The mean milled raloxifene hydrochloride particle size was 225 nm, with a D50 of 212
nm, a D90 of 298 nm, and a D95 of 344 nm.

The particle size measured in various biorelevant media is shown in Table 5,

below.
TABLE 5
Biorelevant { Mean Particle D50 Particle D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 174 167 240 267
0.1 M NaCl 176 170 242 268
0.01 NHC1 186 179 247 274
0.0l NHC]l 188 182 247 270

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 / DS0 / D90/ DIS/
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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Time = 7 Days 25C 193 187 252 279 Tine = 7 Days 40C 198 191 256 284 Tine =
7 Days 40C 202 196 263 290 Exanple 5 The purpose of this exanple was to
prepare a nanoparticulate fornulation of 5 ral oxifene hydrochloride. An
aqueous dVOF8646Mt980f 59 (W w) ral oxi fene hydrochl ori de PCTA/S2005/04317) |
conbined with 1.5% (ww) Tween 80 (polyoxyethylene sorbitan fatty acid ester
80), was mlled in a 10 m chanber of a NanoMII(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 nedia 10 (Dow Chenical) (89% nedia |oad). The

m xt ur Exemepleidl | ed at a speed of 2500 rpns for 60 min. Mcroscopy of the

mlled sanpl usin Leci a 000B and Lecia CTR.500Q0 Light .source
(Labor at or'y THSUTRRREAE LIS PRAEIp 3o BLPIEPRTe 5 DAMSHREFHES SRRt I 1 ol and)
showed %erﬁg%%m i screte particles. Brownian notion was also clearly
evident. 15 However, there were sone slightly larger crystal, possibly

ei t her "un- nAh habusidispersion of 5%n&w/ef) raloyifina hydroohlokide (Eahidalitdyy mi | | i ng, the
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eadur combized widh &% ouw) Blasdona KaD/ia pavidoge Kag-32)+ 585 BaledAn 018 hr i cl e si ze
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nm Si ze
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 appe.ared acceptable.
Following milling, the particle size of the milled raloxifene hydrochloride particles
15  was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 186 nm, with a D50 of 180
nm, a D90 of 242 nm, and 2 D95 of 263 nm.

The particle size measured in various biorelevant media is shown in Table 7,

below.
20
, 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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0.1 MNad 231 222 300 334 0.1 M NaCl 233 224 303 335 0.01 N HC1 307 297
424 470 0.01 N HA 321 309 447 502 The stability of the mlled ral oxifene
hydr ochl ogg asured over a seven 5 day period und rious

t enper aturwé&%’o t%ns The results of the stability tes?éyxigzogﬁgﬁm%el ow in
Tabl e 10. TABLE 10 Storage Storage Condition Mean / D50 / nm D90 / DO5 |
condition tinme nmnmnm Tine = 0 Days Anbi ent 683 426 1568 2172 Tine =

0
Days Anmbi ent 751 568 1437 1836 Tinme = 7 Days 5C 578 424 1156 1532 Tinme = 7
Days 5C 631 464 1247 1630 Tinme = 7 Days 25C 599 458 1155 1478 Tine = 7 Da
s 25C 628 490 1198 1492 Tine = 7 Da s 40C ----- ----- | ----- Tine = 7 Da s
40C ---t- ---- Exanple 6 10 The puFABIE®f this exanple was to prepare a
nanopar ICUSmtrsge‘ or nubtrageCohditionl pxMeand h)
di spers QBnﬂftmﬁ%ixﬁW/ w) ral oxifene hydr qg,hl orfi
w th 1. 5% Cw-w—Pasdone Sgg" fcop fre—K25
|l auryl & i i || ghmpient, :1

(NanoM |1 Tixw =) Bagsrs|  Ki n%mbtenpruss ) N .
6, 431, 47 8himeat dR@ysvijt h 5005°@i cron PoIiDBI | (fr) BI0 alt t 252 or nedd a | Dow
Chem cal )Tit392G Mgk a | oad) se@he m Xt ur 9843 WO Bf106/060888 RCTHRAS2005/ 043707

V\IB.S m | eﬂn&[.—?lﬁgged o1 %&% rpn’BL or lggl mJn. ,lﬁ‘nd a Sﬁgon ?le €| was
mlled UTIFHFD Zm@ﬁs Mrerospopy ot the i ted—sagye T usjgy torga DVb000B

and Lec

“Time = 7 Days 40°C 198 191 256 284
Time = 7 Days 40°C 202 196 263 290
Example §

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

An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.5% (w/w) Tween 80 (polyoxyethylene sorbitan fatty acid ester 80), was
milled in a 10 m1 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

10  (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.

15 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

20 nm, aD90 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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The stability of the milled raloxifene hydrochloride was measured over a seven

5  day period under various temperature conditions. The results of the stability test are show
below in Table 10.
TABLE 10
Storage Storage Condition | Mean/ | D50/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 L O T e D
Time = 7 Days L O e e D 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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Time = 7 Days 5C 155 151 211 232 Tine = 7 Days 5C 298 181 313 832 Tine =7
Days 25C 161 157 215 235 Time = 7 Days 25C 179 173 240 263 Tinme = 7 Days
40C 182 1 Time= 7 Days 40C 199 194 257 285 EX |l e 7 The purpose
of this e%orr%ﬁ’gméggsto prepare a nanoparticul ate formul a’t’&%sﬁq"m@ﬂ”

ral oxi fene hydrochl ori de. An aqueous di spersion of 5% (w w) ral oxifene
hydrochl oride (Camda Ltd.), conbined with 1.25% (w w) Plasdone K29/ 32
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m chanber q NanoM I | (r). 0.01 (NanoM I | stens, King of Prussia, PA
see e. gWas mlﬁﬁda %&ﬁ@?ﬁ'\g ?iﬁ.(wb,ra@i }Qr%arslma@aﬂg ss%[qqd SS@@"T@"‘WI%P%? yM 11 (r)
attritim??rredia (Dow Chemcal) (89% nedia load). The m xture was mlled at
a speed of" 2500 rpns for 60 mn. Mcroscopy of the nmilled sanple, using a
Leci a DVbOOORiarastops &if theThRl<dGaple, ughy a $.ecia GMOOGIBo4rRE ecia CAR 3000ent s and
Supplies Ltd., Ashbourne Co., Meath, Irel and) showed wel | dispersed

di scr et bightzource (kaboratordnstauments anshSuppbies] o, Ashbavme CoyiMeath, Ieland)15 no

sig of, fl occul ation . or .crystal growh. roun-mlled" dr was not
obse verhowetiibuttn Aot 16 o Bl el b e ool Pirtef v 4% b £ ol
si ze of gbdepvadi | | ed ral oxi fene hydrochl oride particles was neasured, in
deioni zed distilled water, using a Horiba LA 910 Fart i cle size anal yzer.
The mean ni | Feldowiap awilling, therattiale size of te milled raldxitene hpdmeblotide panticlesi t h a

r?ggs 8]; e%‘égfn%gﬂfrréﬂiq ??if[’)’gige&é{%ﬁgd Vr{'uﬁfe %g’g‘g% }E‘%ﬁ?ﬁ’ﬁ{“? é i@ P%]’H_}%?ﬂa : y%grr']gar ticle
o TS TR e 14 ol Dsgt 1 020 of 573
var 1®usnin, @ DS0f 47 nne dhd aiD95sdfeMA nim) andhl #sekdnd meadupemenftAlé Sanijle had

a mean particle size of 617 nm, a D50 of 277 nm, a D90 of 1905, and a D95 of 2692.

Following 90 min. of milling, the mean milled raloxifene hydrochloride particle size was

867 nm, with a D50 of 380 nm, a D90 of 2342 nm, and a D95 of 2982 nm, and in a

second measurement the sample had a mean particle size of 1885 nm, a D50 of 877 nm, a

15 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 NHCl' 112 108 167 189
0.01 NHCI 139 139 186 ' 202
20 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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Bi orel evant Mean Particle D50 Particle D90 Particle D95 Particle Media Size

nm Size (nm Size (nm Size (nn) 0.1 MNaC 149 144 207 228 0.1 M NaC 149

144 205 2 §efodocdy HCl 163 158 218 241 0.01 N HO 165 9 240 5 The
e 2 . :

stabili ty%g? tﬁ@ r?ll)\# | ed ral oxi fene hydrochl ori de was rreaégi@%%"c%é‘wy seven

day period under various tenperature conditions. The results of the

stability test are show belowin Table 14. TABLE 14 Storage Storage

Condition Mean / D50 / DOO / D9O5 / conditiontime nmnmnmnmm Tinmne =0

Days Anbient 180 174 233 254 Time = 0 Days Anbient 201 169 364 411 Tine =
7 Days 50184178241 262 TFiwe——=7 Days 5C-195 189 256 285 Time = 7 Da 25C
188 182 P47 270 Tine = 7 Days 25AABEEIER 554 282 Time = 7 Da ys |40C 209
203 271 P94 Stofage = [7SBaypge Co@dition p1M&@80/ SﬂODS!)G Exal90¢ 8| M hyr pose of
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Time = 7 Days 40°C 182 177 239 258
Time = 7 Days 40°C 199 194 257 285
Example 7

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

An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.25% (w/w) Plasdone K29/32 (povidone K29/32) and 0.05% (w/w)
sodium lauryl sulfate, was milled in a 10 ml chamber of a NanoMili® 0.01 (NanoMill
Systems, King of Prussia, PA; see e.g., U.S. Patent No. 6,431,478), along with 500

10  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

15  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 mllled ralox1fene hydrochlorlde 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

20 nm, aD90 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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5 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 14.
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 aqueous 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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CTR 5000 | imfidroScop ?%@ﬂ(e@iﬂl@d@ilﬁphé , bidifd 4 UERNDM S000BHAN dc@SC TR 3000 Ashbour ne
Co., Meath, Ireland
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nmeasur eTidaniple ppeatddlaeceptatler, 20 the mean raI oxi f ene hydrochl ori de
particle size was 216 nm with a D50 of 209 rim .a D90 of 280 run, and a

D95 of 309 nhellomiag gllingethe particle sizneithe milled raloxifsne hydroepudeparticlesi a i s

B or o1 oo i PP ol AR AR SRR T T BB s 2o

Bi or el eva
nmg Zﬂﬁﬂﬁhmﬁnﬂ&dﬂﬁloﬁiféﬁe Rdrochloride particle size was 192 nm, with a D50 of 186

nm, a D90 of 248 nm, and a D95 of 272 nm. In a second measurement in distilled water,

the mean raloxifene hydrochloride particle size was 193 nm, with a D50 of 187 nm, a D90
of 250 nm, and a D95 of 274 nm.
The parti;:le size measured in various biorelevant media is shown in Table 15,
15 below.

20

TABLE 15
Biorelevant | Mean Particle D50 Particle D90 Particle | D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 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

below in Table 16.
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Tabl e 18. 5 TABLE 18 Storage Storage Condition Mean / D50 / nm D90 / DO5 /
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Example 9

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) Pharmacoat 603 (hydroxypropyl cellulose) 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
10  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
15  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,
20  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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TABLE 18
Storage Storage Condition | Mean/ | DS50/nm | D90/ | D9S/nm
condition time nm nm
Time = 0 Days Ambient 213 205 275 301
Time = 0 Days Ambient 216 209 280 309
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 0.1% (w/w) docusate sodium, was milled in a 10 ml1 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 Microscoi)y 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
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10  day period under various temperature conditions. The results of the stability test are show
below in Table 19.
TABLE 19
Storage Storage Condition | Mean / D30/ D90/ D95/
condition time nm nm nm nm
Time = 0 Days 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 40°C | meemm | mmeme | meemm | emee-
Example 11
15 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 m] chamber of a
NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see e.g., U.S. Patent No.
20  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 DM35000B and Lecia CTR 5000
light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co., Meath, Ireland),
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below,
TABLE 20
Biorelevant | Mean Particle D50 Particle D90 Particle D95 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NacCl 463 185 300 425
0.1 M NaCl 245 233 327 369
0.01 N HC1 197 192 253 277
0.01 N HCl 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
15  belowin Table 21.

: TABLE 21
Storage Storage Condition | Mean / D50/ D90/ D95/
-condition time : nm nm nm nm
Time = 0 Days Ambient 213 206 271 295
Time = 0 Days Ambient 211 198 295 339
Time = 4 Days 5°C 213 207 277 301
Time = 4 Days 5°C 220 212 287 318
Time = 4 Days 25°C 225 217 289 320
Time = 4 Days 25°C 225 216 290 322
Time = 4 Days 40°C 316 304 438 491

Time = 4 Days 40°C 339 321 486 553
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0.1 MNaC 210 204 273 295 0.1 M Nad 212 206 275 297 0.01 N HC 196 184
276 317 0.01 N HAO 269 263 363 394 52 WO 20061060698 PCTI US2005/ 043707

The st abi W(;%D /{)]60 &e m |1l ed ral oxi fene hydrochl ori de was ﬁ@i@ﬁﬁ@*ﬁ%ﬂ a

seven day period under various tenperature conditions. f the
stability test are show below in Table 23. TABLE 23 Storage Storage
Condition Mean / D50 / D90 / D95 / condition time amamamam Tine = 0
Days Anbi ent 374 326 551 728 Time = O Da s Anbient 510 386 895 1474 Tinme =
4 Days 5C 546 341 1082 2008 Tine = 4 Days 5C 642 389 1494 2279 Tinme = 4
Days 25Example ¥bg 5793 8639 Tine = 4 Days 25C 3021 1523 7876 9866 Tine = 4
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Exanple 13 T exa was 10 prepare a nanopar i cul ate

f or mul atdlenifené hydratlbstiiene hydr ochl or| de. An aqueous di spersion of 5% (w w)
ral oxi f ene hydrochl orjde (Cam da onbined with 1.25% (ww) Lutrol
F68 (pol yoxafkiaques)s dasmrscpmy‘o,%"/(o\ﬁw(my) r@b&fgmlydr@@émdﬁ (Gamddaktd)ed in a 10 nd

charher Gl AR G sk ISV S B L =
attriti gRhniBRE bRa NaRSMHEN® U.01aINanoRANCSYEEMS, Kﬁg%}‘Pru'EBﬂ PAXI;ééreeg veg.mlled at a
speed of 2500 rpns for 60 mn. 15 M croscopy th l ed sanmple, using a
Leci a DRBOOOR. 848 1,4%8) 2l@pRvBN 600 micron PolyMill® attnnon medla (Dow Chemlcal)
(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
10  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 appéared acceptable.
Following milling, the particle size of the milled raloxifene hydrochloride particles
15 was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
The mean milled raloxifene hydrochloride particle size was 215 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.

20 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 N HCI 196 184 276 317
0.01 N HCI1 269 263 363 394
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Example 13

The purpese of this example was to prepare a nanoparticulate formulation of
raloxifene hydrochloride.
An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),

10 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.

15 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.

20 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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(w'w) deoxycholi c acid, sodiumsalt, was mlled in a 10 m chanber of a

NanoM I | (r) 0.01 noMII King of Prussja, PA _S
Pat ent msmf@nzmlemem) Ydéﬂ‘é‘#ﬁ%% RAF ST VRD O BBORGh aRSH S alswg%%? 500

m cron Piég\ﬁﬂxlehd) Pég bf 40P edi a (Dow Chem cal) (89% nedia |oad). The

m xture was ni t a speed of 2500 rpnms for 60 mn. Mcroscopy of the

m | | ed sanpl The paticlg sizelpedstredvh OQGdas divteleenitanddlfis SRO®n in Tabie 24pur ce
(Laboratory Instrunents and Supplies Ltd., Ashbourne Co., Meath, Ireland),

5 showebelwéﬂ | di spersed d| scret e part I cl es Br owni an m)t lon was al so clearly
evi dent mith—rno SIS of—ft+occut aj, : L,betal Ot owt-h—tat get "u.-m'l | ed”
dr ug wasnot—observed The cawnl I= k-, 2?‘412\1‘{ ahhnnf abl e Eollowina—mlli ng1

IO T

the part] Biorelevant [Mean Particled DG Emft@ma hy D90 Rarticle gd D95 Partide | was
measur ed|,__i Medds onl ze8izti(@mi)l | d vBigemmlisi hg Sizdedninba LA Sizé(mm) tijcl e size
anal yzer| 0.1 MNHE@2 npean @3Bl ed, |[ral ox2¥3ene hydrocB0é&ri de |part338 e sijze was

169 nm m-th-a D50 D93 of 242 nmi In a
second nehdMNeEht {in didBilled wat e205 the| nean3i@l oxi flene 3\5ﬂjrocrl oride
17

e
particle Tt B5 0 qf Hrm of —2F3-—nm—and a D95
of 298 nn(.ibg'ﬁ{e parti cl eip?ze mez}gsure in vafi ous‘iﬁl or el gvant diafis shown

in Tabl ef @51 N A1 PFT OW. 268BLE 253 348 381
5
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 25.
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 aquedus 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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Bi or el evant Mean Particle D50 Particle D90 Particle D95 Particle Media Size
(nm Size (nm Size nmSize nm 0.1 MNaCl 146 141 199 221 0.1 M Nad 147

143 200 2 HCl 152 150 203 222 0.01 N HO 158 111315 The
stabili ty%éc}zotgﬂgégné\% | ed ral oxi fene hydrochl ori de was neas r/g%ﬂ)@yéﬁ% seven
day period under various tenperature conditions. The results of the

stability test are show belowin Table 27. 55 WO 2006/ 060698
PCTI US2005/ 043707 TABLE 27 Storage Storage Condition Mean / D50 / DOO / D95

/[ condL_jlon ti rn.omnm _ Ti = 0 Days iept 18 0 238 258 Tine
=0 Day§5 isron ol o media ﬁ%@m&aééﬁ%ﬁwaﬂgﬁgwlm Time = 4
Da 5C 1 5 = 25C 187 182 244 266 Tine = 4 Days 25C
Ta7° 151 A5 il s spdk ":fzz?@ar{}?éﬁ‘g%ﬁf%ﬁ" 189 253 279 Time = 4 Days 40C 197
191 256 283 Murasgoips of thelipdlledusamplousifg 4 hesia ®MHQIOB mriSLéoda CTRIHN0S a
nanoparticul ate formulation of 5 ral oxifene hydrochl oride. An aqueous

di sper s Hight sopres Ghabpratpry Insteuments andSunphien -k AshbpwragCea, Meath) Ireland)pi ned

of o> NI i) e e it PRl B oSSl Rl ickfe iy 0700 o

Pat ent B signdofiffdecdiatipn o tHREL Piolwth. SD&ger ‘GnaRilRA? dMgl Wds not dbservdd. on medi a
(Dow Chem cal) (89% 10 nedia load). The m xture was mlled at a speed of

2500 r pikbe saympleappeiared avceptalleopy of the milled sanple, using a Lecia DV60OOOB
and Lecia CTlgol?o%llgg milling, the particle size of the milled raloxifene hydrochloride particles

was measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer.
10  The mean milled raloxifene hydrochloride particle size was 169 nm, with a D50 of 164
nm, a D90 of 220 nm, and a D95 of 242 nm. In a second measurement in distilled water,
the mean raloxifene hydrochloride particle size was 179 nm, with a D50 of 171 nm, a D90
of 271 nm, and a D95 of 298 nm.
The pafticle size measured in various biorelevant media is shown in Table 26,
15  below.

. TABLE 26
Biorelevant | Mean Particle D50 Particle D90 Particle DI5 Particle
Media Size (nm) Size (nm) Size (nm) Size (nm)
0.1 M NaCl 146 141 199 221
0.1 M NaCl 147 143 200 221
0.01 NHCI 152 150 203 222
001 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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| i ght source (Laboratory Instrunents and Supplies Ltd., Ashbourne Co.,

Meath, Ireland), showed well dispersed discrete particles. Brownian notion
was al so dent with no signs of flocculation o stal grow h.
Larger " ﬁx’(ﬁﬁo{s/é%ﬁyédr ug was not observed. 15 The sanple & BEE%/@H ﬁ&@ept abl e.
Followng mlling, the particle size of the mlled ral oxi fene hydrochl ori de
particles was neasured, in deionized distilled water, using a Horiba LA 910
particle size analyzer. The nean m |l ed ral oxifene hydrochl oride particle
size was 209 run, with a D50 of 158 nm a D90 of 396 nm and a D95 of 454
nm | na ' | Sti Lfene

hydr ochl g)ri de particle size was 1WABEBE 2 th a D50 of 125 nm a D9 of 410

nu, and @' Dtopdget 79 |NStorage Comtfitibh | EMeai? 1MeaDSE £d | NDYEY | QU9 pr el evant
media is %BRMohrhﬂ_@b' e 28, below |56 WQ 2006/ Q§Q698 PG, US20Q5{ 043707

TABLE 28 |nrn| avant !\vlb:\m]D:xrfnr-IL 0 Pnrf|r|n [meYal Ql‘fif‘lﬂ NOL P rt|C|e

I TT T L =4~ S |

Medi a Si 2l <9 Day$ nmy SiAmbignt i -d nmd8@ 1 [M N8B 1072381 252588F 0.1 ™
NaCl . 20()"11@4‘2@Da2-‘85 0. GimbieCl 247 2803 359 3498 0./013R6HC| 338 P70 377
417 The stTiel= 4 Pagd |t he i §9&d ral gxi f @68 hydr a6bl orli d@1%as |nR4&ufed over a

seven dayripg APayder varsqus tenyeraggge qondigdi orjs. ophe fesyts of the

stability - ow Dejzo 11T Tgbt e — 1ABLR,297St geStprage

Condi ti O%ﬁ&% 7 le &n f €Ot g’}di L1§2 it ||%r4&| 3] |§§6T me= 0

Days Anmbi-edResBDaEy 2697 Tine - abildhe 225835 1488%ab  Tine -
Day® 5C

4 Days 50dmes $Bayn33 498 40fCne = y 4738931 | 7752%%51( 279
Time = 4 Days 40°C 197 191 256 283
Example 15

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

An aqueoﬁs dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.5% (w/w) Lutrol F127 (poloxamer 407), 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%

10  mediaload). The mixture was milled &t 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.

15  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,

20  the mean raloxifene hydrochloride particle size was 197 nm, with a D50 of 125 nm, a D90
0f 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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Time = 4 Days 5C (Repeat) 394 352 617 746 Time= 4 Days 5C (Repeat) 463 429
697 816 Time = 4 Days 25C 886 361 2764 4102 Time = 4 Days 25C ----- -----
----- 40C 1084 520 2923 4221 Tine 4 Days 40C 1276 580 3512
4888 5 E@%@g@%&rhe purpose of this exanple was to prBpHU&24S/043707
nanoparticul ate formul ati on of ral oxifene hydrochloride. An aqueous
di spersion of 5% (ww) ral oxifene hydrochloride (Camda Ltd.), 10 conbi ned
with 1.0% (ww Pluronic F108 (pol oxaner 308) and 1.0% (ww) Tween 80
(pol yoxyethylene sorbitan fatty acid ester 80) was mlled in a 10 ni
chanber lof a  NanoM Il (r) 0.01 (NFABLE28Systens. King of Prussia, |PA; see
e.g., U. [SBidtelesnnt eal Paticld 7]8) DS@Partilev | hDS0®Particleon D95 Phitidlé 1))

attrition nerdidaa ( W Sianad! ) [(8%fxe (@A) 2 | 0alize (MR M|XtSHemmp M !l ed at

a speed |of 1 Zp%EA P Torgs0 m N 57 y§§ 2006[ 0606987 PCT )7
M croscopy _of the mlled sanpleg, using a Lecia DV6000OB dand Lecia CTR 5000
l'ight sous.c&INa@bor at or 200nst r ynment s1%hd Suppl i e@6ltd., |Ashbzgg ne (o.,

Meat h, |jkeland) thowed wel | Lspersed disprete part r‘l es...Brownian noti on

was al so| GPEATHG! ¢ |dent26%|th no s@ﬂs of f|OCCQi58.tIOI’l Thr@ﬁ?ghout t he
sampl e | >|U|y = Hted g5 ryst Gryst grow h,
however , %@‘%‘B‘?Kr r%gﬁet hel less, ?71 sanpl e aBZZar ed acc@& abl .
Fol lowi ng m IT1ng, - tne particle size of the mITed raloxifene nydrochloride
particles was neasured, in deionized distilled water, using a Horiba LA 910
particle si z@hastabmzyaofthe TtiBedmdoxifent hyxﬂocrlﬂdmxié \ﬁ/ﬁnaehsmkrcb@)eka)&ém particle
size was 180, nm wth a D50 of 88 nm a D90 of Stﬁ@éandaD%of 685

run. |1 nd%y ReEiodid ﬁ%métﬁmemtwecﬁogémp%m@ws qfﬁlée IHHY tesiaBssoghe
hydrochtagﬁg@ﬂ?fe cle size was 186 nm with a D50 of 88 nm a D90 of 605

nm and a 2 nm The particle size neasured in various biorel evant
medi a i s| shown in Table 30, TABLE 29
Storage . | Storage Condition | Mean/ D50/ D90/ | DIS/
condition time nm nm nm nm
Time = ( Days Ambient 228 160 369 756
Time = 0 Days Ambient 225 126 449 688
Time = 4 Days 5°C 306 289 433 498
Time = 4 Days 5°C 473 331 775 1519
Time = 4 Days 5°C (Repeat) 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 . [ e e | e ] e
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. ‘ 7 '

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

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 m] 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. TABLE 30 Biorel evant Mean Particle D50 Particle D90 Particle D95
Particle Media Size nmSize (run) Size nmSize nm 0.1 MNaC 208 202 271

294 0.1 l\/gﬁyg 05 275 298 0.01 N HO 263 257 350 3 C1 279
272 377 4 gfg/géloéeszstabl lity of the m|led ral oxifene h%?r/ggﬁ%pﬁ

measured over a seven day period under various tenperature condltlons The
results of the stabi lity test are show below in Table 31. 58 WD 2006/ 060698
PCTI US2005/ 043707 " TABLE 31 Storage Storage Condi ti on Mean / D50/ D90 / DO5

/ condltlon time urn_nmnmnm Tjne ys. Anbi ent 2077 1584 4636 5406
Time = 0 Danysarﬁﬁw@moftjw@ﬂlfé9@2@5@6@9#6@#%5000 g lecia CEIBA0R87 761 890

™ G R A i By SR8, A Rl [ ¢

566 486shdadd el disperseddistrdiapartiéRe. Bilo%ﬁ&ﬂmb%ﬁ whs @hso closdliyeivRledi/withe pur pose
of this exanple was to prepare a nanoparticulate formulation of 5

ral oxi fm]@gnwm@q@ubﬂpmemmgb@mébﬁmﬂgh@mﬂms@y ‘topomilled) dyugl oxi f ene
Y drochL QL% R Bl s WA BB, WorbuRE4 6 Ym b B350 < 17
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 180 nm, with a D50 of 88 nm,
10 aD90 of 562 nm, and a D95 of 685 nm. In a second measurement in distilled water, the
mean raloxifene hydrochloride particle size was 186 nm, with a D50 of 88 nm, a D90 of
605 nm, and a D95 of 762 nm.

The particle size measured in various biorelevant media is shown in Table 30,

below.
~ TABLE 30
Biorelevant | Mean Particle D50 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 N HCI 263 257 350 382
0.0l NHCI 279 272 377 417

15
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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benzal koni um chl oride, was mlled in a 10 m chanber of a NanoM 11(r) 0.01
(NanoM || Systens, King of Prussia, PA, see e.g., U S. Patent No.

6, 431, 478 y th 500 10 mcron PolyMI1(r) attrltl

Chem cal ))“E%gJ/gmagl a load). The mxture was mlled at a @yﬁgﬂw%?fsg%o r pns
for 60 mn. Mcroscopy of the mlled sanple, using a Lecia DMbO0OOB and Leci a
CTR 5000 |ight source (Laboratory Instrunments and Supplies Ltd., Ashboune
Co., Meath, Ireland), showed well dispersed discrete particles. Brownian

notion was also clearly evident with 15 no signs of flocculation or crystal
gr owmt h. Larger "un-mlled" rlrun was_not ohserved The qarml e annpared

acceptahle. Following mlling. thdABEEHM e size of the mlled ral dxifene
hydrochliori Seorageét i cl Storaga€omditionr ed Méan /[de| oldspgd di PODI/I ed PREer|, using a
Hor i ba Lﬁcmmﬁhlecl e SI ze anal yzer. n‘ﬂa_e neanpm | | jed. gml oXi f eye

197 1

254 im (GBE=RIsc] 5g3 ARG . LCou e LS T A8 LI e
the mean_iEnexOMays hvdrmbwmde r1201% sl d584< 14450 i 31273 ID50 of
190 nm |aTheo= 40¥335hm anddPO5 of 420nm4939 WD 24fif6/ 0l60618 PQT/ 892005/ 043707
The st ali Tih¢=dfDdybel m | | ed°Cal oxi fene 458dr oLhl 422 de| war)smeasugesl over a
seven dayTﬁﬁgaqq)eﬂ,gder varisegs tenperajjgpe cpndyig ons. 7lfge Tiesghgs of the
Sot)agl ![ [ tyT oL 4Days IIOW ”f53.3ﬂ'.:' T Tt 213?‘ TABLdS—3 ﬁs:zdgc ST]&.?‘. e 0
ndi ti gn 2R P96 -+ e on-t4 AR-AHRHERUF e =
Days Anbj_ztmewéd)aym 254 285C Tine £ 0 ys Anh 50t 01370200 13782700 Time =
2 Days SCTmgo=4dys71 299 409Gre = 2| DaS%6 220 2486 287 B T nkl?™ 2| Da 25C

207 197 2Tim&6% Daysne= 2 D&C 25C 206 K3 27Pp 3¥3F T md051 2 Day26540C 211 204
274 301 Tinme = 2 Da s 40C 210 202 276 305
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Example 17
The purpose of this example was to prepare a nanoparticulate formulation of

5  raloxifene hydrochloride.

An aqueous dispersion of 5% (w/w) raloxifene hydrochloride (Camida Ltd.),
combined with 1.25% (w/w) Plasdone K-17 (povidone K17) and 0.05% (w/w)
benzalkonium chloride, 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

10  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

15  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

20 nm, aD90 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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It will be apparent to those skilled in the art that various modifications and

variations can be made in the methods and compositions of the present invention without

departing from the spirit or scope of the invention. Thus, it is intended 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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bone formation agents, estrogens, parathyroid hornone, parathyroid hornone
derivatives, 30 selective receptor nodul ators, anticancer agents, and
chenot her aphy reagents. 61 6. The conposition of claimb5, additionally
conprising at | east one active agent selected fromthe group consisting of
ri sedronate sodi um ibandronate sodium etidronate Disodium teriparatide,
al endronate, calcitonin, paclitaxel, doxorubicin, panridronate disodium
anast r o7tk & laisxselefining & hedypeentpdroAph AsiFalowspi r ubi ci n, torenif ene,

| etrozole, 5 trastuzumab, nmegastrol, tamoxifen citrate (e.g Nol vadex(r)) ,
docet axel , capecitabine, goserelin acetate, and zoledronic acid. 7. Use of

a conposi tj on ageRLM MgopstialliteDefzdMhioshate BBmbodi@oiPcdipridife manufacture of
a medi canent for treating or preventing osteoporosis. 10 8 Use of a
conposi t i dig) accrardslesofiabanggthinpbers org saititkergofthavmgraprelfchévanusidegpadicks of a

nmedi ganent for treating br t cancer or other tunors of the breast and
| ynph nodul ar %l‘fcs(gittjgsss.%@s VIR hod of maki ng a nanoparticul ate

benzot hi op@yne AUROSId JueRcEanBIliz&i Ng:  contacting particles of a
benzot hi ophene with at | east one surface stabilizer for a tinme and under

condi tions to pvhueidéhabéreathbemhicopisaalexidenegudiradhbmideavi ng an effective
average particle size of less than 2 mcrons, wherein the benzot hi ophene is
ral oxi fene hydrochloride. 20 10. A benzothi ophene conposition prepared by

the met hody of ctigd éBn¥positA of claims 1, wherein:

10 (a) the AUC of the benzothiophene, when assayed in the plasma of a mammalian
subject 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-

15 nanoparticulate benzothiophene formulation, administered at the same dosage;

(c) the Tmax of 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).

20

3. The composition of claim 1 or claim 2 additionally comprising one or more non-

benzothiophene active agents.

4, The composition of claim 3, additionally comprising one or more active agents

25 useful in treating osteoporosis, breast cancer, or a combination thereof,

5. The composition of claim 4, 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,

30 selective receptor modulators, anticancer agents, and chemotheraphy reagents.
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20

0. The composition of claim 5, 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, megastrol, tamoxifen citrate (e.g Nolvadex®) , docetaxel, capecitabine,

goserelin acetate, and zoledronic acid.

7. Use of a composition according to any one of claims 1 to 6 for the manufacture of

a medicament for treating or preventing osteoporosis.

8. Use of a composition according to any one of claims 1 to 6 for the manufacture of
a medicament for treating breast cancer or other tumors of the breast and lymph nodular

{issues.

9. A method of making a nanoparticulate benzothiophene composition comprising:
contacting particles of a benzothiophene with at least one surface stabilizer for a time and
under conditions to provide a benzothiophene composition having an effective average
particle size of less than 2 microns, wherein the benzothiophene is raloxifene

hydrochloride.

10. A benzothiophene composition prepared by the method of claim 9.
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