NANOPARTI CULATE CARVEDI LOL FORMULATI ONS FI ELD OF THE | NVENTI ON 5Thi s
invention is directed to nanoparticul ate carvedilol fornulations and
nmet hods of maki ng and using the formul ations. The formul ati ons of the
invention are particularly useful in treating high blood pressure
(hypertension), congestive heart failure, cancer, viral infections,
psychosi s-rel ated conditions, and simlar conditions. 10BACKGROUND OF
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continues for a long time, the heart and arteries may not function
properly. This can damage the bl ood vessels of the brain, heart, and
ki dneys, resulting in a stroke, heart failure, or kidney 15failure.

H gh bl ood pressure nmay al BIELIDORTHE INGENTIONf heart attacks.
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may be less likely to occur if blood pressure is controlled.

Heart failure can be defined as a state in which an abnormality of cardiac function
is responsible for failure of the heart to pump blood at a rate commensurate with the
requirements of the metabolizing tissues. Symptoms are generally non-specific and

20  include fatigue, dyspnoea, swollen ankles, and exercise intolerance. The overall
prevalence of chronic heart failure (CHF) is estimated at 10-20 per 1000 population, with
an annual incidence of 1-5 per 1000. Both prevalence and incidence rise with advancing
age. McDonagh et al., “Epidemiology and Pathophysiology of Heart Failure,” Medicine,
26:111-5 (1998). Heart failure is a major cause of morbidity and mortality. /d. CHF is

25  considered to impair the quality of life more than any other chronic medical disorder. 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 failure require life-long treatment. Pharmacological treatment aims to improve
both patients’ quality of life and survival. Diuretics and angiotensin converting enzyme

30  (ACE) inhibitors, combined with non-pharmacological measures, form the basis of initial



treatnment. Davies et al., "ABC of Heart Failure: Managenent:
Diuretics, ACE Inhibitors, and Nitrates," BMJ, 320:428-31 (2000).
Di goxin may be added in selected patients. There is now substanti al
clinical data denonstrating the effectiveness of using 5beta-bl ockers
in patients with CHF resulting fromleft ventricular systolic
dysfunction. Sharpe N., "Benefits of Beta-Blockers for Heart Failure:
Proven treatm@g9 Davieaatalt, “ABS30fIdaet Krilote ddpnagegicnt: f Digwretisk, ACE
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used to treat high blood pressure (hypertension). Carvedilol also is
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approved by the U S, Food and Drug Administration for heart failure
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20  with continued use. Carvedilol is used to treat left ventricular dysfunction after a heart

attack. Left ventricular dysfunction occurs when the left ventricle (the main pumping
chamber of the heart) stiffens and enlarges and can cause the lungs to fill with blood.
Beta-blockers approved by the U.S. Food and Drug Administration for heart failure
include metoprolol (Toprol®-XL) and carvedilol (COREG®). Metoprolol blocks beta-1
25  receptors. Carvedilol blocks beta-1, beta-2, and alpha-receptors. Both drugs are good for
heart failure, although carvedilol lowers blood pressure more.
Carvedilol may also 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,” descﬁbing the inhibition of
30  epidermal growth factor and platelet-derived growth factor-dependent proliferation of

cancer cells utilizing carvedilol and its isomers. Exemplary cancers treated included
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cancer cells utilizing carvedilol and its isoners. Exenplary cancers
treated included 2 cancers of the colon, ovary, breast, prostate,
pancreas, |ung, nelanoma, glioblastoma, oral cancer, and | eukem as.
In addition, WD 98/ 38986 describes the use of carvedilol for treating
and preventing viral infections, and U S. Patent No. 6,365,618 for
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pOVI dongm. $YB)esshs., 2R3 7131 LRAMURDEIN Y WEstession, nausea, vomiting, back pain,
insomnia, or headache.
In the U.S,, carvedilol is marketed under the trade name COREG®
(GlaxoSmithKline) (in other countries carvedilol 1s marketed under other trade names, such
25  as Dilitrend™, Dimitone™, Eucardic™, and Kredex™). COREG® is a white, oval, film-
coated tablet containing 3.125 mg, 6.25 mg, 12.5 mg, or 25 mg of 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.
30 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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30The dose of carvedilol will be different for different patients.
The follow ng information includes only the average doses of
carvedil ol . For oral dosage form (tablets): (a) Congestive heart
failure: Adults-3.125 ng two tinmes a day, taken with food; (b)
Hypertension or left ventricular dysfunction after a heart attack:
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20
B. Background Regarding Nanoparticulate Active Agent Compositions

Nanoparticulate active agent compositions, first described in U.S. Patent No.
5,145,684 (“the ‘684 patent™), are particles consisting of a poorly soluble therapeutic or
diagnostic agent having adsorbed onto, or associated with, the surface thereof a non-

25  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

30  Grinding Pharmaceutical Substances;” and U.S. Patent No. 5,510,118 for “Process of

Preparing Therapeutic Compositions Containing Nanoparticles.”
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“Formulations of Oral Gastrointestinal Diagnostic X-Ray Contrast Agents in
Combination with Pharmaceutically Acceptable Clays;” 5,470,583 for “Method of
Preparing Nanoparticle Compositions Containing Charged Phospholipids to
Reduce Aggregation;” 5,472,683 for “Nanoparticulate Diagnostic Mixed Carbamic
25  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
30  “Nanoparticulate Diagnostic Diatrizoxy Ester X-Ray Contrast Agents for Blood
Pool and Lymphatic System Imaging;” 5,543,133 for “Process of Preparing X-Ray
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25  “Nanoparticles Containing the R(-)Enantiomer of Ibuprofen;” 5,747,001 for

“Aerosols Containing Beclomethasone Nanoparticle Dispersions;” 5,834,025 for
“Reduction of Intravenously Administered Nanoparticulate Formulation Induced
Adverse Physiological Reactions;” 6,045,829 “Nanocrystalline Formulations of
Human Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic

30  Surface Stabilizers;” 6,068,858 for “Methods of Making Nanocrystalline
Formulations of Human Immunodeficiency Virus (HIV) Protease Inhibitors Using
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Tr act, 'A@@Egaﬁ@ﬂ;ﬁﬂ%dpnmclé\ﬁampaﬁmwt 6,1‘2@0 BiG frer Bs00EPEGHPri sing a
Syner gi stic Conbi nati on of a Pol yrrerl ¢ Surface Stabilizer and D octyl

Sodi umlﬁn%%@clelpﬂataé urfgcerygobibipgys fos NanapgraiculateCompposdionsary wet

mlling . I si ng

Aror phastl R gL A isiBRRBAL Sy RGP RaI, SRTs SRER 2 1P, 1 g
Matier i aisslid D@;s&ﬁén&iﬁ&ldmute CompbbitiGeaCemplising 2 Bgnetgiviit tD@dmbTﬁa%ﬁof "
6,811, 767 for "Liquid droplet aerosols of nangparticul ate drugs;"

6, 908, #48 Hbéwner@cﬁmﬁ Stabrlizenand Rigcty! é@%ﬂh&l@lf%ﬁcmat%ﬁﬁé’éﬁéﬂé rel ease
and CO% ‘%10?@} 31?16 %ﬁg]%ag{?@tﬁgtg%r Em%ﬁs Ha l’rlg?%%tlggl% Stu

" Nanoparlilcu e conp I ons co risirng mers o vi nyl
pyr r ol igighiRzead 6MB MW S d6etSatatl StalesMil; a@@d s14abi3Ri mr‘méth&is%ﬁ, 647 for
"System and Met hod for M1 ng Materi "al s;" 256 991, 191 for "Method of

Usi ng daggaiing Dag Delixgiy|to thedfppey andjor Eq\ﬁerfGﬁStht}p%lﬂfrﬁ@ul ate

r tIOI’l" Publ i cati on No.
Do8500fps Part AdEpsich bbb B comrs B e B ot one. » U s
Pat ent (Pdfﬁﬁmaainlmmm&wgﬁ@é&@%lﬁﬁa cNDW@oHﬁM{ ate cl opi dogr el

formul ations,” U S. Patent Publication No.
_ Sulfosuccmate ” 6,582,285 for “Apparatus for sanitary wet milling;” 6,656,504 for

“Nanoparticulate Compositions Comprising Amorphous Cyclosporine;” 6,742,734
for “System and Method for Milling Materials;” 6,745,962 for “Small Scale Mill

20  and Method Thereof;” 6,811,767 for “Liquid droplet aerosols of nanoparticulate
drugs;” 6,908,626 for “Compositions having a combination of immediate release
and controlled release characteristics;” 6,969,529 for “Nanoparticulate
compositions comprising copolymers of vinyl pyrrolidone and vinyl acetate as
surface stabilizers;” 6,976,647 for “System and Method for Milling Materials;”

25 6,991,191 for “Method of Using a Small Scale Mill;” and 7,101,576 for
“Nanoparticulate Megestrol Formulation”.

In addition, U.S. Patent Publication No. 20070015719 for “Nanoparticulate
clarithromycin formulations,” U.S. Patent Publication No. 20070003628 for
“Nanoparticulate clopidogrel formulations,” U.S. Patent Publication No.

30 20070003615 for “Nanoparticulate clopidogrel and aspirin combination
formulations,” U.S. Patent Publication No. 20060292214 for “Nanoparticulate
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30 20070003615 for "Nanoparticul ate cl opi dogrel and aspirin

conbi nation formulations,” U S. Patent Publication No. 20060292214
for "Nanoparticul ate acetam nophen fornul ations,” U. S Patent

Publ i cati on No. 20060275372 for "Nanoparticulate imatinib nmesylate
formulations,” U S. Patent Publication No. 20060246142 for
"Nanoparticul ate qui nazoline derivative formulations,” U S. Patent
Publ i catétemindphe? R0GORMIGA] UfD PatehibudybizatiorcNb 200602852 fomhi bi t or

Nanop NP O AE Fre D S SY 81O TE S ERPRG ORI ons, * U S

Pat ent o " &
bi sphoggﬁg{?%?gk%gﬂnpoa tﬁﬂ@&ﬁ%@%ﬁ%ﬁﬁ %%gﬁﬁ%ﬁ%ﬁ?%%@%ﬁkmu S20060210638

for "I Haemt 2blécatomPos 20060286 1K fnﬁmmmphﬂmulamlq;asemhmmmppr essi ve
conpounds, " U.S. Patent Publication . .20060204588 for
10" Eor rfomaglatinns, dé- SeP #epidprtieatian Ng- 8096%1@@@3 faeNaggpagdedatede or

t anmsul $ D ent

Publ i c% #%8%1@%%%853%1@? é{}eﬁﬁ.‘gsé{ 8‘|Itr%ule)i&lj a%SPmor mul at i ons
of nanQpPesdl1vesate” brngpdtiazgpibiphospofte l?@hpdsbﬁud?mp’lUsapateﬂ No.
20060193920 for "Nanoparticul ate Conpositions of Mtogen-Activated

( MAP)  Wuhheationd¥g. BOP&H2 0638 fog “lipeatadie cqmppnsitians od nangpartirslapd 060188566
for "

noparticul ate fornulatiogs
tner cof hngonsbliE S BRRH R 7S e R RGN SOpRPAuSH B
WOOD&thﬁMhﬁélﬁ oFandasstiailatt Ghmidmiel Mnasteriddbr¥amfabgnat Publication
No. 20060159767 for "Nanoparticul ate bi cal utam de fornul ations," U.S.

Pat ent hpdtsichloaide.cmd Maixtueeratboresl’75eS. etent Reliisption Neu?o€19&&00! i nmus

f I d Publ t 00601596.28 ,,f

* Nanopd?t Fagpse) andiS T bpmlilop pianae e SE bagedny S

Publ i c #ate20 PIBIicaBOP NG L 26HbBo1 90 fof M akRiclaRAOSRAGtistid|oft

ol anzapi ne fornulations,” U S. Patent Publication No. 20060121112 for

"Topir M@@nph@mwdéMAEbKJmsmlpb@ﬂtprSd’nU S. Baisnt mzhh@mormm i cation No.

20%05%%@5’{%}"56# "CO é#%tg%fﬁ%aglg’%% tﬂ‘f‘ a{?ﬂ%sAl for

" CO”DOQhéerSU@nﬁatQEEMCBt%n Wb Iioowl mt)s 'T(bra‘il\ﬁmopdfltlgulateat ent
Publ i cation No. 20040173696 Al for "MIling mcrogram quantities of

nanop arcandnsmﬁoganldtlm e “Uo‘?mi’@tmﬁBwhcah® Npalwéﬂlﬂi‘xﬁﬂlfmat i on No.
20080 R0 LRGN AL, bl e FTU T, U S Pelent
a_30Peplhes 36 @fo?‘s"NfaﬁG&rb%@&b ikt fkrhlafaseny. aPpbdehp ation No.
20050233001 for "Nanoparticul ate Megestrol Forhulations"; U S. Patent
PuBDi c @ubbeatido.No. 200601 59628 for “Nanoparticulate benzothiophene formulatlons
U.S. Patent Publication No. 20060154918 for “Injectable nanoparticulate
olanzapine formulations,” U.S. Patent Publication No. 20060121112 for
“Topiramate pharmaceutical composition,” U.S. Patent Publication No.
20020012675 A1, for “Controlled Release Nanoparticulate Compositions,” U.S.
25  Patent Publication No. 20040195413 Al, for “Compositions and method for
milling materials,” U.S. Patent Publication No. 20040173696 Al 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
30 Peptide as a Surface Stabilizer”; U.S. Patent Publication No. 20050233001 for

“Nanoparticulate Megestrol Formulations™; U.S. Patent Publication No.
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20050147664 for "Conpositions Conprising Antibodi es and Met hods of
Usi ng the Sanme for Targeting Nanoparticul ate Active Agent Delivery";
U.S. Patent Publication No. 20050063913 for "Novel Metaxal one
Conmpositions”; U S. Patent Publication No. 20050042177 for "Novel
Compositions of Sildenafil Free Base"; 5 U. S. Patent Publication No.
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PubPi o4t boreiRg Pobbesaw a0 GTeRb bR el SR NE eI ons .
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" op i t.ati n Formulat i . t ' i on No.
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Formul ati ons & Novel Pol ycosanol Conbinations”; U.S. Patent
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U.S. Patent Publication No. 20030185869 for “Nanoparticulate Compositions
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15Anmor phous snmal |l particle conpositions are described, for exanple,
in U S Patent Nos. 4,783,484 for "Particul ate Conposition and Use
Thereof as Antim crobial Agent" 4,826,689 for "Mthod for Mking
Uniformy Sized Particles from Water-1nsol uble O gani c Conpounds; "
4,997,454 for "Method for Making Uniformy-Sized Particles From

I nsol ubl e Compounds;" 5,741,522 for "Utrasmall, Non-aggregated

Por ous Heavintg Ioysesyra@asnd Sufadeditahilbiery Y.6r PEentrPappcatpn®ées Bubbl es Wt hin

d e . 16, 496, f "Ul £ . P P i cl. f
Enhanciu it 5L SuavaSuatidias Lompostions P ar S ReButGbbiein "  ne' ar
for canned ioha &ARRBRbish NS, PakhNBuH-a8ENo Hi0psy i f0ahidd ty, decr eased

I nci dence, ‘frequency, or severity of adverse events, decreased dosage
quant i t“CongositionhEavingplansdnatmsaddmotedrateReleasstand Sonfthdedr esent

i nvention 25satisfies e_nee SUMVARY T ENTI ON The
pr egenthl??\?"eﬁfq‘f‘rBﬁteF‘%tl‘ﬁ%;gigt BatﬁﬁdﬁgPTt?W%tzga%@mgéL Yons conpri sing

30car vedj : 4 D, i i %% t one
sur fac g‘fll'sai[] géoﬂlggicre @aaJ O%@g?gﬁmggﬁgg scg) ?P%g§% \h?llg’lt e slﬁlﬁ)?g%g& of the
car vediViayl Aetdte ad BerfacEiBtahibreogiail $.Raltant Bulslaratien Noo20 3005948 s have

an effective average particle size of |ess than about 2000 nm A

pr ef er e Nesepgacplgienging hd-S. E’@@ﬁf PelicatonyNg 4404 8@%75&5 &% or m

al t houg g ey : : an be utilized.
Aot her VA BF B FELLE Tt X cReRR Rl S e T 2 P oal

conpos iMiceothiidiostp L. S.i Bagend Poblivapian Noc 006H0023303ved‘Dnig Deliveryt at i on of
the invention. The pharmaceutical 5conpositions _conprise carvedilol,

at | easystems st ":3{ - gbP atpntdrubligatipnNe, RAPHRVEGS &) “Bystema@dt abl e
. O . U av
carri ehedsq ih?ll@@gelgfa{e@j;ssr@?g%gﬁm@ﬁ ﬁcat{é%%égogf@dﬁ%& ¢ the

invention I's € I'cul’ate carved
“Apparatus for Sanitary Wet Milling,” describe nanoparticulate active agent

compositions.

15 Amorphous small particle compositions are described, for example, in U.S. Patent
Nos. 4,783,484 for “Particulate Composition and Use Thereof as Antimicrobial Agent;”
4,826,689 for “Method for Making Uniformly Sized Particles from Water-Insoluble
Organic Compounds;” 4,997,454 for “Method for Making Uniformly-Sized Particles
From Insoluble Compounds;” 5,741,522 for “Ultrasmall, Non-aggregated Porous Particles

20  of Uniform Size for Entrapping Gas Bubbles Within and Methods;” and 5,776,496, for
“Ultrasmall Porous Particles for Enhancing Ultrasound Back Scatter.”

There is a need in the art for carvedilol compositions having greater
bioavailability, decreased incidence, frequency, or severity of adverse events, decreased
dosage quantity, and other improved dosage characteristics. The present invention

25  satisfies these needs.

SUMMARY OF THE INVENTION

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

carvedilol particles have an effective average particle size of less than about 2000 nm. A
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conposition having inproved pharnacokinetic profiles as conpared to
conventional mcrocrystalline or solubilized carvedilol formulations.
10l n yet anot her enbodi nent, the invention enconpasses carvedil ol
conpositions wherein adm nistration of the conposition to a subject
in a fasted state as conpared to adm nistration of the conposition to
a subject in a fed state produces simlar, or bioequivalent rates of

absor ptprefarredidossgafamedf thyinseigionGrasliddesege frmaahayightannat i on

t her eof . 15Anot heil enbo?ibgqrs(?t of .the i Hveﬁ%i %{1 is directed to
nanopaPIRRACERticaly AGeRRTa _ %%@@t“’% §Y4dit i onal I'y conprising one
or nore co agﬁe%fb'f the Mhvieh @& isr&ﬁlrebﬁéﬁ% DRRR O cAQRBEPOLIYES hear t

failure, or related conditions. Thi s" i nvention further
di scl osempasimgtamadopdrticrite ngrvediid doparn 4ticnudfabeiny ertioad iThelphemmgsestidal on
accaordi n%ptq.t he i nvention.,. ucﬂ a met ho corr@gi ses contacti

F 67 ptp

n
car vediPBPosHaRTcompriss sapvedill, &t leashene ety g phamaceltigelli der

condi t !agla%ﬁgbllg_r%rﬁgfgg Wmﬁﬁéf@wégﬁ?@ewe‘%” i cul ate carvedil ol

conposi t e ohe or surface stabilizers can be contacted

wi t h car vediAmitheriatfeet oftht arventichuisidigeted to ahsrepasicaiate edessiilobn of
carvedilol . . .The present invention is also directed to nethods
of usi FEMPAELARRBHEE NPV @%ﬁvﬁwﬂmm@ﬁﬁ&fm@@ tgreopyRRtiPAlent i on
for {r GabigiLiRl & Ribingd CaREiild Whimitkifheas 25hyper tensi on,
congestive heart failure, cancer, viral 1 nventions, psychosis-related
condi ti ons dhgk mmsthenedbydindys lienasemionteatdhpasaycaivedilel conghokiiods ve
akat hisia, and rel ated caonditions. .Both the foregoing general
descri prhesn adeinisieatiopof ik segreaitian (g sehaed in piastd skteasseamatet® and
expl an .\ | | f r o of the 30
I nvent %gﬁﬁﬁgg@dgﬁglaorr@ldé &Efﬁ%)gg%g b?%@?@}é&gﬁx’% a{-%\q %atgtgéj rﬁéﬁﬁ%&éﬁ B¥ eat ures

wi || béisegatlialest rabgpanbirption, ahoeasusdd by AT, C,LHTLaf dr dnyeomibivation
foll owi ng detail ed description of the invention. DETAI LED DESCRI PTI ON
OF THE thewefNTI ON

15 Another embodiment of the invention is directed to nanoparticulate carvedilol

compositions additionally comprising one or more compounds useful in treating
hypertension, congestive heart failure, or related conditions.
This invention further discloses a method of making a nanoparticulate carvedilol
composition according to the invention. Such a method comprises contacting carvedilol
20  and at least one surface stabilizer for a time and under conditions sufficient to provide a
nanoparticulate carvedilol composition. The one or more surface stabilizers can be
contacted with carvedilol either before, during, or after size reduction of carvedilol.
The present invention is also directed to methods of using the nanoparticulate
carvedilol compositions of the invention for treating or preventing conditions such as
25  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 general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanation of the

30 invention as claimed. Other objects, advantages, and novel features will be readily
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5 Alntroduction The invention is directed to nanoparticul ate
conpositions conprising carvedilol. The conpositions conprise
carvedil ol and preferably at | east one surface stabilizer adsorbed on
or associated with the surface of the drug. The nanoparticul ate
carvedil ol 10 particles have an effective average particle size of

| ess than about 2000 nm Advant ages of the nanoparticul ate

car vediappéarefioo tadsatskidied inthetattdrdn terfollowingsietolep dessdption ebiheent i onal
non- nanoparticul ate or solubilized dosage forns of carvedil ol

i ncl udé™P sl | er tablet or other solid dosage form size, or |ess
frequent adm nistration of the fornmulation; (2) snmaller doses of drug
required to obtain i \ conpared to
conyentional m cru???&%ﬁ?%@ﬁﬁﬁ%ﬁ%ﬂﬁﬁoﬁwedi lol; (3)
i ncreased bi oav%i lability; (4) inproved pharmacokinetic profiles,
such addT., Imtrodyghon,, AUC profiles; (5) substantially simlar or

bi oequi val ent pharmacokinetic profiles_of the nanoparti.cul ate

carvedi | ol clWBYEIIPB AsdifieEs 1R AATINEEIHIAERCOMPQSHIONS SAMpESiag sary fdilol
fasted ’lfhte%to pobiBbndlhn %%Q%g&iil(ﬁ%‘lg Pécfergblgsd?leldgt' 8 shitheclstibitizer
nanoparti cul ate carvedi [ ol COFYpOgI trons as conpar eoF to

conventadedibed of o Besdisedidithnke airfase biihieldrze oT HeotaiBpaficdate cadieditd]; ( 7)
decreased incidence, frequency, or severity of adverse events as

cotBar aartidesdyie ameffeniive anpragoRarydle siz oA tesdhag abeii200g em- f or s of
carvedi | ol ; ﬁd@n&ggs 355 Rinoﬁjgﬁ cﬁﬁ%?c%getdggﬁo%glaﬁ% Vo%%é @%ﬁlﬂtiolnnas

conpositions 1 n conjunction:w Ve agents us

treati RgndpuRArtd ehsicationd a0EasidpattidaRRd br Johitikized, dosd foshadfirvedilol
conditions. 25The 1E)r esent invention also includes nanoparticul ate

car vedilregdpde dhp erapliar dabdettas gehen agliddasagotosmsizener lessiisruertadministration

oy oLk o5 38) RS 5 bGP A B 5L B pgos

fonpul afRet ds@bonpParl t@dohvehfibnad kli&dciystalleiod solubilitbdlfor@k ofedro&diolf or m
parenteral injection (e.g., intravenous, intramuscular, or

subcut dAkingepsedaepvadabilityachimproyed gharmseokingtic nrobiler, Supo At Ers,, Cmax,

oi ntrent g, 3 dr ps b al.. ..intracisternal .. intraperitoneal .., or
Cop carndarATG Progft o M6l MRS bR sp e RE KRBl <
solid dﬁﬂ@e&ﬁhnﬁ?irﬂtﬁl% caFvallilAdahipositibAd WhEh adthihRe@NinaRY fed versus the

phar maceuti cal accept abl e dosage formcan be utilized. Exenplary

sol i d destedygateoOren invegagefbrateny] dasselution pen the sanopagisulate careeddales,

NER l.es. The d f f the.i tion,
e arthgostpte Beolblus tenvedln B ateRen Sl o NBP R FHR Y dosage
form cankcibl £0 defleRd Snd@iRE Srdq@EdBy, byRRBiityiof alvdQSA@Hts as compared

to conventional microcrystalline or solubilized forms of carvedilol; and (8) use of the

nanoparticulate carvedilol compositions in conjunction with other active agents useful in
treating hypertension, congestive heart failure, and related conditions.

25 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

30  or drops), buccal, intracisternal, intraperitoneal, or topical administration. A preferred

dosage form of the invention is a solid dosage form for oral administration, although any
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5 form del ayed rel ease dosage form ext ended rel ease dosage form

pul satil e rel ease dosage form m xed i medi ate rel ease and controlled
rel ease dosage form or a conbination thereof. A solid dose tablet
formulation is preferred. B.Definitions 10The present invention is
descri bed herein using several definitions, as set forth bel ow and

t hroughout the application. The term"effective average particle

si ze" aghaussduticallyiancaptabisddashgt foan darhes utibagh dixenipdary avlohdosegeivnas e

carvedll i cl es have a rticle size, wei ght. or by ot her
ol ¥ abactigEBhlen cam bt Friteb Srepfesaov iy sl A R er T erc ) of
l'ess than abmiq<O0Ghns SYARRNAGASHIREN ¥011dfc9fsa€é<i%f’fﬁ§ &an be, for

sedi nent ati on f| eld flow fracti onati on, ot on correl ati on
spect r axemple, a fasghteltsisdgedoinmgonttolidd tebmerddsam:mnlyo;ﬂnhmdtmsage

t echni ques nomn to those f skill he rein,
" absut " Omuff claygd rlense 9%& ﬁéﬁeg%igr fﬂﬁ ‘?f?%?gﬁfoi?nsﬁ‘?lﬁqm ?qaﬁ%g%ase
and wi Igy.y %&e&%}uﬁ%ﬁfat&gfeﬁwan‘a ohi?ﬁ]léﬁ%feﬁ%@dds? MHGNor 4 cdntbittaf: | f
there are uses of the 2

term are not clear to persons o
or di nartiersdd. |A solid ddse tablét foinweatidnhie pedarteext in which it is used,
"about” will nmean up to plus or mnus 10% of the particular term
As used herein with reference to a "stable" carvedilol particle, this
termcq.jrmoteﬁi?n nore of the follow ng paraneters; (1) that the
carvedi par ?es do not appreciably floccul ate or aggl onerate due

| nd p nterpar thgl R?es%fl% uﬁgr}tio%qs Ilggcﬁgéd Qérflghglﬁﬁ\@?&?%l%%% hﬁﬁn%,aa? ARy

ease in par e Sl Zze pnysi structure

of the b@ﬁfwﬁchmugﬁaﬁﬂth@hﬁﬂlchﬁomot altered over tinme, such as by
conversion from an amorphous phase to a crystalline phase; (3) that

the car vedi |3 tpra feféactive avasagernartichasirs’ astuspd bereimmarans thay it kipss 50%

cave0 . Rpea R N BSRHAS VTR AL 2B S R .

of the sulim8hieafirement techmqﬁee(lteew vORRRY @iinber alc.), 8f less than about 2000
"non-nanoparticul ate active agent shal I nean an active agent which

i s 180l uim wheetheasurethbys Horrxempre, s¢dimentatren ﬁvlérszg'efrp%tmamre photea of
et o ABVRCgh St el P, aPRRRE e B b o BER R e
2000 nmy BHae oPbKinsEetheReOr | y wat er sol ubl e dr ugs" as used herein
refers to those drugs that have a solubility in water of |ess than
about 30 ny/Ad useé heffedy, ahopt’ wilkbe mq:rﬁfm}z}’ osamg ohbrdigare skl abthe ares s
than aba(l)llc'f 1l]I o sofne Uteht gl‘]I re%g}l exg inw 1ch %?s gsgg.u&f tlllerg%en?lsies of the
20  term which are not clear to persons of ordinary skill in the art given the context in which

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

As used herein with reference to a “stable” carvedilol particle, this term connotes
one or more of the following parameters: (1) that the carvedilol particles do not
appreciably flocculate or agglomerate due to interparticle attractive forces or otherwise

25  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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As used herein, the phrase "therapeuticalIy”effective anount " shal
mean that drug dosage that provides the specific pharnmacol ogi cal
response for which the drug is 10 adm nistered in a significant

nunber of subjects in need of such treatnent. It is enphasized that a
t herapeutically effective amobunt of a drug that is admnistered to a
particul ar subject in a particular instance will not always be

ef fecti ve i Mhertert {‘copvetonelai“bomnaicpassakibsactias egénteshalensinan even
t hough such dosage,i.s emed, to h t herapeutically effective anount
by noSBET SR ch s HIGPLER oruth BreAtchEREaY i 0B 1A T SO et
NanOpart%érP#yoﬁ S0 © MahSarGUTRE S4t}veUBnts as definbl HefeiRh&ehnuifEbeFe Of
enhanced pharnacol ogi cal ‘characteristics of nanoparticul ate

car vediavedage papickisizearfdess thantebout®Atnimon. 20 1. | ncreased

Bi ogvai |l abi | [ty .. I n one enhadi ment of e invention, the

car gedi | ol forerRirase B?\%r{]yo‘ﬁ’atf’h%’q‘i?ﬁ%ﬂ{g? of® 1&@1&?‘5‘?‘3{11 ‘iegf‘éﬂé’a g cpmgs that

bi oavai L LAt asrat - t | lqé'mlbgp@ 25
nanopark{ai@%%F%%%lllg%}nvvgﬁfﬁs@gﬁ‘sggﬁﬁt%tﬁ |{ 2(?1? ef’ gr&%&%) aang therefore
requi r engle) prefetabdy lesonthef alsomllDetg/thb s preférablydewdriham sbouat highue

equi val ent pharmacokinetic profiles. 2. | ngr oved Pharnmacol cinetic
Profiles 30 Anesed ke tiiphinseo herapenteadlyehicqiets smpung ofsddngandhat drug

havi ng ' ' ' j D to
oot (8 s SR BB E GRERN S fechtyftal KRBT AMIAIR BUER | P
cangediddalinisteradds iatsigiBcapt edrabalolf yubjaes indesd of dychardammontf @iris
carvedil ol , when assayed in_the plasma of a mamali an sub{ect

f ol | owicphagiasdhat 3 ‘é‘a“ﬂa@ﬁl}ﬁqaﬂ_&?ffifgivﬁ rETospEe adge gt by admHERIFHEO@. f or
a nhon- NaneRal tsﬁl%gét% & pﬁﬁfcﬁﬁg belsBdncd %I?H(!)taati\k/%% be effective in treating the

conditions/diseases described herein, even though such dosage is deemed to be a

therapeutically effective amount by those of skill in the art.

15
C. Preferred Characteristics of the Nanoparticulate Carvedilol Compositions
There are a number of enhanced pharmacological characteristics of
nanoparticulate carvedilol compositions of the invention.
20

1. Increased Bioavailability

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

profiles.

2. Improved Pharmacokinetic Profiles

30
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: (1) a Cyay for

14



(e.g., COREX(r)), administered at the same dosage; and/or (2) an AUC
for carvedilol, when assayed in the plasma of a mammali an subj ect
followng admnistration, that is 5 preferably greater than the AUC
for a non-nanoparticul ate carvedilol forrmulation (e.g., COREGOD),

adm ni stered at the sanme dosage; and/or (3) a T. for carvedilol, when
assayed in the plasma of a mammalian subject follow ng

adm ni sanatliladnwhebadsayes iptlef gasid gf 4 mesniahian stHject Tellnpwihg administration,
non- nanoparticul ate carvedi] ol faormulation (e.g., COR ), )

adni ni &%ﬁ%ﬂregqrahal‘}ﬁgreg%a& Ageax f%n%gqmaév@%wﬁwgﬁ%@w@wn
profile, ,ag liftstoldl & ERNRARC AYBE0) o BUL i SaRRERS! S0
after Sﬁg’l rﬁ%@’isé 8&6 carvedi I ol . A8 Sll?§¢%bone errggglament ., the
nanopar#henukssiyed tathe @thsmalof a amgmosalidnsubfexhfollotving aindmizpati@t, ithee is
pharmacoki netic testing with a non-nanopartjcul ate carvedi |l ol

f or frul FEGIERbIYESrgater tts@q%egwc dom penshanopartisilate fereedifpl iggaulglion 2.8, not

greater bout 0 t 8 : t han
Tbout - SSIREQEA Aitlinftabq fthe SEARhecURTORYU T G ORISR {100,
not Qr esda9ed inhhe pRibmid tof 3 @%ammaliangsubRtefollbwiny abdnlstr2odh, thaois wefeadbey
t han about 20% not greater than about 15 not %reat er than about

%
10% oresidhanghe JmerfOf HBPN-BHWRErtEYLal Cﬂﬂ’Yf‘éﬁl‘F?. formulakipn (4 2 COREGHR),

? Pen i . _ . |
"on” DGR S SRREO T ST sl R ARPERRTe SRR RO

phapmegoindRdkintachRisbli O frofild Messuf@lafita fedaitial ¢obedlf earwadilgdi | ol
fornmul ati on of (e.g. ,., COREGr)), admi nistered at the sanme dosage, a
C. whi ch i s laon¢ embedigsat thommppaticvlatgsarvadidelcompogifionexhibdsin about

R s R T
| east gheyiCCHIG®)aldnlifidGtedadd i sak{dQ¥¥acenh T Samt gRbRY thah 186369094, not

| east about 1200")@’ at | east about 25 1300% at | east about 1400% at
| east #iseater thaodent 30%) rof greatdsdhan abeon?9%0 anot igeater thanbputiGiomot at

| east about .180Q% at .| east .about % gr eat er, t han C.
exhPbi R MM A e S Ao o e LS BBl B For

I n yet adrhiRin SEROZHMEMt grddi® tharuar 3% U feate i@dibb@l 1099NRest t 1 on
exhibits in conparative pharmacol dnetic testing with a _

non- narggrderithandbaneS Ganfvleal T hae Extibited b uthe ann-3@n¢particulateomrrEeibol

adm ni g.terlﬁd.at t he sane dosage, an AUC which is at |east about 25%
at | east™® ?)tﬂﬁn‘SO% at | east about 75% at |east about 100% at | east

about 125% Iﬁhnd»tﬁ@xsémbcﬁhﬁbﬁt, ﬂa@%%o;ﬁhidmkara&ﬁl& cdripdbitice exdt@siftinabout
200% at | east about 225% at | east about 250% at 1east about 275%

at 2Deasbmpbative Bddtacekin¢tatestingbwith a BEOREnaparticglaée canirskilo] fhomudatign of

| east gbou %.. at, l.east ut 500% at |east,.about .550% |, egst

wbout 480 IRES By miER R seie dosadh a ShaarhiTB oA 198 HonE b0

750% afast St 16184t 18R00uD0d% s east about 300%, at lcast about 400%, at least
about 500%, at least about 600%, at least about 700%, at least about 800%, at least about

900%, at least about 1000%, at least about 1100%, at least about 1200%, at least about
25  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 Cpx 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
30 (e.g, COREG®), administered at the same dosage, an AUC which is at least about 25%,

at least about 50%, at lcast about 75%, at least about 100%, at least about 125%, at least
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S5about 850% at |east about 900% at |east about 950% at |east about
1000% at |east about 1050% at |east about 1100% at |east about
1150% or at |east about 1200% greater than the AUC exhibited by the
non- nanoparticul ate carvedilol forrmulation (e.g., COREE). 3.The

Phar macoki netic Profiles of the Carvedil ol Conpositions 100of the

I nvention are not Affected by the Fed or Fasted State of the Subject
| ngest iabgut % Canirast abbainls SP4) atilvattlaboutediit iatieasdt abbutt26 %, avleadtiaboyt

e e R b R e T
Fasted ;3§ Et?atblg{lt 25054 0k Rkt abeg@%{og ,%H & HOHPRRYA, 1 feastEBb&dm%gtt hat

t here |selq| e or rio apprecia erence in the quantity of drug
absor béaehs( ateounBa8% stdedsy abBuCy 0@, dthieast siomt 350°%r atdeaabat@upB8 0090, t dsast
measured by T. an e nanoparticul ate carvedi

d/or C) when th | ol
conposiaPPeiis Oa.at keariahpei 008y af lsastrbowtedOvie ablgast phantrl 900Gy atdeat abouthe
differ o) ' X (Qr Breyy of )
of 1 b 10386y B 1L a8 168 BRCRA: TR\ B P ORABIA QRbRRED )
adm ni sSheARIC éxhibibed Hyatle dei-gaophiRufadsiagcedsibbfotmulasion (€. cCORNBG®RSS
t han about 100% | ess than about 90% | ess than about 80% | ess than
about 70% | ess than about 60% |ess than about 50% | ess than about
45% | ess tHan ablhg Phodgacokinstic Rxofikeb ofitheICagveldidalLampesitisut 30%
| ed8 t han about 2B%he Ieativhane abbAffedt8ddbyltheFed balastbdStaté 5% | ess

than about 10% |g3ke ShiBRcEh@ditiitheTorhpssitidnzan 25 about 3%
Benefits of a dosage form which substant??lsl y elimnates the effect

of food inclydg,@g é'n'i'&{dﬁﬁérﬁ Jf%esiﬂ%rﬁ@héﬁ%j?aﬁﬁ%agﬂﬁﬁeﬁé it

. : th

i ncreasi ng subj ect conpliance, as t ect does not nee t% ensure
t hat t kewedilel ihalks maopartosetcentvizéilolwdoiripositions ismotisubknadallyldffestddby

Si gni ficant, as with poor subject conpliance_a worsening_ of the

me 0

P caltheSdar (e stae obp suhied Fnaeriingthe GomBoBEeT gl s Bxsens habRy's be
oo ity gk RSN POl OSCANSBALID o BNERE O
whi ch  adtieniass ofalrii@absofptioh a0 g3 sidtbyoT .t fnddor Cy) when the nanoparticulate

carvedilol compositions are administered in the fed versus the fasted state. The difference
in the AUC, Cpax, and/or Tk (or any combination thereof) of the compositions

20  comprising the nanoparticulate carvedilol when administered in the fed versus the fasted
state, is preferably less than about 100%, less than about 90%, less than about 80%, less
than about 70%, less than about 60%, less than about 50%, less than about 45%, less than
about 40%, less than about 35%, less than about 30%, less than about 25%, less than
about 20%, less than about 15%, less than about 10%, less than about 5%, or less than

25  about 3%.

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

30  which the drug is being prescribed may be observed.

In one embodiment of the invention, the invention encompasses a composition

comprising nanoparticulate carvedilol in which administration of the composition to a
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subject in a fasted state is bioequivalent to adm nistration of the
conposition to a subject in a fed state, in particular as defined by
Cm ax and AUC gui delines given by the U S. Food and Drug

Adm ni stration and the correspondi ng European regul atory agency
(EVMEA). Under U.S. FDA and current European EMEA guidelines, two
products or nethods are 5 bioequivalent if the 90% Confi dence

| nt er vabbjeftGh)a fhsied ALIE inbidehivaers th edmmisirafiofof thek@BHtoifiom&n a subject

pur pos GB 7 EHEF: BRTFATA 85 CHUNINYGem R P Liocg Giigh e o i ek ol

or admp l4a1 i drANE ind BulblePAelats A ENIERSS
Phe. a00RLDThE NSRRI iditfe PUtfSHaRind DuiblanEpRaiclidl) CMBRTS
C. had Umleb¥. Hrdilwe and a@vent Buiopadsn EMEA! giidelsrads) iwiocoprodfratd orl reethods drbe
Carvedi | ol Compositions of the Invention |n another enbodi nent_ of the

i nvent iPéeFautvaenE dithed o Sondidrrsdntenai (At for K4 814 Gwedts RETVAELARDY 10
R e e e e T )

di ssol Wrévaousiito blesd biceqiiaslesy lensedn tob caaipoondscordidgrisistaion conditions
bi oavai |l abi | i té. The carvedi| ol ositions of the invention

co
pr ef er FWFspapido Surons SEMEA gydelgiesithe 0% Cliar AR Gadipbebsbrren$0rd fqut es
at lea bouit 5 car i ' i . In other 20
enbodi Sn%%%’s&gfthgaeemﬁfnlvftgﬂgl’%%? Hg(?i)%g%tgké% o%t%gi%gg’br at | east about
40%9of the carvedilol is dissolved within about 5 mnutes. In yet
ot her enbodi nents of the invention, at |east about 40% at |east
about 50% & | edaissodwiien Pediles ofithe Lasvedilod Gonpopitions ofithe east about
80% of the carvednheitidns di ssol ved within about 10 minutes. Finally,
i n anot her enbodi ment of the invention, at |east about 70% at | east
about 80% ah ah@b&tenfthtither?@Yaheda0éntidh, the @stvedind tbmpOalon oftthe
carvedilol is dissolved within about 20 minutes. _ . Dissolution is
pr &P er abvoptipe heve wexpertedlyreapididissoution prefilgh.s Bapididingeiupign oSearredalol

di ssol yt 4 an. ium.is. intende o.woduce differ Inavitr

it ssor APPSRk TR BRASHE G ML B R B IS dbad i drsoss of

di ssol ukii@hai @bhtbESiohvhilgBisity.i C j uices, i.e., the dissolution

behavi or of the products in the dissolution nediumis intended to be

predi ctive dthetcarvedioldiompebitivhoef the viehtden prefanatly hane dasplutinn profile

exenpl ary,.di,ssol.utio dium i n,a S di um,cqnt ai_ni.ng, t-he

sur f acoaniioAtLimabath el oS0t SRSt carveliolds Byl gt otter
Debgr MeptoiiRRer®d ot the ifWeRHM, aflledfAb¥aB 8RN RAeedziioueS0RWY thcarvedilol
spectrophotonetry. The rotating bl ade nethod (European Pharnacopoei a)

can be isdigsplves wihinabeutdi miwitest ilopiet other embodiments of the invention, at least
about 40%, at least about 50%, at least about 60%, at 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%,
25  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 in vitro dissolution profiles for two
products having different in 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
30  dissolution behavior within the body. An exemplary dissolution medium is an aqueous

medium containing the surfactant sodium lauryl sulfate at a concentration of 0.025 M.
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5. Redi spersibility Profiles of the Carvedil ol Conpositions of the

5l nvention I n one enbodi mrent of the invention, the

nanoparti cul ate carvedil ol conpositions are fornmulated into a solid
dosage form and the solid dosage form redi sperses such that the
effective average particle size of the redi spersed carvedil ol
particles is |less than about 102 mcrons. This is significant, as if
upon adpeéternshatani ofithe freowrd mossalved canl taxt erial avd diy Ispéctrophptosietrivolbe of

the i nvent.io i d not, redi sperse to a nanoparti cul ate particle size,
Lhen 1 MBS Blade gl S raBEb o Gertbett BEPRT pasf do Brepy P BistliEart ne
carvedilol into a nanoparticulate particle size. Indeed, the

ti |at .0l Lt i A fit f
ot sl | par ¢ ARl PRARL 4 AN 08 COBNOR BIRE t TrOm
redPsperse into ﬁé’ﬁ’é‘i‘?“ particle size upon adninistration, then

"clunps" or agglonerated carvedilol particles are formed, owng to

the extremely Ogg gllglbﬁa{ﬂ(ﬁﬁ{?&ftﬁlé ﬁﬁreﬁﬂ?&{, We %ﬁ#ﬁﬁcﬂ%‘%ﬁﬁkﬁﬁﬁ‘ﬁoﬁpﬁsiﬁ%ﬁ em

and the thernodynam c Iving force’'to eve an overa uction
i n frearefemglateddhida $did doeageformundfthssuliid dvgadedivrn asédisheesas i thatl

particles, the bioavailability of the carvedil ol 20 dosage form can
drop sitbmeifectizgaysragepasticle size obBsdedisrersad carvieAdol Parbesis fesp thapgbout

acthve [ I 1. di . rii te
carteai SeEins T AR 3E frupcn saplBERRSE e LGRARRARRHEMNA

ext ensicogmpbsitibsPer e hiviehtion 6il obedivpase & 4 haidpatRulats paetidlé silze, then
particles upon admnistration to a such as a human or ani mal,

|, | hurr
as dendhedesageiprmymayslose Bigdenefits affﬁw@gg%wlgatma qapvedilel igtost or el evant

aqueou e that_the effective average particle size of the
redi spzlragge%rtgéﬂr@gglgﬁng'&%%ﬁi cles is less than about 2 mcrons. Such
bi orel evant Iadpedoths naRshagtictiddle B8vedil] astpssittoniRA iR inb@ttioathittfirdne

desired ionic strength and %H, which formthe basis for the ]
bi dPel dhasadl particlssizeed icarveditid; i eaiveditpl gresiindt redispeesedntoagnall pactcle
t hose that are.repr ntatiwve of .physiol ogi.cal htions f in 30
the: hur BangrERRRRER. P Gufbs SN RBRL Tk A bR W L
agqueousweheed the keyfrém&l9 hikh WS cOfre@EHEeBHSE thOhatiopaRitulic $8enSaldtthe aci d,

or base, or a conbination thereof, which exhibit the desired pH and
i oni ¢ dhermegypamic driving force to achieve an overall reduction in free energy. With the
formation of such agglomerated carvedilol particles, the bioavailability of the carvedilol
20  dosage form can drop significantly below that observed when the nanoparticulate active
agent is well dispersed.

Moreover, the nanoparticulate carvedilol compositions of the invention are
believed to exhibit extensive redispersibility of the nanoparticulate carvedilol particles
upon administration to a mammal, such as a human or animal, as demonstrated by

25  reconstitution/redispersibility in a biorelevant 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
30  the human body. Such biorelevant aqueous media can be, for example, aqueous

electrolyte solutions or aqueous solutions of any salt, acid, or base, or a combination

thereof, which exhibit the desired pH and ionic strength.
18



Biorelevant pHis well known in the art. For exanple, in the stonach,
the pH ranges fromslightly less than 2 (but typically greater than
1) upjto 4 or 5. In the small intestine the pH can range from4 to 6,
and ih the colon it can range from®6 to 8. Biorelevant ionic strength
is also well known in the art. Fasted state gastric fluid has an
ioniclstrength of about 0.1Mwhile fasted state intestinal fluid has
an ionic st rBingdévaot plabowell Bndwiin tBe arte Fgr exaniplelah khestt@hach, the pH

oAt Sl s BRI SR 00 05 P BT
t hat hﬁte@t’iﬁé‘tﬁng@&h‘ia@e@f‘dﬂWﬂo 8! arldf tAESH oS kot 1aAPe RSBl Cri ti cal

than the specific chem™al content. Accordingly, appropriate pH and

i oni c | SBiossepaht vaicisesngthiis deo will &noved ir theacig Fapademteumseiethiidhis ans

of strang. acids, stron ses, salts, single or nultiple conjugate
aci d- baSBicFarREh of abont 0 ahrtie fapeedapte BgrPes bR RS TaRE T Rt
acid), dﬁ%ﬂp@ﬁ%{ %'399%. &%&’am Qﬁtdl.cf‘@lllzﬁgétér?ga%ibﬁéﬁﬁltic&'ﬂ m the Stomach and .
Representative el ectFdlyte solutions can be okt ons, ranging in

concentRrakineh Jéjuoum abMeh ad M0dmem” Rhak. Res] 1M(4)ade7-58E(1990). Ukt isons,
rangi mg in concentratiqn from about 15 0.001 to about 0.1 M and

m xt ur esliey thafrthepH aad onie strengtleed the feyt soluiom js mase ciatigel fendbout 0. 1

N HC1 : J 1 r . :
about | T iF Raefiosbopital: A Bickiihey oy Rmar i dhe fufQielpbn e s 55
NaQio orobtfin&] thevugh Muitlebde Soinbiiatiohs Hstohg acidsIsaohg bAsys, 8alss) kihlets,
0.01 HC1L and/or 0.1 M NaC, are nost representative of fasted human

physi olBgltipke coainggictacishlase pairnG et avepk acigs-pnthepriespanding yalip gf that acid),

conditi . i iptestinal tract. El ectrol yte

conce tlﬁglfqu%tlsct%? ;%i}%é{ltf%l?@ﬁtés%% N HC1, and 0.1 N HCl correspond

to pH 3, pH Représestafitt dlectfdpReslutived dan bEMHIG] soﬂltibng,ilraﬁgih%ﬂn &bketh8bn
ch.

sinul ates typical acidic conditions found in the stomach. A solution
of 0.1 remabmut:}iteakoy OrleMsanvelatel sebpioasirargingin esmeerieation fiom about

st r,angt ondi t.i .Lhr ough he_hody, ,includi ng..t he
gty O CREERARER T o SO BB, Kb S kS a0 bBeap s
may be @on QY BUHOPoSless) bbdie 0fEIAN CRT1dr 1dseNBowd 6.00 NNTHE] usRNatidut bnact .
Exenpl ary sol utions of salts, acids, bases or conbinations thereof,

whi ch: e¥hYastlior dase apewt ¢.eHMpNagher lessnatous 0,00h d NaCl arless eng rostpresr i ¢

chi or | JBER0E Ff B8 eRerfabAF ko) B N HEN Ao BLALNEE AP ®a0cal ci um
salts L QEpebdn@itive @ f fRRdRRARIS ﬂ?&idfo?%cﬁ%dﬁ@ﬂﬁ)h@, ¢whb %o theyPHaddTonic

potassiumand calciumsalts of chloride, and citric acid/citrate
sal2ls +strsoghwapdiponssafsheiproaimal gastedintestival trectof chl ori de. I n

part1 ol e of RIS Senctnmpie o5 0Bt N G EOLRALGR b BTN FE D iapnpd
or any gtipes, pHJi,taﬁBE;H Hﬁ'@dgéﬂﬂvélbﬂ @Na 091 9§ et kb MBoRVIRIAMSs Rpichl Cl e

si ze [of [st than about 1900 nm | ess than about 1800 nm | é&ss than
about r 1aedtic eonditics $ourtdain thdziomadis OB solutipn bE&$ M el phoides B5eonahle
t

| e han about 1 rim le t han about ,1300 ri [ ess .t han ahout
1500 I i mpraSttanplihe fonih stieha® RNP RS BURA OSERH theboar e 0%
th 198041 i 028 8; thaP,haby g 1
Ie?s3 ? %aﬁﬁﬁ(gg%g?ﬂ%ggldﬁ %}ﬁlo}lglzgo%ﬁan t?%%ﬁ%ghgggaﬂﬁ%qq}de@ s t han g%%uttg £r9|48]

rim |l essulb® fothamdbbastwi@8n thid mmdngSktradhan about 920 rim | ess than

about| 910 n | ess t han about, 900, n | ess than .aboyt 890 ri.m _l.ess
than about ryrs&gema Fallh GEAdS.PAReS QT FPmbEgonhRRregh SYhiclsediNf m

| ess 't haQyg - : @]ﬁﬁ n 830
rim :I ggg ?%ggtpa ogt‘&%é&ﬁﬁh’ﬁ@dt a%ﬁ%@%&cﬂ@%&sﬁlﬁe F%@s %@g}rl:ﬁ’about
800 nmpotasiant dndrcablivon sal&SHF chlaride] zetic hdidhcalte yilts/8Eodiunm pdtesim fah

aboutl 770.nm |ess_than about 760 rim |ess 15 than about 750 rim
30 | calcium salts of chloride, carbonic acid/bicarbonate salts + sodium, potassium and
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| ess than about 100, less than about 75 nm or |ess than about 50 nm
as neasured by light-scattering nethods, m croscopy, or other
appropriate nethods. Redispersibility can be tested using any

suitabl e means known in the art. See e.g., 5 the exanple sections of
U.S. Patent No. 6,375,986 for "Solid Dose Nanoparticul ate

Conposi tions Conprising a Synergistic Conbination of a Polyneric

Sur f ac ealsiabisdliszadrchbomde Dindaditylc aSuldiinme Saltsf-osadion nattassiunbant tabeium

Phar maceut i ll ci pi ents 10Pharmaceuti cal conpositions according to
the i nvali e ‘Ngi}'al so conprise one or nore binding agents, filling
agents, | ubryh e B BEHRAR o IS RGBH I HRIEN bors ANER IS il IhL NO
agents, preservatives, buffers, wetting agents, disintegrants,

ef f er vasemhivn fgdizspaseduncinaighesusehioighvant, sr aifustherexiitaiie encidiunay leavk aown
in the art. Exanples of filling agents are |actose nonohydrate,

| ac? os ETSARNRRVSTAGE Pariflersizeet Ietrdha ahoph £00 mandess taan %houb?{mﬂ MY lsent s
are varg | ' | 4

i or ooroi B LN R Al S Tedd SPEa Bl Ydht1 RS P sbout
PH102, 1400 hag iass tiainlaboet 1380 Inud, 068 thaaribosd 1200imin, deks ihay slgouy 400 hunne

cellulgse (ProSolv SMCCTm . Suitable lubricants, including agents
t hat adessdban ahout 1 QAR [pgsythags abowb OYbimeless Bamabaip 4P aas ks thap about

at_adessafenafent | . .
aci o, 200 ARhACS PP, ol 60 i AR 0 1S lham B 4B P S

Exaopl eBarpdbosve) encless AL albdiy 9Da ki, &lss an absutflonal, 1&waehement 9(uch
as sucrose, xylitol, sodiumsaccharin, cyclamte, aspartane, and

acsul f b lessitbanpbeyt 10 mm.olees thamabaye 88 & nds lesvibgn abows 870 pyd, dess fidnar k
of NAP%Q@m s%%ﬁes%%ﬁ%ﬂ dYiPEs0 I%'Ed][egsrt‘l‘lllaﬁ 1{10'11"%‘%&?6 : i%é?ﬂl%h%ﬁ?&fsso nm
preservati ves are potassi umsorbate, mnethyl par abén;, propylparaben, 25

benzoi desaGh#h Moddt 8105mb AletsSthaPbttrit 8€6 het FesOthaR ab@i 840 @iy kep BRinGbael d
such as butyl paraben, al cohols such as ethyl or benzyl al cohol,

phenol i7€0@ahhess e abguh’ EsupHesschan ahoul (A} ray leay thae abp 1AA 8IS Igsh as

b | ' i de. Suitabl i | i ngl h i cal
ncdgpt ARLAHBHER PR s b R 940 ni B8 By St RRBRE AR FRp 58 726

| act 0s gym,désRABAnCaboat T10Hkih Plegshhahiout 700 SRalcséihan aBRH/690 nff, XsiRs Of
any of the foregoing. 30 Exanples of diluents include

m cr ocrapeeti80ime lessithan about 6 > kgss then aledut 650 P1Bss thad about 650 nm,

less than about 640 nm, less than about 630 nm, less than about 620 nm, less than about

610 nm, less than about 600 nin, less than about 590 nm, less than about 580 nm, less
20  than about 570 nm, less than about 560 nm, less than about 550 nm, less than about 540
mm, 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 nm, less than about 440 nm, less than about
430 nm, less than about 420 nm, less than about 410 nm, less than about 400 nm, less
25  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, 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 about 260 nm, less than about
250 nm, less than about 240 nm, less than about 230 nm, less than about 220 nm, less
30  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
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Avi cel (r) PH1D2; |actose such as | actose nonohydrate, |actose
anhydrous, and Pharmatose(r) DCL21; dibasic cal cium phosphate such as
Enconpress(r); mannitol; starch; sorbitol; sucrose; and gl ucose.
Sui tabl e disintegrants include lightly crosslinked pol yvinyl
pyrrolidone, corn 5starch, potato starch, naize starch, and nodified
starches, croscarnell ose sodium cross- povidone, sodium starch
gl ycol abeyt laldchnm lxdsthasaliohet 3ofimExsnthhe sbot 120 her kesthantbagdiOsimgr e

| es . such as an organic acid_and a carbonate

ef fervescent cou r
bi car bdfsadian %9?1{) 10}, dess themspenta/s i, oriess (onw abpat SE%E a3 @?aselreé?twc,

tartari ke ST oNEr-To (W o] LnLc { ni c acids and
anhydr il@eﬂé E‘%ﬁhﬁ%% I ﬁ%g%,ﬁglcﬁghﬂ)ggﬁr gﬁgﬁ%@%ﬁ{&aﬁi}ﬂgtﬁé@%i car bonat es

i ncl ude, 10 Redispertbiblyean 30 tisted sargnnatitablsoinsRudwadn lonat, eSee e.g.,
pot assi um car bonat e, potassi um bi carbonate, magnesi um carbonat e,

sodPumteg e seetigphelk 8-S. Pateyidieond, 3 Horar eSoligidosgNanepaéicelatehonat e.
Al t i . i um. hi : o
6 1 or vacinlfistiond E ot SOl Al FARRRAY, GOMANERIe SrlcdBabitizer,

Prof i | en@wipagl $ddins Sulfosuckimaiegt anot her enbodi nent of the invention,
a first nanoparticul ate carvedil ol conposition providing a desired
phar macoki netic profile is co-adm nistered, sequentially

adm ni stere or nbihed with. at..l east . one ot her carvedil ol

conposi tion "t hat %ﬁﬁg?ﬁf’g@aﬁe“glégwﬁﬂpﬁﬁsf erent pharnacokinetic
prabi | e. Mormathadeutivd ceApyREbiscc&aAmpas iiid iahentidaindyealgdcomprise one or
co-adm ni stered, sequentially adm nistered, or conbined. Wile the

first aeorebiiding ageotspblingiagenthdubrcating epents. sewreading pgants, sweeteners, t he
additigpal .one or nore carvggiif%ol ccgg})osi tti o(gs. fan ?e ¢
nanoparty SUAFE S BIET Fi o VISP REVT I 8ep s, Gy areer ety serveieee| agen's
S1Z€. and oth-EP@xéi?Eﬁ@ﬂSu&lhbitﬁbieﬁt@ﬁfélﬁmw&tiﬁ-the &arvedil ol conposition
can differ fromthe first and fromeach other, for exanple: (1) in

t he ef f ect i \Exampdgsaddillieg ageotsarglagose pionelkidvaielilhespse aphydopR)pndn t he
dosage of. carvedilol. Such..a conbination conposition can reduce the
dod8 F rBrpEr e e e BE Seth e AP VB T B S ORI St T has o
nano Parpb!ﬁ?ﬂrﬂ;%ﬁro@ﬁbﬁé,%i%ro%b%?alljﬂél%ﬁui&&éfsﬁélﬁﬂ Avit&® peiod el | Qicer®
particles o he second corfposition have at |east one surface

st abi | iPAH02assaocrgsteldineicelnlddeearsisificified oficrbérystdiling celarlbsedPesSolThe one
or nor rface stabiljzers can be the sane as or different. from.the
sur f ac§@¢§%| : i%@?@)lula?@gﬁmnc{ﬁﬂl@m%tsm a¢t e SR ﬂbﬁ%ﬁbsgwﬂgn.
Pr ef er 0: St Eal | " - Acta pnoh r .atL..qn and
] ona2b pilRplsOp @ B S R o e Suctl AAGBHIS A, IR RLAT 2
conbi negahgnediinstarse,glcturs oRPAs, bhdsilicd g¢1. Examples ofswWieidner £ire age

conpos intaitu?z?l'or artificial sweetener, such as sucrose, xylitol, sodium saccharin, cyclamate,
aspartame, and acsulfame. Examples of flavoring agents are Magnasweet® (trademark of
MAFCO), bubble gum flavor, and fruit flavors.
Examples of preservatives are potassium sorbate, methylparaben, propylparaben,
25  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,

dibasic calcium phosphate, saccharides, and/or mixtures of any of the foregoing.

30  Examples of diluents include microcrystalline cellulose, such as Avicel® PH101 and
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58. Control | ed Rel ease Nanoparticul ate Carvedilol Conpositions

I n one enbodi nent of the invention, the nanoparticul ate carvedil ol
conpositions are fornulated into a controlled rel ease dosage form
Controll ed rel ease profiles include, for exanple, sustained rel ease,
prol onged rel ease, pulsatile release, and del ayed rel ease profiles.
In contrast _to i medi ate rel ease conpositions, controlled rel ease
car vediAvtelT PEAOPpactbsonsh ak lastuse elonebydratef lactasevaiviiois,tanda subj ect
over an extendgd period of time according to a predeteymned profile.

Such r dhagagoseatldsLEh dlibasisqaledirn phospbatersiehpy Fmesmpiess v a1angijel] staish;

carvedisbgjlito{%[]cr?gle.%&%ggg period of time and thereby provide a
| onger “peri of "phar macol ogi c or di agnostic response as conpared to

convent i onalSyitabledidigtegans iM@geghﬁlgrcmsli&w@olwpy@&ﬁd@eﬁco@ﬁ

response provide for many i nherent benefits that 15are not achieved

wit B t istareo pplakpeaghigaigh starchaend medifiedwietibas, ereseirapdlespiodpan.arosns.

Control] ed rel ease dos forns_of .nanopar.t.i ate, actiye agents are
descr | BoaoRE BENL TR ERaf Bad PufIERS MR s S ioBlsd St ER shefl
" Cont r Qird E8rRRCERTBUPIROQARAE af BlALR 4RI RIS ddrbiite or BidiEeatey ,Suitable
controlled rel ease carvedil ol conposition conprises nanoparticul ate

car vedidrginic apidd inglute,dpecampia cricttaiparid, ratic, famdrigt adipigsucenis, amk e

cont oL 28,05} X0l KR SR BB TR SR
ar s evsf @anfid, 6diaR catdRes, &dikd bicafRRhieOhbthaithrt e5B8até, PobRsiumn 2

first aspect of the i nvention, the nanoparticul ate carvedilol, at
| east dnearbmafeamagsetsabn kiarbenate, sndivongycine narbenase)li-1ysie garbruatpi aadt

materials are conpressed i.nto a.tablet. formfollowed by coatin

Dot 1 h Sie 2O o PG Ryt FisptinmofiCarpinas® i ot &bt ¥ | e

nanopare@e%g%gc&@é/ﬁq%b@bresé}{t_ | east one surface stabilizer, a rate
e

control I'ing pol yner erial, and one or nore auxiliary excipients
are conpressed together to forma controlled rel ease matri x. The

controll ed rel eas frix y optiqnal l oated_ with a rate
coﬁ%r ol ling Tool yré?m WaBPBﬁﬂ%&mlPF%ﬁT&%ﬁbﬁPmW’éwnFeI ease
properties. Iﬁ?etaanbﬁief OmBs@afeht of tHEiNRAGHR 2t S HaRbGr3A8AE ¥aIEAR) . at
| east one surface stabilizer, and one or ‘nore auxiliary excipient
mat er i abspasitonr pryidisg e desiret phtumeacbkingtioprodilensicbiadmpsistetedbbeerendial lgr
to coating with a rate controllin | yner erial,. In a fourth
aspect ,adfrﬁ@stﬁaeﬁowamtemda%ﬁ Buleastdne Bihelsrivediol camposiion kgeagates a
stabili : ' I DL |4 . er d
conpr < et ifehERRRaoiR HE, SRR L DR AT pipBl bk L antR
op2donabladnmisisieosl sduantidlyadmaitistetsdnor aintibingl. f&hilertire firat @rvedilot o
provi de additional controlled rel ease properties. In an al terﬁalti ve
Saspec tCOmROfifipR hag ppanoppriculgiepalice Fige. Ty additensf ere QAP GBSIRO
contr O'cb&?;oéiﬁbﬁé‘éa% b%q{mgﬁdrﬁ&ﬂﬁe, solubilized, or have a microparticulate particle size.

The second, third, fourth, efc., carvedilol composition can differ from the first and

from each other, for example: (1) in the effective average particle sizes of carvedilol; or
25  (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
surface stabilizers can be the same as or different from the surface stabilizer(s) present in

30  the first carvedilol composition.
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according to the invention and a second | ayer conprises a
conventional active agent containing conposition (e.g., carvedilol or
a different active agent), such as an instant rel ease conposition. In
a fifth aspect, the nanoparticulate carvedilol and at |east one
surface stabilizer are incorporated into a single layer or multilayer
tabl et conprising 10 osmagent surrounded by a sem -perneabl e

menbr ane, wiRrbfetdbly whene-cpedmimbtraiomafiarfaseactiag!’ formmplaionend fai"tmgert-n

this enbodi prent the sem -perpeabl e nephrane i s perneable to ueous
medi o, RHEg p3F TR e e fpPB Btopy gre empaiel SHthLs HOERT o 1o

the pogy, .oﬁﬂbﬂ,%?e%ﬁ{@gidhﬁ'—relé@@bohﬁo%%'oﬂ.ti on or when in other form

Such osnotic delivery 'systens are we nown in the art, wherein
i nfusion of fluid through the sem -perneabl e 15 nmenbrane causes the
osmagent to swell thus driving_the carvedil ol through the orifice

defPned by the sdnnpiedRerascimopariiculais arypdile] Coameesitionsye
nanopar ti culil,Ge CARYHitHehPbs thé%w'eﬁﬁtﬁ{ %mﬁ?‘iﬁi?ﬁﬁte%&%ﬂﬁél%ﬁnﬁpoﬁﬂ&ﬁ)r
n ol T terra

nmore auxiliary excipients, and a rafe cont ng pol yner

are conpé feesiularddan® aedritoflad tdlewé ddsagé form. Jdigrolted tdl¢me profiksinelufigr m
preferably conprises discrete particles, pellets, mni-tablets, or 20
conbi ndPi BREDIG, spg@ned releage.mrolangediraleasso BRlsRle BRiFAse red delayed release

or | parefE’ B Sor et TR SRR AL SR s Non FERERI Rl el 1

I NQOr pebaipesitivng dllov delivefy ofadarakdiielge afsabjast St in aseddedgetied of timet he
case of a nultiparticulate formconprising discrete particles or

pel | et @ccarfiag e p Prgsigtormined prefileo Sushwgleasreraes epn proyids thergpeuwsisally v wi t h

addi ti . j il Y] ' t or :

compr e etk B o FefaP LT A Besited B oP Ble T e ARO BB ey
cont r olgetibg oPghariiREoloEiC @F dRlndsdic @aspbsels @vinpered d6l borveftdnal eipid fldasél
rel ease properties. The choice of a rate controlling pol yner

first depgedermupotichhiengeyperiashs of ssperielpseyifefos apay pharenberpfijethat
ut '1%5' z %?é nét'aglaibv&i &Rﬁ‘ﬁe”&n%{\!ﬁofnﬁ{ﬂ %ﬁaﬁggﬁ‘@a'tiﬁ%m%}i%%eer@eaé eé;gﬁﬁ»a%%ong.

controlTing conposition ing system

pol ynmer t hatCdu@iolled geldRé Bbsakt Stnsif Qaipakhants adiveAg@ts are described in
poly(allcyl methacrylate), as a rate controlli nlgépol ymer. \Water
¢

sol ubl &J.BoPatpmtrApplisaieon He. HOPOVI26TP gylrion Corsrrdlcd RepsaNanorsrtjeiaty | ene

glycol {PEQ..can also.be used, oating systens, .but they nust be
sod | CIPITE T PR S iel riBRk AT s G haridhh PSSR o
backbongnéghrtidu@itel cavedinill AlltodahrRsestanIRe sid £ leastldéSateicbnfrflfing
wat er sol ubl e polynmers PVP and PEG are utilized in a coating system

i n20he pebiesic d hotyps o rgge eymieallingpelymer dependsmepoarthe type blitstectidoklbene,
the res Iti&a coggo ition is an imedi ate rel ease conposition. Mtrix
cont r ol TRH8%“Sy st ems can use as a rate controlling polymer a

wat er There are several different types of rate controlling dosage forms. In a first aspect

of the invention, the nanoparticulate carvedilol, at least one surface stabilizer, and one or
more auxiliary excipient materials are compressed into a tablet form followed by coating

25  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

30 carvedilol, at least one surface stabilizer, and one or more auxiliary excipient materials are

compressed into the form of a multilayer tablet prior to coating with a rate controlling
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sol ubl e pol yner having a nol ecul ar wei ght hi gh enough to forma

vi scous hydrogel. Water sol uble polymers such as hydroxypropyl

cel lul ose (HPC) and hydroxypropyl net hyl 10 cel | ul ose (HPMC) have
varying "grades" or nol ecul ar wei ghts; high nol ecul ar wei ght pol yners
are very viscous, and strong, viscous gels resulting from such

pol ymers control the diffusion of water and drug rel ease, producing
rat e cqolyndrimategipr dpe faurtsaspSdehe FaropattiztiategcaioadilGbartdra ldastdorRe | ease
with MET L PTeniu .Cel l ul.,ose Ethers,." ﬁ@e Dow Chemi cal Cowp%fy
(1995) SurtBessiahilizgr gre dispersedip A sate Pﬂ‘&“ﬁ%‘?‘% yuer paferg PEEFTEG wto
pol yner. [ 1268 r i :
hydr opﬁ?fulﬂtli:]i Y%F%E%?s%ﬁ%&" )‘[g%fae? (t:aggézgg?ﬂgl%pwrig a@dﬁoﬁbgéqt‘ﬂg@e éé%cglgg g%ng
car vedipobmdrmoatedal co pposdet ddditions] chagalial febease popérhes.| naardtenntive
Particularly useful rat -con{rollin polymers for causjng an .

of f St (ABECh GRSy AR SRR BBLIGAYCE aDIR Q9B SGE ) PBRPIRS teleaTeosROsto8N

i ncl ud : I : : ,

ol ant  SSaa 1Ak ERioh AT 3l yer SANRES o ThU AT Pt e

f er mentcahia@ing compdsitéodt (ean carvadiloialr apk ettt 2ti¢gegeat), SYch dbyfl fxanal Kyl
cel l ul oses such as, hydroxypropyl cellulose (HPC), hydroxyethyl

cel | ul d8leasergempositony BWE%B&WG%@WW@EW@H%@ cepnbml,andﬁélegmnam

car box .1 Ul os: . . i - -
i 11 SABrsidt o e piited i IF B o ARGISRE R o
suab assefabalt saeblrided $¢ adeli-peinteiblc2hasbranid, @sith the achopariRhbly |
cellul ose, hydrophilic cellul ose derivatives, polyethylene glycol,

pol yvi AYerpirang e an graficq, | Ip dls gwbediment e spm-permegbletramebrang ir at e,
|1 ul t h | | .l ||
Co vor SnaBE 8l BAaL ) S b ORR G AEIA, OTRHh] Aherotsc

hydr ox g@bﬂﬁ%l&ﬁkbﬁi’veﬁﬂéﬂ whedSif salebbRbEwRSC R dthéreforrROBNOH diyotic deliverfr
acetal di ethyl am no acetate, poly(al kyl methacrylate) and pol y(vi nze

|
acet at systems peerwelbkuayn mhe ahyhasein disiusiop of ik thrqugh thekempaeymeab

andLor _copol r riy fromacrylic.or t hacryl.i.c _acid and. their
o d80 TR TE Se e b kR ect BRI g i IR ARRGH disBh helfifick!
Two or g@eEh&] bR seRbéddabRAndIb AR aCoitth RSpdes ek hdmopafibhlagt i on. The
pol ymers are commercially avail abl e and/ or can be prepared by

t echni gawediteloaiieash onhisurkace stabiligen; oreien mpre@uriivey eXcipientsisad airate

Conjunction.,w th O her Active Agents he_ carvedi | ol, conpositions
of 't he cPRORHAE SR B Hai i an B ap s et B ST TR car ved 1 o
conpou @ﬁ’lﬂti?ﬁﬁf:ﬁlhtelfﬁnﬁ pRAGALIG BPEELRIATH A8 partieRE S5l et emiiE Aibleth &yl Ur e
10(or related conditions such as dyslipidem a, hyper1|p|den1a,

hy B8r cleoinbinasions dwicaf. hraifieal odil deseage dvran theingdtipatisylateviprmaimay be

i nfections, cer, psychoses, or.rel ated conditions. .The
conpos T auERH B e FRYER PR o i 8=Bo SirsHi AVERA K Such of her
actl Ve_ﬂﬂﬁ?iﬁcul@fe b€ nfaQFRISddrp R ed Rto biiRr HAMGREARYoRANSRE as a sachet.
co-adm ni stered or sequéntially adm nistered in conjunction with such
act i ve Inffentase of a multiparticulate form comprising discrete particles or pellets, the
multiparticulate form may be compressed, optionally with additional auxiliary excipients,
25  into the form of tablets. The compressed multiparticulate tablet may optionally be coated
with rate controlling polymer material so as to provide additional 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

30 composition utilizing a coating system employs a polymer that forms a water insoluble

backbone, such as poly(alkylmethacrylate), as a rate controlling polymer. Water soluble
24



15Exanpl es of such conpounds include digoxin, CETP (chol esteryl ester

transfer protein) inhibitors (e.g., torcetrapib), cholesterol

| oweri ng conpounds (e.qg., ezetimbe (Zetia(r))) antihyperglycem a

agents, statins or HMG CoA reductase inhibitors, antihypertensives,

ACE inhibitors, and nitrates. Exanples of antihypertensives include

diuretics ("water pills"), beta bl ockers, 20al pha bl ockers,

al pha- pelandys,cokle aspolgyinplayirelidme BV Y pandyrilixthyers, glperd (PEG) shmalso be

converti n{g. eanime }%1,‘6\%? i nhi bitors, cgl ci um channel bl ckertﬁ,

angi ot HiEf 1 GOaERS FYSFenY: BRIERE Musidiahsed HeeAnauictfm fith a polymer that forms a

angi ot e i " nsh ) .

DAl cr aTiRe Spiabono Y A Shpl e Cm R That QLR - |

( Hurrul isolub)e pdliaviedsi) and PG aitd dtdivgl in £ asatingwgdierasn ¢eydbuericdef a

(Di abeta(r), Mcronase(C), . acet ohexam de_ 25 (Dynel or0Q),. chl orpropam de

( Di &bi ri@&@mr,th@fpwpa Vage incalyglepagkbong) the respifing cempeditip isan immediate

glicl a.%'.lelg.gse Cr()ﬁlgj%glﬁiml.de (Tolinasee), and tol butamde (Orinase(r)), (c)
€es uc

meglitini as repaglinide (Prandin8) and nateglinide

(Starlix8), bﬁd}ixhioguamécdle&asa@@teﬁﬁ dai ufeodsnd matd dantiolinig 3o8/mior a wdtstcon,
), (e) thiazolidinediones such as rosiglitazone (Avandi ae) and
pi ogl i tsakbkerqlupeipaing amglecalpr yeighbhigh gaeughdn fermn aviscous iydragsl.

R T e R S g et e e L
Al t1ocorcellulops GVRMICAhive Ydryiay aeiaas?)or ndl €0abS i ghis; h4@CabREular weight

vel ostatin; atorvastatin (Lipitor0) and ot her
642- ( s SLIRATs BECEY Yisestus1ang] sfrapg.cxisdopy selp resulsing srogm s charol wegrs oerdrol as

di sclo i .S, P nt ;No. 47.576) : fluvastatin (L olLe):
L o naS8e iflsidn Bt xRl Bl B nefbat Brovlibe kb IR Brobe@RESE (e
deri vatiFegfulatise fir BonGoRE Relel¥ewi@PMETHROCED PYéh el 08thiiSse FthuaSt@iel n

(al so known as cerivastatin, 5 Baycol Oy and other
yri dyRew{beaigehepmpaay d98¢)-ds, as di scl osed in European Patent

p

491226A; Sear]e' s SC-45355 (.a 3-subst.i . i id. ..
Getfunt ' ve) EXTTERTS A aR ERILe PP RS LT By SRR Bilulafs Rbirfetobic,
as di sqlopaests,iand MEFknRed fitsatdpAobi¥ehd GY@éMEAC polymers that are capable of

3- car boxy- 2- hydr oxy- pr opane- phosphoni ¢ acid derivatives, as disclosed
i n Fr enetardbag terelkese of cayedibd Fron? a gomipositidyser dogagedfopw of diednvengioan,

R T A MMl
di scl osgfleliflolofowiiatARiiniNatidh 1888d<Plhnt KuHABY BuaNARBICALANRY exFHAE
as those disclosed in U S. Patent No. 4,499, 289, keto anal ogs of
mevlnol(agar), ptansstedtgums, or smncilages| (gearguin), Eosad pems (Fatess), fappntatiani on
No. 0, ]g%%is](ﬁgxté%-), a?lllqu?asl%rr]tl)(mcgs égliagn)(,: g}?&)rg%rr]aql?ﬂ celluloses such as hydroxypropyl
cellulose (HPC), hydroxyethyl cellulose (HEC), hydroxypropyl methylcelluose (HPMC),
and sodium carboxymethylcellulose (CMC), guar, pectin, and carrageenan. Additional
polymers include poly(ethylene} oxide, alkyl cellulose such as ethyl cellulose and methyl
25  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, hydroxypropylmethyl cellulose acetate succinate, polyvinyl
acetaldiethylamino acetate, poly(alkylmethacrylate) and poly(vinyl acetate). Other
30  suitable hydrophobic polymers include polymers and/or copolymers derived from acrylic

or methacrylic acid and their respective esters, waxes, shellac, and hydrogenated

25



rosuvastatin (Crestor(r)); pitavastatin (PitavaS), as well as other
HMG CoA reductase 15inhibitors. D. Conpositions The invention
provi des conpositions conprising nanoparticul ate carvedilol particles
and at | east one surface stabilizer. The surface stabilizers are
preferably 20 adsorbed to or associated with the surface of the
carvedil ol particles. Surface stabilizers useful herein do not

chem cadeg@tableaﬂs Wwad br inbee atersomthollmg roéyrhérs basbeoused s edrhbinkiet. é]’bbl y

i ndi vi du nol ecul es of _t he face stapilizer ssentjally, f
of int @%@P%&Eﬂeéﬁmﬁ’ﬂ%@ Y?Yﬂ%];E{? gan BrpERREs gﬁé"*“’@%’ﬂ EoRRISie t "?No
or noregsurface stabilizers. The present invention also includes

nanoparti cul ate carvedil ol conpositions 25together with one or nore
non-t oxi ¢ physiologically acceptable carriers, adjuvants, or

vehikcl es, cdal | ect@uekdilslIftahpesitids BSedGar ri ers. The conpositions can
be fornul at ed forc‘gﬁ[lﬁgﬁ@,{@gthi h%PEAc‘ﬁQe(A gt | Ntravenous,

i ntranmuscul ar, bcut aneous oral admnistration in SO|Id
[ nasal rect

l(lpg\l;l\lijg;‘sor : roSO gﬂ%r mm @1)ons B)atélsé]:r,ven ion £ah g tg)ﬁl& ycorhprllse 06}1|e or

i nt rap@ﬁér%E&Bﬁ%hrve@ilol&!éﬁip%@hdﬁﬁ@ﬂiﬂrﬂtr@étfn@ 'y?él‘teng'l@fl (ﬁ?ﬁ%@gﬂvﬁ hehr® ailure
conpositions of the invéntion can formil at ed

adini Sorwtatahcond]tons eecht ascﬂyshméelgraoh}pecl@aémna; h@emhomsfaroletpm amshar vy,

rectal, t hal . m ol .oni ent er al raC| ste I nt.ravagi naI
|t ap e it BirekinRRhaR Shrtet, priEaoda Sr g genditons.

adm ni %bfn%élﬁﬂns éfthe ir{VeHnéh SRRAR- fo%ﬁ?a?eﬁ'vﬁﬁ{ St bEREMERR QERKor the
consisting of liquid dispersions, oral suspensions, gels, "aerosols,
oi nt nerpspositiensns the ableption carht magmihsred @)sequentiably admmgstertdimm

sel ected fromthe g“%uei) .consi t| ng of 5controlled release

f or rmul ZPRIyREHO With ‘f’%?gﬁﬂ %ations, |yophilized fornul ati ons,

dehgyed rel eggy flé%rdf‘éhé}{ éd?ﬁﬁoungﬁn%ﬂﬂ%‘éhéo%xﬁmﬁ @hOTELBHA O transfer

pul satile rel ease fornul ations, and nmixed 'mrediate rel’ease and

cont r olpretdiny alhé@ses feog. mmkwrapﬂo}; cholestent)l lawsringawhipoatdsale. g, leeeténibe

101. Carvedi | ol
(Zet?a(é)? antihyperglycemia agents, statins or HMG CoA reductase inhibitors,

antihypertensives, ACE inhibitors, and nitrates.
Examples of antihypertensives include diuretics ("water pills"), beta blockers,

20  alphablockers, alpha-beta blockers, sympathetic nerve inhibitors, angiotensin converting
enzyme (ACE) inhibitors, calcium channel blockers, angiotensin receptor blockers
(formal medical name angiotensin-2-receptor antagonists, known as "sartans" for short).

Examples drugs useful in treating hyperglycemia include (a) insulin (Humulin®,
Novolin®), (b) sulfonylureas, such as glyburide (Diabeta®, Micronase®), acetohexamide

25  (Dymelor®), chlorpropamide (Diabinese®), glimepiride (Amaryl®), glipizide
(Glucotrol®), gliclazide, tolazamide (Tolinase®), and tolbutamide (Orinase®), (c)
meglitinides, such as repaglinide (Prandin®) and nateglinide (Starlix®), (d) biguanides
such as metformin (Glucophage®, Glycon, ), (e) thiazolidinediones such as rosiglitazone
(Avandia®) and pioglitazone (Actos®), and (f) glucosidase inhibitors, such as acarbose

30  (Precose®) and miglitol (Glyset®).

Examples of statins or HMG CoA reductase inhibitors include lovastatin

{(Mevacor®, Altocor®); pravastatin (Pravachol®); simvastatin (Zocor®); velostatin;
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Carvedilol can be in a crystalline phase, an anorphous phase, a

sem -crystalline phase, a sem -anorphous phase, or a m xtures thereof
As used herein, the term"carvedilol" enconpasses a racem c m xture,
i somers of carvedilol, such as R(+)- carvedilol and/or
S(-)-carvedilol, including optically active isoners, hydroxy

car bazol e 15derivatives of carvedilol, pharmaceutically acceptable
sal t s atoreastatadiLimitor®annd diderd 6~f2-(substithitedrpsabl-1-yl)alkylayraadi-draks ahd a
nonsel ect.i ve b- adr_ener&l c_.bl ocki nl% %gent wi th al -bl ocking activity.
It is @eyivativesasyiisclased 1oV gy {itestNp 4,04l s X AstaER Ghgppol )

et hyl ] aqi Y bt . . : £l i ng
ot uct o RE BRARAY- 623208 gRrp RS bl ool Wy e

ol eculdadclosed ¢hPCDapgiiatibn 3N 88/030B 8 Gittagtatih P58 kibvaf asCefivadig04. |t

is freely soluble in dinethylsul foxide; soluble in nethylene chloride

and> nmetBraad®) asd athienpyydddhydpeyhenteoginasidsaasolisciesgd insByiopprmiatent

slightl I er; . .an ractigal |y .inso e in water,
gastri rran b S e ssTa T uop i PR aba R G

(si mul ati@florodRtare;tif@dbizoRanaloeabf Mevilbholaddne, as disclosedGAPCIMPpBLation

I somers thereof, or derivatives thereof can be made according to

est abl iVWREH/ G54 tgrboxy-gdutraxs-nropane-phespliongaciddanvativesaesetiscloged in
4, 503, 7 6 69: ) 1: .6,.699, 997 d 6, 730. 326. 2. f
& obi| Tgicb Paleht NG 25983852 S Ak sduoch 3 ote, S ol et dRvattVes 2o

CO'TD_OS!aTs dRRRsaf in_t]i'tﬁoﬂ)é%&d%wn@ﬁpﬁﬁéﬁ%h%ﬁ). @QZi@@Sﬁaﬁlﬂﬁd M&g”sﬁ‘&‘
stabilizer. Conbinations of nore than one surface Stabilizer can be

used i mevabonplpeteme; asrlisclesed il Usy PhteotNet 4684,2 ¥4k ostahydronaphithalbesnes, such
| d. t.he, i i i | 0 i di i

o o 28 e fRCioRdtl Bt ot Headn R R GRS OIS e e

| oW D pietisBd i Eir@bantbdt@R MBS catiAlNG. 3, 1 427 BUCH: Sho@ihhis HEil R6kPBaRIs;

Exenpl ary surface stabilizers include nonionic, ionic, anionic,
cat i oniresuvastetiy ((Frester®)o pitavastatih Ritava®y, as well as other HMG CoA reductase

15  inhibitors.

D. Compositions
The invention provides compositions comprising nanoparticulate carvedilol
particles and at least one surface stabilizer. The surface stabilizers are preferably
20  adsorbed to or associated with the surface of the carvedilol particles. Surface stabilizers
useful herein do not chemically react with the carvedilol 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
25  together with one or more non-toxic physiologically acceptable carriers, adjuvants, or
vehicles, collectively referred to as carriers. The compositions can be formulated for
parenteral injection (e.g., intravenous, intramuscular, or subcutaneous), oral
administration in solid, liquid, or aerosol form, vaginal, nasal, rectal, ocular, local
(powders, ointments or drops), buccal, intracisternal, intraperitoneal, or topical
30  administration. For example, the compositions of the invention can be formulated: (a)
for administration selected from the group consisting of oral, pulmonary, rectal,
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Representative exanpl es of surface stabilizers include al bumn,

i ncl udi ng human serum al bum n and bovi ne al bum n, hydr oxypropyl

net hyl cel | ul ose (now known as 15hypronel | ose),

hydr oxypr opyl cel | ul ose, pol yvi nyl pyrrolidone, sodium |l auryl sulfate,
di octyl sul fosucci nate, gelatin, casein, lecithin (phosphatides),
dextran, gum acaci a, chol esterol, tragacanth, stearic acid,

benzal lopthalnrice bdlonicoearentedal; ﬁnimchatmmlaih&av@ine&,a‘nuhpemcrmah tmahbeccal,

cetostearyl al cohol, onmacr Qgol enuIS|fy|n r n esters,
pol yoxyn@f%yfr ti anchiopin @{rwg%sgav@h m%%%ﬁ&? e slest eéd%m group
cet omagy, grl}é}q astior

pol yoxyet %y? @61 9@9&1%413%%5%‘1 g%épgﬂsg%rgségilg’(agfﬁsbls, &%{éﬂ%%ém%shl |y
avai | ab&tﬂet?vmﬂrmpmﬂess(u)hntaa desape, foﬁmeﬁacté?d)frbm thagroﬁpeemlﬁﬁ{gr@f (ra

Speciality Chem cal s ol yet hyl ene gl yco r bowaxs 3550(r)
503800 W@ﬁsecfaﬂwagws g AyatiioonelySpliar Bemigameodeiared

car boxy st eay RS BUEES rol R HRUTRIGHS e RREsé Ribltifbos, and

hydr ox yeitby iigkdidlcasiase2mdippiolted releas fohttlatiaisg or (i) asy yahbinhiidie

cel lul ose, magnesium alum niumsilicate, triethanolam ne, polyvinyl
al cohol ‘*{rF‘QfA) 4-(1,1, 3,3-tetramet hyl butyl) - phenol polyner with

et hyl ene oxi de and formal dehyde (al so known as tyl oxapol, superione,
and triton), poloxaners (e.g., Pluronics F68(r) and F108(r), which
ar gobl ock capol ynesnsedilolet hyl ene oxi de and propyl ene oxi de)

pol oxam nes (e.g., Tetronic 908(r), also known as_ Pol oxam ne 30
908(r), whi dharyesilgl t:?étbeam@mataih@ﬁ pllﬂswlaa@mbh hasged pepRidcrystaliine

sequent i f | ene .0 e eto

ot iyt orpbte, AehH-ARROUDERRY F ARt el aRRe AN E S .
Tet r oni“gard:afi&(” Mclsnﬁs'égs%k a(rﬁzéﬁﬁc W nf0isbmefesaratil@Niuch bs lRt(g)?S X-
200(r), which is an alk aryl ﬁﬁlyether sul fonate (Rbhn1an Haas) ;

Cr odestcayeﬁfﬂqlm@ior S(Wﬁd@dxl@, mchidinguopsicaly atice domess, budare C@rhdzole

o1 5 KRl e Slal el P RR O e e R b e
St anf orgkredtT) ; Crodestas SL-40(r) (Croda, Inc.); and SA9CHCO, which

i s G gl- 137CH2( CON( CH3) - CH2( CHOH) 4( CH2OH) 2 ( East man Kodak Co.);
decanoy! - Nnﬁarmdgllohtsamqmeelemvwe@dre@r@c §logkimgyagentositlda-blackdeg gtivity.

- dodedy o B nGH BeP b R 2y PSR S L o] 2 propanal. s

n- hept W Bcdhis nM&RBY AR FBlowiid @Rikite:P- D- t hi ogl ucosi de; n- hexyl
P- D- gl ucopyr anosi de; 10 nonanoyl - N- net hyl gl ucam de; n-noyl

p- D- gl ucopyr anosi de; oct anoyl - Nmet hyl gl ucam de;
n-octyl - P-D-gl ucopyranosi de; octyl P-D-thioglucopy

phosphol i pi d, PEG chol esterol, BEE-Choamtoasi,0 €€ 3

20 H
Carvedilol is a white to off-white powder with a molecular weight of 406.5 and a

molecular formula of CogHa6N204. It is freely soluble in dimethylsulfoxide; soluble in

methylene chloride and methanol; sparingly soluble in 95% ethanol and isopropanol;

slightly sotuble in ethyl ether; and practically insoluble in water, gastric fluid (simulated,
25 TS, pH 1.1), and intestinal fluid (simulated, TS without pancreatin, pH 7.5).
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15Exanpl es of useful cationic surface stabilizers include polynmers,
bi opol yners, pol ysaccharides, cellulosics, alginates, phospholi pids,
and nonpol yneri c conpounds, such as zwitterionic stabilizers,

pol y- n- net hyl pyri di ni um anthryul pyridiniumchloride, cationic
phosphol i pids, chitosan, polylysine, polyvinylimdazole, polybrene,
pol ymet hyl net hacryl ate tri met hyl ammoni unbr om de brom de ( PMMIMABr ),
20 hexyl des\yTarveditel, h;drmrsrﬂw'remﬁl d]rrd@rﬁ/a:t'B/eG HiokdaBran bechade according to

pol yvi nyl pyr.r |Id0 e- 2- t hacry e dj hyl

Bl ¥ at GXtaBlSHed prireoiseapth S eI S abl 1 2E Moot SEOE: ARG

l'i pids, | §5q0 oUPg. and quarternary ammoni um conpounds,
such as5 %}tiéga@yfg{d;??rgg?’ﬁ%l %m um chl ori de,

benzyl - di (2- chl or oet hyDet hyl anmoni um br omi de, coconut tri net hyl
anmni um chl ori de 25 or_broni de, coconut methyl dihydroxyethyl

am®ni um chl?r | de';‘Hfa‘IS’rSfﬂ]i"&éersdecyl triethyl ammonium chloride, decyl
di met hyl hy &t ﬁ]}ﬂ
hydr oxyet hylc#’r%ya%r?pum o igrllg"qenn% Llﬁr;!(j)quna g&pgég%ﬂﬁtggﬁfﬁ% s¢
hydr ox yetdaytl onerufadesatihteds Cdmbitatibnont idere thatr dred sukfate stabdlinytlcan be
anmoni um et hyl sul phate, lauryl dimethyl benzyl ammonium chloride or
br omi déiseqd wth§ invgpiet-ny| (et henoxy) 4 ammoni um 30 chl oride or bronide,

N-al kyl (C1

Loyl et hy - O5ey PEGe SRRER e R o3 ey B sy
amroni Wigahd £id idergapiRPhyiaieticallcxepibys. Sudeeydipiamybitludeveiow i de,
N-al kyl and (Cl1214) dinmethyl 1- napthyl nmethyl anmoni um chl ori de,
trimet Wb&lﬁﬁ‘fﬁ)HP‘HrW‘H&Wlﬁéwel&]Pt@ﬂgﬂmﬁﬁetlﬁwahﬁwdﬁ@t&rﬁﬂﬂéPIfQCt@lﬁéi Exemplary
ohior - SereTRAL R RS Bpid b, SR, B o SR B

et hoxyl at ed R gt@bﬁt@ﬁ{ze SRAYsNsEFhde, stavﬂaéekyﬂnbﬁaé amanh ahdwdhagrmﬂw m

chl ori de, ecyl di met hyl anmoni um chlorid
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anmoni W@d&EYk@fdstdeoinake) gemhyéasélhl ety kp}ﬁiligﬂdi!idﬁm Qé)itﬁhl glfm acacia,
a

al I cyl benzyl et hyl amoni um chi ori de benzyl dlnethyl amoni um
br om deholestprol Gragacaptly, Staanﬁﬁclﬁybenaﬂk@mumrﬁmﬂr&n daé@unmwéatylgimqul

t t hyl | |yl di hI d
(DAOVREO RIS ST OasRshT Erhreltasiiel s Byt Bm ST B
hal Oge']ioﬂ%igethj}lbﬁ@illdrl AR g. SMAR0 gél'@tlfelﬂé chh‘i@ cetomacrogol 1000%) )
decyl tri met hyl ammoni um br omi de, 15 dodecyl tri et hyl anmoni um br om de,

t e2Pad eopoxyethpeng tastorofli denivitivesi mhdyoxiyethfilehe serbisan fattyanidresier (elzl,dh¢ de
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(such as stearyltrinoniumchloride and Di -stearyl di moni um chl ori’de)
cetyl p)pl}rodwthyinmbsteamt&e, colloidel shéamrdiokade, hﬂnbspimtwattarbomfmedlyateﬁu}msq ed

o T AT BT e
di gkkyl o?r?ﬁl’os #lﬁﬁﬂgieaﬂéﬂ&?y%talm %g{l %{f@ﬁl&hﬁg{ﬁlﬁﬁﬁnum sﬂlcate

N, Ndi al am noal kyl acryl ates Vi ny am ne salts, such
as | aunsitthamilaeinecpdlgtiey] dcohal (VAR 182 tattametlst bytylpphent rpolymas alt,

e RS il i
such aﬁ’yr | 3%&:' u%] ot g&@?@ aglgﬁrgmsﬂ%%%é Arkk 25shiRaty oH}thSTEBQy'

vi nyl at'1 dni ¢ gua
oxide and propylene oxide); poloxamines (e.g., Tetronic 908 , also known as Poloxamine

30 908%, which is a tetrafunctional block copolymer derived from sequential addition of
propylene oxide and ethylene oxide to ethylenediamine (BASF Wyandotte Corporation,
29



Such exenpl ary cationic surface stabilizers and other useful cationic
surface stabilizers are described in J. Cross and E. Singer, Cationic
Surfactants: Analytical and 30 Biol ogi cal Eval uation (Marcel Dekker,
1994); P. and D. Rubingh (Editor), Cationic Surfactants: Physical
Chem stry (Marcel Dekker, 1991); and J. Richnond, Cationic
Surfactants: Organic Chem str% (Marcel Dekker, 1990) Nonpol yneric
sur f ac Pastipmnlyj Mdn)¥ TetrenwnlH0R WEWBA(SFGHWM Cospmhhchﬁn’ﬁaﬂbhmfvﬂ- um

compourt® 2 HiEh AL R PO s SRR BTGBt G THRs o Bednpdnd, o
quar t erpagy i NASARAT @gécrswmganﬁy@y&wfs@émE@I%aggr%gan ani | ni um

conpound, an ammoni um conpound roxyl amonium c
pri mar ysmmplphmmxgpmipdglydxdob, sechinchar ys (ammnGﬁrmrsfommdo @® ccellnt iary
anmoni um cqnpound, and ﬂuarter nar glr*(mn um conpounds of the faormula

NRI Rz REpEISals, SiFm o Geodsetag BL-408(Rmda, Jos INRORHIGEO. pijchigne of

e -%?{ﬁ%{%ﬁ(&%ﬂz oSOt G Foigion PG ¥y Aok 51 ©
RI - lrﬁetﬁﬁgﬁl&ialdeaﬂdeqn@ Df gliopihnbsidé mh-@dckl B- Iﬁhﬁltﬂpﬁﬁn@meeﬁ-d@aé@@n

atons or less; (vi) tw of RI-R4 are CH3, one of RI-M is CoHsCH2,
and ond-BrglRtopRamnosideym- dodegl] R-haimaltofide) ihopteres-Ne-arctiohglacamdear-heptyle:

- H5( CH2
\(/\%Ielr)e %\ﬁﬁacoﬁgfmﬂom €; n—lg_lstylalip?) noegll?CfOSI ]e' rill gxﬁ% ]5 gucorpgr%ﬁos e; ( n,

10  nonanoyl-N-methylglucamide; n-noyl B-D-glucopyranoside; octanoyl-N-

methylglucamide; n-octyl--D-glucopyranoside; octyl B-D-thioglucopyranoside; PEG-
phospholipid, PEG-cholesterol, PEG-cholesterol derivative, PEG-vitamin A, PEG-
vitamin E, lysozyme, random copolymers of vinyl pyrrolidone and vinyl acetate, such as
Plasdone® S630.

15 Examples of useful cationic surface stabilizers include polymers, biopolymers,
polysaccharides, cellulosics, alginates, phospholipids, and nonpolymeric compounds, such
as zwitterionic stabilizers, poly-n-methylpyridinium, anthryul pyridinium chloride,
cationic phospholipids, chitosan, polylysine, polyvinylimidazole, polybrene,
polymethylmethacrylate trimethylammoniumbromide bromide (PMMTMABT),

20  hexyldesyltrimethylammonium bromide (HDMAB), and polyvinylpyrrolidone-2-
dimethylaminoethyl methacrylate dimethyl sulfate,

Other useful cationic stabilizers include cationic lipids, sulfonium, phosphonium,
and quarternary ammonium compounds, such as stearyltrimethylammonium chloride,
benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium chloride

25  or bromide, coconut methyl dihydroxyethyl ammonium chloride or bromide, decyl triethyl
ammonium chloride, decyl dimethyl hydroxyethyl ammonium chloride or bromide, Cy».
isdimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl hydroxyethyl
ammonium chloride or bromide, myristyl trimethyl ammonium methyl sulphate, lauryl
dimethyl benzyl ammonium chloride or bromide, lauryl dimethyl (ethenoxy)s ammonium

30  chloride or bromide, N-alkyl (Cis.15)dimethylbenzyl ammonium chloride, N-alkyl (Ca.
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(viii) two of RI-124 are CH3, one of 121-11.4 is C6HsCH2, and one of
R1-R4 conprises at | east one heteroatom (ix) two of RL-R4 are CH3,
one of R1-R4 is C6H5CH2, and one of 12.1-1t4 conprises at |east one
hal ogen; 25(x)two of RI-R4 are CH3, one of Rl-R4 is C6HsCH2, and one
of R1-R4 conprises at |east one cyclic fragnent; (xi) two of RI-M
are CH3 and one of RI-R4 is a phenyl ring; or (xii) two of RI-R4 are
CH3 ands)dimethfl-Rhzananenipurohloride] Nphiaddecylidnaghwbérzyl StGoniuncditprddends

i ncl ude behenal koni um chl orj de, benzet honi um chl or,i de, .

cet yl pyReURINiGH 3@%&1@60 privppihlendes Mrakylged (Faundinshivlin

chl ori Qs rd i | ramde, cetrinoni um
chlori cdilg%)thgg{lﬁhyﬁam nét;ﬁlﬁl)%/lcfrho dl%’oﬂrlﬁ?él,lﬁ%hﬁgr a: Wi{Hﬁ%t ‘Ig]ie lém' ne chloride

( Quat emithethiBmmotiiainealty et dieikyldingdihydimhaeniv@uedl latrd metdgdecy|

di mret hyl et hyl benzyl ammoni um chl orj de(Quat em um 14), Quatem um 22,

Quab er fmyRembm chipsidsnstheryiged alkyypidoalkyldialisd apmanivabaaltand{siasr i de 5

oo e UL RN RADLRAL AR AR LAIRL HRoREE 1

phosph aﬁ@c?rldﬁhétﬁyl avhri Ot HEdH A, th%tradﬁcgfﬁhh&thﬁlbenzyl ammonium, chloride
di oct adecyl ammoni unbent oni te, stearal koni um chl ori de, dom phen

br oni dénonphidraten No#kHéprz oatdémetiyl 1-sephtiodmethy]l ammeniugechlpade &nd noni um

chl ori | enedi am _ne. di. chi or.ide uani di hydr ochl.or.i. de,
byt dogoieSge AR B AT b R Al o YRR b eRl S BURRIE e,
et byl hangekinaihy Bnedtnirh @moﬁay,rﬂwlﬁ@ﬂyuﬂbtthmu@l@niuﬁi Ebridd, AR UM
chloride, polyquaternium 1, procainehydrochloride, cocobetai ne,

st ear albeonil dimefbyltasmneriumshremids, kon Cuntfec trmithd angperiv| bromides,

chl or dB0Kg e TERRY FRFPHER oot i it ol «lala’y

pr ef er (B BB C BB binlnfdiin cRIGLUEE alk@lcuﬁeml?xranﬁmrﬁﬁﬁ@mﬁig&%éa, zers,
particularly when in conbination with sodiumTlauryl sulfate and/or

di oct yltrieeiylimethyaniroenive ehdaride; dogiyimethytanemoprodyrbmads, | ul ose (HPC),

P 18 aorBrreREsmdin bt BRI GHpRRE Betbl and
vinyl  pybétlandiitum dAkriee (RLABUATBS6iMEPER-QUAT 10™, tetrabutylammonium

bromide, benzyl trimethylammonium bromide, choline esters (such as choline esters of

fatty acids), benzalkonium chloride, stearalkonium chloride compounds (such as
stearyltrimonium chloride and Di-stearyldimonium chloride), cetyl pyridinium bromide or
20  chloride, halide salts of quaternized polyoxyethylalkylamines, MIRAPOL™ and
ALKAQUAT™ (Alkaril Chemical Company), alkyl pyridinium salts; amines, such as
alkylamines, dialkylamines, alkanolamines, polyethylenepolyamines, N,N-
dialkylaminoalkyl acrylates, and vinyl pyridine, amine salts, such as lauryl amine acetate,
stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and amine oxides;
25  imide azolinium salts; protonated quaternary acrylamides; methylated quaternary
polymers, such as poly[diallyl dimethylammonium chloride] and poly-[N-methyl vinyl
pyridinium chloride]; and cationic guar.
Such exemplary cationic surface stabilizers and other useful cationic surface
stabilizers are described in J. Cross and E. Singer, Cationic Surfactants: Analytical and

30  Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh (Editor), Cationic
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20The surface stabilizers are comercially avail able and/or can be
prepared by techni ques known in the art. Mst of these surface
stabilizers are known pharnmaceutical excipients and are described in
detail in the Handbook of Pharmaceutical Excipients, published
jointly by the Anerican Pharmaceutical Association and The

Phar maceuti cal Society of Geat Britain (The Pharnmaceutical Press,
2000) . S2pfadtahian Sppsidal Clhleaisery(diared DokikerPd9Q 1) cdnd ISRzehmond, Cdtieric

conposi tions of the inyention_conmr.i na articul ate carvedil ol
parti cl¥gagianresh Jhgarec G@Ff@c@&@fgggé‘iﬁbégg(grti cle size of less than
about 2000 i : y I ]m)rrl],] &&]HE}O%Q | ess

t han about wd%b%qcégghﬁlﬁé\ma%%%%eﬁggﬁm ‘legg t lan gb%gltl 1600 nm
| ess t henzabmiitm thiddide s cdressuhtampatvad)ta phéShonium tassoundpam etvmitim

1300 nm | ess than about 1200 nm | ess than about 1100 nm | ess than
abodt FOWPORR, ahalonium KampayKl, e cotienis pigapaetallisLAmpPEEG: agWAIEIRATY] ess

than a : - u

| oas ¢ REPotRAs g fRE arAli A Kbmpbind B ghififunt S8R0, bn AainoRil,
nm | essmpband, adgdfox§kthmenivmesmpotiad) aglihdry aBghomidm kespoldiaa about
890 nm | ess than about 880 nm |ess than about 870 nmy |ess than
about SEPIAATY ANEBANIPMLIMHISNNE, ASHPrh#ICRREN ¢qapPuRHoind BUUCHAY | ess
t han a S ¢ reD) m
| oos ¢ ot cBpgbidor AERrRRR SRR RYY  Fip forhiBRaSRERE i T
nmiol esR RIRERABout 770 nm | ess than about 760 nm |ess than about
750 nm |ess_than about 740 nm_ |ess than about 730 nm |ess than
about 720 nrf)) | egwne RER1-BGRCHL0 nm | ess than about 700 nm |ess

t han about 690 n |l ess 4 h pout 680 nm |ess than about 10 670 nm
| ess t han aggﬁt ?@ﬁoﬁ%" égg}g’nan about 650 nm |ess than about 640
nm | ess thafni)abqnilee @8R, RNard €HS; t han about 620 nm |ess than about
610 nm | ess than about 600 nm |ess than about 590 nm | ess than
about 580 nriv)| edl afffarRa50GHs570 nm | ess than about 560 nm | ess

th about O n | ess .3 han out : t hap abo 30 run,
od8 Phon aRih: "Tog o KR QRECPR e i R £ R0k 088 BBk R A0
nm | ess than aboutyl Baifl 80sdVeh ch®ss atdddybral@ut 480 nm | ess than

about 470 nm |ess than about 460 nm | ess t han about 450 nm | ess

t han about 440 nriyolod&s-Rarvae Cibourte of R0-Rnis GsHsSHs,laad oap ofiR1-R2ds anm
| ess than about 421318, ng%. Iﬁss {han sboutt 400 nm_ | ess than about 390
tun, less than af llc B OhHPeieER SATPRA AT B M nm | ess than about
360 nm | esgyfihanwaRewt -rBake Fmé 5&1@6&3 bIRIRZ2ROYE 2P Gmﬁﬁ)d%?s wHgn

about 330 nm 1ess than abou O nm | ess than about [} nm | ess
t hdA about 300 nmli ess than about 290 nm | ess than about 280 nm

| ess t han abouw: 70 ess an ahqut_ 26 | esg t hap.ahout 250
nm less th ﬁlﬂébiﬂ? 02%"4‘?%’{6 F&Qsort %é%’o‘ﬁ?sﬁ%}[hr?flal‘@%gpgﬁgﬁ about
220 nm | ess tharboa?ggésgi‘gs{weﬂe@eggat&lﬁgn about 200 nm |ess than
about 190 nm |ess than about 180 nm |ess than about 170 nm | ess

t han about 1B nrtwolod&3-RivanClaparte dfF)-Ryis GsHsSHi,lmad oabofiR;-R40 nm

| ess than about 25130, nm .l ess than about 120 nm |ess than about 110
rim |ess than atfSOPTIEeRAt l§askene €8bout 75 nm or |ess than about
5078m as meapur adloly ke SFAL S driq EL RofiScHITaE 0REBPK)RQT Ot her
appropriate thods. By "an effective average particle size of |ess

t han about 2000 mwinprises a lemstorie dyhht fragment;

(xi} two of R)-R4 are CHj3 and one of R;-R4 is a phenyl ring; or
(xii) two of Ri-R4 are CHj; and two of Rj-R4 are purely aliphatic fragments.

30 Such compounds include behenalkonium chloride, benzethonium chloride,

cetylpyridinium chloride, behentrimonium chloride, lauralkonium chloride, cetalkonium
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at | east 50% of the carvedilol particles have a particle size of |ess
than the effective 30 average, by weight or by other suitable

nmeasur enent techniques (i.e., by volune, nunber, etc.), i.e. , less

t han about 2000 nm 1900 nm 1800 nm etc. (as |isted above), when
measured by the above-noted techniques. In other enbodi nents of the
invention, at |east about 60% at |east about 70% at |east about
80% atchlozris} ce‘ﬁhmumuﬁﬂ%pnﬂde bﬂ:a'ﬂtoniiim ulhloﬁ&@/qcethylaaﬁnd: kyitfladrae; 99% of

the carvedil ol particl els}]@ ? D70, . D80, D95, and D99
parti c|cBlogl lzyémeﬁ%é’éﬁé@é‘ 95’ Q‘{‘?}elﬂéi“@ﬂﬁ) é%stwlwwgahkoasﬁe

neasur DAY

parti cl g‘am E@%é]tyj 1 essé}fl(rggﬁgtp @Pyﬂﬁé\}gmggfeﬁgg{elmgé@uate seit4 %an

about Z@erfitin-22 QuatemiukBO6, Quarmiln 08 hmtoﬁﬂepdmieth}ﬂﬁiﬂihbﬁhylembﬁde ment

of the invention, the "effective average particle size" as described

above |fwdtqsbl0ﬁéarpygt&meuhdﬂ@cm0§ée stethpnolanmepiam PER (19), detyl ether

P i e o AR R e R
about Q&aemm didE&h@sslahtachigdbertod &) stealkohR&s ci1bade, Abhed Doorhide)
etc.). In the rnvention, the value for D50 of a nanoparticul ate

car ved|demtom@mdwgwat@rrnyr§talh@nwrobmd§ lgnstempaiugyehipiids chobenediampme

o2 YO A Sl S bl A B AR g ST

panyi clifeghirdie 2&@%1%&@ hn&ﬁ%gizeﬂiaﬁlmbmsﬂaé %}Tﬁﬁﬁéﬂl@lﬁ%ﬁoﬁmfﬂe' by

wei ght or by ot 15sui t abl e neasur enent techni ques (i. by
vol une olgylinwniune chloyide, M@@@mlmﬂh@rmmhzdreddm@e, b@ctomtavms ch 99%

(r)rfeatsgreé; ar edl I o %?9 %I c}esﬂzoall ]\1/%%/%\[{% Sq Ja P}l%g hljer1 sui tabl e

4. Conc%ﬁﬁéde@ﬁnﬁﬁe &;ﬁ?&‘r@ﬂh&‘iﬂe ?dl‘l@w%ﬁ'lhf)ﬁi%ﬁl <§H@ﬂiﬁé hﬁ&ﬁéi{aa&ylmmethwe

rel ative amounts of carvedilol and one or nore surface stabilizers
can varay‘lm@rd@nwrofﬂﬁd@ opti mal anount of the individual conponents can

for on.t articul ar surface stab'lize Sel ect ed,
C h8Shyr opniFen AR SoR At fepsae S p gt Strce S
sur fac %ahﬁufaklgny&fn 1%Bﬁblréﬁbﬁ'§vhtﬁ@.§d19fn 1543@1 ﬁlﬁl@é Jmaa&rdm&ylcsod&% n one
enbodi nment e concentration of carvedil can vary from about 99.5%

t 8 abowulfonu(wn@tp (DQSIS\),dbidmxggﬁ%'l f}ﬁl]ahﬁﬂ (HBC], qrn%rdm?nopy&n?dqm ]Ecelm)%et 0
carvediFBRGQRHo i te BEFE eibicntD LBAG YRSER < otom b e timd

exci pi gRLgte and vinyl pyrrolidone, and comblnatxons thereof.

20 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).

25

3. Nanoparticulate Carvedilol Particle Size
The compositions of the invention comprise nanoparticulate carvedilol particles
which have an effective average particle size of less than about 2000 nm (i.e., 2 microns),

30  less than about 1900 nm, less than about 1800 nm, Iess than about 1700 nm, less than
about 1600 nm, less than about 1500 nm, less than about 1400 nm, less than about 1300

nm, less than about 1200 nm, less than about 1100 nm, less than about 1000 nm, less
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" In anot her enbodi nent, the concentration of at |east” one surface
stabilizer can 30 vary from about 0.5%to about 99.999% from about
5.0% to about 99.9% or from about 10%to about 99.5% by weight,
based on the total conbined dry weight of carvedilol and at | east one
surface stabilizer, not including other excipients. 5. Exenplary
Nanoparticul ate Carvedil ol Tabl et Formul ati ons 5Several exenpl ary

car vedithad abioab9¥}: nihiplesathan atons 980 ninhkess thve abowa®7amen, @ésv&mnbabbmv%o

These exanples are not intended to limt t ai i n _any, respect,
but ratrﬁ‘égp AR AU RN e tﬁ%@w PHt P Qﬁ@'ﬁe ut@é?veuiqsarhaaf t he

| nvent | BHu"%'g%’n G843 tf?sﬁl foul & AR 1Bss! & SRAPO6E nid 1ets§‘ﬁqg§(g?r!r§[!ta8rbgﬁm, Such

exenpl ar I"'et’s can a SO conprise a coatlng agént
Nanoparléx@hdnaabeuﬁmm; lesy thﬁaﬂ:lcat 8 Rofimilegd thaim abdut @e0per) &t tighlkbout

Carvedi | ol about, 50 to about 500 Hypronel ]l ose, USP about 10 to about
70 Boc $98ma, desa itham aboryB40 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 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

10 670 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 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

15 490 nm, less than about 480 nm, less than about 470 nm, less than about 460 nm, less
than about 450 nm, less than about 440 nm, less than about 430 nm, less 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, less than about 330 nm, less than about 320 nm, less than about

20 310 nm, less 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 than about 210 nm, less than
about 200 nm, less than about 190 nm, less than about 180 nm, less than about 170 mm,
less than about 160 nm, less than about 150 nm, less than about 140 nm, less than about

25 130 nm, less than about 120 nm, less than about 110 nm, less than about 100, less than
about 75 nm, or less than about 50 nm, as measured by light-scattering methods,
microscopy, or other appropriate methods.

By “an effective average particle size of less than about 2000 nm” it is meant that

at least 50% of the carvedilol particles have a particle size of less than the effective

30  average, by weight or by other suitable measurement techniques (i.e., by volume, number,

etc.), i.e., less than about 2000 nm, 1900 nm, 1800 nm, etc. (as listed above), when
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about 1 to about 10 Sucrose, NF about 100 to about 500 Sodi um Lauryl
Sul fate, NF about 1 to about 40 Lactose Mnohydrate, NF about 50 to
about 400 Silicified Mcrocrystalline Cellul ose about 50 to about 300
Crospovi done, NF about 20 to about 300 Magnesi um Stearate, NF about
0.5 to about 5 10

10

15

20

25

30

measured by the above-noted techniques. In other embodiments of the invention, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 95%,
or at least about 99% of the carvedilol particles (e.g., D60, D70, D80, D90, D95, and D99
particle size, respectively), by weight or by other suitable measurement techniques (i.c.,
by volume, number, etc.), have a particle size of less than the effective average, i.e., less
than about 2000 nm, 1900 nm, 1800 nm, 1700 nm, efc. In another embodiment of the
invention, the “effective average particle size” as described above is the mean particle size
of the composition (i.e., the invention encompasses a composition having a mean particle
size of less than about 2000 nm, . .. less than about 1000 nm, less than about 990 nm,
less than about 980 nm, less than about 970 nm, etc.).

In the invention, the value for D50 of a nanoparticulate carvedilol composition is
the particle size below which 50% of the carvedilol particles fall, by weight or by other
suitable measurement techniques (i.e., by volume, number, etc.). Similarly, D90 is the
particle size below which 90% of the carvedilol particles fall, by weight or by other
suitable measurement techniques (i.e., by volume, number, etc.), and D99 is the particle
size below which 99% of the carvedilol particles fall, by weight or by other suitable

measurement techniques (i.e., by volume, number, etc.).

4. Concentration 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 components 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, etc.

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

In another embodiment, the concentration of at least one surface stabilizer can

vary from about 0.5% to about 99.999%, from about 5.0% to about 99.9%, or from about
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Exenpl ary Nanoparticul ate Carvedilol Tablet Fornul ation #2 Conmponent

g/ kg Carvedil ol about 100 to about 300 Hypronell ose, USP about 30 to

about 50 Docusate Sodi um USP about 0.5 to about 10 Sucrose, NF about
100 to about 300 Sodi um Lauryl Sulfate, NF about Ito about 30 Lactose
Monohydrat e, NF about 100 to about 300

10% to about 99.5%, by weight, based on the total combined dry weight of carvedilol and

at least one surface stabilizer, not including other excipients.

5. Exemplary Nanoparticulate Carvedilol Tablet Formulations
5 Several exemplary carvedilol tablet formulations of the invention are given below.
These examples are not intended to limit the claims in any respect, but rather provide
exemplary tablet formulations of carvedilol of the invention which can be utilized in the

methods of the invention. Such exemplary tablets can also comprise a coating agent.

Exemplary Nanoparticulate
Carvedilol Tablet Formulation #1

Component g/kg

Carvedilol about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodium, USP about [ to about 10
Sucrose, NF about 100 to about 500
Sodium Lauryl Sulfate, NI about [ 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

10
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Silicified Mcrocrystalline Cellul ose about 50 to about 200
NF about 50 to about 200 Magnesi um St ear at e,

0.5 to about 5 Exenplary Nanoparticul ate Carvedil ol
Formul ati on #3 Conponent g/ kg Carvedil ol

Cr ospovi done,

Hypr onel | ose,

o

NF about
Tabl et
about 200 to about 225

USP about 42 to about 46 Docusate Sodi um USP

Exemplary Nanoparticulate
Carvedilol Tablet Formulation #2

Component g/kg

Carvedilol about 100 to about 300
Hypromellose, USP about 30 to about 50
Docusate Sodium, 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 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/ke

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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about 2 to"about 6 Sucrose, NF about 200 to about 225 Sodi um Lauryl
Sul fate, NF about 12 to about 18 Lactose Minohydrate, NF about 200 to
about 205 Silicified Mcrocrystalline Cellul ose about 130 to about
135 Crospovi done, NF about 112 to about 118 Magnesium Stearate, NF
about 0.5 to about 3 Exenpl ary Nanoparticul ate

Exemplary Nanoparticulate
Carvedilol Tablet Formulation #4

Component g'kg

Carvedilol about 119 to about 224
Hypromellose, USP about 42 to about 46
Docusate Sodium, 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 Microcrystalline Cellulose | about 129 to about 134
Crospovidone, NF about 112 to about 118
Magnesium Stearate, NF about 0.5 to about 3

E. Methods of Making Carvedilol Formulations

5 In another aspect of the invention there is provided a method of preparing the
nanoparticulate carvedilol formulations of the invention. The compositions of the
invention can be made using, for example, milling (including wet milling),
homogenization, precipitation, evaporation, freezing, template emulsion techniques,
supercritical fluid techniques, nano-electrospray techniques, or any combination thereof.

10  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

15  Pharmaceutical Substances;” U.S. Patent No. 5,665,331 for “Co-Microprecipitation of
Nanoparticulate Pharmaceutical Agents with Crystal Growth Medifiers;” U.S. Patent No.
5,662,883 for “Co-Microprecipitation of Nanoparticulate Pharmaceutical Agents with
Crystal Growth Modifiers;” U.S. Patent No. 5,560,932 for “Microprecipitation of
Nanoparticulate Pharmaceutical Agents;” U.S. Patent No. 5,543,133 for “Process of
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Carvedi | ol Tabl et Fornul ati on #4 Conponent g/ kg Carvedil ol about 119
to about 224 Hypronel |l ose, USP about 42 to about 46 Docusate Sodi um
USP about 2 to about 6 Sucrose, NF about 119 to about 224 Sodi um
Lauryl Sulfate, NF about 12 to about 18 Lactose Monohydrate, NF about
119 to about 224 Silicified Mcrocrystalline Cellul ose

Preparing X-Ray Contrast Compositions Containing Nanoparticles;” U.S. Patent No.

5,534,270 for “Method of Preparing Stable Drug Nanoparticles;” U.S. Patent No.

5,510,118 for “Process of Preparing Therapeutic Compositions Containing

Nanoparticles;” and U.S. Patent No. 5,470,583 for “Method of Preparing Nanoparticle
5  Compositions Containing Charged Phospholipids to Reduce Aggregation”.

Following preparation of a nanoparticulate carvedilol composition by any suitable
method, the resultant carvedilol composition can be utilized in a suitable dosage form for
administration.

For milling and homogenization, preferably the dispersion medium used for the

10  size reduction process is aqueous. However, any medium in which carvedilol is poorly
soluble and dispersible can be used as a dispersion medium. Non-aqueous examples of
dispersion medium include aqueous salt solutions, safflower oil and solvents such as
ethanol, t-butanol, hexane, and glycol.

Carvedilol can be added to a liquid medium in which it is essentially insoluble to

15 form a premix. The surface stabilizer can be present in the premix, it can be during
particle size reduction, or it can be added to the drug dispersion following particle size
reduction.

The premix can be used directly by subjecting it to mechanical means to reduce
the average carvedilol particle size in the dispersion to the desired size, preferably less

20  than about 5 microns. It is preferred that the premix be used directly when a ball mill is
used for attrition. Alternatively, carvedilol and a surface stabilizer can be dispersed in the
liquid medium using suitable agitation, e.g., a Cowles type mixer, until a homogeneous
dispersion is observed in which there are no large agglomerates visible to the naked eye.
It is preferred that the premix be subjected to such a premilling dispersion step when a

25  recirculating media mill is used for attrition.

Effective methods of providing mechanical force for particle size reduction of
carvedilol include 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

30 mechanical means and processing conditions selected. For ball mills, processing times of
up to five days or longer may be required. Alternatively, processing times of less than 1
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about 129 to abolt 134 Crospovi done, NF about 112 to about 118
Magnesi um St earate, NF about 0.5 to about 3 E. Methods of Making
Carvedil ol Formul ati ons 5l n anot her aspect of the invention there is
provi ded a nmethod of preparing the nanoparticul ate carvedil ol

fornmul ati ons of the invention. The conpositions of the invention can
be made using, for exanple, mlling (including wet mlling),
honogenliag &ickidencepinessi qfiohatiioute up t@poeed howrs) dre pegsilg withahphist «f a high
enul si on techni ques, supercritical fluid techniques,

nano- elsBearmagshin Bill.t echni ques, or any conbination thereof 10 Exenplary

dosori bed i 1 geRo BBt Qe LU PR AR B docs

nanoparmbt SighidicentBcddgyRleagnRtilslo Ppakdih®rmparaturas sOlestethan atrd 30MtoU. S.
Pat ent No. 5,518,187 for "Method of G nding Pharmaceuti cal

Sub8t anessshan abogt 4(BE% @ﬁprdimrilﬁpmi@re@séf desired,Chhpiosersing auutpawt edn be
G i ndi n ceuti.cal st ances: S. Pa No. 5. 862,999 for
“vet nodogked SRR Re e BlfPRE: Sl Rt ER e a2 Y

5, 665, Jtkefif o 1%%1%?1%@?}%%19]1& HaBibeP{vithanepBag 1§tk @ontem lated

Phar naCeut i cal Agents with Crystal Gowh Mdifiers;" U S. Patent No.

5, 662, &8Refadly, themeathask prth@mmeucat 1s opnvshienty ograted puumnﬂee condltlons of

Phar maceyti cal st al G owt di f Pat ent No.
5 560, G femgiahtsrll et Bora T Pror AN P StIF At BRI RE cal
AGEDL S millkhgprobdt Rkt proceéithglihdsshiftls aréalﬁfﬁfcﬁls@flﬁﬁ miftls eé@ﬁ‘ﬁd)rriﬁlll%( &Ry
Contrast Conpositions Cont ai ni ng Nanoparticles;" U S. Patent .

5, 534, Aitratogy millet hod of Preparing Stable Drug Nanoparticles;" U. S.
Pat ent No. 5,510,118 for "Process of Preparing Therapeutic

Composi tions Containing Nanoparticles;" and U. S. Patent No. 5,470,583

for "Method jof PrgAghl BIONRIRRHopGlEculate Carvedilol Dispersions

Milling carvedilol to obtain a nanoparticulate dispersion comprises dispersing the

15  carvedilol particles in a liquid dispersion medium in which the carvedilol is poorly
soluble, followed by applying mechanical means in the presence of grinding media to
reduce the particle size of the carvedilol to the desired effective average particle size. The
grinding media may homogeneous or heterogeneous with respect to media size and
composition depending on the desired size range and particle stabilizer(s) selected. The

20  term milling is defined to include any method where there is an input force to a particle
system to generate shearing forces within said system resulting in a reduction of the
particle size. The dispersion medium can be, for example, water, safflower oil, ethanol, t-
butanol, glycerin, polyethylene glycol (PEG), hexane, or glycol. A preferred dispersion
medium is water.

25 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.

30 In one embodiment of the invention, a mixture of a carvedilol and one or more
surface stabilizers is heated during the milling process. If a polymeric surface stabilizer is
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5 Conpositions Containi ng Charged Phospholipids to Reduce
Aggregation". Fol | owi ng preparation of a nanoparticul ate
carvedi |l ol conposition by any suitable nmethod, the resultant

carvedil ol conposition can be utilized in a suitable dosage formfor
adm nistration. For m|ling and honogeni zation, preferably the

di spersion nmedi umused for the 10 size reduction process i s aqueous.
Howev entiliaed; theetdimparaiure whiatshd ceaboeditheatloudspgimtanflte palymbhie saifte

di spersi bl.e can _be used as,a di spersion nedju Non- aqueous . exanpl es
of di sﬁ@w}b?’él}zﬁhb‘ﬁél?‘f therfelighier depemsormelang bew ol sYRIIIoN of s Wilaeigh pf

d | 1 . . e s
on eqeathay B boanER? 308 up bt BB bRl pletE RSt A BhXEOlolbilizarion,

i nsol ubifhd melbhooreaetiveragents. The surface stabilizer can be present
in the prem x, it_can be during partjcle size reduction, or it _can be
addéd to t hehgmgshamisgldneans applind|tesrdvge Pisrcprveidolgagicls sae senvepiently

The prem AN %&%n%%%%sgj'efs? Itljlr%q bé’uitsaplfyccﬁg}el‘&&l Iiniustiﬁ%m&?ﬂ@ﬁ GRll JFeans

to reduce € average carve par Slze |1 n e di spersion to

t he desittfied nfillz € vibpatefyahalh hiyd n@gia raills blidhnasalsand nbll ghd a G8sd mill. ASs
preferred that the prem x be used directly when a ball mll is used
for attmgdia wl ismreferad dug® he rdaivebshoger Alling imgreqivedde arvideABe can

e 1 SRELAGh LS bhiledidTe Hol DBl MR ARG AP A e e Hernin®

Cow es e mxer, u Nogeneous pe Serve

whilgh Ggfeferaile fioth AR ORBAHLOTET RN ipdéd) hid fo? bhi eniNRigaHe tRarentt 1S
preferred that the prem x be subjected to such a (g)rem'_l i ng
di sper gisspsitt afphepemin iogekeibly fbatabayt hraeltosabent 10Q eengipeige.f diuch

par 1 ciakep s pealTeld ool ERURE Bl b TR AP ool "

milli ngmedg;@goggﬁgggﬁb;@h@ q,rayﬁhﬁﬁngxarrp! e, with a M crofl ui di zer(r)
(M crofluidics Cor The attrition time can var_}/ wi del y and depends

primarily updedia mﬁmnsabmh@em nfgiganpeess. Gaapdldnirbedstekitizergand
congitions sel Fct d. For ba '

Gage or RS PERE TP Rt DA FOBRYP shudiind R ehde of
| ess t hg@atidg SAft/impeller. The rotating shaft agitates the media which subjects carvedilol to
impaction and sheer forces, thereby reducing the carvedilol particle size.
Ball milling is a low energy milling process that uses milling media, drug,
stabilizer, and liquid. The materials are placed in a milling vessel that is rotated at
20  optimal speed such that the media cascades and reduces the drug particle size by
impaction. The media used must have a high density as the energy for the particle

reduction is provided by gravity and the mass of the attrition media.

Grinding Media

25 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.

30  Zirconium oxide, such as 95% ZrO stabilized with magnesia, zirconium silicate, ceramic,
stainless steel, titania, alumina, 95% ZrO stabilized with yttrium, and glass grinding media
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day (residence times of one mnute up to several hours) are possible
with the use of a high shear media mll. Preferably, the
carvedil ol particles are reduced in size at a tenperature which does
not significantly degrade carvedilol. Processing tenperatures of |ess
t han about 300 to 5l ess than about 40C are ordinarily preferred. If
desired, the processing equi pnment can be cooled with conventi onal

cool i ngreeusngriEywtgrindimgtmaériad$. t he tenperature, e.g., by jacketing or
imersion of .the mllin chanber,vvith_?coo!in '

iquid, is.
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mlls, and vibratory mlls. 1.MIling.to _Oot%i n _Nanoparticul ate
Car v ediPBIPTiSF 8 seediabing avopiingef trelyegis meinasihest 85560 nanoparti cul at e

di spersi on I.S€S: .ﬁqﬁﬁ i { j in a
liquid di sp&ﬁ??%ﬁah%%hm I ﬂﬂ%ﬁﬁ&é@g@%@%@%p@s%dgggﬁgedéol ubl e,
f ol | owsdbdiantiRfiplfice D@ mvedd) 3olvert| amEmbomers] i@ disefenehaiingsiandi ng
media to reduce the particle size of the carvedilol to the desired

ef f ect iUabilipdp£Heblp them to avoid being ghppssharicarshed Awdngerirding origelteous

- . g Y- o
on { he RRBFRSTUSR kot SRRAG Do TEhel i MU IPREPRER! 08
t en MdidihP@enendatyrarcdpdlynited; W B cam¥nated; DOH avhes Suth 8d Belrim®aB.1] dput

force to a particle systemto generate shearing forces within said
syst emBoasd¢ Nemguisrand Goeld wintyl dronde polpmprsrani ebeolgiers; potimerethiasgser si on

T L SHTPL S LS 5oL SUBT, 0 by chhgnoL . Lopr el
8 7 et o T e e polBROBYIEN; p BosBRafReuced
Al t er nahil estess, sutlhes edioload ateadte;ppnl tiydiegnetnctytate ol yiyted yehylacoyiatepr
more surface stabilizers after attritign. Qi her conpounds, such as a
di 15 @nd eHiconR CoHEMERS RS & dw’yaﬁ%%ﬁ?-gﬁée Rl 62
B e T
copolymers of lactides and glycolide, polyanhydrides, poly(hydroxyethyl methacylate),
poly(imino carbonates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl
hydroxyproline) esters, ethylene-vinyl acetate copolymers, poly(orthoesters),
20  poly(caprolactones), and poly(phosphazenes). For biodegradable polymers,
contamination from the media itself advantageously can metabolize in vivo into
biologically acceptable products that can be eliminated from the body. The polymeric
resin can have a density from about 0.8 to about 3.0 glem’,
The grinding media preferably ranges in size from about 0.01 to about 3 mm. For
25  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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30l n one enbodi nent of thé invention, a mxture of a carvedilol and
one or nore surface stabilizers is heated during the mlling process.
If a polyneric surface stabilizer is 40 wutilized, the tenperature is
rai sed to above the cloud point of the polymeric surface stabilizer
but bel ow the actual or depressed nelting point of carvedilol. The
utilization of heat may be inportant for scale up of the mlling

pr ocessedas thd catedilal particle kize, /vl dshiihwctalyi remooing ttenamoparticulaer e
active agents. 5The nmechani cal nmeans applied to reduce the carvedil ol

parti clearvefiel frosp thsmdling chagrt ake the form of a dispersion mll.
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efficient particle size reduction and nedia erosion but are in no way

limtingducki@i a milling is a high energy milling process. Carvedilol,
surface stabilizer, and 15 liquid are placed in a reservoir and
recirculated in a chanber containing nedia and a rotating

shapt /i npel ler. THRcipitheibh FObesihINABphAli@datene mMedi a which subjects
carvedilol to i b@Mo1XWInSoeEdns’ O Ces, thereby reducing the
carvedil ol particle size. Ball mlling is a low energy mlling
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heavy metal impurities.

Such a method comprises, for example: (1) dissolving carvedilol in a suitable
solvent; (2) adding the formulation from step (1) to a solution comprising at least one
20  surface stabilizer; and (3) precipitating the formulation from step (2) using an appropriate
non-solvent. The method can be followed by removal of any formed salt, if present, by

dialysis or diafiltration and concentration of the dispersion by conventional means.

3. Homogenization to Obtain Nanoparticulate Carvedilol Compositions
25 Homogenization is a technique that does not use milling media. Carvedilol,
surface stabilizer, and liquid (or carvedilo! 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
30  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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medi a preferably spherical of particulate in formhaving an average
size |l ess than about 3 nmand, nore preferably, |less than about 1 mm
Such nedia desirably can provide the particles of the invention with
shorter processing lines and inpart |ess wear to the mlling

equi pnment. The selection of material for the grinding nmedia is not
believed to be critical. 30 Zirconium oxide, such as 95% Zr0
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As a complementary technology to SFL, ultra rapid freezing (“URF”) may also be

25  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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reduce the carvedilol particle §ize, and continuously renoving the
nanoparticul ate carvedilol fromthe mlling chanber. The grinding
medi a can be separated fromthe mlled nanoparticul ate carvedil ol
usi ng conventional separation techniques, in a secondary process such
as by sinple 5filtration, sieving through a nmesh filter or screen.

O her separation techniques such as centrifugati on may al so be

enpl oyed. Al% er ndEmuBlioh MRtlicdotiesadObrainut i | i zed during the mlling

process to renovenidipadtibdlfieCariedilal ddthp@ididiss conpl etion of particle
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Nanoparticul ate Carvedilol Conpositions 25Honpbgeni zation is” a

t echni qubkievétbwithloesr mppressesd Qitivaldgpenpt. HubSzguerty, It solvent and water
are removed, and the stabilized nanostructured carvedilol particles are recovered. Various
carvedilol particles morphologies can be achieved by appropriate control of processing

15  conditions.

6. Supercritical Fluid Techniques Used to
Obtain Nanoparticulate Carvedilol Compositions
20 Published International Patent Application No. WO 97/14407 to Pace et al.,
published April 24, 1997, discloses particles of water insoluble biologically active
compounds with an average size of 100 nm to 300 nm that are prepared by dissolving the
compound in a solution and then spraying the solution into compressed gas, liquid or
supercritical fluid in the presence of appropriate surface modifiers. A “supercritical fluid”
25  is any substance at a temperature and pressure above its thermodynamic critical point.
Common examples of supercritical fluids include carbon dioxide, ethane, ethylene,
propane, propylene, trifluoromethane (fluoroform), chlorotrifluoromethane,

trichlorofluoromethane, ammonia, water, cyclohexane, n-pentane and toluene.

30 7. Nano-Electrospray Techniques Used to Obtain
Nanoparticulate Carvedilol Compositions

In electrospray ionization 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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surface stabilizer, and liquid (or carvedilol and liquid with the
surface stabilizer added after carvedilol particle size reduction)
constitute a process streampropelled into a process zone, which in
the Mcrofluidizer(r) is called the Interaction Chanber. The product
to be treated is inducted into the punp, and then forced out. The
primng valve of 30 the Mcrofluidizer(r) purges air out of the punp.
Once t hikssplviepd in & ldrgd dracuntiof bolpemowhich is wsaalpy mochgovaloletiliesharl theed and
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droplets of the carvedilol solution freeze at a rate sufficient to
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i solation step, the nitrogen and sol vent are renoved under conditions

t hat avindequggt dyimgarf ithensuaroundipg selnentatsuithén amaaresil koéanpaf singlees.

particles of the desired type. Here the ionizing property of the process is not crucial for

the application but may be put to use in electrostatic precipitation of the particles.

20

F. Method of Treatment
The present invention is also directed to methods treatment or prevention using the

nanoparticulate carvedilol compositions of the invention for conditions such as
hypertension, congestive heart failure, cancer, viral infections, psychosis-related

25  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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As a conpl enentary technology to SFL, “ultra rapid freezing ("URF")
may al so be 25 used to created equival ent nanostructured carvedil ol
particles with greatly enhanced surface area. URF conprises an

organi ¢ or organoaqueous solution of carvedilol with stabilizers onto
a cryogeni c substrate. 5. Emul sion Met hodol ogies to htain

Nanoparti cul ate Caryedil ol Conpositions Another nmethod of formng the
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Used t %rg?ﬁgcaés?eré\lsa&c%%% re%hiyf gfegtte? P%iﬂ e\r/ %%Hitgflcar?g g%%&tgiing& %or example, by the
use of a coating such as lecithin, by the maintenance of the required particle size in the

20  case of dispersions, and by the use of surfactants.

The nanoparticulate compositions may also contain adjuvants such as preserving,
wetting, emulsifying, and dispensing agents. Prevention of the growth of microorganisms
can be ensured by various antibacterial and antifungal agents, such as parabens,
chlorobutanol, phenol, sorbic acid. It may also be desirable to include isotonic agents,

25  such as sugars, sodium chloride. Prolonged absorption of the injectable pharmaceutical
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

30 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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In el ectrospray ionization a liquid is pushed through a very snal
charged, usually netal, capillary. This liquid contains the desired
subst ance, e.g., carvedilol (or "analyte"), dissolved in a |large
anount of solvent, which is usually nuch nore volatile than the

anal yte. Vol atile acids, bases or buffers are often added to this
solution as well. The analyte exists as an ion in solution either in
a pr ot anauatiof arvaddol mtlareffactixcerto obirl 4 Hesiret droggrutiemsponseiier d i qui d

h t f t of th d f
Bsmal | p'aﬁ?;%laép&%aaﬁmn@&a i pEadmiagon.cah g pelesrbspeens Betore.
at 'ea%ﬁe h@‘l‘ tne &gﬂg&lﬁsﬁpgah ffycpg Sl DA G rdag &e@a&hbfmte a
Fom e thi

Tayl or B ne and a | et s cone. A neutraf carrrer
gas, sudhimstersdtcangdilolghs desinsedslumbn e sreataredt, ind h’fhbpfabﬁ:bsjl i ze t he
liquid and to hel p evaporate the neutral solvent in the

dropl ets. APIAEE WHHFIMPRSHNNG MRy SPRIH Sk an@uaﬁﬁ ohgedn ﬁ“hff{ui‘?é’l%ﬁ therephe

char ged %%%e&%'ﬁkﬂ@fﬂa%ﬁﬂ 8E&§9rs%t %rdP %ﬁa&%"&g% sufls VpPs

becone ‘unstabl e as hinlk:ial arge es ¢ oser

t oget hejtheaddy, vkt Bp{Neélay,Qﬂ&ﬁh@geth) loigidlse updersibod; howevef thiat thd t o as
Coul onbic fission because it is the re?uI5|ve Coul onbi ¢ forces

bet weersPedifie et lavrh fgnaay particuler patiant still depepd uppn a?ﬁm%ty of Betogs thepeat s

B s L Wl

si ngl e sp&RAE hichk %c&ﬂpcﬁ;ﬁf&n&ﬁa@ﬂoy@ the,spBdfit b n&sorqa‘on@@medeh@loyea hthe
is acconplished by spra |n?tbcol | ol ds and nmaking sure that on average

t her e iagerhody misights geanr asexi ancedipieof the pgicat; thezbtﬁgééia@mm%ﬂrrﬂpmg of

t he surr .ent esul in.an [0SO Ln

par t o rRQe B st aliBP ot Seaudt AR B5RL: S SARNED: e Bfhfhent

Ppr oces sirhgs u3d irCédhetiRdtinQr cbﬁ@d%ﬁﬁl W ithdpebific al Qﬁl lﬂébtfaét@rsuﬁﬁl in
el ectrostatic precipitation of the particles. 2 F. Met hod o

Tr eat mémpwn in the mMedicgdagsent i nvention is also directed to nethods
treatnment or prevention using the pgngparticul ate carvedil ol
coﬁgositions of the invention for conditions such as hypertension,

congestive heRlhlldwinkek8npld BfeSiverVioliBhstial 86 btR& inRSMEANORIsRoUIg hat ed
25condi tions such as tardive dyskinesia, tardive dystonia and tardive

akat hi sinderstand, haoveyer dhat thredipiritomd scope ofdiié inventiontik eotrtarb@@mmtqddg ithe e

di | ol. t f.th t ful th
{1 cat moRCPIGE CHERGAS HOERagr e PH INiheH ABR Ha BPUAR P ARE EB ong
are usqgh sHPE Br B cIHRRk Shat RAIRAFES, maj or depressive epi sodes and

psychoses, particularly schizophrenia and schi zoaffective di sorder.
20

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
25  combined with 1.25% (w/w) hydroxypropyl celtulose (HPC-SL) and 0.05% (w/w) dioctyl
sodium sulfosuccinate (DOSS). This mixture was then milled in a roller mill (U.8S.
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 carvedilol sample, using a Lecia DM5000B and Lecia
30  CTR 5000 light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co.,
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For exanpl e, the nanoparticul ate carvedilol “conpositions may be used
to treat or prevent high blood pressure, congestive heart failure,
and related conditions. In addition, the nanoparticul ate carvedil ol
conpositions may be used to treat a cancer, such as cancers of the
colon, ovary, breast, prostate, pancreas, |ung, nelanona,

gl i obl astoma, oral cancer, 5and | eukem as. The conpositions of the

i nvent iMeathrTeclqpmal) t showkedmlell dispefsed disorete maticlay Teneenpte appdaai ed by

epi dermal grow h factor and/or platelet derived growh of cancer
cells, aP?‘%P?f’él?% ki nase C (PKC) activity, and/or cycl ooxygenase 2
enzyne. C : I Wel] | subj ect

t he nanopar tﬁoél%%keﬁgggé/g%ﬁ %rﬁagggzhg‘)fg}eﬁg@egfc %ﬁé@ 3@1‘%%%%5 As used
her ei n,méaveret ahmcionidell eidtilled svates adirigon HOrib@BA %0 patticiedize atabfzer. diley a
manmal , i ncluding a_human, or non-human. The terns_patient and subj ect

may 3 be Mesadnillsd ey pdit) @amicle size was 1685mpoeith p 98 of lgss sna2f gm. The
par ent gg@&&ghg&&jﬁ{&f@g &ﬁ’l{)i 3§%é}ggﬁ%@gg_cal | y acceptable sterile

aqueous of nonaqueous sol'utions, di spersions, suspensions or
enul si ons, gUosAgY thte® a9y eifsiGrag®dit rbeRaBabiratid, Pt damodilsl ﬁﬁniél%
i njectabl e solutions or 15di spersions. Exanples of suitabl e agueous

and nonegeiaed in dsparsien §;e..dio pienpitationsir gertad grogvth phsareaddavitlnge wigibe

wat er, et.hanol ol [0 ene ol,, h = co
o eor GEEG e aBR B Sl BRERYHEORINEAL NP MBI ML PBE A Hihear, |
oi lfp angdricRilfiGiaalllesios 9asi 63 aal #Ith aDIofasssehdiy2200kgat e.  Proper

fluidity can be nmintained, for exanple, by the use of a coating such
as | eci t hi n,Staylityivd theanopsrtindeteshrvedidolrdispersieuwpsthen gleeswed® i n t he

20 f d i. : by t.he. f t ant.s. T
nanoparere B GRTundY G eslifE i SheBlet PR BB e competifon

pr eser \digncubaict iaDg0°Cioe 1 Holy inngmuRid SkeRENSd (O dRGLET16H I HRMRPEL G
of the growth of m croorgani sns can be ensured by vari ous

ant i badi@randlwaterg, Gk Nildlavhichgumulatesdypinal asidpaecndiions fomdan disut anol |
hepol , ,sorbhic acid. [It. . al SO desirable to i,nclude isotonj.c

P odne s sto38iel and Sissargh ilENof A P BnERislePe b R EE e Pl

the i njigatailee RRGEH). | TR refudis M EARwWOR TUbRUD Heloakout by the use of

agents del ayi ng absorption, such as al um num nonostearate and

gel atin. OneTabledr: dbtability ok ilid NamdpartipplaecCaxvedildlat ef f ecti ve
amount s of carvedi | ol CoaipditiotneSinulsdd BiglogicsEFlujdsand can be
enpl oyed in pure formor, where such forns exist, in 30

phar maceuéb@logi ionCCept ablsgmankda esE er, 1 RPE[ VT | or ms;faidal
?ﬁsagenlﬁgy?m gwcitrvstdlukgajt PGS :nfmori)artl cul ate cpmygaldil A aff
€ 5% carvedilol® - paéﬁig[e growt ha a%c':'eptable slight agglomeration
1.25% HPC-SL
0.05% DOSS
20

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.

25

Example 2
The purpose of this example was to prepare a nanoparticulate carvedilol

formulation.
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amount of carvedilol that is effective to obtain a desired

t herapeutic response for a particular conmposition and net hod of

adm ni stration. The sel ected dosage | evel therefore depends upon the

desired therapeutic effect, the route of adm nistration, the potency

of the adm nistered carvedilol the desired duration of treatnment, and
ot her factors. 5Dosage unit conpositions may contain such anmounts of

such submul tA:phqasoﬁMsmmomsf ﬁ%)(m) cesegtilob (Vierkom, . (llienvdAe,IRA)Pwas

ot her SU|tabIe dosin eri such as ever ot her da ekly,
bi - wee PO 25 e By P hxdrwmom@na%qeéme( P ved O-0oheWitle

speci fig, cgﬁss‘édhﬁlvﬁﬂfo%ﬁégufbyp ?ﬂﬁhsaﬁm&&% b Illaiueﬁ%ﬂea’}%ub&ﬂﬁﬁl

vari ety fac ors egree O e ce ar or

physi oI(DIgS Sabneesg MaavadhONDE usmg Ot Yasiuny iréatediirdohta A@itiopenddia c
agent or composition enplo the specific_agents or conposition
empfoy é&osqhhngeﬁgacs IBW@O%%@%@%@@H@#M Theamixtyre wasmillghaf ansed of 11he
pati ent rp % I,Sof adm ni stration, route of adm nistration, and
rate of Pexcretion of the agent; the duration of the treatnent; drugs

used in conmiitedscopy &Fthe hntphaRNlabd canbddio! m;ﬁ@e@infglameag:anmsoaw ahd ke
factors well known in the nedical arts. 15 The fol |l ow ng

exgrrpl deciarElRy50ehlighy spunca&ab&mowﬂ@stpm@@é&ﬂndi mmwﬁl Ashbepe - be
t t t
oo o g RN bR b AR ety WRAERA, PDet

thege exasmpdes but should only be limted by the scope of the clains
that follow_20 Exanple 1 The purpose of this exanple was to
prepare a ndisdigwing wiling.dhepartiddisizolof thermilied chyadilohpadigles otes

di spersjion of, 5% (w w Ver L | 1 PA

25" bondtat i Benhash SRR Salriniat Hahe LA alopt BN s Sl

0. 05% Gﬂ\éa%nﬂb@%wkdlﬁﬂ%ﬂm%é VUL At POB98)of I%B kHfan D38 tnidd. eTH@S
then nilled inarollef mll (US. Stoneware, Mahwah, NJ) using a 50%

msdl a Ipbheff the rilled Gurvedilyl dispersion maa®dd zi rconi a medi a (Tosoh,

Di 46 h t, 170 f
RS T ea duToBiy breedimPEoeftyoam bRt o B8y Crw
5000 | i-ghbine@ul &%E&éi@i@@r@tr@rﬁfe&ﬁ%tfoﬂr@ @B%ta@?ﬂ)v@ﬁ BB4dresl),iith no visible

Ashbourne Co., ath, ireland showed "wel " di spersed ' di screte
parti clpagicleT$ize gramph er@ghzmq:reuora@lzsemedbﬁéter the three day period, the mean

carvedilol particle size was 157 nm, with a D90 of less than 223 nm.
Stability of the nanoparticulate carvedilol dispersion was then measured in
20  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 2, below.

25 Table 2: Stability of the Nanoparticulate Carvedilol
Composition in Simulated Biological Fluids
Composition Simulated 0.01 N HCl Simulated
Gastric Fluid Intestinal Fluid
5% carvedilol particle growth acceptable agglomeration
1.25% HPMC
0.05% DOSS
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Following milling, the particle size of the nmilled carvedilol
particles was neasured, in deionized distilled water, using a Hori ba
LA 910 particle size analyzer. The 5 nmean mlled carvedilol particle
size was 160 nm with a D90 of less than 228 nm The pH of the
nanoparti cul ate carvedil ol dispersion was 9. 6. Fol l owi ng three
days of storage at roomtenperature, the carvedilol particles

remai ned i n Thespsil’idemohstrate thatibe pigiatiicubite catvalilot corapaiticriowtable at
observed), with no visible particle size growmh or_ aggloneration
obser v&eOM AFHRGratuFc Mﬁ?e@éerdﬁv CRBPEIEON dees r}?éahhlh@é@na%anﬂ Rrticla pige c| e

si ze . WM . . 22 L]

nano pﬁ?‘%@s‘g@ lgéﬂrbégeg ﬁ? (?1%)“ c} ?t];e% (lg ?’Z‘?%%Jl] \?lfgusd%t %gﬁ’% g{seaéﬁgéﬁl%%orgﬁrﬁéé}g? ed
bi ol ogiig @xatplé I0gemdTRiratee $dsk BeelbMetlivh hike thdbbatt® ¢ dahldiddinttstindl he
conposi tion was incubated at 40C for 1 hour in_ sinulated gastric
flubpd (Bedi Theseresolts ae raedictbendigaod i viey bigaweilshiléy.) | 0.01 N HC
(which simulates typical acidic conditions found in the 15stonach),
and simulated intestinal fluid (Mnobasic potassium phosphate, water,

sodi umEyasigl¥3de, and pancreatin). The results are show in Table 1,
bel ow. Table Stability of the Nanoparticul ate Carvedil ol

Conposi t i on The pSipask af tis Slasipyvesto Eepirels nampstisuiatosargiditel at ed
Gastri (i"orllzlllu Ltgon(.)' 01 N HC1

10 An aqueous dispersion of 5% (w/w) carvedilol (Verion, Inc. (Lionville, PA)) was
combined with 1.25% (w/w) polyvinylpyrrolidone (PVP) and 0.05% (w/w) dioctyl
sodium sulfosuccinate (DOSS). This mixture was then milled on a roller mill (U.S.
Stoneware, Mahwah, NJ) using 0.8 mm Yittriumn treated zirconia attrition media (Tosoh,
Ceramics Division} (50% media load). The mixture was milled at a speed of 170 rpms

15  for 5 days.

Microscopy of the milled carvedilol sample, using a Lecia DM5000B and Lecia
CTR 5000 light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co.,
Meath, Ireland}, showed well dispersed discrete particles. The sample appeared
acceptable.

20 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

25  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
HCI1 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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Sinmulated Intestinal Fluid 5% carvedilol 1.25% HPC-SL 0. 05% DOSS
particle growth acceptabl e slight aggl oneration The results
denonstrate that the nanoparticul ate carvedilol conposition is stable
at roomtenperature. Mreover, the conposition does not exhibit
significant particle size growth when incubated in sinulated

bi ol ogi cal fluids. These results are predictive of excellent in vivo
bi oavail ability. ETabl3 Stability of tHdWNapepardeslacd Chhiedilekanpl e was to

prepare a nanoparti culGingpdsioresl Sifluldted Bidlasic Fluids -~ An_aqueous
di spersion of 5% (ww) carvedilol (Verion, Inc. (Lionville, PA)) was

conbi rmm% (W W V&Y PT ORY T TR IR [ Turpse GHE e @
0. 05%)| (W octyl  spdi 'ag ccilnate’ . Thjs XLUre,
Chon, B on- s Lot pe. Kk Ehal S IS mIE
m Vi 1| 5% GEvedidt ed 2| Pabplegrawthy | t i QROPRBEADE 5 ( Tosohsliebbagglemeration
Di vi si|dm3% B8% nedia |oad). The mixture was nilled af a speed of 17
rpns fldx046 DAY s. M croscopy off the nanoparticul ate carvedil ol
sanple, using a Lecia DVbO0OOB and Lecia CTR 5000 |ight source
(Laboratory Instrunents and Supplies Ltd., Ashboune Co., Meath,

| refand), sHdkaasulisdemgnsipés %létjt%a ingReparticutadg eqrigdilel compositignyiass not

appear e bAESERAPh il WO IR W bl 1S RN 15348 st e

These results are predictive of excellent in vivo bioavailability.
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Example 4

10 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) Pluronic® S-630 (a random copolymer of vinyl acetate and
vinyl pyrrolidone) and 0.05% (w/w) dioctyl sodium suifosuccinate (DOSS). This mixture

15  was then milled on a roller mill (U.S. Stoneware, Mahwah, NJ) using 0.8 mm Yittrium
treated zirconia attrition media (Tosoh, Ceramics Division) (50% media load). The
mixture was milled at a speed of 170 rpms for 46 hours.

Microscopy of the nanoparticulate carvedilol sample, using a Lecia DM5000B and
Lecia CTR 5000 light source (Laboratory Instruments and Supplies Ltd., Ashbourne Co.,

20  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 distilied 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

25  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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measured, in deionized distilled water, using a Horiba LA 910
particle size analyzer. The nmean mlled carvedilol particle size was
160 nm with a D90 of |less than 235 nm The pH of the mlled

carvedi |l ol dispersion was 9.8. 15Followi ng three days of storage at
roomtenperature, the carvedilol particles remained in dispersion
(i.e., no precipitation or crystal growh observed), with no visible
parti clpartiile szggowih onaggiaatration abseoredo Bder Hedhredidhe peridik thehme:m day
period, the_nmean carvedilol particle size was 157 nm wth a D90 of

| ess t KaRedDal partifle sgepps ﬂ@@/m@?f witha Q%{h‘bfdﬁfrstth%??é‘t@ncar vedi | ol

di spersi on A ' | : | | ' For
testing in ;]ﬁﬁoﬁ m&ﬁ%ﬁ%ﬂ%éﬁg{é@teﬁgﬁ}i%}#%ﬁ%rég%%g%ht%?(kﬁ]ga%glé:g?ﬁncubat ed
at 40C statlatedbiulogical fiide)| Bireektiggsd sinmldtédbidloghabiluids,ahé compesitiond
pepsin in HCL and water), 0.01 N HClL (which simulates typical acidic
condi t ivasdnebated at A0ThE hewigrwiaylated gastaie Ayidisediumphiariderpad pepsin i

pancr oty pie iy L ROGEaNG, sl Pl B St By vy
St abi | istcﬁnﬂil?,tah@ sﬁﬁﬂ@t@dﬁﬁtbﬁiﬂhﬁﬂﬂd@d’o‘ﬂeﬂdsi@otﬁ@mﬁﬂ{&ﬂdsbﬂm,i Wat&l, Sadighed

Bi ol ogi cal Fluids Conposition Sinmulated Gastric Fluid 0.01 N HC1
Si mul atwdroxideeand pasicraatin). dThe results are show in Table 4, below.

Table 4: Stability of the Nanoparticulate Carvedilol

10 Composition in Simulated Biological Fluids
Composition Simulated 0.01 N HC1 Simulated
Gastric Fluid Intestinal Fluid
5% carvedilol particle growth acceptable agglomeration

1.25% S-630
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
15  growth when incubated in simulated biological 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.

* % k % #

20 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.

25
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5% carvedil ol 1.25% HPMC 0. 05% DOSS particle growth acceptable

aggl onerati on The results denonstrate that the
nanoparticul ate carvedil ol conposition is stable at room tenperature.
Mor eover, the conposition does not exhibit significant particle size
growt h when incubated in sinulated b;gwggbgal fluids, although the
formul ation prepared in Exanple 1 d ted | ess aggl oneration
when incubated in simulated intestinal 5fluid. These results are
predictive 8WFGBB&JPH vivo bioavailability. Exanple 3 The

pur pose of this exanple was to prepare a nanoparticul ate carvedil ol
fornul ati on. 10An-aquebstbitinapepasiionate caryedijal/cainpesitivedithpiisifgzer i on,

(Lo e B) RGOS Bt by R st some
sul f osucci nate (ESSE hd¥ihg albibdive avaagé paticRisided | Q8 tianfBbhtex000i | |
(U. S. Stoneware, Mahwah, NJ) using 0 8 mqm Yittriumtreated zirconia

attrition nedia (%s%lﬁ, Ceram cs Division) (50% nedia |oad). The

I Xt 1] t 7Q .1
Vi or o5copy of thaCh | /SRR SApe AR sl Qo M Eontiee 45015008 and

Lecia CTR 5000 |ight satweddol(gaaficdénisbesein tetsotfaesisbilwed isSgpdf es

Ltd., Ashboune Co., Meath, |reland),  showed well dispersed discrete
particles. The sanpl e B{spBacEHaEeBPIMEIERS: 20F0l | owing nilling, the
particle size of the mlled carvedilol particles was neasured, in

dei oni zed distilled water, using a Horiba LA 910 particle size

anal yzer. The nean m |Tredongoyigidhlobtlapant whereinsthe earwedilol @57seterfedirdrh a
D90 of |ess hhan 167 nm_ The pH (H tme mlled carvedilol dis ersf.on
was 9. 2. the group consisting of a crystalline phase, an amorphous phase, a semi-crystalline

phase, and mixtures thereof.

3. The composition of claim 1, wherein the effective average particle
size of the nanoparticulate carvedilol particles is selected from the group
consisting of less than about 1900 nm, less than about 1800 nm, less than about
1700 nm, less than about 1600 nm, less than about 1500 nm, less than about 1400
nm, less than about 1300 nm, less than about 1200 nm, less than about 1100 nm,
less than about 1000 nm, less than about 990 nm, less than about 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, less than about 920 nm, less than about
910 nm, less than about 900 num, 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 nin, 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 about

610 nm, less than about 600 nm, less than about 590 nm, less than about 580 nm,
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Stability of the nanoparticul ate carvedilol dispersion was then
measured in 25sinmul ated biological fluids. For testing in sinmulated
bi ol ogi cal fluids, the conposition was incubated at 40C for 1 hour in
sinmul ated gastric fluid (sodiumchloride and pepsin in HC1 and

water), 0.01 N,HCL | siJqul ates typircal acidic conditions fqund
o Ehe. st ondembatr iR B it Sl R A GO afBH D ¥ desa QR
phosphat e, w@betr 540506l 16 thatdtest S50 naIdsPRAE BI8AR 5P) nm] Tees hagdb& g are
show in Table 3, below. Table 3: Stabili ty of the Nanoparticul ate

Carvedi | ol CdRpwsilessdian aposi Y nmdessahan dgue 490 mnyleasthap Aoy HEY om,

S a8, b o S PO B s, e
about 440 nm, less than about 430 nm, less 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, 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 nim, 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 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 130 nm, less than about 120 nm, less than about

110 nm, less than about 100, less than about 75 nm, and less than about 50 nm.

4, The composition of claim 3, wherein the “effective average particle
size” is selected from the group consisting of a mean, D50, D60, D70, D80, D90,
D95, and a D99 particle size.

5. The composition of claim 1, wherein the composition is
formulated:

(a) for administration selected from the group consisting of oral,
pulmonary, rectal, opthalmic, colonic, parenteral, intracisternal, intravaginal,
intraperitoneal, local, buccal, nasal, otic, and topical 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
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accept abl e slighf agglomeration 5The results denonstrate that the ~
nanoparti cul ate carvedil ol conposition does not exhibit significant
particle size growh when incubated in sinulated biological fluids.
These results are predictive of excellent in vivo bioavailability.

Exanple 4 10The rpose aof ,thi.s |l e was to prepare a
nanoparticul ate éﬁfveaaﬂpf&f’m%’é%‘.ﬁﬁuf‘ﬁl rE[r‘}l An aqueous di spersion
of 5% (w w) carvedilol (Verion, Inc. (Lionville, PA)) was conbined

with 1.25% (W w) PI uronic(r) S-630 (a random copol yner_ of vinyl
acetate and vi nyl6-pyr rbiccesineyition ef dlans % whein e sevgdild sempesition is

sgl f osucci ng%nqm(l%ﬁ]toﬂacﬁgg%lm%%a%sﬁggg%ﬁ?hen _m |1 ed on a roller

mll (US. onewar e, M Yittriumtreated
zirconia attrition nedia (Tosoh, Ceram cs Division) (50% nedia |oad).
The m xture was mIIed at a speed qf 170 r r 46 hours

M croscopy of the/-nanoP¥reongrisies ogﬁéﬁ%aiw ?re%’éﬁ%P@nPQﬁéﬁi%f“&hﬁrem a

Suppl i o5 Lt 4O RRIH o Al bhalaoRRUEHF o fceBRElc e G U Pl 8 2

di spersed dicentbitatiopahidreatl es. The sanpl e appeared accept abl e.
Followng mlling, the particle size of the mlled carvedil ol
particles was neasured, in deionized distilled water, using a Hori ba

LA 910 particle g ze anféldbﬁ%smgﬂ%fgﬁﬁﬂlmhé@gl carvedi | ol particle

size was 189 nm with a | ess than 279 nm The 25 pH of the

m |l ed carvedil olcad{ed}jelrls pmsemtas ag a@ount selected from the group consisting of
from about 99.5% to about 0.001%, from about 95% to about 0.1%, and from
about 90% to about 0.5%, by weight, based on the total combined weight of

carvedilol and at Jeast one surface stabilizer, not including other excipients.

9. The composition of claim 1, wherein at least one surface stabilizer
is present in an amount selected from the group consisting of from about 0.5% to
about 99.999% by weight, from about 5.0% to about 99.9% by weight, and from
about 10% to about 99.5% by weight, based on the total combined dry weight of

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

10. The composition of claim 1, wherein at least one surface stabilizer
is selected from the group consisting of a non-ionic surface stabilizer, an ionic
surface stabilizer, an anionic surface stabilizer, a cationic surface stabilizer, and a

Zwitterionic surface stabilizer.

11. The composition of claim 1, wherein at least one surface stabilizer
is selected from the group consisting of albumin, human serum albumin, bovine
albumin, cetyl pyridinium chloride, gelatin, casein, phosphatides, dextran,
glycerol, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride,
calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene

castor oil derivatives, polyoxyethylene sorbitan fatty acid esters, polyethylene

56



Fol | owi ng three days of storage at roomtenperature, the carvedilol”
particles remained in dispersion (i.e., no precipitation or crystal
grow h observed), with no visible particle size growh or

aggl onerati on observed. After the three day period, the nean

carvedil ol particle,size. 160 ri. with a X0 o ess. than 224 nm
Srabi 1ty ofHas ARG A F ey 2 AP e AP e
nmeasur ed i n cpilfidaPdiREbdiokiae] phdkpHatdd] shdliunTabddcoRhirag, i n si mul at ed

bi ol ogi cal fluids, the conposition 5 was incubated at 40C 1 hour in
si nul at ed gasthoxgmethylagllplseivaleinein hydroxerepid celdyosas. hypremellesad

water), 0.0 | | puy. at e Lcal aci di I+ hons found
In the st oné@ﬁ%o%ﬁ%l%eﬁﬁllog‘% ga(#l%’tlég@¥%gﬁﬁ??eﬂﬁ6&8 %%eﬁ%gg%#g&%bt assi um
A i T i iy M i s
Nanopar t i cultBethamelamag pelyvinplaieghebipobwinypyrmlidenated . B34t ogi cal

Lo, Comp Bk P E oo Bl B AL S

accept abl e poloxamers; poloxamines, a charged phospholipid, dioctylsulfosuccinate,
dialkylesters of sodium sulfosuccinic acid, sodium lauryl sulfate, alkyl aryl
polyether sulfonates, mixtures of sucrose stearate and sucrose distearate, p-
isononylphenoxypoly-(glycidol), decanoyl-N-methylglucamide; n-decyl -D-
glucopyranoside; n-decyl f-D-maltopyranoside; n-dodecyl p-D-glucopyranoside;
n-dodecyl -D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-f-D-
glucopyranoside; n-heptyl p-D-thioglucoside; n-hexyl B-D-glucopyranoside;
nonanoyl-N-methylglucamide; n-noyl 3-D-glucopyranoside; octanoyl-N-
methylglucamide; n-octyl-B-D-glucopyranoside; octyl B-D-thioglucopyranoside;
lysozyme, PEG-phospholipid, PEG-cholesterol, PEG-cholesterol derivative, PEG-
vitamin A, PEG-vitamin E, random copolymers of vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolymer, a cationic polysaccharide,
a cationic cellulosic, a cationic alginate, a cationic nonpolymeric compound, a
cationic phospholipid, cationic lipids, polymethylmethacrylate
trimethylammonium bromide, sulfonium compounds, polyvinylpyrrolidone-2-
dimethylaminoethyl methacrylate dimethyl sulfate, hexadecyltrimethyl
ammonium bromide, phosphonium compounds, quarternary ammonium
compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl
ammeonium chloride, coconut trimethyl ammonium bromide, coconut methyl
dihydroxyethyl ammonium chloride, coconut methyl dihydroxyethyl ammonium
bromide, decyl triethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride, decyl dimethyl hydroxyethyl ammonium chioride bromide,
Ci2.1sdimethyl hydroxyethyl ammonium chloride, Cy;.;sdimethyl hydroxyethyl
ammonium chloride bromide, coconut dimethyl hydroxyethyl ammonium

chloride, coconut dimethyl hydroxyethyl ammonium bromide, myristyl trimethyl
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aggl onerati on “The results denonstrate that the nanoparticul ate
carvedil ol conposition is stable at roomtenperature. Mreover, the
conposition does not exhibit significant particle size 15 grow h when
i ncubated in si mul at ed bi ol ogical fluids, alt hough the formulation

pr epar ed in | es e trat d Ies Iorrer e
P ebbated | AP dief O RS 128 PHERRRE Qe KR, v
of good in \dimethyi bexvai ilﬁﬁbhiuhybroﬁﬁcﬂé 1aMry1l dnlﬂ@tht?p(bﬁ{eﬁaky)ﬁ Qmintt@$ien

skilled in the art that various nodifications and variations can be

made in t he grariedleund direethyldsthenengs %ﬂmphléﬁpbf@@é@ﬁ,N aleEhiGion wi t hout
d ti f L) t
o endedt hapRrhaRy BRI binfon8EE BRoRle s T AR IBenh | 3

vari ations aimrhbiismi dhi@ide] Nrtepideeyi@tethiibyn0 sRmanidih Bhiokide scope of

t he appended clains and their equivalents. 25 CLAIMS VIE CLA 1.
stabl e nanopaftdhytiei diresthyididecs] amprpwst thlends %ﬂkwﬁm&z—«hﬁhmtbﬂ

parti cl es_ofy g i Bhumflistf bAoKAE ALy Dl Al ARl cAct | ve

I somer thereo V|ng a ctive average- par Si'z€ | ess than
about 2000 rtmneﬁryblmﬁxb)mmm éaﬁ@ﬁalhyﬂedmeﬂf}memam daitz daurghisoudiieyd on
the surface of the c | es, t he surface
stabilizer (EPOHETAIqT: @a&yemé’ekw %&Q}&é@m@ﬂméﬂt an

conposi tion e@ﬁoxgzla@ém&lkymﬁ{rﬁﬂnmna bt QRMAGHN, Ble d1§lk§ﬁh§ﬁ6rﬁﬂmfchﬂiﬂdte he

group consisting of a crystalline phase,” an anor phous phase,

seni - cr yst alN-idniecpdasehylaamimonivmuchdsidehNrtetvddecyldimethylbenzyl ammomum
chloride monohydrate, N-alkyl(C».14) dimethyl 1-naphthylmethyl ammeonium
chloride, dodecyldimethylbenzyl ammonium chloride, dialkyl benzenealkyl
ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C); trimethyl
ammonium bromides, C,s trimethyl ammonium bromides, Cy7 trimethyl
ammonium bromides, dodecylbenzy! triethyl ammonium chloride, poly-
diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters, benzalkonium chloride, stearalkonium chloride
compounds, cetyl pyridinium bromide, cetyl pyridinium chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL™, ALKAQUATT™, alkyl
pyridinium salts; amines, amine salts, amine oxides, imide azolinium salts,

protonated quaternary acrylamides, methylated quaternary polymers, and cationic

guar.

12. The composition of claim 1, wherein the AUC of carvedilol, when
assayed in the plasma of a mammalian subject following administration, is greater
than the AUC for a non-nanoparticulate carvedilol formulation, administered at
the same dosage;
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3. The conposition of claim1, wherein the effective average particle
size of the nanoparticulate carvedilol particles is selected fromthe
group consisting of |less than about 1900 rim |ess than about 1800
nm | ess than about 1700 nm |ess than about 1600 nm |ess than about
1500 nm | ess than about 1400 nm |ess than about 1300 rim |ess than
about 1200 nm | ess than about 1100 nm | ess than about 1000 rim

| ess than about 930 riThe dogf®sitidanl alabutl, FBerein the O,55H chhediletb@tién 970
rim |ess than about 960 nm_|ess than about 950 nm | ess . than about
940 nm | es$stay5h inaihe plasya@ arpammglian whiechipblowinyininisration és gruealsr

about 910 n 1 . .

Fhan aboot | S 2Tl 1802 ABRhn i LR Suit B RRich, AR Mred f3f
| ess than alsenit d3sdgenm | ess than about 840 nm | ess than about 830
nm | ess than about 820 nm |ess than about 810 nm | ess than about
800 nm | ess than about 790 rim |ess than about 780 rim | ess than
about 770 rim |egs thaR AR0NkI416R3f Bllm h SRferbtdlle #OQYF c4RQdildl &S S
than about 740 ri'm less than about /30 fim [ess than about 720 nm
| ess t han alesayed frOtha plasinasy atrhammaboutubit@0folliowingabninistatial asites690

560 nim 1 cod TR Tamct = BB PHRE UEke CREIog SUTORHET RSt

about 630 nrgamk@ssagehan about 620 nm | ess than about 610 rim |ess
t han about 600 rim |ess than about 590 rim |ess than about 580 rim
| ess than about 570 nm | ess than about 560 nm |ess than about 550
nm |ess than abouyt 5 n | ess t han. abhout 530, n | ess than abqut
550 nm 1 ecant han ShboctenbnssiEon SRR 1 Vhm i e S el aE h SRR
about 490 nrutelogabsorptach wheHddnfiB3teped tol Affmdnh@idepRdtbndifinyds | ess
t han about 460 nm_|ess than_about 450 tin, |ess than about 440 run,
| ess than alsempareddo fasting earditionfn about 420 nm | ess than about 410
nm | ess than about 400 nm |ess than about 390 nm | ess than about
380 nm |ess than about 370 nm |ess than about 360 nm |ess than
about 350 nm | edl$. t haPheadoaiposiBidh ofiglairh @ s&héremrthabaiiposiBih exhibitsess
t han about 320 nm .l ess thanp about 310 rim | ess Ihgp about 300 nm
| ess than a ubglenpePenRdminisiation g a hwagn sweject weasted iate aprompatery
nm |ess tha@a&mﬂém%ﬁt@mhdlﬁ%ssusﬁeﬂn%%&%%é@. nm less than about
240 nm | ess than about 230 nm | ess than about 220 rim | ess than
about 210 nm |ess than about 200 nm |ess than about 190 nm | ess

t han about 180 n | e t han about .170 ess .t han. about , 160 nm
ooe Chon about "o motheldRbofat of Fhtn Teumhan e BRI ot 130

nm | ess thagtaBhiel 5320 nm | ess than about 110 nm Iess than about
100, less than about 75 run, and | ess than about 50 nm 4. The
conposi tion of cl@ m 3 9% &oafidenchdntentl Brtille wiidriagetween 80% andsi ze"
is selected f%2n1t€e group consisting of a nmean, D50, D60, Dr0, D80,
D90, D95, and & fB particle size. 5. The conposition of claim

1, wherein the cqpposidd098 Cogfifi@icemhtaivalifor Cmax, which)is between 80% and
adm ni stration selected fromthe group consisting of oral, pul nonary,

rectal, optHaPHi-c, colonic, parenteral, intracisternal, intravaginal
intraperitoneal, |ocal, buccal, nasal, otic, and topical
adm ni stration; (b) into a dosage form sel ected fromthe group

consisting of |id8ld ditepengositisn oftialm S Usieulsicod it agelié dosage Gsal s,
oi ntnents, creans, tablets, and _capsules; i sage

¢ ) c) into a do
for m sel ect SNFFBNPPHAIGIGIIER G Srvedgolparida edrbene weﬁnef&%éﬂve
formul ati 0n%’velfagfgarﬁﬁetsiiceclffﬁws@l’idn%gutdi Mqu}ghslhl zed fornul ati ons,
ease r ed r

del ayed rel mul ati ons, exten el ease fornul ati ons,
pul satil e rel ease fornul ati ons, and m xed i rmedi ate rel ease and

controll ed rel ease fornul ati ons,; or d) any. conbj nat,i on t her eof.
6. The conpositi o of eaﬁompg,sﬁwgﬁ Qaﬁn%lge‘x]&%’ﬂ}é TegisPELS 8@'.*’?449#1 is

particle size is selected from the group consisting of less than about 1900 nm, less
than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
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10. The conposition of claim1, wherein at |east one surface
stabilizer is selected fromthe group consisting of a non-ionic
surface stabilizer, an ionic surface stabilizer, an anionic surface
stabilizer, a cationic surface stabilizer, and a zwitterionic surface
stabilizer. f R!m y\gﬁr t J”f

one surface s tblﬁol%imé?-ll-lg%ﬂg&lr%%?{ Mgromlﬁ%é gr c])th?p consrlﬁ{%’pfe%gth b

al bum n, hur200 s@f, ks dhantiont, 1 100\wng desd lthindbout DEOMm, Qyssitikindbisnt 990
chl ori de gel atl n, casein hosphati des, dextran, %éycerol gum
acaci a, cholf@atlessdhan ghong280mmplessthamahut 340 gm, ssn than kbont 60 SR desS de,

cal ci um st eagaf quugPy(fﬁtﬁoiestf?ﬁfa lo8b Sm, F&L &ah%a %'93@'115&'??%% . kyl

cet omacrogol enul sifyi ng’wax, sorbifan edters, yoxye
et hers, pol yabreyed2ireiesschat ahrout)910 oiay levamlawebqut Po0 yioi Jeas ﬁ;ahabeut

bi f d h d hyl
ammoni um b OR0AES 156 GRS EruRrntsdt KAEnFolamibas by S0 o,
di oxi de, - phasagesboposh 1 ASiBE kv a0 Gy SBE NGRS, ek e

cal cium hydroxypropyl cellul oses, hypronel [ ose,
car boxynet hydboed 3201 ms,ele&sdljamahoutrél mmhcblss Ilhbms‘mut 800 nm, less than about

hyd t hylcel | ul h | |
ol ol pee™ B e ER B AR AT LeeRs BD e Rt T o R eheut 60
al cohol , pO'lb!éé'tHM‘l Mot P40 AaRss t11a§aﬁfutt7¢® hATREOHaB Ubyik)730Re1 Béss than

pol ymer with ethyl ene oxide and formal dehyde, pol oxaners;

pol oxam nes ,abauiciZérmgadessibarpahent E’)lfhnmdleéﬁ:fﬂlyﬂl glmurc 380 om, hﬂés than about
dial ey estergoty Sodipim Sl OSHEE! LG AFkshe SOLUTLPHEN b SHIGhRL S

al kyl aryl her “sul Tona ures SUCT0SE eara € an

sucrose di stlesrthdreaboft smmnynepdmmomn@ksyeﬁ@ﬂ Jeé ﬂﬁh)about 630 nm, less than
decanoyl - N- net hyIQ%I ucam de; n- deczsll P- Dgl ucop%yanom de: n-decyl
P- D- mal t opy réABLS m,Jesshanghoubo [§) pnyleshiinm Abnut 480 np, lest thayp jabout

P-D-mal t
- heptyl <P DR deGLy T AT aar g0 ey TR A 570 prelsss e shoi g9,

p- D-gl ucopyrlasmhmﬂﬂzounﬁmhmnyﬂessl\thamaﬂmdtgmnmmgﬂethanabm;tlsmnm less than

13- D gl d t -N hyl gl u d
oot ol B R e i 6 e et SO Pt Pa Ao 599 Ao lstthan B,y e,
PEG phOSph0|49B'nEh 15@%&%@%@1 8, 1eEsEc§a&£BUu?a’9@m' 1@@&51\{@56&{%011111

PEG vitamin A’ PEGvitamn E, random copol ymers of vinyl acetate and
vinyl pyrr ollessdihen abmut 450 wnj lespthhty alput 440 o, lesnthen lsbogdi3) mer, lesa than

cationic polysac arl 0si € at i ni al gi nat e,
S cattoni o ARG lges Bt et A Corbalers AR s o B n e ol ¢
l'i pi ds, pol y3uetny, |l%ttﬁkapib)6hﬁ38¥) firhy ] 1O R %Hﬁ@ﬂmlﬁﬂnbre@s’ﬂhﬁﬁab&iﬂﬁsg'ﬂhﬂm
corrpounds pol yvi nyI pyrrolidone- 2- di net hyl am noet h net hacr yl at e

di met hyl  sullessttan sherb3Rbym; lessibamghous A4 nmy ess thomia ‘eut 3éﬂ@§pﬂ@ﬁrdnm
conpound
beneyl - ( 2 SR 20 sS4 £ RSS2 290 0 5% Pepippee

amoni um chl290ixghe, less@mubbutzsammbs tamﬁrﬂmuum@mmeaﬂhaﬁamn%omt hyl
di hydroxyet hyl ammoni um chl oride, coconut nethyl di hydroxyet hyI

ammoni um br dRssdban shew 254 Rnelers tham ARk Cadmanicst Fbéé abois A0 e, s yan

hydr oxyet hyl ni um
c%l ori ée b?/omggeméﬂ#g’]l%%c}g ﬂ:ﬁu gﬁf%{i&bxy%@%ﬂ%%%g%%ﬁ gll’ll%

Cl12- 15di mat m@[) iy, dessxlyei dbplit Bﬂﬁmm lese thim atvoud e?(h)nmnledﬁhaﬁ abanus0 nm,

di et hyl oxyet hyl niumchlorid coconut  di

hydr oxyet hyI rﬂ{%’rﬁ ﬁ?%d’éssfﬁﬁ?@%%? mrﬁ’rﬁqsﬁman ge ﬁpm,ﬁwﬁw
sul phate. | albil 129 dl@éé' hiRERm 1?@&9”1#@@31&9 ¥ 460, 1ERUhaH odbul?S fi)
benzyl amoni um brom "auryl  di met hy enoxygJ anmoni um
chloride, | andyéssdhameboyt S{@mnhenoxy)4 anmoni um bromi de, N-al kyl (Cl2_

18) di met hyl benzyl ammoni um chl oride, N-alkyl (Cl14-18)dinethyl-benzyl

anmoni um chl ori de, N-tetradecylidnethyl benzyl ammoni um chloride
20. " The composition of claim 1 forrhulated into a solid dosage form,

wherein the carvedilol particles redisperses in a biorelevant medium such that the
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16. The conposition of claim1, wherein the conposition exhibits

bi oequi val ence upon adm ni stration to a human subject in a fed state
as conpared to admnistration to a human subject in a fasted state..
17. The corrposi tion of claim 16, wherein bioequival ency is established

by: %% ter AUC which..is between 80%
and 1259 adgistrsed Bl SEAGRAhRNE R shPi e At Btk RS <
bet ween 80%thaidlabb2b2000i&nThe conposition of claim1 fornul at ed into a
solid dosage form wherein upon adm nistration the carvedil ol

particles redisperse to an effective average particle size of |ess
t han about 2 mi crldns. T cpmwositinp of claim d0ovhertiaithe regispaised partickehef

redi spersed car |IoI i.cle size | el ect d f.r-om roup

Cons ot 1 ng. SPRRad s of Asul-PuBotE T BSLARERIRM MhEHR h 1 ess
than about %4R8stiMp of IeSShirhaidutbInginn 066 than aboRs $800han, 128 thabsat 1500
nm | ess than about 1400 nm | ess than about 1300 nm l'ess than about

1200 nm | edg0P maR less dhan abgz@folﬁﬁﬂlmn,é% thanasoulb W0 mpdess iban abeys1409an
bout 990 | t 7
abou n 95%% essu?mm@, lﬁs tgﬁbaﬂo@f ddlﬁﬂ 1 &()tﬂ%rbgoo%t ngﬁ,lss

t han about ess t out

| ess t han abeusttha&ﬁdbonMOOOaﬁﬁ ledsaharadtout 99POmNIEEs thes sbdud 880 ﬁbpwss 910
nm | ess than about 900 nm | ess than about 890 nm | ess than about

880 nm | esdhanaipubBHnmgless thap aboud $60 Aus less han abed Ssfnm, dess thagan
about 850 nmy,, m%ggssﬁﬁﬁyaboﬁﬁﬁm fe?sstﬁarﬁgl?dﬁtggan éE% ﬂ'l%H%Bé)lﬂss

t han about 820 nm an about 81D nm less f
| ess t han a®d0nny,d96stimn dbess?Gthean, lassahin ARME A ninekess tﬁlbmabcaiwﬁt) nifif 0

o oo, LR ThRt [, e 06, RR FECoRo 9% LR e

about 710 Nhohtes® rﬁﬂﬂ@ssﬂi?ﬁ%boﬁ@@.%mx% ie%stﬁaﬁ Q@dﬁt@@@ﬁh R0 AR abMASS
t han about 680 nm |ess than about 670 | ess than about 660 nm

I essI t han ﬁtﬁdﬂmnase)ssnlmqn &bQQBSQ(han laﬁdhml mt AP mingkess ﬂlhaﬁbfaﬁdﬁﬁ nﬁBO
6 10
o 1ESS N 3RsRRcBPR O 1ol DA, FRPHE, B0 Aok oS bl 30 ARAV"

about 570 nnbohieB® indBssah@lidbobbP3 0, le@Sthatd Hisdut 3RO Ui, REOHAMabb@SS
t han about 540 nm | ess than about 530 nm |ess than about 520 nm

| ess than abdQmrsiessimgn sbeyt7G0un, laﬁdb%n gt A% mneless thamaAbos 680 nnao
| h
nm | ess thagn gpout oﬁﬁ&d‘@h le%stﬁ % g&gdﬁtt Hl[nb %’thﬁﬁ‘gbéﬁ%%})es §’1‘?s§an

460 nm | ess than a

about 430 nmbohtefsls;) iinhdassahalidbod 263 0, le%&aﬁ lalamlt&b@uﬁl tetOthamabdess

t han about 408 [; | ess than aboutﬁ&go nm ss t han_about 338 nm
ey B 560

| ess than afd ikan 3bautoQ0yp, lstsdhan awmt ARY neless than A8
nm | ess thagahoutheatSr i, 1|e§sstﬁ ﬁmtgger:uﬁbfépﬂaﬁlabé&%sfmﬁ%sﬁ B ot

320 nm Iess t han about 310’ ess t out 300 nm Teség
about 290 nrmapoutese min,dassabmmbo%ﬂ?ammn lesssthan hla:mté%um BEOthamabows s

t han about nm bout, 25 n about 2 nm
oo o ol ess fieh 4nauLo QSR 1ei e Bt T30 mholees PRSADo 380 A3y

nm | ess thags3RAdboRPR70 W, le@StBart At 36 Hin ﬂe%@ﬂﬁﬁhb&&&%hﬁﬁ'lbs@ﬁ%t
180 nm | ess than about 170’ nm |ess than about 160 nm | ess

alﬁout é50 nrabotteid mmdnssalﬁmﬁbonn@(hmn leessthan Aot éb@um, h@B@tImmadelélss
1
than about 740a tsssarn 0B et Pt Mo S55nn B BRRHnd BB s >

claim 1 formysahgcabont W(ﬁmﬁolkekﬁhﬁiﬂﬁlﬁﬁl@ 36@hi, léé@ﬂfaﬁlaﬁoﬁtBSOQlﬁf v&d kel
particles redisperses in a bi orel evant nedi um such that the
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 about 260 nm, 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,
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redi spersed particles of carvedilol have an effective average

particle size of |ess than about 2000 nm 21. The conposition of claim
20, wherein the redi spersed particles of carvedilol have an effective
average particle size selected fromthe group consisting of |ess than

about 1900 ah r' | es 1700 ri

| ess than a {E?Sdl Supﬁb%glggst% a%#n%o %’SS% @%@%R %BSSE}%%
1400 rim | essuit HammadedstthdBdidut 130 nthelRss hhaabaup 000 nh? Qs thah abeas

t han about 1100 nm | ess than about 1000 nm | ess than about 990 rim

| ess than atd@mmodessdhgn 3beut1Q0stass Higs abow 7§ nm.mnd less shanphauisibum. 960
nm | ess than about 950 nm | ess than about 940 nm | ess than about
930 rim less th about 920r| about 910 .r.i | ess t han
about 900 nm Ie?g thgll;lha 0 %@% ke%‘l.m dﬁal ﬁyggmg{mlggbn%%mpess
than about &¢@- eivediRs activeaigepout 860 ri m Iess t han about 850 rim
| ess than about 840 rim |ess than about 830 nm |ess than about 820
rim less than about 810 nm | ess than about 800 ri m | ess t han about
790 rim Iessth ab 7 s than
about 760 rim Iess tﬁ%%cg lltl%(?%g ?2"2}51&%3%6% dl%ﬁm | ess
t han about %3bedilshacties Sgdnhsal@ selbeted frzﬂﬂthe igfoupl oeaastiﬂycrf aatibypiertéAfivesm
| ess than about 700 nm _| ess than about 690 nm | ess than about 680
rim |ess tREHAVaRESHs uel Hhireqtivg songrsHvalesit faders. andactive agentsussid put

650 rim le | ess than about 630 nm |ess than
about 620 n§§mFQ§ aﬁ%ﬁ&ggégpagﬁ% nm | ess than about 600 nm | ess
than about 590 rim |ess than about 580 rim |ess than about 570 nm

| ess than about 560 n | ess than ou 50, nm ess t han about 540
nm |ess than abdtt € GOfPOFitQR O? Eléﬁng{ o‘ﬁli‘er%l?d hiC PTERCIREH about
510 nm les %a}\)%éﬂolaééﬁvé aéte@s 9 @kle&t@éﬁoﬁﬂﬁ@ gﬁﬁ%%néﬁ@t@hg’ﬁﬂdl G313, Iﬁtﬁﬁé’s
about 480 rim |ess than about rim |é&ss than about 260 nm | éss
t han about 4%H@Oeties, bﬁeb@d(hlanalam]@lpdﬂaﬂ@ alphmbetadd gckehsa nyrapagheticaBove | m

| ess than ab ué 420 L ess than aboutggég g@g}#@ssmﬁhan about 400
nm |ess thd B%rat ‘}Sﬂl?ﬁ"’“l"s WESHAS ) ThealpaLchagnel opout
370 rim |e$$odl<€1%na1ﬂbﬁtgliot&€s@nfdc8ptoil§1§§kdr§1an about 350 rim less than
about 340 rim less than about 330 rim |ess than about 320 rim | ess
t han about 310 rim Iess t han about 300 rim |ess than about 290 rim
| ess t han about Ori wt 260
rim less than ab22§ut e&}?o%soﬁnggtgnﬁ%ﬁo %%%Pﬁg% n%ﬁofé@?ﬁﬁﬁn about
230 rim | essmiphisgingabout 220 rim |ess than about 210 rim less than
about 200 rim less than about 90 rlgl | ess than .about 1

0
| ess than about FPBIRIRE pastigles ?i’f‘éﬂ%l an epticaly 408§%1SPW§ﬁ%§¥5‘8§t0r950
N ess & hagy aoue it 185t bRSSrtabeRaBRoH o kg i bRRR0RD OU!
120 nm | ess than about 110 nm ss t an a out ess than about
75 nm and |seftcidnt empravaieta Gdveditol composidn hahmgearglistitd averagk pettalem
1, additionally ris ne or more non- car vedi | ol active agents.
23. The conp¥&iaf ﬁ%?g%ﬂ“%loﬂﬁ 9% herein the one or nore
noncarvedi |l ol active agents is sel ected from the group consi sting of
anti hypertensi ves, active agents useful in treating congestive heart
failure, and actilfe ag’ﬁmme e@piglaim2y, welmrfpin@lwmctjvgtsmupléses milling,
di sorders.

tor e noncar VEiFHBEE e ARR R a8 Rudh. St Bk pBeishtcA Ml

consi sting Qfartthl@getieration] fefiil£6 emdision@bitasquel alanoRlREK Sy teahiibdes,
bl ockers, al pha-beta bl ockers, synpat hetic nerve inhibitors,

angi ot ensi n %@mmbmaﬁgnébﬁz?qfe (ACE) inhibitors, calcium channel
bl ockers, and angi otensin receptor bl ockers. 25. A met hod of
maki ng a nanoparticul ate carvedil ol conposition conpri sing:

contacting parti d7es dfsecEavgdopLlicul@s capedilalcoinpastioy Gorithoner

thereof, or a salt thereof wth at | east one surface stabilizer for a
manufacture of a medicament for treating or preventing hypertension, wherein the

COHlpOSlthl‘l compnses:
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wherein the surface stabilizer is free of internolecul ar
cross-linkages. 28.Use of a nanoparticul ate carvedil ol conposition
for the manufacture of a nedicanent for treating congestive heart

failure, wherein the conposition conprises: (a) carvedil ol
nanoparti cl es having a‘gn%gg ' i-cl.e_si . . n
about 2 m crons; O] lgﬁaﬁgﬁ%@%ﬁ%ﬁ%‘?%% %fgéécltlg? gt]&%egﬁearrhggg%% Egd
on the surf des thdn dboeat Zatisteds;| ol particles; and (c) at |east

one pharmaceutical|y acceptable carriers wherein the surface
stabilizer is frdbB) of &t fRashons sEEfateytatilizss adjorbrdyctie surface of the

carvedilol particles; and
(c) at least one pharmaceutically acceptable carrier,

wherein the surface stabilizer is free of intermolecular cross-linkages.

28.  Use of a nanoparticulate carvedilol composition for the
manufacture of a medicament for treating congestive heart failure, wherein the
composition comprises:

(a) carvedilol nanoparticles having an effective average particle size of
less than about 2 microns;

(b) at least one surface stabilizer adsorbed on the surface of the
carvedilol particles; and

(c) at least one pharmacecutically acceptable carrier,

wherein the surface stabilizer is free of intermolecular cross-linkages.
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