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WD 2007/ 100466 PCT/ US2007/ 003479 NANOPARTI CULATE
CARVEDI LOL FORMULATI ONS FI ELD OF THE I NVENTION 5 Thi s
wonveniee i s directed to nanoparticul at e car vedriusk007/003479
fornul ati ons and nethods of making and using the
formul ati ons. The fornul ations of the invention are
particularly wuseful in treating high blood pressure
(hypertension), congestive heart failure, cancer,
viral infections, psychosis-related conditions, and
simlar conditions. 10 BACKGROUND OF THE | NVENTI ON A.
Background Regardi ng Carvedil ol H gh bl ood pressure
adds 1§ ANCYEA RATEUIBATE CARY DPRLOLARORMULAEEONS! i t
continues for a long time, the heart and arteries nay
not function properly. This can damage the bl ood
vessel s of the brain, heart, and kidneys, resulting in

a stroke, heart FELDGE THE INMENTION ai | ure. Hi gh

bl ood pressure nmay_ al so increase the.Ihik oq heart thods
aThisekeentionds dirgtebioomnopaiyuiste faruedijol kumplatets apgme
of malgég IQ%(Z gg’igg &S Blnaldtons Ohé g(lrhﬁﬂ'atidﬂ@ Irihd Mivbtich &8 palRularly

a state in which an abnormality of cardiac
useful fin reatimgnhigh dlowkpressird (hypeensien)) eangesive hrart{adyre, gagicer,

oo bl ood, at. a rate connensur -

viral ‘Eég@‘?nrse mpgmsfel?%g cﬁgﬁgﬂg?’i a?’.“%&%‘&é‘%&?% npt ons are
general ly non-specific'and 20 i nhclude fatigue,
dyspnoea, swollen ankles. and er cj se_.intol erance.
The overal | BHGRQLS : ai | ure (CHF)
is estimated at 10-20 per. 1000 population, wth an

A.  aBackgrqund Regarding Carvedilol 1000. Both preval ence and
| BAAHIBREE sl SErodd 1# ARG oTdRe hdeDPGerih. o it continues
" Eprdem ol'ogy and Pat hophysi ol ogy of Heart Failure,"

for a INegltivienthe hea:ahd hrEries 9938 not fynghen prgnetlye Tihis eandgmsge the

cause o rbidit . al it Mool [ ; idne
b1°°dé’8FF§FSa%f:tEggf%nﬂ‘r?pa§r oy %‘ggé”lfaﬁswmgflg p e, Heaft ailure, or kidney
failur®t HEsh 1516660 piessure dhayedisalinsaasethe risk.of heagttackss These problems

patients wth CEF depends on se e{Ii y (as indicated by
may bg\lessiltkely torRecupiidieq %‘eﬁ%‘ﬁ%tsictof/‘%? ﬁofge and sex, with a

PRRLE faiHRIAA Be HekiledBd £ st ina&MiSh ah dbndtaddli@nbBcartliat function
heart tailure require life-long treatnent.

is resRivaitie 6ol falire aif the bearhiormumy blood gt 2 Fe Go@Mapsygte with the

o RGP BB AL SO 2 o s
includeofatipie diyepridea o] Eeamides phralgéeatiserimscleranse. The averpd
el B B S SE e P2 oion i
an and ThiGML G FRCT HLISANDT /KB $7S aldnpbinhd irmidencanide with advancing
age. Magg ’e{;@lﬁ 2%@@%1%9]3}%3@%& g’(a %%gg's'iol%‘gg of marmiltﬁxee,” Medicine,
26:111-5 (1998). Heart failure is a major cause of morbidity and mortality. Jd. CHF is

2

considered to impair the quality of life more than any other chronic medical disqrder. Id.
Prognosis in patients with CHF depends on severity (as indicated by symptoms and
exercise capacity), age and sex, with a poorer prognosis in male patients. Id. Patients
with heart failuré require life-long treatment. Pharmacological treatment aims to improve
both patients’ quality of life and survival. Diuretics and angiotensin converting enzyme
(ACE) inhibitors, combined with non-phannacologicél measures, form the basis of initial

treatment. Davies et al., “ABC of Heart Failure: Management: Diuretics, ACE
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There is now substantial clinical data denonstrating
the effectiveness of using beta-blockers in patients
woiodT/1@ke6 r esul ting fromleft ventricul ar syst 8CTaS2007/003479

dysfunction. 5 Sharpe N., "Benefits of Beta-Bl ockers
for Heart Failure: Proven in 1999," Lancet, 353:1988-9
(1999); Califf et al., "Beta-Blocker Therapy for Heart

Failure," JAMA, 283:1335-7 (2000). Carvedil ol bel ongs
to a group of nedicines called beta-adrenergic
bl ocki ng agents, beta-blocking agents, or, nore
comonl y, beta-bl ockers. Beta-bl ockers work by
Inhibidfd, 868 Nifated,® BMIE 320528051E(2000% ODRoRES May bepalladin sefected
certain parts of the body. As a result, they decrease
paﬂemﬁhe heart's need for bl ood and oxygen by reducing its

L g%r:eo gowggﬁ%{aﬁﬁﬁ %hEi%lapdatﬁ H@mPﬁ&{a‘n g%@@ﬁéctmﬁgss of using

ers can al so reduce sone heart
beta-bRyckbistih patients widr @HEirballting frusdefttventricalar shistghic d}/&f@@b’ﬂfm

s S35 VAEAL SIRUSR e FRR L, P08 L0

353 19§8 5 QTdYg) A hI WAL I B&ahguockéﬁ'rh&epﬁmr@earsmmas JAMA,

diuretics, digoxi n, and ACE inhibitors. Carvedil ol
283135&3?3@&2%0(})0 act in heart failure by reducing the
eHa%tdf‘lop{)?lB% d‘g}e{l Fhﬁd[&?ﬁéﬁ‘&ﬁe@%@tﬁ—%ﬁl’en@?@& 8ickilg agents;
i NGr eases entri ‘

ej ection fraction
beta-bdmﬂm@smts, ot, rrawro@nanomlm,obqwblmh@nsy Betasblockers work by affecting

ess decr eas heart rate
the relfioiss ML Ehe SGRF SRpEReT kel s P ORRNE IhPa resulr, they
decreds@ rﬂﬁé Reteehs ted. folBlov@ dnl okygeh bisedutiag its eadrkloaflt They also help
ventricul ar dysfuncti on after a heart, 20 attigk. L Qfﬁ“g‘
the hea@ﬁ@ beiumease fé?‘élﬂﬂﬁc Brtsnblaekats saMHanTadyes FUPE 1as.
JiRlo] 1@.&%@ kD eatIRA BRI PresiR (BfFrichs®h).f CeRedAsithlso is
arges and can cause the l'ungs to fill with bl ood.
used thiravdndt ﬁuﬁwsmmmg/eﬁcmesth@ hgas faibye dn spbpyatign with other

Adm ni.str heart [
ersr TR R ool AGE Wil VST Sl ki
heart ﬁln@gsy b@iuam;g thé effegs of ﬁhe ssjafpaemlb akroluis skgee tCGardgdilol
bet a- 2, and _al pha-recept Bot h, dru are .good for 1
increages eBoan il o ARSI R Br i aPd PBgRyaY vescular

pressﬂ}l;:g ShHfsdicArt RN @ré\%lntsrﬁ)ég@lsﬁ% @ﬂatg%ﬁd:nf Bf the left ventricle
treating other conditions. For exanple, recently

with eomtineed hed. Garyediddns pegddp gt kg mtr@%tqyemgpn after a heart
attack, %ﬁﬁ/ L frionafa a’g c:t{> ﬁto%f%rs Nohen gh? ﬁ%l $3riclk Hhe main pumpmg

I -Ccancer carve and its 1 soners
chamB@ssftthé hag't)tslméfenm hnd emha:ges ahd ca‘pcadm: thedl luggotet fill frddt jpod.

‘»-J(D

at el et - der h.f n
Beta-Rlo6 KPR BPRVER PGS OB 0 & P AT RAGE € e )
includghetdpsolob OIapi61®- mmuaawedaﬂo(enREG@)t Metbprdlmld:édcks beta-1
cancers of the col on, ovar r ost %
recepigae FarsdilpLplgeks ati o a2y and o fOTy Bbfh gruggpre good for

and | eukem as.
heart flifE, HIEREN %%%%%%’g%‘%éi%ﬁe%%@@ flore0e of

C a(i’)amgkilllqjlmetymlso be used for treating other conditions. For example, recently
carvedilol has been reported to have anticancer activity. See U.S. Patent No. 6,632,832
for “Anti-cancer activity of carvedilol and its isomers,” describing the inhibition of
epidermal growth factor and platelet-derived growth factor-dependent proliferation of
cancer cells utilizing carvedilol and its isomers. Exemplary cancers treated included
cancers of the colon, ovary, breast, prostate, pancreas, lung, melanoma, glioblastoma, oral
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treating and preventing viral infections, and U S
Pat ent No. 6,365,618 for "Novel nethods of treating
wonoqviewsnat i ng tardi ve dyskinesia, tardi ve dysPomiua2@mdo3479
tardi ve akathisia using the antipsychotic agent,
carvedi l ol " describes the use of carvedilol in 5
treating psychoses. This reference al so teaches that
carvedilol is useful for inmproving the treatnent of
ment al di sorders in which dopam ne bl ocki ng
medi cati ons are used, such as manic episodes, najor
depressi ve epi sodes and psychoses, particularly
cancerS 5 EARONER 3n additioBCWIZ 98/ 8eRE dateribesstbe dee of tarSedilol for
pat ents describi ng non-nang artlculate c rved|I %igy
treatingraotl peventng virpkingestiops, gnd 44S. HagepigNo(§,205.0b% Wt

methoés 3P éezggx§ dr éevenﬁ%?%ﬂl%l 8&1@1&:&5 %Qf(ﬁ@&‘ﬁk&ﬁh Bfd tardive

apeuti ¢ conpositiaons,’ U S Patent
akathidia usﬁmgﬁﬁé) aﬁ)lfﬁﬁbyf:bmtld ddent) oarveflilelf’ dgsarihes thq;tpse qf@gr\@dgpln:g

treatlngoﬁgl%ll 3/ = ﬁ 3 U| ml e];l 0% ng%%s# clba‘.,\{'\%c{ig 7 d %Irigxr 1‘?1'10}fr0v1ng the
treatm%ﬁfmﬁgﬁjtﬁl aﬁbrd%fﬁntvﬁlﬁ@lﬁ H@;BHmlﬁE bR gRSinkdi eaﬂil@ﬂ;r dre used such as

lure." Reported adverse events with carvedil o d
mamc:temeqodpgs majordepiessiiie spisedpsandpsygheses; Btigrady S‘%BZOPhTema an

Schlzq(%%g‘lgl\g Jisbfaed patients on carvedilol), bradycardia,
enS|on oedema, upper resplrator%1 i nfections,

f &L smmg dgﬁmtmmgienmwpaﬁhulatmmedi prrcdiaden butare giot limited

o0 SR e A e éﬁm&@fﬁd
T “ rteemirhéntrfgr

S S OSSR i

decreasingIoREtaity)resyliing fgm ?9983?%"%@&&% e[t] ?’ Agmt No-

lfot 20l 594 vb heart fail
5902@%@% eﬁr{% mﬁ)ﬁa[zzgf%éli) 0- 73 ?dr&ﬁc )a?at dgpre%(‘sl?%gﬁn cart faiture”

nRepeeted advarsd ﬂgntsbsazjk caqygq‘i 1 thqzrgpyym ¢linigsl tﬁ@lgd@ép@ dizziness

B

infectfasy ftiche) lidhshamaediesss dhomnkes o6bleath, ichesd paimafabeyt 1 BT patients

as DilitrendTM Dinj T E
on et CEE SIS oS ST GRS B o
carve884! éq{dﬁlﬁ Bfbod: s%.éér (%‘Hsult&g%ﬁ V@ght]éu@ Hﬁpot@xﬁceZ@ -Teutadf every SO
car The , and ng tabl ets
men lar(éoREmB(lm)calt iziplschegame ﬁaéﬁﬁevfe ﬂP‘W@Pbe W OPYY &g aglpigh as
o, ol
15% @gm P! é/peﬁt%;é% 'e%?gzn%g?fgggegﬂﬁﬁﬁs&fb\f F]Hhe gﬁlg%g{f}{é%ﬂtl @SBack
pain, QﬁbnﬁﬁuhﬁmewﬁﬁhepOV|done sucr ose, and titani um

aitPies 0t O mfe bt i CREER ”

(GlaﬂdS%Mﬁ@?ne‘? Pnyothéieccanaia gardanslss efarkeaed edddraltherforde names,
or al osa%d]af orm (rt abl ets):

such agPilifred RoRimigore YoEuedic amﬁ%é’ﬁ%z?%i IC\@%‘E@@ igjey yhite, oval,
ﬁlm-é@dqu tasm c§nt\ﬂau¥£ 9]&5%%625’3 ﬁ:rg,/ 1-2339195/09@3 HMPof carvedilol. The

6.25 mg, 12.5 mg, and 25 mg tablets are TILTAB® tablets. Inactive ingredients consist of

colloidal silicon dioxide, crospovidone, hypromellose, lactose, magnesium stearate,
polyethylene glycol, polysorbate 80, povidone, sucrose, and titanium dioxide.
The dose of carvedilol will be different for different patients. The following

information includes only the average doses of carvedilol. For oral dosage form (tablets):

_ (a) Congestive heart failure: Adults—3.125 mg two times a day, taken with food; (b)
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following grahadministeationREe Apsqlt r‘\}%ﬁar%‘?

Hypertension or left ventricular dysfunction after a

heart attack: Adults-6.25 ng two tines a day, taken
woiodr/ewmd. For congestive heart failure, the PEXIUS07/003479

recommended dose is 25 ng twice daily in patients <85

kg and 50 ng twice daily in patients > 85 kg. For

hypertension, the recommended initial doses of

carvedilol is 6.25 ng twice daily. 5 The maxi num daily

dose is 50 ng. Pharnmacokinetics: COREEr) (carvedilol)

is rapidly and extensively absorbed follow ng ora

adm ni stration, with absolute bioavailability of

HypertBiXR608# Iéﬁt\@rﬁlrl&ﬁ:% dyefidklion dfier 4 heat atte(r;lai A drdint—@ 25 meptwo
0 i rst-pass netabolism, Fol Hg%g? ded
times aodyl, Fiken with BRd. 96 CO’éﬂféféY*‘e’m“hgﬂ Spfpspoum recommende

dose 1seé§ ﬁk?@géeoc%éll}?%fp liédi& <§§ E%H 80irhPtwide QeI Yaticaloe 85 kg.

ours asrra concentrations achieved
For hypmreeqsrompﬁretnewramended imstlaj dasesqdsarveditphis St 2y B, twiagydaly-
Th a §é§ éﬁ food, the rate of absorption is
em%’f‘HWQ?JI Al dOSFIGRHEM by a delay in the tinme to reach
DEmBLSE AR dse\EOREGS tdarmusl)gm refplldi&rahd difeheivelycdsorped
extent of _bioavailabjlit ]?dVI §£¥%§§£¢%y29%to39%

due to &%rméézﬁx(t) Hggreé 0% 16rRipa0¢ IHRRBHALMC FOUBRIR GiaDAdmikistration, the

oes st ereosel ective first-pass
appareetrebn kirgyimali edlmxpatasmmlf bfeeofcaptedilpl sgnegalby@gessofom 7 to 10

hours. ?gﬁa%%cglgée%t% i6nd %:h?’e\}ed @é?ﬁggﬁﬁka{] §§a’l)do§é‘£<ﬁﬁﬂh§t911ed

m.ni str nin Su jeC S.
When RasinieRredapih feod, tmeefam as@dbseﬂptmnmmlpmdrm dvidenged by grdelay in

e e b 208 R S SRR 4

. bloava?ﬁﬁhﬁ{r OHRd alRRea! fﬂﬂa’ﬂﬂaﬂ‘é@ﬂﬂﬁ@é CORE @R cA i) Agdifood to

Conposi tions Nanoparticul ate active agent
mmnrx;mﬂbeslskpﬁ@sthoﬂﬁﬁe yRdersi9tbed in U.S. Patent No.

0 145eti?§14ur{ %goees s@e@eqs@f&:ﬁfé ?st—p@ EmPAbbli&h $ith plasma levels of

Ing O a. poor erapeutlc or
R(+H)- wre@nmhpproagﬁmlymm Ehgmasi bhighbethan $i(-9-caoredi ok fdloaring oral

. f 2
R A e e T

R(+)-QERR banp! R 5 16 OIS Sdpdedivithel welli halrs fddtha8¢9-
of maki ng nanoparticul ate active agent conpositions
enantigmgr.descri bed in, for exanple, U S. Patent Nos.
5,518, 187 and 5, 862,999, both for "Method of Ginding
Phar maceuti cal Substances;" U S. Patent No. 5,718, 388,
B. f BackfontnidiRegardikg lelopar@@ll@ei ActivepAgentrGempositiens

%teg?@cglra;e %?idvs ggc?nt c %{s‘étllogg,tﬁrgt (?%Qn%e;c?u{ Ig LSS Patent No.
5,145@3at(eho 681 DO raird pduﬁsle énsmtmg ofa poorly soluble therapeutic or
diagnostic agent having adsorbed onto, or associated with, the surface thereof a non-
crosslinked surface stabilizer. The ‘684 patent does not describe nanoparticulate
compositions of carvedilol.

Methods of making nanoparticulate active agent compositions are described in, for
example, U.S. Patent Nos. 5,518,187 and 5,862,999, both for “Method of Grinding
Pharmaceutical Substances;” U.S. Patent No. 5,718,388, for “Continuous Method of
Grinding Pharmaceutical Substances;” and U.S. Patent No. 5,510,118 for “Process of

Preparing Therapeutic Compositions Containing Nanoparticles.”

4
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WO 2007/ 100466 PCT/ US2007/003479 Nanoparticul ate
active agent conpositions are al so described, for

weoexermpbessi n U. S, Patent Nos. 5,298, 262 for " UBeTmi2007/003479

lonic Coud Point Mdifiers to Prevent Particle
Aggregation During Sterilization;" 5,302,401 for
"Method to Reduce Particle Size Gowh During
Lyophilization;" 5,318,767 for "X-Ray Contrast 5
Conpositions Useful in Medical Imging;". 5,326,5 52
for "Novel Formulation For Nanoparticul ate X-Ray

Bl ood Pool Contrast Agents Using H gh Ml ecul ar Wi ght

ﬁﬂbdaﬁ%tﬁat@ldﬁtﬁ@& t Somp&xsitda, 48 41sb descrivetipfod eahmileRay
| magi n USI inated Aromatic Propag&%@oat

in US 5298, 260der SIS CPEiOBEC PO EOHI M BIAEES 19 EHATK e
Partlcl%%%%gJ attloﬁ l]%ré%%t?%ﬁ%%&%” 5, 5 S48 RR4M&hod F@Rg&'ll.l&t i ons

r ’event Particle
Pamclé@gzreexgaimhﬂ)mng Lyophilizntion Stahi8,74%/for “5.-Bag Cpogastor

"Use qof N- c oud ,P | eI
compagis e TR R PSS A FBoL Bl 6
Nanopartiht® X(RhP Blod?fﬁnﬂr@idtﬁﬁt Agaltwgm@tm@h M@lpeﬁltar Beeiglit

Very Small Magnetic-Dextran Particles;" 5 352,459 far
Non-losz Surfhctpuipif 3,448, 4t farcMethwriof Kdiay pAginglsme lodinate

363
avomdSF 4L AYAELISBROPY Tk Yl b Bt P
ReducANanogmmte ANpgrepgatian;’¢ 5349, 565 fijam@glan@ps Oomreqmg Olin

10-G i ey 5 ARRRRN “MORTase Sy, 58 19> NZTRK, ©

of NorlYd:f¥ anehd PSind Mg ié maimteNaprdmlbulzmAggxsgatmn 710
. for "Method for Mking NanoB'arti | at e . X- Ra ‘V% of%
During§sirilizgfen:a 9s34e1 t for uEWeﬁ@ra PR AN DfagagHG Fr Fij?ﬁ" ery

' f -8 fied'SrRAY
ot MBS IO 5 e e S

Modiffers 66P veAentf Rarticle Prgeregation dhwyingf Sterihzationgt » ég g% 2pdhal

5490 SR R RIL A Ry SR b SO B 0

“Water Medohgtsie OF on-Hagﬁatd mtgnghreeqaﬁamm:ds as Clagretic Riesorzance

Enhar&é%%%" Rerin S Bu3Uropt TERon oot pariculae

Stabllgelag ROSE7 £ Mo N1 DRI Maldie ﬁﬁﬁ&ﬁﬁ'ﬁl&ﬂﬁte@&%%od Pool
Cornit r ast Agents for Bl ood Pool and Lynphatic %st e
Contrdtsw@eng* Usigg 5Heh Mpe¢war Wriehé ploncipais %Hf’éaca% 251 393

)%%?gp{f‘%sté;ﬁﬁéosgﬁ&g 6§etfu1 1‘%%@%% §al %H{agﬁlgwg 48840354

. “Forrmﬂhimadﬂd)mh GakteomlSémﬁhl Ehamdsac XoRey ‘ContrgstiAgergs fnor

conb 505 G0 el SEPRL GBS o8 0 ndiot

Prepanhlgmabaﬂu@w cb® F&lﬂ@ﬂ@@blﬁtﬁmﬁ}hg’:\(}hmged}"hEﬁihehpiﬂsl?ay
Contrast Agents

Bl ood Pool t
Reduq%ggrﬁgamors” 8432083 fopr olgmmpégtg?éléa‘f%f) %‘évneﬁ Mée&%ﬁg“rﬁ

Anhydrides as X-Ray Contrast Agents for Blood Pool and Lymphatic System
Imaging;” 5,500,204 for “Nanoparticulate Diagnostic Dimers as X-Ray Contrast
Agents for Blood Pool and Lymphatic System Imaging;” 5,518,738 for
“Nanoparticulate NSAID Formulations;” 5,521,218 for “Nanoparticulate
Iododipamide Derivatives for Use as X-Ray Contrast Agents;” 5,525,328 for
“Nanoparticulate Diagnostic Diatrizoxy Ester X-Ray Contrast Agents for Blood
Pool and Lymphatic System Imaging;” 5,543,133 for “Process of Preparing X-Ray
5
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5 WO 2007/ 100466 PCT/ US2007/ 003479 Contr ast

Conposi tions Contai ning Nanoparticles;" 5,552,160 for
wO3w7i1aese Modi fi ed NSAI D Nanoparticles; " 5, 560p@B1Sst@n/003479

"Formul ations of Conpounds as Nanoparticul ate

Di spersions in Digestible Qls or Fatty Acids;"

5,565,188 for "Polyal kyl ene Bl ock Copol yners as

Surface Modifiers for Nanoparticles;" 5 5,569,448 for

"Sul fated Non-ionic Block Copol yner Surfactant as

Stabilizer Coati ngs for Nanoparticle Conpositions;"”

5,571,536 for "Formul ations of Conpounds as

COntraL\Ftﬂﬁ%Mﬂ&w @&ﬁaj@lr%ﬁﬁﬁcb Rsclédy” Bisges60libe Sirfeor
tty Acids; for Nanopart| cul ate

Modlﬁaaa@fdﬂmnmmméﬁmmlcfmm tong of Lomppunds as

NSRRI BT ot st s

“Polya@@[ﬁrieai’olbclégbpbgfmer§ ab I fAB3VIddifictHod i\@pep:sntlblee,
Nanoparticul ate Fil t .
5,569, 443000k cspigaied Blopgignis Btk Copper SupeRARf & Sifbizes,

: Coatm%lg i Brifle CbABbsitdhY 5N EBErfht eF @mubltidmslofzed by

Mol ecul ar i ght, Linear Paqlyethyl ene Oxi %
Compcnmdyﬁewnmpasﬁsel@tellégp@éwns%Hﬁsﬁssbféd%%s o Fatpypficids;

5,573 ‘FZFbS%r Q}gk@ﬁar Enxghteﬁbﬁgﬁﬁ%tm&eé@ﬁs&yﬂ& @Wd@@hb SORay

ceut y Acceptabl é C ays; 587, 143
ContraE’OAgelﬁsl tforl Blioed GootiandEL ppbbate S)(Sf@nt!i &magiogk %@6’07%@‘

« Sur.f a.nt td-Ngaf I
Diagrasfip GErERB s Koy S BeirhRYGy MNP T SRR ragRatle o ©
Nanopabtbuaty F[lﬂpMatx%s witth Rota&xve[ﬁ)ﬁqirediaﬁs o] ﬂOaiﬂﬂ fior &Bite-

5,593,657 for "Novel BariumSalt Fo
specifisyeRioncHithy hRGH. T S HAERAPEAFES SEanhA ey Hish
MolecRlaP 3¢eight LiRar P§Hg&hyﬁﬁ§ exkidRyy 'Pﬁ)?ﬁﬁéi@'t’ 5,585,268 for

nocr yst aF 981 for " roved Formul at | ons of
“Fonn@taabn@ag Orali Gastrsinitegtinal "Dh@rgn@mq g@QISFaayC%hmaH@P with

e I S (13
B
Oxxde@ib&@@bpol&ﬁﬁyﬁsuﬂmaﬁs aé(Sﬁb)hzeEﬁlnammfoAgkanbpamgmlate

Bl.ood Pool and Lynphat S stem.
Comppgons:ta ol AR08} NERRAINPORE Rt SHEIRTRRY G e as
Dlspe%o 2Bssr;> 555,9?, 3637%39“ﬁ9{761&num854p Fbﬁhﬁlbﬁ&ns Stabilized
ntai ni ng the R(-)Enantionmer of |buprofen; 747, 001

by Nohgenic'andrAvgonis Staitiaerar ieb3e1kos(’ ﬁ‘a%@él%‘sﬁéﬁﬁﬁa?tf“i"cﬁoé
Nanoclr}/]sﬁﬁg 5 %?81 %é pcgéd %laﬁ@ﬂé‘&f OPJ] Pstrointestinal

raverious st ere noparticul ate Fornul ati on
DlagnbﬁduKeRiay @dmss e\gahgssamlcaxgl Gaistrcﬁemmmed Aerapguiia B.gents;”

talli | at
5643 SO EPEi g Cotiopis Ytef Gea P sides es Xy g
Contrhs IA%h&%@ BibdPGdlaed Lyngiatic Besteim Infagﬁfg%’: 853 8388 for

ods of Maki ng Nanocryst al
“Continuous Method of Gnnd?ng Pharmageutlcaf éur{)estances;” 5,718,919 for

“Nanoparticles Containing the R(-)Enantiomer of Ibuprofen;” 5,747,001 for

“Aerosols Containing Beclomethasone Nanoparticle Dispersions;” 5,834,025 for
“Reduction of Intravenously Admfnistered Nanoparticulate Formulation Induced
Adverse Physiological Reactions;” 6,045,829 “Nanocrystalline Formulations of
Human Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic
Surface Stabilizers;” 6,068,858 for “Methods of Making Nanocrystalline
Formulations of Human Immunodeficiency Virus (HIV) Protease Inhibitors Using
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For mul ati ons of Human | munodeficiency Virus (H V)
Protease Inhibitors Using 6 WO 2007/ 100466

WOQaH718Ree7/ 003479 Cellul osic Surface Stabili PeraIs2007/003479

6, 153, 225 for "Injectable Formul ati ons of

Nanoparti cul at e Naproxen;" 6,165,506 for "New Solid

Dose Form of Nanoparticul ate Naproxen;" 6,221,400 for

"“Met hods of Treating Mammal s Usi ng Nanocrystalline

For mul ati ons of Human | mmunodefici ency Virus (H V)

Protease 5 Inhibitors;" 6,264,922 for "Nebul i zed

Aer osol s Cont ai ni ng Nanoparticle Di spersions;
Cellulc@mzﬁtzxf&%gstgﬂhzeﬂyé’t@PﬂﬁZiS)forP[r@é’ﬁﬁmb lﬁ’@nﬁﬁl&ﬂi’bﬁi; ofy owt h

and Particle @g ation in Nanoparticle

Nanop@tieplats Nepresen;” ol { Dew Xedisd gpsepEsm eker i vat i zed

vanon b RE LS T 0 il £RRE Rkl Soing
Nanocﬁ@tdlldn@@knlﬂmﬁge)fﬂ—hnnm Ir8mBAG]gB&Ency Ving (HIY) Paotersse
Na l.a t
b bAat Pah ooy Rer e ap el eridE 20" ¢
Dlspergoﬁg 3,2 63098 S Sk driRsdscfetr Pdventin®CART &rdwil ad Particle

Bi oadhesi ve Nanoparticul ate Co OSI t| ons 4—%&
AggregtondniNangpptigéeCospagtipRy e pe79, " Smal |

Denva%%@!l itg}ié b Suﬁ%@ %ﬁﬁﬁ‘iﬁ% erafor I(I g?@di‘éig & dnPositibhsget i ng

I Ver pper
6,316 Gmsfdrom;mﬁy Dlsahte'graamg 301111501@1 B@ga@cﬁprm;’i 6,375,986 for

“Sotiaab B PP PP R FPRY S0k Y PSRk
ofa Pcﬁ!yf?n%h)é ISus@ed Stbildiet has Eﬁ@dtﬂascﬁhumG&ﬁgu&:&&té 816,428,814

aratus for sanitary wet mllin 04 for
for “BTQ@E@%&? NP@W%%I@@&ER%PQ%% ﬁ’b%g F%ﬁ‘%‘c%‘u’ﬁfgﬁ?mous

: Stablli%{sr’oé R9{ 4P8 for %:Xaﬂ?s«?eﬁé’r Mlilo*and%/ @323378 st “Medeheds foer

ing Materials:" 6, 962 for "Small Scale MIIl 20
TargetimgiDieg Peliverh éo duf Upps, a&sﬂ@r i@wer Erdstrqmtﬂ;paaldTr@ﬁq

6,592, 5 F o Sar ol RABEE Rl i ool s&%&?i&f o
Comb[r&'ﬁ@ﬁ%@ a Fﬁill)dnéﬁdﬂ Sﬁﬂh&e@kabﬂeﬂz&aﬁﬁl IDh:atyrthdrumt ics:
529 for " artlcu*ate

Sulfossrpried; G5  LARO IS LARPeAE gy P PR e S 56504 for
“Nandpaficiifle Compoditiods @&ﬁﬁﬁlﬁ% hoB, (%Eﬁos%ﬁné 016,742,734

System and Met hod terials;
for “Sﬁs»te@llanﬂg\_ﬂefmd fordMiling MﬁteggISngé &shed foréééqlaél %ﬁql? Mill
7. 101 7 r ot
r}}orcr:lu}"he%rl o ? 8f1 ?1767 ffgprﬁgﬁl dr léﬁ%e%ﬁ)%@%@@x}e&ﬁbamculate
drugs,l”m;mmelafce dd@ynpoeftmne haeing Iarcoard:dndtmmrqf itnnS:disg repase

and oo IR APISHRAN TR B P 2OUS, NBRTBHCEHET | Cat i on

: compwtlomgoﬁdlymers of vinyl pyrrolidone and vinyl acetate as

surface stabilizers;” 6,976,647 for “System and Method for Milling Materials;”
6,991,191 for “Method of Using a Small Scale Mill;” and 7,101,576 for
“Nanoparticulate Megestrol Formulation,” all of which are specifically
incorporated by reference. '

In addition, U.S. Patent Publication No. 20070015719 for “Nanoparticulate
clarithromycin forrﬁulations,” U.S. Patent Publication No. 20070003628 for
“Nanoparticulate clopidogrel formulations,” U.S. Patent Publication No.
20070003615 for “Nanoparticulate clopidogrel and aspirin combination
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30 "Nanoparticul ate cl opi dogrel formulations,” U S.
Pat ent Publication No. 20070003615 for

wONReTapesss i cul at e cl opi dogrel and aspirin conbPaaiSew7/003479

7 WD 2007/ 100466 PCT/ US2007/003479 fornmul ations,"

U. S. Patent Publication No. 20060292214 for
"Nanoparticul ate acetam nophen fornulations,” U S

Pat ent Publication No. 20060275372 for
"Nanoparticulate imatini b nmesylate fornulations,” U S.
Patent Publ i cati on No. 20060246142 for

"Nanoparticul ate qui nazoline derivative fornul ations,"”

formulkticns,”0USapaiht Publidatiah NY) ZOMOQEQQS@WMOf)mlcuIate
"Nanoparti cul at e |ipase inhibitor &u % 5%? "

acetamiaarban fpupeens oH- SNBatepbbEYrrEes Boy 35 0275372 tor

“NanO]F at rru? It 1% Bs thrfgfrﬁ@lﬁﬁgﬁso' o St PLBlSHRAING

ations, . Patent Publication No.
200602@@02‘&0&&1@%%& qpiagoling derivabive fimoeirional dJ.S.

pueoe B386Tebae TR en SR B v
formulRABAPEULS. Gt PubllcdtiBHING 2IVBOB 63 8oL SNRAsRaiScrlatt). S.

Pat ent Publication No. 2006Q204588 for Forn'&%?tl ons
cortxcqsfer@dmd apsihistaming fermpylatienser ¥ de Patrgt Beblisatiaa

2 S.
v S8 IR T o Sk

Pubhcamrerabﬂ)Qﬁm 0638 fri“tnjsctable namppatlpn@gf man@particulate

benzodlaze
mmunsRag e ass B et el Sa P eieah Pttt Mol Boda0asss for
“Formilatieae Bf &\ﬁhﬁdﬁ%&ﬁ@lﬁt%hst&ﬁﬁasﬁtdstdﬂdbl draarasulodin S.

Pat ent Publi cation 00601 8

hydrochigrSpand FEGIECPBPRG Lab B BT aNg) 2007195896
for “Agg)%ég%gﬁﬁbectt%ﬁé £ffnuiatidn® of Bﬁ&&ﬁa&&ﬂ% beRiddddzePide,” U.S.

"Nanoparticul ate candesartan
Patentflhlbﬂmiu’aan Bs2006009392F%r Shianepasticwatei rmpesitions of

Mltog?‘?) %g%%g&@@na%cb ﬂ%@f g GE} gt lle%tg | onLljll\logt%fg]gI
200602 g?ﬁﬁlﬁ T?ﬁgégﬁmc%laﬁggﬂhﬁﬂaﬁuﬂ;mmddcawd armiemalogues
thereo 58 1606 4H3icain Mo B 6P S0 5 e PRI Ee
candeéag’( ik Abhansns,” <. pRatiaRfoliEsRIH W8I 2006089767 for

154918 for "Injectable nanoparticul ate
“Nanaphaetivadgié hisafusamidedormylations); §.S.Fgteni P ubliggticndi®-on No.

11 Ui I
A L S
Public20i0R bl 26360 189628 dor "Nhrdpaﬂichtede Raizetidephene formulaﬁons,”

Nanopart.i cul ate Sw Pat ent
U.S. Ratgit ?’HQ{IF%}P“% 238’5@8%%‘&% Jec}“’o%lle n%?oor?ﬁgo%ﬁu ™3ns and
olanz ﬁ@ﬂﬂn{u@dnonm"lmsngam RiliblRbhton Nd. Sooa'mtzemtz for

B ubl i cation . .20040173696_Al for NL m crogram
Topitpragte pha@sacsutlfp?éﬁempwrlem ale>- Eafamt §4 Unds,

20020812678 ?Ltl?ﬁ;r “Controlled Release Nanoparticulate Compositions,” U.S.
Patent Publication No. 20040195413 A1, for “Compositions and method for
millihg materials,” U.S. Patent Publication No. 20040173696 A1 for “Milling
microgram quantities of nanoparticulate candidate compounds,” U.S. Patent
Publication No. 20050276974 for “Nanoparticulate Fibrate Formulations™; U.S.
Patent Publication No. 20050238725 for “Nanoparticulate Compositions Having a
Peptide as a Surface Stabilizer”; U.S. Patent Publication No. 20050233001 for
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Publ i cati on No. 20050276974 for "Nanoparticul ate
Fi brate Formul ations"; U S. 30 Patent Publication No.

waQeEDABRBE25 for "Nanoparticul ate Conpositi onsPERNISDE7803479

Peptide as a Surface Stabilizer"; U S. Patent
Publ i cati on No. 20050233001 for 8 WD 2007/ 100466
PCT/ US2007/ 003479 "Nanoparticul ate Megestro
Formul ati ons”; U.S. Patent Publication No. 20050147664
for "Conpositions Conprising Antibodi es and Met hods of
Using the Sane for Targeting Nanoparticul ate Active
Agent Delivery"; U S. Patent Publication No.

“Nanoé eRRE303dtr FoHﬁu@IuoNet W8] RaentQubliosidi Nos"; U. S,
atent 5 Publication No. 20050042177 for gﬁ ﬁ%

20050 BEHsdSor { Gampesitions @eml.smgpwévoés@@n Megh Veive

the S %%} f’%‘?{:ﬁﬂ géﬁrelog'%g Sulate I%,Qcilvef& ent SRllively2PUS. Zl%@ent

Nndpat gent mposi t rons™; U.
PublickddéreNb. Pﬂmﬂ006391bfano@DMM&.EdmpositlonﬂﬁyEls Patent

. G, S. Patent s,
PSSO AT e TG SR EFHE0
U.S. Pgﬁgt Pﬁﬁ‘ict%?f‘on:?ﬂ?'.ﬁo_?ﬂ@@ﬂ%%\?or g@&%lﬁtﬁ?z&ﬁNﬁmPaiﬂculatet N

noparti cul ate loplramate rFornulati ons en
ActivedBe AT pIsTens ™ b Foses Poplisason N¢-i290p llggéggf i
Novel??%?ﬁ%@(%\q%osﬂ or§t’a’8 le l%lrblﬂg Pablidatih & 20650002049 for

at eht ation No. 20040229038 f or
“Noveél mmpﬁﬂm@mapmnm o&hs: mmPn@mwmoﬁﬁd 2094@25 §7a8 dpwe

C e Publ i 8833 asone
Na“qPGthﬁh‘F i Hgamaiﬁ b"ﬁ‘? F‘E%t?%tg |%‘!th bj‘% 20156895

200400887570 I’malﬁxdm@sage dﬁ&ﬁﬂﬂ@ltﬁﬁhﬁbf SbelIEgNE’mb;famﬂlaﬂate AdtiSe

Pat ent Publicati on No. 20040 gggéf‘E{ éﬁ
Agentyj; b SuPatgat Rublisatpr Non 20044328 anpa%% % on No.
Melo R o O ol
Flutlcakqhed'iopnnlatﬁoﬂbdé& Paast’ Puh}calorp%lpe%@wdéﬁii%%fqr ﬁom

L P

for “NdveBNiiaéduile @onSsdsitiorNano s IPbtenUPabl@caAOn N 2006111925

U. S. Pat ent Publlcatlon No 040 6 for "hbvel
for “Newieh Egismpiolticde poﬁa:

: 2004(@"1 Bl &£ fdy! ‘%\J@PNﬂ%@W@gg 531E1Gﬁs” W %éﬂtlmibﬂlaﬁtﬁm No.

ecl omet hasone Di propi ona ositions"; U S. Patent
2004(ROBBSL &uri ‘BroviscRsioy m@@wserg@ orsTidpar Prient Buldication

. BBRTE A G0 TR RRSEGR At

AgentsNaUrﬂo Patdnt PublieatiShd¥@l200#01 GhiI6E forTiNo wh Beavd | Pegrddo|

Com%ﬁm@’%t %;ia{?fl&%h g% % &ﬁgjf %%bé? ?cfrl\k?\Tanopartlculate

Beclon®dthasbaé DapfpiondieCoi@bsifibns; U.S. Patent Publication No.
20040033267 for “Nanoparticulate Compositions of Angiogenesis Inhibitors”;
U.S. Patent Publication No. 20040033202 for “Nanoparticulate Sterol

Formulations and Novel Sterol Combinations”; U.S. Patent Publication No.

20040018242 for “Nanoparticulate Nystatin Formulations™; U.S. Patent

Publicat'ion No. 20040015134 for “Drug Delivery Systems and Methods™; U.S.

Patent Publication No. 20030232796 for “Nanoparticulate Polycosanol

Formulations & Novel Polycosanol Combinations”; U.S. Patent Publication No.

20030215502 for “Fast Dissolving Dosage Forms Having Reduced Friability”;
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Publ i cati on No. 20040015134 for "Drug Delivery Systens

and Methods"; U.S. Patent Publication No. 20030232796
woaoo7/idsepar ti cul ate Pol ycosanol 30. For nmul aPComs2007/003479

Novel Pol ycosanol Conbinations”; U S. Patent

Publicati on No. 20030215502 for "Fast Dissol ving

Dosage Fornms Havi ng Reduced Friability"; 9 WO

2007/ 100466 PCT/ US2007/003479 U.S. Patent Publication

No. 20030185869 for "Nanoparticul ate Conpositions

Havi ng Lysozynme as a Surface Stabilizer"; U S. Patent

Publ i cati on No. 20030181411 for "Nanoparticul ate

U.S. P&eATRHI{ck 058 Nef 20030788869 ri Yahegaritalat Compdiiidns
Ki nase Inhibitors"; U S. Patent Publi.cat.i on. No.

HavngDM@?@@ﬁ Jusfacs Stathiadi ¥ iSo RatepplnbliFationdli nat i on
20030 X141 P“‘ﬁ%rfl et c%?%@ g%ﬁg»o‘sﬁfb%é g% Mi?o geBeA@(ﬁ'%?ed Protein

aracteri tent | Cati on
(MAP)ZlQﬁ&@&ﬁﬂﬁ&Gor&’QrU S RateopBubilicatibaNe. Z@Wm‘ﬁ’bfm

« Conpri sing Co nmers of. Vin ol i do i nyl

Compgggians H1sidhse  patanasny s Kl st 337 EqfSied”

Releasé’@laka&@éﬁms Nay.s 2003008 8%8tiod No. 20639008616 forl at e
Insulin": U S Patent Publi cat| on No 20 0087308 fo

“Nanop@rticilatehGempesitippy R O isigH-oRakym v@]gf?l}é@naan
Vinyl E%Hecagﬁéﬁac%]gﬂbélg%eé%g%gg gﬂg’ét F’%t?tfb%caté& ﬁol %?@95928

for “NSyoyiaeticuldte Vesuhindst;S. Bagnt Pabkentiopdiy- 2088 P@FY 38 for

vt SRR, PSR il S S o

Mmro%@@tm@gﬁaﬁ Pt P?bw@@hawsztobeoomns tfan' ‘yDid%tDNﬁ\I'eLry ng, "
escri npe nano arti cu e ac e OSITI1O

Systeralt Meodgady By RHPRG P RicangR N 20040 79 L5% RSy stetd &t

o@'}B 192444 OIS PaRRPEHEEARE NS 200260530520
Meth fexaﬁ%m&ﬁﬁ U S. Patent Nos. 4,783,484 for o

“Appatdtas forQanitary W@trbfhl:lutg,’bdﬁsanbe @@r@paﬁ&uém agfisve agent
comp Aqk(?r{?n 6%@%% %l?eﬁ]l 1nc %‘% ?’SI%fC 81[06 Met hod for

rom Wat er - I nsol ubl e
Eommllpéiﬁcfe c@nﬂﬂ)ﬁtﬁﬁé afe(xieséﬂih&dl dot fxampig kn RES. Patent

Uni fornly-Sized Particles 20 From.nsol.uble Conpounds: .,
Nos. 47753, S5A1Tas SPa plate MRS BIOR ARG FEA s 25 AT UPBILA Atent
4,826 €§§ tfbxc‘ll\ﬁéthoﬁffOILMafcﬁfgmh?M@lﬁﬂ izl 1B REmCAGtdURLSIable

hin and Met 76,496, for, "Utrasnall

Or ganRoCem@omda; | &J9Q§ 456rf0EM8W@Fllf§f MakingdGnifernBycized [ Particles
From Iub(fe Flo ;H&ﬁﬁgs b5 Ay %@9 ol I‘Ugﬁgmaﬂtﬁ\lt)ﬁ rarg 6REYRAIFPus Particles

avi hg gfeater I oaval ty,
of Untfeﬂﬁ Sa&eﬁd»r Enaapiging é}aszlﬁﬂplerychnmndsMe&mdsy apfl Sathoet e for

« ve decr ease osa uanti o4 her
Ultraisﬂlﬁnda\f’éﬂ %]g%rgaé g‘?{a‘%‘i@f“é‘flggﬁt% Hﬁé’c rs’ti_}:s"fl g%rt i nvention
Sghbsfik aSekd %Sﬁle%ﬂﬂ)‘ia carvedilol compositions having greater

bioavailability, decreased incidence, frequency, or severity of adverse events, decreased

dosage quantity, and other improved dosage characteristics. The present invention

satisfies these needs.

SUMMARY OF THE INVENTION

The present invention relates to nanoparticulate compositions comprising
carvedilol. The compositions comprise carvedilol and at least one surface stabilizer
adsorbed on or associated with the surface of the carvedilol particles. The nanoparticulate

10



10

15

20

25

30

SUMVARY OF THE | NVENTI ON 30 The present invention
relates to nanoparticul ate conpositions conprising
woanwadideel . The conpositions conprise carvedi Pait/Uanm7/003479

at | east one surface stabilizer adsorbed on or

associated with the surface of the carvedil ol

particles. The nanoparticulate 10 WO 2007/ 100466

PCT/ US2007/ 003479 carvedilol particles have an

effective average particle size of |ess than about

2000 nm A preferred dosage formof the invention is

a solid dosage form although any pharmaceutically
carvedi?t?‘b%ﬁtﬁ&@é Eadosadtectios W&GaEE PRubkisidezsTdessARAt MJut 260@AM. A

of ‘the rnvention is directed to pharnmaceuti cal
preferrabdpmge foromef the inventionds mgolid desaep derm. @lihgugh any

carvedi | ol fornul ati f L tion. The
pharmagaut é’@ﬁf‘?f’ég?l%%‘?ﬁggg ic%é}‘s;gggﬁ%erec?se carvedil ol , at

| spastheraiRPe@ W RIRCRVSHtEd Isidirected an ghanpicantivat eompositibys

comprigme ARImOBSI D Bl KB R TG ERiebian Gt Ghidteutical
compoSBBAPESHbAM Srfedifl VAUkdsPbne SRTHROSabilRr,h@diaNtharmaceutically

I nproved phar macoki netic profiles as conpared to
acceptahdm gamiel, @aavell astany desised gxaipierisne or sol ubil i zed
CRISEE ALt T REL QDS s dildckBlto ANARBGAENBRUFRA
R RVERETon enconpasses carvedi | ol ‘conpositions
compo¥itieoheianingdniprbedd pharmacafindtiveprofites @s compared do gosvintional
. in a fasted state as c. red to admnistration of
microcrystalipeBh §‘ﬁt‘§'§)’ﬁe$ Salaeémﬁﬁfﬁmé& fed state produces
Sh ek Aoth@ embb B8R, I3 BREnticH @fofipaddes ouvedidol, coaspositions
} measured by AUC, C,,., TR a", or any conbination 15
whereintdministraign phite comwaitiorie ashbiereiniafpsise iSie pycompared to
admim‘é{dg&@!i Sflt}xlte%oﬂ'?%gﬂ%ttb GWhBfeBt A #AUObrodesstilet, QRS
addrtionally conprising one or nore conpounds useful
bioequivalénteates pfabloypion, s sicasyred by dICi Geaxh Eait Orfaaly| q@rbination
r related conditions. This invention further
i scl oses a nmethod of neking a nanoparticul ate
CARY@EE bBbodidtnt OFRShvémionds dheded e hamopheicuiate parvedilol
Such a nethod conprises contacting caryedi él?l antd at
compqsitiens agiidionally SeRPHPREoNe b MG FORPPTS USHEH i HEF e
hybertEHGh doRBS A ok Infiflro | rBRR adionBanopar i cul at e
carvedi | ol conposition. The one or nore surface )
- sThisiihvengios fortherdisclossstaanetbad of makingrapanoparticylaihearvedilol
before, duri Qr. afier oSi ' . | ;
compopfisHeatiftd RRtetbydioR, sbR 8 faRUELRRN R oRIKERL b edilo
and atU&ishgnd hafarancbilizdr dol atime add uodenediitizins soffisdeitite preyide a

of.the invention for.treating or preventin | L
e S P e g e
contadiaG@th catietfibl éiee befResduridgy 6ihufser Sizeebductidn of carvedilol.

The present invention is also directed to methods of using the nanoparticulate

thereo

carvedilol compositions of the invention for treating or preventing conditions such as
hypertension, congestive heart failure, cancer, viral inventions, psychosis-related

conditions such as tardive dyskinesia, tardive dystonia and tardive akathisia, and related

conditions.

Both the foregoing geﬁeral description and the following detailed description are
exemplary aﬁd explanatory and are intended to provide further explanation of the
invention as claimed. Other objects, advantages, and novel features will be readily
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condi tions such as tardi ve dyskinesia, tardive
dystonia and tardive akathisia, and rel ated
woaenii4wnes. Both the foregoing general descri pCras2@mdo3479
the followi ng detailed description are 30 exenplary
and explanatory and are intended to provide further
expl anation of the invention as clained. O her
obj ects, advantages, and novel features will be
readily 11 WO 2007/ 100466 PCT/ US2007/ 003479 apparent
to those skilled in the art fromthe foll ow ng
detail ed description of the invention. DETAILED
appareEeRbTIEN O, thErt HPMENE flovwnddethildd @ufiptiemoflihe
Invention is directed to nanoparticul ate conpositions
inventioonpri si ng carvedilol. The conpositions conprise

carved: ligh TR BRAGRIMRIN'GR THRIRVENTION
stabili surface

ﬁ&vtq§ﬂgrug. The nanoparticul ate carvedilol particles
A. B0 ecti ve average particle size of less than

out 2000 nm. 10 Advant ages ,of t X ' .
iR e S A
The cogﬁpdéﬁm%mﬁb casadilslrmmdaréfeciblpatleat onelsuifade statdlizer
osage forms of carvedilol _ inc¢lud but are not ;
adsorbed ﬂptcg&sqqggat?ciyvngﬁlacy s face.of the ¢ %Hg . é}ran.g]a)arrp rlaigsc redilol
particl%:?fléoesdrlz&fecﬂrve l6S8ge parGItHe HABESthad EBGUtQ000mni.he
ormul ation; (2) snmaller doses of drug required to
obtmantagashd thananqphetiowtate Faypdilg] farmpdationssofdheqeation as
conventional m j 5. sal ubi Li 3
comp R BRI TR R B8 e
includk it @vedot Iphaedae ai) aatiler tpblef of ether ®ilidhlogagelform size, or less

C "ax, .and/or AUC profil es; (5) substant.i.all simlar .
frequeg} adspidsEAtoRI A be &H@P&%P&kf@gﬁa&lebg‘eﬁﬁﬁ R aftgayitdlo Bein
the said@ PARGAAdoTAYi @I Rffeay 24QniRked SUBAEAdnANMiMBEYstalline or

adm ni stered in the fed versus the fasted state; (6)
solubiliped fremsé sarviedilel; ) inefeassd) tipa aHabidity; (fkimproved

' t di |l [t :
e A e e e e
simila®br bakyeaidhaleat pharihacodoettapefilésdi tienawmpafticuipie naryedidol

severity of. adverse.eye as c red to. canvent]
comp g tS e RS SR ERuf TRl s SN B e of
dissol@fsh f3)ths!Sncpfartidiats 80epaildli coripakRionaay estnbared to conventional
conmpositions in conjunction wth other

ti. t
minOEFg’_éﬁannei qf sphubilireddforppet eanedipl; (72 éﬁﬁ@%ﬁeag’éélﬁg%%tg fequiency, or
severilg%ii AHvBrse BEnds el %ﬁf} eﬁqg cbhRiRionAmithGerPta1%i8B or solubilized

nvention also inc s nanoparticul ate carvedi|ol
formsedrposidilolbasd (8)otetofidhe panopamigulapy carprdiloh gpmpesifiens in

conjulli)cq:}/osﬁi v%;ﬁ) %ich%? lallc’éfveagg%%%t L%Q{’u? i E’}E:'crlﬂir?gr I’T‘ype?tghéﬁffﬁ%ﬁgeé?fve heart

failure, and related conditions.

The present invention also includes nanoparticulate carvedilol compositions
together with one or more non-toxic physiologically acceptable carriers, adjuvants, or
vehicles, collectively referred to as carriers. The compositions can be formulated for oral
administration in solid, liquid, or aerosol form, parenteral injection (e.g., intravenous,
intramuscular, or subcutaneous), vaginal, nasal, rectal, ocular, local (powders, ointments
or drops), buccal, intracisternal, intraperitoneal, or topical administration, and the like. A

preferred dosage form of the invention is a solid dosage form for oral administration,
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vehicles, collectively referred to as carriers. The
conpositions can be fornulated for ora
wadmi7niosdssat i on in solid, |iquid, or aerosol f®8CWUS2007/003479

parenteral injection (e.g., intravenous,

i ntramuscul ar, or subcutaneous), vaginal, nasal,

rectal, ocular, local (powders, ointnents 30 or

drops), buccal, intracisternal, intraperitoneal, or

topical adm nistration, and the like. A preferred

dosage formof the invention is a solid dosage form

for oral adm nistration, 12 WO 2007/ 100466
althou@‘g}{ RRALAARAKS ac@biatb%@rfkag@ Yorph@ntcaiidedaHx¢mplary solid

accept abl e dosage formcan be utilized. Exenplary
dosagesforing inclierdsa ht ar6mes limiter deidablpis: capslepciachsts l%falg% powders,

tabl ets X capsul es, sachets, |ozenges, powders, pills,
pills, °f$“6Péhu|es The dosage forms of the i nvention,

i Tied dkshiape) fanls af tHe sageatibmindpdingsolié dosage fosns xampe cfor

dos for rol l.ed r Iea 0sa
exampfes afas b ip 0SS SORTRIST Bierse Erash Surtar ol fiAH osee
form, (ﬁélﬁ)‘gd BIEh8NERA 6 B8R SR tcAAER AR O HB agh fbaal ful @tiletedase dosage
dosage form m xed i nmedi ate rel ease and control | ed
form, mitedasuneatggelepssand contralled rieasadpenge fprr@cycombination
t preferred. 10 B.
thereo%e%isglh ;&%E%{#Eét%?%@éﬁﬂ grﬁrgf%{r}agn is described herein
usi ng sever al deflnltlons as set forth below and
yB ﬁ hout the appllcatlon The term "effective
B. e Hgg"ﬁartlcle si ze" as used herein neans that at

L6 breRnip entiohSs SBRRRN hiN Hif SALCHA HeliioR & &l fen
belowwattml@hxghdsmaﬁ@mﬂ&ﬁtmﬁechm ques (i.e., by voI ume,
unber, etc. 2, of |ess than apgout 2000 . nm wh

BB tAre] og{Fetiy e RVSSRERIECIC ST AR HEGR RBRInAP A TRt gfjeast 50%
of the Bﬁﬁt‘;ﬁa'r@aﬁsﬂe Q:Qrveﬁh@f PhticleOhiR] ApArABIcSPRS by WREEHRYbor bl o

scattering, disk centrifugation, or other techniques
suitablenooasurdroentodmiaes €ie-) by velumsenumber, pis Jugblestidpaiahout 2000
e und [St
iR L
correl&thﬁl §eoir6xdopiy Nlightisedttering] isk Saﬁirlﬁlgatlbhﬁmla)thmaeclﬂequdsﬂ{nown

he termwhich are not clear to persons of ordinary
tOthogk?ﬁﬁkﬂﬂﬁrﬂﬁé“%rt given the context in which it is

USEQised RORUL, “abbikth IR 3R wiRedsol!bySpedondlof dedinddYosefll infthe art
particular term As used herein with reference to a

and wilk vaiy| te 'somg ewxtait pmﬂlqo%mttw@u@ whidly it is wsedh dbWRE1aES usesRfithe
term VIVP?iCH e Jlétrgléa? %) ngiqsogsng% rdinat Vgﬁﬁ fin bRt Qilvleﬁ)‘m%ntext in which

neters 25 particles do
it is usmdi; “aiqmmt ewilhbiepn fpde pliisairenions é@‘tﬁ ertb@ pewicylge taran.

PP Lt e 1F - BB enflegfliIilatpis term pgpmotes

but ishBatinie t, f‘t)tﬁ:l drahorglof tied fdllewing parameters. (1) that the carvedilol

particles do not appreciably flocculate or agglomerate due to interparticle attractive forces

. or otherwise significantly increase in particle size over time; (2) that the physical structure

of the carvedilol particles is not altered over time, such as by conversion from an

amorphous phase to a crystalline phase; (3) that the carvedilol particles are chemically

~ stable; and/or (4) where carvedilol has not been subject to a heating step at or above the

melting point of carvedilol in the preparation of the nanoparticles of the invention.
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of the carvedilol particles is not altered over tine,

such as by conversion froman anorphous phase to a
wonywiiaddes ne phase; (3) that the carvedil ol paPCTaISE®7/003479

are chemcally stable; and/or (4) where carvedilo

has not been subject to a heating step at or above the

30 nelting point of carvedilol in the preparation of

t he nanoparticles of the invention. 13 WO 2007/100466

PCT/ US2007/ 003479 The term "conventional " or

"non-nanoparticul ate active agent” shall nean an

active agent which is solubilized or which has an

effetcth ¥eodNafia sl BaFhéthahcpazRubite gEteat fent™t dhall rﬂémtﬂn
2000 nm_ Nanoparticul ate active agents as def ]

ed

active mwhlﬁwéc’wl@feﬂé@ tWhieh hag 2y efffetiy Slat’?ré‘g%P%"t‘fge e of greater
0 hQLRN haveWRleBfecti

than abou? §B§)(§‘§131r ugs aﬁt&%@%ﬂﬁ évregc}ggﬁr%eg Ig Fgﬁ?io ‘?ﬁose dr ugs Seve

averagt Ipaﬂlcldmzeoﬁless)thahlabouyzﬁoﬁ nmt er of |ess than about 30

m., pref er abI an about
P pirals Sooud ot e Aptest Herei el to thpge drugs that
have alssﬁfmﬁtp 3f @b&l&f 1dss B4 dbouf\S O Wehl eefrdbly Id?.e thﬂnl’zﬂbsat 20
"therapeutically effective amount” shall n that

mg/mldpwéeramslaﬁéhmh@ho% AQvngey, erucispily fssg than soout | /.
5‘ 4881 63l }ﬁfs%p%%etuﬁﬁal éf%l:titvg%ngfuﬂg’ 4211 ean that drug
nis erei:l a stgnitl cant "‘nunber of subjects i n
dosagdbatiprofides e $p‘eeaf1qlni1Wma¢QIOglsal resnsivas forewhich she grug is

ther eut| C effective amunt o
admmb?&fiﬁa 53 %gﬁg.lcf%t gumier GfSEPICSE 18 ABTRY Sulgﬁ l{%a{ﬁg%l curar
emphdsi}eH W & theraperitall leffeyibveranirt o€ hidveg that tsreﬁia:umrsgered]m a
condi ti ons/ di seases descri bed her e| théen t hou %:h
paticulomsiiect 31 HEERERIS nssnes il et ASet e TG POLErDR
conditf{HRHRlealds cfeg&ﬂ?edq{erélh' &venitholdditsulh dosde? iCdedthed &Y lﬁeﬁﬁ
aracteristics of Nanoparticul ate Carvedil ol
therap@oiqadiyicffeotive ariihemté)mtbesaaofmk#b #rthgfarenhanced
phar macol ogi cal characteristics of nanoparticul ate
carvedi |l ol conpositions of the invention. 20 1.
C. | peéRnsalCRheRY&idtRBidfithy Nanopndicaidedametdilof Cotmpositions
i nvention, the carvedilol fornulations of the
| HERLHOR nuiwel Bf EntianesERsethabilogical diabididrisyicabf t he
sanme dose relative to conventional, non 25
nanopagisslsie carvedilal copmosisions of thedRYRISR: ons (e. g. |
C(REG(r)) and therefore require adm nistration of

I I e&ngloe%S dggoatJ; ngug to achi eve equi val ent

rrmco | ne | nproved Phar macoki netic
Iix? Lrllelz embodiment of the invention, the carvedilol formulations of the invention

exhibit increased bioavailability at the same dose relative to conventional, non-
nanoparticulate carvedilo! formulations (e.g., COREG®), and therefore require
administration of smaller doses of the drug to achieve equivalent pharmacokinetic

profiles.

2. Improved Pharmacokinetic Profiles

The invention also provides carvedilol compositions having a desirable
pharmacokinetic profile when administered to mammalian subjects. The desirable

pharmacokinetic profile of the carvedilol compositions preferably includes, but is not
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30 The invention al so provides carvedil ol conpositions

havi ng a desirable pharnmacokinetic profile when
wadmi7niosdser ed t o mammal i an subj ects. The desi r abrAIS2007/003479

phar macoki netic profile of the carvedil ol conpositions

preferably includes, but is not 14 WO 2007/ 100466

PCT/ US2007/ 003479 limted to: (1) a Crax for

carvedil ol , when assayed in the plasna of a mamal i an

subject follow ng admnistration, that is preferably

greater than the Cmax for a non-nanoparticul ate

carvedilol fornmulation (e.g., COREEr)), adm nistered

limited\?agl): (152 BNEH 208 02 MAER sshgdd Rthe PlenfaQIT odhmEdliadlsubject
en assayed in the plasma of .a manmal i an subj ect

followingl ddavinistraBomdhitris srafereblyrgreatprthan shq) s dpd pyn-graanaghiculate
t.h t he AUC f or, n ' I

crve R 52 O BRI Hhen el

AUC fdp S&Q&(éilc_ﬁ[\d'hﬁxﬁ a{sl?t}ecﬁin t]lifaplasfn@rof (aai_laaﬁdialigi_l sulvya?lflo}low_ing
assayed I n the asm o1 a Nn subj ect oW n

adminGAR o o7t PEETAPRAOTS BRe o A a0t AR oS Fit.

carvedslgf f&n&gﬁ&?oﬁé@%a?j@m@i@, gdedlineridl @khe fafeadsaté;mnd/or (3) a

. 0., adm nistered at the sane dosage. The
Tmax fatemivediob wWiensssayed do ermlesmea of dmamenalipn sybiset frdloyying

il 5, A BRGRLEL B 1. BEPUShblo cacal

formuh@oagagt, CORBG®)cadnmistérotl at drpesictdosagee xXHicndasirabla

conparativ har oki.netic testing with a
pharmae IRt irosaRle esreheiPyBdNT BRTBPREHSYT BIRfily pegsured after the
initial GERESK dalvediUM ni stered at the same dosage, a Tmax not

greater than about 90% not 15 greater than about .80%

nbt onpr wabediment theapaepatigyiais earvefiiod cemppsbian SEBiREtSs

compagr%t(g%et ﬁ%%ag%lg?étﬁrtegtﬁ@wtﬁﬁ Qfona b p AP uREERHFEdilol #tmulation

grea an about ™ 25% not (greater
(e.g., COREGDRY atin2tidteraoat the sahedosagarn Bhquidt gEater flan about 90%, not

reat er than.about 109 r o, ar.eat han 0,52
greatcBtiapaBoy! S0, R greaser om B Ry ek Bisdler Ui Par bveridr
greatef Blan@Bbli0s 0% AstBbatl BAn aBSUtI30%6 0t Brkted ieraborn2 5%, het

nanoparticul ate carvedil ol conposition exhibits

( [
greater ippAPaL] AopRalEReRBIAPAR BPRUL 1501 oy etReLas tipn sbout 10%, or not

: { L& &Af \{ﬁéidty% FL96 et u1AE catvRdlol
gﬁamggﬁﬁggﬁﬁf?%g%ﬁyi?g?éreJ)at he same J%gage, a Cmax
formuldtiooh i s at | east about 50% at |east about 100% at

| east about, 200%. at | east about o4 .
5B B A R 0y By s
compar@feé pladraiatolinene teating edthta mhisndnopanidula¢ cdreedilol dbwanlation of

25 900% at | east, about 1000% at ] east. about, 1100%. qo
(c.5. GORHAED. SdppitiS i BoRpe GpF SATIEo b Goes MASDOE! 57 PERL 0%

least #4BAH T 004 0Q%east bbb R 3D0Y8 RO 1HastldIUIB 0k, Atdast aBRAUD0%, at least
about %%8&?&11: ﬁlatastl a%?)ig 66’7};‘)’2,u attt least about 700%, at least about 800%, at least about '
900%, at least about 1000%, at least about 1100%, at least about 1200%, at least about
1300%, at least about 1400%, at least about 1500%, at least about 1600%, at least about
1700%, at least about 1800%, or at least about 1900% greater than the Cpex exhibited by
the non-nanoparticulate carvedilol formulation.

In yet another embodiment, the nanoparticulate carvedilol composition exhibits in
comparative pharmacokinetic testing with a non-nanoparticulate carvedilol formulation

(e.g., COREG®), administered at the same dosage, an AUC which is at least about 25%,
15
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1700% at | east about 1800% or at |east about 1900%
greater than the Cm,, exhibited by the
woaam7nameparti cul ate carvedil ol formul ation. | RCY®IS2007/003479
anot her enbodi nent, the nanoparticul ate carvedil ol
conposition exhibits in 30 conparative
phar macoki netic testing with a non-nanoparticul ate
carvedilol fornulation (e. g, COREGr)),
adm ni stered at the same dosage, an AUC which is at
| east about 25% 15 WO 2007/ 100466 PCT/ US2007/003479
at | east about 50% at |east about 75% at |east about
at leastlja%g{ 5@ Lﬁ@%@ 9&#5%%%%@%&&@@@4 abierkt ab58%42584, at least
s abbut I'east about 200% at |east about
about ]ZZDBr%at Mtast alastt 155)%,1 tlt lea2s@beut200Ya st teaghahout 225%;, atdeast about

250%, 35 fognt Sbapt TSR i) ab 9@% 090 At feadt Wy 24 Q}B%gg/as@%&!k 400%,

eas

at least %t 460PRUAt lé&&%olﬁtsdoea&t leab@aﬂouﬁﬁsxm, atlefst kbastt600%, at
about 750% | east abo t 700% a ou 0/3
least gt 11585, 3hlsa =900 990 latt 2bo T30 66 pif 80P, 3 Least

Qo086 3 Iéa%ﬁ§l§ LﬁthUO%]-QtQ@%t bout
aboutﬁwl eagg?ga %ﬁt do?g%%t/?gat Ioeast abgut 11000% at [ east ot

1050%g lableastiabs0ed 141% t 1eashsboua B d60%61 ooasleast ehewr! 20R¥nerepige than

e UG BT i MREREB PP RRIEBLS b o ) LB

Phar macoki netic Profiles of the Carvedil ol

CoNOS irthie PharnitcokiiR ticP1aMilds VT thé €aroédill fGuhpasitiyng he
Fed or ofasd Bl ertith @re Abt AR cRdB e FeDGSFasted Siste
Composif s ,5 he BOOHIdpRSItioas the invention;

he pharmaco |net|c pro%lle of the 15 carvedilol in

PSRRI SRR AARNER P e AERARLIKIARS: hRAIOLS the

ted fasted state of
carvedalob nb;reatanopmesmlaw@awmlﬂobcmnmmmm ls Tht substaatislly pliected by

b ff
e s st o6 BB IBRENEEL AR PR Ut
little of ab&p mﬁfecfﬂbﬂ&dﬂfé‘é@fcﬁﬁh @it {rRatieeding dbskb)tbél&'r@ae mcﬂsdx/ed iby AUC)
Cm en the nanoparticul ate carv Ii‘rjé" |t| ons . .
o the gate oAdmEALSOENEN (PHMEABIFLHY Terdiid/ qrifenp 8 bahhemgneparticulate

carved-m? cg %Sﬁ%ﬁgﬁezﬂ 1Hlste|?€d i%Lt'ﬁe féa@éfsuﬁﬁg'{ﬁ%ed-rﬁﬂte. Thedifference

Inatiton t ereo of the COHDOSIIIOHS
in the @dmbr Cﬁaxnagld/dmeTm ﬁmmmqwmxmt@ndhweﬁuqf dhe vmenosmons

istered in the fe h
comp bk B Sr bt &gt S5 iR LR e Bl e o
state, isﬁﬁréfe&ehﬂjﬂ 13D Gidin H0U 10024 Slesd than abhaH0%7, O%S thas sbctth 8A%, less

than ageé)é_};q(}g%s tléxg.ggpct)&?ﬁ%/a blgsausgthgrg i ué%@%,ti ar} % ﬂg %3 less than

about Q@%‘tles%Qf(ﬁn J5518 3592 Nes8 Rt abdal30%ERSs ihtéﬁ%baﬁt 213%,Ulbss than

['ess than about 15% | ess t han about 100/0 | ess
abouttZﬁ%(n legsdban @sgut d 5%, dess thanabouh bYG: lessshapahery ?t % o less than

age form which substantially elimnates the effect
about@f/sf ood i ncl ude

Benefits of a dosage form which substantially eliminates the effect of food include

an increase in subject convenience, thereby increasing subject compliance, as the subject
does not need to ensure that they are taking a dose either with or without food. This is
significant, as with poor subject compliance a worsening of the medical condition for

which the drug is being prescribed may be observed.
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an increase in subject conveni ence, thereby increasing
subj ect conpliance, as the subject does not need to
wenswrrieodshat they are taking a dose either w tRCDUS2007/003479
wi t hout food. This is 30 significant, as with poor
subj ect conpliance a worsening of the nedica
condition for which the drug is being prescribed may
be observed. 16 WD 2007/ 100466 PCT/ US2007/003479 In
one enbodi ment of the invention, the invention
enconpasses a conposition conprising nanoparticul ate
carvedilol in which admnistration of the conposition
tlg ofe efitBlifEdntiof 1 Indehifsh, heAnQehtforliROfipayseh @onipdsition
adm ni stration of the conposition to a subject in a
compriiag remnapaticilaterartddilol iy waichadninisHatign ohihg gmpogition to a
. ui del i nes. gi ven U S - F . .. .
subiec i i Grist B P R a5 pniBRf b e Shtiflosition to @ subjec
in a fed Sgtd, &t parliclgeacde eV C ey bindtl AU G de s gineh bythedhS. Food
Eur opean ENEA ¢ idelines,%%mo roducts or nethods,ar
and Digg lipaiebnp an e Rorsongrsing EiaRess rorliio Aoy SENER)

Under 6 PBA ﬁﬁ%r@ﬁ%%%%?ﬂhﬁ@ﬂ@gﬁf&eliﬁ?s@ %6 Prdtacts or methods are

nmeasurenents are not rel evant to bi oequival ence for

bioequiederitaf tePopu Covdence Intereals (U3 For, AUE a5iidimax are between 80% to
o, 2k 0equi val T '
1259 DALY SRERISEI R SARANNB R o PRI bt
Previotfle, Q4o G bibaruivdlGdydst tiveerbiavdaimpemds 0¥@dmini P knaoedditions
the 90% C Cmax had to ween 70% t 439% °
pussus G s ANFATTEE 2508 PO R b Be MR bgpo o
125% hikBthe! 9096 T FHNC LR hbdl t6BO bbEFech TOOS IR, 0f the
i nvention, the carvedilol conpositions of the

i nvention have unexpectedly rapid dissolution

PEOT I | Beso andPldeﬁéé){pfjfﬂeQFalQ'fedﬁaif'ﬁ@ﬁ?o@éion@%ﬂﬂé’\’i ng
admi ni stration | s preferable, as faster dissol ution
may Ie§9ﬁ9"¥%ster onset of action and greater

bj oavai |l abi lity. 20 The carvedilol c ositions of.the

RIS T PPEITE O BV G E R DR PP ans e
inventi¥l Ve WntRhda cddP Hpid didkE1uti 6 pAifilés a8dpid dibluBioNo tartvbdilol

carvedilol” is dissolved. |n other enbodinments of the
followiing/adminisiratign is prederabls ot fasignlissolytion gy deadyg fastarensgt of

.t ! i Ly des. 0l ssol ved within about 5 mnutes. In
acuonftel? gg%ft}ééﬁﬁ&é#b&ggh?%ﬂts of the invention, at |east

abhetard6d4ol abriresisionabbtite i50&4ticatpreferaly hivea dsgsitien profile
. J east .abput .70% _or_ at ast »ab 9
in whigh S RSt Tt ERERZRPEtise CanRillp glitfived. m other
emboclﬁhféatsl c)fghé hvantbh) ek 1Wmm @fat 1dast abone A0Y:00f, thatarvedilol
. .. least ahout 70% .at |east about 80% at |geast abaut
s dissglyggl Wighn 2PoY LGB I YEOORPL PP R SRV Rgon a leas
about 405 @t 8 aBbli1s 06 3Rkt BoutI60YS, &8 least about 70%, or at least about

80% of the carvedilol is dissolved within about 10 minutes. Finally, in another

embodiment of the invention, at least about 70%, at least about 80%, at least about 90%,
or at least about 100% of the carvedilol is dissolved within about 20 minutes.
Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium is intended to produce different ir vitro dissolution profiles for two
products having different i vivo dissolution profiles in gastric juices, i.e., the dissolution
behavior of the products in the dissolution medium is intended to be predictive of the
dissolution behavior within the body. An exemplary dissolution medium is an aqueous
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Di ssolution is preferably neasured in a nedi um which

is discrimnating. Such a dissolution nmediumis
wonv@endedset o produce different in vitro di ssol BCTAS2007/003479

profiles for two 30 products having different in vivo

di ssolution profiles in gastric juices, i.e., the

di ssolution behavior of the products in the

di ssolution nediumis intended to be predictive of the

di ssol ution behavior within the body. An exenplary

di ssolution nediumis an aqueous 17 WD 2007/ 100466

PCT/ US2007/ 003479 nedi um cont ai ni ng the surfactant

medlurﬁ(&gh&%lhg We/durBidlahatQlidd 18m§PRARAS 4o éstiteftratibr0a50.025 M.
termnation of the amount di ssolved can be carried

Deternumﬁdjyofétbe emavphdisenteed gan brrearriehewiiynipesirarhotomefyd The
ro‘catiné1 Eisjaél% I%S %Fn%c?: E@é’gﬁgﬁﬁq%#%)ae@%bﬁ %i‘u? ?@ séf Iolrfgés’a?sggcﬁdmsolutlon

Carvedi |l ol Conpositions of the Invention In one
esybodi Reaispefsibiliey PRofiles oPthe ChsvedilobQanipositiatsef the
car vedjdvdhtieanmpositions are fornulated into a solid
dosage form and the solid dosage formredi sperses
such that 10 the effective average particle_ size of
th@neam@pi@ns@opfdhe invgntion. thanaiopreiculae payedilglgempositions
L r Thi S
axe forfdthd e bR oyl fBeeh ol 0ok Biage A foifiRftes such that
the effeamwletager;ﬁrtme mlze of theandispersell chrnatilol @drt'stylmris éest thaa about
nano artlcm

2 micrigy Tidsds Tl isanars (R PaRAOPHOS IR B BParer A o caVidilol

compo@ﬁfo‘h@ Qe kied ink/Bihtfbradid b idpet seUb atrRnppditittlag Birticle sikb, then
I ndeed, the nanoparticul ate carvedi| ol conpqsitions of

the dosage formy axryi lore e hensiits pifgredhydosnylating &?Jf"eéﬁ%l 18193 of
nanop&%c %ﬂ%%ghﬂeshzcarvedllol does not redisperse into a
cle size upon admnistration, then
hidaerpshe nan@ggkmMc eanvedidelrooarposisionp ef thedheentignebenefit from

T

size updIRAdIRIRKHRANDLS, men vE10spsObE @gglomasahecmeevamowmmlds are formed,
reduction in free energy. Wth _the 20 for

owingdo de exeeste highepripge fEarenaEy g ranegameﬂ@te S and the
thermgc)ﬁ)&m hﬁ@%ﬂg' ft)ycqu aEllB%v@% ¥6dhll dductos a9 &el @hdPzg aWith the

op significantly below that observed when the
formatiemopsuchi agglaneratedicamedilakparticles th@bqoa@mw{y&f the carvedilol
reover the Y Sicti
e e T O
agentﬁadﬂ$ﬂﬁpsmbdllty of the nanopartlculate carvedil o
p%h%%?ggmeisz}pu o ng gd:@%m Sfdélg{, Lon tsgtgp%s of the 1n’ventlilorp arg>
believe& €98 ibit kicabive @&hﬁfé@ﬁlﬁilﬁy bf th¢ nafiopartic@iar] @y‘&raiﬁlol particles
aqueous nedi um such that the effective averag

upon Fhpinitragionte @ reFMINAL SHENASHBYEARY OL BHITEY, %Séieﬂwgﬁ??tsﬁ b¥
reconstiutiGoRdidpRRiRRGMn AoiBldERRAP aqueous medium such that the effective

average particle size of the redispersed carvedilol particles is less than about 2 microns.

Such biorelevant aqueous media can be any aqueous media that exhibit the desired ionic
strength and pH, which form the basis for the biorelevance of the media. The desired pH
and ionic strength are those that are representative of physiological conditions found in

the human body. Such biorelevant aqueous media can be, for example, aqueous
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Such bi orel evant aqueous nedi a can be any aqueous

nmedi a that exhibit the desired ionic strength and pH
wohowhoéws m t he basis for the biorel evance of PO®US2007/003479

medi a. The desired pH 30 and ionic- strength are those

that are representative of physiol ogical conditions

found in the human body. Such bi orel evant aqueous

nmedi a can be, for exanple, aqueous 18 WD 2007/ 100466

PCT/ US2007/ 003479 el ectrol yte sol utions or aqueous

solutions of any salt, acid, or base, or a conbination

t hereof, which exhibit the desired pH and ionic

clectroBlté §<5l€ﬁ19ns & RARbEVIINtidHY dfanyellt, 26D WA bhde, bhe cambination
exanpl e, in the stomach, the pH ranges fron1sI|ghtIy

thereof, edsclt Mnbmtl(ddiﬂslrﬁ@ pHeand)ignigrsareth- t han 1) up to 4 or
h 4
21,310 enrf%va}nﬁ Wel tvﬁffn' 1€ alt"§oP E%%‘g% B&?gg §{orr19<ﬂh, the OH

18 co can range

ranges Broph slighthnlesd mﬁh (2 (Etur typ@ully geeater siannb)l up forbanS.i In thh emall
) .art. Fasted s fluid has an gth
intesting thg @%farbrag}g % aaé‘(faéﬂ thg clen fteARd ?’?5‘?}:' o1 uﬁo? has

erel@\r?ant R)%& s@éﬁgﬁpﬁtéﬂsoosfvell fhowh iPthbAM. BRdestite gadtriddRAd has an
Characterization of Fluids fromthe Stomach
ionic sanUgTh P akpvie). 1 NEyhile fasted stain intertingb Al hasprdenic sfigagth of

about éiéw )See 9% 4 régﬁlafdl:}]e%%p “%Mr?éténzﬁ%n' @ﬁ&d& P¥m 1HeSstBhach and

I'oni ¢ est solution s nore
ProxintdliJejupam indean hhdewcspem:,i’ﬂharmhm claA (40:0H7eH@2 (1997). Itis

) ordin , cappraopriate.pH and .ioni¢c stren
betioved fhobe i ba AR fhiathir Rruel Solb B fuPhiTRalch b e
specifitiohemica ebhitnt. SAERRANBHS @ﬁpropﬂété pH &idighis stfengthNaligaloan be
conj ugat e aci d- base alrsg§ ., weak acids and

obtamg@ﬂﬂgggh)wgpﬁr@ug spmbingfions, stggllg@fnds We@pq salts, gingle or
multlpﬁ)t? G%thé ?mﬁlbea%é @)éﬂy é.% e%.&%de%ﬂH%%ﬁ-@gpﬁ)tn'dﬁ?g salts of that acid),

I on ut are not imted to,

mono;i:ﬂ(ihcamdpblyprtmc elecarvdytag) ek concentrati on from about
001 to aboyt

| ut
BRRERTa Y9 R 2bb NS o0 PR Hisatt kN A8 sdhucons,
rangm@ﬁ%ﬁﬁ&@mta’ﬁgﬁ &k athctRt 090021 laBout 031 N;fahﬁll\}d(}l sSIii‘uuhs ,aasging in

can be, but are not limted to, about 0,1 Fﬁ% or
concenigajipn fxomm abont @PONjto ggut §,1 Me§%d mixwigs thergeh Kengxample.

electr+1gé3soh&@ Qli:a:@bé B %&Q&oﬂ{m&&% asRRots Q- 19d; 1@@%}:&& 0.01 N

or less, and m xture
HCI ot kas,@bbut @01 héH@l er lms,razbbyt @134NaGlendess, @qyli 011/ NaCl or

e
s 00PN HELG s By 0SB B oo
0.01 N B0 andior @UK}IvhNQOD @id ms&epfeséﬂtenw oﬁdl‘asmﬂ human physiological
condig e b e e B SRS estin
tract. PH 3, pH 2, and pH 1, respectlvel y. Thus, a O 01 N HC
solution simulates typical 5 acidic conditi ons. fou

d
| Rlactrele sppashiraionstL - HORNIFCH OO NN apd Qv HeiCheorrespond
to pH B?Sﬁoﬂ %Bh %H 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

approximation of the ionic strength conditions found throughout the body, including the
gastrointestinal fluids, although concentrations higher than 0.1 M may be employed to
simulate fed conditions within the human GI tract.

Exemplary solutions of salts, acids, bases or combinations thereof, which exhibit
the desired pH and ionic strength, include but are not limited to phosphoric
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approxi mation of the ionic strength conditions found

t hr oughout the body, including the gastrointestina
wolow7as046al t hough concentrati ons hi gher than OPETNSREY/003479

be enmployed to sinulate fed conditions within the

human G tract. Exenplary solutions of salts, acids,

bases or conbinations thereof, which exhibit 10 the

desired pH and ionic strength, include but are not

limted to phosphoric 19 WO 2007/ 100466

PCT/ US2007/ 003479 aci d/ phosphate salts + sodi um

pot assi um and cal cium salts of chloride, acetic

Aacid/ph%@#)}‘fgt@géﬁsa‘- §od1§1%| b§ta§51§rﬁcﬂnﬁ|§hlcﬁlﬁh%§1$§ SRIARGIE absridaovid/acetate

| ori de, carbonic acidi bicarbonate salts +
salts + so@iuanpopemagsar@maémﬁm@ah@ pliphlerifle.cagronigacidibirarbopatp salts +

sod1um {als:(s\’lufancé.rﬁ galc%lpﬁgﬁé aF gﬁlongé %‘dﬁlgragﬁyrr@&a tedalE [Fdsodlum

PECUM 3 ori I ments of
po&wthEmkh%mﬁhmamhsbﬁehkmﬂzspersed carvedil ol particles of

the inv ntlon ersed i.n a . .
P P EERRngRts B G PREHIRL EABSP et Ty Jie) @agieles of the
1nvent1%f18{=’éa§ép‘é?sea\{§ %Q@&ﬁ@tblﬁf&e@hii ®rahy bars sﬁlhx‘bme aledhitm) have an
rim |ess than about 1800 nm |ess than about

effectiuy@Gragn partiels sideaf lessdhan atswd 1POMnm dsss thapahoyh b0 nm, less
than a%tgg87g§rnhr{, Fs tl{x%gdr?])oglg P80 T%O%gs fh@x ab88:S1 008 Ak&Uhan about

€ss out I'ess than about 1100
1400 ninh,MesskBanh elssuttlB oo nad) dess tH@0bomtri 2(DQasm tenaithanbahaut 900 nm,

s T30 B0 1058 390 I RS PR iy Rl st

970 nrb, 18 tﬁbﬁ) dbo R4S 0H#, 1k&Sian hban 930 Qui, le'&thitmdeeQSO kg dess
about 920 nm | ess than about 910 nm Iess q%@ 00
than algp 934 mm,|lessghamahous 930 npdess than abows 819 H% g‘r}ﬁ“ Bt o
{H@h LH iR AQL ' dshBkh a1he 80 860 188th,
nm, le esgjmtgﬁglﬁt éa%out qg% th%rzngbgdés@gotlﬁgﬁe abouta840 ri nL I esst .
about 86nma kess tha83®ont$50L6m] b:ssthanaxhoatb%ﬂﬂ niglgssthgn apewts830 nm,

lessth%gﬁ?u%%mg ngé%a uzgﬁgggu? Qs%% esslnﬁﬁ%s‘IStE about

790 nré /RssHian |aB&66t 180aim Alesyihar ﬁﬁoxittmp rine,slsss mhmmb@hé’lﬁﬂ nm‘;(]ess
nm | ess than about

74 t.h t,73
than a7 DA 1S5OAT P0R AP dess TP A0 AP A RATeH et 720
nm, 1eE{)f’a %BQHttﬂmgnn@ss 1h8S SbSiBMV03RQ UbssGBEN ABBut!E9BS Ik, 188k than

'ess than about 670 nm |ess than about
about 6a@nmesse@ atouh6 Zhom: legs dmambozmﬁ%@xg, lepathanabopt GAonm,

less ﬂlfi&bot?thsé40trg§ ?sbt?lgxﬁ 8@&9 éﬁp‘esnng eléis thgﬁ‘gbcﬁﬂ ?9b nﬁ%%é&rtﬁan about

an a | ess
610 nibhRss taauwbobO600mm, lessthah iahqutaﬂﬁ&nmss@s uhmp ab@@sw)trmriess

than agg\&g? 5:1718?@@ t[h:‘qgs %‘E}%@ ab gést %ou?Séhan a% 3{%12%80% 540

nm, 1le8§hah@Bdut $3mMmbRE tHad Abods 52]0&&1:1 leksathan bbotit SEiDGm‘n,rtpss than
'ess than about 500 n | ess thanﬁ&ﬁout 49

about SRR B EABEE AP0 Pl esk Rk SBULEEOT: Iioh heabpuEET0 nim,
less thtaﬂ %Bo@tbw mf]iegsyfﬁhn l &St 4% aARQUhad 590&@40' 28 Sedd1Bfn about

440 nm Tess than about
430 nm, Iess than about 420 nm, less than about 410 nm, less than about 400 nm, less

than about 390 nm, less than about 380 nm, less than about 370 nm, less than about 360
nm, less than about 350 nm, less than about 340 nm, lesé than about 330 nm, less than
about 320 nm, less than about 310 nm, iess than about 300 nm, less than about 290 nm,
less than about 280 nm, less than‘about 270 nm, less than about 260 nm, less than about
250 nm, less than about 240 nm, less than about 230 nm, less than about 220 nm, less
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430 nm | ess than about 420 nm |ess than about 410
nm |ess than about 400 nm |ess than about 390 nm
woesw/man about 380 nm | ess than about 370 nRCTIUS2®7/003479

t han about 360 nm |ess than about 350 nm |ess than
about 340 nm |ess than about 330 nm |ess than about
320 nm | ess than about 310 nm | ess than about 300

nm | ess than about 290 nm 30 |ess than about 280 nm

| ess than about 270 nm |ess than about 260 nm | ess

t han about 250 nrn, less than about 240 nm |ess than
about 230 nm | ess than about 220 nm |less 20 WO

than af Qﬁﬁé%@&s%ﬂ éﬂ%%@@é’é AR31ES thanhAdua DI hm2 @s i ab8as180

an about | ess t han about 190 nin, |ess than
nm, lealibaun ai@o 17ﬁmm,| lwgh%mabp%@é@m?@smn 4@&1& 130, am, lass than

h b
about f‘ﬁ)rﬁ““r %E% ‘ieaﬁ}#?t" outm%g%sslégn géélg t an a %utth %&lrti]l?n@ i,

less thhi€58501{t 180, REOtHan 2bOutTH nm) @dsssttham alaho 5O n'kﬁ),(b,s thesssered by
t han about 75 nm or |ess than about 5 ?én
light-sgattesinednethgds; MICHEORYe ST PUFT ARPTABTHE RS r os copy, or

ORQ&Epé}aBn&p thAbE t&?édhﬁﬁ% arjadlitapleradk kinbY¥mGamdEt. See e.g.,

tested using any suitabl e neans known in the art. See
the example, sectidns afdSpPategelyei @3@5 886 fors Sohgt]%qﬁe Nanoparticulate

Compe%ﬁ%xgs 8?:%8%18&%03.?&113 Sglg?cséo@ﬁ%ﬁgﬁ S.l#o n%llcngurlf%cr? S(‘g?,b%zer
and Dfdety)l ISediven Sulfbaweinateadi | i zer and D| octyl Sodi um
Sul fosuccinate.” 10 6. O her Pharnmaceutical Excipients
Phar maceuti cal conpositions according to the invention

ngy al mhepmmﬁﬁcan&amxcwnﬁsbl ndi ng agents filling
agents, |ubricating agents, suspendi gents,

SHbemensenical componHPRARGEHRE 1o PE dRESIER MRS TiRsiss one or
more %gln& cALCRTiRy I%ﬁ?ﬂg%@ zﬁﬂ*@aéeﬁ{sf §ls @ﬁtﬁﬁgta afs, %\f%eteﬁérs,

er excl plent are knomn in
ﬂavorﬁfgtageﬁbsama:}smam‘resf bufférngveteg hgerdas,aliincgoees, effervesccnt agents,
.onohydr at e

| act ase anhydr ous vari ous starches;

and O@i‘é??ﬁ%‘@%méf SBFﬁSi‘?}@leBEé‘ﬁ%/gn i‘?/gﬂﬁ s cel | ul oses and
CEQam lés@f%ﬂhn%@ééﬁt’d A6 14 dIeGhd raté[llﬁdtﬁé‘efatﬂiydfdwn&ld
cellu ose such as Avicel (r) PHLO1 and Avi cel ( PHI

variou ztarphesk @m@ﬁapf bindingeagers g yarkayg csllploges %‘ocross-lmked
polyvzgtsj £ O%F 43 gl l cpocrfs%ﬁl% Qeflﬁlé@:ér Qv A6 @Qcﬁ@i\@l and Avicel®

brican I ncl uding agents that act on the
PH102) rammxymumefcenme spandsilicifial hercoygrissed|lulese(ProSoly

o O, & b e b 0 e pov

to be Sdrifredded, ard D 1181dal ﬁﬁcgﬁhtoxﬁi@mhﬁaﬁs Abrosii® 0@ n8kcsstedree acid,
any. natural or artificial sweetener, such as sucrose,

magne@}rmmts@ﬂaratgmﬂq;mmﬁg;qnd sﬂégpcgeé.rrﬁ‘,f(@mpleg é)é’ SWegleacrs gﬁrdany
naturdt $8 YR s zn}:e;é?e%{g} %gcl'%s {}Jc?c%‘sgrﬁcﬁgolaggﬁﬁﬁx &lcéharin, cyclamate,

ghasweet
aspartame, and acsulfame. Examples of flavoring agents are Magnasweet® (trademark of

MAFCO), bubble gum flavor, and fruit flavors, and the like.

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

pharmaceutically acceptable inert fillers, such as microcrystalline cellulose, lactose,
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25 MAFCO, bubble gumflavor, and fruit flavors, and
the |ike. Exanples of preservatives are potassium
weaodyabetss met hyl par aben, propyl paraben, benzoPcTas2m7/003479

and its salts, other esters of parahydroxybenzoic acid
such as butyl paraben, al cohols such as ethyl or
benzyl al cohol, phenolic conpounds such as phenol, or
quartemary compounds such as benzal koni um chl ori de.
Sui tabl e diluents include 30 pharmaceutically
acceptable inert fillers, such as mcrocrystalline
cellul ose, lactose, 2.1 WO 2007/100466

dibasié g;lliélh it Bms[pg%éga%chﬁi(fé§sdrﬁ/ Sr3hixitay BPASPERKE foregoing.

sacc I des, /or mxtures of any of the fo% oi ng
Exampiles ofdideenty mdludaempmcryscalumfeceﬂmsgcsswaawm@ 101 %and

h A I PH | PHI
avieefSPR R T ue itn B et ool B er b
thn%{H%Wmml AWhsi R IR PHoSKake Sdhdk; Erﬂ¢d}ﬁ§ﬂe§sq; AhRinktd); starch;

phosphat e Such as Entonpress(r); mannitol; starch; 5
soﬂnugombno%ianélbmgse and gl ucose. Suitable d|S|ntegrants
L ght | ' '
SFE Rt SRR LSRRl D oL 8, com
starchﬂpcdatfol ﬁ:d'cls trﬁailezla e&rcl'(; ana emdifidd garehey dqunamml loss sodium cross-

oo RS 0 B 62 s B B Shrervoscent agns

are efRVBEMRSO8MEs SRS crbslic 8SidaRd Al@diinatead lcabenade. Suitable
car bonat e or bi carbonate. Suitable 10 organjc, acids

organjcna@[d;dgcluﬂ@rfoyégzmlg, citrjc; tartarics maligipmariggadipic, succinic, and
alglmé Qﬁﬁé 5&1 athyd éi%s ad £ Qhifs. ﬁﬁgblegz}a%(ma?esaa%ﬁqﬁceﬁ‘%ates include,

drid acid salts. Suit e carbonates and
for exh)mplzer badiatnamrborzite) dediunt bicarbraatp] Imtasmjn garbonatisopriassium

blcarbgggtlg:'l lg]lagllé%:sgiﬂ? oﬁﬁ&n t%téﬁepm S mérgegcr:at% ee”}'f &%gn%sc%rﬁjorﬂate and
arginif@EAB0AIE. Allrelntiives, Sﬁlyttﬁ’@ Q&ﬁum&ﬁdarb@ieae pbm@onent of the
carbonate. Alternatively, only the sodi um bi carbonate
effervesnepberaple BrY PEPTISNES f er vescent coupl e may be
present. 7. Conbination Pharmacoki netic Profile
Conpositions I n yet another enbodi nent of the
i flvent i@embinationskharamepkindtivlrofide Compuitiols

g?g?gﬁsgéfolﬂ'%? gg‘xrbg l dl %tf gl'lediga%&gtgognu a %Igtarﬁ%ﬁg}é&ggﬁla% carvedilol

comp@$ltibh pﬁdvﬁicllﬁg a &Elré‘cDﬁlinrﬁﬁdolvm&ﬁb pﬂoﬁlleeasio aIlﬂﬂndtdfred sequentially

carvedi |l ol Sltl n that generat a desi.r
admirggepred o RO AREBHAL I Grcpp P v} EOMARHip{pat eenerates a

desirddfiPE it ﬂharﬁﬁ@ﬁﬁhﬁé i1E aMoP@thaﬁQw@d:Hh‘Hdﬁb?& osmons can be
sequentially adm ni stered, or conbi ned. Wi

co-adinisterash seqightially adrinpwered; @rrombined. nWidisdhe ﬁ&% Icalt"édﬂOl
compgﬂ{lgb ﬁhi ﬁh‘;o%arﬁagat@ didciP82L, tROSd R0 e Q)?'iﬁ’cﬁg bérQ/Edllol

APOSi t 1 ONs ~can anoparticul ate, solubilized
compbamensacan oy iepaphitculade, soldilized) e Isivze, mi@ﬁOpﬁn@adefe @ﬁdlcle size.

sFﬂ%ndJ; %lglgq fgwgh ete acga\ll'\%j 110? comng f gn Ao Qighd %ogﬁ Meeﬁrst and

from each other, for example: (1) in the effective average particle sizes of carvedilol; or

(2) in the dosage of carvedilol. Such a combination composition can reduce the dose
frequency required. If the second carvedilol composition has a nanoparticulate particle
size, then preferably the carvedilol particles of the second composition have at least one

surface stabilizer associated with the surface of the drug particles. The one or more
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fromeach other, for exanple: (1) in the effective
average particle sizes of carvedilol; or (2) in the
wdasEgeoswb carvedil ol . Such a conbi nati on conmpBeTHISZN7/003479
can reduce the dose frequency required. If the second
carvedil ol conmposition has a nanoparticul ate particle
size, then preferably the carvedilol particles of the
second conposition have at | east one 30 surface
stabilizer associated with the surface of the drug
particles. The one or nore 22 WO 2007/100466
PCT/ US2007/ 003479 surface stabilizers can be the sane
surfac@ﬁalﬁhzéjx‘s hebeMe amamd diatifftrehefsemsha bidrhceastdlsliza (3 pedknt in
the first carvedil oI conposi ti on. Preferably where
theﬁrstcalafdﬂﬂ@ilmmsitm of a "fast-acting" formulation and a
ILr%Pegftgly wh%?é 55] gdmﬁ n%t[:g‘f gtdf%n és? aDB5 '*1% ufali‘i%nta% a "longer-
ions are Co |n as
lastmgc Oofpn i bro1s, deﬁmd ,aatvwd formuthtiohs pr c&mstancd)wﬁtbiri 4 ipgle
Control | e?l B“ﬁase Nano tl cul ate Carvedil ol
compoeﬁh’ﬁ‘og‘?rﬁxéﬁ@ 9§ HIEHEERIORRATII®E the i nvention, the
nanoparticul ate carvedilol conpositions are

formulated into a controlled rel ease dosage form
Cibnt r oQoeérqlbﬂé&@eaﬁsﬁﬁﬂqmﬁFN@FQJ@é"Vedﬂ@l %ﬂml&@éﬁ&wse

S é?r?lgocfugll g 2{ LAGYGHe fl&{dgﬁﬁﬁzulaﬁ%‘ L2Rtai& composmons
edse el aye ease n contrast to
are foxmmdd aiite arcein&‘aﬂed naieqse slo!;agalfelqm cGonrrolledrbleast easfées include,

carvedi | ol ositions,allowd er of ¢
for ex§igpls, SR TR PINCRRCSRIC FUTPAY BieethAgd dcryed Rease
profil3C CR dnBdstitd idnRidedet«dédie BSﬁ‘lp@flﬁf)hé Rontpblidd rebdag@isavedilol
rates can grow de therapeutically effective |evels of

compq,sstrqnéc@allpm dliyiersaof caxycsiiiobte pBiIed oysr 31 fenged Repiof Qb ime
accor(%rxgy eﬁei!eprﬂ%ﬁ Xé‘éﬁl@e 'Suefd r&gasg hakSRAPHRYIde tﬁérapeutlcagy

Y1 ¢ response as compared to conventional
effective [lmmof woezijie] faramextdded pendef tipe and discroly proyisisreslonger

e f rent benefits th
period RARBBEF A of HFeBOT I OSRAAT R LT L i pigniBhal apid release
dosagé foTREl eh ﬂ&{@@ eri PdegFae Sloned Providuniok ﬁidn@dnlﬁeﬁér&aﬁﬁeﬁts that
dosage fornms, nanot)artl cul ate actlve ar% nts are

are nofjachievedeith ghe wr@sp 1B shoxhtingatmRdiRes PPaELgns.
AboBﬁBlle@fy‘éd'sQ lg Wﬁc% %ﬁ?%dﬂ@?%@ﬁﬁa’t&éﬂt%%gex&@ are described in

Conposi ti ons, is specifically incorporated by
U.S. B‘amnemlvbeatlﬁyﬂpcw(}%@m%%ﬁﬁ o ‘r@mtmeéé%eée@aﬁ\{a@apwpulate
0Si,t L.i nan r
comsREEL 70, TRGEED RSB PR YLD s
releas€ eﬂ{vé&llélld@gmmitwmm’omp'i’fses hgd@aﬂfcuteatt earvodif alpht] li:asg one surface

depends upon e 0 C r ol
sabilfis 450t 5RO TR FERTO R Ro TR TG ays ST St polymer
depenay apsn ﬁfe Sffawédrﬁﬁduh@dmg@ﬂ:ﬁnf wiliged. | n a first
ect of the invention, the nanoparticul ate

GRECHTE @¢ver%ltdlffe@§t ypRB oL eRATOU IO EE formgn dn grfigst aspect
of theq{n{en%heth%l o #»ﬂlXuIEféCdaWeﬁgblb %fe@gt' HeSubtabe SIPPZES 88@ one or

orm y coati ng
more auxiliary excipient materials are compressed into a tablet form followed by coating

with a rate controlling polymer material. In a second aspect, the nanoparticulate
carvedilol, at least one surface stabilizer, a rate controlling polymer material, and one or
more auxiliary excipients are compressed together to form a controlled release matrix.
The controlled release matrix may optionally be coated with a rate controlling polymer to

provide additional controlled release properties. In a third aspect, the nanoparticulate
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with a rate controlling polynmer material. In a second
aspect, the nanoparticulate carvedilol, at |east one
weoeund7aoetsst abi | i zer, a rate controlling pol ymePCT/US2007/003479
material, and one or nore auxiliary excipients are
conpressed together to forma controlled rel ease
matri x. 30 The controlled rel ease matri x may
optionally be coated with a rate controlling pol yner
to provide additional controlled rel ease properties.
In a third aspect, the nanoparticulate 23 WD
2007/ 100466 PCT/ US2007/003479 carvedilol, at |east
carvedfIBE 2B1LEAAR BEBE LihBifizer, ARd 0RNSY ﬂlbrd@b@hﬁyﬁxbip@d’m materials are
exéipient materials are conmpressed into the formof a
compressed irte e fqr@mfétmp}t]l@fer tabletpaior ﬁgc%qng with ggate controlling
contralli
potymaistel | 143 R Rt IR} S i AR ATRERast S
surfacé §tabilizbz&e d&fp@rﬁd smalrste @dontholding @blaymm'nmrtomm ang qooipyessed into

mat eri al and conpress into abl et . .
a e et | ByePotee o apinaly v seRbl el ekt songrotine
polymé%ﬁteﬁgmor bl idGddRRINYNEInt ISNEE Ed184selfRopdiridd. d@ an alternative
ditional controlled rel ease properties. In an

aspectaa fist bapter iresuchapasitilayer tableticompyises # gortrRllpd yelease composition
accorcmiJ {o tjhg)ﬁ%enhgﬂ laﬁ& gQEGHd' 1566 Brfp?RRES 2LoBRntiEhARBve agent

rtion to the rnvention and a second
conta1hmgecbmpmnmns(eg ,a:ar,\@duemn adifffereant tacbv@ agy‘:eﬁt such as an instant

cont ai nji.n ition (e.
releasgPRBPRIT T AL Agestty nE ot aRotFe bueallt g = byestms
surfacE 9BRFet hi@NncdrPortdd intda sinpRAkyeridr enuliRgpatablet ubmpﬁsmg
carvedil ol and at | east one surface s%ablljzer aBF
Cet

osmageRtHITONEE@ BY PAEE REENANSICBPERNC VIt INE FTRYBY ™A
memb‘feﬁwe?‘?ﬁr&gan 8@5@% eﬂtthﬁ%ﬂbl&m% tﬁé’ sél‘nﬁ cABlc'BambRne is

I IThr ane e sem - per nmeabl rane definin
permeabledo atluezms nhawlig,sush em’g@dnommtulahﬂusiénbutpbﬁrf@éﬁﬁ@lea le to the
Poorlygnghl}lg Wi"&é‘t‘? erlr]re]ﬁ?ﬁo tlonb r%ﬁ%%ulﬁsoqgeg'tfgmel f ﬁg@%ﬁsﬂn?nc delivery
systenid e el PRy insibe dfl eheriry dudiod offleid thrmghlthd: s@mni-parmeable

en in other form Such osnptic deliver
membyige CoRFRAHE PHIEHEN 1 PYCUABSAR Te P SPBrop! T gHey o Brifie
deﬁnetdl'ﬁr?gtﬁg Re il BerniiblPREBARIES In HRINA 35RcE NS ﬁ&ldp‘ﬁﬁlcula’ce '

ent to swell thus driving the carvedi | o t hr ough
carvedihdg, z:irlczfst ore suiEcestabiligers one of enPreEKHARD PXCIRSHS, aRfea rate

contrcllg%Pg’ll )r(rgetl] rr?a%?r?acitare %J}Ebllgg %gg%ﬁlﬁg%gula?@fo\fﬁld'fﬁ at

ne surface s I'zer, one Or nore auxillary
multqﬁﬁfﬁmﬂatertbﬁn paeferably caimpri’s@s dmotate:)pantln@smﬂlgctm miratabtets jor

are co d.in tic Iat form
combig PRI CC L BOr G r-ebe ot (eabifipRigual Bopapey be
encap@ﬁlﬁfeﬂcfcﬁ%xalﬁﬁlé iathard 6F §uft g@lbﬂuﬁéﬁnsulb@ Alenbitively, ans
hereof. In a final oral dosag

multlmlgqlgrgrfprr@ apayt e msqmmom;?d o oéﬁegl l&iogflgedforfnarsuch as a sachet.
In the 5800 £niuflt e;fl@f ichife féﬁ'fx ol ?L‘l@ﬂ]?'ﬂil&@&@ phRiles or pellets, the

ternativ a multiparticulfate form my be
multlpmwlpwrihna dnaynbmccunmﬁseﬁ; optionaty agth dslifienal gusiligey excipients,

into tﬁ%fgg% %f ! et&r g tegct%ggp%gs%{ac? ]érruq't Sﬂ%‘lrl&lblg t 1%18%@% %pﬁ&rlemy be coated

with rate controlling polymer matenal so as to provide addmonal controlled release

properties.
The choice of a rate controlling polymer first depends upon the type of controlled
release system to be utilized: i.e., a coating system or a matrix system. A rate controlling
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mul tiparticulate formmay be conpressed, optionally
Wi th additional auxiliary excipients, into the form
wohod7abdets. The conpressed nultiparticul ate tabraS2006903479

optionally be coated wth rate controlling polyner

material so as to provide additional controlled

rel ease properties. 30 The choice of a rate

controlling polyner first depends upon the type of

controlled release systemto be utilized: i.e., a

coating systemor a matrix system A rate controlling

24 WD 2007/ 100466 PCT/ US2007/003479 conposition
compoymhllﬁma theth GO Ing@?% g%ﬁ%ﬁﬂbﬁs@b%eﬂtlﬁ@kd’rﬁﬁa {va&k insoluble

bactkboné, such as
backquel suchl dsypobyea Friongthadrplpte) oas arateeatoding pilymgy Water soluble

potym 0y A P PR e (P PLTEY B PR g oLy o v

used i &aBhg sgaBms) KA they musesd used ﬁxoednjmgctﬁmstrm ,polmilertth&tyforms a
must be used in conjunction wth a #? é@l ;

water igsgublgthackborsgPatAid aisaakBlbieiesss Fepedtiotn o e Water

solubld g«{)l?ﬁﬁ?s POPRARIPH @ Bre k1484 it b chbitth\BERIM inSBk UBkdice of a

mers PVP and PEG are utilized 1n a coating system
polymemhat@rmbaemta ipgolublegukkbane, theaesuldngreormpogitien is an immediate
1 i nsol ubl. e backbone, the resulting conposition is an
ree&ﬁ?ﬂﬁ%ﬁ 199 [ el ease conposition. Matrix controlled
I M1aB@6 CoydledtbleassysRensaganase as & rato noited!ling gohwhermewater

s e e oS b S AL SO
Water Qeﬁﬁ%ﬁyﬁé&j’bﬁﬁ afl lﬂ?&x‘gg?ﬁlm)PWéellﬁﬁJsE P@? aﬁﬂ*ﬂﬁro&?ﬁopy]methyl

pr opyl met h ose (HP have varéé
celluldsg (HH®4AC) hﬂrvemmeogl‘ grado qyimelec a@wexgbt%bwhafw plgntveight

polym rés%{zr?félﬁl v&}rceouV i sl\érlo‘gg O Seoud %glsﬁ%glﬁﬁxgg ﬁéhﬁ%&?ﬁ:o@ﬁhés control

oM SUC 1yners <contro usion o
the diff@i6n oﬁwdteel Bﬂ@ dngy Ielmea, ppochating natp coat!lngpropbitiengSee

w properties. See 15 "Fornu ' ntro ase,
Formpjaiipenearrione  Bieans WD MY BB e s ER The
Dow éﬁmmogg 3995)1995) Exenpl ary rate-controlling

pol ymer s |nclude but are not limted to hydrophilic

pEkylwe}asy raigrapeipibing eopereparinciudedin arf nat dinaliedoio hydrophilic
d
polyme%/ Bg@%?gll)lﬁa %@ﬂm’i‘éfg lraglgg'he A eggfr %{)?h(ibtlp%d A &opRRaPbfmers
that are@apatsé bf Mmdlngjlhs a@easfemfwa@@drbél firdme 4 crwrmqsntmn or dosage form

Parti.cul rate-co ners. for
of the iyvering: BariplaByitsal HeEroRapl B nobtadS S Binkeh stfesfive
control el lreh b fadMedils! follloang amimgiﬁmhamluaxpmt e:alc(agds ffzum
arabi c), seaweed extracts_(agar), pl.ant seed ggys or
u ereal gums

arabic)p pepaefbextrastilaegilng! antcsé?%gvmﬁeﬁﬁmctlgseér ghrsgu
(starclie%‘} r@{]ﬁ%th@%y%ﬂ'ﬂ? (c(&%ﬁj' %ﬁl)mal%%cm%'ts (%EEQHY t}ﬁldroxyalkyl

al k cel I ul oses Such

celluldsed Boc&ymhmwxmw)dlcggeloéﬁ-ﬁ@@ ﬂnydmyy@vh%llué@q(éﬂ%e
hydro&ypro}nyl methylcelluose (HPMC), and sodium carboxymethylcellulose (CMC),

guar, pectin, and carrageenan. Additional polymers include poly(ethylene) oxide, alkyl
cellulose such as ethyl cellulose and methyl cellulose, carboxymethyl cellulose,
hydrophilic cellulose derivatives, polyethylene glycol, polyvinylpyrrolidone, cellulose
acetate, cellulose acetate butyrate, cellulose acetate phthalate, cellulose acetate
trimellitate, polyvinyl acetate phthalate, hydroxypropylmethyl cellulose phthalate,
spylmethyl cellulose acetate succinate, polyvinyl acetaldiethylamino acetate,
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25 hydroxypropyl nethylcelluose (HPMC), and sodi um
car boxynet hyl cel | ul ose (CMC), guar, pectin, and
woaneragesnan. Additional polyners include PCT/US2007/003479

pol y(et hyl ene) oxide, alkyl cellulose such as ethyl

cellul ose and net hyl cellul ose, carboxynethyl

cellulose, hydrophilic cellulose derivatives,

pol yet hyl ene gl ycol, polyvinyl pyrrolidone, cellul ose

acetate, cellulose acetate butyrate, cellul ose acetate

pht hal ate, cellul ose acetate 30 trinellitate,

pol yvi nyl acetate phthal ate, hydroxypropyl net hyl

ta! A8 tdMhkr Sigtabld optelipslymers

pdywﬁﬁ?@?ﬁgégk@%émséﬁﬁﬁrngé%?%Igpethylan1no gﬁgtate @ng
includ&\EoBOGETY m@ﬁqﬁ@m@ym@gﬁgowcbﬁgmmryhc or methacrylic acid and their

aIk | met .
cono SRR VAT B B PO R A5 Bk
contronﬁ%oéc%ﬁﬁé& daaevrsed fir mmlanatycbn CTlow pwimrh&ﬁrry Icomnwﬁcndlly

their _respectjve esters, waxes ac, an
availalplp and/(os sar be PrepgEad! teclytigees kpgymgp TR 1 at e

controlling polyners can be used in conbination. The

pg! yne% &ﬁhﬁ% GdiBbhY USe Al | abI e and/ or can be
repar [ art. :
?:ar \F/)edl n:ﬂ‘lz%r?r%o& .L@ﬁ‘se reg&/g, &g Conj uncti on with O her
ve Agents 10 The ca d
;Aﬁ.b% ﬁiﬂ'vs%?(g Cﬁ)n’goé)al-ﬁons ﬁa \éemlvéncaorn C%[e{pigﬁié}olnrgw C&?‘lg;ly one or
more Mc&&éd&ﬁﬂlcbﬁipoﬁﬁmm:tﬂd:in ueeﬁmg hypertensiah) amglgestive heart failure

hypert ensi on, ti.ve, heart ur e
(or vl oS Mt SR S o el 8k, e
carde)(&%[rl&'tH?éo‘?&ér?f Qhr8Minfectidnsl caﬁ@érdlbs‘%&%‘e'é' cﬂfrelitéim&xﬁftﬁins The
viral infectidns, cancer, hoses or rel ated

compasitintistdfdhs invehtion gmm-fq ated withesuch PEIRE Retiveagenise O the
compdioRidRth&lfntby fad BE b SR Bh fSeaRARb Y afihidilErckin

€ Irnvention can ni stered
conjmﬁftl&xaqiuleeﬁdlﬁédtiyeagmtmi stered in conjunction with such

f h | ud.
o Fareaos T el o oS RS, BeEee Tk CHURESPoghs By PE P
(choletsﬁeﬁ’flsécsfe’i‘ tﬂ%h@ﬁe?bf'&elh}"ﬁﬂumﬂo% fe. é eto@eetrabﬂi)?ﬁidl@a%rb) lowering

estero ovverln ounds . g., ezetlmbe
comp(nm’dsl (e )e)z;tnamq (@ype@@l apgg ng{g@masagegtSaﬁﬁaﬁgs oF HMig; CoA

educ y ves, ACE
I T
arBxamphar dfemﬂhym'tanswlem dxeludeubut&ure noolimitedria éldler@s ("water

pllls"ﬂ :bg{?%{) er%laﬁ—g a¢ Irsll3 :ag)élﬁ &egaeélgyﬁedg,f%g{psa&heﬁig rn\?rve inhibitors,

anglo’téih@inmotn%ﬁmg ARG O (R TH) Mifibitvte/ dalldigmestayng Hldhkeys, angiotensin
i nhibitors, cal ciumchannel bl ockers, angi otensin

receptos bigekers (Grenal Srasliqal pamg POEIORNSIR-2-Fefeptor antagonists, known as

" 3 n-2-receptor antagoni sts, known as 25
Saﬂaﬁg b?:;ﬁéﬁj for short).

Examples drugs useful in treating hyperglycemia include, but are not limited to,

(a) insulin (Humulin®, Novolin®), (b} sulfonylureas, such as glyburide (Diabeta®,
Micronase®), acetohexamide (Dymelor®), chlorpropamide (Diabinese®), glimepiride
(Amaryl®), glipizide (Glucotrol®), gliclazide, tolazamide (Tolinase®), and tolbutamide
(Orinase®), (c) meglitinides, such as rep.aglinide (Prandin®) and nateglinide (Starlix®),
(d) biguanides such as metformin (Glucophage®, Glycon, ), (¢) thiazolidinediones such as
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Exanpl es drugs useful in treating hyperglycen a
include, but are not limted to, (a) insulin
woOBRmTbo4aor ), Novolin(D), (b) sulfonylureas, SBCHI/U&2007/003479
gl yburide (D abeta(& M cronase(r)), acetohexam de
(Dymelor(r)), chlorpropam de (D abi nese(r)),
glimepiride (Amaryl(r)), glipizide (Qucotrol (V),
gliclazide, tolazanm de (Tolinase(r)), and tol butam de
30 (Orinase(r)), (c) neglitinides, such as repaglinide
(Prandin(r)) and nateglinide (Starlix(r)), (d)
;)i guani dﬁf such as netformn (d ucophage(r), dycon,
iglitaz A aPGR QU@ Sand c8§1844180G06rs, such
rosiglifgzg %gzoog?gc‘f%jﬁg*gﬁl S_glosi S prrrdyhal: s
as acaghosg)(Rreenso® apdmighitol (Glyset®). (f) gl ucosi dase

i phi bitor C G .

RO e 55 S APSE AR o
to,~lov|6.§idﬂ1¢ {1 adoR®), Rilioos®); privustetin (Ribvahel®)tsithvastated(Zocor®);
ST NS A IR —.
ones agﬁ F%M?%ﬁ\%ts,' a5 c{igdlgé_ep qh (D%, PRENAE A 647,576); fluvastatin (Lescol®);

ubstitute yrrol - -yl )al kyl'] pyran-2- ones
fluindestatin €Sandaz Pke62-389)diysedobs anilogs afng:vapenobsstongoderivatives, as

asecgi ST RO P BT oo o o b,

Baycog®)’ l@ﬂl@ﬁihkﬁﬁ%\iﬂ%&%i%?%ﬂé)ﬁﬁh@ﬂ&@c acids, db siidcised in BuR@Ean Patent

491223 Syt 5 OIS B spgioic Beid BeriVaive) T

dichlogé(e[éegﬁé;q&m&%@%ﬂaﬁ%%@%&aﬂﬁb%ton@?asd&ﬁﬁb&ﬂeiﬁ BQT application
uropean Patent 10 491226A; Searle's SC-45355 (a

WO 88/050641 3-carbedy femtdaorsapwipsneaphesphienic\egid dasivatives, as disclosed in

rrenc RSB O RE LS8 5T 3 A Pl Bufthenl Afives
as discggﬁﬁ{/ i?ﬁ«gggedmym@xmmﬂmm}qphmmm naphthsd analogs of

mevalpheiaEicaods S8 S LER M AL CFPHHoRapfyhalenes, such

as thok'HRPREALINAS'd. YatehV Re: 4,6lg§,2gbsl€ét@§ﬁéio%§?ﬁﬂéﬁﬁﬁﬁﬁ (lovastatin), as
y

atent Application No. 21025; napht anal ogs of 15

disclosed al Baropeast Patent Applitiation dive 8, 1143, 146 212; mhosphiniqpcid compounds;

4,686,237; :t C , '
rosuvig i (o afor RV LRI AR J il g le MO ERR) ductase
inhibiedrsmevi nolin (lovastatin), as disclosed in European

Patent Application No. 0,142,146 A2; phosphinic acid

compounds; rosuvastatin (Crestor(r)); pitavastatin
D. (RidAyaditibns as well as other HMG CoA reductase

inhibitors. 20 D. Conpositions The invention provi ddef'

c JhsdByetionPreviApT FANPRFIIRINGIPRIRIISHR %@P@%IPG@E? fayedilol
particPe%ra?nld%lt ?e%sta(%{% Q2 83bi1RREe ?HH’ §\AfRe STaBiidetZRE priB@bly

abi bl d bed

surftace st lzers are prerera Yy adsor 0O or
adsorbst osradseatiated Withithe sunficeod the carMeditod padtitilgso| Surface stabilizers

useﬁlpﬁerrte{nc oer‘?dt c lérrrfic?a‘fl?' rgetlc% Q’Jfljthl thecarvedilol particles or itself. Preferably,

individual molecules of the surface stabilizer are essentially free of intermolecular cross-
linkages. The compositions can comprise two or more surface stabilizers.

The present invention also includes nanoparticulate carvedilol compositions
together with one or more non-toxic physiologically acceptable carriers, adjuvants, or
vehicles, collectively referred to as carriers. The compositions can be formulated for

" injection (e. g., intravenous, intramuscular, or subcutaneous), oral
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25 useful herein do not chemcally react with the
carvedil ol particles or itself. Preferably,

wondinviogsal nol ecul es of the surface stabilizePCaus2007/003479
essentially free of internol ecular cross- |inkages.
The conpositions can conprise two or nore surface
stabilizers. The present invention also includes
nanoparticul ate carvedilol conpositions together with
one or nore non-toxic physiologically acceptable
carriers, adjuvants, or 30 vehicles, collectively
referred to as carriers. The conpositions can be

adminik@Aatidd &t RMUidf BGuid] & 2edd0D forfre vaginal, nhsavenal Hcular, local
i ntramuscul ar, or subcut aneo

(PowEIB TR BEF P BB LR OGS e R Recioneet 6 (ppies |
admml%ﬁHnQT akxh‘i*lﬂe% ke Oﬁfor%?é tROEIhp R RIS thd@SBhtion can be

ocal pomders oi ntments or drops
formulbtedc #h) foir aﬂmmstsatmlectadrﬁr@mﬁm ZroypEgnsisyrg ?f)@‘iab gulmonary,
str |on and the. | i.k
B
buccalf ﬁz!isalidﬂ'k:nabjﬁi fo@ldal)itlrﬁﬁh:ﬁﬁheﬂ (o) (i)rlitbtahk:sgg&)fqmncs;emcjte;itﬁrcng the
of or al ul pronary,. 5 rectal, thalq1 o{ %h

group E)%‘?Sé?ﬂr’@r hqui‘chfhlsﬁfgﬁlé’f‘ér%ﬁll suspcms Qé’@’a%‘? ﬁéﬂeroso s, oinfrhents, creams,
tabletsI Qﬁc{ é’zg%{ﬂego(fﬁ fto ald%‘éﬁée’ forrﬁ Weeeled 138 Mo gr@h%) condlftthg of

mnistration; (b) into a dosage
controﬁedl e&ieae;é fomypltetions, fagt mg:ﬁ ferpulatiens, éyqﬁnlpz;e&lfpgnulatlons delayed

releas%fom%l{o%rs] Séxte rd%d réc'lgg efpﬁ'l'ngﬂﬁorﬁ% %'uﬁatl%%%%gg §erulat10ns and

, a capsules; (c) into a
mixeddasagRatt @élﬁa&&ind(cbﬁﬂoﬂdsd)tﬁdabefcgnmlmlmngn (sib Any combination
controll ed rel ease fornul ati ons, fast nelt
thel-“?Oforrmlatlons | yophi | i zed formul ations, delayed 10
rel ease fornulations, ext ended rel ease formul ati ons,
pul satile rel ease formul ations, and m xed inmedi ate
rbleaséﬁuwdd%@ntrolled rel ease fornul ations; or (d)
%r\ge%ﬁgi O3B LR o &Pﬁﬁﬁiﬁg Ise, Q%%%ﬂo%g pilésecﬁ rs&%g-b}y@{alhne
eIna crystalline ase an anor phous phase,
phase Seemmmmsﬁpabhs please,| pir&sm;xtares dmrédrm"ﬁsplhﬂ@dshe}:ﬂmastée t@m a
ures thereof used here
carvadilpb Yermome s AcaS St auBRs O Fse D sheh B Gy
carvedif] 4R8idr 8\-)-cakilas uR(ld‘dmg ep1idNi dctive Md@Acds, hydroxy carbazole

cervanyeh o v beplign gl seop el 8§ pyFH S Survatves

theredthar maceutical ly acceptabl e salts of carvedilol, and
erivatives 20 thereof. Carvedilol is a npnselectjve L
b Cadvestilet is ndriselekiiveyb-adenergid bleckinginigesikwvitly agblqckingactvity.

Itis (:% %1%@3%@%&%&@3?;?%{5& %ﬁ#ﬁ&l#y) ithg}]ammog 2-protpanol Itis

a racefnit agRtire withxhe feloaing strigufeol | ow ng st ruct ure:

OH

'ouym&mwwu&mm—g::>
N .

H
Carvedilol is a white to off-white powder with a molecular weight of 406.5 and a
molecular formula of CygHasN2O4. It is freely soluble in dimethylsulfoxide; soluble in

methvlene chloride and methanol; sparingly soluble in 95% ethanol and isopropanol;
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4- CHZ-CH CH2 NH CHz-CHaO -30 \ N~ H 25 Carvedil ol
is awhite to off-white powder with a nol ecul ar wei ght
wohoweof6and a nol ecul ar fornul a of C24H26N28dT/USR007803479

freely soluble in dinethyl sul foxide; soluble in
met hvl ene chl ori de and nethanol; sparingly soluble in
95% et hanol and i sopropanol; 28 WO 2007/ 100466
PCT/ US2007/ 003479 slightly soluble in ethyl ether;
and practically insoluble in water, gastric fluid
(simulated, TS, pH 1.1), and intestinal fluid
(simulated, TS wi thout pancreatin, pH 7.5).

shghtl}C%lMSl@' ih @thyl ERFBLE prA®IcBNY insBIubleinl warkt, \gastricfhii@ ¢fimulated,
can be.made accordlng to established procedures, such

TS, pHhk. 1), troddnigatingl flovd (smulated. BSwithoul@ancgatin PHHé»)-
S?Jr&gdﬁ)(ﬁglsom%rsamg%l -8 aﬁem@atﬁ%% t053of c%ﬂ%e%Z&oac%gﬁth{d

are speci y I ncorporated by reference.
estabhﬂled@.tbéahmesssudh 2iS| thes&ddﬁnwdan AbByPateitcaNem WGQG% 81780469;

. T S

refereﬁcgan one surface st abl lizer can be wused in the
i nvention. Useful surface stabilizers that can be
enpl oyed in the invention include, but are not
l4mted, {'ﬁceg &gani ¢ and inorgani c pharnmaceuti cal
exci pi ent’s uch excipients include various polyners,
I Bwferablgcthﬂealanmrghmlaml qag\(ﬂdéolscommsmcms qfrtb@uwgtmla?fé}npﬂse
act face
at leasf g BiFee B Carpiiong of PREE b By shARl Lokt n be
used1§bl{ef1ﬂ0&x&r&n$ Representati ve exarrpl es of surface

t abi | Lude al b b
LR b s AR A A ORI 0 AR P G e bt e

not linYEH QX ¥REWR Bt 4hd 08t daticItRrmaRAcNXMpidfts. Such excipients

yprofel I ose), hydroxypropyl cel | ul ose,
includp orhlyvumwlwﬁraa Lol ordecudasabeightxdigomers; inagispk prpducts, and

surfac?ag lesnﬁl%rg/ s)liﬁ?t%lag gl%lﬁﬂlzgl% 13‘51{1@6 n&ﬂﬁﬁi’c r‘10|'r110<1e %hfo%& catlomc and

ran, gum acacl a, est er ol
zwittehbﬁ@aﬂm@tﬂantsst eari ¢ acid, benzal koni um chl ori de,

c C|mnstearate C ost.e t ast I
OIBTRISCtR SrRHeoh SERGT SPPUAY ‘GEae EPRRpARC LA but ot
hmxte@% Blidan sGRhYABURENNAEHEViAE Kiblimkh, R dEoxyPrébyl ni&l@}‘l@élﬁilose
et hers such as cetomacrogol 1000), pol yoxyet hyl ene

(now kagywoas bynromeHpsas hmgxmmﬁ%lwqqywwnghwaéﬂ%a??@lym
lauryl %ﬁffgte,eéltog{yfsuﬁ%s&cmatta%elatm, 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 deriva“cives, 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., Carbowaxs 3550%® and 934® (Union Carbide)),
polyoxyethylene stearates, colloidal silicon dioxide, phosphates, carboxymethylcellulose
calcium, carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose,
hypromellose phthalate, noncrystalline cellulose, magnesium aluminium silicate,
triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-tetramethylbutyl)-phenol polymer
with athvlane oxide and formaldehyde (also known as tyloxapol, superione, and triton),
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25 commercially avail abl e Tweens(r) such as e.g.,
Tween 20(r) and Tween 80(r) (ICl Speciality
wa@heoriioedes) ) ; pol yet hyl ene glycols (e.g., Carbeaans2007/003479
3550(r) and 934(r) (Union Carbide)), polyoxyethylene
stearates, colloidal silicon dioxide, phosphates,
car boxynet hyl cel | ul ose cal ci um
car boxynet hyl cel | ul ose sodi um nethyl cel | ul ose,
hydr oxyet hyl cel | ul ose, hypronel |l ose phthal at e,
noncrystal line cellul ose, magnesi um al um ni um
silicate, 30 triethanol am ne, polyvinyl alcohol (PVA),

po]oxﬁn&ga ele SPRnbAES ROER Ayd PLIR, Wwhiddredieblqakd QUj]SBIymeré\bf kthylene
ne oxi de and fornaldehyde (al so known a

oxide and preRpishe oxidglmodpramingiieig - Tasropic 9%’ RsoJee s dpgramine
908®, ggé!hﬁ?ég%%fgrg&%%% bIBek @ r écﬁi\gtd frdth 46 nﬁﬁl fcﬁg’lﬁéﬂ of

are ock copol yners of ethyl ene
propylelxe oeidandd pﬁagtwﬂemxmemoledeblenegtanmna @A@E Wefa@dotte Corporation,

puoh K15 19805 15240 S PGP A hpons

200%, whwn 1§%ﬁla\ﬁ{}11 kAl palditer oflféifate Rk h@mmaasg; d)eocﬁarsdis F-110%,
hyl ene oxide to ethyl enedi am ne (BASE Wandaqtt

Whlch@bii poKhre ehsuckososiasraip ang sugEsy Jistearpts (CIR % 8( r

n t ® 01
o BRI AEATS MY o prroipinp or Sy 1 ot
Chemizal$, Smasprd, aTodé:mc@staFSLW(@r(}:roda,gﬂmh and SASRKECG, avhigh is

crar I L R e B A R B

methy%lhéhﬂu@@(ﬂ )ie@'l @[élaﬁﬁ%n&ﬂecﬁﬁkcflﬁ-mmaﬁimla n-dodecyl
Crodestas SL-40(r) (Croda, Inc.); and
B-D- gBmggﬁm@amdmrtﬁodeg;yl]_[@)-D-maltomde, heptanoyl-N- methylglucamlde n-heptyl-

o oSSR SRR g oot

nonan()ﬁrﬁrgb ?@D&’daﬁﬁ@élrﬂﬁoylrﬁ-—ﬂ)egmbo;{y@a@sm bc)t}amﬁn@& de;
n- dodecy %Iucopyran03|de n- dodecy

memngump; @@mévﬁ egiueanyyanoRidaeedtyl @%Qaﬁglﬁeopyﬁawmey PEG-
phosp%:ﬁﬁ% dgfgﬁs%eaﬁ%%gi %%G Qh(ngﬁé%i dér:i)’v&a'vg hbeal H&Sﬁhq@ PEG-

ucopyranosi
vitam OB dpsydynis; raeidoyd gipotyanérd ef vimyhpyrrolidone and vinyl acetate, such as

- c si de; octanoyl-N 15 net hyl gt ucam de;
Plan‘Pf‘e@:?g‘Jﬁ %‘P%&’ﬁqﬁ?opyr anosi de; octyl
(Bx iEsQﬁ"u@@ﬂP&&tﬂﬁ@@ Eideice BEGiliARomphide] Pitdre not limited to,
PEG- chol esterol, PEG chol esterol derivatiyve,

polynm@;bwnoérm?rwo prcsharidegfeuiosios,algygics, Phoghbelipids, and

Y \Y L
nonpOQ%Hg}xé’ g@xﬁéﬁ)\%&dgo%ﬂ%ras@ég%%{xélﬂgﬁlgb?%grs iﬁ@lé'.n gxfég{n)g )g;dlréxum

anthryng pﬁmdlmlan|Cbmr1ﬂescatfomxepfmsab¢lmlé% chitpses) pelylysge are
polvaﬁ%g%%oh% I,pob'%ren Jﬁm%tha@%y‘l)&g ltr?ﬂ@(h@lammomumbromlde

bromilds gBMIMITMABS), h&f}ddesphﬁﬁﬁthyﬂmnmmmn’pmmmds (HBMABa,sand

zmntterlonlc tabilizers .
polyvidmiaiidogger %Pm%%mosﬁyg E‘e¥}€ﬁf¥q%tﬁ %X‘“E%éf L %t? pi ds,
CRih@S@Rfu1 RetiFhik StabBlizerPRhidb Biltiakd fi@aithRed RO yluRa tipids,
pol ynet hyl net hacryl at e trlnethylannonlunbronlde
sulfonium, phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammonium 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
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brom de (PMMIMABr), hexyl desyltri methyl anmoni um
brom de (HDMAB), and 25

weoabomioowsh pyr r ol i done- 2- di et hyl am noet hyl net Ratrgk@yre03479
di met hyl sulfate. Other useful cationic stabilizers
i nclude, but are not limted to, cationic |ipids,
sul foni um phosphonium and quarternary anmoni um
compounds, such as stearyltrinethylamoni um chl ori de,
benzyl - di (2-chl oroet hyl ) et hyl anmoni um br om de,
coconut trimethyl amoni um chloride or brom de,
coconut net hyl dihydroxyethyl 30 anmoni um chl ori de or

o8 S P AP AR g o

chlorldewiﬂmmyleieh ybccmmtrdnn@thyldiyldmygélybamm(mwm@hlorlde or bromide,

s G BB SR RO S AR

chlond“é“dr%bﬁedeona\bymmféﬁayl (atwmdm ammonmmmloﬁmﬂmmme N-alkyl

thyl sul phate, |aur di net hyl
B I R Y M
chlorlcge)["@ {é'tﬁéﬁé{}he o Zétt?&@b%zyb&ﬁﬂoﬁﬁlm Bhl%h'& hnoﬁloﬁmgir:b%’e' 111meti1yl didecyl

ammoni um chl ori de, N-al kyl
ammo8Biuth ddbhgit M@Mlanéﬁﬂnm)bdnnemyﬂ éma@@ylmethyl ammonium chloride,

trime RS RANGE fal TR PSRN A BRRR G ity |

ecy anmoni um C

dlmetﬁ\ﬁ&hkl)bhu.ﬁlﬁ] dal(s@léin’jﬂlk}m{élthm hhyhodxuma;hﬂdr}der;'eﬂhyylamqhm ni um
chloride, tri rrethyl aB'rm um h

alkyanaqdp@lﬁ(y}q@ O A1 eﬁw& %I'teéil W kyl ammonium salt,

dial e@érféy&ﬁ‘lm%rﬁ&h%ﬁ{ dHorid @ W-HdetbyltiRéthyl animeBitinyBhloride, N-
[ oride, ethoxylated 10 al kyam doal kyl_di al Eéll anoni um

tetradgazlchmaﬂmmlnaremam @héulcterm@wyﬂraé%%ﬁw Cyz)4) dimethyl 1-
di. al I
aphtlwl_l 5 giéfc 5%9&0%%%%#’}0 a%:ﬂwcwweﬁﬁéﬁl ammonium chloride,

dialkyl Bémdeﬂyylohrmbhyﬂnbéﬂwﬂe ammrmmthyimrmnpmelm chloride,

al@lbﬁ%@ﬁ%ﬁ%N@Hﬁ;‘hg’ﬁ&g 6"#?4})(‘) thyl ammonium bromide, Cj2,

Cis, (ﬂpﬁﬁﬁé&hﬂ' d?ﬁﬁlhﬁilﬁ@ﬁﬂﬁldéé%ﬂédym&E&Mﬂedgl arn@hc&inlﬁyilchlonde

benzeneal kyl anmoni um chl ori de auryl trinmeth

poly-disHsddimathdamgqrden chiprisleIAJIMAS), dunethy] %ﬂweﬁ%m&hb“des’
alkymﬁg%gﬁno&wwgaﬁés, g TR M ATERRbMIDEsale,  Cl12,

trimet ammoni um br om des, dodecyl benzyl
decylthlmeeh)ﬂythmmtumbmmnuiﬂ d(pded:gltnethylammommn bromide,

tetrad rlr%'t% ﬁ dér? ?‘S}rnn cﬁﬁno 7 ale Sull ?H({)%lﬁﬂl imet ﬁiﬁ{@@nde (L‘?LIQUAT

336TM™) aPODE"QIﬂiASF 10M| &ﬁ’éb\htyrmhhtyﬂuuﬂi’hfomldﬁnbehi)d itiiohethylammonium

bromlééd‘é‘{s)il;'llﬁ ggtt@{q.ép{ghng% b rﬁ?tsﬁl (g" é‘attszﬁmds) benzalkonium chloride,

stearail&;n'ilﬁﬁ QAMridel JORigOuhANTHRGh Hﬂt@&?[ﬁlﬂﬁmnﬁ‘ﬁbhwnde and Di-
trioctylanmoni um chI oride (ALI QJAT 336TM, gJ ij’
stearyldimoniure chboside) cgpiiidimiuse brmede o ghlopide, hallde salfs o

v At ARSril
quateﬁhoﬁeye)&% Mt Y am bdgﬁz‘gﬂf%mm chltaorl dle

Chensi¢at Sloahpany), wbkyd iplyo dingen cality @omoks, feaicts adlsylamines, dialkylamines,
alkangltaxen?rrl sI %)cr)fyn&n ienepglr}]iar%meg GN% %mla(ylammoalkyl acrylates, and vinyl

pyridine, amine salts, such as lauryl amine acetate, stearyl amine acetate, alkylpyridinium

salt, and alkylimidazolium salt, and amine oxides; imide azolinium salts; protonated

quaternary acrylamides; methylated quaternary polymers, such as poly[diallyl

31



10

15

20

25

30

stearyl di roni um chl oride), cetyl pyridiniumbromde or
chloride, halide salts of 25 quaternized
woabyroysst hyl al kyl am nes, M RAPCLTM and ALKAQUATTNAS2007/003479
(Al karil Chem cal Conpany), alkyl pyridiniumsalts;
am nes, such as al kyl am nes; di al kyl am nes,
al kanol am nes, pol yethyl enepol yam nes,
N, N- di al kyl am noal kyl acryl ates, and vinyl pyridine,
am ne salts, such as |lauryl am ne acetate, stearyl
am ne acetate, alkylpyridinium salt, and
al kyl i m dazolium salt, and am ne oxides; imde
ok hinREKI4Fas]; 488
S e O A i i e
cationB1guAD 2007/100466 PCT/ US2007/ 003479 dlnEthyIannDnlun1
EP%{ L de lgxgldc sLuN’agg gtgyl 1zc¥1js %XJ:\ obhek lugé yﬁ]omc surface
cat onrc exenplary cationic
stablhiéﬂ‘sfaa@@es&ha&l in Zz @rsssaid EltSiﬁgeruG&tﬂmbzc Satfucrants: duniyticel and

o o S LA A e SR B
SurfacEHﬁtls URL s OYREASR)y BRkkEI Deld@P4)90 152 and YIRBhniRHA, Cakfionic

ditor), Cationi¢ Surfactants: Physical Chem stry
Surfac(tmc@rgamk ké&emistrao(ylarcghBekkerg) nd, Cationic

W fac S _&230) -
l\lor%‘gf)er Csu%%fagcfhzgﬂs ablefs&yér Sgt)gfg;’&any pol ynmeric
benzatkompon Bhlorklecdcarbemnal doomparmdcé bhmspdiemum cqnpglmd; AN oxonium

" conpo a hosoho |un1conpo un xonium .10
compglbr% 8ixﬁg)nugn QPP B{j:nca'gaxgn&eg{;l]hs Iﬁ;log'lpound, a quarternary
phospAbHRR\ RBRIpBLhd, G Wﬂﬁﬂcomﬁn&hﬁdr LeamiBANP borapbaid)us ammonium
ound, a pyrldlnlun1co ound, an anilini um
Comp@@g Glhb{ér ow&ar@nﬁﬁwm?ﬁmema ﬁ&magy HV’&?‘&&VPWPB% a
secon8 Ghiuth &rh L}%@({n}ﬂ AR U G SRR Enp ﬁlndsmgﬁizﬁ{e\‘nary
ni-um conpo , a tertiary anmoni um conpoun
ammoqmantoenn:p;andauﬁma iformula RaBaBsRO?. Fhecdroponids of the formula

BR4A~0. For compounds of the fornula 15
NR'WMH) (i) none of R1I-R4 are CH3; (ii) one of
RinR4 |rﬁ)n@|d$R,-RJarebH3hr ee of RL-R4 are CH3; (iv) all

of RI-R4 are CH3; 20 (v) two of RL-R4 are CH3, one of
R{iiR4 jopectibckipis Gy one of RI-R4 is an alkyl chain

of;;5eV e L rpgglg@ﬂ less; (vi) two of RI-R4 are
Clgf'éﬁ one of %} is CoH5CH2, and one of RI-R4 is an

al(ky|  citlbeiRoR4 ﬁren@Haen carbon atons or nore;
) two of R;-Ry4 are CHs, one of R;-R4 is CgHsCHp, and one of Ry-R4 is an

alkyl chain of seven carbon atoms or less;

(vi)  two of Rj-Ry4 are CHj, one of Rj-R4 is CgH5CHp, and one of R;-R4 is an
alkyl chain of nineteen carbon atoms or more;

(vii) two of Rj-Ry4 are CHj and one of Rj-Ry is the group C¢Hs(CHz)n, where
n>1;

(viii) two of Rj-R4 are CHj, one of Rj-R4 is CsHsCHy, and one of Rj-Ry4
comprises at least one heteroatom;

(ix) two of Ry-R4 are CH3, one of R1-Ry4 is C¢HsCH,, and one of R}-Ry4
comprises at least one halogen;

x) two of Ri-Ry4 are CHs, one of Ri-R4 is C¢HsCHp, and one of Rj-R4
comprises at least one cyclic fragment;

32



10

15

20

25

30

(vii) two of RL-R4 are CH3 and one of R1-R4 is the
group C6H5(CH2)n, where 25 n>1; (viii) tw of RL-R4
wanre7GbBie6 one of RL-R4 is C6HSCH2, and one of RETRE2007/003479
conprises at | east one heteroatom (ix) two of R1-R4
are CH3, one of RI-R4 is C6H5CH2, and one of R1-R4
conprises at | east one halogen; 30 (x) two of R1-R4
are CH3, one of RI-R4 is CoH5CH2, and one of R1-R4
conprises at |east one cyclic fragnent; 32 WO
2007/ 100466 PCT/ US2007/003479 (xi) two of RL-R4 are
CH3 and one of R1-R4 is a phenyl ring; or (xii) two of
Riqf4 ané o?ﬁ%lﬁnﬁle tn 0k oRd ok, aL8s BYhehyl ridld; phat i C
fra ment s ch cgﬂgounds i nclude, but are not
oAbt ot of RydhariaOkbrand fve et & i Rieare pugsdy aliphriic fagments.
chlorlde, cetyl pyridi nium chl ori de, behentrinonium
chl oride, laural konium chloride, cetal konium
chhelr d:cdﬂpomxelts nmcrmda vt e onot Hmltedeo,rbelh@muswniunmfd@lii@e

v S50 B AR5 S5 B TR SRR ot

chlor1&e@é@laﬁ&ﬁhh&ﬂ*cﬁ)omdé%ﬁionﬂinﬁ@%&iﬂide eée]ﬁr}ﬂnbﬁﬂily thlepde rtjetlfyllamme
hl ori de(Quaterni um 14) g%:ternlun}z

hydrofiuerids; ehiorlbemetapainsi ilardl (RiaissRipae] ) distearyldimonium

e I -
L R e s A
14) wamlummmmim%h@u@ﬂeml&mm@e( 3) ol eyl et her

T R T —

POE o{n) rha Rt gnbsimted arwtamlmbmnmme (3)yoley] etiadr phosphate,
or

ide, laurtri | ori de, | enedi am n
tallowmlh%%mlw% élmgfg% o ewgﬁdwaemua? G Ié)mtea%’feara onium
chlonﬁé( airogﬁééfl 9t 1de ' déﬁﬁoﬁ[ﬂn@ Befoafe0 alyrRidlihiuiRAl dHten e

‘met hyl benzet honi um chl orj de,
1aumm;amummhmrm pihylenediamanegihy diorbleride guanistipeiaydrochloride,

i B ST e SR U S5D A Gbdorpgconet o e
methyglbeﬁﬁg&)lo?ilmm hlylgfldx,ytﬁyhyhlopnmpbfmdm qgayltmamomum chloride,

| ro ori ge r
polth@;%@ewatgr?mww%%}%&ﬂ%g %‘ymryagste%rafkﬁsm 5%&‘8?’(‘%7
stearan{&ﬁlﬁﬁn&ééoxﬁw E@ﬁﬁﬂ slRrbly2 ey propsldidaiantiné didkydrdfhioride,

limted to, polyneric_ surface stabil,zers,

tallo“ﬁamolnt}un shiogidapand hexadesririmathd srypemusdaPmids- aur yI

g}(%u?ar rredq:'u by Lta?lﬁgé ThSHEL BRHEC xﬂ)@ilﬁu{e@%%olymenc
FoXypr ose ydr oxypr opyl net hyl

surfaaeeltaihlhmsg p(aHENI%)rly whblym ¢w1|11p1;1amcm withisediupt avod sulfaty and/or
dlocty§ soglum \sl\lﬂi'osuccmate (DOSS), hydroxypropy! cellulose (HPC),

hydroxypropylmethyl cellulose (HPMC), polyvinylpyrrolidone, Plasdone® S-630, which
is a random copolymer of vinyl acetate and vinyl pyrrolidone, and combinations thereof.
The surface stabilizers are commercially available and/or can be prepared by
techniques known in the art. 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), and is specifically .

incorporated herein by reference.
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IS a random copol yner of vinyl acetate and vinyl

pyrrolidone, and conbinations thereof. 25 The surface
webteadriliwer s are commerci al |l y avail abl e and/ or pcausb®7/003479

prepared by techniques known in the art. Mst of

these surface stabilizers are known pharnmaceutica

exci pients and are described in detail in the Handbook

of Pharnmaceuti cal Excipients, published jointly by

t he Anerican Pharnmaceutical Association and The

Phar maceutical Society of Geat Britain (The

Phar maceutical Press, 2000), and is specifically 30

| 51C0r PRGF ﬁmmmercmeaﬂ&epmm Sizé WO 2007/ 100466
PCT/ US2007/ 003479 3 Nanoparticul ate Carvedil ol

P’f‘ﬂé éo%gosﬁ'lc;r% offifie ﬁRf@Hﬁéﬂ LA seox{anbpﬁ'tl'cﬂl\é%‘édr%ﬁﬂol p?]mcles

r's nanopartl cul ate carved partl cl es whi
which havaeamaffeftfvecavemge @uﬂm@mz@af bs&lhen gbowt 29000|nze §i.q. hhmicrons),

less thi%‘wﬁ%& o8 ¢4t ﬁ@‘gﬁf%}ﬁss headbppt 7 AR s g

about 1600 AfSkss AR aBBAUTS006AR, 16s8thah a5suttlAa0 nabcbws tA&Ddboatrl 300
ess t han about 1400 nm | ess than abo 1§ 5 1

i, lepBgn ARt 1200 155ahnabpEasl AR 15cEn 31038 10Pffpm. less

than aigcﬁﬁ@gb*}m 19%; . 9&9 980Mnn}, 888 thd AR PO hrd Rs AN dREE960

an “abolt 0 ess than about 970 nm | ess than
nm, leabibat abé@ 959mm)] less;thah ahOIE@éQtImQE!@SSﬁmn tleosyt 980 i, dgss than

about gg@n‘mﬂ@SF lggagslsz}b}gg? 8 g(g ou]e@%é&m%@b ess ?:hg%Qsa @%%9%0890 nm,

less thaﬁhbbmotxha,neadomuﬁ aBA@ §T0m, |lesshimhatouaB60hng36sstign about
| ess than about 870 n | ess than ahout . 860, n ess
850 o35 HBEDOCD Fh loFtieh ARow gt ISR RO EE20FRE fess
than aBJS’&Lgm%Q 1859 thh& $601it 500 rdRsls B20abuBt 7De Hitn, 1é3anaedout 780
I'ess t han about 800 rim |ess than about 790
nm, 1esmhanew@gut Trmmblset thrgabowiM60| readessihian abit/ P 7o rpss than

ahmnbﬁ§§n§2§§6@%f£¥ﬁ%§nn1 é?gﬁ%ﬁg%nggﬁfﬁ§g5%?9mﬂ@%gg@¢ﬁ)nng

less tHaR aBoatmo nid 28 sthian Iabsst 69|0ann,dbm1haﬂ alﬁlelﬁSO rirrllasissstk:ha?about
t 700 0 ou

670 ngaly o than ORL SOERa s mangppoy G nriles FRR AbARLAB g ess

than aBEth R mt lré@ﬂﬁﬁ‘&%ut@@ i) leisetﬁﬁn hban 620ou, 164Ghaabout 600
'ess . than about 630 run, | ess than about 620 nm

nm, ldse gmntabant 2Ybum, B9 thamabpuisiB0 ManleanBan 2Boe 570Hm, 1€§*§han

oS P 55 A 90 s AR5

less ttaah@m)buﬁﬂn i lese dmntabant Sjkﬁhun IssOthan pbouted nmdassahayabout
l.es an about | es
B R T
than 4b8&6430aR, &b@ﬂiandaaauwmu mh,elﬁss thaa abaltci30 i (desmthah elssut 420
t han about 460 nm | ess abopt
nm, legp han ahopt AKY nme dess fl}?aqaba% Peﬁ?ﬁ% @Egutt 4@2"’8’0@?& than
about%%@ x1x1[11 Mess! tﬁ§1§ aﬁé\ﬁ@7@bﬁx‘1‘tles‘ﬂﬁ’mﬂ£ﬁodt 96@ nid) 3%s ARAAboHOYS0 nm,
€ss an about 390 nm | ess than

less than about 340 nm, less than about 330 nm, less than about 320 nm, less than about
310 nm, less than about 300 nm, less than about 290 nm, less than about 280 nm, less
than about 270 nm, less than abput 260 ﬁm, less than about 250 nm, less than about 240
nm, less than about 230 nm, less than about 220 nm, less than about 210 nm, less than
about 200 nm, less than about 190 nm, less than about 180 nm, less than about 170 nm,

less than about 160 nm, less than about 150 nm, less than about 140 nm, less than about
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25 about 380 nm |ess than about 370 nm | ess than
about 360 nm | ess than about 350 nm | ess than about
wG@4007rmv46b ess t han about 330 nm | ess than aborCTR8007/003479
nm |ess than about 310 nm | ess than about 300 nm
| ess than about 290 nm I|ess than about 280 rim | ess
t han about 270 nm |ess than about 260 nm | ess than
about 250 nm |ess than about 240 nm |ess than about
230 nm | ess than about 220 nm | ess than about 210
nm |ess than 30 about 200 nm | ess than about 190 nm
| ess than about 180 nm | ess than about 170 nm -l ess
130 mﬁ h@& tﬁ&%ﬁo&@@o@m 1bR%Bart Hdut 2P0 win, 1&Q iR abow® $00,M1883 than
nm | ess than about 34 WD 2007/ 100466
about mmusewﬂ@oahw 5013w, pvnepstised by Hehtzasatieringretheds,
ess t ess than about 100, |ess than
mlcroscg%torl'}g& %P&%m%ess a;n about 50 nm as neasured by
| Bghan sffedtive ralvagagapahm:dksslze of lesothan pycuto?OOQtIheF it is meant that

ropr ate ods, an effective e

at leas S e eIl ReisheR bayB S Pe P PL ISR tph et

ave:rag@t b}L ﬁ@féht 8P ethet BEitabdd M@Qédr&hexﬁl&ééhn@pﬁfs (hayBy &olume, number,
ticle size of less than the effective, average,

ete.), i lgsmth@rr abppt 30AR Arrs APPRBIE 1RRAZE: Effekas | tsgaﬁhods)aévh%
measu{f% lgvt thﬁ%éBV H&?é%%ﬁf%%g 1%% rglé %]mbbdlﬁlenzé &Stﬁle ﬁsr{{gﬂtlon, at least

about 60%\/ &l lﬁasMabmut T8t ﬂ@ﬂt hi;mtt 186%@ bblﬂastmeti%?écaﬁ'ip@ﬁg a@bout 95%,

I n ot her | rrent e t 0
or a g5t Op B ns GBI IgaRerie] (B fdar R o, FB3ga D99
partlcl%k})%t r3P%tively)) Wﬁ&lgﬂb@ﬂ&y oo sdﬁ&bIHma&sulrﬁﬂ&it téthrmujues G.e.,
9% of the carvedil ol particl es &%30 D70, 1
by voleg@; npoYer, §itd. by 2 a%ﬁlﬁecﬁl@ ofilgss, th?‘ég’ﬁ tue 9‘5“%%7 P, less
than a%\@ﬁtmoqgr;/ bDéo@td?x‘? 1890 innR 01780 MRRASHE. SHBRbHS e hiboa At of the

vol ung, nunber, etc.), have a particle size
mventaxfn Itlm‘éeffehame avagepirticleisias” as éc@g@ed aboye is themgan pagigle size
ut 1900 .nm_ 180
ot e SR T el AP TS8P o RS Bhfpgbr parit
size ofI8E AR aBaditi000ems; 6! leasthde ab6iitle00 ahgessitkart diwurf96 nm,
particle size 15 of fhe conp05|tbon (i.e., the

less thaﬁ\?bﬁt“i B0 wnclsppthar akoyt TOo<§Edon having a mean
pﬁg{Hth;@entﬁ)hZ &e@ald@ﬁ? Dsoast aQ%Hf)aI%Q@thJUBrvedﬂol k&@position is

out | ess than about 990 Mh, |ess than
the pasthdesize @elqmwhicéms%)% lof theadsovadilgl parigies &alb by weight ?feby other

Su1tabll€nl¥1%£] ong:ntgt%cﬁuﬁl\é@.} g% é oﬁy p@l?ﬂ%f nBmBer SRy, tSlﬁHLaﬂ?',g?v% isthe

carvadr i~on parti ¢l e ’size
panicWEizﬂlbéiG%vdﬁch BeYwafithe daﬂveﬂllcpiaiat'mcrlbs;&l If by Wweighy onby gtiter

Gy oSSR TR SRS b SRR it
size bBRW Which BI%E @f bRl &Wéﬂﬁlbpbarﬂ@f’és @411, Wyaveight@dyl dher suitable

particles fall )é ght or by other suitable
measyrement EARHAVISCG R Hd@’s‘:‘"@% “élmbeby?t?/bl ume, nunber,
etc.), and D99 is the particle size below which 99%

of the carvedilol particles fall, by weight or by
odher dIDonpkxtion of Carvedilol and Surface Stabilizers

The relative amounts of carvedilol and one or more surface stabilizers can vary
widely. The optimal amount of the individual comi)onents can depend, for example, upon
the particular surface stabilizer selected, the hydrophilic lipophilic balance (HLB),

melting point, and the surface tension of water solutions of the stabilizer, ezc.
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nmeasur enent techniques (i.e., by volunme, nunber,
etc.). 25 4. Concentration of Carvedilol and Surface
webkeadrilbiwer s The rel ati ve anpbunts of carvedi | oPCans2me03479

or nore surface stabilizers can vary wdely. The

opti mal amount of the individual conmponents can

depend, for exanple, upon 30 the particular surface
stabilizer selected, the hydrophilic |ipophilic

bal ance (HLB), nelting point, and the surface tension

of water solutions of the stabilizer, etc. 35 WO

2007/ 100466 PCT/ US2007/ 003479 |In one enbodi nent, the

CHY '&gt!nﬁ OkhLamkestidRin SFRArNaIIYI] éahwmqah@m Al 5965% to
to a out@%hﬁﬁn réhtaboup 95% to about 0.1% or from

about 819616, 0% tabma@éﬁ(t toCatBYs 0396, oRdioghebows 9% tanpouh . 5%, by
i.ne ht, _of
weight, okt G G 6 p'FRMet xByetfi BEVELEEN S ol GRNLE
stabilikéy, AfI0t bR e dthel emetthentt; he concent ration of at | east
one surface stabilizer can om about
O Boothes Tamep e AsBEEE I ot leathmeasHiass Sgbilier o
vary fﬁ)@l?%h%out:kpg%tt@ aﬁ@&’c@9 %"/5 %ol ib¥El V0% toRBSECORV, Bﬁfrom about

total conbined dry f ht of carvedilol and at 5
10% torabogt i Sa"éweb:smtght,l tzaee om ghe toirt combingd sy aveight of carvedilol and

at least Pt R ot et ot AR R o RREREI . ot ary

carvedllol tablet formul ati ons of the invention are

gi_ven | ow. se exampl es.are ded [ j.m t

t Re. cl ’fFé“H"ﬁl'Jé “PBglF'} ate 8{1?1 l&eg uIanns
e)S%UBJaﬁé%nﬁlﬂMyQIar‘féaﬁlﬁwaBIdt GErenAtici rof glik in@bntli)cfn sreeiven below.
i nvention which can be utilized in the nethods, of th%e

Thesej wmqeme nsuwtpr@ﬁé iplimiythe slis & RSP R b FsRIOY!

Y hiibrE Whittheean be utilized in the
exemﬁ%ﬁi OE)S‘ ?gctgll ogrl}tﬁaﬁﬂ@Corrponent ag/ I?gu ilize

methddsrof ehh imbntamn LSucﬁibxtempMm tabl&9 0an alpp comprise 8 ¢oatiygragent.
about 10 to about 70 Docusate Sodlun1 USP about 1to

about—10—Suecrose—N abo"* 1+00—+tp uuut 560—Sodi—um

Laufyl Sulfate, NE"&B’&!I?"Yl ?Bo%ﬁlﬂ‘ 34{5 Lact ose
Monbhydr at e, NECaEwedilal T ablet Formulatipn #1

Component g'kg

Carvedilol about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodium, USP about 1 to about 10
Sucrose, NF about 100 to about 500
Sodium Lauryl Sulfate, NF about 1 to about 40
Lactose Monohydrate, NF about 50 to about 400
Silicified Microcrystalline Cellulose | about 50 to about 300
Crospovidone, NF about 20 to about 300
Magnesium Stearate, NF . | about 0.5 to about 5
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Silicified Mcrocrystalline Cellul ose about 50 to
about 300 Crospovidone, NF about 20 to about 300
wORMNTAS46on St earate, NF about 0.5 to about 5 38CYWDS2007/003479
2007/ 100466 PCT/ US2007/ 003479 Exenpl ary
Nanoparticul ate Carvedil ol Tabl et Fornul ation #2
Conponent g/ kg Carvedilol about 100 to about 300
Hypronel | ose, USP about 30 to about 50 Docusate
Sodi um USP about 0.5 to about 10 Sucrose, NF about
100 to about 300 Sodium Lauryl Sulfate, NF about 1 to
about 30 Lactose Monohydrate, NF about 100'to about
300 Silicified M crocrystal line Cellulose about 50 to

abopt—200Crospog.L SHEaRYe L0 about 200
Maghesi um St eare;&,ed pﬁ‘ﬁg% ﬁmtl&_@:bgyt 5 Exenpl aty

Nanpparti+ecutat Carveat1+6t1 Fortotation—#3

Corrp@ﬁg'ri’to"ﬁf‘kg Car vedi | ol abou 0 to about 225 .

Hyp[eaRkhfse. USP about 42 to abpskt W0 toRBsutsI0e
Sodium USP about 2 to about 61 Sucrose_ NE about 200

to aHoptongd®se.338P um Lauryl Sul rhew 30Np ahBBLI0 12 to

abobi—18 ohydrate; TNE= t@ abou
205| PFYRLS $9 Cg “WH# ocrystal | i rggﬁgq)g}t%égéﬁéggut 13(
to aB@etbseFF Crospovi done, NF|abowt 10013 abOuGIIIDJt 118

I\/Hg’]PQI um St earate NE_about 015 to about—3 37D
200} FedicwebapErPuEned¥F 003479 | about 1 to about £30
Lactose Monohydrate, NF about 100 to about 300
Silicified Microcrystalline Cellulose | about 50 to about 200
Crospovidone, NF about 50 to about 200
Magnesium Stearate, NF about 0.5 to about 5

Exemplary Nanoparticulate
Carvedilol Tablet Formulation #3

Component g/kg

Carvedilol about 200 to about 225
Hypromellose, USP about 42 to about 46
Docusate Sodium, USP about 2 to about 6
Sucrose, NF about 200 to about 225
Sodium Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF about 200 to about 205
Silicified Microcrystalline Cellulose | about 130 to about 135
Crospovidone, NF about 112 to about 118
Magnesium Stearate, NF about 0.5 to about 3
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Exenpl ary Nanoparticul ate Carvedil ol Tabl et

Fornmul ati on #4 Conponent g/ kg Carvedilol about 119
woao@howtse 224 Hypronel | ose, USP about 42 to abowtusz®7/003479

Docusat e Sodi um USP about 2 to about 6 Sucrose, NF

about 119 to about 224 Sodium Lauryl Sulfate, NF

about 12 to about 18 Lactose Monohydrate, NF about

119 to about 224 Silicified Mcrocrystalline

Cel I ul ose about 129 to about 134 Crospovi done, NF

about 112 to about 118 Magnesium Stearate, NF about

0.5 to about 3 E. Methods of WMaking Carvedil ol

Formul ations 5 I n another aspect of the invention

t here TS provi detggfiki FePaatdg the

e P o R EIed [,

I nviept+er—TFhe UUnpuoltluHD o1 Hventton—canb
mad‘e pPegent or exanple, mill i 15”@ ncl udi ng but not
Eelelfomet  mTTiInNng), honDygpsEaAlDAs about 224

preC| pitation, evaporation_ freezing, tenplate

enulIsImmetll@@hﬁﬂﬂbes super cri { pbent 42| tgjagowicithni ques,
nan C|5b DT ay nniquco, pT, birmatio
t heyr Ex% %‘%Wﬁet hods of 1m &!rl% fr?;akr?o%g?tl cul ate

act S@cr@ﬁf—‘NF conpositions are dbsm:trlllbetd aboutuzg
Pat nt_ No B 1AL—\ RQ/] '\/bf hnr‘lc nrnlll fa¥e

nano%@fﬂltlmclu?w]es‘&&t?\}‘@ agent coﬁb%‘éﬁ 2@bour 18 4 5o
des & g yd?atefﬁi’*‘.em NO. "3 aBd HBho abBhit 22MC1 ho?
of I ndi ng armaceutical Substances;"™ U S Patent

l\kﬁ. leikiﬁecBBBcrbcnystaTIMélhuws lebotok29ab abpinkidng
PhaFraeeutcal—Sybstances——U: t 9
15 | 6FosPREId98E ¥ & i ndi ng Phat r‘?’BS@uﬁlé tglgsgﬂbls,@;ncef "

U. S MRhERE SrecaraicdBE 331 Tor '| Geould.st@MAR3pi t ati ¢n

of Nanoparticulate Pharmaceutigal Agents With Crystal
Gowh Mdifiers;" US. Patent No. 5,662,883 for
" Co- M cropreci pi tation of Nanoparti cul at e
.Pharmaceutical Agents with Crystal Gowh Mdifiers;"
E. UMethiddsof Miking CH6QIAAXF draiulativher opr eci pi tati on of
Nanoparti cul at e Pharmaceutical Agents;" U S. Patent
Ngn aﬁ&h%s%@@ﬁdﬂtﬂ@ ﬁﬁ@nﬁ’éﬂ' in&?&Q)?bﬁGBdZ%etEodeﬂprtﬁ&irﬁg)ﬂhe
"Process of Prepari n Cont r ast nposi ti.ons
nanopsHAIAR AR eINEGRR AT oot the s ntpR, IE REPO 05
1nveni18{1 catvbt HPa‘élesmE, ﬁﬁ%h&g@hﬁhh& (XM&ing but not limited to wet

milling), homogenization, precipitation, evaporation, freezing, template emulsion

—D

techniques, supercritical fluid techniques, nano-electrospray techniques, or any
combination thereof. Exemplary methods of making nanoparticulate active agent
compositions are described in U.S. Patent No. 5,145,684. Methods of making
nanoparticulate active agent compositions are also described in U.S. Patent No. 5,518,187
for “Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,718,388 for
“Continuous Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,862,999
. for “Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,665,331 for “Co-
Microprecipitation of Nanoparticulate Pharmaceutical Agents with Crystal Growth
Modiﬁers;” U.S. Patent No. 5,662,883 for “Co-Microprecipitation of Nanoparticulate
Pharmaceutical Agents with Crystal Growth Modifiers;” U.S. Patent No. 5,560,932 for
“Microprecipitation of Nanoparticulate Pharmaceutical Agents;” U.S. Patent No.
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Nanoparticles;" U S. Patent No. 5,510,118 for "Process

of Preparing Therapeutic Conpositions Containing
wolamopae4es cl es; " and U. S. Patent No. 5,470, 583PE0MUS2007/003479

"Met hod of 5 Preparing Nanoparticle Conpositions

Cont ai ni ng Char ged Phospholipids to Reduce

Aggregation,” all of which are specifically

i ncorporated by reference. Follow ng preparation of a

nanoparticul ate carvedil ol conposition by any suitable

nmet hod, the resultant carvedilol conposition can be

utilized in a suitable dosage form for

5,543 q@m ity @%é&és% Prdfarin@X Ra |0 a8 CoMPERESHN Cahitaiiing
preferably the dispersion nediunmused for the size

Nanopastialesi”dhSpPatertlo; %S%Q’é(bﬁg Mghed ef Prepagingr8tablmdrue
Nano%arhcgas C’&ﬁ \ée%#e&! Né S5 ?P@ I'1 4 forS‘?’lrt%%ls§ oﬁgx%p {I’é?ﬁéﬂa&lﬁlc

sper’si on medi um
CompéRitgns (EBJntmlnglNepﬁpsrtmibsﬁ’edlddm& Ratentp. fn,léf]O,éBé ftm‘ﬁ‘tMethod of
limted to,

ueous .sal £, sol ut I
PT@P@BBM{‘P@%\S%&%@PQ?HQ% OntPlnglEﬁl §H%r‘geg %& g%‘@)’%pgﬁ 0 Reguce
Aggrééaﬁ@,ﬁ b>. aulo'i“\ﬁﬁ&yﬁﬁe dpebiffeanly BroAstERed b9 réfetdndeli d medi um

which it is essentially insoluble to forma
p Falowing heepstaipncs agxaawqrﬁlgléate@aweééowcé%mﬁeﬂqqux Hy suitable

metht?c{, S f%sgllta{nt d%ﬁlvdaﬁlo? Uéﬁlﬁgsm&?géd 64 ﬁtlﬁi&ﬁ %@ﬂ%le%sag“é" form for

can dru |sper3|on
adnmpaanﬁie size reduction. The prem x can be used

e g A oAb b BT SR PG A U e foy the

size rgd&ﬂ’%?r%ksls 13 dcflh@oﬁ’é? SHé®Evey] &8 delﬁfrﬁiiﬁbhiyih kasgdilsliapoorly
about m crons. i.s preferred that the prem x be
solublpsangl @ﬁpeéélblewwssd B&R |d15ﬁf~'¥8|l011 gediyan NpRRAYEqYs sxpgRles of

dispefsi SRR AR ﬁ{é‘Xude ﬁﬁﬁ’ﬁg H)thg@g té a ﬁﬁégﬁ%ﬁlt%ﬁﬁﬁbhk Z@ffl et oil

e di sperse I qui d medi um using suitab
and salyiehttsucmas ethgnol ab@enblebexappeand glpeql. unt il a

PRSEREALSs i REL 8L BRGH T ARG Gt

form b préhed. eT K@ﬂarfé&é@tabh&e@b%dm{@@erﬁ it ,tlﬁaqiredui dt eamlise damng
prem | 1ing dispersion step when a  recircylatin a
partigle pze Fedugiem qrof o b dded fo therdrug ispeTiRn H&&lﬁgl’amc e size
redudio@Vi di ng mechani cal force for particle size reduction
of ~carvedilol include but are not limted to ball
i The pugmmmdm be mi¢d direstly Myguhisabeg Hite machpnicalfragans to reduce

i th_a. i dlj
a%%lg% a(:i"’\/%;ﬁ‘lo}.ﬁzeuqlac?% %E? xlot# ?LSE’E&E‘;% to\(/tg{%: 8531"4&1%1%,', ggegerably less
than ﬁiﬁﬁftrsdﬁwpdsﬂsnﬂt Isl prefitped thdt eheppretriix bk ased dipestiynviosd a ball mill is

s T RUOSER 0, 0900 L Skl Bbersa
liquidnbldiées 61 %@Qﬁéﬁg aghiid efel ,\EC RIS tife ﬂlﬁfb@,&fntﬂ&mobﬁ)geneous
dlsperIselog I1sr glgjserveldtlﬁ whatttzllx ‘Yh%lrg are %E)(igr?gg %Ig;rg] orrEeIraTeesS vgblel: ’?ost e naﬁed eye.
It is preferred that the premix be subjected to such a premilling dispersion step when a
recirculating media mill is used for attrition.

Effective methods of providing mechanical force for particle size reduction of
carvedilol include but are not limited to ball milling, media milling, and homogenization,
for example, with a Microfluidizer® (Microfluidics Corp.).

The attrition time can vary widely and depends primarily upon the particular

mechanical means and processing conditions selected. For ball mills, processing times of
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day (residence tinmes of one mnute up to severa
hours) are possible with the use of a high shear
waoradizaomeb| . Preferably, the carvedilol - parti eCeaS208/003479
reduced in size at a tenperature which does 5 not
significantly degrade carvedilol. Processing
tenperatures of |less than about 30 to |ess than about
40C are ordinarily preferred. If desired, the
processi ng equi pnent can be cooled with conventiona
cool i ng equi pnrent. Control of the tenperature, e.g.,
by jacketing or immersion of the mlling chanber with
up to BvE A%< dtdongdell whad, bd BqGREL. eARERLEVEly, fPob@kiak|tined ¢Tdess than 1
met hod of the invention is conveniently carried out X
day (regidence siorasiafiong snipptenp @risveral hewmrse Ressilde ayith the use of a high
shear eg&gﬁﬁing pressures which are safe and effective for
e mlling process. Anbient processing pressures are
t Ppéfemblyo thebadrvedifol bartickstare tedncet inlsize atndempeiatae ovhich does

mlls. 1, M]ling to tai n. Nanoparticul at e rvedi | ol
mot s B, SR adH g tORF D PBPoBeh pbjens fan £E0L S to
less tHAMPBAT 4d°CUdr l0edidhSR§refefiRd C KNdVUsirS® Thél bfdeessthgydifient can be
carvedilol particles’in a I|%§:d di spersion mediumin
I

cooleduwithrronienticmal eefilingl equipmersr [Gpntrebefithe dompeypiupouesds: b9y
e TR MR SRS ER R R i

Genettatly} fhe netelsad efithe fifiemtionds emareagetipaatriedioat shde.comfiigions of

.grinding nmedi a may hanbgeneous or .heterogeneQus..W th
amibieh LSRG ueY TRt P oS IUNE Ao oL BUTE Phig o Fpaiir G on R
millidg{o6R8] NasbisShizRotABMe pRéxduiRs htd Kb abs Ll milsy, Gajitor mills, and

. selected. The termmlling is defined to include any
vibrategt mids-where there is an input force to a particle
systemto generate shearing forces within said system
resulting in a reduction of the particle size. The
dils per sMiltingetd iQbtaaNaneparftinulateLqivedilolispersions

saf fl.oner oi. et hanol . t- hut anol lvecerin,. . . .

o YliPh SRty oS BRI peagoreriAg sispBslditdoslorises dispersing the
carve@i6lf Riti€lek B PG IdNpers?dn MRdivirin whishttke carVbdilol is poorly

carvedil ol particles_can be reduced in size in the
solubls; faliaveed Wt applying gagehamgal raeans dp Ehespraspnee SE grinding media to

reduc@tﬂ@%ﬁﬁ&lh\é%e)t/%f thd'€arvBdYA b R dRBES LEL&SCRBIdRS particle size. The

contacte one or nore surface stabilizers after
grindigtmedia omy Momhegeneouspuhistrrogengehs wishaestiertiermedia gizejgad
added . 10 & vedi | ol { i), | :
compBRiEh debRifof el Bred o1 Yinal e B bifllizers) gpicted. The
term Hiikipgrs demeedaarindaderanuinatiodrvattre there isuaminpyt forceitn agarticle

o o R BB SO, o St S BARG Slcn ri
particd®8i2é 1904 86 pBeTdnUne@iddd Eh3sk! Gor exdinple; Gvatdrafifilower 6il, ethanol, t-
heated during the m |l nl%(}c})rocess. I f a pol ym%ri C. .. - .

butangl, gl yeesinspelpyetihyleag glxeol ( , hexane, or glycol. A preferred dispersion

medium is water.

The carvedilol particles can be reduced in size in the presence of at least one
surface stabilizer. Alternatively, the carvedilol particles can be contacted with one or
more surface stabilizers after attrition. Other compounds, such as a diluent, can be added
to the carvedilol/surface stabilizer composition during the size reduction process.

Dispersions can be manufactured continuously or in a batch mode.

In one embodiment of the invention, a mixture of a carvedilol and one or more
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utilized, the tenperature is raised to above the cloud
poi nt of the-polyneric surface stabilizer but bel ow
woheo7aot46al or depressed nelting point of carvediriusken7/003479
The utilization of heat may be inportant for scale up
of the mlling process, as it can aid in the
solubilization 5 of the one or nore active agents.
The nmechani cal nmeans applied to reduce the carvedil ol
particle size conveniently can take the formof a
di spersion mll. Suitable dispersion mlls include a
ball mll, an attritor mll, a vibratory mll, and
o _ ] g . L
st SRR | g A Bt RAPO bopuck e
utilized, Ithd temperarererietrisedad abovetheclaisl pdint afrhepeiymeatic surface

.Jeduction in rticle size. Eor nedia.mlli.ng, e e
stabilZE RO (e B2y Pt spefng i BE Pl Topfgation of
heat rA8OBY iR dn® feraesle ubMIGhe Billing Précess,adt dadraid o the solubilization

mlling the apparent viscosity of the premx is .
of thepnefamagreyactyeage@bbout 1 up to about 100 centi poi se.

SUEL mEARERAI ﬁm%%?seépgliéﬁft&féiiuéé‘ﬂﬁ%&%kloﬁg%rﬁe&%iﬁ%\m@ﬂenﬂy

efficient parti I ze reduction and nedia erosion,

can tdketthafem of dispeayiohionill iSwitableslisedsian mills ingdpdes belhingh an
..energy ml]ing.process,. Carvedil rf .

ancn OGP b R U G B R A ity A

medid 861l icplefirad due ta tichmihinelycshoitar milliggnink sqairdd & provide the

. rotating shaft/inpeller. The rotatjng shaft .aqitat .
desirqd FsdpREATAN AT 41 $15 6t wedtrytlng ohe Heparchtyiseopiy oLy premix
is pre¥Q1861y fih l(égﬁ]utl 1}0!0;{5 aBYut RIDOCREpditE ataryestll whilipaitd 4parent

si ze. Bal | gis alowenergy mili n8 process
viscosifiaof Urs@semix isipreferabll Biomabaygt 1 up o gbeililOP £entipeiff Such

Liquid. i Yo il | &2
s 88 T g RSBl Bl 85, MaS3Eh nd
medig asseaat ardinmedwseintities.dr ug particle size by

[ tion. The nedi a used.,omust have high, density .a

¢ PEECSaR o9 5 IS SBefEd FLPNE T-atias: (B HCLoh ot =er and
liquida@\pldctdand rbdeevdiRasd Ricirttiatedtih hichh@Ben®sitdiningdmedia and a

Ginding Media The grinding nedia for the partjcle )
rotating shaft/smneliarod heretfgtipa shafbagistesdhe Elqdi%%}cggﬁ“@ ecipggrygdilol to

impaBi&l SiPHe¥r R eggh%ﬁ]bg&%%%gﬁ% {h%%aﬁte%ilbﬂp&ﬂa@s%\!i ng an -

average sl ze nmand, nore
prRdlenabing is héow ehéry mibling procesnithBusks melding nokskii, dagd.y

.can provid e atticles of,.the inaventi P
sabil e, Rl I8 i e St S HER I g o
optintHl lspédtisudh tief Whehedia casdudes endriduces thé drms @rriiele sizerby
. the grinding nedia iﬁ not, beljeved to be criftit?lal. ol
impagtion: o ke Fea1a wred mutsk Raviea bigddopefsIsIfr PRy 1o (i particle

redudtRANS ?mid&i ué}c C%abi%maﬁ& kHeGRbS of ¢k Aifon medih. WO
2007/ 100466 / US2007/ 003479 stainl ess steel,

titania, alumna, 95%ZrO stabilized with yttrium and
ol @3hdihé MEdlg medi a

The grinding media for the particle size reduction step can be selected from rigid

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

mm and, more preferably, less than about 1 mm. Such media desirably can provide the
particles of the invention with shorter processing times and impart less wear to the milling
equipment. The selection of material for the grinding media is not believed to be critical.
Zirconium oxide, such as 95% ZrO stabilized with magnesia, zirconium silicate, ceramic,
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are exenmplary grinding materials. The grinding nedia
can conprise particles that are preferably
weubwstiamssal | y spherical in shape, e.g., beadBCT/US2007/003479

consi sting essentially of polyneric resin or glass or

5 Zirconium Silicate or other suitable conpositions.

Alternatively, the grinding nmedia can conprise a core

having a coating of a polyneric resin adhered thereon.

In general, suitable polyneric resins are chemcally

and physically inert, substantially free of netals,

sol vent, and nononers, and of sufficient hardness and
stainlbd a1 tﬁthmat Subiad l08o% MEskaBilea veltiDRiiEm CAtidoes @inding media

cr ushed durlng grlndlng Sui tabl e 10 pol yneric resins
mfexqmaﬂ@aé¥5K@@% miaksEsts- pol yst yrenes, such as pol ystyrene

S%ﬁrgﬁx?g{n\ggfahcgg?ya CFH%E ?gﬂgcgégc atsc{ré( r ; n%@;&b%tﬂﬁﬁa?ﬂy
spheruhal HFk}mpe,okeg Neeasisy eoramﬂng:@ss)eptwlilmyf ptdlw!norlc desipot glasy 6r
ercog;&% %ﬁ&a% Al q}ﬁ?ro%[l é*égcﬁtglﬁa)%g&sé)ha B;?tl?é}%lggglsrséh(aiigrilﬁdir}%fnedia can4
compbBta cHfe INRAmLIA So@id &8 Palymanié redihadhetddDERPAl YT S;

h| h density pol yet hy| enes; polypropg)enes ceIIquse
gerak syiteble pobmacric fering arecdemirend by sically inert

substgxgclicf}{@'yf?éeoa(fyrﬂ%ﬁa%l%ﬂt £nd ﬁehmmr %&/SF mc@ﬁ{ M@ and

| cone- cont ai ni hg pol ymers’ such pol ysi | oxanes |
friabiditydtat dnablel them t e ojsioheymgeehipped @e:ruﬁleddhlglmg@iyﬂmg Suitable

polyng'll%n/%[s gﬁxcglége%j gx%rﬁsg r@(?g @S#X%e;s Ssuic aslp rFiletrygene crosslinked with
d1v1nﬂlﬂ>%htdi|1%55t9f6ilxe@b 619hicee ,po%bt&ﬂﬂt)égrpdﬂﬁ&etals such as Delrin® (E.I du

ydr oxyet hyl = net hacyl at e) pol y(i m no
Pont éaﬂ\émpa%gq Cea; Vit ‘&é%ﬂ%ﬁ‘?%ﬁ? %}di wpbﬁeéwolyurethanes :
poly ﬁ ﬁ¥{ ('.E- %/I ny é)gé-g’l%%g’ég?é’l yrrer s y( or tdﬁg\éesntl%urg)and Co.),
and o}ﬂﬁérﬂm&mmymetso h@)denam;dpqﬂgb@nﬂahes m:b&qmmmd@nesfmllulose ethers

BT RN TN T RN YN ) M-

- and sHicdneQoAttidivg PEBRMraBhdh d%rﬁwy&ﬁilbﬁaﬁéé%dﬁﬁélhb@ The polymer can be

elimnated fromthe bod The polyneric resin
biodqgagdable. derrsnplgrys bigseaadabic polgmers i#pkde Pl yélagm%% Popeelycolide)

o . ;
copol} Aerf b AG dHLiFediics, BHIF AN AHARATOL Ay bt Mithacylate),
poly(@ninmchanlgpnmb,6pdlmaaﬂbr@m%rbldmsi@smolmmmt@b out
refer from ut 1
hyor PR R TR, F RoCL el B SRS b Reh eI
poly(&ﬂ;br‘vb%tdrﬁls), pAd bbBA ﬁ%sﬁh&eﬁ&?e Fot bnidlggmadalﬁh polyﬁhmdh] aI
onpri ses_.cont ous y i ntroduci carvedi] o
cont%nﬁlpaﬁ%}l% mhihe R Eﬁ%lhffﬁ Ag5Rt P?Ihﬁl%r'}g S EER 5P
bioloWidally 9£d mb@ (4 bie BlibfHatEd &hLihelddy 48 h lymerlc
007y100 8T/U82007/003479 reducg t he Carved

resingan hpes 2 _dgmsz@ fremabewi-f tuiakaity-¢ &BVi ng the
nappPp Eﬁﬁdlﬁg In_?écﬁ"a preferably ranges in size from about 0.01 to about 3 mm. For

fine grinding, the grinding media is preferably from about 0.02 to about 2 mm, and more .
preferably from about 0.03 to about 1 mm in size. .

In one embodiment of the invention, the carvedilol particles are made
continuously. Such a method comprises continuously introducing carvedilol into a

milling chamber, contacting the carvedilol with grinding media while in the chamber to
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carvedilol fromthe mlling chanber. The grinding
nmedi a can be separated fromthe mlled nanoparticul ate
woaowadideel usi ng conventional separation tecRhaTaSe®;/003479
in a secondary process such as by sinple 5 filtration,
sieving through a nmesh filter or screen, and the I|ike.
O her separation technigues such as centrifugation
may al so be enpl oyed. Alternatively, a screen can be
utilized during the mlling process to renove the
grinding nedia followi ng conpletion of particle size
reduction. 10 2. Precipitation to Obtain
reducdAROBAVLAifH bt le G388, \RdidoflindetBO%hiovaisthAMahbsdrticulate
met hod of form ng the desired nanoparticul ate
carveddlol/feth| the mibi ambeh is by microprecipitation. This
[ . rd ' ' f :
ARl LR RN L SRR By R BROE i
using'doneeritiorfab sepasdtivin théhrdgqisesainch eoendary procesccaichais dby simple
stability_ enhancin rface active. agent ree of .an
filtra o e R E I 4 BT T SR FYEe Wi R e afrarion”

techni R sheH %Scenﬁ‘i'ﬁl%gﬁor[rﬁiasl %ﬁo%rﬂ_%ﬂlgféi. ARErnBHRPP) Lscréeb)can be

__dissolving carvedilol in a suitable solvent; (2) X
utilizadidirigg theemilingrprasessote remeis Seegsinding media folpwinggpmpletion of

. £ s t least one 20 surface stabilizer; and (3)
partl(%‘?g%ﬂnctd;??ﬁ'g the formulation fromstep (2) using an

appropriate non-solvent. The nethod can be foll owed
by_renoyal .of any forned salt, if present, by

di &l ysi r?ﬁlp'&?té?'%/m &ﬁ'&ﬁ%@aﬁﬁggﬁ rati on of the

di sper sFaRvesHlol &apepesitiey neans. 3. Honogeni zation to

Obt ai n Nanoparti cul ate Carvedil ol Caonpositions . 25 .
mﬁﬁg@ﬁr mgthod pfifermingdhe, ﬁq:qgﬁgtg napoparfigidate sgrvedilal composition is

by mﬁr%%e’é}%étgﬁgﬂ. aTh1<e§3|§ %(gfytﬁ&i oﬁ qrgﬂalrrgﬁcﬁaﬁE ﬁgipk:f.sﬁﬁ#s'of ¥erly soluble

or carv and wth the surface )
active higdits irzthe packdack ofditecor naressdrtostabifizeiscind ope pe more colloid

J.eductian) constitute a ocess stream propel | ed | .
a5 0 TR, ool BRI BER G RPLP T I SRS o delthized
heav§ #dt@ldnipheitibft eracti on Chamber. The product to be

treated is inducted into the punp,. and then f

: | orced .

ouuchrmEeiqd famprisgsater sramelet hB diFtOTYRE GriYedee! aryiadle
solvetlty (gz H&diﬂ% i OrRURon PRGR sleB] 1 PIoPsdIstidd EdBpridthE Bt least one

product, The primng valve i's closed and the product .
surface sfabilizer and (dLiptecipiteting therfaoniletion iirembetep (Dhusingian ygpropriate

2007/,100466 [ USR0 9 :
non-Foly it ad R BTG BLT SO TEes TSBherr ey ¥ (Bimel Gl K przons by
dialysi¥pacdiafilaadon a@d tdrehtaiohofthe dispersésplonsiryeatibmai means.

carvedil ol particle size reduction. Specifically,

inside the interaction chanber, the pressurized

praduct Hemégditatidh f OPRiA NAdParatsadcCcaiidilof Compositions
Homogenization is a technique that does not use milling media. Carvedilol,
surface stabilizer, and liquid (or carvedilol and liquid with the surface stabilizer added
after carvedilol particle size reduction) constitute a process stream propelled into a
process zone, which in the Microfluidizer® is called the Interaction Chamber. The
product to be treated is inducted into the pump, and then forced out. The priming valve of
the Microfluidizer® purges air out of the pump. Once the pump is filled with product, the

priming valve is closed and the product is forced through the interaction chamber. The
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to extrenely high velocities. The forned jets are then
directed toward each other and 5 collide in the
wonv@viaedsb on zone. The resul ting product-has vecy/us2owe003479
and uniformparticle or droplet size. The
M crofluidizer(r) also provides a heat exchanger to
all ow cooling of the product. U S Patent No.
5,510,118, which is specifically incorporated by
reference, refers to a process using a
M crofluidizer(r) resulting in nanoparticul ate active
agent particles. O her conpounds, such as a diluent,
geomB@Y oPEeAHLRLHR hRRbEANAEEds Yol BiBesléF shedDihpa®! and
conposition either before, during, or after the size = |
cavitatioguehich arqmespansible faj capeadilpbpastielgsizsaedugiiona cingeidigally, inside
. continuqQusl ' . j
tne ifigonch T Yo bilsfbuPAl R TRE S st et K00 BB ms and pocclerated
to exteanpleHigh vslscilibs. AThe Fermedgethack then tlirectied gowird edels bthedand

.hanoparticulate caryedil gol. conposi,tions LS by spra .
colliderla J38 TREPTRSHAD 497 i LS roHing BroqPiias SER gy uanfortt particle or

droplEONRY. | BESMBRANARME afo providasR AcuRRUSarbel 4 Al Bboling of the
carvedilol wth stabilizers, which is injected into a

product.y big Ratent N g §i. 5.0, Ki$e whigh isisperificalivtinegrearatethly reference,

droplets of.th aryedi.l ob _sol uti.on freeze .
refers oA BBt A Dy Sea e R G Rl fulPenc
partidéVdiher EdtHpodrIsEUcAldsAGi@NY $hi bE hddeattodhe cavvditbl/satface

_particles. Depending on the chgice of solvent sxstem
stabilizey cpmpeition siherdsiene: fumag. of gEeHERA sirgreduaiionmeocess.

Disp&@fo\ﬁﬁ g}iulx B4 nRahkchlr&® c&rﬁfhuBﬁM? o¥ & ¥ bAGhRdel Cl e
nor phol ogy. 1In the isolation step, the nitrogen and
~sol vent are renoved under conditions that avoid

aggl onepati on.ok. I I N f e. carvedi |l ol particles.
A§aa COESY%%EE;éﬁg;gg@?ﬁ%ﬁgﬁéhgglﬂﬁL ultra rapid
fr eezi ng *POPREIGH apvedupbComposIiOns 't o ¢r eat ed
e qahvthkemethvdrudsorminguhe destied \nado pasticylatetdactedd ohedrhpositions is

greatly enhanced  surface.area. URF conprises an.
by SERGAFAAnE o gandagh Eouc o s LU RE P BRRYE A SRRt £
orgax%aggécgdszs%flﬁio%erQ:aﬁ/e‘aﬂMp@ﬁHisﬁébﬁirﬂéﬁsi, ki €h is4dje¥¥ed into a cryogenic
2007/ 100466 PCT/ US2007/003479 5. Emul sion

liquidsinl do liagidentrogerontlag dronketropfithe Feypdilel sehitipgdyeege at a rate
sufficiRIA8 %iﬁnlsrg{%% mde%k?%lg?%uedgf i Qe Bbie %&{vﬁh,nﬂmfs hSSl@atifE anostructured

nanopar conposition is 5 by _
carvddilop patielesmidepending Derth chiaceotdodveanh systerntand processing

anostructure ar vedi |.al ar.ticles, wit .con
cond PR o G EIE DV ShPaHer & SR Abmbology.
In th® ol AloABsRgE thelhierogeit Atdisoleaitprd At vad uatér ¢canditidmsthat avoid
emul sion that, is prepared, .then swelled with a
aggloperation eptigenigg Ioﬁﬁ?eo‘??ﬂf‘?ﬂﬁlﬁﬁ PENRIESt he carvedil ol and
st aRial dofiSmedBf Rakld168PIoVMAE itk tapi PEEEAAg OFURFY may also be

- used to created equivalent nanostructured carvedilol particles with greatly enhanced

surface area. URF comprises an organic or organoaqueous solution of carvedilol with

stabilizers onto a cryogenic substrate.
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carvedilol particles is a direct result of the size of
the enmul sion droplets prior to loading 10 with the
woaowadideel a property which can be control | edpanas2007/003479
optim zed in this process. Furthernore, through
sel ected use of solvents and stabilizers, enulsion
stability is achieved with no or suppressed Ostwal d
ri peni ng. Subsequently, the solvent and water are
renoved, and the stabilized nanostructured carvedilo
particles are recovered. Various carvedilol particles
norphologies can be achieved by appropriate control of
pgpcessEH& dbh! tfopfaercritical Fluid
TeChm qﬁgﬁo a Egﬁgq g’g 3&1{18 at e Carvedil ol
Cbnpos ON she nter atlonal Pat ent
atlo WD. 97/14 07 to Pace.e b
qiimeipedor foiming g desed frielicodsppa gl fion is
by terﬁgﬁlté)&hﬁﬁidny Bhpl¥R enfSBA RATs\WMahbstAttarée cagediivlzartdles with
O nmto 300 nmthat are prepared by d|ssoIV|n%Ethe

contrelsehparteleisizealispbutionanditpid AisrrlepempsiRym fmeghpd
compﬁ%&soar? ORE 5386 Lr@8Sion AW gr g ed SHRRSREILA Gath xlldﬂ-éjqdeeus

presence of appropri at ace nodi f1ers.
solutibalpereisirtg thekafviedilal arﬁ&tabsh:@mgz Thbpartinkeesizet dlatrlbutlon of the

v RPELAL S, SRS R0 L3 DL TR, Fpor oo

with fHeWaékiedilBTA petperthWthiet earled cdrltlmllbé @nd Optlﬁﬁtdnklﬁ this process.

Furthg;:xggll[egg\xgqé{ qlgqrgeq %tell’%lrsg%gp pail(c)i%taarl})?hze S, oeg‘}/ulls%QI? stability is

achie%Bd Qh@idd & sﬁgfaf@%@ﬁevald ﬁb&ﬁhé’r Shbs4ghHIBL B WRivent and water

ammoni a, water, cycl ohexane, n-pentane and t ol uene.
are r@@OV‘ﬁd waﬁweraénhzedgpnawme@ﬁﬁ catvedilelqmgti¢les @srgeqyered. Various

carvedfiof al{lgfeg %or{t)ﬁol SQA {39 Lﬁ;hﬁ%{ﬁ&&@ éip?{]ﬁ‘hétg control of IEJr%lcessmg

e ec rospray toni |on a ed th roug
conditihy. smal | charged usually netal, caplllary Thi s
l'iquid contains the deslred substance e.g.
carvedi l ol (or "anal 45 WO 2007/100466
PC/ us288pesyiticad Flgj sr]s"(f pignes Used|ty 9o ampunt of
sol vent OhfpindNanepargigulate %@llﬂ!@%?saflw% than the

anal yte. Volatile acids, bases or buffers are often
adBehlished emational Hatsmt Applieation NpeWQARIGH7 toPages! #8»

pubhgﬁeciag ni 94,21?'9% {%9&0?&# 1cl€spotaw€treptrﬁ9ﬁ]%%jb1% a@ﬁve

compdusidk ithdn lerddeesizealfi ll()IOamy tcaBKt)D funrthet e mqiar&nirb)adlssolvmg the

aer sol 0 dro about 10 m across
compaupd dp aa?@I‘B’s’Blaggr‘%?ﬂ nlin teSofdian L FYPREFSyd ghd, fquid or
supefrRIGHCRG ALY i PefERS Sf appropMatd Guifice moaiTRis.0OA “@flpéicntlcal fluid”
Tayl or cone and a jet fromthe tip of this cgne
is any; supstafice @7 tgrapergRise ard pigsgue ﬁ‘PCt‘fed e %Aynﬁgnc Gritical point.

ComAfEdaff et ptRrifAIRIREPCIAR, but are not limited to, carbon dioxide,

ethane, ethylene, propane, propylene, trifluoromethane (fluoroform),
chlorotriﬂuoromethane, trichlorofluoromethane, ammonia, water, cyclohexane, n-pentane
and toluene.
7. Nano-Electrospray Techniques Used to Obtain
Nanoparticulate Carvedilol Compositions
In electrosprey jonization a liquid is pushed through a very small charged, usually

metal, capillary. This liquid contains the desired substance, e.g., carvedilol (or “analyte”),
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the liquid and to hel p evaporate'the neutral sol vent
in the small droplets. As the small droplets

wevepaovatse, suspended in the air, the charged BQalugL@®7/003479
nol ecul es are forced closer 10 together. The drops
becone unstable as the simlarly charged nol ecul es
cone closer together and the droplets once again
break up. This is referred to as Coul onbic fission
because it is the repul sive Coul onbic forces between
charged anal yte nol ecules that drive it. This process
repeats itself until the analyte is free of solvent

d1sso@@g llllg Wgé Buh so!l\n:nf‘ WEEW&h@Q&L&H%&%%I&&HéﬂfaﬁXhe

e enpl oyed to deposit smgu particl es
analywn Vslahmsts baseg or byters iard elterotddedity g F@Iutlorr a$ wellsThe

i shed .b |
ot RSSEER S0, e HBE: BRI IBL A e i

chargB€fepdl,@hd RYuid pushaa vt df thergpidlaryt hﬁi founmns aumidt ogan aerosol of
solvent results in an

Sstr
small pplets Ahoub O icAgies: gt osoéaer%ﬁ SR o gartially

prod¥ed ﬁ?)?ratﬁi'oé’éss Q%lﬂﬁg GeSHrintiOwbs & TdglofbodePdnd 4 fo€ from the tip of
application but may be put to use In electrostatic

this cpnecApmemml erign gashauchAsniteoges. gapOis FOMELMgs Ysesk to help nebulize

‘the hﬂtél?%gggg :hel-e[)hﬁ% n@&?ﬁ‘ Sk nbMATLREt [rSmd lsﬁﬁhl(ﬁrf)ﬁ%fse hdBe small

preventi on usi

. dropl_ﬁ&l’wapmhteg B\h@bﬁdﬂhmwhd ailr,othe chm'ged analmesmoifecmlheare forced closer

In n for conditi
togethein gl f0es Resare yasiao & D Sl SHHPERe THFGEs gRs closer
togetﬁ&ymocﬁé arddta bRtk ZirhREk hp OhisSid GEfensd t@ﬁsﬂ(}dﬁlomblc fission
dyskinesia, tardive dystonia and tardive akathis

becauggdt wéhgr@ylsv&ﬁgulpp@ppsfom% betiean Gargedippalyte molecules that drive
it. Thlsa €1%%?§ ﬂeﬁéﬁt@ﬁ?@lf&@’l%ﬁ% Q%TH&? bf §09ﬂe?ht Qhd §4'®1one ion.

lon" ar e nprov ng the treatnment of
ne]iht mnotichnsldgy thel eieMimIspﬂayquJhaid may eeokiloyged to deposit single

di cations are use I C. epi sodes, jor .
pariqle P SRS o < BTG 8 AT S S0 1o SR TR TSPy SBraving
colloﬁfsmr@(iﬁﬂhﬁ% karedR4t c¥CiVeZRaihaetd Y& rﬂ(in‘éQhadﬁdine 19&1:1&’@ per droplet.
2007/ 10046 PCT/USZOO7/003479 For. exanpl e

Consgawsp drying of Hiesvarpding selverbisd iniansrase) S%f@% gkgingls
paru#lE??ﬁ th@ rdterrﬁy fl?ygf: e ghnRl; an&fpﬁéﬁé%{fof tﬁ@ gRetd i‘é%oh@x%ﬁal for

ated con tlons I'n ad I on,
the applicapiantbiut wlagtbe row toew m@lecccosﬂpt;s chm@tlnayof tes mdes 0
treat a cancer, such as cancers of the colon, ovary,
br east , prostate pancreas, |ung, nelanom,
cancer, 5 and |eukem as. The

gl j ast or al
F. cohﬁgé?épgﬂgk%?“?ﬂé i nvention are particularly usefu
I NThé pRdstMdneaiiivaris aedieted t(bmeﬁmdé Efemihexg fodpkdvention using the

factor and/ or Iatelet derjye ance
nanopgiticglatepasyedile repmgémeni% \?fﬂtw? njog such as
hype?%ﬁ&@ﬁ’%@@ﬁﬁz% heaR FENITE; ca§é’é‘rhv§r£13ﬁfe@ﬁ8ﬁs PSyaMok G Slated

adm ni'stering to the subject t he nanoparticul ate
conditions such as tardive dyskinesia, tardive dystonia and tardive akathisia, and related

conditions. In addition, the nanoparticulate carvedilol compositions of the invention are
useful for improving the treatment of mental disorders in which dopamine blocking
medications are used, such as manic episodes, major depressive episodes and

psychoses, particularly schizophrenia and schizoaffective disorder.
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carvedil ol formulation of the invention. As used
herein, the term"subject” is used to 10 nean an
wanooralog46pr ef erably a mammal , i ncl udi ng a hunmarCDUS2007/003479

non- human. The terns patient and subject nay be used

I nt erchangeably. Conpositions suitable for parentera

injection may conprise physiologically acceptable

steril e agueous or nonaqueous sol utions, dispersions,

suspensions or enulsions, and sterile powders for

reconstitution into sterile injectable solutions or 15

di spersions. Exanpl es of suitable aqueous and

nqﬂ?%ggt?l &, ﬁ@ﬂdﬂ@ﬁ&lcgﬂa{e‘@\;eﬁul@ QJ)ﬁﬁﬁéglﬁonSQan B@ hb&i @%reat or

nc wat er, ethanol, polyols (propylene
prevept)hrghtmgrbcbpmgsgirgg@ohgesguvy d;ear@fallurgrmdtrhl@tqdmpg 1t10ns In addition,
the n%}olpe%lcg%tﬁ C%‘Hgﬁ Foﬁ Ctglg’g{ggil 10hs ma g’tﬁﬁjgl"g TS({) ﬂééraz a(cgﬂ%} ﬁﬁ:h as cancers
of the2ddIvh, @'a@@b@easPWtefﬂaubﬁai yu@gmneﬂmma pliabhetbmd, oral cancer,

exampl e, by the _use of a coating such as, | eci.thin
and Igukenias. TR GaBROSHORSHS ThOpPRIAR 4 PATANBHY, eyl in ke

cancgf%m%aﬁﬁecplg g}%lﬁ%&? S\oth 180Er BYd/bPFlakte defivedbioddth dftancer
e nanopart cul at conp05|t|ons may al so contain
cells, RtpigimkingssGERKES aptieigprndiog cycloptgenase Zeenalysiet yi ng,
nsi.ng_agent s
mn%}cg‘m ééag et mlglas%s %mglﬁsgﬁr?rg%{ogtﬂe gﬁ?"%%ﬁdslg BMMJulate
carvedilbl fbaﬁlhmtioal ofahslinBhiidn n@abs&ﬂg&mém theuedm Ssibjt’ aiselssd to
chlorobutanol grhenol sor c ac and ths like '
meanananimah MEeferbly 3 HRPEloine 4520 Q5 PG B“&aem erms
patieRURIA RBjRYBRAY be @&iiiﬁté&ﬁmgﬁamgle and the like.
Prolonged abSorption of égctable phar maceuti ca
f SFempasitipes griwhishior apsateryyjnjepéonmay spmpgen pRysiologically
l,ayi
s RRYP UL B A oS AU S
emulkioas, aetfseaile pewdms lfnt scaofistitatioreigitd sterileanjebeble solutions or

dlSpG?%})ﬁ%r Qaﬁgﬂgfn‘g% tgﬁ ngse%%gqo%%ﬂﬁgg%%g:\éggeris rhi]%lél[ﬁ% solvents, or

vehidOFnBRAAY Wak,|YhaAet il @r@@uénege}sebgrpolmhmmmgol glycerol,
form Actual &osage 'evel s of carvedilol in th

and thaHispasviiahle aisivesthesrt vesgtalle oflfésuchyis ﬁll"s Hﬂhﬁ?d jgectable

v BELA B, b0 TR LBPIOR . camoe, bi

use of fafcpating sudhoasdbtitiin, by itie smamtdnm rod p@neqmrwbpwnbesl%m the

a articul ar R0 0Si t d met hod of
“megﬁﬂgﬂﬁgF?§1?5% 1$Eéw§8 antosage | evel therefore

depre dandasticulite cdﬁ@bﬁledni imay atsewbhtaueﬁdjev,atnts sid asquitrving,

of adm pj strat , the poten of the_. adm ni red .
wett i, GBI yine, A sk oute BRohSt HgREUHoR SE RS ghficroorganisms
can &té?ﬁﬁreaw Whribus AnfiOAAG R HAd hnteRBA Hgbh B SucHRY pﬁﬁiﬂ&ﬂé n

such anounts of such subnultiples thereof as

chlongbutinpb phanel, spsbicrasidiand gheolikethgrayalsa e rable; gnclude
ISOtoglﬁ{ ;%/%gxks( gll(gl as s%. ?@ Qﬁluﬁﬁ%ﬁ?(md@t {}Ff hd 3. \P?cﬁ&lged absorption of

e under st ood
the dmembhrphahhad:eutlhd form can be brought about by the use of agents delaying

absorption, such as aluminum monostearate and gelatin.

One of ordinary skill will appreciate that effective amounts of carvedilol 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

carvedilol in the nanoparticulate compositions of the invention may be varied to obtain an
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specific dose level for any particular patient wll

depend upon a variety of factors: the type and degree
wohod7neoswel | ul ar or physi ol ogi cal response to BeT/US2007/003479

achi eved; activity of the 10 specific agent or

conposition enpl oyed; the specific agents or

conposi tion enpl oyed; the age, body weight, genera

heal th, sex, and diet of the. patient; the tine of

adm ni stration, route of adm nistration, and rate of

excretion of the agent; the duration of the treatnent;

drugs used in conbination or coincidental with the

amouhie %P b Edifd eR4tiis 8sbilvieks obR #assival therabéiﬁi/&ﬂe!sﬁbﬂs@ Qor a
medi cal arts. 15 The foll ow ng exanples are given

partmulalrmmsman@dpn@be@ of pdminigtrasion. {Thespisgicd desage level therefore
depestf} def Sttﬁgﬁem& \gﬁé/r?éetg}ch ect, M8 fRkd yhaomls%&ags,ctﬁé pbfificy of the

ion'Is n m’ted to
admlﬁﬁfaiied tamsdito] tikedaines ddmmnldf enéatmnemmsleotheaafaq:ﬂoess but

h : '
TRl e LS B e ot T LB s oo
as mé}nﬁé Heliang mhhke. upztﬁe aail ¢ Bt &heﬁiﬁwb%r&ﬁﬁlge%difoﬁﬁ(élg\/ such as every

iI'ncor porated by reference le 1

f
othen daiys wesldpbieweoridy.traorghlypgice Bmﬂrh?p}mdﬂwcgbewgseer that the

e GRS AR it i RSO L S bl v
type endrdegreelofibelvellulabes phg/si«z)logiyalrresgops@pybe adli¢vedpaaivity of the
speci&’H |P Ay anﬁﬁ% glt%%%g%j oV\Qﬁﬁ%&OCt Xllfﬁra%ga% or cﬂmHOSIIlPP alplwed' the

age, Bod ht, ?ehéra( héalih, S0 BRdaIee of MMalpatibat; thb)tinis bf gdlﬁnﬁﬁ%)tlon
ia load with 0.8 nmYittiumtreated zirconia__ned

routey qfc?gi@nmseé?lamn a0d rEfe it skesiion 8F themeRpy iy dHratiormof ﬁﬁﬂreg%nem

| ,
dmg%%dgﬁ%%%)é%{él a% cElélg:l{le%taq Q\Hheﬂé sﬁéﬁlgﬁtﬁ%g ua}déllZl'ﬂ&gfa@tors well

knowr aibtbe aesligal rist r unent s and Suppl ies Ltd., Ashbourne
Co., 48 WD 2007/100466 PCJ/}U32Q07/003479 Nbath,
Irel and), showed well dispersed discrete particles.

TEE‘hs &mﬂvﬁln’g RRE@PRY farea%@elptc?ill)lluetratEmlhé pabeny nmdelnhiong It should be
the parti.cle size of .the mlled._ carvedilql part.i
undeggiaod Roxsyipe dhet e SRLAMSEP] PER MY RB L RO tot}ﬁclﬂa“%é to the

specit doR@ittefs ¥t Qeﬁﬁ& bhr®ed 'it?ﬁm@é]é‘ia\(ﬁ}ﬁés bt ¥oufd dfﬁ}'tl Be hmxted by
mlled carvedil EBLtlc e Size was 160 rim

the sm off the glpdms Ithm f«zl arl! refreensis ientified ham‘p amlpélagéi 8-
patelgt?ravrg ﬂ&e%% ngx%Qﬁ? 'T’ﬁc%g?&@éd %er%FéHCE ow ng three days. of
roomtenp

ature e carvedilol particles

Example 1

The purpose of this example was to prepare a nanoparticulate carvedilol
formulation. , ' _

An aqueous dispersion of 5% (w/w) carvedilol (Verion, Inc. (Lionville, PA)) was
combined with 1.25% (w/w) hydroxypropyl cellulose (HPC-SL) and 0.05% (w/w) dioctyl
sodium sulfosuccinate (DOSS). This mixture was then milled in a roller mill (U.S.
Stoneware, Mahwah, NJ) using a 50% media load with 0.8 mm Yittium treated zirconia
media (Tosoh, Ceramics Division) for 46 hours at 170 rpm.

Microscopy of the milled cmedilol sample, using a Lecia DM5000B and Lecia
CTR 5000 light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co.,
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remained in dispersion (i.e., no precipitation or
crystal growth observed), with no visible .particle
weieE/1geswet h or aggl omerati on observed. After poguskoeso3479
day period, the nean 10 carvedilol particle size was
163 nm with a D90 of less than 229 nm Stability of
t he nanoparticul ate carvedil ol dispersion was then
nmeasured in simnulated biological fluids. For testing
in simul ated biological fluids, the conposition was
i ncubated at 40C for 1 hour in sinmulated gastric fluid
(sodium chl oride and pepsin in HCL and water), 0.01 N
MeathiGreldd)l Slbwdd WERERDels¥PBRletcATdrHtes.CPRE samges-a bearadl
i'n the 15 stomach), and sinulated intestina fFUId
accepldddobasi ¢ pot assi um phosphate, water, sodium

hydrpoxi.de. .and L) [
HGAAE gl PR Lot ARl R stk
meashizdppaddionintddistillad watt,| wing 4 Hoypibs LA 910 partiSiersideanatyzer. The
Bi Q] agi cal.. F| ui ds Conposiijon Sinul .01.N
meangplier feptpdileLRarple SN o Ee, HE R o oSy 928 nm. The
pH of @k \RHbpHicRale! dablRil8] hdtsidacRRine! e sl ight
aggl oneration 1.25% HPC-SL . 0.05% DOSS 20 The

r eléallaveing ghren deyseisterngs atmremampprtiecliie gsppvedilol particles
remaﬁ%ﬁ\ﬁ? gis&agis%%g{f%g %gisr%f*)i'(t)a;tio L ARGt leroWRPIBSL RIS rv?ittﬁl h& {visible

reove oes not "exhibit si gnl I can

.partiglasize grewvth areaggymoastitionbisservedc UGdrable thmees dayupeaiosld the mean

i.0] ogi.cal .fluids, These,r ts, ar ictive of
carveyBLRRURE 577 Ve Lo biBauinednr pE e BaRBdni 'S The
pusiaBERy 6f tHeladopafitilbe capedilo] Pispesioa was then measured in
nanoparticul ate carvedil ol fongﬁlatiqn

. . . 49 ..
sinulBo o B Ets GG SR GusTONatR) bRpBGHI1S b gposition

s S ot )0 R S g s

HCI arel ivateo) 6.QIHRIVE}] GridclosioBlatésymical aidictophdisions fonnd in the

syl.fospcci nat e. Thi L xt.ur t 3L | :
som§ADL R SEHIRRE L BER a TP et 5 b el o
hydréki8e,md Hahtieatin). t Tieadeadltzdre slooty an Tbbleilt belowredi a 5

(Tosoh, Ceram cs_Divisian 50% nedi IQ§d : IhF

i vt ore vESbIgi1: SO ot dhe Nangpamimyiate Carvedil

Composition in Simulated Biological Fluids

Compesition Simulated 0.01 N HC1 Simulated
Gastric Fluid Intestinal Fluid
5% carvedilol particle growth acceptable slight agglomeration

1.25% HPC-SL .
0.05% DOSS

The results demonstrate that the nanoparticulate carvedilol composition is stable at
room temperature. Moreover, the composition does not exhibit significant particle size
growth when incubated in simulated biological fluids. These results are predictive of

excellent in vivo bioavailability.

Example 2
The purpose of this example was to prepare a nanoparticulate carvedilol

formulation.
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rpms for 46 hours. Mcroscopy of the nanoparticul ate

carvedi |l ol sanple, using a Lecia DVb0O0OOB and Lecia
WQDH7a0066 | | ght source (Laboratory | nstrunent sPanas2007/003479

Supplies Ltd., Ashbourne Co., Meath, Ireland), showed

wel | dispersed discrete particles. The sanpl e appeared

10 acceptable. Following mlling, the particle size of

the mlled carvedilol particles was neasured, in

dei oni zed distilled water, using a Horiba LA 910

particle size analyzer. The nean mlled carvedilo

particle size was 160 rim with a D90 of |ess than 235

n ”An I@feou@ i PErstdifofB k(R T erveHiol OV edbis B8RS, S(Lﬁrhvvve@ PA)) was

Fol | owi ng t hree days of storage at

oo
combnxeqdpwlaﬂ 2580 (Wh'e) TS IR rollmpy} padlubase G’é’%ﬂh@éﬂ 0.Q5% (w/w)
dioc | soRftnY él;ﬂ@os(.w ﬁate (%ﬁ)ee{lh@é &%&%&%&J thEh Yaihad oﬂ ra%\ﬂ& mill
tobServe ; e o Visi'bl'e "particle size growt
(U.S.&yohaware sV iahwab IS B usidg OJSfﬂnErr Yithaurt reeted d:ayoqnarattudpn media

(Tosc{ljg glegafe}g{éé pﬁ%{s\#gg I(é(g’l{g rﬁeﬁ; : %{%l v ‘ﬁl% %‘D\gtflla?et %{857 milled a\ll'yi atsli])egd of 170
rpmsrfg,nmﬁd;,jrgcul ate carvedil ol dispersion was then

nmeasured in 20 sinulated biological fluids. For
t efidragrops of tmmm@ubtmwgw synpls; u%% a Lecia DM5000B and

Lecia @fﬁ%?)bbé%ﬂt s §e k ég&? u feilts Fgé | ép H N Ashboyrne Co.,

simul-a pepS|n In
MeathiJteland), Ehxt\edsc) weﬂ dﬁB})eNeMSC(ampthbsmﬂlaS@pkmpea‘bd
acidic conditions found in the stomach), and
acceRtablfy ated intestinal fluid (Monobasic potassium

p hp&nmihg mill & khe SR RIze O B 1tka, caamiupapmems IW‘a)s
The results are show in Table_ 2, below. 25 T

measggeglyin ﬁiéflynléﬁd dissllsg Meirarisieg e Bosibed A 817 Pfe:ﬂtlcfl e size analyzer The
a:gﬁ at edﬁﬁgl waﬁcmlig 8 Fﬁ Jgggmla b bﬁ%sg:ﬁﬂﬁ%stdn? NThe

HCl  SI nu Gastric Fluid
pH of theasﬂledaianﬁddobdlsﬁémsmamcﬂ$ ol particle gr owt h

0BT DS BH URD OO DBy Chie ey PR B E e tlee

remaﬁﬁ&ﬂtmfdﬁk@)em(i&[ rioCptkéipitatica Mﬁﬁ‘yéta)ll ngQ*tl’de‘ﬂet'\rddD, wish no visible
stabl e at room t enper.ature.

partiglg sizergse Wi aselomeighpy phsgived, e Brdhs tape sy E?%q‘?’dr fhe mean
carvé@ﬁﬂgérﬁ%’iéﬁ%@@aé ﬂs‘ﬁhﬁ?lb\%%bd) of %b fiah 2f2|3an§is

formul atton prepared in Exanple 1 .
de&taheltty af 8¢ naelspa@gglamrm ilohdishersionnwagyder eagpred in

81mu1¢'atg<‘1u {jloioglca t

testmg in simulated biological fluids, the composition
was incubated at 40°C for 1 hour in simulated gastric fluid (sodium chloride and pepsin in
HClI and water), 0.01 N HCI (which simulates typical acidic conditions found in the
stomach), and simulated intestinal fluid (Monobasic potassium phosphate, water, sodium
hydroxide, and pancreatin). The results are show in Table 2, below.

Table 2: Stability of the Nanoparticulate Carvedilol
Composition in Simulated Biological Fluids

Composition Simulated 0.01 N HCI1 Simulated
Gastric Fluid Intestinal Fluid
5% carvedilol particle growth acceptable agglomeration
1.25% HPMC
0.05% DOSS

50



10

15

20

25

5 fluid. These results are predictive of good in vivo

bi oavail ability. Exanple 3 The purpose of this
wexenTpbelseas t o prepare a nanoparticul at e car vediriusko07/003479

formul ati on. 10 An aqueous dispersion of 5% (w w)

carvedilol (Verion, Inc. (Lionville, PA)) was

conbined with 1.25% (w w) pol yvinylpyrrolidone (PVP)

and 0.05% (w w) dioctyl sodium sulfosuccinate (DGCSS).

This m xture was then mlled on a roller mll (U S

St onewar e, Mahwah, NJ) using 0.8 mmYittriumtreated

zirconia attrition media (Tosoh, Ceram cs Division)

( %ﬂgﬁﬁtsadén%ﬁirate-ﬁﬁﬁ tHe KanopartisatdthivedildtcompoRRRM i9ktable at
170 rpms 15 fo days. M croscopy of the nmilled

roomdemperaiure NEHQ@‘Y@@, tha spmgositioe dpes TNEEbIE wige ficertipgrticle size

0
sron EhP b @ in SBHEAR bioRARCAREgs, WRRSIGATRE kernANjon prspared
in Exmble tl dgrlnehsmﬂecdless: agdlempatibn eites indivetesidnpinulapddatestinal
..acceptable. 20 Fol n [1jn t h, ticle si f
fid Ferruy s s aotgart e Sl ity ea. i °
dei oni zed distilled water, using a Horiba LA 910

particle size anal yzer. The mean m |l ed carvedil ol
Examplety cl e size was 107 nm with a D90 of |ess than 167

o e Bfipp R bifhid BEpiHIS WECATEHAE | AnoPAEPELE ARy
formdllaBpE.rSI oln wlas ggen msasu;e;jnl n 25 _SI m|J| ?t ed
u .
£ 1 8nafuedts it pt e M RA et T VaHOR R (LighARL, P was
coml‘hﬁ’éﬂ with 1519% |(ﬂ77\9}jp@§tﬁitn§flpﬁ]rrﬁhﬂdn€é ((facmu ammo:d)ﬁ%r(wdﬁ) aiodtyl
psin in HA and water), 0.01 N HCL (which mu| %
sodutng/ amlé%ﬁucg@%@%??d i i pextnzs wes then FHEed ep éﬁaﬁﬁ) mil g@rg
Stoné\kﬁgl ]gfaﬁq'ah nﬂl?)sﬁsllﬂ?b gfr}ulﬁ' HitiMaRBasd Elt&ﬁﬁ@ﬁﬁhﬁ@i‘l media (Tosoh,

Wwat’er, i um hydroxi de, d pancreatin).
Ceraﬂifrces Embn)s(sa?/emsﬂu@vlnadi Tb IngixBire b\@lso;wlleé 2t y\gpeed of 170 rpms
for 5 007/ 100466 PCT/ US2007/003479 Table 3: Stability of
&S ‘Nanoparticul ate Carvedilol Conposition in
Sl Mi&r%&@ﬁ)y&ﬁfﬂh@ giilted cdrvedilds sdzaplepading all.eCiaMMB0OUB Gnd Lecia

at Ga Fl uid | | %
CTRYOV gt H1orpm aher oy B ImeRts s SEPRI tghtAshbourse Co.

MeaRIBLRNEY, 3hbRBd whi12BSeR¢R discrete particles. The sample appeared

acceptable.

Following milling, the particle size of the milled carvedilol particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer. The
mean milled carvedilol particle size was 107 nm, with a D90 of less than 167 nm. The
pH of the milled carvedilol dispersion was 9.2.

Stability of the nanoparticulate carvedilol dispersion was then measured in
simulated biological fluids. For testing in simulated biological fluids, the composition
was incubated at 40°C for 1 hour in simulated gastric fluid (sodium chloride and pepsin in
HCI and water), 0.01 N HCI (which simulates typical acidic conditions found in the °
stomach), and simulated intestinal fluid (Monobasic potassium phosphate, water, sodium

hydroxide, and pancreatin). The results are show in Table 3, below.
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0.05% DOSS 5 The results denonstrate that the
nanoparticul ate carvedil ol conposition does not
wexmi7hioe466i gni fi cant particle size growh whenPCT/US2007/003479
i ncubated in simulated biological fluids. These
results are predictive of excellent in vivo
bi oavail ability. Exanple 4 10 The purpose of this
exanpl e was to prepare a nanoparticul ate carvedil ol
formul ati on. An aqueous dispersion of 5% (w w)
carvedilol (Verion, Inc. (Lionville, PA)) was
conbined with 1.25% (ww Pluronic(r) S-630 (a random
copol ynmerrable 3i Stabilieebfibe Naitbpartioylatoareédithidne) and

0. 05% (W W) dbapbyitiofGfliSiiukiéd w@FicalameDOSS) Thi s
mxturelSwasthen mlled on a rol mill (US.

VeEhwa S 0. T
ZI ?’%onl a at ! ri tcﬁﬁ‘lﬂégﬁ% I(?’(zsohq)@;frlnbggl l[J)lmvi fizg'gfﬁtﬁfuid

frecha— TC LLL )\l Ul nt+t+ed—=at :
?‘é’sc ’3%) 't pns fpg.iﬂ A% gﬁ)gml s ?ceg‘!g :bpl)‘;/ of the sHgRt-agstomeration
0'05"/ﬁ rticulfate carvedil ol sarrpl e, using a lecia

Leci a-CTR- 5000 ||r1hf collreca /I'hnrnfnru

E=A A LI~ — =C aTUTTy

Instrumants and Supplies Ltd. Ashbour ne Co 20

oar t Fes ﬁlfsede?tgkmstra YEfle Ward agic?ﬁ’eﬁé %&q'eglﬂlﬁc(foﬁhﬁ)smon does not

sarrp e appea accept abl e. | ow ng
exhibiti dlgmfig:;mtujaﬁlqia size grevthi wiendhculiatednin] simulagest lmebhgmll fluids.
n. d stilled water,

st B SR S S st PP B ERBATIL Do | e

mean mlled carvedilol particle size was 189 nm wth
a D90 of less than 279 nm The 25 pH of the mlled
Examplededi | ol di spersion was 8.9. Following three days of

SUPHASEpae SIORIY B %Moepreﬁeﬂ@ aGRhYSAib@hteRRAktddilbES

remained in dispersion (i.e., no precipitation or
formgletien.al growt h observed), with no visible 52 WO

2007/ 466, vl
o ST RTER ISR g 0 v
comHbingl wizth.258%a(wad) Plkoria®tS-63 Os(aStIandaorwa:Spdl@ﬁlem wf viniyl hcegate and

PN NSO T N N E DA AT S —

was tRER&HNEL ok A roﬁérrﬁd l1pges. Qdoﬁbﬁ%cﬁiahfv\laﬁl H3) udieg OtSQ’ﬁIrl Ylﬁtnum
in sinmulated biol O%I cal fluids, the conposition

treatqdrﬂ;mataeﬁtrﬁtommeﬁ@ hesph, ﬁﬁfaél?lﬁ%PaYlé'@nb p medig lﬂaé) "Fhe
and water), 0.01 N
mlxu&é%(gm a% tes t EI ca g%?%rg condi tions found

[ nMMscmymfuhmxan@amcmlam¢m@tilql semplel nsihg fallgicth DMS5000B and
Lecia MB R Qﬂﬁ)l hg (s)(t)l?r%g (ﬂéﬂo‘% h(orynlfﬁzj"[trl(lerirlerwa ; afid Supf))hesLﬂ]d Ashbourne Co.,
Meath, Ireland), showed well dispersed discrete particles. The sample appeared
acceptable.

Following milling, the particle size of the milled carvedilol particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer. The
mean milled carvedilol particle size was 189 nm, with a D90 of less than 279 nm. The
pH of the milled carvedilol dispersion was 8.9.

Following three days of storage at room temperature, the carvedilol particles

remained in dispersion (i.e., no precipitation or crystal growth observed), with no visible
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hydr oxi de, and pancreatin). The results are show in
Table 4, below. Table 4: Stability of the
wolorpas4es cul at e Carvedil ol 10 Conposition i NPCT/US2007/003479

Si nul at ed Bi ol ogi cal Fluids Conposition Sinulated 0.01

N HC Simulated Gastric Fluid Intestinal Fluid 5%

carvedi l ol particle growth acceptabl e aggl onerati on

1.25% S-630 0. 05% DOSS The results denonstrate that

t he nanoparticul ate carvedil ol conposition is stable

at roomtenperature. Mreover, the conposition does

not exhibit significant particle size 15 growth when
partldlé‘ S ?‘fcﬁgth'& aBh I cR4tRsh dHsehed! @@cerfﬂlléﬂhﬁl&a dagl periddgthetrhean

fornulFation préepared in Exanples 1 and 3 nonstr at ed

carveddekpaglesinsreas 69 maecwitha efdgss thar 2t PEt ed

| NEBTL 3kl %&;ﬁ\ﬁ@% chERY 1§ﬁd*leﬁe%§gﬁ SflisGhd o Fie Rl P

simuhmal&hemgﬁabﬂtdﬂss &os kashhg th simuldted hicjogdiba tflurds, itteusmposition

,rmificat' s and. variations .can. de jn the .
was IR SHEA AMC JoRE4R FOHE =0 £P3tHE AL G FOISHEF g pepsin in
HC1 Md Waidt), ode WH@H{%&M&M@%@I addlic $6AMiEions fduhd in the

i nvention. Thu it is intended that the present

stomagh) gand mub@ﬂemtqsﬁeah@aﬁﬁlv@apb%paﬁaﬁﬁlwamh&wl&% vgter, sodium
hydr(H%gg, g%g\ebﬁgéeﬂgé’tﬂpp?ﬁ\é'rg ts E¥hPIETatl UNbaokNe scope of

clraims an eir equivalenhts. 25 53 WO
2007/ 1004B4bIP@T /SﬁBﬂﬂi/oﬂﬂMN@noW@tuNtMC&yedudt abl e
nanopart i cul @empoaitioadinl Simulated Biblagbeal Fdaidsi si ng: (a)
particles of a carvedilol, a salt thereof, or an

CoMpssiidy adti vesumamReéd t herjeof 0.61hawiclg an ef f Sphiulated
average part|i cl gaghi€FRfia! €Ss than about 2000 mftes@ifgl Fluid

5% cafVedfibl | €aST #’.ﬂﬁ RErdREE STADICLéHBble < 1N€ | agglomeration
lzosco ? 1|t|on Talml V\,herelnlfthe carvedllolggls
0.05%%, %‘gszw frogmt he group consi sting of a crystalline

pnaoc, ah—ahof |JIIUC|5 pIIClDC, aenl-bl-ybt aIITI LLLSS pijdbc, =}

sem - 10 anor phous phase, and m xtures thereof. 3. The

COMRO£dshit® Ber@bnditadd thal theWagbRirticilaR daffedilbi Mﬁnpcysﬁlﬁ(ﬁg'fs stable at
particle size of the nanopartjcul ate carvedi

roonpigpmpegters- Morsey g therompasitionglogs sahexbbit Plgmtl typarticle size
grothl? Yheh Mibated in simulated blologx.cal fluids, although the formulation prepared

in Examples 1 and 3 demonstrated less agglomeration when incubated in simulated

intestinal fluid. These results are predictive of good in vivo bioavailability.

* ok ok ok ok

It will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present invention without
departing from the spirit or scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this invention provided they come

within the scope of the appended claims and their equivalents.
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about 1900 nm I|ess than about 1800 nm |ess than
about 1700 nm | ess than about 1600 15 nm | ess than
wahor10d48600 nm | ess than about 1400 nm | ess POAMNS2007/003479
about 1300 nm less than about 1200 nm | ess than
about 1100 nm I|ess than about 1000 nmn, |ess than
about 990 nm | ess than about 980 nm | ess than about
970 nm | ess than about 960 nm |ess than about 950
nm |ess than about 940 nm | ess than about 930 nm
| ess than about 920 nm |ess than about 910 nm | ess
t han about 900 nm |ess than about 890 nm | ess than
WE éPQihvi20 880 nm |ess than about 870 nm |ess than
about 860 nm |ess than about 850 nm |ess than about
840 nm | ess than about 830 nm | ess than about 820

1. N st®fsSnd rlagan@h&% cark8ildl UBmpb&iGien thaprigieut 800 nm
| ess t han out 790 nm_ I|ess than about 780 nm |ess

t Hah am;m:les pba ﬁmvedlé@lsaﬁﬁaﬁleéﬁyémr agrptically petéve ispfr thereof
apout TR ATk bASSiVENRR: R0 QUicl A 0Y 1ost 25 DAL MRM; and

730 nn1 an about ess t an about 710
nnib)| esst ltdsonabafdce2babiltftrnm | ess than about 690 nm
| ess than about 680 nm |ess than about 670 nm | ess
t han about 660 nm | ess than about 650 nm |ess than

2. abpyd c&{lﬁ%éﬂt’i@n bedaint NawhalRithe 638edbl is se186ted idin &lROtibup
620 nm 1ess than about 610 rim |ess than about 600

consigtipg PEa srystdline plisseansyeorpheus Rgse. i %R IBg ohase, 2 semi-
| ess than about 560 nm | ess
amox{pﬁ(gﬁs %}i}gﬁta?@%&uﬁz& HeWlof!

ess t han about 540 nm | ess than
about 530 nm | ess than about 30 520 nm | ess than

5. SoBHL AR o bR 00 LR o A 0 e

nanogﬁﬂtlchﬁﬁéicafrbélﬁloab@ilﬂkle%GQsdlmted f6m thb @i’ou;bmﬂswﬁﬁg of feés YMan
007/ 100466 PCT/ US2007/ 003479 tha ut 440

aboui 1900 Balcon4ie A8 L DPOTREa BES kel ROt espanst fout 1600
ﬂe Sthah Ia%'ut l%gliﬁn 435@ thiR 2B RS 3400 aM, 3RQ ‘tﬁan"a@:%uﬂ !le%Od ﬁ%sless than

an about nm |ess than about 380 nm | ess
abouabam ni®y @ss thanl it { heOh nab tags ttee@banrt 10Qsamy waﬁﬂaa@beut 990

o, 3035 5 A . 36 B e, 320

about 856 nfn, 1d38 Iﬂhaﬁﬂmht SADnmaless thaa abbmads Qalhmuless?ﬂﬁn rabput 920 nm,
| ess th about O run, | han ab
tess R AORB0 Toderiah et AR S Eo) 888 e dfen sbout
880 ﬁlﬁolgss 48 288Ut $785%m | R thaR BBsIt 868G rlbssl tass achLﬁTSS&bﬂU,tless
nm |ess than about 210 run Iess t han about

than ﬁhwt 8489un ¢ Ines tham abeut $50 nwmlessdBan abeah 838 - qsséh%%bout 810
{ §a1a5%8u@§t§mm1%% ATh abﬁﬁ%foheﬂ 18004hn aﬂéig 7‘3mnnlx qgs% than
an about 150 n

ess t han about 140 nm | ess
aboua B30 il B&s thgn dbosis 7Q@nmh tass drowrbor T ham, less ﬂlanraénut 740 nm,

o PR 2RIy 0 55 00 0 L o
700 Bin@id¥s than\eibetes90 ibglcieihaabbuesiduan dgss than bbebtes79imms, less
thanlals)out 660 nm, less than about 650 nm, lass than about 640 nm, less than about 630
nm, less than about 620 nm, less than about 610 nm, less than about 600 nm, less than
about 590 nm, less than about 580 nm, less than about.570 nm, less than about 560 nm,
less than about 550 nm, less than about 540 nm, less than about 530 nm, less than about
520 nm, less than about 510 nm, less than about 500 nm, less than about 490 nm, less

than about 480 nm, less than about 470 nm, less than about 460 nm, less than about 450
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selected fromthe group consisting of a nmean, D50,
D60, D70, D80, D90, DO5, and a D99 15 particle size.

w6 2007heo4senposi ti on of claim 1, wherein the cORPDAISEI0GN03479
is formulated: (a) for admi nistration selected from

the group consisting of oral, pulnonary, rectal,
opthalmc, colonic, parenteral, intracisternal,
intravaginal, 20 intraperitoneal, |ocal, buccal,

nasal, otic, and topical admnistration; (b) into a
dosage form selected fromthe group consisting of

liquid dispersions, oral suspensions, gels, aerosols
nm, les tameaboyt 440 Baisss thablabowt 438rm dapssiiae gbout(42)) nrpy lgsshan

about qgﬁ ell{:sgr ebo%%Sﬁ' nInr ? tt]!;b?l aﬁfoﬁ?@?%s re%g 'tl{hgl égout 380 nm,

FERse Y ormurat i ons
less tHa@rabulied 7008, lebymahlabbmﬁﬁ()f ron Nessathao abqutcBéDaye,dess than about
rel ease 25forrru|ai|o xte({*d reIe

340 iy Jgv s Rt 33 PRALSSP B1e APEUSE B S D ALOULAR) mm, less
than agb Fnﬁo hiRdd ﬁiaﬁ aBSh%rﬁnl@sscﬂ’lQﬁ LBd LB 0N 88&Ehan about 270

at 1 ons; (d) ‘any conbi nation ther eof. 6. The
nm, less nﬂmuouo%(bmleas the, abahic? ) amy Iees hanpbent A0 nm, less than

aboutﬁgpp o Iel%slci;os 20e°9 ug ??nH Ing{a’q%ﬁ t%ba}?%g%g% gﬁ-l“lésg thifabout 200 nm,
less ﬂﬁﬂﬂd&? 0917{11910 Bdd ﬂ1an7aboifh$0:mgpk¢ss thapaboft K0aim Itss than about
160 35w AL TP ot o Rt 0w L GRER (oS ibn e 130 R s

than AHRWP I PAAMOTesS n%%t)ut B10 dRe1esPMaASbENOIN00 esE H&inrﬁbbut 75 nm,
wherein: 5 a) carvedilol 1s present in an anount

and lese thegtabgut $@nt-he group consisting of from about .
99.5% to about 0.00 1% from about 95%to about 0.1 %
and from about 90% to about 0.5% by weight, based on

4.t Mehet @napositimnboficdainvid) whitreinfthe Seffetive alverage particleesizg” is

surface stabilizer, not i
selecgd g e oup byraliHessia ot L PR0nB7BLH8D, g pgs, and a D99
partidké §ig@nt i n an amount selected fromthe 10 group

consisting of fromabout 0.5%to about 99.999% by
wei ght, from about 5.0%to about 99.9% by wei ght, and

fr @ot?xgw abh is RRsELan the
> 'f}ﬂ% me%ﬁgaru?)pge%h% %gg?ﬁ%‘l ’ls and at | east
' or(a) s urfoaaénsmamtiorzmlqcter&)fromrtw gmungsou‘ﬁlh@ng of oral,
exci pi e

pulmgnarﬁéhrgc{jajjr?gggarlﬁ G50 qncl:co lrlgg}enr%? lon tr%ns%e%)lal (éra(lg%mal 15
intrajSeitbRaE 16¢Abudclghadas, BR| &ud e:qiud‘at administration;
-(b) into a dosage form selected from the group consisting of liquid
dispersions, oral suspensions, gels, aerosols, ointments, creams, tablets, and capsules;
( (c) into a dosage form selected from the group consisting of controlled
release formulations, fast melt formulations, lyophilized formulations, delayed release
formulations, extended release formulations, pulsatile release formulations, and mixed

immediate release and controlled release formulations; or

(@ any combination thereof.

6. The composition of claim 5, wherein the carvedilol composition is formulated into

a controlied release dosage form.
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the group consisting of a non-ionic surface
stabilizer, an ionic surface stabilizer, an anionic
weuod7aoetsst abi | i zer, a cationic surface stabil Peerus2@mdo3479

a zwmtterionic surface stabilizer. 20 10. The
conposition of claiml1l, wherein at |east one surface
stabilizer is selected from the group consisting of
al bum n, human serum al bum n, bovi ne al bum n, cetyl
pyridinium chloride, gelatin, casein, phosphatides,
dextran, glycerol, gum acacia, chol esterol,
tragacanth, stearic acid, benzal koni um chl ori de,

7. CaHd domsdshnad folaif Yc\ﬁlﬁéﬂamrfﬁ@ e8padiAd. furdRr comprises one or
cetostearyl alcohol, cetonacrogol enmul si fyi ng wax,

more phamnacsrtiealyeacsepiable\PsRipiants; CamieTs 0k ¢ combinasiog, thereof.
pol yoxyet hyl ene castor oil derivatives,
pol yoxyet hyl ene sorbitan fatty acid esters,

8. pdl“l;eertdmy;bcssrtmngéﬁ/cﬂmhsl wiogtemy| trinethyl ammoni um

a"g‘i‘f{i]égx ertggé/ It S’gg‘? %%]gg%tgstgges; e§!] FFC?rlglttEé graclupsclon&gt?r?g of
from ﬁBdSlﬂ@QymttS ¥b&&! 0.00 195 Sfros A6 L8 %% Y dbE0RTBPYAd from about 90%
cel | ul oses, hy ronellose car boxynet hyl cel | ul ose

to abawd)- 2 by Werﬁélﬂiﬂgﬁsefé PR tregtal cw&m@ymla@q Aetarypdggband at least
one sIRLLIRb 98 e n N LBRLA oth&%fﬂfé}tgl l'ine cellulose,

magnesi um af um num siflicate, ‘tri€thanol am ne,

p cﬂbyv i natl lezst ond eﬂlrfaqgcsltqhvhlzey lisopnesaait il am emouﬁﬁse\lf@ted from the

004 100347 ,
groumcw% 0? Frog ?éﬂgw oBR e ‘I"it%&?egr?o/f’ by, ielghty frofpyapout 5.0% to
abou€9NYYEeweithe] @nd Febnk lemihdemtﬂfbout 99> lsPxByTRIessht, based on the total

pol oxam nes, a charged osphol
com%msl:@y|wghtdsf@@éwddpbancﬁqtéwyp@%wfa§e tabilizsginptincluding other
excipidfld;@guccinic acid, sodiumlauryl sulfate, alkyl aryl
pol yet her sulfonates m xtures of sucrose stearate
an@) suc csmbiiatios af &and (b).
p-i sononyl phenoxypol y- (gl yci dol ), decanoyl-N 5
nmet hyl gl ucam de; n-decyl f -D- glucopyranosi de; n-decyl
9. (3rk: mhpmgmﬁmahl@ie:l thﬁﬁmyéast oht glrfiweyubilines idelected from
n- dodecy D- mal t gsi de; tanoyl b+nethylglu% m de;
the grﬁ)lxﬁézﬁp?ptm@o& greddps & ?f?l 1;prh@pxp§}}c surfac ilizer, an
anioriSstfAddI SPHiHEPSA Qeﬁlon'ﬂc SRtk sfa%ﬂf%‘eﬂlaﬂg(é%%@ﬁ%@ Qurface
nonanoy! - N- net hyl gl ucani de; n- noyl
stabilizerD- gl ucopyr anosi de; octanoyl - N- net hyl gl ucani de;
n-octyl - (3- D gl ucopyranosi de; octyl
(3-D-t hiogl ucopyranosi de; 10 |ysozyne,
10. PEBaqod:mapdmtlwrpoﬂclaiﬁE([a‘; vheakositdeask pn@ﬁ(ﬁ@h@t@&hmaﬂ selected from

the efep ol 6E oF oy Hebne A APy PO Ry PBP R goridinium

. chlord¥, geMatif, cagéihy pPRdsphatided| dexiia, %ﬂwe&el , 0BT acadiag alid]esitrol,

pol ysacchari de, a cat.ionic ceiTulosic, a cationic
tragagariteasic agid bengatkeninerhondee Frlciuay pseatrd glyserol ponestearate,

cetos@mm}ﬂop'c@ton?ﬁrb 'eﬁ':dlélﬂi'u‘ij%wax PR e é&‘t’érﬂ?oi‘ﬁﬁ?%ih@ﬁ&e alkyl

rlnethylannonlun1 rom de onlun1conpou_d ) )
etherpqiofyduygthyjane siastdo nid-derivitines lydlporyietwldngl sonitandfoity peidesters,

polye%ﬁgﬁyglglcg’lg,l éo%fegyl 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,
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hexadecyl tri met hyl ammoni um brom de, phosphoni um
conpounds, quarternary anmoni um conpounds,
woenye4ds ( 2- chl or oet hyl ) et hyl ammoni um br om de PCT@S20A003479
trimethyl ammoni um chl oride, coconut trinethyl
amoni um brom de, coconut nethyl di hydroxyet hyl
anmmoni um chl ori de, coconut nethyl dihydroxyethyl
ammoni um brom de, 20 decyl triethyl ammoni um chl ori de,
decyl dinethyl hydroxyethyl ammoni um chloride, decyl
di met hyl hydr oxyet hyl anmoni um chl ori de brom de,
C12-15di net hyl hydroxyet hyl ammoni um chl ori de,
4-(1,1G3 2 -tbR ety h ?Sﬂéxﬁ&lb@l}‘?ﬂér VARER 1t ahid@raxﬂefobﬁgabme
coconut  di nmethyl hydroxyeth anmoni_ um chl aori d
poloxggas polatiamtnesy b chyiged ﬁb@%ﬂhyﬁpmmsm lfospesingte, -dialiylesters of

s ke 5 T A 8 e At i

of sudres ;th-aratmmdl sunmose distaeste, misondnydphetolypoly{(etyeatodx Wdlanoyl-N-

methggmni \ 'Ch%ef%&ljg%ﬂuacgia | gsi(i 't h%%z)y t %X@ﬁfﬂ?ﬁde' n-dodecyl

B—D—@Wr%ﬂsﬁm AldodReyl - BLllﬁXitoilgeHieﬂyé}lg% 10RER¥hs @@ﬁ%ﬂlde n-heptyl-

ammoni um chloride,” N-tetradecylid yl benzyl anmmoni u
B-D-glhtopyiraiesidesy nﬁ;ept)dtﬁe];) Mgmmylle uhhdeylyi- Dagimnp)crmlomde,

nonar?c?yg g‘ﬁ‘h%e%gt'r‘; a s gﬁﬁ@i‘ﬁ?"@ﬁaﬁ@ Slg%’r QAR mmoni um

lkydeo it AR L.
meth A A e L 007i1300347%é’I mﬁﬁqneﬁttﬁythgir%%}oﬁgrrﬁng gldty\g

lysozyrapgy 9EthhQ$ph¢iwldal?ﬂﬁ%mhelﬁs@mloPE@ech@@%swdm@@ve PEG-vitamin
A, P?(l} KX@}? ﬁ A Mog{ @CL a)(x‘fllgpg%@ k/% §<rae|b§te aﬁH v%}h %Wl)ﬁagr% a cationic

nmoni um-'s
polymi¢rak Icyﬂlmrmbmpmtyméﬂ akatileic bbusazbehmhdb mhyhlca:a‘rmmlsmna cdtionic

chloride, N- t radecyl di net hyl benz
algingify & PRI BTN G STRESTRY F ERIIG FoFRDPH, Fationio lipids,
polylﬂétﬁmn%{h 1Ay tnﬁf@iﬁ’ﬁhﬂﬁio%hlrﬁ? bisiBide, sulfonium compounds

dodecy!l d| met hy| benz amoni um chl ori de, di al
polmm@m@mmz-gmyémwt@ﬂ.r@@haqralammtemmpwy ",

s ST 5 Syl Bl B s,

ammbnmmetdmboummfmnzyhdi@-@hiodmhylﬁtﬁyﬂatmqmmyhmmrdm nocemut

tnmeg-gf m des, H%]h??x?c:i egﬁéq%am%pﬁ%ogﬁ% romide, coconut methyl
dlhy&%yaml%ﬂbﬁhﬂﬁémﬁhmmdiﬂhi&hﬁmmbfdr@%fe(tl@’}\@h‘ﬁ@mum bromide,

di met hyI anmmoni um chl or| des, aI kyI di me | ammoni um
decyligietys amgeanium Hip Qm)f gpyeRnium chloride,

d ittt YRR Lmlmﬂém&ﬁemoﬁa bromide, C2.1sdimethyl hydroxyethyl
ecyld(ﬁdecy}lrt ?laetél [ anmoni um brom d g, romide, ta-1sQmetyt AyAHoRyEy
ammpemmadeiogxdc,rcimﬂméﬁrbmrgmeﬁhﬁmonm ¢hjpride bromide, coconut
P
aimety) b P e AP bR Sttt oyt ampmonium
bromiide) m;disxylaﬁniethyda aﬂmhcml&m rbﬁhy]adullqﬂmtm fawil dhnietﬂleyl benzyl

st ear

i QUOHBEr i g EreiH e PGP ae harride 184 Segpdol

(ethenoxy)s ammonium chloride, lauryl dimethyl (ethenoxy)s ammonium bromide, N-

alkyl (C1,.15)dimethylbenzyl ammonium chloride, N-alkyl (Cis-1g)dimethyl-benzyl
ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate,
dimethyl didecy! ammonium chloride, N-alkyl and (Ci,.14) dimethyl 1-napthylmethyl

ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium salts, dialkyl-
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quat em zed pol yoxyet hyl al kyl am nes, M RAPCLTM
ALl CAQUATTM al kyl pyridinium salts; am nes, an ne
weabd7spo4ei ne oxi des, imde azoliniumsalts, prorasaoedo3479

quaternary acrylam des, nethylated quaternary

pol ymers, and cationic guar. 20 11. The conposition of

claim1l, wherein the AUC of carvedilol, when assayed

in the plasma of a manmalian subject foll ow ng

adm nistration, is greater than the AUC for a

non- nanoparticul ate carvedil ol fornulation,

adm ni stered at the sane dosage; 12. The conposition
dimefylphdbAtudn s seraﬁgm tiSth I BNrIniGA CHRAde O tho X 8ied

assayed in the 25 plasma of a mammalian subj ect
alkyapifealkyldipliadampiostuma salsan qtkoxylated trallod amoeraiumnalts f or

. - i cul at vedi- . ' . . :
diallc e MNP AL Fiic) RELUE R Shlfihiom chloride, N
tetradetyldimmethybenayienenonitiine cHloside afonohydradh, NoblkylSen 4) dimethyl 1-

ssayed in the |.as. f, a .1 an subj ect. . .
naph S Reiiy LA maRiym ERPEPieder iy bRt T pRIORNGR chigridg, dialkyl
benzéRatkyBemAm@@a chictideatatryd afimethyl Snfoniw |cBldrie, alkylbenzyl

adm ni stered at the sanme dosage. 58 WD 2007/ 100466
methplemugpivgy Fgsdeglkyl bengy diweiybammopiurg premiden(-y; trimethyl
. " . a_ .
arer AL Bulie, STROTHbY i SloBipa) o Pindhyl ammoniom
bromgdesdidedeopibensyl tusthar admboiubashiloride, podyndiadlylimettylalmonium

- ontonigtrRORERCY e Bk Edis ™ shOERR MO mt Ry g i

halodeutRs, t3idblyE fiethyl amnh @duslchl ides degMPiadctillylimonium bromide,
admnistration to a, human subject in a fasted state. ’
dodecylrpethyipramoniys Sremisls. tiradecitrmeshylgmarogiyn bromide, methyl

trioctlREHBhNA] S16Mdé, PERSTARIAT rﬂ@% ?%tﬁab%@yl&ﬁ)ndﬁilﬁg%%omideabenzyl

] nfi deng:e I nt eyval fpr AUC I's bet ween 80% and
trimetip3gmmepneim bpymuleociiolidoesicte herzallmivmghldrisie, Seaalkonium

i ch_ j t % and _125% 1. . The. . .
enorEAS e IR0, A BRI RERE (A0 T ERTISHL st o
quateuspiaad palyokydthylaklylamnined) MIFARPODIY AL KAQWAITEY, alkyl pyridinium

redi sper se tol an effective average particle size of

salts; agnipgy QiAG fAlLy, BRHNC XIS, SR azginiyRsalisygaAss iugfermary

acryl&h@ieR) héthyMi&d ghdlerhB® pftheResfPehtioalvaskl ol particle
size Is selected fromthe group consisting of |ess
t han about 1900 rim |ess than about 1800 rim |ess

't . e t .
1. e Rl P Bt e O o oD Wi Bsil i e
plasnadbofia nhB0OBalidmsubjeet folldveng athmirtistiRBO, isngreatesthan ikenAUC for a

about 11 rim.. lLess than agi%ut. 10 rd | ess than
non-SiSBbriSis i Siicd S5 Emneh, ot ot o ban Fhakd

about 970 am | ess than about 960 rim |ess than about
12. 95’9he[ olccgpnpckseltsngn E)P agin? Q?yvher%‘rnothghcmax of carvedilol, when assayed in the
plasma of a mammalian subject following administration, is greater than the Cy,. for a

non-nanoparticulate carvedilol formulation, administered at the same dosage.

13. The composition of claim 1, wherein the Ty,ax of carvedilol, when assayed in the
plasma of a mammalian subject following administration, is less than the Ty for a non-

nanoparticulate carvedilol formulation, administered at the same dosage.
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| ess than about 930 rim |ess than about 920 rim | ess
t han about 910 rim |ess than about 900 rim | ess
wohev/1abwet 890 nm | ess than about 880 rim | e€s/uSh@m003479

about 870 rim less 25 than about 860 nm | ess than

about 850 rim less than about 840 rim |ess than

about 830 nm |ess than about 820 nm | ess than about

810 rim | ess than about 800 rim |ess than about 790

nm |ess than about 780 rim |ess than about 770 nm

| ess than about 760 rim | ess than about 750 ran,

| ess than about 740 rim |ess than about 730 rim |ess -
14. thae cohpebitiond? cldi 1, vaseseih it canpasitionlRas'd shnilae Saﬁe of

than about 700 rim ess than about 690 rim Ies
absorptighwhe admpgiered ip ahugraniyngar '%B&?P digtegs g ﬁ°mP%r§ fing
conmﬁ t 660 nm |ess than about 650 nrn, |ess than

out 640 rim less than about 630 nrn, |ess than
about 620 nm | ess than 59 WO 2007/ 100466

/ US2007/003 t n ss th t
- ot CEotRR S tie Dot orin e mpfiion Bfip A8 kel tence

upon h@miéthaidnab @HungafOsubisit id £68 staraas a&ﬁphreﬂﬁﬂ athiminiktegton to a

than about 550 rim |ess than about 540 nm |ess than
humag |sBbjiectHne fased S84& -t han about 520 nm | ess than about

510 nm less than about 500 nm |ess than about 490

nm | ess than about 480 nm |ess than about 470 5 rim
16. | s coneposiitvoutl cddm himwheess bidegunivabangy isiegablished byis

t aboult, f: 14 0
08 058 hed SRR M el €58 250 and
4QB6) nM a 90%BSSorifitizAcalinerivalBR Ctnumwﬂuﬂss Hehaeenadi5a tand 305%.

nm |ess than about 370 run, |ess than about 360 nm

| ess than about 350 nm |ess than about 340 nm | ess

17. 1 hAR iRl taind £3SrmilABA iR Akblid %Qsa@a fohSShéRaNupon

about 310 nm | ess than about 300 nm | ess‘than about
admlmsoatm hecatvediol particlgd mdispewe tagn effsative avpragsniicle sige of

n about 260 nm |ess than about 250 nrn,

lcssq%ﬂ %ﬁgﬁsg out 240 nm | ess than about 230 nm | ess

t han about 220 Mh, |[|ess than about 210 nm | ess than

ut 200 nm s t han about. 190.ri m .l ess .t.han out .
18, J3fhasAmpestion wEFehe SRR SR ROUEL PR e s
select%mfrdxﬁ% éxjaﬁﬁ caﬁﬁgttngléﬁemhaﬂ 85sut 1908 And deudtthakAH4boubl 800 nm,
| ess than about 130 run, |ess than about 120 nm | ess

less tharaabcats 3700 1y leps than abious §6Q0ham. lesbthan pbout 130950m g than
abouﬁplﬂj(')tnnzg’lemha?ggotktel%%](_) n?ﬁrleﬁkméﬁ &Qlt 18b0 1131 légg %han about 1100

osition o mJate |ntoa30|d dosage
nm, léssrtl'ran albmxtelloﬁOmhe 1essahaxeabduop9(p>am, lash etmramxsaw pws lesp than

oo B 5 8BS A AL S SEROBIEl e o0 o

less tﬁ&i ﬁlbcﬁit @36 in&€ 16ds th&ssHbdub 800 ahn llktss 2 0aban 9 PO nRA) les§ kiean about
nposi tion of claim 19 mherelg t he redb@P rseg 1
900 %lﬁtsc‘lhé% abgut 890\nam Ipgs thpm gout S0 oy, dessithan aRaut 44 nm, less

than 9@&& 86D RnS| 'lés% tﬁﬁt £54L S50 B{NdsE hAr SRt 8OO HinS 1ds8 Shafabout 830
[ ess t han about

nm, less than about 820 nm, less than about 810 nm, less than about 800 nm, less than

about 790 nm, less than about 780 nm, less than about 770 nm, less than about 760 nm,
less than about 750 nm, less than about 740 nm, less than about 730 nm, less than about
720 nm, less than about 710 nm, less than about 700 nm, less than about 690 nm, less

than about 680 nm, less than about 670 nm, less than about 660 nm, less than about 650

nm, less than about 640 nm, less than about 630 nm, less than about 620 nm, less than
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1900 nm | ess than about 1800 nni, |ess than about

1700 nm | ess than about 1600 nm | ess than about
wos00/mme6 | ess t han about 1400 rim | ess than rOOWS2007/003479

1300 nm Il ess than 25 about 1200 nm | ess than about

1100 nm Il ess than about 1000 rim |ess than about 990

nm |ess than about 980 nm | ess than about 970 nm

| ess than about 960 nm I|ess than about 950 nm | ess

t han about 940 nm | ess than about 930 nm |ess than

about 920 nm | ess than about 910 run, |ess than

about 900 nm | ess than about 890 nm | ess than about

1 853 JbBAN6ARPEH! 187 Bah TboktSH. i ABsBel bb&AGS0 nm,
about§ﬁ9m@g§§ ?ﬁﬁﬁ about 8506nn1 Iesg 30 than about 840 nm

less thareglsout 530 napdess taaoabmqt 5p@ am, desg thampaheut 829 nEaess ghag about

s w80 553080 B SR 3, SRR 0

than aBAR 500 Q@ G6ssHhdd A5RREF0 aﬁﬁﬁs@ thababolit 780 nmyesk dism aboah470

about 760 nm |ess than abou 75 n | ess t out
nm, leysiyan ghout 469qunyl ﬁ%ﬁw&%aleﬁutﬁéé 3%5319%“? 42@6‘&1 op5 jhan

about Hlf'@ nlneﬁegn 1 rhb%ﬁ?#*io &%Ole@mhabea%amtiwmabreba thad @8oW400 nm,

ess out 690 nm |ess than about 680 nm | ess
less Mahmats@onms,ﬂessrmm ab@ﬁs? Somdesanbm algBQ 3hgnm. dess thapggpout

abput ,650 ess t
%s%t%abPlréR 35]'0t rﬁn,n es aﬁgg% QmFglsasésl i3> aﬁﬂ.ggatem less
than aBGilt 320560 t1essthab abldiutGQO rmmledsethan aban BO&bﬁuﬂesEQEamahout 290

| th bout 580 th bout 57
g R DOV SRS PBEEORIAT Tagees B8b ARt 200 f fhen
about g?g Pﬂﬁ‘dﬁ ato®® §4(§ AR 1635 Gitn ap38t 280 ninERSs tHaanba2R0 nm,

ess t han abouf 510 nm | ess t han about 500
less thamabb'@s%l Otmarﬂeaaa@m ahog 20 nm.dsss thamabowd§(mrmgdessihyn about

1505 LR RHELI G40V 50 AR B0 258t

than abbai 40hah] ledSthan Wbout! 189 Hass thiwoatbort Q0 mm, lbsssthalt dlimut 110
about 410 n | ess t han out n | ess an about

nm, lesgémrﬁbov"ek@ s khapyhiput 22 ‘9 ??Sé%“t%gﬂt %@ 8t 370
nm |ess than about 360 nm Iess t han about 350 nm

19. Jtl‘ﬁé Soth gﬁti&g ggglam"}‘}qoﬁﬁhla{eﬁsiﬁtc; ehﬂlda&%%e §§91 Wherdi€ 8%

an apout | ess t han about nm | éss t han
carvedibd gartB0¢ nedispesesint shbinraddyant mRgmg mlch tbekthe medispasndy particles

orcarbghidlity o8 ekl wBRRY valh e st FRSUAC NS

nm | ess than about 230 nm Iess t han about 220 nm
20. | eBBe EdiBPoHIGUGT Adi 19) whashh thb asdigiepsed p%&ﬁ)cle’ermf caresilol have
t han about 190 nm | ess than about 180 nm ﬁ ﬁg b
an effagtévn averagemanticly sizs selggtsd diogy the ergep ﬁmﬂﬂlﬁé’gso Pigithan about
1900 %@b'tgss 2R ¥t h nNRRs 338 Ybodd00Mm, 188Sthhf 8Po@he0d nm,

ess an about 120 nrn, | ess than about 110
less them al:loes £500am., @b@thanibbgm 1499 Hass theo aboutd 3Rfhnm, Jgps than

T t
aboutg:aglo sgz{gﬁ phiot t1 158 8g{r;rnl'pers|§ ihan Ji)%u? ?G@pﬁﬁl e@gtlﬁjm about 990
nm, lé‘s@rtﬂaﬁﬂilﬁoﬂk 980 nm, less than about 970 nm, less than about 960 nm, less than

about 950 nm, less than about 940 nm, less than about 930 nm, Iess than about 920 nm,

less than about 910 nm, less than about 900 nm, less than about 890 nm, less than about
880 nm, less than about 870 nm, less than about 860 nm, less than about 850 nm, less
than about 840 nm, less than about 830 nm, less than about 820 nm, less than about 810

nm, less than about 800 nm, less than about 790 nm, less than about 780 nm, less than
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active agents. 25 22. The conposition of claim?21,

wherein the one or nore non-carvedil ol active agents
woowabessed fromthe group consisting of PCT/US2007/003479

anti hypertensives, active agents useful in treating

congestive heart failure, and active agents useful in

treating cardi ovascul ar disorders. 30 23. The

conposition of claim22, wherein the one or nore

non-carvedil ol active agents is selected fromthe

group consisting of digoxin, nitrates, diuretics, beta

bl ockers, 61 WD 2007/ 100466 PCT/ US2007/003479 al pha

about Jﬁd)ﬁ;lﬁe [e3s tl‘%!n%@utbfﬁoamh' R§K@ES absSUMBAt Ll ks theh ‘dBout 740 nm,
i nhi bitors, angiotensin converting

less tham hbdit{73Pgym,dessdharmaletvs AAR b lese &@nsaboaﬁaloaﬂ@ Yise Heprpibout
700 mﬂ,glr% ara{llagl)lﬁ lriin, le éhiné? 1 326 o, 158khA0aEhut 670 nm, less

e carve composi i on conprisi ng: 5
than aE@ﬁté@Otmmgemhin ashan 660 nog less diidnodbous A4 pmi, desk ityan about 630

o S S R s 315 A B s

about SOMHit 1Q8 Shatfol 58Nhml Rss Haf\Wbee: S70CiahyIRel thah about 560 nm,
conmposition having an effective average particle sj
less then abewats> S0tum, lessibarm abowtiSéP v lessharabort @ 30 deps 6‘?&“ about
520 nifi %‘ mh'%ﬁ abbiEs lﬁi ! 1385 SR LBGIH 89 P TRE tR&S aBBultl490Gm, less
ing, onoyeni zi ng, precipitation,
than aBy@p®0aim dess thae elmuthOsmpdcssrthan da;iut #60inth, peastthan gbout 450

nm, leg%ﬁ@n@ltblgg{lé}%wggs a%}@.ﬂﬁpw 4s’)8n te1 ?%I boy 420nm less than

about 408 heNfess (B a%umb@ﬁﬂl id@ﬁ tﬁdh%buﬂ@(bmnpreeyﬂmhlabgut 380 nm,
hypertensi on co I Si ng adm ni st ering to

less thap Aveuch 2Bt ISR SbaAGRITBIoss ERRR o oG, 163 R about
340 n&?;@ El?&n%ouﬁ 90 &4 }{e%gjtﬂaﬁ abﬁﬁ’ﬂ%'l‘ékseﬁaﬁauémmfinn less

Ive average particle size of 1ess than about 2
than ahfbmr 300snm( keps than labawstt 299 men dessfthewr albaut 280 inpw rlessghen ghout 270

| east o arymageuti c
om. 1) 5 e R e GRS 4o
abothQUmhh kd3Ghas Bbdiit 2R hint) fesk Ghah at®ubp BC hmi, tesy €ech dout 200 nm,
effecti ve anount of agp F%OSIU on_.conpri si

less thearapett 1 ) nMalfsHERD; ngSSihaR %‘&17{(}8"3\}8% s{fjan about
160 nf}t’é“iés's Chen SHAL %96 nfne§e°ss tﬁa'ﬁ%oa@mﬁ nid, 8§ HRASbod6] I0m Aless

ast one surface $tabilizer; and (c) at |east one
than gbloat h2towm lesatiap abeu‘eblt()amheleesaﬂiﬂn @pout 100, less than about 75 nm,

and less than about 50 nm.

21. The composition of claim 1, additionally comprising one or more non- carvedilol

active agents.

22. The composition of claim 21, wherein the one or more non-carvedilol active
agents is selected from the group consisting of antihypertensives, active agents useful in
treating congestive heart failure, and active agents useful in treating cardiovascular

disorders.

23. The composition of claim 22, wherein the one or more non-carvedilol active

agents is selected from the group consisting of digoxin, nitrates, diuretics, beta blockers,
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alpha blockers, alpha-beta blockers, sympathetic nerve inhibitors, angiotensin converting

enzyme (ACE) inhibitors, calcium channel blockers, and angiotensin receptor blockers.

24, A method of making a nanoparticulate carvedilol composition comprising:
contacting particles of carvedilol, an optically active isomer thereof, or a salt

thereof with at least one surface stabilizer for a time and under conditions sufficient to

provide a carvedilol composition having an effective average particle size of less than

about 2 microns.

25. The method of claim 24, wherein the contacting comprises milling, wet milling,
homogenizing, precipitation, evaporation, freezing, supercritical fluid particle generation,

template emulsion techniques, nano-electrospray techniques, or a combination thereof.

26. A method for treating or preventing hypertension comprising administering to a
subject in need an effective amount of a composition comprising:
(a) carvedilol nanoparticles having an effective average particle size of less
than about 2 microns;
(b) at least one surface stabilizer; and

() at least one pharmaceutically acceptable carrier.

27. A method for treating congestive heart failure comprising administering to a
subject in need an effective amount of a composition comprising:
(@) carvedilol nanoparticles having an effective average particle size of less
than about 2 microns;
(b) at least one surface stabilizer; and

(©) at least one pharmaceutically acceptable carrier.
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