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f or mukanstant state of remodeling, whereby new bone is la.lid down by cells called osteoblasts while
old bone is removed by cells called osteoclasts. Bisphosphonates inhibit bone removal
(resorption) by the osteoclasts. Bisphosphonates are used to treat osteoporosis and the bone
pain from diseases such as metastatic breast cancer, multiple myeloma, and Paget’s disease.
The bisphosphonates include FOSAMAX® (alendronate sodium), AREDIA® (pamidronate
sodium), ACTONEL® (risedronate sodiurz), BONIVA® (ibandronate sodium), DIDRONEL®
(etidronate), and ZOMETA® (zolendronic acid). The corupounds are also used to treat

osteoporosis that is caused by freatment with a corticosteroid.

1. Background Regarding Alendronate

Alendronate sodium, which is commercially marketed as FOSAMAX®, isa
bisphosphonate that acts as a specific inhibitor of osteoclast-mediated bone resorption.
Bisphosphonates are synthetic analogs of pyrophosphate that bind to the hydroxyapatite
found in bone. Alendronate sodium is chemically described as (4-amino-1-

hydroxybutylidene) bisphosphonic acid monosodium salt trihydrate.
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Alendronate sodium is a white, crystalline, nonhygroscopic powder. It is soluble in
water, very slightly soluble in alcohol, and practically insoluble in chloroform.

FOSAMAX® tablets for oral administration (Merck & Co. of Rehway, New Jersey)
contain 6.53, 13.05, 45.68, 52.21 or 91.37 mg of alendronate monosodium salt trihydrate,
which is the molar equivalent of 5, 10, 35, 40 and 70 mg, respectively, of free acid, and the
following inactive ingredients: microcrystalline cellulose, anhydrous lactose, croscatmellose
sodium, and magnesium stearate. FOSAMAX® 10 mg tablets also contain carnauba wax.

Disadvantages of FOSAMAX® include very poor bioavailability, fed/fasted
variability in absorption, and significant gastrointestinal irritation.

As to the clinical pharmacological mechanism for alendronate sodium, animal studies
have indicated the following mode of action. At the cellular level, alendronate shows
preferential localization to sites of bone resorption, specifically under osteoclasts. The
osteoclasts adhere normally to the bone surface but lack the ruffled border that is indicative
of active resorption. Alendronate does not interfere with osteoclast recruitment or
attachment, but it does inhibit osteoclast activity. Studies in mice on the localization of
radioactive [31-1] alendronate in bone showed about 10-fold higher uptake on osteoclast
surfaces than on osteoblast surfaces. Bones examined 6 and 49 days after [*H]alendronate
administration in rats and mice, respectively, showed that normal bone was formed on top of
the alendronate, which was incorporated inside the matrix. While incorporated in bone
matrix, alendronate is not pharmacologically active. Thus, alendronate must be continuously
administered to suppress osteoclasts on newly formed resorption surfaces.

Histomorphometry in baboons and rats showed that alendronate treatment reduces bone
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Although not as common, the use of alendronate has been associated with esophagitis and/or
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United States Patent Nos. 5,616,571, 5,994,329, 6,015,801, 6,225,294, 6,333,316,
6,432,932, 6,465,443 and 6,544,967, all to Daifotis et al., United States Patent No. 4,621,077
to Rosoni et al., United States Patent Nos. 5,358,941, 5,681,590, 6,090,410 and 6,194,004, all
to Bechard et al. and United States Patent Nos. 5,849,726 and 6,008,207, both to Brenner et
al., relate to the use of bisphosphonates in the treatment of abnormal bone resorption. These

United States Patents are incorporated by reference.

2, Background Regarding Pamidronate
Pamidronate disodium, commercially available as AREDIA®, is 2 bone-resorption

inhibitor available in 30-mg, 60-mg, or 90-mg vials for intravenous administration. Each 30-
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Pamidronate disodium is a white-to-practically-white powder. It is soluble in water
and in 2N sodium hydroxide, sparingly soluble in 0.1N hydrochloric acid and in 0.1N acetic
acid, and practically insoluble in organic solvents. Its molecular formula is
C3HoNQ;P;Nay 5H,0 and its molecular weight is 369.1. Inactive ingredients for AREDIA®
include mannitol, USP, and phosphoric acid (for adjustment to pH 6.5 prior to
lyophilization).

Side effects of pamidronate include pain at the site of catheter insertion (including
redness, swelling or induration, and pain on palpation). Side effects ;1130 include
gastrointestinal pain, including abdominal pain, anorexia, constipation, nausea, vomiting,

diarrhea, dyspepsia, gastrointestinal hemorrhage, and stomatitis.
3. Background Regarding Risedronate

ACTONEL?® (risedronate sodium tablets) is a pyridinyl bisphosphonate that inhibits
osteoclast-mediated bone resorption and modulates bone metabolism. Each ACTONEL®
tablet for oral administration contains the equivalent of 5, 30, or 35 mg of anhydrous
risedronate sodium in the form of the hemi-pentahydrate with small amounts of monohydrate.
The empirical formula for risedronate sodium hemi-pentahydrate is C7H;sNO7P;Na «2.5 H,0.

The chemical name of risedronate sodium is [1-hydroxy-2-(3-
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Risedronate sodium is a fine, white to off-white, odorless, crystalline po‘;vder. Itis
goluble in water and in aqueous solutions, and essentially insoluble in common organic
solvents., Inactive ingredients in ACTONEL® include crospovidone, ferric oxide red (35-mg
tablets only), ferric oxide yellow (5 and 35-mg tablets only), hydroxypropyl cellulose,
hydroxypropyl methylcellulose, lactose monohydrate, magnesium stearate, microcrystalline
cellulose, polyethylene glycol, silicon dioxide, and titanium dioxide.

Side effects of risedronate include gastrointestinal irritation.

4. Background Regarding Ibandronate

Thandronate sodium is commercially sold as BONIVA®, BONIVA® is a nitrogen-
containing bisphosphonate that inhibits osteoclast-mediated bone resorption. The chemical
name for ibandronate sodium is 3-(N-methyl-N-pentyl) amino-1-hydroxypropane-1,1-
diphosphonic acid, monosodium salt, monohydrate, with the molecular formula
CoH;,NO,P,Na: H,0 and a molecular weight of 359.24. Ibandronate sodium is a white- to
off-white powder. It is freely soluble in water and practically insoluble in organic solvents.

Tbandronate sodium has the following structural formula:
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The tablet film coating contains hypromellose, titanium dioxide, talc, polyethylene glyool
6000, and purified water.

Side effects of ibandronate include gastrointestinal irritation.

5. Background Regarding Etidronate

Etidronate is commercially available as DIDRONEL® (etidronate disodium).
DIDRONEL® tablets contain either 200 mg or 400 mg of etidronate disodium, the disodium
salt of (1-hydroxyethylidene) diphosphonic acid, for oral administration. This compound,
also known as EHDP, regulates bone metabolism. It is a white powder, highly soluble in
water, with a molecular weight of 250 and the following structural formula:
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Tnactive ingredients in DIDRONEL® tablets include magnesium stearate, microcrystalline

cellulose, and starch.
Side effects of DIDRONEL® include gastrointestinal irritation, which can affect the

dosage that can be administered. Also, because of potential gastrointestinal irritation,

patients are advised to avoid consuming food within two hours of dosing,
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Zoledronic acid is a white crystalline powder. Its molecular formula is CsH;gN;O7P,¢ H,O
and its molar mass is 290.1g/Mol. Zoledronic acid is highly soluble in 0.1N sodium
hydroxide solution, sparingly soluble in water and 0.1N hydrochloric acid, and practically

insoluble in organic solvents. The pH of a 0.7% solution of zoledronic acid in water is
approximately 2.0,

ZOMETA® (zoledronic acid) Injection is available in vials as a sterile liquid
concentrate solution for intravenous infusion. Each 5-ml, vial contains 4.264 mg of
zoledronic acid monohydrate, corresponding to 4 mg zoledronic acid on an anhydrous basis.
Inactive ingre&ients in ZOMETA® include mannitol, USP, as bulking agent, water for
injection and sodium citrate, USP, as buffering agent.

Intravenous administration of ZOMETA® has been most commonly associated with
fever. Gastrointestinal reactions such as nausea and vomiting have been reported following
administration of ZOMETA®. Local reactions at the infusion site, such as redness or

swelling, were also observed.

B. Background Regarding Nanoparticulate Active Agent Compositions
Nanoparticulate active agent compositions, first described in U.S. Pat, No. 5,145,684
("the '684 patent"), comprise particles of a poorly soluble therapeutic or diagnostic agent
having adsorbed onto or associated with the surface thereof a non-crosslinked surface
stabilizer. The '684 patent also describes methods of making such nanoparticulate active

agent compositions but does not describe compositions comprising bisphosphonates in
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Gener% QOFHL} €, G a%% ?%Ef pg%%l@rco e eﬁlse\@}o teoéﬁcﬁgﬂﬁé QBArtronate, or

Gst eo nb ausal wonen, whose es tI’O

pr Odu%leﬁﬂ'rohfbsachﬁ QAd ef Radtlove dimfadaisedbiliber, lvﬂmamthe @aipReionohae m@mved
al so be steroid-induced and has been observed in mal e%F due to.a

Ost eopisaysilabilityang sedused adverip gagiraintesianal éffacts a§ FRIRAED 0] SRS

it can.be i by secondary causes, e.g., glucocorticoid therapy
or i t%ésgﬁoéa{%‘gﬁ%%\?\n th no identifiable cause, ile. , osteoporosis. In

t he presentAdgivenrbjeotiof the ﬁix&nﬁmdwmahhkh@sﬂmmhtaﬂ&lmmﬂuc el penposition of

prevention of abnormal bone res tio ost egpor.oti.c .hu
RGN BR A R o R R o L S S B

bone flga%(di'& &5 an@ PG eirbRicREld Qﬁ@ﬁ&@ﬁ% bite Qﬁfa@@étﬁ&ﬂl%er( yReRiDEpativAt ek

wher e "bone reéorptl on has océurred in proximty to a prosthetic
i mpl andle.the composition just before bedtime or prior to getting up in the morning. Another

object of the invention is a multiparticulate or monolithic oral composition of a
. nanoparticulate bisphosphonate, such as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, and at least one surface stabilizer, wherein the

composition can be taken by a patient without requiring that the patient sit upright to avoid
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Generalized or localized bone | oss can occur fromdi suse, which is
often a Rﬁﬁg&ﬁﬂhhgf those confined to a bed or a “h33|c§€t&mmﬁ&mb%h

t hose who have an 1nmmobilized |inb set in a cast or in

The net hods and conpositions of the invention are useful for treating
and/ or preventing the followi ng conditions or disease states:

ost eoporosis, which can include postnenopausal osteoporosis,

ost copBrBare He R ehe Der A a3 PR ok LaSERGTON ol
incr eao'iﬁﬂlobiﬂﬂﬁatbuﬁﬁp&ﬁﬁonQEﬁdmmﬂM@tD@?AﬁDMQJGMED‘BHE | oss
associ ated w tg;ﬁomﬁ @sthetic ostﬁol ysi s; and, bone fractures. .

Adv antRERRONEL and ZOMETA bicamint b kR iust beferoagdtins s pgier fhe

cueh Aot WB%Q%WW%@%%&W@%P%@W% AR et

and ZGhEp#en) sit uprighi fer db ldasted emitnttes|foliowied dbsmg tolavcnah incenigche adverse
bi cavail ahility d,uced ast ro i.n t at 3). .
oot oSSBT e bt sep Satalsn ABroet o Patifed comalisnce with
dosag%ofsfﬁ?'ﬂ?‘su%néﬂﬁeaﬁd‘é’d?ﬂ& WRRily EfidctvERdss Sfthteam { or other solid

dosage form si ze; er doses of bi sphosphonate required to
obtain the B@r@om@lﬂﬁ@saﬂe@gﬂmﬂ byfefrewltipartieylateraympretithinesmpestidmet i

R R G D R A R R

condi triseM@naté Stidashatd) e RdsRte] ai®zdénddbris 0did] diOekist (1) subfao@sthisitiverpand
bi sphosphonate corr&om tions of the invention; and (10) the

conpospdivgnerpatlaten dhp fomnesiBan Bk figrther saprise ehelaiing@BeH- Wit h ot her
act | V& %Jn honate tcnl'l! Js%‘e ﬁl%?er&ﬁ??%%tﬂ% i §é?fsﬂﬁ!@%o£tﬁ}gﬁ£gglgw§ﬁk oral

abnor ma e re nven | on SO I Nnc )
nanop arelwat_s,rj tae eoxlnpssihmxﬂhme& the bisphaphonabesanopagicles imthedmestine, thoreby
non- tOXIC p SIO|O acceptabl e carriers, adjuvants, or

vehi cl3¥8id aISE%llnF aalﬂ’fé?lé‘ryr ed to as carriers. The conpositions can
be fornul atrgdydiger aggé&%ffﬁ{@hmﬂioﬁqﬁerem fdr6viled ah{&l{oﬂmf??éﬂaﬁh g aOf
subcut aneous as a , oral admnistration in sol uid, or
aer os oianbpnrmm&aglsphtbsphnwaqup@aluqn r’EhatIaﬁzthO(ngmBmSGSJ wﬂsp@ﬁm&ﬁrl@st

t t t t to
Copi caeRinmpRLERabisuRl A hhet paiashAR Rl FA A HoandRnate .
forms 9f zbiéﬁdﬂoﬁié%id P a FGIdAisREdich ﬂ@ﬁéﬁﬁwﬁiﬁhfﬂl@mplﬂ::}phdﬂaﬁﬁ& @Ebﬁy
orm can e

dosage form an harmaceutical |y acceptabl e dosa

utili zsehlblﬂiﬁ@dvrfﬁ% ansghawirally wducins ﬁ@@ efctae bﬁahmh@n%to 3 desitedd
to, ta I l.pze e

gr anul® e%é nad’%%%e %g%fde 5%% %.sleﬁs (;[f#%% %gﬁ?%ﬂdbqﬁﬂ bﬁe oph*ok'é surfé?ce stablhzerf
dosageah fbe atldeiad tieod dngsbsitindrtere Ahaiag ;aoxfaﬂefrpaﬂtlymmmel redediod@ftige f orm
del ayed rel ease dosage form exte d

d f
o] AHGRTPREFe B SSeTSbI et Y RARBPBTOREF AR B bR bEs, | ¢
a_prefenp sﬂcﬂra@éja ?y{)&bé YheQfarb Mo ndbilk %?ﬁﬁltﬁs&;hgﬁyﬂéhﬁﬂe' QRch Somplexing

mai nt ai ne ¥ conti nuous re ease uman pat i ent by
i nt r arenglbles particle smelreducann ofitheiigphosphonate Xn Deddqusots wadia. The

Gt For th HONW R RAE e SR DR e RPEAE Al CeptosPicae(repPhBaf
" aboutcan W ldhmPfared AR5 &4 r&ﬁca@fcﬁl@,nﬁcce@tame@bmwoﬁﬂslshbh hdard 1hfécﬁble or

and WI|aP vary to sone extent on the context in which it is used.
there caaleioawﬁorm fthena embodimmient, this mvergtondigher diselgses 8 @Wﬂl@of@mﬂmﬂar y

rean BB delest RTRLT o5 Bo bt it Hit et R Biph Bihare ™ 1

compositions of the invention comprising the steps of mixing the nanoparticulate

bisphosphonate, at least one surface stabilizer, sodium caprylate, and preferably, a chelating

agent, such as EDTA or EGTA, followed by coating the drug particles with a pH-sensitive

14



As used herein with reference to particles of the bi sphosphonate,
"stable"‘ggamﬁ”hﬂﬁy t he bi sphosphonate particles do not papRiksfokatthy
floccul ate or agglonerate due to interparticle attractive forces or
ot herwi se spontaneously increase in particle size. The term
"effective average particle size of |ess than about 2000 urn" as used
herein neans that at |east 50% of the bisphosphonate particles have a
si ze, gg.meight, of | ess than about 2000 rim when neasured by, for
exanmpFf MNgadi ment ation field flow fractionation, photon correl ation

Spect r 0SCOMYe ikveftidn FGMd Bfdchid to fietkods @f rtathegaintivtingdne nef Iisited to, the
techni ques known to those of skill in the art. The term

" conv ématmenbof disgrders selatieg opbneTeal bape respipiphasingdhe nenoparicylate

bi sphosphon Lch i N (o] ' : 14 age
par (1 SRENQR bt Ot Gy G e Efon Syl o sk Ang PR 00
agent sulijsctdehérapattibsityeefedtio amdunisd faacnbyaeticulaie bipphpsphbnate eospasitiar

| ess than about 2000 urn. As used herein, the phrase

"t her 8pBAFHPYRIPY- ef f ective amount” shall mean the drug dosage that
provi des U iias it Shiklz6inR RARC A AU anli RO Fidgetitfid discrliioflattd 1 S

admi ni ster in a srgnrficant nunber of subjects in need of such,
t r eat eRerhplatst andexphpatasy zedart irtended i provpdeuinither explapatieref the nyentien

f a drug.that is administered t i cul ar..subj '
ok b St R bR ST RN SRR B Ph bry pis
condi kPR fHhs aATRMm BRSEIbLWAE dbeliRH des@iptitn bhdkdiventich. dosage is

deened to be a therapeutically effective anmount by those of skill in
the art. The term "abnormal bone resorption,” as used herein

nmeans a degree of | R e of bone
formation, either ﬁg@gﬁ]ﬁﬁﬁ??ﬁ% n tﬁjﬁgﬁ?ﬁs%s a%%.

Al t er nat i vaihg présadiriavantion hodieect@somahdmnticuiza bisphaphatiiatadpasitidnst he
formati on of bone having, an_abnorm| structure. The.term

"i nhi BPEPHELEEhigast o8 pPisPhesphonate, Sggléep Hendzppate, A’élaﬁdsmwt%d%%eﬁ@na‘i%

preve %ﬁhﬁ&gm?%&nareé&é,%h%1e%6n§@aﬁa, 88 bt Rhstiold bir@ice shibliBeAtWiRRiR the
ost eocl as ormation or activity. Inhibition of bone resorption
r ef er disphodphendtepaticies hpvearesiféctive oferhgaparticls size e§lserthan lahout2800 nm.

i nhi bition of repoval, of i.sting bone ei.th e, M le phase
and or t he GryEeBEHaR s e teRR B A AR T PLORER®,

al t er FIORDPET ©Sh8 WINPY AP HRBlinAfkd Vioavallabikityy While bispHteplidiatds, such as
"particul ate"” as used herein refers to a state of matter which is

char aetesdicnett, pymidtanaps;, sisedvenatefstigranstee thangranete candszolendrquaies areyesers

or gra S _Lrrespective of .t.hei .S . . - The term
't FRbE vl S B ol e HidEnioRVRGIEY, w0 R AGKkIaLTE |
aggr e@aﬁﬁiuioﬁﬂ][bﬁdtpﬁb@ﬁonaeé bﬁéxﬁcox:li{ﬁaﬂﬁrithg:aadstlwliﬁsshmmnla P. c]giugenﬁmmmm
irrespective o eir size, shape or. . norphaol agy. B.Preferred. .
Chir SBpa preeinigs, BRrabydnED g IR R B RaR 0 DAePhsmaten B e e

for drug absorption. Moreover, conventional bisphosphonates do not diffuse well across the

gut wall due to the high degree of polarity of the compounds.

The present invention encompasses nanoparticulate bisphosphonate compositions
additionally comprising a chelating agent. The chelating agent is proposed to enhance the
bioavailability of the bisphosphonate by bonding to the cations in the gastrointestinal tract;
i.e., the chelating agent competes with the bisphosphonate for binding to the cations in the
gastrointestinal fract, thereby reducing the quantity of bisphosphonate that binds fo the
cations in the GI tract. The presence of such a chelating agent would normally be expected

further decrease the bioavailability of the bisphosphonate dosage form. However, reducing
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1.1 ncreased Bioavailability The nanoparti cul at e bi sphosphonat e,

such as skpdpRAas[y Pam dronate, risedronate, etidronatgermsao6/009791
i bandr Onat e, and zol endroni c acid, conpositions of the 1 nvention,

i ncluding the oral dosage forns, are proposed to exhibit increased
bi oavail ability and require snaller doses as conpared to prior
conventi onal bi sphosphonate conpositions, such as FOSAMAX(r),

For - naltbgaTls it o9 s R BH P BB RS S G gy ncreass

chel atthpgurfigentea dffibe dak] teshleSn AfbighesptohMe campoditib Wil s fitently
bi oavai l ability of the bisphosphonate by binding to cations in the
gast r ormpresdbiegvalability aspemparedita coneatarpd bisphesphonraie dowsge &ras. dosage

forms, the {i i e i i i
Al 50| mpr v AR patbdiol & o R cARC R ok BB pBRAZRRANELE b
dosageohmplemed vatichnmitivatent catirmagyehfas s, oraxidrisaly thaf istgoerly water soluble,
bi sphosphonat e rticles wth a pH sepsitjve coating t revent .

i Sool g orbiuet el e S Bl o bR e Sufbes PR Bihep b P Eaidl size
decr e%&&nioﬁ%faféwﬁfgﬁsﬁ{&ﬁfetiﬁ +hQqhdiRis gRARNagus and the stomach.
Smal | er bi sphosphonat € dosages, guch as those enabl ed by

nanopar t i cUBigplesphenatelsiptraiiabidity eantresiurtherigpraved dyimixingpariicdes ofiie
reduci,ng,th of ent.i al,.for produci t he advers trointestina

o t oot Lohpaaals SR fioilsp ooy A et e o g 2 B O Ho S 4178 e
nonnarsapwi v biddd 18Vl AoRpRe 8428 amdifls irdyuped in thelpast, MbRBroRabal
sodium These effects nmay occur .in the esqggagus, stomach, intestines

and r élosesn fopas, thebisehasphensée pastieles epachercopyet eth mpll-sepu€ys cqatipg thaf he

h = LERILL] [ j l._ef f ect
For coman ANt e el bE Ml pRR R B HEL BE RIS ) °'°
Adquwdo)%m?tﬁja&ehgﬁed paﬂiﬁmuétgﬁﬁpqssiamﬂmﬁmlme) affeictm-bﬂﬂmg)ﬂmlnah
t | te 0. ) sopnhna 1.S,. SPEPS| a, cers, espphagea
rri t dPIBRR of ¥ EHGL cagvﬁngljpaﬂ-s%w OgeEReR D tﬂﬁﬁﬁ%@n&ﬁw@gﬁg@ pati on.
2. The Phar MBLOKLRGA! i UoRlobfbnebr kB AROPAEhscil Ak fufbyResalionat e

Conposi tions of the Invention are not Affected by the Fed or Fast ed
St at e reforptien Suidpetreatinggad pirengntihg al@empakhanegersrption and Teaditions

conpositions, of the inventi enc ass.a nha rti,cul ate

bi s phasitinat Boreilly, SERspadtipanrite Bl barelieed snpiesalipetgng loss

eti dr ofigé ahe blRANGH OMRLR hating aA AbRGEHP Birgch@e] 4k in WASES disdabE can be
pharmacol dnetic profile of the hisphosphonate is not substantially

af f ectasepcigted with pbaprael beng resorption. e Tl tegm Sepyesalized hoeaslosngneans bone loss

conposi,ti QF i i i .G »
1T ot et TR0 BRRS: RIebREHE ket yblefh. Hndienf b Rofe loss
drug ahsss pbhoOlbsyiieshetd? endraspgeifid, idefmheall skeletaipivssi t i ons conpri sing a
nanoparti cul at e bi

hosphonate, such as al endronate, pam dronate,
1 Sedr onat COSSFAEFE RARGIOST 15 AN FCHISIINN SUPRRRER i QUSORs S grost
dm ni s{ s : i t f
adm n'c%ﬁﬁ?%ﬁbg%ﬂlgﬂ 2 sé’l%%#fnywe}ﬁsé 93?50?5{1 ﬁoﬁﬁ&opfhas beerPgRgfly ts of a

dosage | ant | I'mnates the effect of "food include
an i nalimagsheidn Homizjver osteoparesic eacalso bhstemidriniducedearsi hag bserbplsetved in

conpliance, as the _subject. does naot nged,to ensure that.they.ar
C ak] ngmBlon S ae ORGP ERSIS CRNDE HOUEOH BoNSaFhie 1 DotmaRiY P & gan be

Wi th RRGced hhIseCnd e BakiRNES. , MlcBedibdig herRten aldud RehadAkEntifiable
pam dronate, “ri sedronate, etidronate, ibandronate, and zol endronic

aci d, cansd, her esteeporesis. s thepresert inention, ipsefefred maiiod inchuledhe geatment or

or ot dBEvROBAL T rie! Ry Pe R imosteanep SN par et ate

bi sphos phorajcalizedtsdhe a6ssHa BeORBE Rated Hith PeLbdireal diseasd bomafrastures, and
etidronate, ibandronate, and zolendronic acid, haying a desirable

phar newidlk perénrpgheticotsigodysisan otenwardstdiesaibans TRIAPRAT Bas osowireddts. The

proximify to a prosthetic implant).

16



conpositions conprising at | east one bi sphosphonate preferably

i ncl udes,wbubosiig21et limted to: (1) a C,ax for the bi pphgsilagsdt e
such as al endronate, pam dronate, risedronate, etidronate,

i bandronat e, and zol endroni c acid, when assayed in the plasma of a
mammal i an subj ect followi ng adm nistration, that is preferably
greater than the Crax for a nonnanoparticulate fornmul ati on of the

sane bi sph honat G, FOS \ GTLONELLI ).,

Dl DRONEL (110 g%aﬁﬂ]%?fi?lg {ocdized bﬁ%‘gﬁa‘%ﬁ]ﬁ%@%‘%%%%g ofichle RiRlem...
and/ orfof Hbsetbnfibéd fod béder PivEgdicinphonidt ehoss whb hase al endobiliadédElimb set in
pam dronate, risedronate, etidronate, ibandronate, and zol endronic
aci d, afighPras&agan-in the plasma of a. mammalian subject follow ng
adm ni St f atiaineth S anldTRIREALAPOMPHRRARS LDy fbbtideOfadRor
nonnanoparticulate fornulation of the same bi sphosphonate (e.qg.,
FOSAVAXventing\RER M wing cABIIENES ¢r JiscaDEDRENEbgtedpordENWiidrdan Tachade post-
ZOVETA(r)), m ni stered at, .the s dosage; and/or (3 Tm for the
b1 sph ALRIHALO RIS SleFARGRGL B GRRHA SR Steopply oy fiductd
etidr Qjaﬁbﬁ@msiaqa@p@md SstecHdfosTd PEEHITs A cisel abrtbrmalle RS ey Bshd thrnbher;
plasma of " a manmmali an S'Ubdlf(:t folTowi ng administration, that is

pr ef ematibgortedsliseaseatoaatisedrbonerlogs agsostatatbwidip acminresihetccostanlysin; and beneof
t he s% bi sphosphonate (e.g., FOSAMAX(r), AREDI A(r), ACTONEL(r),

DI Gfufr?s BONI VA(r), and ZA VEETA(r)), administered at the sane
dosage. TheAdgstaraddithp hafdpeivkianebisshogplidnatescongsitivaslofMie éiventibs ag he
pharmacokinetic profile neasured after the initial dose, ofgthe ®
bi sphceptrerediie conventiona] bisphowbepilr Aavege farmsesish e FO N s A Aat

| east @) | & g ®C .
pam dr‘%{gg g;ﬁ‘r fp%ﬁe]g%{ona e, %Wﬁ%ﬁ g wlﬁgﬁér 6%3@?%gﬁ%g? g?@%ﬁs%m- c(l)
aci d, imorhisbd bioavailabilityaf2d rédneep patromntastidaidtritatidre §3)i degreasddhpaan upon
non- nanoparticul ate. for ation of the sape bisphosphanat e..d.
FOSAMa-rxl{ql lﬁﬁmﬁmmﬁc?abﬁ?@wgh n,afﬁ]%éeﬁl? ?f &’%dﬂ%vﬁ?%)@) é{ﬂ%}g&f tablet

ZOVETR% o)er s@ifiAdRRSE BRkia, (4)ihalenBosd@sAkiSpholptonate rﬁ@lireﬂrts abiin flBan

about 90% not greater than about 80% not ‘greater than about 70%
not grseEe@hamiesnlogivalicfigB40) hoproyedphasmacdkanetismpoefiles (7) binequivplensy of

t han gpout ,30% not qgreater than.about 25% npot .gr L. tdhan

200 5 PP i Rl G pER R S¢8 AR b e B Pt
gr eat ¢ fisHag cadidnsD P8)ah ihéteastd rate @R Bis&ylitesh; (9) Hitw@lhesive bisphosphonate
non- nanoparti cul at e bi sphosphonate fornul ation, | In anot her_,
enbodiceswesitioneoidbaientionmnd Hprihe sopasitions 95 thedpeentian 6HaPe PedBt e
bi sphq : . 2l ] :

et dr SROLBOR ol BT, A SR6E ARG for BANARORRWE eb i RIGARAE ® abnormal
conparkdhe ysofptienmacoki netic testing with a non-nanoparticul ate

O LA Sl e A
ACTONEL(r) ,Ths , , ; ‘
70 S5l B St i

| east refemed tG0gTias. Thasompbsitionsea0be fermulaed for phntera dgivstion (elgeast
about .800% at | eas bout 900(5(8 gt I?a%%. algr%ét 1000% ,.at. .| east out
11009 MEFMYsoRler, o SROGUIAnSERSAS S enen,gral affpinisoplemp i SOl i, ot A0sP
1400%soat; a8, nafUdticl RGN0 octlar) 18641 (paadus, okl crdrdpef Bucalpout
1700% at | 6ast about 1800% or at |east about 1900% greater than the

C. exHiacigernnly inttiperiions# apidppice] adminisatising prbiisiikaat e f or nul ati on.

In yet another e i L] | S

nanopar 11 ot GIuEh EERRBERD dorpE BT RR R AR TR A R oche 71 e AF
ri sedrigjatble dobigdrfonal shy phaansbeonedls, acespiablolieyage orinccandieditiliaéd.t he
invention exhibits in conparati vg Phar macoki neti¢c testing with a
non- nadikspwlary soliddesage forpsdnslude, ont 4 aoklimiedios Eﬂ%&%ﬁ %8> fasheys,

lozenges, powders, pills, or granules, and the solid dosage form can be, for example, a fast
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WD 2006/ 102117PCT/ US2006/ 009791 about 35% | ess than about 30% | ess
than aboWo2@éioigss than about 20% |ess than about 15 38y
about 10% ?esﬁ/’; t an about 5% or |ess than about 3% P/Q:T)Ug?@ﬁlgne
enbodi ment of the invention, the invention enconpasses conpositions
conprising at |east one nanoparti cul ate bi sphosphonate, such as

al endronate, pam dronate, risedronate, etidronate, ibandronate, and

Subj oCToF Fo%8Y i AORed iceis gt D P AR e o eBFelose

CONMPOSAdshg¥ ok, kiRl ?&baderaogagfeqsnﬁ o la@ombihalaR tHefddfAN, @TiddRES ABR: DY
C. and AUC gui del'i nes given by the U S. Food and Drug Adm nistration

and t Hermelrtiasis preferegd. Bl oprefmroddgum, # avetitigé Heyinf formgpladen 15, S.

FDA gui odu e 90%
Con 1 deiBE AT ¢ PR TR bR peRie A ¥ Al e B BB acar P 5
( Tmax subasatest®ifjstione not rel evant to bioequival ence for regul atory
pur poses). To show bi oequi val ency between two conpounds or

adm ni stration conditions pursuant to Europe's EMEA gui delines, the
90% Cl 4 f or Iﬂf@g}gﬁs{ be between 0.80 to 1.25 and the 90% Cl for Cmax
must betwee to 1.43. 4.Dissolution Profiles of the

Bi sphosphoritegréenpinsettiaris deferibbéhéminamstirigeeveral definitiomscasmgsbforthibehey
of the i,nventi on co ing at | east one nanoparticul ate

bi sphﬁ'ﬂﬁ?fﬂ%@u theaw !igaﬁkﬂnendr onate, pamidronate, risedronate,

etidronat e, Ad RRRAERNA Bhord@N /il BE GRG-RBOCHPHrsonsHTVEIHASNRELHSKE Mt and
dramati c dissol ution profl | es. Rapid dissolution of an adnmi nistered

bi s Pho&ﬂh@ma@@otr@ gpteatt endl eontexd in whichiit iguseslo | Ifitherrarg @ﬁ@rca”ﬁh%/ten@a@scr?
o s ot Pt by Poraif i SuiRAT IER L o kN Ble Aot oyl TR 1 e

nanopatabm@tixgll telh 9P e pli @R atifus l(l%bSthu@eﬁuhlatcemncrease t he drug' s
di ssolution so that it could attain,a level close to 10

conposi t i orfss ed fpkein itk selesmee hpatticenef the bnsela@phw,nafﬁ APy aft e
bi Sphqggﬁﬁﬁ?&sgg&{gg ﬁg@%yggﬂxﬁa@aﬁ 3911 Wk & o&ﬁ‘erate ARk S %rggﬂe

about out e conpo ron 1s disso
I n ot Mambﬁﬁcemmmsh@maehponﬁanmlyumreabImpaﬁbleainaut 30% or at | east

about 40% the ¢o sition conmprisin | eas angparticul ate
B o hoaho et “GTRERE bltes paAHe S8 gF s (bR abeat 200 SH0RS hgiendh
enmbodifgnk &a@&t eAe so%/@me gﬁghwpﬁaﬁdt@ﬁimc@s hiRasdize2 B9 welgﬂ% %f 184s the@ast

about 50% at | east about 60% | east about 70% of at_ |east about

80% ofabohic2086 mprgswhenoneasmdrhySfqargxanplbménnmmnaﬁvbbﬂﬁm feagtignatiom\D
2006/ 1%2%0%1705%115. §r21g1(3)§cltr%gcgo7p%}hght scaitering, disk centrifugation, and other techniques
known to those of skill in the art.

The term “conventional” or “non-nanoparticulate” bisphosphonate means a

bisphosphonate which is solubilized or which has an effective average particle size of greater
than about 2000 nm. Nanoparticulate active agents as defined herein have an efféctive
average particle size of less than about 2000 nm.

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

herein, even though such dosage is deemed to be a therapeutically effective amount by those
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bi sphosphonate is dissolved within about 10 mnutes. Finally, in

anot her i of the invention, preferably at |eas 0
at | east a gﬁdt‘syigg]‘t%l at | east about 90% or at | east aboh?ﬁ}fjggﬁ)/g%@{%%e

conposition conprising at | east one nanoparticul ate bi sphosphonate is
di ssol ved within about 20 m nutes. Dissolution is preferably
measured in a nmediumwhich is discrimnating. Such a dissolution

medi umV\,iJ |. produce two very different dissolution curves for two

pr oducfsipitigahery different dissolution profiles in gastric

J U Cces, I.€fhe tkﬁ?“éﬂn%ﬁﬁﬂ%g@eﬁﬁﬂioﬁm dsSus®d B@bintrhtRs Qfdehrde ¥ ¥éne

di ssol ution of a conposition. An exenpl ary dissolution nmediumis an
aqueoussomptitin tiratcexeesis thadegrercofhont dermation sodiettecsliu oy in bakkeeten as a

0. 025 Det er m pat.i Qn, of t ampunt ..di,ssolved ca . rd.ed t by
apect RN STEmE bRl af BHhab oA by P B o ieeiog
can beyous Bevihg afieRsdHR]l sihid@kut i on. 5. Redi spersibility Profiles of

t he Nanoparticul at e Bi sphosphonat e Conpositions of the |nvention,

In one embodiedamt “Bhibiting bongaaiorpiien. t #aispd Aersil means tigading or preventing
bi soh _ LTS ¢! Iy . . into
ol |4 e pisc BSOS idicchMildMARIOE bR el Bt B ©, e
ef f ectlhibitemerfdgee protpitioh eefsisze tehtntentor mpedvention 9ot lopd) cspEomlintise

articles,js |less than about, 2 m.crons. This i ignificant, as if
Cipon JERPIHORE SERTR] OhERRSHR BT G 1B O B BRATRE o€ BHSSREE ons
did ”%atﬁﬁ%h&é&?flﬁ&l&%ﬁcf‘@ﬂﬂﬂﬁ‘é&'aRbi‘aﬁéx?oP@kEéobﬁhtefoﬁhé&n shRfvipe

dosage form may lose the benefits afforded by fornmulating the i
bi sphosphoridtedeinn marticulatnd panseddetein referata 4 sihts ofimadter which ip plpgeaieriaete

nanoparticul ate bi.sphosphopate ¢ sikions of t.he inyention efi
Fr on tdbE Richits & ARERIPERDSeG oo AR Bhls ROpflseilE RSP pL A0 328 Shde
bi sphasg 162l OFige ®Rfth “hdbijspRdSae H\Be@ herghl thefn fatpladatitysifztiscuneror
adm ni stration, then "clunps" or a?gl oner at ed bi sphosphonate . .

part i cieetegated, pasticies peldets.hyads sranales of mewarefhepghirespective of gk siger gy
of th _ i te systemand the thernodynamic driving force to
achi e\eﬂa}@r}&g@é&’g@lﬂk?’educti on in free energy. Wth the fornmation of
such aggl onerated particles, the bioavailability of the

bi sphggpho rﬁle?ergglf @ﬂﬁrié@%ﬂﬂtf@i‘)ﬁf fd hisghosphome@d&ﬁgos_iﬁ&i‘s of the Invention

nanoparticul at e sphosphonat e conposSitions of the i1 nvention exhibit

dramati c redi spefrsion .t he, articul ate bi sphosphonate particles
upon admi ni traﬁi‘(%eaf%fgl ﬁﬂgﬁﬁl{ﬁ)’guch as a human or animal, as

o suoh heRobRE ARk PO oh B Sl RSB R et
r edi speiisRite, Hapalashaipideliestit 648 Sconfhok@ivhs bHAB iRAtbn, IndThdihg B.

Such bi orel evant aqueous nedia can be aggl aqueous, nedi a that exhibit
t he dewilrdedagediotns, ate pregeseddn exhubit ingseased bigpyailebidity ard wapise spifer doses

bi orel evance qf the nedia. The desi 4 oni - e
Chose raprged tp b ER Rl Bis R SpRRoRE BT FOSRRLRLS,

t he huaRBDDAYYACEOSELY, DTERONEL® BONDIS® mdizOMETATe, for exanpl e,
aqueous el ectrolyte solutions or aqueous,sol utions, of d}gn salt, acid,

or base, orFoaneepusitiralate hisphesphemnate GResitions comprising aghshipg gt Ab

Coni ¢ : . P N - S i
or o AP ARG e a5 EF HTBRLS Ltbibl oyl 6 By BN TR B isding to

Bi or elcayiamt inpht gwtroftdstikaldvact. Roit destamrdosagedbrmes angh &5 orehddshge s,
the pH ranges . fraomslightl) ss, than 2 (hut_ typical reat.er than
1) up hieavatigility ofthe %ﬁ?@P@?%Pia q isRhosP aﬁ%ﬂ%ﬁlﬁ@%ﬁ%ﬁ&ﬁﬂﬁr%&ﬁi% 030 6,
and i Hi%i it I [ Nhrh® Bb&inidremot h
is al 5%8 we f&k gtvf\;hﬁl%@fbﬁgélg?ﬂtﬁ.dfolgzéaggtfgléﬁsgts‘%heaggg%?h%c@f luid hag%tan

i oni ¢ tesphesgitohatefpartiviastwith 4 bEsentitvé eoating tepaventidisseliionaeford thed has
an | Or]:l»ié:ph%gprheorﬁ ‘}er}eaﬁlesa &%%haﬁ'i&t%'stin%eﬁcr%agés ’meLé vgr%g lefﬁagts %cl) the esophagus and

the stomach.

-
=
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It is believed that the pH and ionic strength of the test solution is
nore crityeahoehlgsyizt he specific chenmical content. Accorgti‘ﬂlbé’oos/ 09791
appropriate pH and ionic strength val ues can be obtained thro tqn
nuner ous conbi nati ons of strong acids, strong bases, salts, S|ngle or
mul ti ple conjugate acid-base pairs (i.e., weak acids and

correspondi ng salts of that acid), nonoprotic and pol yprotic

el ectrol yt v, e_solutio , can be,
but are not alﬁ&ﬁlsgh?sgyo%ﬁg%ﬁ%?%é%ﬁtﬁ%sﬁ%%%tgec?'ﬁ mﬁ)@gﬁt $on from
about Hisph@dpHonateleottipoitibndNbemefil al}daﬁkntﬁ:@lreﬂmﬁigsthe petagiidlgor Iﬁl‘oducmg the
concentration from abofée%}QlOl to agout 0.1 M, and, m xtures ther eof .
For ex@digregastoutesigal s pGaB Aesu APy the aémmatr@lmf cppygniignal; gon-
about ndpdNidishe 8] h@s@ A004hd th HCHeRdroh RS § %@9 & GRbHn L
or |ess, élpa%t Ut 0. 1PN Nact or’%ess&}uﬁ% G 01 M N orﬁhleess aboét?:
0. 001 dWlNa@Ihmsoph@lﬁ siordach, kitestioss artdeneeiutn, p@ticulagy thealppet gzstryt::@estmal
sol ution 0,,01 N,HC1 and/or e nost, r.epres at i eof

F ast edHbian TR A AR Sioarl NPtHain i 5r39@a%fr°énf§ﬁ"5ﬁaff

st r engbhv&RBgAIIiMSsHonkh{3s, sﬁél%d F@SAMK@ OAREDS$A P natTONEI®

El ectrol éte cogcentratl ons_ of 001 N HCL, 0.01 N HCL, and 0.1 N HCL

corre pJ—B@NIHH andaﬁ‘al\@T& inlugdednitiavestoj limiteddo GERP, G3opkagits,
sol ut 'd&E‘b %%H”ﬁ]%@r S ﬁ.ﬁég%r i &t %s%p%ﬁg%aﬁlggﬁ&aﬁgﬁj Wabdlidal'Saig L @FRCN. A

sol uti es ‘a rOX|rra|o’n of the
i oni ¢ cehgtipagbi conditions found throughout the body i ncl udi ng the
gastrointestinal fluids, although concentrations higher than 0.1 M
may be enpl oyed to SI nmul ate fed conditions W|th|n the hurran € tact

Exenpl ary sol ut igps olfnetRPrifiles BRBRNRA o %ﬁ
whi ch exhi b|t tg ﬁ h@’f n%h %gﬂ% 'b'} g ﬁdnot
limted to phos SQ | aSSI uman
calciumsalts o 3{?! (ﬁﬁﬁ Jfgéfl}%?s (éétlg ts + sodi um

pot assi um 2&% calciumsalts.of chloride, car bon| C b| car,bonat e
salts + so r?PmPBB‘PQE%? HVEUEOR EHoRPAsH 3 RaTIgparipy 6‘&3 igphogphenate; such
aci d/ ng ride.
o ot A pleBbEnaR, bamin e HEbrBE SRR e Bl i e
par t i ofteseinthet pharmacokmeitio prefile of tedrisphdsphonan 1anpjsohmantiaﬂmra&s@vdthy the

ffecti t
of Dot biEhed Bttt ot eetedn Rorrbostitin FobbeHmitnattt ivhfe 35S,
1800 nppretRBR difféenedBilhe &Jﬁﬁtﬁmm%ﬂﬁ)ﬁpﬁdﬁﬁﬁ BEsYEd 4680 ragbf brgs t han
about 00 nm |ess than about 1400 nm |ess than about 1300 nm | ess

than abesuptiapebembhe uaégmrtuwéﬁe a@@n@smqmompﬁ!ﬁmtg@éyn@mﬁmdbtéut 1000
0

700 nipeaEop et B e e WdthaR Gt Bl ALl A0l

aEOUt zgﬁﬁdﬁbﬁ%codoﬁﬁﬁré&t&ml nﬁb@hedn:agefedxgar%iselséfatsﬂadmaadoout ;150 nm |ess

t han about 4 rim J]ess than _aho 50.n ess about

| ess t han adisdatitsod@ dessee faga "t}ﬁ‘&’rﬁué%ﬁtﬂﬂbf Hﬁﬁ?teﬁ é‘& g?tg@plugggn

rim I r

about %%éaﬁ%ﬁ%ﬁs‘ﬁ‘%’éSét‘?%%ﬂ%g‘*t&@‘?im%%%t‘%%99%13“%5“%‘%“& %%%? Suhjaadoes

ot her nappeedpo leaame thet tiegtare 18linlg andzish erﬂimwuﬂtc&bm&dubfoqdeaﬁlnﬁrtsrﬂgmﬁcant,

effective_ avera artl | e si.ze re knwntoa nof orglnary

Ski || 2 W itarRook sybjedt compliannedtify a pisphosphonas, alsadton etaﬂlwéf

sui t abjse,gRAL Setiﬁmmb EBhnkiRBiaf] hnd §ﬁ€n¢ﬁmﬂc acifileh BNRAR 18 tﬁ@ﬁfcﬂf@ﬂls of
U.S. Patent No. 375,986 for "Solid Dose Nanoparticul ate

Conposoditing f@orﬂpch ﬁler@’uglsmmﬁmbcd aayibevhssrved.of a Pol yneric

Surface Stabil.izer. an Sodi.um Sul f sucm n
o Nanopar t | QI HER S5 B et bt O b0 S BBfne etlssioee i on
Wi th Gah&araility BispHSPhenate, such as alendronate, pamidronate, risedronate, etidronate,

ibandronate, and zolendronic acid, having a desirable pharmacokinetic profile when

administered to mammalian subjects. The desirable pharmacokinetic profile of the
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The conpositions of the invention conprising at |east one

nanopart igghglsfepiiPhosphonat e, such as al endronate, paﬁ&?yﬁ]@%&/ﬁt)ﬂﬂ
ri sedronate, etidronate, ibandronate, and zol endronic acid, can

additionally conprise one or nore conpounds useful in treating bone
resorption or related conditions. The conpositions of the invention
can be co-fornulated with such other active agents, or the

conposi tions of the.invention can.be .co-admnistered . or. sequentially
iptlipgc o B R A U R e flR S S
addi t itpnad) 23T, V& tAgBRRpBospR6hdis] Suchbistal@ideonacy, Férhf&ézﬁ!ﬂe,&ﬁedr@ﬁét@,i um
suppl enents, selective estrogen receptor nodul ators (e.g., raloxjfene

( EVI STEAdrompte, ibsfienpiesand alendsonia add. whanpssayad @ {mmiasmagt ammnmahzn

M ACA : , i el _hos i N0~ PTH. (1 84

prr ( PR bloRf QnfRialol bk § HOLIMPceuBrbil it T aadi) and
v entisnepienli Gt iha nmn caineriongiedt o) FOSAMAR AREDIA
The B HONA pIbROMIER MR RS LB i 0 amieisredias Bstsiinediodeet
the syhfiRe gzl)% Ate 1} ﬁ;ﬁ'?ﬁ’?% lhéte,po%ﬁ h&di8Sdrohdit, HankindRAGSRRARALR,

particles e present in conplex with a cation, then the surface
st abi letidemates ibaddronhtedandozodendasyso edidtwhitnassayed ireths pldsmaefofmarhealian

bi sphosph | ex. face. i ful ind
chont oaRes! BhSwERpRk s SRS AR e et o e APChEapp "
Pr ef emabbpartiduIsts Yorghiadti ol faBe ks WikpHobshohief(8.¢6 FOISHNIAZS IARBBIA®,

essenti al’l free of internol ecular cross-1lipkages. | n another
Yo & »

enmbodiffeh® eDHAREODEL: |, BINPCA biasg KEEEAal @ radat Hiessapie dopage;

I nvent 0 i f bj hj]ﬁﬁ: . e

i nven%:llhg/rz:)r g%sn‘l o'fq‘airﬁrg rt}%%s)its aorfgfﬁ%dr%?%’ gﬁtﬁﬁse | sog]%geéjﬁ ona‘%%ge’gl S?rcgf’%%g’d
with &tiﬂ.‘llmgieyﬂiaﬁdiﬁonﬁtﬂl mmzolmdwndiascid;rwlmn Mfdyed ilSﬁ)bF)lﬁshﬂIOﬂaSnmal bllia;n
wat er solubl e, or esters or prodru are poqrly_water sol uble.
Such éBWﬁW@éﬁﬁﬁuﬁﬁgﬂP%§“ﬂ¥F%%EﬁglggéﬁaﬂgﬁﬁﬂﬁﬁbRESQMKﬁ%aﬁpgbhosphonate
| N an gaueeHSIAE fidhulation of HESNIAEIORREb LS., BORAANTO DHEDIA®,

conposi tions ¢an_conprise one or nore nont oxi ¢ physi ol ogically
acceptéBT@NEAr t DEPBONET, 1 \BONE/ A'grand IMEES, ), adirinisteredait fhersamgrdogaget o

as cartiers. .The co sitions.can be,fornulated intao any.

har e GER I SR Ao B RGO et ot arHE AR Pl ¢ et 1o
oral  ahghshrel QateiRk eniflIsREe of eMsphdsgBoasBosphonat es The net hods
and conpositions of the invention conprise a bisphosphonate,

i ncl udi ng Boenpembpdimeant @ aonesios comatising phlsed capatroparticslal onat e,
etidron i d o) ronic.aclid. ..T '

e, 18 oA 0% e U LN oAl 8 RNGRR S
su ESt @olendidnjc ad, iexhibity i coapaniiv phamaicobinets teating withramonreemeparticudste
ot herw se,

f
¥ ilation of the same bisphosphonate (e.g., FOSAMAX®, AREDIA®, ACTONEL®,
DIDRONEL®, BONIVA®, and ZOMETA®), administered at the same dosage, & Ty n0t

greater than about 90%, not greater than about 80%, not greater than about 70%, not greater

than about 60%, not greater than about 50%, not greater than about 30%, not greater than
about 25%, not greater than about 20%, not greater than about 15%, not greater than about
10%, or not greater than about 5% of the T,y exhibited by the non-nanoparticulate
bisphosphonate formulation.

In another embodiment, the composition comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate, risedronate, etidronate, ibandronate, and

zolendronic acid, exhibits in comparative pharmacokinetic testing with a non-nanoparticulate
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WO 2006/ 102117PCT/ US2006/ 009791 enanti oners. The bi sphosphonat es of

t he i nveryoamsabs1fl so referred to interchangeably as tBeruSsiiposnsls
of bi sphosphonate.” The bi sphosphonates of the invention correspond

to the chemcal fornula: POBH2 A-C X PQ3H2 wherei n: A and X are
i ndependent|ly selected fromthe group consisting of H OH hal ogen,
NH2, SH, phenyl, C1-C30 al kyl, C-C30 substituted alkyl, d-C10 al kyl

glrjbg![ ﬁoﬁggﬁb{ﬁ%ﬂﬁ ﬁ%&%w??ﬁk ge %a:ﬂg u?e phe’n%::gDpyr |%yF :mggz:
]E)yr r o: DERONEL B O YA, andlﬁﬂ)l\mm%, administered at ﬂhﬁ siroe dgsmga,ga Che wihibal
or ovi dadt apApeitanys af i ahpe: (Br el Boflbpuciolls tisbataborting ot

a - C30ab‘éubm0% Wk Bl stadblowt 50840, dt E@ab%@ut%()@”/ﬂ%t YAkt Bb¥t 'FUO%‘ P fabtaueRt S,
non-limting exanples which include those sel ected from'the group

consi st00fg keaﬁwbnw 9008 rat tpast abpur HAQQ%; afj logsd abairylll 00942 legt al@lrb 1&@0«%:;

or di 8kl H4BETAd0Y, G818 Rubold 4095, PRkt BhaririB 084k 84¥ast about 1600%, at
least about 1700%, at least about 1800%, or at least about 1900% greater than the Ciax
exhibited by the non-nanoparticulate bisphosphonate formulation.

In yet another embodiment, the composition comprising at least one nanoparticulate
bisphosphonate, such as alendronate, pamidronate, risedronate, etidronate, ibandronate, and
zolendronic acid, of the invention exhibits in comparative pharmacokinetic testing with a
non-nanoparticulate formulation of the same bisphosphonate (e.g., FOSAMAX®, AREDIA®,
ACTONEL?, DDDRONEL®, BONIVA®, and ZOL/IETA®), administered at the same dosage,
an AUC which is at least about 25%, at least about 50%, at least about 75%, at least about
100%, at least about 125%, at least about 150%, at least about 175%, at least about 200%, at
least about 225%, at least about 250%, at least about 275%, at least about 300%, at least
about 350%, at least about 400%, at least about 450%, at least about 500%, at least about

- 550%, at least about 600%, at least about 750%, at least about 700%, at least about 750%, at
least about 800%, at least about 850%, at least about 900%, at least about 950%, at least
about 1000%, at least about 1050%, at least about 1100%, at least about 1150%, or at least
about 1200% greater than the AUC exhibited by the non-nanoparticulate bisphosphonate

formulation,

3. Bioequivalency of the Bisphosphonate Compositions of the Invention
When Administered in the Fed Versus the Fasted State
The invention also encompasses a composition comprising at least one
nanoparticulate bisphosphonate, such as alendronate, pamidronate, risedronate, etidronate,
ibandronate, and zolendronic acid, in which administration of the composition to a subject in
- a fasted state is bioequivalent to administration of the composition to a subject in a fed state.
The difference in absorption of the compositions comprising the nanoparticulate

bisphosphonate when administered in the fed versus the fasted state, is preferably less than
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The foregoing chemcal fornmula is also intended to enconpass conpl ex

car bocycl j ic and hetero atom structures for th /
substi tue*ﬁg?ﬁhgﬁ&fi mting exanpl es of which include naﬁﬁf’ﬁ@%“’%”%
qui nol yl, isoquinolyl, adamantyl, and chl orophenylthi o.

Preferred structures are those in which Ais selected fromthe group

consisting of H OH and halogen, and X is selected fromthe group
consi st i ng of Cl-C30 al k Cl-C30 substituted al kyl, hal ogen, and

I ’
O - CLoEbanf 3370, Igps %ﬁéﬁ@ﬂmgg%ﬂ%? thap @bewi25 %, lese dhaprabpet 305 legsithen ghowk
are t I i i I isting of H OH,
and O e AR 10 R B B S s S Bo R 2 030 al ky
d - C30 subslnidneteaxbodinkert of Gle, imeantionthe invehigeny¢richimpasshbstmposétfiesr ed i s

when Ais OH a i s a 3-am nopropyl iety, so that the resulting
oo g 5 Togdh ot oo i DR sane eugE B PR OB,
al endrgfgidate, etidrofaiFREBNALE ALl YoREGBRIcABIde whalchbadRdistatiby af thy €S
of the bi sphosphonates are al so useful herein. Non-limti ng@exarrpl es

of salgosngosiionde asheise is elfededdate ivbiredrdvales ipadmipigiiaon pgthel kal |

nmet al , j . ‘ . . - ‘ -, o

Vot o tegh o Tt i TERT MR i AR el o] sl AU pioeiste
sel ectgiderd bothetlng. BicdlunddOmgi Adrhingstation adi tetoReihasding Bur@Rbe régilatory
magnesi um and_ammnium.salts. Non-limting exanples of derivatives

i ncl udRSeReIHEBVIEA).cbnder ¥ o iPdneuidelingp twemsodiicispy nathedsiagse bioegiivplantds

and am 0 JoncTel i t ahle" =N _Mmeans
t hat {fhg@gél(%%nﬁéiﬁg f'j(}igl'rél vatglk’(\ﬁliggallo wﬁ%gg?“%%g?gﬁongt es og\?/iese¢ & sarme
gener ahegshmenrentsodre goicelevpnidp didaqesakacd foe réguiatorgpuebdsegymTiotshoty t hey
are der.ived and are acceptable froma toxicity vi, oi nt . The
ter ms PIBTGUYALISH BRtiveEa THRGOmBPws 8 Bt bon SqudifieR Pyt fp Byyope’s
ref er rga@ Al Shilidimheb,NRE 00RULT for AWK s e Bifedn /G 025 BREHERAN Ct Ror
al so enconpass di phosphonat es, bi phosphoni ¢ acids, and di phosphonic
aci ds, Crans st betweers@l/9 $0 dAdd. derivatives of these materials. The use
of a specific nonenclature in referring to the bi sphosphonate or

bi sphosphonates is not neant to limt the scope of the present

i nvention, 4nl esPissqietibi Peafiley of il BishessphBefa Cotnpdsitidis ofithed
nonmencl ature curyRBhtiyni N use by those of ordinary skill in the art,
reference to a specific weight or percentage of a bi sphosphonate
conpound i } j b SR j ] i basi s,
il 655 i nl T SAHSFREH, o MRt enln PR AR AEA AT hickRERBI 0t 70
mg of Hsphogshonewpsuehiasalenditnhtel pargidbormps) cisqinonedt, etidenets; Fandronate} dvd

I Sti f al end har iy tical t abl g sal
her SoT RGP e U REEGY ATER GPunrsretise; Soag FveltiBnghen
basi S"aﬂa%&rmgpggeﬁl&q&q%rézérasﬂla,easbfaaeﬂms%hﬂ%at%%@p?gnéataisit&ﬁh@%ﬁa

is calculated ba on /0 of al endronic acid [ ing
exanplefsictién mdghaspbioaedikabililseTolimprove the dissolutige profalefand bivavaitpbility of

Al endr oni ¢, aci d, 4-ami no-| - but yli dene: 1, 1- bi sphosphoni i d.
A enar O LSt R s S SR o BRI e ARG R e in
t ri hydfigdoRtion4o &t Mot W0 ¥ Yévd! dbécieneod, 1- bi sphosphoni ¢ aci d

monosodi um tri hydrat e. . _ . _
The compositions of the invention comprising at least one nanoparticulate

bisphosphonate preferably have a dissolution profile in which within about 5 mjnutes at Jeast
about 20% of the composition is dissolved. In other embodiments of the invention, at least
about 30% or at least about 40% of the composition comprising at least one nanoparticulate
bisphosphonate is dissolved within about 5 minutes. In yet other embodiments of the
invention, preferably at least about 40%, at least about 50%, at least about 60%, at least about

70%, or at least about 80% of the composition comprising at least one nanoparticulate
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Al endronic acid and al endronate are described in United States Patent
No. 4, 923y0Qdos/1vm1Ki eczykowski et al., issued May 1, 1998retidshivréed
States Patent No. 5,019,651, to |IC eczykowslci, used May 28, 1991,
both of which are incorporated by reference herein in their entirety.
Cycl ohept yl am nonet hyl ene- 1, 1- bi sphosphoni ¢ acid, YM 175, Yananouch
(cirnadronate), as described in United States Patent No. 4,970, 335.

1, 1-dig whthi ch%g.‘

di sod: urEﬁg salflJ %%%gggg%lgte% Pr t(;h?t§ er an u%ﬁﬁg&oﬁe@g%f)é@b?%lmggpg%ﬁ?
Pat entiné@ioaOprefct 268 pt keast abtlutdo% aCleashaboyt 804, Bt {eastaibput 90%, or at least

1- hyd - | i di 1, 1-bi sph

(e 1698y 100 el Pmon i oo Rs EIER o eonde BRI P eonBiesy

1- hydr@g@bi&d(%mﬁhmt-jﬁmagyl am no) propyl i dene- 1, 1- bi sphosphoni c
acid, also known as BM 2-210955, Boehri nger-NMannhei m (i bandragnate),

descri bed iliseplstiorpistrasferatly mgasper ig a4nediym shishyls discrimingtingo Such
nmet hyl

Tt | Sk B SAOSSRNAN o vl BSALEOR Cubhon aprys fr ot
3- (di retving rndifferert -divsdiutizy profided ingestee juidesbi. & phe sixsolntion aeilihm is

ol padr onat e
(ol'p predr}cttive) of in vivo dissolution of a composition. An exemplary dissolution medium is an

aqueous 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.

5. Redispersibility Profiles of the Nanoparticulate
Bisphosphonate Compositions of the Invention

In one embodiment of the invention, the nanoparticulate bisphosphonate compositions
of the invention are formulated into solid dose forms, including powders, which redisperse
such that the effective average particle size of the redispersed bisphosphonate particles is less
than about 2 microns. This is significant, as if upon administration the nanoparticulate
bisphosphonate compositions did not redisperse to a nanoparticulate particle size, then the
dosage form may lose the benefits afforded by formulating the bisphosphonate into a
nanoparticulate particle size.

Indeed, the nanoparticulate bisphosphonate compositions of the invention benefit
from the small particle size of the bisphosphonate; if the bisphosphonate does not redisperse
into a small particle size upon administration, then “clumps™ or agglomerated bisphosphonate
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 bioavailability of the bisphosphonate
dosage form may fall.

Moreover, the nanoparticulate bisphosphonéte compositions of the invention exhibit
dramatic redispersion of the nanoparticulate bisphosphonate patticles upon administration to
a mammal, such as a human or animal, as demonstrated by reconstitution/redispersion in a

biorelevant aqueous media such that the effective average particle size of the redispersed
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pr oductisphoapitbnaterdoasdeafoira. Surface stabilizers include nonionic,

i oni c, ani ic, cati ic,.,and zwi tteri ic surfactants.
Oﬁforelevantp r}s well known in the art. %Q)r example,a'm e 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 about 0.14, See e.g., Lindahl
et al., “Characterization of Fluids from the Stomach and Proximal Jejunum in Men and
Women,” Pharm. Res., 14 (4): 497-502 (1997).

1t is believed that the pH and ionic strength of the test solution is more critical than
the specific chemical content. Accordingly, appropriate pH and ionic strength values can be
obtained through numerous combinations of strong acids, strong bases, salts, single or
multiple conjugate acid-base pairs (i.e., weak acids and corresponding salts of that acid),
monoprotic and polyprotic electrolytes, etc.

‘Representative electrolyte solutions can be, but are not limited to, HCI solutions,
ranging in concentration from about 0.001 to about 0.1 N, and NaCl solutions, ranging in
concentration from about 0.001 to about 0.1 M, and mixtures thereof. For example,
electrolyte solutions can be, but are not limited to, about 0.1 N HCI or less, about 0.01 N HCI
or less, about 0.001 N HCI or less, about 0.1 M NaCl 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 N 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 N HCI, 0.01 N HC], and 0.1 N HC] correspond to
pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 N HCI solution simulates typical acidic

conditions found in the stomach. A solution of 0.1 M NaCl provides a reasonable
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zolendronic acid, can additionally comprise one or more compounds useful in treating bone
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one of RI-R4 is CH3; three of RI-R4 are CH3; all of Rl1-R4 are CH3;
two of - , one of 121 -R4 is C6H5CH2, and on - 1.S
Bl Fefbg il

an al kyl ¢ of seven carbon atons or less; (vi) two' O
CH3, one of RL R4 is C6H5CH2, and one of RL1-R4 is an alkyl chain of
ni net een carbon atons or nore;

resorption or related conditions. The compositions of the invention can be co-formulated
with such other active agents, or the compositions of the invention can be co-administered or
sequentially administered in conjunction with such active agents.

Exemplary additional active agents include, but are not limited to, calcium
supplements, selective estrogen receptor modulators (e.g., raloxifene (EVISTA®)), hormones
such as caleitonin (CALCIMAR® or MIACALCIN®), and or parathyroid hormone (including
PTH (1-84) and PTH (1-34) (e.g., teriparatide (FORTEO®)).

C. Compositions

The invention provides compositions comprising at least one nanoparticulate
bisphosphonate and at least one surface stabilizer. The surface stabilizers are preferably
adsorbed to or associated with the surface of the bisphosphonate particles. If the
bisphosphonate particles are present in a complex with a cation, then the surface stabilizer is
adsorbed to or associated with the surface of the bisphosphonate complex. Surface stabilizers
useful herein do not chemically react with the bisphosphonate particles or itself. Preferably,
individual molecules of the surface stabilizer are essentially free of intermolecular cross-
linkages. In another embodiment, the nanoparticulate bisphosphonate compositions of the
invention can comprise two or more surface stabilizers. |

The invention also includes nanoparticulate bisphosphonates complexed with a
multivalent cation, such as Ca'™ or other salt that is poorly water soluble, or esters or
prodrugs that are poorly water soluble. Such complexing enables particle size reduction of
the bisphosphonate in an aqueous media.

The nanoparticulate bisphosphonate compositions can comprise one or more non-
toxic physiologically acceptable carriers, adjuvants, or vehicles, collectively referred to as
carriers. The compositions can be formulated into any pharmaceutically acceptable dosage

form, including but not limited to oral and injectable dosage forms.

1. Bisphosphonates

The methods and compositions of the invention comprise a bisphosphonate, including
but not limited to alendronate, pamidronate, risedronate, etidronate, ibandronate, and
zolendronic acid. The bisphosphonate when applicable, méy be present either in the form of

one substantially optically pure enantiomer or as a mixture, racemic or otherwise, of
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publ i siyelc, J@ﬁ&é&sﬁﬁckﬂ@the@ncEH&oMe ehgnhicall forAsslac Tae (nncand The
Pharmaceutical _Society of Geat Britain (The Pharpmaceuti cal %151

2000) ,Subguted bl p3n inﬁh’éﬁ Boyide ¥erigiy pEsubstifpentss nondiniting opgnples w
2006/ 3041/ G SEpaRQPA 003K éroup consisting of phenyl, pyridyl, furanyl, pyrrolidinyl,

imidazonyl, NH2, C1-C10 alky! or dialkyl substituted NH,, OH, SH, and C1-C10 alkoxy.

The foregoing chemical formula is also intended to encompass complex carbocyclic,

aromatic and hetero atom structures for the A and/or X substituents, non-limiting examples of
which include naphthyl, quinelyl, isoquinolyl, adamantyl, and chlorophenylthio.

Preferred structures are those in which A is selected from the group consisting of H,
OH, and halogen, and X is selected from the group consisting of C1-C30 alkyl, C1-C30
substituted alkyl, halogen, and C1-C10 alkyl or phenyl substituted thio. More preferred
structures are those in which A. is selected from the group consisting of H, OH, and Cl, and X
is selected from the group consisting of C1—-C30 alkyl, C1-C30 substituted alkyl, Cl, and
chlorophenylthio. Most preferred is when A is OH and X is a 3-aminopropyl moiety, so that
the resulting compound is a 4~amino-1,~h}?droxybuty1idene-1 ,1-bisphosphonate, i.e.,
alendronate.

Pharmaceutically acceptable salts and derivatives of the bisphosphonates are also

useful herein, Non-limiting examples of salts include those selected from the group
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Non-limiting examples of bisphosphonates useful herein include the following:

° Alendronic acid, 4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid.

L Alendronate (also known as alendronate sodium or monosodium trihydrate),
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid monosodium trihydrate.

° Alendronic acid and alendronate are described in United States Patent No.
4,922,007, to Kieczykowski et al., issued May 1, 1990, and United States
Patent No. 5,019,651, to Kieczykowski, used May 28, 1991, both of which are
incorporated by reference herein in their entirety.

) Cycloheptylaminomethylene-1,1-bisphosphonic acid, YM 175, Yamanouchi
(cimadronate), as described in Unifed States Patent No. 4,970,335.
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K-Value M/ (Daltons)** Mv (Daltons)** M (Daltons)** Plasdone C135(r)
17 1 7, GO 28d3;1081Q7 3, 000 PCT/US2006/009791

[ 1,1-dichloromethylene-1,1-diphosphonic acid (clodronic acid), and the
disodium salt (clodronate, Procter and Gamble), described in Belgium Patent
672,205 (1966) and J. Org. Chem 32, 4111 (1967).

. 1-hydroxy-3-(1-pyrrolidinyl)-propylidene-1,1-bisphosphonic acid (EB-1053).

. 1-hydroxyethane-1,1-diphosphonic acid {etidronic acid).

. 1-hydroxy-3-(N-methyl-N-pentylamino)propylidene-1,1-bisphosphonic acid,
also known as BM-2-210955, Boehringer-Mannheim (ibandronate), described
in U.S. Patent No. 4,927,814, ,

[(cycloheptyl-amino) methylene] bisphosphonic acid (incadronic acid).

. 6-amino-1-hydroxyhexylidene-1,1-bisphosphonic acid (neridronate).

. 3-(dimethylamino)-1-hydroxypropylidene-1,1-bisphosphonic acid
(olpadronate).

. 3-amino-1-hydroxypropylidene-1,1-bisphosphonic acid (pamidronate).

] [2-(2-pyridinyl)ethylidene]-1,1-bisphosphonic acid (piridronate), described in
U.S. Patent No. 4,761,406.

. 1-hydroxy-2-(3-pyridinyl)-ethylidene-1,1-bisphosphonic acid (risedronate).

) (4-chilorophenyl)thiomethane-1,1-disphosphonic acid (tiludronate), described
inU.S. Patent No. 4,876,248,

L 1-hydroxy-2-(1H-imidazol-1-yl)ethylidene-1,1-bisphosphonic acid
(zolendronate).

. Exemplary bisphosphonates include but are not limited to alendronate,
incadronate, olpadronate, cimadronate, clodronate, tiludronate, etidronats,
neridronate, ibandronate, risedronate, piridronate, pamidronate, zolendronate,
pharmaceutically acceptable salts thereof, such as alendronate sodium and

alendronate monosodium trihydrate, and mixtures thereof.

2. Surface Stabilizers ,

Combinations of more than one surface stabilizer can be used in the nanoparticulate
bisphosphonate compositions of the invention. Suitable surface stabilizers include, but are
not limited to, known organic and inorganic pharmaceutical excipients. Such excipients

include various polymers, low molecular weight oligomers, natural products, and surfactants.
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11-14 3, %98 2306%991_13’ 000 1,300 PCT/US2006/009791

Surface stabilizers include nonionic, ionic, anionic, cationic, and zwitterionic surfactants.
Representative examplés of surface stabilizers include but are not limited to
hydroxypropyl methylcellulose (now known as hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin, casein, lecithin
(phosphatides), dextran, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium
chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g., macrogol ethers such as
cetomacrogol 1000), polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty
acid esters (e.g., the commercially available Tweens® such as e.g., Tween 20® and Tween
80® (ICI Speciality Chemicals)); polyethylene glycols (e.g., Carbowaxes 3550® and 934®
(Union Carbide)), polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose,
hydroxyethylcellulose, hypromellose phthalate, noncrystalline cellulose, magnesium
aluminum 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 block copolymers of
ethylene oxide and propylene oxide); poloxamines (e.g., Tetronic 908®, also known as
Poloxamine S08®, which is a tetrafunctional block copolymer derived from sequential
addition of propylene oxide and ethylene oxide to ethylenediamine (BASF Wyandotte
Corporation, Parsippany, N.J.)); Tetronic 1508® (T-1508) (BASF WYandotte Corporation),
Tritons X-200®, which is an alkyl aryl polyether sulfonate (Rohm and Haas); Crodestas F-
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 SASOHCO, which is
C18H37CH2Z(CON(CH3)-CH2(CHOH)4(CH20H)2 (Eastman Kodak Co.); decanoyl-N-
methylglicamide; n-decyl (-D-glucopyranoside; n-decyl (-D-maltopyranoside; n-dodecyl (-
D-glucopyranoside; n-dodecyl (-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-(-D-
glucopyranoside; n-heptyl (-D-thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-
methylglucamide; n-noyl (-D-glucopyranoside; octanoyl-N-methylglucamide; n-octyl-(-D-
glucopyranoside; octyl (-D-thioglucopyranoside; PEG-phospholipid, PEG-cholesterol, PEG-

cholesterol derivative, PEG-vitamin A, PEG-vitamin E, lysozyme, random copolymers of
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vinyl pyrrolidone and vinyl acetate, and the like.

Examples of useful cationic surface stabilizers include, but are not limited to,
polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABEr), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate. Other useful
cationic stabilizers includs, but are not limited to, cationic lipids, sulfonium, phosphonium,
and quarternary ammonium compounds, such as stearylirimethylamamonium chloride, benzyl-
di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium chloride or
bromide, coconut methyl dihydroxyethyl ammonium chloride or bromide, decyl triethyl
ammonium chloride, decyl dimethyl hydroxyethyl ammonium chloride or bromide, C12-
15dimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl hydroxyethyl
amumonium chloride or bromide, myristyl trimethyl ammonium methyl sulfate, lauryl
dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy)4 anunonium
chloride or bromide, N-alkyl (C12-18)dimethylbenzyl ammonium chloride, N-alkyl (C14-
18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14) dimethyl 1-
napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium
salts and dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alliyl(C12-14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethﬂ ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammoninm bromide, C12, C15, C17 trimethyl
ammonium bromides, dodecylbenzyl triethyl ammonium chloride, poly-
diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,

decyltrimethylammonium bromide, dodecyltristhylammonium bromide,
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cellulose (ProSolv S e lubricants, including agents
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coIIoiﬁgﬁl. Kl 1l gon..di.oxlide, such as Aerosile 200, talc, stearic acid,
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sodi Unp e oY BTRILRNAE Al k05 Beker, 1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic
Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compoun&, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinium compound, an anmmonium
compound, a hydroxylammonium compound, a primary ammonium compound, a secondary
ammonium compound, a tertiary ammonium compound, and quarternary ammonium
compounds of the formuta NR1R2R3R4(+). For compounds of the formula NR1R2R3R4(+):

(i) none of R1-R4 are CH3;

(ii) oneofRI1-R4is CH3;

(iii) three of R1-R4 are CH3;

(ivy all of R1-R4 are CH3;

(v)  two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of R1-R4 is an
alkyl chain of seven carbon atoms or less;

(vi) two of R1-R4 are CH3, one of R1-R4 is C6H5CH?2, and one of R1-R4 is an
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diethanolammonium POE (3)oley! ether phosphate tallow alkonium chloride, dimethyl

dioctadecylammoniumbentonite, stearalkonium chloride, domiphen bromide, denatonium
benzoate, myristalkonium chloride, laurtrimonium chloride, ethylenediamine
dihydrochloride, guaﬁidine hydrochloride, pyridoxine HC, iofetamine hydrochloride,
meglumine hydrochloride, methylbenzethonium chloride, myririmonium bromide,
oleyltrimonium chloride, polyquaternium-1, procainehydrochloride, cocobetaine,
stearalkonium bentonite, stearalkoniumhectonite, stearyl trihydroxyethyl propylenediamine
dihydrofluoride, tallowtrimonium chloride, and hexadecylirimethyl ammonium bromide.
Most of these surface stabilizers are known pharmaceutical excipients and are
described in detail in the Handbook of Pharmaceutical Excipients, published jointly by the
American Pharmaceutical Association and The Pharmaceutical Society of Great Britain (The

Pharmaceutical Press, 2000), specifically incorporated herein by reference.
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Subsequent treatment with acetylene gives the vinyl pyrrolidone monomer. Polymerization
i§ carried out by heating in fhe presence of HO and NHj. See The Merck Index, 10® Edition,
pp. 7581 (Merck & Co., Rahway, NJ, 1983).

The mannfacturing process for povidone polymers produces polymers containing
molecules of unequal chain length, and thus different molecular weights. The molecular
weights of the molecules vary about a mean or average for each particular commercially
available grade. Because it is difficult to determine the polymer’s molecular weight directly,
the most widely used method of classifying various molecular weight grades is by K-values,
based on viscosity measurements. The K-values of various grades of povidone polymers
represent a function of the average molecular weight, and are derived from viscosity
measurements and calculated according to Fikentscher’s formula.

The weight-average of the molecular weight, Mw, is determined by methods that
measure the weights of the individual molecules, such as by light scattering. Table 1
provides molecular weight data for several commercially available povidone polymers, all of

which are soluble.
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di ssol stiichés. Ek%ble@ &f biBdiHg agents are various celluloses and cross-linked

o

polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel®
PH102, microcrystalline cellulose, and silicified microcrystalline cellulose (ProSolv
SMCC®). '

Suitable lubricants, including agents that act on the flowability of the powder to be
compressed, are colloidal silicon dioxide, such as Aerosil® 200, tal, stearic acid, magnesium
stearate, calcium stearate, and silica gel.

Aqueous suspensions con.xprising the nanoparticulate bisphosphonate can be in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such

excipients are suspending agents, for example, sodium carboxymethylcellulose,
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Exenpl ary ositions conprise, based on % w w. bi sphosphonate5 -
50% sur f aceEsdmliet pfweiding or dispessing agents are a naturally-occurring phosphatide, for

example, lecithin or condensation products of n-alkylene oxide with fatty acids, for example,
polyoxyethylene stearate, or condensation products of ethylene oxide with long chain
aliphatic alcohols, for example heptadecasthylene-oxycetanol, or condensation products of
ethylene oxide with partial esters derived from fatty acids and a hexitol such as
polyoxyethylene sorbitol mono-oleate, or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides, for example, polyethylene
sorbitan monooleate.

Suitable diluents include pharmaceutically acceptable inert fillers, such as
microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or mixtures
of any of the foregoing. Examples of diluents include microcrystalline celiulose, such as

Avicel® PH101 and Avicel® PH102; lactose such as lactose monohydrate, lactose anhydrous,

and Pharmatose® DCL21; dibasic calcium phosphate such as Emcompress®

; mannitol;
starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn starch,
potato starch, maize starch, and modified starches, croscarmellose sodium, cross-povidone,
sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic acid and

a carbonate or bicarbonate. Suitable organic acids include, for example, citric, tartaric, malic,
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nanopartlc%ﬁgte |@%ﬁg§§%% c’orrpgig]icﬁﬂons iha; forma sgg%%?sgﬁlé%ps
or i nt cabuimbs) paiasshenpdticarvoraiey wiageesium cathaunats, sddiuinglygine carbhaatelrlutysing
t he ma | over.a period. of tipe. The period of .ti can be up to
about e, s elinhn SpSarts B Rt P onhn e o it eidthets
weeks, tHeRfeRreaRatoubldRaY Be ptRerito about 2 nonths, up to about 3
nont hs, up to about "4 nonths, up to about 5 nonths, up to about 6
nonths, up to about 7 nonths, up to about 8 nonths, up to about 9
nonths, up o0 ab . up to about 11 nonths, up to about 12
bo ap5HielEaiy Aekis

nont hs, up t'o ab up to about 2 years, up to about 30
mont hs, up The AbRpirtidulsesbisphogphdnateatan bk cOdmpleRed edth s, multivlentdraiitaleht

years, up to about_ 4 ' ears, or u 0 .about 5 years _or once a
i f et | PRAONGSURAABGAT { Z%ﬁ Yoo f efglﬁw%ﬁé% PO WHET WIIo0r e5ers s s ed
her ei n ' | i ] : ' ' ;

oﬁﬁflés :‘d%lt greiilo%‘ﬂy ﬁat%oﬂﬂﬁ.?%h% izt gg][eggaﬁﬂafe M&d QBliction of

averag%r pa ze“as neasured by convent article size
measur thedidphodphbnate &n aebdueknomedino t hose skilled in the art. Such
techni ques include, for exanple, sedinentation field flow
fractionation, photon correlation spectroscopy, light scattering, and

di sk centrigugat gaRancers

The bisphosphonate component of the composition may be accompanied, for

example, by an enhancer compound to modify the bioavailability or therapeutic effect of the
active ingredient. As used herein, the term “enthancer” refers to a compound which is capable
of enhancing the absorption and/or bicavailability of an active ingredient by promoting net
transport across the gastro-intestinal tract in an animal, such as a human. Enhancers include
but are not limited to medium chain fatty acids; salts, esters, ethers and derivatives thereof,
including glycerides and triglycerides; non-ionic surfactants such as those that can be

- prepared by reacting ethylene oxide with a fatty acid, a fatty alcohol, an alkylphenol or a
sorbitan or glycerol fatty acid ester; cytochrome P450 inhibitors, P-glycoprotein inhibitors

and the like; and mixtures of two or more of these agents.

6. Solid Dosage Forms of Nanoparticulate Bisphosphonates

The multi-particulate or monolithic oral nanoparticulate bisphosphonate compositions
of the invention preferably include at least one chelating agent, sodium caprylate, and a pH-
sensitive coating,

Conventional tablets of bisphosphonates, such as FOSAMAX®, ACTONEL®,
DIDRONEL®, and BONIVA®, have limited bioavailability. While bisphosphonates are

water soluble, which is generally associated with high bioavailability, upon administration
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The conpositions of the invention conprise at |east one

bi sphosp Lng an effective average particle siz an
about 203882%%{1?}?1&, 2 mcrons). In other enbodi nents O?C?;H?&%wt’ﬁ

i nvention, the bisphosphonate nanoparticles have an effective average
particle size of |less than about 1900 nm | ess than about 1800 nm

| ess than about 1700 nm |ess than about 1600 nm |ess than about

1500 nm |l ess than about 1400 nm |ess than about 1300 nu, |ess than
about gayentinnal bispkosphenptesindisn compiexwith cabions AR SUBHNAMERRY AR e s s

t han a . . .
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appr op(lacieferrirgs trdurdroxpuacide (fos cxample giide agjé, lastiotacid, anaicasid)shymgs acifihan

b 000. nnd. | .

0% of P14 bieUs TS errRmy R B REUIRARe RS, 2 S PR
t he ef éBglehaptydlOrAdRia-Diiinveighéther) KN, N NS Settaoeatic adid (tE@DAT) anrriheir
lithe "effective average particle size’ iss |ess tha agoﬁ% .190% ‘tng(g
then aderlvaises, RIS datot et h derpradines @orrapmpla Lneleye o5ds sl
of | €584 0. Ay ol oRTa B 00 AR RS UhE labMediBtRRRNE iR fibferred

t echni quées. s tru ther particle sizes referenced
above. clelatinishgente ateoBDTAMne, EGTAl hs maaboefer80%helating egent issfIoTi6. 70%

t | t bout 80% .at | t baut, 90% | t bout 95%
feast about Tbepkloeasiige HrBRs it hariorat 16 mave! mvElid & ey
less t %gglgﬁ: ?g%%ié%@ 6f ﬂin‘éﬁxa@f{;ﬁl& 26, methBeryldiRShd tarpibabte 2R ohihertiaip

than a m less than about 1800 nm etc.. In the
i nvent aiablele theafudragit® spd offpolymeas opbmixterngs Hieeeobi sphosphonat e

conmposition,is.th rticle:size.bel ow whi %. Qf: :

R AR AL st bl
parti CoRpikdspko Wih\86di & £ spalléd dise

by wei gh?. X .Ooncentratli on&gf Narlljoparticul ate Bis h(s)s honat e Conpound
and Susdmgis vHroapped levels as lmgemaswmweamwiwasgi sphosphonat e
and one or [ r L1 ' h ' :
amount of -t RO 1 Ep Rt BB S Bl R cbafliAt s ﬁﬁ%?ﬂlﬁjt%tfq@?ﬁ%
par t i cwhivh delayp Hifsphanet idsphasshanbie matticidsambil tedonipesitionreaghesthbut es
i t“em%ééil%c@:?é%%igh{@% G Z%a%ééi%ﬁ%#e% SRS pe ) S08 Sl foonae
| i poph a : 555 ,

wat er ' f bl | in the gAsRbRkaEhM trdche
concentﬁlggff@%ga%afsgglfgp %@%ﬁ%ﬁgﬁ%ﬁfc@gﬁé@?fﬁ oerr‘%%rgbout 99. 5% to about
0.001% f r orA amititpadsubatoorahonalithic bygl nardifiedoelcasrermppikanncagrding to the

0.5% b i ght , . based he total, i i ght .
bi Sp oSBT A% HE (o gaet Bin an RN TR, EObicRly, hEdgsage form
ot her Gxi¢hoh8Mnd of thdfi Bferen@psRNAHoHs 0P partioles bf Siphtaspherutd for detreatment of

generally preferred froma dose and_ cost efficiency standpoint,
disorders relating to abnormal bone resorption, particles of sodiun caprylate and of a -

chelating agent. The particles are preferably coated with a pH-sensitive coating. The
particles may be blended and the blend filled into suitable capsules, such as hard or soft
gelatin capsules. The ingredient-containing particles may be compressed (optionally with
additional excipients) into mini-tablets.

The composition according to the invention may comprise at least two populations of

bisphosphonate-comprising particles which have different irz vitro dissolution profiles. Such
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Preferably, the concentration of surface stabilizer can vary from
about 0. 5¥0toocabzrir 99. 999% from about 5.0%to about 98C94s206/06972IM
about 10%to about 99.5% by weight, based on the total conbined dry
wei ght of bi sphosphonate and at | east one surface stabilizer, not

i ncludi ng ot her excipients. D. Method of Making Nanoparticul ate

Bi sphosphonat e Conpositions Nanoparticul ate bi sphosphonate

conpos BYan§il By :

2006/ 1655 HRok Ughz)%odeg/ﬁ%gg%f&’%ﬁﬁm i, R B e Emp bt el e
m | | i ngt morgrmapakitions poby vyeei the partivlenize of thelhisphosphonetzlpafticlésgresent in
parti cl eggjenefa%ti on techni ques. \Wen the bisphosphonate particle is
to be FegUCEd Rsize in an aqueous nedi a, then the bi sphosphonate is

first conpl exgerablyl i epefatiohithatampos@fondifVied @Réntivatandnhe sulidhoraldotaget |
Zn2+, or M2+ , or other salt that is poorly water soluble, or esters
§

or proHEW§SOMRESng the srIBResiiaR:toatot seipase the bisphopphpnate untid thpackye

sol ubi Lj : : : I :
nanopa}rIi | %’%%Hé{ éeéag%s?@g g“tg%“élﬁ t R%%éﬁ?%@%ﬁ%@? ggslg ;&?%13 %g’iarsl dffcgped

Pat ent abhdve, by themsé 84 a plidehgitiee adating ki iige avtine payrédiat) sdeuna ciprylateament
conposi ti.o ar | so described in U S. Patent No. 5,518,187 for

" Met hoBreSq’rg%Vi %@?‘%&Wﬁ%ceuti cal Substances;" U.S. Patent No.
5,718,388 for "Continuous Method of Ginding Pharnaceuti cal
Substances;" U. S. Patent No. 5,862,999 for "Method of Ginding

Phar maceut i al ShhjectabieNanoparticulpte Bisphosphosa@dfrasdatiors of the Invention

"Co- M cropregipi-t at.i.on of nopatt i cul ate Pharmaceutical Agent.s Wt
Oryatal o olfh AP Ao @ee FRRR G FitbPio Rk ha R cofifbiitont df"
" Co- M fHeGR¥eRioR iptetbiaBlYy ddimphis apRAst ioﬁ@hﬁic@aﬂ@ﬁfaf@lﬁ@pﬁds?@na%ﬂtaﬁ leakttdhe
Crystal Gowh Mdifiers;"™ US. Patent No. 5,560,932 for ]

"M cr ofiréace stabdizen Whsreinthrapsaeparacilate disphesphaeate ts @mPlogd 1ith 2 salj ox a

CorposT O Bnde R hidie i RFERHIR, ol AR iE SRR BB 26 o1

" Met hoprefifratity eplivalerd cHtial lseciDrsu@p Nt h ae Mt eThe pidschice B kwwhia hioltivalent

5,510,118 for, "Process of  Preparing, Thergpeutic osi tiqQns
Cont o, i Gy IR RSGH FoRblte B drotza AUy EySa SIB ClBts BIGTBIBEEOT BE Nt hod
of PrepshinigrNepaRgsdiiisd.e Conposi tions Contai ni ng Char ged

Phosphol i pids to Reduce Aggregation,” all of which are specifically
i ncor por at ebh ¢rerambodipentpthercempesition is fofprlated it @hénjsitable deshgeiforgn fon

an aqueous nedi a, the bi sphosphonate i.s.c l.exed with a l.tival ent
o aiieEREeE SR TR e RSty Bt bR A oy er
sol ubi bdrhyos@for! MRgebritem Bhe 0/es uBtt@aﬁquﬁ_amamrj. cul ate bi sphosphonate

conpositions or dispersions can be utilized in solid, sem-solid, or

li qui d dosalearf exemplayicsvsdinaenthe invention providspransparticulatpdigphosphonate

aer oso [ :.1C l. i f ast
ol 1 o AR e ARR FhuochoR R i By feeRBT Sph Ol bR,
del ayecbmpdsitise chmiprive, dateds Yewtended rel ease fornul ati ons,
pul satil e rel ease formul ati ons, m xed i mredi ate rel ease and
controlled rel ease fornul ati ons, etc. An exenpl ary met hod of
preparing tbiePhasabpate i cul at e bi sphosphonate®®r nul ati ons of the
i nvention cenfaceswsilizee steps of: (1) di sPdrsb@l§ t he desired dosage
anount of apesephivsphonate conplex in a | Dd&i-d0.85%persi on nedia in
whi ch the dpHadjistipgagdny sol ubl e; and pH about 6 to about 7

water for injection q.8.

Exemplary preservatives include methylparaben (about 0.18% based on % w/w),
propylparaben (about 0.02% based on % w/w), phenol (about 0.5% based on % w/w), and
benzyl alcohol (up to 2% v/v). An exemplary pH adjusting agent is sodium hydroxide, and
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WO 2006/ 102117PCT/ US2006/ 009791 (2) nechanical ly reducing t he
particle sz f _the bi sphosphonate conplex to an effectiv v e
particle‘ib%@mgpzp%ss t han about 2000 nm A surface stab FF&@&mgéﬁg%b
added to the dispersion nedia either before, during, or after
particle size reduction of the bisphosphonate conplex. The liquid

di spersi on medi um can be nmaintai ned at a physiologic pH, for exanple,

within the range of fromabout 3.0 to about 8.0 during the size
r educt dnoexemplcy Sgpidrarieris sedleatsr fof mjrctionnPthennspfulpreserciivabolt 5. 0

to abo 5 durin ize redut Preferably, the

di speréaﬁ‘b%l ﬁﬁﬁ?’ﬁs’@ggﬁf caﬁ]\%rs el %}ﬁﬁgﬁé%?ocess i s agqueous,

al t hough any dghieepfodiBent r(ﬁﬁtiieainvémfoh,l prbvidbdateiisiptable hl@ﬁ@ia@tldlﬁataoor |y
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bi sphosphonate 1s uce an e1 ective average particle size of

| ess tha[p telabotit R@OEk, umto Ebtbtﬁdxw&&s,rmtb(aﬂeutdf wesksyumiiorapones aekscup 1o

e e
M cr of Ab'ahfis ARt s% %;( M 8ot B‘rﬁdi'iﬂ?ss uPRS okt 7 Bnthsp td Mtbut § ndnkRyeRer gy

mlling process at uses mlling media, drug, stabilizer, and
| i qui caboTh@muaths; iatesatwué 1§ wndhs, mmfoalbﬁm 11 mgnthagipep abpwl 12 months, apde

at opt eed suc al,the rre

part | ciEeis S BRGhs HE R 0B Yoie TRon Ao B 3050 U6 BT Ry ohi Gl hont
as thes gnepayup & aﬁdﬁ%@@ﬁﬁsl@ﬂﬁdbadmwﬁarsg or W \ubdeids b@argommb;a and
the mass of the attrition nmedia. 1.Bisphosphonate Particle Size

Reductlifshmesi ng M | 1ing Media milling is a high energy milling
process. Bi sphosphonate conpl ex, surface stabilizer, and liquid are
placed in a reservoir and re-circulated in a chanmber conpri sing
grindi ng negli a aNdnepamicaIeitelqumaﬂilidnapaemmme Sike rotating shaft
agitates the gri g nmedi.a whi,ch subjects the. b| hos nate co Ilgx

to i npacti ofts HT'FGI %rp%?le geely drqn e pAYS ? GEPReHRT&°
conpl ey, Pa drﬁéaféhf‘ed%yzc%nventlonal-rﬁ'ﬁtl&b skh ﬁfeﬂMﬁ@t@cﬁﬂ:{ﬁék %II%BWQQO aded

to a liqui la 'n which 1t 1s essentially insoluble to forma
prem xskillddeinghe drhcSucht tebiniquesrindude, b %ﬁ@gbnsedimentﬁ@qoﬁ@mﬂ@%r it can

be addgd to the hos nat e S 0 icle
size rERHORIEHL P gﬁt@ﬁﬁf’gﬁfaﬁo% %ecﬁ-gsr%gggwgﬁt %%efmyg %?Egu%ﬁ cec?]g}un%d(’?wtl
nmechani cal TRASmPRitidE e thel iiGerRioncomPribd S1bLRs pﬁmamsplmmteammg an
particle S|ze in the dispersion to | ess than about 2000 nm IS

]E)r ef erq:f&wtlmaver@gmpqﬁl@lmswe:@é less dyn @bpelA00) DEHER.» & MBETNShyi ﬁmoﬂp@ used
|
ST A S ke

bi spho¥P one surtace stabrilizer can
di sper pe&ﬁclb Bizk RE 1dsk CHaincibowid WOwS, ﬂgﬁsﬂ;hanta)bhtel ggirna tlessrihareabyuf 1200 nm,

i ch than B 508 B esR 5P R0 o LB o gDy O AL S ot
preferiag rhltp%ssttaﬁl RS $00 Fim B4 @ih Boik 9100k, RsPlhin Bh11000 nm, Tess

dlspersmn st'e are-cireulating media mil is used for
at tri tihan about 900nm less than about 800 nm, less than about 700 nm, less than about 650 nm,

less than about 600 nm, less than about 550 nm, less than about 500 nm, less than about 450
nm, less than about 400 nm, less than about 350 nm, less than about 300 nm, less than about
250 nm, less than about 200 nm, less than about 150 nm, less than about 100 nm, less than
about 75 nm, or less than about 50 nm, as measured by light-scattering methods, microscopy,
or other appropriate methods.

An “effective average particle size of less than about 2000 nm” means that at least
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The nechani cal neans applied to reduce the bi sphosphonate conpl ex
particl e wozgucadinit ake the formof a dispersion mll. SptvaRbR6009791

dispersion mlls include a ball mlIl, an attritor mll, a vibratory
mll, and media mlls such as a sand mll and a bead mll. A nedia
mll is preferred due to the relatively shorter mlling tinme required

to provide the desired reduction in particle size. For nedia mlling,
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o sovaral Thisropst AnSE a0k af ey P i s oG Rogui T Tl et Reite
m 1. of the blfpRodho R4 PRARIAIRVE & PRiEN sPRNéss ThaiSthe 8ffefifre 29614664, e, Mess
size at a tenperature which does not significantly degrade the

bi sphothshahertc2060 i, ésss ithrincabanie]l 900maw dess ithag abe nm.ec.of | ess than
about 30 to.lgs i i K f :Led,
he. processPhuAtiT Brerne Shine R 135Er APl e B sp gt
‘equi piythe p&tiolersite telow hidhe3036 bathsbisphesphonatb pattiatss #4ll, by wsight.

i mersion of the nmlling chanper in.ice water, .is contenpl atcgd.

Gener aPimyilaty D904t thspagicle fige Pelgwvhieh®0% of Hinkisnhoseiiapatearticles fallby
under ktions of anbient tenperature and at processing pressures
which aré& safe and effective for the nmlling process. Anbient
processing pressures are typical of ball mlls, attritor mlls, and
vi bratory nd| | s. ConceathagodvefiNandpa tigulatedBisghosplionafedfompeuphand cl e
si ze reducti on skapraceRtdblis@sected fromrigid nedia preferably
spherical or particulate in form having an average size | ess than

about 3 nm Tﬁ@r&%%/ %ﬁ%ﬁ%ﬁ@%‘?gﬁﬁf e 8 ord REBcHHEHIRERD b vary

| ess than about nm Suc y can provide the particles
of t hewidstenThooptithalenshet ofthe pndividsalicogponentsdepedds, dpraaxamipls spareihe

to the mlling i t. lecti f.mterial f th indi
rodi o PRURHE Hab BBt B U ior e and Zpuigh et e bifod kgt
Zr0 st gdlbdtb Qfch st the AREHOBHLR. Eé 1ifi6 BalRe(HI i) nelting§Yodt] £nd thé Airflcess
steel, titania, alumna, 95% Zr0 stabilized wth yttrium glass

gri ndi tepsicedif svateyselupons eithe gtabilizatipisg medi a are exenpl ary grindi ng
mat eri al s. Th rindi J_: I i

preferably E ﬁeg%rfiglﬁt ﬁg%ob@e g?ﬁg%ﬁ‘nh%@}g&hogl%ﬁag?&fﬂ%@g&é@%ﬁxgﬁ% |O‘r%1%
essent a0l %, GonPaoyt®s %o BBGWLID. 16, artffvei alsant et 1@ abented. 5%, by weight, based
Al ternativel the grinding nedia can conprise a core havi

coat | nGn e laizberyhERd weis PR e iRBRePRORRIF Sshat 194t OBS Fythse SROLEEH Rot an
have ai&‘ﬁﬂﬁﬁé Stnbd é?ﬂaﬁi‘élﬁ&'.t H%h%r E&c@@ﬂffon&gopbi%ﬁagﬁhonate are generally preferred
from a dose and cost efficiency standpoint.
Preferably, the concentration of surface stabilizer can vary from about 0.5% to about
99.999%, from about 5.0% to about 99.9%, or from about 10% to about 99.5%, by weight,
based on the total combined dry weight of bisphosphonate and at least one surface stabilizer,

not including other excipients.

D. Method of Making Nanoparticulate Bisphosphonate Compositions

Nanoparticulate bisphosphonate compositions can be made using any suitable method
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In general, suitable polymeric resins are chemcally and physically

i nert, 5"\?65%&1‘0%153’ free of metals, solvent, and nonong E{Ug%ﬁ/g,@%l

suff|C|ent hardness and friability to enable themto avol

chi pped or crushed during grinding. Suitable polyneric resins include
crosslinked pol ystyrenes, such as pol ystyrene crosslinked with

di vi nyl benzene; styrene copol yners; pol ycarbonates; polyacetals such
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I ncl ude polé | act1 des), poly(glycollde) copol yners of | actides and

gl ycol i de pplarmethadsof Bafipg Rynspastisulati active ageR FPRPRSHOSALS (i i no
car bon@és@ﬁ%ed 19)% %( t@l&%@%df XoRRr %étﬂ?as%&eg l%logfrlﬁ‘ cR@le Uity hgent

hydr oxyproli ers, ethy éne- vi nyl "acet at mers,
pol y( ocdrhgmsticmsaie almdle;s(:anmimlt&&t Paterst)No. &yd 8@ o fi‘ds&h@zéﬁwﬁmgFor

gggggggadabgg oL Estepasser Do PG 05 1T OB 08 1ol Mithod af Gingine
pr OdUCP ﬁaﬁsﬁ%%taﬁ&ésm U3, edteht KB 4,862, 99051 “Methodﬂi@rﬁfdﬁgdi ng

nmedi a prefera ranges in size from about O. 01 to about 3 For
fine gPhaaﬂlangJ,tlcah%lbgtamm hy.S@dicat Ne. 66T, 33 lador le\émcamﬁmlt@og@f to

SO TR AR TR o R T

par ti ck @82 88% feradR-MrbFeeipitdibhldAfabhddicdRPHOA IR hticd) n!tgentsomsﬁ Slrystal
Such a met hod conprises_cont]i nuousl§/ | nt roduci ng, t he bi slghosphon

conpl efrowithdMadifiersy’| He- Eatenbile, S.eehtclor n@ﬁqrﬁ@w&w Qi ropgrticu ate.
grindi P%a&rr%ge&lc%}{k&té A1} 8 LHRTRES 55,? ?%ﬁ%e‘f’rcﬁl 2 a}%éﬂng O)?TDIR%L and

continu renovPng 't hé nanoparticu i Sphosp x from

the m Cbhmt Chaipositions Contaﬁiltng Igmdpdﬂmgesﬁ’ddﬁaPatsn‘dﬁqneﬁr 5627 Of footMethed of
Separ aPROR B SHHIEeE NabELSERo g v Pt S 8 af duS Hieeds pEpoaring
filt ra@‘[-h ﬁfo@dn%sht[&@%ﬁtaz%\g%mn& parli@Es;PindBUTSe PRienfNG. §,070, 583 ®r

Qt her Separation tec ues as centrifugation may al so be
enpl oyéMethSﬂ@rfiPt@aﬁmg)NmbpMdammmﬂhngs Contanm/@ha;g osgholipids to

t X th duc duct .
The. meREPAeARITRF BPocD<t 0RO e BrRoaeip HRvR B peRut o ke 0™
typi cal knomr PRAIE 8k YEdudihgih @6 Qg8 hivdis tmlémspmems coapleded with

typical steril'e suspension manufacturin rocess flowchart is
f)cglpl ows mufigsdérd ocdwglept @ﬁmoﬁgguch as CaH* an", Fo)r Mn? to reduce the water solaglhty of

the drug. The resultant nanoparticulate bisphosphonate compositions or dispersions can be

utilized in solid, semi-solid, or liquid dosage formulations, such as liquid dispersions, gels,
aerosols, ointments, creams, controlled release formulations, fast melt formulations,
lyophilized formulations, tablets, capsules, delayed release formulations, extended release

formulations, pulsatile release formulations, mixed immediate release and controlled release

formulations, efc.
An exemplary method of preparing the nanoparticulate bisphosphonate formulations

of the invention comprises the steps of: (1) dispersing the desired dosage amount of a

bisphosphonate complex in a liquid dispersion media in which the drug is poorly soluble; and

43



Compounding 4, Particle Size Reduction Vial Filling 4,
(Lyophi | i@@%,ﬁﬂ)}zﬁg_d/ or (Termnal Sterilization) A§erﬂg'b®%@9%py

the optional steps in parentheses, sone of the processing is

dependent upon the nethod of particle size reduction and/or nethod of
sterilization. For exanple, nmedia conditioning is not required for a
mlling nmethod that does not use nedia. If termnal sterilization is

A I Rt W AT

Bi sphogapdiagapatifiakize off tesStlna aReahB00) am. Us stdaddatabgent éai boadded to the
dispersion media either before, during, or after particle size reduction of the bisphosphonate
complex. The liquid dispersion medium can be maintained at a physiologic pH, for example,
within the range of from about 3.0 to about 8.0 during the size reduction process; more
preferably within the range of from about 5.0 to about 7.5 during the size reduction process.
Preferably, the dispersion media used for the size reduction process is aqueous, although any
dispersion media in which the bisphosphonate is poorly soluble can be used, such as
safflower oil, ethanol, t-butanol, glycerin, polysthylene glycol (PEG), hexane, or glycol.

Using a particle size reduction method, the particle size of the bisphosphonate is
reduced to an effective average particle size of less than about 2000 nm. Effective methods
of providing mechanical force for particle size reduction of the bisphosphonate include ball
‘ milling, media milling, and homogenization, for examp'le, with a Microfluidizer®

(Microfluidics Corp.). Ball milling is 2 low energy milling process that uses milling media, |
drug, stabilizer, and liquid. The materials are placed in a milling vessel that is rotated at
optimal speed such that the media cascades and reduces the drug particle size by impaction.
The media used must have a high density as the energy for the particle reduction is provided
by gravity and the mass of the attrition media.

1. Bisphosphonate Particle Size Reduction Using Milling

Media milling is a high energy milling process. Bisphosphonate complex, surface
stabilizer, and liquid are placed in a reservoir and re-circulated in a chamber comprising
grinding media and a rotating shaft/impeller. The rotating shaft agitates the grinding media
which subjects the bisphosphonate complex to impaction and sheer forces, thereby reducing
the bisphosphonate complex particle size.

The bisphosphonate complex can be added to a liquid media in which it is essentially
insoluble to form a premix. The surface stabilizer can be present in the premix or it can be
added to the bisphosphonate complex dispersion following particle size reduction. The
premix can be used directly by subjecting it to mechanical means to reduce the average
bisphosphonate complex particle size in the dispersion to less than about 2000 nm. Itis

preferred that the premix be used directly when a ball mill is used for attrition. Alternatively,
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Honogeni zation is a technique that does not use mlling nedia.

Bi sphosp | ex, surface stabilizer, and |liquid

liquid V\ﬁl‘?ﬂaﬁ)'ﬁgﬁgﬁf ace stabilizer added after particl ei)g?fzugﬁddgm@wl
reduction) constitute a process stream propelled into a process zone,
which in the Mcrofluidizer(r) is called the Interaction Chanber. The
product to be treated is inducted into the punp, and then forced out.

The prim.ng_ valve of the Mcrofluidizer(r) rges ajir _out of, the, .
punp. EifeSPIREIOBAE CPIIPIGH FUddt Wéﬁtwnﬁﬁwéfasrﬂ%ﬁ}?%r B9 b digpsreadie theliquid
cl osedyapgl sfa{tgaugguat&nt 2k §EdNEONBOntiRg, duith &'RfIdeBReokl al¥p&kion e
geometry of the interdcti oh Chanber produces’ power ful forces of

sheer , obsepeedtin wamch thenei drand dangavggidmereatss vis§otosihb mekddoryep &iris preferresd ze
reduct i,0 Speci f.i cal |l i,nsi de the .J.nteracti.on chapgber, t . .
br 5 ou bt RO s tpicbied Bt oo T 60 JBRER o W Eeng meate
ext r engliy gl felesiohl es. The forned jets are then directed toward

each other and collide in the interaction zone. The resulting product
has very fi hbe meghani¢al sreangapnlied feredicefhe pisphosphorate gpraplex particle size

M crof | uidizer( . V] : i

t he pr8 uc gﬂ]ﬁ@m ggﬁglﬁq'? Eﬁb&%ﬁs%ﬂ %@gdﬁéﬁﬁgc qﬁglsélgcé@#%a{%i’ aﬁgﬁﬂ{?r
i ncor periltdbhayory efiti; anteedioedils suchasa spndméld sndis beegl mill. A media mill is

M crofluidizer.(r), 3.. Bisphosplionate Particle, Size, Reductio in

Pr o1 PP a0 thogslatHED SroRramIBIS 5% MGt IRPRe LSO o
bi spho ] ' i ] [Jat ' i18 nreferablirgionpd
of prepari ngggltngﬁgﬁgl?g%g? gl?l%)gggleo@? 5%%%%%%8%%’? gr%gﬂrs'ttl?gl esr of the
conpos ebduw 0 tcatroat hG00 centipeise,mné fior el millinghe preasenicescositioefdhe premix e

f t abi |l | | loid bilit hanci ,
ur f acB e G5eraRtt | 88 fo oyt 0 FsdBeo e, s It tnd B0K Boorimga
heavy gBhAde HeliPbnl dffi6ient piidle sizBBdduetorr @Mhb &g srosfodr exanpl e, (1)

di ssol ving the bi sphosphonate conposition according to the invention,
in a suitablThe sdtitemtimgican vayxvidely apd fepends Rymarty YR e BAHEHAE r om
step (1) w th,;mxl 0 | ut.] b S ;
St ai | FEainit Pskhy Shd B b Ao Rl e Bl RS pr RS b %
for mul g4 fienddys @fldigePmai be weduliredi Allteatiselpgpracesaipp tiogesiodiess than 1 day
nonsol vent. The net hod can be foll O\Aﬁd b}/ renmoval qf tgn?_/1 fo%frﬂaldl_|1| alt,
it preéEridenogfings AL PEE FUBHte P49 FIVEFAPPYR) HAPORBE S HE Péf gy upp shoar
di sperﬂeﬁ{arﬁm conventional neans. The resultant nanoparticul ate
onate

bi sphosp conposition according to the invention can be utilized
in a phar mafaebisphbdphonate epnplek padickagen boraduced D size at a temperature which

2006/ 1Q2117PCT/ TJS2006/ 009791. E. Met hods of i ng.t he Eormul.ations and
Corrposg??sdﬁ’é Sigp °ﬁ’ét?¥ ﬁ%ﬁ § blSpﬁ/gs %ﬁ%g?rgéi%%pg)&?ﬁuiq. eﬁﬁf%sf)lﬁglsphonat e
€onpos Eéﬁ&g@%& PEE@S AU GBLLITD B1&s WSl Mbul 4V°Lr LEbIRRESy pRelid ng but

not limte e treatment of disorders relating to abnormal bone
r esor ptiedired, the procEssngrequipmisntaan be onglod ithsosventiontleophngequipmner e

abnor nePIERl heleansratai. Sk o aar it gen ot BF oL, "
condi t i;oRs dlb @Sﬁteﬁﬁla@é& haaepanaticzgehad of the adlchEeslisRRateli@BY . carried out

General i zed bone oss is often associated with osteoporosis.
Ost eopandsicenditionnef anchimmisamperafiss tndw Pepressing PireTses, Whish s ey dndgen

product j.on. h een.gqreat |y dinm.mn . i

Dl o belEHisR g iae F e arte S DR AR s R res D) ARG OFaTE8
Ost eopQfiRfr milaRnbeitrMducadldy di sease, e.g., rheumatoid arthritis,
it can be induced by secondary causes, e.g., glucocorticoid therapy,

or it can about with no identifiable cause, i. e., osteoporosis. In
the present GriddE M6 preferred nethods include the treatment or
prevention of abnormal bone resorption in osteoporotic humans.

Local i zed bafg oliaas-Nas1iP &R MhAsRAAk 8128 dedtichibn BEP bAMB Mot FRATRIA

media preferably spherical or particulate in form having an average size less than about 3 mm

—
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Generalized or localized bone | oss can occur fromdi suse, which is
often a Rﬁﬁg&%ﬂhiﬂﬁ those confined to a bed or a “hEEICBEThEmﬁEm&H§1

t hose who have an immobilized |inb set in a cast or in tracti

The net hods and conpositions of the invention are useful for treatlng
and/ or preventing the followi ng conditions or disease states:

ost eoporosis, which can include postnenopausal ost eopor osi s,

steroid- nduced S| S | e . sease- |

o5t eopdPbange SreiPBbE? AL b ballEt Suf S BRSNS R SR B Bivigs
I ncr eagecheipnativt hﬁﬂﬂsﬂlbrteﬂﬁbbés@ﬁl@ttﬁﬂles@hﬁ tap@t lckOwahy 13 &k AL bQSSment.
associated wth peripraosthetic osteolysis; and bone fractures.
Nanopari selpgica qfinagael Sao atg@néw&ﬁw{% BaRtbelisredis ke qriical AFigsonavm |

i nj ecti, QIHe”&béP(ég v A0 QNER &Hh&?dghé’mé‘%ﬁ@cﬂﬁﬁﬁ'sﬁm%{e Férkr‘ﬁwagt'dﬁx‘?%§ stakl,
nonaqueous” so Tons, dispersions, Suspénsions or enl s ond

steril eltqmm/;dhmnaﬁ. db'% Ec0 ntabilizad wath yitinhum, glass gtisding jnediaabhdpolgmbri¢ i ons
or dlsper lons | es, of suj.t abl ueous and nonaqueous carriers,
di | uens™ Igggq;@mgegg?mg]@m@@n Feﬁ‘gﬁng wat er, ethanol, polyols
(propyl enegl %ﬁ@&n?ﬁyé:&lrﬁclesv@at are preferabl substantlall?/ spherical
2006/ 102117PCT/ J 6/ 009791 glycerol, and the like), suitab

m xt ur ésshaperegf beadag:@nabﬂlm @ﬂsmﬁla@wépolameub resén o otylerasmabln jstarizb| e

or gani St SMC et hyl. ol eate. Pro er, fluidit

it Pt 8y S D i R Gleorisp IR A it AL Pimeric esin,
the NRiadkeEEMERORS Thb oly@sHticrresin pa hivel AleBbityefrbm dbbet G:8 $ealifut 3.0 g/om?,
di spersions, and by the use of surfactants, The formul ations nmay al so

i ncl ude bi odiegeuesbivitaplsinpRERericassing Al cherisaly andphysically inerp gubstantially
i nj ect ghlar In%{a?g'] L& Lan énc{%x@héﬂ &ﬂ%gﬂl&éﬂt HYARLSR aal %@ab%@y to enable

preserving ying, a I'spensi ng agents event i on
of the tlmm)w dvonf bamg:cluppghmn csnshedalnnin@ gemiing. eBuitaplossolimedc resins include

anti bact er al antifun I ents suc ens, chl or but anol ,
phenol Srasglinlied POl TengR pelNalytee %5@?@ ﬁmi@b iheaspe: fgene
i ncl ude,dl oni S ® I t

; E?%cﬁ%% dﬁoag%?)?& fess H&l?a@c%a@ YO D g‘f‘gﬁﬁ Bkt HENetodsi 438 Co.):

like. ptioh of the’injecta rmaceutical formca
be brougiy&clﬂbndﬂpdiymlefsearﬂsmpo]f}mmgﬁ@bwms mglabddespt i on, such as

For mil BODORGE o oFHEY RGOS cobain B i RE NeRERA R LBPeeteBy any
conven Flh%bgbpﬁé%?% ?11 aél'{]&édéﬂf/ ggl'ye{ﬁzr}engg ﬂﬁéﬁeg Q:elh?l'b?% %t%iers (rgir?n‘f &bk ¥mch

ocul ar rav i ntranmusc
subcut ameellndyse acetaﬁeapmlghﬁh'akmethmrym polyhydrukyeﬂahgd @cryddte;yand silicone-

L buce SR e Ralihers Sk aseoly rim g i hso e PRI ra b SRiberadie
to meamygn,Rl %He;gr@&ﬁl@{:ﬁ?ﬂn&rﬁn@ﬁﬂ@ﬁ&lg(lhd%ﬁ'eé}dbﬁg%g?‘ycfbﬁﬁ?bdﬂblymers of

non- human. =~ The ient" and

i nt er chextigersdidyglycolide, p@!ﬂnh@rdﬂ@@ag@lyﬁhddmyetbvl mefaacsd@tni ppy(inEne on

| ude, . b d
und or arapiedy o B R s Rind AR S o Py o BroaBE R
bi sphogglnsiveny 1a@aat@rébﬁamtsa?sly@aﬂ]oeﬁeﬁsyﬁa@m(w rélAetbids),i@dagent , nmay

be adm xed with at | east one o | owi ng a) one or nore inert

exci pi enlyéph(ogpha@amqs) eFey) biodagraaple prdiamerss contaminatiogy from dhe wedipitself
hosphate; . . o
Dot oo B vapdelucty bAinBiaBOl R U v B A p b AR TR0l AR be

car boxyﬁmhﬁyddcmmmﬂmbﬁy al i gnates, gel atin, polyvinylpyrrolidone,
sucrose, and, acgci a;

t.ant h :
di si ntegrati L R§ ggg@lﬁggne %E‘I‘?g"gg gg%l}sgeag}gﬁgze %%P@Légﬁe({:& E’&%’g%l'b?’ 5%t Beto
O L aPOERRARE Hhe Fﬁ?&hghﬁeﬁis%ﬁﬁbgaﬁgm%&w (2 ! boGe i, a?g ;ihore

sodi um ca | ution-retar such as parat
absor ppiaferablydeine eaeud0s)3 wbhubnguatszear y anmmoni um conpounds; (h)

. In a preferred grinding process the bisphosphonate complex particles are made

46



WO 2006/ 102117PCT/ US2006/ 009791 gl ycol s, sodium |l auryl sulfate, or

m xt ures wHehRPlhz11F0r capsules, tablets, and pills, thepg9ﬁ@%ﬁ heoB
may al so conprise buffering agents. " Besi des such inert |Fuents,
t he conposition can al so include adjuvants, such as wetting agents,
enul si fying and suspendi ng agents, sweetening, flavoring, and
perfum ng agents. "Therapeutically effective amount” as used
herein with respect. to the conpounds. .of bjsphosphonate,

phar mERRHITIOHFPy Sit 2 Bt SRS SREPEREly 1BUpEieg g Fisghosplppte

M Xt ur egmbR&"iRRfa mANE thafBRE ohRkHAOSE ¢8mBIM wilNgindiPmediasyHilRen the
speci fic pharmacol ogical response for which the bi Sphosphonate is
adm ni sharnkst tp redacethgpatticdasize, rodisentingpugdy greexting the naserkrdgulate eat nent

for disorders relati 0_aphnaor.mal esorption and rel ated

di sor dg}SQEOﬁp?lO{l%%e ‘é'%ﬁg}s{?&zoga © mngtﬁlgﬁggéuti cally effective amount,”
adm ni st er eqhk@riadipghddiaisaepahiail €oin the néllpdndnopattianlataidsphosghonkiel
not al ways be effective in treating the djiseases, descri bed herein

even t ROUBIPXEIE BNl CREARRICEIMERS, B AEEoRIATY Ogss eieh Y sitnple
anmount s 4, ' j t : i Sk tdchniwhdd
appr ecfﬁgtpéeﬁo%lh%téﬁg @é%ﬁ%@ﬁ%ﬁﬁ%@r& T Iﬁfeangi sp %Tép(ﬁ%lgfa{éga%gﬁﬁgehm&hés
det er msmdrhseppirifigaioh ynaradsclanerhplogedl oyed in pure formor, where
such forns exist, in pharnaceutically acceptable salt, ester, or

prodrug for Act ua a evel s of bi sphosphonate in the

nanopar t i cu?ﬁ”@e%%ﬁg%f’gﬁg}”ﬁ’gt he invention nay be varied to obtain
an anount of the bisphosphonate that is effective to obtain a desired
t her apeut i ¢ DevsPpansst §fdhjediabRIdohpakiibneaiesithe prodasibmetaweile product.
adm ni stration. The sel ected dosage | evel  therefore depends upon the
desi r edhe maafebwing peeqess of the ﬁé‘JSPI%G{I\éGDE}pn Wﬂﬁ%@rtﬁﬁlf’@ﬁﬁmf"ﬁe pot ency
of the kN r ji .} : i { QP-16t ' :
dur at SATSHpRE RS RRPAS B R Rnd iR, Ll Rilc Dk nfhufucruring
conpos iptdcessfisvghactantsafollossch anmounts of such sub-nul tipl es thereof
as may be used to make up the daily dose. It will be understood,
however, that the specific dos vel, for any particular patient wll
depend upon a variety of fact of(gi.eﬁﬂ%éoq[@tb@l%%d degree of the cellular
or physiol ogical response to be achieyed;, activity of the specific
agent or conposition enployed; the specific agents or conposition
enpl oyed; the age, body weight, g€nmpaindiegmlth, sex, and diet of the
patient; the time of adm nistration, route of admnistration, and
rate of excretion of the agent; the ddration of the treatnment; drugs
used in conbination or coinci dpgkdle Whd RedudBospeci fic agent; and like
factors well known in the nedical arts. WO

2006/ 102117PCT/ US2006/ 009791 Thus;, a preci se pharmaceutically
effective anount cannot be speci fiﬁd :Fﬂ .advance and can be readily
determ ned by the caregiver or cli i Hl.lgAppr opriate amounts can be
determ ned by routine experinmentation|fromanimal nodels and human
clinical studies. Generally, an appropriate anount of bisphosphonate
is chosen to obtain a {ianphiliesibery)andor (Teunbial Bregiliedtie)t, i.e., a bone
resorption inhibiting amount of the bi sphosphonate is adm ni stered.

For humans, an effective oral se ,of bi sphosphon IS typical,l
from about Psyngiga @gﬁﬁh%?mﬂﬂ%?ﬂégm BEEy sgﬁ)gmea#}ﬁf)p@g% @dg{vjeggﬁnt
10 to aBeNthe/mO80d biShdtfcle iR EWuctBh Bit/or method of sterilization. For example,

media conditioning is not required for a milling method that does not use media. If ierminal

sterilization is not feasible due to chemical and/or physical instability, aseptic processing can

be used.
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For human oral conpositions conprising al endronate, pharmaceutically
accept abl ereof, or pharnmaceutically acceptabl

t her eof , &Oéﬁqﬁglﬁgt@age typ| cally conprises from about 859@%50\6%69\6%
about 140 mg of the al endronate conpound, on an al endronic acid
active wei ght basis. The present invention further provides a
met hod of treating a patient suffering fromdisorders relating to
abnornmal bone re t|o CO | si-ng.adm nisterin t her apeutical |y
ef fective arfount Iﬁf ﬁﬁgﬁﬂg%ugﬂ?@ﬁ r[;tsbl%ﬁgrqogwﬁ #%h to
provi de pul i_fd adm nj strat hos nat e.

TS Lype. of CHuSHRgEAEH i e haiost G oR EUHBGf  Haaengyonas

requir %emmexc Elﬁ-Ya%@tstagﬂﬁler @:ﬂa hqﬁﬁe(oﬂ Hug 488 ﬁ@ﬁdrvﬁﬂi ﬂﬁegmmel sBubslidek hdded
mai nt ai ni ng benefits derived froma pulsatil ec&nasma profile.

This r e@anp@ttxdgsmgeducaqwemynm@ 2RI Peass a@mprqpnﬂq tos2 proCes§ZPBH (which

Fr equed e MireoRiaiRe S fe ot St iR TR BB PR eglya e o
uti i zig cwaleinﬁ) gﬁm@'ﬁmha{ bRl dlﬁv?ﬂéhe M&ﬂe SHané Mibregidif:®

reduci ng heal t osts by reducin anount of tine spent by
heal t h pusges awmuk ef 'éleqnmnph e thepty zastﬁltﬂd wﬁth pmodpﬁoﬁlp woinzing yalye ik closed

particul ar, I.n, an..l R d r disarde n

P bndPRdie Mo iolaed et e eBRofiontiE. T8 sfonfty §f firpEaabidy
sl dl | e%hbﬂbéﬂﬁoaides B@érftﬂ%tdéh‘ﬁf speeli, &mg@utl @ﬁ%aﬁfﬂm‘ﬂaﬁmaﬁ ensspoasiblor
made in the nethods and conposi tions of the present invention wthout

depar Ej mggwﬂer $ine Teduction ([Specidicaldys dpsddethe ineraptinmerhembst, thﬁmssurltzect Rroduct
i nt
var  ar EosriLayo bIF sREASEMA ARMEIGN ERUREL it TR XD BlYls ar

t he apprac@ebotddabwardosadh biter &ncBﬁtﬂhdmin&hé mteradtéoncdoat. rﬁ[‘ hé,re&ultmg product has

bi sphosphonat e dlsPerS|on consi sting of gqueous
di sper sieBniingeen orm particle or droplet fize- t The Micrgfluidizer e%lé‘? p es a heat

R N

bi sphosphpperh@d b9 irbRrenee TRlcextopAitbEds asing b Mieroikitiiker.t he aqueous
di spersi on nmedi unm and (c) at |east one surface stabilizer

adsorbed on the surface of said particles, wherein the

di spersi on | forﬁg@&ﬁﬂoﬁ He3flole¥ifich Al o AMREPERI Mt upOn

I njection, the di orns a s aneous or- 1 ntranuscul ar depot
for ext ended b'tﬁe?' taitorm{n%l tﬁ@ﬁgsired nanoparticle bisphosphonate dispersion is by

microprecipitation. This is a method of preparing stable dispersions of nanoparticulate

particles of the composition according to the invention in the presence of one or more surface
stabilizers and one or more colloid stability enhancing surface active agents free of any trace
toxic solvents or solubilized heavy metal impurities. Such a method comprises, for example,
(1) dissolving the bisphosphonate composition according to the invention, in a suitable
solvent with mixing; (2) adding the formulation from step (1) with mixing to a solution
comprising at least one surface stabilizer to form a clear solution; and (3) precipitating the
formulation from step (2) with mixing using an appropriate nonsolvent. The method can be
followed by removal of any formed salt, if present, by dialysis or diafilfration and
concentration of the dispersion by conventional means, The resultant nanoparticulate
bisphosphonate composition according to the invention can be utilized in a pharmaceutically

acceptable dosage form.
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2. The dispersion of claim1, wherein the bisphosphonate is selected

fromthe \gbgwe%{]uﬁggy sting of al endronate, cinadronate, EEQH@?@%@”M

tiludronate, onate, ibandronate, incadronate, ol padrona
neridronate, risedronate, peridronate, pam dronate, zol endronate,
pharmaceutically acceptable salts thereof, pharnaceutically
acceptabl e acids thereof, and m xtures thereof. 3. The dispersion of
claim2, wherein the_bisphosphonate is &I endropat e sodi um or

al endr dnat e Mefdtodarrt PeimgdhaFarmalations and Compasthians of the lventigher e n
the mul ti Va'ﬁfaﬁlaﬁ@%@anm bﬂﬁh@@w&a’c& bRADISRRE P YR iEORRIoR ek Mkeall in
erein the Ca I

di val ent cations, tion is selected fromthe group

consi stieagnemts iBaludingut npt Bonited to3hd treatoiesirafrdisonders felating tmabnomisd betien
t he bi sghos honat e concentration in the dispersion ranges from about
0. 1% up“PP'@Wout 60% (W v). 6. The dispersion of claim1, wherein the

bi sphosphonatig @RS oRlpesitiods &6F theidemtidn fe QU] fog ifhibitiagiyonei ght .
resorption and for treating and preventing abnormal bone resorption and conditions
associated therewith. Such conditions include both generalized and localized bone loss.

Generalized bone loss is often associated with osteoporosis. Osteoporosis is most
common in post-menopausal women, whose estrogen production has been greatly
diminished. However, osteoporosis can also be steroid-induced and has been observed in
males due to age. Osteoporosis can be induced by disease, e.g., theumatoid arthritis, it can be
induced by secondary causes, e.g., glucocorticoid therapy, or it can about with no identifiable
cause, i.e., osteoporosis, In the present invention, preferred methods include the treatment or
prevention of abnormal bone resorption in osteoporotic humans, ‘

Localized bone loss has been associated with periodontal disease, bone fractures, and
with periprosthetic osteolysis (in other words where bone resorption has occurred in
proximity to a prosthetic implant).

Generalized or localized bone loss can occur from disuse, which is often a problem
for those confined to a bed or a wheelchair, or for those who have an immobilized limb set in
a cast or in traction.

The methods and compositions of the invention are useful for treating and/or
preventing the following conditions or disease states: osteoporosis, which can include post-
menopausal osteoporosis, steroid-induced osteoporosis, male osteoporosis, disease-induced
osteoporosis, idiopathic osteoporosis; Paget’s disease; abnormally increased bone turnover;
periodontal disease; localized bone loss associated with periprosthetic osteolysis; and bone
fractures.

Nanoparticulate bisphosphonate compositions suitable for parenteral mjection may
comprise physiologically acceptable sterile aqueous or nonaqueous solutions, dispersions,
suspensions or 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,
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7. The dispersion of claim1, wherein the extended release is over a
time periwg.efic d fromthe group consisting of up to K,
up to abo"gt8 gﬁ\}lve%&z up to about 3 53 weeks, up to aboﬂ??@g\%\%)ge‘/ﬂ%ﬁﬁup
to about 1 nonth, up to about 2 nonths, up to about 3 nonths, up to
about 4 nonths, up to about 5 nonths, up to about 6 nonths, up to
about 7 nonths, up to about 8 nonths, up to about 9 nonths, up to

about 10 nonths, up.to about 11 nopths, up ta ahout 12 npnths, yp to
Sbout TV, HE! e Gpk SRR mxtylen Fieteon 4BeseEle Ot (it A ARFRODABY o

about  3p%e@bR orghhid Sst@B ML 2 clly? olBR! Propt? TuifRAH behmMSBISd, fdPetple,
about 4 °1/2 years, and up to about 5 years. 8. The di'spersion

of cl aitmithe usshefrasdoating sudhi asgecithih b sheomaigtanancecdits wruised partitlesizhay the

a size se| .ed fromt rou onsi.stin f. | ess.than ahout 1900 nm
eos ¢ SliTribSo ity Hedtie of SRRLRhs T sortiiqod e usthdle)
1600 niBiodeplablepalyahestnd P doffipldxess than about 1400 nm | ess than
about 1300 nm |I|ess than about 1200 nm |ess, than about 1100 tin

| ess than abdwtiniegtbledaymylatiensinaalsmhenntain adiupagts puchas PRSIV Wettiss
nm | . . . t
00h. heseepla £ el O el e AR BOHS oRSn T LSRR AR
alralo ut gﬁ@%ragrg% Ive:ﬁmﬂl dmaiba?:maltang @ﬁ)tgﬂuggSal lzgass, tsbdnaa?mmensﬁmgm%uthmﬁ,s

t han abou nm.,.Jl|es n ou eSS, .aipo n

| oss ¢ ARl HEbICAEE, Pr'Fﬁ? ﬂaeﬁ@@- demay i ?3%186{’%3? 11102@@ 1%93@ﬁ° 3BT 9 25
nm or 4,658, iR sH18H e, 28dWB like. Prolonged MHoptish of'ﬂ:%leiﬂi%ctfaﬁl%'ﬂhﬁfme@eutical

bi sphosphonat e conposi tion conpri sing: _ particles consisting of
at | eashrmnan bé biohglsiphonbbetheonpbtagsdiswielaying absdrpiion| sueh asalvingwnand

having an effe t%n\éieeiverage particle size of |less than about 2000 nm
the bi %W§%ﬁ’i?ﬁaa L8989 n conpl ex particles having at |east one
surface st abifelceffposiivns Redifemulatiensefthefifemfiod ¢ teakinitkReed t8 a subject

per neati on enhancer; and a chel ati ng agent.
by any conventional means including, but not limited to, orally, rectally, ocularly,

parenterally (e.g., intravenous, intramuscular, or subcutaneous), intracisternally, pulmonary,
intravaginally, intraperitoneally, locally (e.g., powders, ointments or drops), or as a buccal or
nasal spray. As 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.

Solid dosage forms for oral administration include, but are not limited to, capsules,
tablets, pills, powders, and granules. In such solid dosage forms, the multiparticles of the
bisphosphonate, sodium caprylate and preferably, chelating agent, may be admixed with at
least one of the following: (a) one or more inert excipients (or carriers), such as sodium
citrate or dicalcium phosphate; (b) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, and silicic acid; (c) binders, such as carboxymethylcellulose, alignates,
gelatin, polyvinylpyrrolidone, sucrose, and acacia; (d) humectants, such as glycerol; (€)
disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain complex silicates, and sodium carbonate; (f) solution retarders, such as paraffin;
(g) absorption accelerators, such as quaternary ammonium compounds; (h) wetting agents,
such as cetyl alcohol and glycerol monostearate; (i) adsorbents, such as kaolin and bentonite;

and (j) lubricants, such as talc, calcium stearate, magnesium stearate, solid polyethylene
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10|. Thedcorrposi tion of claim9, wherein the chelating agent is

sel ecte roup consisting of a-hydroxy fatty agj l-bJ C
aci d, phy‘?{)gﬁﬂggzjiagl,lg(l actoferrin), a-hydroxy aciyds, hﬁm’ %bg@rlsé@%ﬁ%f
acid, bile extracts, bilirubin, biliverdin, ethylene diam ne
tetracetic acid, ethyleneglycol-b-s-(beta-am noethyl ether)

-N,N,N, 1\ 11 -tetracetic acid ("EGTA"), EDTA derivatives, EGTA
derivatives, unsaturated fatty_ acids, unsaturated fﬁ%’

. g . ty aci
deri vatgiyrels, sadgim davayi slfateo pr BiBYeS therroly Het cppsulon Vet aiindin tediorrge
aci d. Jhe. Clﬂﬁ?e?ﬁ | of claim9, wherein the oral
dpsagef?ﬁs%?%alé%g e Wih a gh-hagsénsitive coating that del ays
di ssolhut i on Befidehsuchiisgh didydns) shescontpesitiad whmalse scbule@dpiviyts, such as
12. The conposition of,. claim9, erei n . the per.neation _enhanc .
compr | SRR Gy Eand Suspendiny Seetis, SV aHeiE G RREE R AEfbTine
wher ei pothe at | east one surface stabilizer is present in an anount
sel ect eg frqm the group consisting of from about 0.5%to about
99. 999% by VighempeuticalyreEbeive 251w tas vaesbarein gvithozesrechior e compends pHm

about 10%t o.abqut ,99. 5% ' '
el ght PPHbREBERE TR i B B Pt e Yo AR Y
st abi | itg&Eof, €Hall rhé¥@l tHEH dbgagy diesure ek proeides the specific phdmatbgitabpeysison

of claim1, wherein the bisphosphonate is present in a nount
sel ect der whighiheriisphospliprais s pdmimsierse 1 # Sighdsanmugthes of s e mesd of

0. 001% . 0 ) b
0 0014 s Aol Sl SO a0
bi sphospiphaszetthat itherapanioklix e firutive trmbeest admisistored ta@epasticubirisibjeet in a

not incl uding,other excipients o . . . .
partldculag instance will not always be effective in treating the diseases described herein, even

though such dosage is deemed a “therapeutically effective amount” by those skilled in the art.

One of ordinary skill will appreciate that effective amounts of the bisphosphonate can
be determined empirically and can be employed in pure form or, where such forms exist, in
pharmaceutically acceptable salt, ester, or prodrug form. Actual dosage levels of
bisphosphonate in the nanoparticulate compositions of the invention may be varied to obtain
an amount of the bisphosphonate that is effective to obtain a desired therapeutic response for
a particular composition and method of administration. The selected dosage level therefore
depends upon the desired therapeutic effect, the route of administration, the potency of the
administered composition of the invention, the desired duration of treatment, and other
factors. |

Dosage unit compositions may contain such amounts of such sub-multiples thereof as
may be used to make up the daily dose. It will be understood, however, that the specific dose
level for any particular patient will depend upon a variety of factors: the type and degree of
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, 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 medical arts.
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15. The dispersion of claim1l, wherein the surface stabilizer is

sel ect ed JpHagacie119r oup consi sti ng of an anionic surfaceceiRbiobbodbs
a cationic surface stabilizer, a zvvitterionic surface stabilizer, a

non-ionic surface stabilizer, and an ionic surface stabilizer.
16. The dispersion of claim 1, wherein the at | east one surface
stabilizer is selected fromthe gr oup consi sting of cetyl pyridinium
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17. The dispersion of claim1, wherein the surface stabilizer is a
povi done pol ynmer having a nol ecul ar wei ght of about 40,000 dal tons or
| ess. 18. The use of a bi sphosphonate conposition conprising: (a)
particles of at |east one bi sphosphonate having an effective average
particle size of |less than about 2000 nm and (b) at |east one
surface_stabilizer, in the manufacture of a medi cament for

i nhi bi tYeg¢l®®ae resorption, wherein the conposition is in an

i nj ectabl e dosage formthat forns a depot foll ow ng adm nistration
19. The use of claim 18, wherein the adm nistration is given to the

mammal i n nged ongmgnogph@ﬁaa@mspérSiBﬁeg@mﬁgolfnterval s of greater than
one week up to and including one year and up to once a lifetine.

20. The use of cl dfn 181W@Q113(ﬂé)@§r3_mﬂmﬁlb@uce signi ficant esophageal
and upper gastr 0'(8?“ ' les faa(ftlttaaslt 3 g{s&ospﬁonsaltjé L exécp{vr}tﬁ ge ultivalent

adm ni stration of bif Sp osp ona
cation and having an effective average particle size of less than about 2000 nm, the

bisphosphonate-cation complex particles dispersed in the aqueous dispersion medium; and
(c) at least one surface stabilizer adsorbed on the surface of said particles,
wherein the dispersion is formulated into an injectable dosage form which
upon injection, the dispersion forms a subcutaneous or intramuscular depot for extended

bisphosphonate release.

2. The dispersion of claim 1, wherein the bisphosphonate is selected from the
group consisting of alendronate, cimadronate, clodronate, tiludronate, etidronate, ibandronate,
incadronate, olpadronate, neridronate, risedronate, peridronate, pamidronate, zolendronate,
pharmaceutically acceptable salts thereof, pharmaceutically acceptable acids thereof, and

mixtures thereof.

3. The dispersion of claim 2, wherein the bisphosphonate is alendronate sodium

or alendronate sodium trihydrate.

4, The dispersion of claim 1, wherein the multivalent cation is selected from the
group consisting of divalgnt cations, wherein the cation is selected from the group consisting
of Ca**, Zn™, Mn™".

5. The dispersion of claim 1, wherein the bisphosphonate concentration in the

dispersion ranges from about 0.1% up to about 60% (w/v).

6. The dispersion of claim 1, wherein the bisphosphonate dosage is about 1.5 to

about 6,000 ug/kg body weight.

7. The dispersion of claim 1, wherein the extended release is over a time period

selected from the group consisting of up to about 1 week, up to about 2 weeks, up to about 3
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21. The bi sphosphonate conposition of claim9, wherein the
conposition has substantially the sane bioavailability when

adm nistered toa patient in a fed state than when admnistered to a
patient in a fasted state. 22. The bi sphosphonat e conposition
of claim1l, wherein the conposition reduces the occurrence of

adver se %%stroint st ffects when conpared tQ a sim

conposi ¥R Wk AgOW ‘Pt"YeE LdPofo plut damently updgsaboghé %P@Eﬁdﬁ’p%ﬁ%“é?’
but whighpa u{p t%la%%u@g‘?n% tu?rtotz{l}@ﬂt AR, to bout. & BrontiCup to about 7
of claim re v P one

conposi tion e conpositi rther conprises
or nor engiths, mpaetabomaﬂ hlpnﬂxspegntcatﬂoat exmm}m npso abcartrmaﬁsnths; I‘up6t0 about 11
conbi nati on there osition of claim

the at MY4RY ugde a@a&ﬂr %?c%l°§ﬂ’z§bilﬂ’ F%bouié FRdhs, fipite ahwta?rmm ugép éb?‘é&o
f t t 0
wer gt IS M6 OB S R B 1o AR S9Cers upld AP gulrs A 8 BB .

t o abound 99 t&%bdug Sywearght , based on the total conbl ned dry wei ght of
t he bi sphosphonate-cation conplex and at |east one surface

stabilizer, not including other excipients. 25. The
conposi tion %f clBiendBperaivar of releine i ‘Ebﬁ@lﬁpﬂm@u&yhowhpnais-@ﬂmon rcomplex

d f b %
Shout GRBTeIEe oAb E T BT S haRt oh TR A Dog gi dess than
about  Gb&¥ 1809 e 18d3tthardatsrRel 1900 hinelekPthah as&rftllso@anwésg *@ﬁanOJboh@ﬁsoo nm,

bi sphosphonat e- cation conpl ex and at |east one surface stabilizer,
not i nd¢sadhamgahwhé‘i$0£bms Jpsethag about 1300 13216 leS’FHbarcaimubéE@Q om, bkss tHaniahout

cons SPGBy T T G El B b AR b, TR RR AL S0P e fss than

st abi | igBgit, 708 i [eésethhu® BbSut H50 e Qes%ttﬁéii 4HoRE600 AMNRYS HRAIaBoHWS0AEE less
stabilizer, and an ionic surface stabilizer.
than about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350 nm,
less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150

nm, less than about 100 nm, less than about 75 nm, or less than about 50 nm.

0. An oral dosage form of a bisphosphonate composition comprising:

particles consisting of at least one bisphosphonate complexed with a
multivalent cation and having an effective average particle size of less than about
2000 nm, the bisphosphonate-cation complex particles having at least one surface
stabilizer adsorbed on the surface of the particles;

a permeation enhancer; and

a chelating agent.

10.  The composition of claim 9, wherein the chelating agent is selected from the
group consisting of a-hydroxy fatty acids, palmitic acid, phytic acid, (lactoferrin), a-hydroxy
acids, humic acid, bile acid, bile extracts, bilirubin, biliverdin, ethylene diamine tetracetic
acid, ethyleneglycol-b-s-(beta-aminoethyl ether) N,N,N,N! -tetracetic acid (“EGTA”), EDTA
derivatives, EGTA derivatives, unsaturated fatty acids, unsaturated fatty acid derivatives,

folic acid, folic acid derivatives, and alaninediacetic acid.
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27. The conposition of claim9, wherein the at |.east one surface
stabilizer is selected fromthe group consisting of cetyl pyridinium
chloride, gelatin, casein, phosphatides, dextran, glycerol, gum
acacia, cholesterol, tragacanth, stearic acid, benzal koni um chl ori de,
calcium stearate, glycerol nonostearate, cetostearyl alcohol,
cetonacrogol  _emul si fyi ng wax, sorbitan esters, polyoxyethyl ene alkyl
ethers, pol yldxyet¥ircomposiionsf cloim Sgwheret the exal dewsey Sxreisisgatedavith a pH-

ol S AT MR S

di oxi de, phosphates, sodium dodecylsulfate, carboxymethylcellul ose

cal ci um hydnoxy pripydmpitict 88 @Eimhy PHAERIA URE permeation enhancer comprises
car boxynet hyl cel | ul ose sodi um nethylcel | ul ose,

hydr oxsediigl espiylattose, hypromel | ose phthal ate, noncrystalline

cel l ul ose, magnesium alum num silicate, triethanol am ne, polyvinyl

al cohol , pol yvinyl pyrrolidonge, 4-(1,1,3, 3-tetranethyl butyl)-phenol
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di net hyl SullPat e,Tnhﬁéﬁgwé%% of flaiat Hngeslmiﬂoﬂmwfs?eoﬁﬁ'aé?erdﬁa@sﬁsﬁﬁaﬁa the

COWOU'Q‘P&? &Jﬁﬁ?l fifg BR a@&!ﬂﬁ:‘ '%Lﬁjﬂbé:glﬁmg cationi ili itterioni
benzyl -di (2-c¢ So{r?éoet %I et hyl ammoni um %}?%nﬁa%%?wggrg%cr?usttabtﬂrlzlerrfeetl ﬁmﬁenomc
amoni wofade! stabilldeer, agmneipuic surfaceedtdbilizearamdandonib saiticd @tabdizennut net hyl

di hydr oxyet hyl ammoni um chl ori de, coconut nethyl di hydroxyethyl
anmoni um broni de, decyl triethyl anmonium-chloride, decyl dinethyl

hydr oxyet hyl16ammdie dispersiasr ofcpdaimdle axHerein hetah jeastong sosiyest stapilizentrnelegied

T R R R D TR S R
hydr oxygichil, @iRBAdIN cHlRtcr6le tra UkteshidTaeiny betdikoane thbtide, calcium
ammoni um brom de, nyristyl trinmethyl anmoni um nmet hyl sul phate, '|auryl
g i met gyteatlﬂéaag%{ce?mmiﬂﬁa?a@tﬂ, ﬁﬁfpéié@IYLdQ@l}dl, gﬁtmw;?gol ;bgndsyl ilmwwlmi s@rhitan
rom de,, | aur [ et,henox ni um chl..ori de,. | aur
di et hf;{stefs, P%%’S’ﬁb‘}?%%@%ﬁ%%%@&ﬁ?%@gﬁ %%%Pﬂ éenvatwes, p01¥0xyethylene
(C12- 18y mhitaRtfany RRNE ¥hieANTRIN YIS ?Fybéi& dDYl K Wimethyl ammonium bromide,
(C14- 18) di met hyl - benzyl armoni im chi’ori de, N-fetradecylidnet hyl benzyl
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alcohol, polyvinylpyrrolidone, 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene
oxide and formaldehyde, poloxamers; poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium sulfosuccinic acid, sodium lauryl sulfate, alkyl
aryl polyether sulfonates, mixtures of sucrose stearate and sucrose distearate, p-
isononylphenoxypoly-(glycidol), decanoyl-N-methylglucamide; n-decyl B-D-
glucopyranoside; n-decyl (3-D-maltopyranoside; n-dodecyl B-D-glucopyranoside; n-dodecyl
B-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-pB-D-glucopyranoside; n-heptyl f-D-
thioglucoside; n-hexyl B-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl B-D-
glucopyranoside; octanoyl-N-methylglucamide; n-octyl-p-D-glucopyranoside; octyl B-D-
thioglucopyranoside; lysozyme, PEG-phospholipid, PEG-cholesterol, PEG-cholesterol
derivative, PEG-vitamin A, PEG-vitamin E, random copolymers of 'vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolymer, a cationic polysaccharide, a cationic
cellulosic, a cationic alginate, a cationic nonpolymeric compound, a cationic phospholipids,
cationic lipids, polymethylmethacrylate trimethylammonium bromide, sulfonium compounds,
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate,
hexadecyltrimethyl ammonium bromide, phosphonium compounds, quarternary ammonium
compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium
chloride, coconut trimethyl ammonium bromide, coconut methyl dihydroxyethyl ammonium
chloride, coconut methyl dihydroxyethyl ammonium bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium - chloride bromide, Cjs.jsdimethyl hydroxyethyl ammonium chlbride, Cia
1sdimethyl hydroxyethyl ammonium chloride bromide, coconut dimethy! hydroxyethyl
ammonium chloride, coconut dimethyl hydroxyethyl ammonium bromide, myristyl trimethyl
ammonium methyl sulphate, lauryl dimethyl benzyl ammonium chloride, lauryl dimethyl
benzyl ammonium bromide, lauryl dimethyl (ethenoxy)s ammonium chloride, lauryl dimethyl
(ethenoxy)s ammonium bromide, N-alkyl (Cis.ig)dimethylbenzyl ammonium chloride, N-
alkyl (Ci4.15)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium
chloride monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C2.14) dimethyl 1-
napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium
salts, dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt, an ethoxylated trialkyl ammonium salt, dialkylbenzene
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dialkylammonium chioride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(Ci2.14) dimethyl 1-
naphthylmethyl ammonium chloride, dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C;; trimethyl ammonium
bromides, C;s trimethyl ammonium bromides, C;; trimethyl ammonium bromides,
dodecylbenzyl triethyl ammonium chloride, poly-diallyldimethylammonium chloride
(DADMAC), dimethyl ammonium chlorides, alkyldimethylammonium halogenides, tricetyl
methyl ammonium chloride, decyltrimethylammonium bromide, dodecyltriethylammonium
bromide, tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide, cetyl
pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines, alkyl pyridinium
salts; amines, amine salts, amine oxides, imide azolinijum salts, protonated quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

17. The dispersion of claim 1, wherein the surface stabilizer is a povidone polymer

having a molecular weight of about 40,000 daltons or less.

18.  The use of a bisphosphonate composition comprising:
(a)  particles of at least one bisphosphonate having an effective average
particle size of less than about 2000 nm; and
(b)  at least one surface stabilizer,

in the manufacture of a medicament for inhibiting bone resorption, wherein the

composition is in an injectable dosage form that forms a depot following administration.

19.  The use of claim 18, wherein the administration is given to the mammal in
need of such therapy at frequency intervals of greater than one week up to and including one

year and up to once a lifetime.

20.  The use of claim 18 which does not produce significant esophageal and upper

gastrointestinal tract discomfort resulting from the administration of a bisphosphonate.
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21.  The bisphosphonate composition of claim 9, wherein the composition has
substantially the same bioavailability when administered to a patient in a fed state than when

administered to a patient in a fasted state.

22,  The bisphosphonate composition of claim 11, wherein the composition
reduces the occurrence of adverse gastrointestinal effects when compared to a similar
composition having particles of the same at least one bisphosphonate, but which particles are

greater than 2000 nm.

23.  The composition of claim 9, wherein the composition further comprises one or

more pharmaceutically acceptable excipients, carriers, or a combination thereof.

24,  The composition of claim 9, wherein the at least one surface stabilizer is
present in an amount selected from the group consisting of from about 0.5% to about
99.999% by weight, from about 5.0% to about 99.9% by weight, and from about 10% to
about 99.5% by weight, based on the total combined dry weight of the bisphosphonate-cation

complex and at least one surface stabilizer, not including other excipients.

25.  The composition of claim 9, wherein the bisphosphonate is present in an
amount selected from the group consisting of from about 99.5% to about 0.001%, from about
95% to about 0.1%, and from about 90% to about 0.5%, by weight, based on the total
combined weight of the bisphosphonate-cation complex and at least one surface stabilizer,

not including other excipients.

26.  The composition of claim 9, wherein the surface stabilizer is selected from the
group consisting of an anionic surface stabilizer, a cationic surface stabilizer, a zwitterionic

surface stabilizer, a non-ionic surface stabilizer, and an ionic surface stabilizer.

27.  The composition of claim 9, wherein the at least one surface stabilizer is
selected from the group consisting of cetyl pyridinium chloride, gelatin, casein, phosphatides,
dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride,

calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol emulsifying wax,
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sorbitan esters, polyoxycthylene alkyl ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters, polyethylene glycols, dodecyl trimethyl ammonium
bromide, polyoxyethylene stearates, colloidal silicon dioxide, phosphates, sodium
dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celluloses, hypromellose,
carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose, hypromellose
phthalate, noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl
alcohol, polyvinylpyrrolidone, 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene
oxide and formaldehyde, poloxamers; poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium sulfosuccinic acid, sodium lauryl sulfate, alkyl
aryl polyether sulfonates, mixtures of sucrose stearate and sucrose distearate, p-
isononylphenoxypoly-(glycidol), decanoyl-N-methylglucamide; n-decyl b-D-
glucopyranoside; n-decyl b-D-maltopyranoside; n-dodecyl b-D-glucopyranoside; n-dedecyl b-
D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-b-D-glucopyranoside; n-heptyl b-D-
thioglucoside; n-hexyl b-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl! b-D-
glucopyranoside; octanoyl-N-methylglucamide; n-octyl-b-D-glucopyranoside; octyl b-D-
thioglucopyranoside; lysozyme, PEG-phospholipid, PEG-cholesterol, PEG-cholesterol
derivative, PEG-vitamin A, PEG-vitamin E, random copolymers of vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolymer, a cationic polysaccharide, a cationic
cellulosic, a cationic alginate, a cationic nonpolymeric compound, a cationic phospholipids,
cationic lipids, polymethylmethacrylate trimethylammonium bromide, sulfonium compounds,
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate - dimethyl sulfate,
hexadecyltrimethyl ammonium bromide, phosphonium compounds, quarternary ammonium
compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium
chloride, coconut trimethyl ammonium bromide, coconut methyl dihydroxyethyl ammonium
chloride, coconut methyl dihydroxyethyl ammonium bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammoniwum chloride, decyl dimethyl hydroxyethyl
ammonium chloride bromide, C12-15dimethyl hydroxyethyl ammonium chloride, C12-
15dimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl hydroxyethyl
ammonium chloride, coconut dimethyl hydroxyethy! ammonium bromide, myristyl trimethyl
ammonium methyl sulphate, lauryl dimethyl benzyl ammonium chloride, lauryl dimethyl
benzyl ammonium bromide, lauryl dimethyl (ethenoxy)4 ammonium chloride, lauryl dimethyl
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(ethenoxy)4 ammonium bromide, N—alkyl (C12-18)dimethylbenzyl ammonium chleride, N-
alkyl (C14-18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium
chioride monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C12-14) dimethyl
1-napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium
salts, dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt, an ethoxylated trialkyl ammonium salt, dialkylbenzene
dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-
naphthylmethyl ammonium chloride, dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C12 trimethyl ammonium
bromides, C15 trimethyl ammonium bromides, C17 trimethyl ammonium bromides,
dodecylbenzyl friethyl ammonium chloride, poly-diallyldimethylammonium chloride
(DADMAC), dimethyl ammonium chlorides, alkyldimethylammonium halogenides, tricetyl
- methyl ammonium chloride, decyltrimethylammonium bromide, dodecyltriethylammonium
bromide, tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide, cetyl
pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines, alkyl pyridinium
salts; amines, amine salts, amine oxides, imide azolinium salts, protonated quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

28.  The composition of claim 9, wherein the surface stabilizer is a povidone

polymer having a molecular weight of about 40, 000 daltons or less.
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