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present invention relates to a controll dd rel eased carvedil ol

formul ation for | ess 5frequent, preferably once daily adm nistration.
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(a) a therapeutically effective anbunt of carvedilol free base or
carvedil ol salt thereof; (b) a matrix f@& m ng pol yner conprising one
or nore of the follow ng: about 20%to about 60% by wei ght (e.g.
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p p g g Yy



copol ynmer, or hydroet hyl net hyl cel l ul ose (HEMC); (iii) about 1.0%to
about 30 % by weight of a solubility enBancer conprising one or nore
of the follow ng: hydroxypropyl cellulose (HPC), hydroxyet hyl
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Maki ng an”i mmedi ate rel ease subunit, conprising the steps of:
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more of the following: hydroxypropyl methylcellulose (HPMC), polyoxethylene

oxide, alginate, methylcellulose, ethycellulose, a methacrylic copolymer, or
25 hydroethylmethylcellulose (HEMC); and
(iii) about 0.01% to about 0.1% by weight of an excipient; and
B. One or more slow release subunits, comprising;
(1) a therapeutically effective amount of carvedilol free base or carvedilol salt thereof;
(ii) about 20% to about 55 % by weight of a matrix forming polymer comprising one
30 or more of the following: hydroxypropyl methylcellulose (HPMC),

polyoxethylene oxide, alginate, methylcellulose, ethycellulose, a methacrylic



C. Addi ng about 0.01%to about 25% by wei ght of an excipient to said
first and second togranules, and conpregsing said first and second
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50r ot her pharnmaceutically acceptable configuration that can deliver
carvedil ol al one or when conbined with other subunits. "The
effective anount,” as used herein, refers to an anount that

al l eviates or reduces one or nore synptons of cardi ovascul ar

di seases, such as hi bl ood pressure, shortness of breath, and ankle
Swel 1ing. The tefim " CoMHAMEES BFLRuE LR 190 SEAURUFSART ref ors to
the gradual @'ﬁ@ﬁﬁg@fsléxﬂfe%a]‘g@glbhﬁit, @anﬁis&%%é Qbpsast: [ate over an

extended period of tine, preferably 2 ours, after the

adm ni stration. The pVagnmarsbleading athicmpeatcalneffediveamonahneli casvedilelhibout
t he therapeutic range, Qver .an gxjended period of .tine refe ly 24
hour 5. CARVED LOL- 15 ROt 53 Ve SreRi P ulis e ek tor o

conpki ses a therapeutjzalky effective amount of carvedilol, which can
be prepared by known nethods, for exanple, U S. Patent No 4,503, 067,
whi ch is incorpotiat ed\¢ingipuby.Ofetoerbentc®) % by vonghteris saiuidity enhancer to said
carvedilol is in the fogglg; t he fre%iba§e.,"Pharnaceutically

accept abl e salts” i ndMide® eﬁ?%ﬁﬁ%qggé'BF{%STvedilol, wherein

carvedil ol i s 2Qppdi fGRbulblndBid BGoAE hihtGreSalolsaidisbesioiradi@mues of
pharmaceutically acceptable salts include, but are not limted to
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natrix-PBFﬁ?ﬁ@“ﬁ%ﬁiﬁ%%qw Yfat ri x-form ng pol yner as used in the

i nvention conprises hydroxypropyl nethylcellul ose (HPMO),

5pol yoxet hyl ene oxi de, al ginate, nethylcellul ose, ethycellul ose, a
met Racrylic copol yner, BRIESDESCREPRIONOF THISPRAWIRYS or any

conbi nat | on er eo . I'n one _enbodi nent he HPMC has. a.ml.ecul ar
weloht  FetrhL Shorrpbe dissoh BREHB i DOBe POt flosb Gpu AR 15 RETLT as
used hemgie 2 RIS Bie URsolhREA Plofild\er theCodt@Hed Alldi8e folmRRkBAM Shilk bed in
the art will understand that different grades of HPMC can be used in
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o e urFUES D e i B T ek el sl £LTm
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avai | abl e from Dow Chem cal nggﬂég can be used. |n another
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30l n yet another enbodi ment, the ethycellul ose contains about 20%to
about 80% (w w) of ethoxyl, preferably about 45%to 55% (w w).
Exanpl es of ethycel lul ose include ETHOCEL 9 Standard 4 Prem um
ETHOCEL Standard 7 Prem um ETHOCEL Standard 10 Prem um ETHOCEL
Standard 14 Prem um ETHOCEL Standard 20 Prem um ETHOCEL Standard 45
Pr em unprdimude HiiGGHkctSrantad theldRrdice tiugrtCosprarRbi(al R-yamphidihb a4
from Dow Chem cal Conpany). 5in another enbodi nent, the nethacrylic
copolyner has a nol ecul ar weight in the range from about 10,000 to
about ~ 1fowlason (bal- Mgah¥ds of nethacrylic copol yner incl ude
EUDRAG TO L, EUDRAG TO S 100, EUDRAG T(r) E 100, EUDRAGA T(r) E PO
EUDRAG F@uE X B% sh@lﬂﬁﬁ@eﬂ'@l@stﬂ@@@lﬁﬁntr&m im)ﬁle Gcab-sd ol FUDRREIOEO
NE 30 D, EUDRAG T(r) RL 100, EUDRAG TO RS 100, 10 EUDRAG TO RL PO,
EUDRAG T{uchr RGirA0 afiBiRAGHsTictdived thd BefdiRns da)DRAGE TON P IRSdAR) nd the T4
EUDRAG TO RL 30 D, EUDRAG T(r) RS 30 D, EUDRAG TO NM 30 D, and
EUDRAG T(r) FS 30 D (commercially available from Evoni k | ndustries
AG .5  formylatigadfel- MaBddi ment, the HEMC contains about 10 to about
60% (w w) of methoxy content, pref erably about 15%to about 45%
(ww). Exanple of HEMC includes CULM NAL(r), which is commercially
avai l able from Ashland Inc. 15 SOLUBI LI TY ENHANCER The solubility
enhancer of the present invention co i ses of hydrox
ol Ul ose (HPO , "nydr DG BAHGD MSGRIBEON Qi HE Y BRAON T 1 of § done
(PVP) pol yet hyl ene gl ycol (PEG, sodium auryl sulfate (SLS), or any
nation I
nel oht of abont PES- b0 T s ree LB Y s) g BB R SRR Bimprsipg
HPC- L t’défaletuaﬂigl eﬂ@@*xﬁslan(cmnmihmmedllbhm avdiatnadsleetidatlg cddpsdbe sahtehdred, a

| nc. one enbodi ne t he, HEC has a. nol ecul a of about
80, ooo ?’6‘%{% Ing A oHS bﬂlﬁ&@&hﬁff@&g agf @ QREMACEYtirg ywﬁ@%@wemer

which is commpfflk Eé{)e@t\/@tﬂl@}lﬁje&nt frﬂ'gﬁtﬁﬁp @%nﬂr@i@ed 2Rh& BRALIAGSN includes two
enmbodi nrent, the PVP has a ecular wei g from about 2,500 to about

3, 000, 00OMDe: subsaitgp vbsreof at RSt wlwcslllbuieslsléol“imnil@thl@te)l ¢lewte” shburst and wherein at

PEG has [l U 'vwlfah? Sttt 306 b0 RSl SRRt ervels T

Exanpl ege@kd BESPiRELHEE: §2 1rellc::‘) Qv O RU FEEGLARY: a REAO8Re subunit
PEG3000, PEGA000, PE_GESO 0 an 0. 30 PHARMACEUTI CALLY
ACCEPT ABlatrebari @Rvedilol slowaJ wdmenmmﬁmw-rmﬂse sdbuniighdt meleases emyedilol more

"phar maceu al | able carrie fers tq a.carnri that, . after, .
i i SePY GRPetiB TR YR G oo Bue s BeE il sppBfruioh ihSihaes:
physi ol 9gingR|la@iréeivlifiedikb fol SBE bhlfhitl BndifRO Vi RE HEL ClercdXIRP &ldas@Subunit to
must be "acceptable" also in the sense that it is conpatible with the

act Mve forgraceirlayaredivdmulstiot-eAzbtond exapalsi lécmhgslr@tﬁuph #ahg slow, releage sypunit

nor e so ub| It|62éorr1g c[gle%rsr 5(§ @rgbenunsie tsergl i § &l cal carriers for
dellvery o 1Earv SRR gt &bt %lgﬁhfi s p?fl Bl'e carriers can be
sel ected by Ah@ﬁﬁm&&hﬂeL@ﬁasemubmﬁt"abmpﬁsésrtgrh@x@pmmmpafaécn% RS
Pharmaceutically acceptable carriers include, but are not limted to,
steri | ecaguediiol oF a pharmaecusigalli aceentabie selothereef, adpatnx Jerming pelymengnd a

i sot oni t:

pol yvi gl PASponlt orR MR RRIGIREECIRE SR lE S G Eli e o
der by at totBenissiahoBgorr@biified alal Ukhisk isgieatdiOhyds xRl oRBbut 60% of carvedilol
nethylcellulos pol ynmers of acrylic acid such as

car boxyfsdt Hbllnéwe hgars of gdmipdgatinarand esneralbnwilingaehounal adgygistration.

gl ycosam nogly 0

sodi um chl orﬁdgﬁ)gvflléﬁ%g%%@ginz m(%é]!#H osrg%l% Hé;q%r%&aa%g? %ggagjﬁbao&)%%glﬁ&%ed %leor 4
i nvent i pimrmacqitiailipaetitiidabdlythaeos pinadtie faafing pélymef, arsslubilitpBthaater, and a
nore excj pients that are nornall formul ations,

npl oyed i.n the oral
such asPiqrmpegudicallydcsepihls cargh Iﬁffi?@es RineddeHppconplsdnrapgditipdyay over




corn starch, |actose, sucrose, glucose, mannitol, silicic acid,
citric acid, crospovidone, sodium chlori’de, cetyl al cohol, glycerol
nonost earate, kaolin, bentonite clay, talc, calciumstearate,
magnesi um st earate, and solid pol yethylene glycols. 20 FORMJLATI ON

In th j ti.an, dilol .i toi . t of abqut
19 t 0. alBGRAG bR L Gl Bt S TR R PORY otk BriRan abry HeeByot
9%t o abguls, 2¥xoRBTILBIHENR: SECEAR McraRRuke RIPHE/ST tvadol T e proximal

matri x-form ng polymer is present in an anmpunt of about 10%to about
80% 25bypmaiinfhstingfand ketefidsy threilianeiodabscapiébnpr ef er abl y about 2%t o about

55% and nore preferabl.y,about 35%to 45% The solybility enhancer
orebent i n s SHOUHL - BY AR ot RS B e B g Crotdiet
for myl atok Gher glmn@é@iieﬂgmcyqﬂm@ torlfigaf4ioR (B Yan a¢1H B PeddoBAIBRAHH When
about 15%to 25% The excipient is present in an anount of about 0.1%

t o aboutcombmedyvithetthgisubnnitshe formul ation, and preferably about 0.3%

to about 35%.30 e_enbodi ti. Lhe real e. for i.0
conprises a cgﬁ%%}@neé: 1?%%1%%11?,618%%%?&% P& a%tg{)’)?ll %ﬁ%&%g‘l aﬁ@%ﬁ?aéeﬁ d rlrgelbdag%éis e or
20% t 0 ahedbyrRéme b Rviovdsbulaniiidasss, erh adhigr Blood Efb@suré; Ihéraibd @br@h, and
rel ease formul ati on conprises a conbination of about 25%to about 35%

of prlclaakiﬂ syplbng Paoter “spbinlled sogase,” pEEsed hereimaelerto difogadunb lcase pe
to dbou T U A B QI A5 s ARt TP GBI R O it e

anot her agmiaeidtent The bRs@aobt@hirsiiby &l canedildlaembihakithm e mpiipeasc Binge over
conbi nation of 5 abqut 40%to about 50% of pol yoxethyl ene oxi de and
about 239cKENdHRFFIodgddige, peferably 2¢ Bpusnot her enbodi ment, the

controlled release formul ati on conprises a conbi nati on of about 35%

to about 45% of pol yoxet hyl ene oxi de and about 35%to about 45% of

HPC. Th&€AHORYEMMLEU:t i cal conposition of the present invention may be

constituted_into gny formsuitable for the node of adminjstration

sel écted. FOI eatiyion of et nyemdion Grpapes fhsranspigally elfective amount of

t oadmi n'c§1rvlé@Idl,%i!:}{‘&in%%r%%dq)yfkﬂﬁwﬁ meHheR, fgée)fawphe? U. € PRRML ]S 4,503,067,
granul es, tabl’ets, and powders; and liquid forms, Such as sol utions,
syrups, wdli¢hxs irgprpardedshesqie hg radersnceFdn om: anstefdirherft,ararvedil@nd iarthd form of the free
adm ni stration include sterile solutions, enulsions, and suspensi ons.
The con A6t | ed rel ease formul ation of carvedilol can be prepared

usi ng any o@RYENLLMRALy RBENMIS ssHCIhcRRe BEtyall AU ALERI], Wheh8A carvedilol is
granul ation foll owed by conpression or conpaction. For 15 exanpl e,

t he 2fr0 s tmaglomauidy makipatidé sais dpagodt Eeamplayol phesnarewically axepteldl bats imilede,

trix- i ng_po d. th | ubi | i, h . follawed by .
o anul bt PRt RREor Taih adidy 68 S EPREdiechiaEh T oy,
40 (pr eMSaI%erieZ %lﬁﬁc%sm@, SleBY, il RadcNY bEﬁh%icQEi@f{B,Jhﬁ&i@{s%%Mr

50C to about 70C (pretera at about 60C) and conpressing the
gr anul esetimnesul fahice Esempetyaiatsdildrsakihisclpdegrvelilplorenagage, davedilobeigraien

Sl i e A R R o T e U SR A
of tok e phéspHhte S@lvetil AiRHRIdeh héspRatb arRamel 1 /thts! hivbdilo thah8&atb dBredilol
Rel ease Test <724>, which |ncor§§rates standard test USP 26 (Tbst

<711>) . nRigsiepfarvedifobmesidate coedild @xdlgtet ¢eveddeltsulige o dihyiigtesorselvaig oé the
such as for._ exanpl e, apparatus type, shaft speed, tenperature,

vol une, %ﬁ%“%ﬁfaf t he di ssolution nmedium Mre than one dissol ution
profile carcdecdiBPsW ptermdcoiiti AN R BRkpiabld silt thetcofhises al e E@@er@ﬁlﬁffehﬂi(ﬁl 188@be
be nmeasured at a pH | evel approximating that of stomach, and a second
di ssol ufi gustpfiasamerphats el yrsagtue. aghylrous op Hydralgdprmn gpt exnbattiongftiafiorms
of gpe point- in the intestine or several pH |evels approximting

mul trple points in the intestine. 30A highly acidic pH nmay be

enpl oyed to sinulate the stonmach and a |l ess acidic to basic pH may be



specifically about 6 to about 7.5. A pH of about 6 to about 7.5,
specifically about 6.8, can be used to sinulate the pH of the
intestine. 5 PHARVACOKI NETI C STUDY Bi oequi val ence of carvedil ol
conposition to a reference drug can be determined by an in vivo

i ne a pharnmacokinetic paraneter for the

bi oequi y g .
carvedi Yﬁﬁ Loh YMER A y, bioequival ence can be

determ ned bye @ﬁubﬂed/ﬂelé@se%ﬁﬂﬂbﬁdﬁ% 8 R i:sfoudiladSICATMAAEN RS adtive compound is
phar macoki netic paraneter for the two conpositions. A pharmacokinetic

par amet donfogengobely disperaeti m@lm%@h)pmaimg dmagix- ’iorrémg@f)bfr@né@ednajgmf@tmn@

d d
ropt | cate G 28 hER S gL B RS B R E R B RRES bR ©
conpasi tgobxamdichehaiE Aenael, HetgiRlladss, eﬂhsj&eﬂnﬁ)@e angethlcenid copolpinas ma

| evel s of the active agent are neasured over tine. Pham acokinetic
par anet éwérO@ﬁa}ra@hxéeqﬂzl?qsg (HEME) i @nesarabinatish thereefye 15agent

absor pti on_ o SUALMALSH iRBIP € Rlolecutar wellBPin ERRLIHER HOS BB Bvout
concentration- curve fromtine zero o t i 'me of neasur enent

t he | ast22q080Dxf ¢ aldue” sareedreal refefs toAUGY) ofthe rdeited Vfliid)i A YerlsAMEKIRId, in the
Cm", and too, can be determ ned according to standard t echni ques.

Stati st iatavillamgdeiyiand thet dléﬁﬁ@ﬂ?ﬂé@ﬂ% ioh BPMC @ait be ysed pthe &ymaslitigh according to the
| ogay,i t r T

sl 20 e RO POLAR, Ve EM breti g el PN Pl o8,
single daﬁmpjfaﬂﬁﬁmkmanum MEWH[@G&WWP@M@MEH@IO@EEW K4M Premium?,
control |l ed-rel easg carvedil ol C@HDO%“ on_apd the reference |isted

drug usiMyTHRCH  dlpth Pespeme HRE BEDA K1 QOMPSRRIUBRUCOPRRISIRYS
W TH THERAPEWT::Gn E W@éﬁ%mgh% ORANGE BOOK) . 25Under U. S,

FDA gui deli nes, two pr an i1 nventive conposition and COREG
CRTM are bhlmaqtlnm/ah!malnmerft mhpolgé)%lf)ﬁnmklodeinmes 4 mbecwlat wéight)in lthenfabhge from

f i i f d Al t,.

o 3 Lo 0008 5 ot 7RO St S G, e G i gt ifferent
I'n one E‘gﬁ‘&ﬁ bﬁ%ﬂ&oxe&@l&egkﬁﬁgea%[ﬂ ent forﬁm&%?{ Q&'ok%g t%QH@ﬁ%ketn't DRertdn.
consi dered to be 30bi'oequivalent to

Test / Refior exaveple,folyoxf 0 rWSRé\I—@@Nmsmatymcé%hVSﬂ N—bZJHF; Rcﬁym&“ WSR N-80 NF,

| over - arbors N Soe et &/ s-20% Renran okare PR BESEROGHSR A

0.80 anQZWNP,HF&(E;foxW W3R N-6GOREL Pdlyciar ™ WHR. 301 NF @bfy@ﬁw WHRO@HAcnRAt NF, and
bet ween a caryve mposi tion and Coreg CRTM i s sonetines

pr ef28r r dltos S RADH @Ft(h@nmh@wﬂu@mdah@tfmn Dawaﬁ@nmeé Compantiean be used.
carvedi |l ol

phar mcoki nEePRg e T BRPPGIE ATl Ly S RN O Sppis 10000 t

i nvent i gRo@lJoee Dha ﬂe@s’oﬁ%ﬁ‘ﬁe@fn Ry Q4 LifderdtdiBat QTR @Fhdey S al@hate can be
| east 6 hours, and gref erably at least 12 hours, and nore preferably

at | eastusedtinbxifosmu flmeaccamimmpﬂlermcseownwmnv\mn t he surroundi ng pH

ivo) . accopdmhgrgostiel e ERE R b R B s FhER Ve blpgranes

of del i viesmh Righue 20,06o! a@buttz@()@oa Daub) getoni sRilRE adiht AR e LindkitekY that different
conprises adm ni ster| ng to t he subj ect a controlled rel ease

car vedi I&ﬁd% of methalcelbhosecambe sl miythe dermlation pecosding k9 the present inysaléipnand
describ IH@E SaRYj Qn. i s hh
treat men Xaglip ega? Hlegl\ﬂaceicmf) m%hlés)egM&terr S, sﬂuc hﬁgiﬂ) Iffluen? g?lg/lfé(;llnH&gﬁlgl ng‘f‘c
congest itemfnga METROCEL®Y AdBd Hr@ﬁmmveﬂﬂi MBETHGCEYsA ANV Ttrbitin @bhewrdigly
nmyocar di al i nfarction. 15The fol | owi ng exanples further illustrate

the presspilablafenDosnCherpied Companpl es are i ntended nerely to be
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25then transferred to a high shear granul ation machine; 2. The
ingredients in Step 1 were added to thedbl ender and bl ended for 3
mnutes with the appropriate inpeller and chopper speed to forma

m xture; 3. The mxture in Step 2 was dispersed in ethanol and water

et ti ngS i aound donur EE SERug ey hes Bh sEBert 1R
noni t or g HOARL Standf1@ 19PaOKLAL EPHCREIUSIaQMhrd D0 BfeRudt, MBSO BthRIaRIUS
using a granul ate nachi ne and screened through a 20 to 30 nesh sieve

when t h@rgmiam, hed EBHOEKE- Pondard 1P remash &gmngreigiheavgiatne fres Dow Sherpical
wer e heat ed h an oven at 60C and the noisture content of the
gr anul es" V88" ¥ni nt ai ned at a range between 1.0%to 3.0 % 57. An

exact anmounh a8bth&agiRinkh, IbERERLE yNESopORntth Ak Am6lcBiXedighttif tHehnge from
granules in Ste The sanple 1n Step 7 was conpressed by a hi

6; 8. ) [ gh
speed r @b@mwioag feahouh b 50keM) Be Emmplenekagherdic copdismeeiciude BUPRAKW® L,
t he cont |l | r i
accor di RSB S PUbRA T Sl E LTI RARILOE RO SUGRALE T 35
(M)  CauERAGON® 63.006 51 RUBIAGANDL GhB-heaal DKABI ® NEB3©0, RODRYGICW RL
Starch 145. 00 29. 00% Povi done (Kol i donQ) 145.00 29. 00% Magnesi um
St ear at 04, FJHPRAGIT® RS 160, 10 EUDRAGIT® RL PO, EUDRAGIT® RS PO, EUDRAGIT® RL
10 12.5, EUDRAGIT® RS 12.5, EUDRAGIT® RL 30 D, EUDRAGIT® RS 30 D, EUDRAGIT®
NM 30 D, and EUDRAGIT® FS 30 D (commercially available from Evonik Industries AG).
In another embodiment, the HEMC contains about 10 to about 60% (w/w) of methoxy content,
preferably about 15% to about 45% (w/w). Example of HEMC includes CULMINAL®, which is
commercially available from Ashland inc.

15
SOLUBILITY ENHANCER

The solubility enhancer of the present invention comprises of hydroxypropyl cellulose (HPC),
hydroxyethyl cellulose (HEC), polyvinylpyrrolidone (PVP), polyethylene glycol (PEG),
sodiumlauryl sulfate (SLS), or any combination thereof.

20 in one embodiment, the HPC has a molecular weight of about 50,000 to about 1,250,000 Da.
Examples of HPC include HPC-L, HPC-M, and HPC-SI. (commercially available from Nisso
America Inc.).

In one embodiment, the HEC has a molecular weight of about 80,000 to about 1,500,000 Da.
Examples of HEC include Natrosol®, which is commercially available from Ashland Inc.

25 In another embodiment, the PVP has a molecular weight from about 2,500 to about 3,000,000
Da. Examples of PVP includes Kollidon®, which is commercially available from BASE.

In yet another embodiment, the PEG has a molecular weight from about 200 to about 35,000
Da. Examples of PEG include PEG200, PEG400, PEG600, PEG1000, PEG2000, PEG3000,
PEG4000, PEG6000, and PEG8000.

30
PHARMACEUTICALLY ACCEPTABLE CARRIER




0.30% Total 499.96 100. 00% Table 2 Wei ght | ngredient (m)
Carvedil ol 63.46 12.69% HPMC ( Met hocel K15M 155.00 31.00% Corn
Starch 155.02 31.01% Povi done (Kol lidonO) 125.00 25.00% Magnesi um
Stearate 1.50 0.30% Total 499.98

In one embodiment of the invention, a “pharmaceutically acceptable carrier” refers to a carrier
that, after administration to or upon a subject, does not cause undesirable physiological effects. The
carrier in a pharmaceutical composition must be “acceptable” also in the sense that it is compatible
with the active ingredient and, preferably, capable of stabilizing it. One or more solubilizing agents

5 can be used as pharmaceutical carriers for delivery of carvedilol. Pharmaceutically acceptable
carriers can be selected by those skilled in the art using conventional criteria. Pharmaceutically
acceptable carriers include, but are not limited to, sterile water or saline solution, aqueous
clectrolyte solutions, isotonicity modifiers, water polyethers such as polyethylene glycol, polyvinyls
such as polyvinyl alcohol and povidone, cellulose derivatives such as methylcellulose and

10 hydroxypropyl methyleellulose, polymers of acrylic acid such as carboxypolymethylene gel,
polysaccharides such as dextrans, and glycosaminoglycans such as sodium hyaluronate and salts
such as sodium chloride and potassium chloride.

In another embodiment of the invention, a pharmaceutically acceptable carrier refers to one or
more excipients that are normally employed in the oral formulations, such as fillers, extenders,

15 binders, humectants, disintegrating agents, wetting agents, and/or lubricants. Examples of the
excipients used in the invention include, but are not limited to cellulose, microcrystalline, starch,
corn starch, lactose, sucrose, glucose, mannitol, silicic acid, citric acid, crospovidone, sodium
chloride, cetyl alcohol, glycerol monostearate, kaolin, bentonite clay, talc, calcium stearate,
magnesium stearate, and solid polyethylene glycols.

20
FORMULATION

In the present invention, carvedilol is present in an amount of about 1% to about 40 % by

weight of the formulation, and preferably about 9% to about 25%, and more preferably about
9.5% to 10.5%. The matrix-forming polymer is present in an amount of about 10% to about 80%

25 by weight of the formulation, and preferably about 2% to about 55%, and more preferably about
35% to 45%. The solubility enhancer is present in an amount of about 0.1% to about 60% by
weight of the formulation, and preferably about 1.5% to 55%, and more preferably about 15% to
25%. The excipient is present in an amount of about 0.1% to about 75% by weight of the
formulation, and preferably about 0.3% to about 35%.

30 In one embodiment, the controlled release formulation comprises a combination of about

15% to about 35% of HPMC and about 20% to about 55% of PVP. In another embodiment, the
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15 15 Table 3 Ingredient Wight (ny) Carvedi |l ol 63. 46
HPMC ( Met hocel K1OOM) 87.00 17.40% Corn Starch 87.00 17.40%
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controlled release formulation comprises a combination of about 25% to about 35% of HPMC
and about 25% to about 35% of PEG. In another embodiment, the controlled release formulation
comprises a combination of about 35% to about 45% of Eudragit and about 35% to about 45% of
HPC. In another embodiment, the controlled release formulation comprises a combination of
about 40% to about 50% of polyoxethylene oxide and about 25% to about 35% of PVP. In yet
another embodiment, the controlled release formulation comprises a combination of about 35%
to about 45% of polyoxethylene oxide and about 35% to about 45% of HPC.

The pharmaceutical composition of the present invention may be constituted into any form
suitable for the mode of administration selected. For example, compositions suitable for oral
administration include solid forms, such as pills, capsules, granules, tablets, and powders, and
liquid forms, such as solutions, syrups, elixirs, and suspensions. Forms useful for parenteral
administration include sterile solutions, emulsions, and suspensions.

The controlled release formulation of carvedilol can be prepared using any conventional
methods such as dry granulation or wet granulation followed by compression or compaction. For
example, the most common method of preparation involves mixing carvedilol with a matrix-
forming polymer and the solubility enhancer, followed by granulating the mixture, sieving the
granules formed through a 10 to 40 (preferably 20 to 30) mesh sieve, heating the granules at
about 50°C to about 70°C (preferably at about 60°C) and compressing the granules into tablets.

Details for the preparation are described in the following examples.

DISSOLUTION

A dissolution profile is a plot of the cumulative amount of active agent released as a
function of time. A dissolution profile can be measured utilizing the Drug Release Test <724,
which incorporates standard test USP 26 (Test <711>). A profile is characterized by the test
conditions selected such as, for example, apparatus type, shaft speed, temperature, volume, and
pH of the dissolution medium. More than one dissolution profile can be measured. For example,
a first dissolution profile can be measured at a pH level approximating that of stomach, and a
second dissolution profile can be measured at a pH level approximating that of one point in the
intestine or several pH levels approximating multiple points in the intestine.

A highly acidic pH may be employed to simulate the stomach and a less acidic to basic pH
may be employed to simulate the intestine. By the term “highly acidic pH” is meant a pH of
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PEG 6000 145. 00

about 1 to about 4.5. A pH of about 1.2, for example, can be used to simulate the pH of stomach.
By the term “less acidic to basic pH” is meant a pH of greater than about 4 to about 7.5,
specifically about 6 to about 7.5. A pH of about 6 to about 7.5, specifically about 6.8, can be

used to simulate the pH of the intestine.

PHARMACOKINETIC STUDY

Bioequivalence of carvedilol composition to a reference drug can be determined by an in

vivo bioequivalence study to determine a pharmacokinetic parameter for the carvedilol
composition. Specifically, bioequivalence can be determined by an in vivo bioequivalence study
comparing a pharmacokinetic parameter for the two compositions. A pharmacokinetic parameter
for the carvedilol composition or the reference drug can be measured in a single or multiple dose
bioequivalence study using a replicate or a nonreplicate design. Single doses of the test
composition and reference drug are administered and blood or plasma levels of the active agent
are measured over time. Pharmacokinetic parameters characterizing rate and extent of active
agent absorption are evaluated statistically.

The area under the plasma concentration-time curve from time zero to the time of
measurement of the last quantifiable concentration (AUC.} and to infinity (AUC,..0), Ciax, and
Thax can be determined according to standard techniques. Statistical analysis of pharmacokinetic
data is performed on logarithmic transformed data (e.g., AUCy., AUC,.c, Or Cpagx data) using
analysis of variance (ANOVA).

In other embodiments, the single dose pharmacokinetic study 1s conducted between the
controlled-release carvedilol composition and the reference listed drug using the strength
specified by the FDA in APPROVE DRUG PRODUCTS WITH THERAPEUTIC
EQUIVALENCE EVALUATIONS (ORANGE BOOK).

Under U.S. FDA guidelines, two products (e.g. an inventive composition and COREG
CR™) are bioequivalent if the 90% Confidence Interval (CI) limits for a ratio of geometric mean
of logarithmic transformed AUCy., AUC,.,, and C,,ax for the two products are about 0.80 to
about 1.25.

In one embodiment, in a given experiment, a carvedilol composition is considered to be
bioequivalent to COREG CR™ if both the Test/Reference ratio for the geometric mean of

logarithmic transformed AUCy., AUC,..., o1 Cyax ratio along with its corresponding lower and



29.00% Magnesium Stearate 1.50 0.30% Total 499.96 100.00%5 Table 5
Vi ght | ngr edi ent (o) Carvedil &1 63.30 21.10% Eudragit RSPO
117. 60 39.20%

upper 90% CI limits are within a lower limit of about 0.80 and an upper limit of about 1.25.
Thus, for direct comparison between a carvedilol composition and Coreg CR™, it is sometimes
preferred to determine the pharmacokinetic parameters for the carvedilol composition and Coreg
CR™ side-by side in the same pharmacokinetic study.

5 The controlled release formulation of the invention allows the release of carvedilol to be
extended over at least 6 hours, and preferably at least 12 hours, and more preferably at least 24
hours, after administration even when the surrounding pH turns neutral (i.c. during passage
through the small intestine in vivo).

Accordingly, the present invention further provides a method of delivering carvedilol to a
10 subject in need thereof which comprises administering to the subject a controlled release
carvedilol formulation, comprising one or more subunits disclosed and described herein.

The method of the invention is useful for the treatment of cardiovascular disorders, such as
hypertension, angina, congestive heart failure, and left ventricular dysfunction following
myocardial infarction.

15 The following examples further illustrate the present invention. These examples are
intended merely to be illustrative of the present invention and are not to be construed as being
limiting.

EXAMPLE

20  Example 1: Preparation of Carvedilol Controlled Release Formulation
The controlled release formulation of the present invention was prepared by wet
granulations followed by compression, as illustrated below:
1. The exact amount of carvedilol and other ingredients (including a matrix-forming
polymer and a solubility enhancer) were weighed, except for magnesium stearate, and
25 then transferred to a high shear granulation machine;
2. The ingredients in Step | were added to the blender and blended for 3 minutes with the
appropriate impeller and chopper speed to form a mixture;
3. The mixture in Step 2 was dispersed in ethanol and water to start the granulation
process;
30 4. The impeller and chopper settings and the characteristics of the granulation solation

were monitored;



HPC-L 117.60 39.20% Magnesium Stearate L50 0.50% Total 300.00
100.00% 16 Table 6 Ingredient Wight (4g) Carvedil ol 63.3021. 10%
Pol yox (WSR N12 NF)141. 1247. 04% Povi done (Kol lidone)94.0831. 36%
Magnesi um St ear at el. 500. 50% Tot al 300100. 00% Tabl e 7 | ngredi ent Wi ght

(mg) % Carvedi | g] 63. 3021. 10% Pol (WSR NI 2 NF).117. 6039. 20% .
P 117 6030, OSERRAALAT i Erb e WapBrouRht ot Dedoeeisito beptios aed
Exanpl e 2: Di sgQbdfleli @odg@ss 201 Snuadiidve! witdanhs Q{'&h@l@ti(ﬁ?&ﬁﬁ%ﬁnt was reached;
Forrul ati on Di ssolution was performed in accordance with the United
St at es Phar@racdpegmnglesin Sep 5 were heated in an oven at 60°C and the moisture content of the
granules was maintained at a range between 1.0% to 3.0 %;
5 7. An exact amount of magnesium stearate was weighed and mixed with the granules in
Step 6;
8. The sample in Step 7 was compressed by a high speed rotary tabletting machine to

form tablets.

10 Tables 1 to 7 show the contents of the controlled release formulation prepared in according

to the steps described above.

Table 1
Ingredient “(/:;:g)h t %
Carvedilol 63.46 12.69%
HPMC (Methocel KI5M) 145.00 25.00%
Corn Starch 145.00 29.00%
Povidone (Kollidon®) 145.00 29.00%
Magnestum Stearate 1.50 0.30%
Total 499.96 100.00%

Table 2
Ingredient “({r(:g)h ' %
Carvedilol 63.46 12.69%
HPMC (Methocel K15M) 155.00 31.00%
Corn Starch 155.02 31.01%
Povidone (Kollidon®) 125.00 25.00%
Magnesium Stearate 1.50 0.30%
Total 499.98 100.00%

5



NF 26) 711, Dissolution, Apparatus Il. Hydrochloric acid (0.1 N) was
used as the dissolution mediumduring the first 120 mm The pH of the
di ssol ution nedi umwas changed to pH 4.5 by adding a phosphate
buffer. At 240 m nutes, the dissolution nediumwas further changed to
a pH 10of 6.8 by adding a pﬁﬁ&ﬁh te buffer. Dissolution was perforned
in 900 m dissolution nediu ¢+h a paddl e speed of 100 rpm over 24
hours. Sanples were taken at suitable tigwgni ntervals and anal yzed for
carvedil ol conf®iti By nmeans of high-presgigie |iquid chfonat ogr aphy
(HPLCO) . Figureg,ld@.,;7 show the dissolutignsprofiles gbgdigable Ito
Table 7 Formul atjaons, re ively. Thesg results show. that the
controll ed re|§§¥§%wﬁkﬁﬁ?§ﬁﬁ%h preparedEﬁﬁaaccordancévaéfh Tables 1
15t 0 7 extendsCeimétaglir ati on of rel ease &d@%mai nt ai ns [dd¥guat e

di ssol ution fopodlond ®8Sliond4 hours. Exanmpkeno3: Preparabhen of the

Control |l ed Relgﬂﬁgﬁﬁgtg%hgtion (Ti Fornulﬁ}ion) Innedéﬁﬁe-Release
Subuni t InnedLaEe;Leiease_subunLLs_ueLe;pLepared by & granul ation
process fol |l owdetalby 17 conpression intd89%¥npressed $Whits, as
illustrated below 1. 76.25 Grans of carvedilol, 296.25 grans of Flow
Lac 100 (Lactose) and 125.60 grans of Methocel K I OOV were wei ghed
and bl ended for 5 m nutes; 2. The mxture in Step 1 was
screened through a 40 nmesh %g$ q* and bl ended for another 10

5m nutes; 3. The m xture in Lb 2 was transferred to a high shear
granul ator and m xed for 1 mnute; 4. WHagnm Xture in %;ep 3 was

di spersed in 286 of 95% et hanol and &Ryl of water t'6 start the
granul ati on pregessi 5. The grapukes in Stepjdowere heated in
an oven at 60C for oyr and t he noi re 10content.  of the
granul es was nﬁ% gﬁﬁgﬁgggMé range betﬁé%# 1.0%to 326”%) 6. The
granul ati on soFemBerhwas further screededl hrough a ZP0esh sieve; 7.
1.5 Gans of negmembum st earate was addegthot o sai d i nmageat e rel ease
granules in thﬁhfkﬁﬁém&§|| of a rotatorysgouble-deckogagletting

machi ne. 155 ontBEIEREE™ Subunit - SlowWrel ease subuiits were
prepared by a dvtenul ati on process fol | 4%t by conprd84¥®n into
conpressed subunits, as illustrated bel ow 1A. 240.0 G ans of
carvedilol, 600 grans of corn starch and 600 grans of Methocel K15M
were wei ghed and bl ended for 5 m nutes; 202A The m xture in Step I A
was screened through a 40 ndsblst eve, and bl ended for another 10

m nut es; 3A. The m xture in step 2 as transferred to a to a
hi gh shear gramgtkdadni on machi ne and m x ﬁ- or 1 minutex

The m xture i ep-3A-was—di et 638—5m—oef—95% et-hane
m xed for 5 25M¥ititobs; 5A. 187.5 GArk of Povi dofld®®(30 was added
and m xed for Hudrpink8r®, a further 250 ¢r#ivs of Povi dr#%K30 was added
and m xed for Jpdjnute, and another 25Q,gfpans of Povigdgne K30 was
added and m xed for 3 m nutes. A. The granul in Step 5A
were heated i n'V&ASHPSEE 60C for 8 hnu}‘go, and t%p nfﬁ'isﬁ}%urp ?ﬂrgnt ent
of the granul eboahas mai ntai ned at a raAyedtbet ween 1.109600 3.0 % 7A
The granul ation solution was further screened through a 20 nesh
sieve; 18

Vi

10



8A. 6.0 Grans of magnesi um stearate was added to said sl ow rel ease
granules in the second cell of a rotatorgy doubl e-deck tabletting
machi ne. Formation of Controll ed Rel ease Formul ati on 5The bi-|ayered
controlled release formul ati on was forned by conpressing the slow
rel ease granules in Step 8A and imredi ate rel ease granules in Step 7
in the rotating doubl e-deck tablg?'?'feﬁg machi ne. The resulting
controll ed rel ease carvedilol formlatyggecontained a total of about
63. 46 my of cafFeEd™ ol . Table 8 shows thg i ngredi ent s”of the
controlled relgasgi,formulation (Ti forgdgation), manpuij@ctured by the
process described above. 10 Table 8 |ngredient Wi ght

| medi at e- Rel €258 SIBUNANY  carvedi | ol*1%. 46 2. 9% ﬁ% ﬁ/en?%ocel K1
OCLV) 25. 04 4. .B%itrafadisen®9. 20 11. 3% Mgbesi um St eardd® 0. 30 0. 0%

Sl ow Rel ease SUbHAIub'Stearafear vedi [ ol 48. QGp9. 1% HPMC (JMethocel KLSM

120.
0.00 Total 300 100.00%
Table 7

Ingredient Weight (mg) %
Carvedilol 63.30 21.10%
Polyox (WSR N2 NF) 117.60 39.20%
HPC-L 117.60 39.20%
Magnesium Stearate 1.50 0.50%
Total 300.00 100.00%

5  Example 2: Dissolution Test of Carvedilol Controlled Release Formulation
Dissolution was performed in accordance with the United States Pharmacopeta (USP 31-

NF 26) 711, Dissolution, Apparatus II. Hydrochloric acid (0.1 N) was used as the dissolution
medium during the first 120 min. The pH of the dissolution medium was changed to pH 4.5 by
adding a phosphate buffer. At 240 minutes, the dissolution medium was further changed to a pH

10 of 6.8 by adding a phosphate buffer. Dissolution was performed in 900 ml dissolution medium
with a paddle speed of 100 rpm over 24 hours. Samples were taken at suitable time intervals and
analyzed for carvedilol content by means of high-pressure liquid chromatography (HPLC).
Figures 1 to 7 show the dissolution profiles of Table 1 to Table 7 Formulations, respectively.
These results show that the controlled release formulation prepared in accordance with Tables 1

15  to 7 extends the duration of release and maintains adequate dissolution for at least 24 hours.

Example 3: Preparation of the Controlled Release Formulation (T1 Formulation)

Immediate-Release Subunit

Immediate-release subunits were prepared by a granulation process followed by



22.8% Corn starch 120.00 22.8% PVP 137.50 26. 2% Magnesi um St ear at e
1.20 0.0% Total 526.7 Exanpl e 4: Preparation of the Controlled
Rel ease Formul ation (T2 Fornul ati on) | medi at e- Rel ease Subuni t

151 mredi at e-rel ease subunits were prepared by a granul ati on process

foll owed by cqonpression into conpressed sybunits, as illustrated
bol ow  SOMPESET BHO AN ESSEL SRR br }1?%%?6%%6@%% of Flow Lac 100

(Lact ose) fngsb2%:ffs OF AfPeddbl, ¥96 D9 GRIm G FRE¥ Y .88 06 (MRIBBEAIANY.60 grams of
bl ended for 5 m nutes 2. The mxture in Step 1 was screened

t hrough a 40MetlslrekkK 80M,V wott wiéigmmlieohd fodended &irPeminii@®s20nmi nut es; 3. The
m xture in, S 2 was transferred to_.a high shegr .granul ati chi,ne
Bnd i xed o T miktitia SteBuaS Soiiraeditfovi e E Gy, it Mo S 4PeEgeR 10
200 g of 95%sigthanol and 55l of water to start the granulation
process; 5. The granules in Step 4 were heated in an oven at 60C for

8 hours, ahdThheixipiesn$itep Tonas amsiafedtine highahghragandaionandniichéd laningte;

range between,1.0%ta 3.0 % 56. The .gr.anul,at. | utio s further
ser oened Uhr Qg A usgn g reEperied i 280 i FoS B s b 2 ey e
was added t otgairghulditRGradess;r €l ease granules in the first cell of a
rotatory doubl e-deck tabletting machi ne. Sl ow Rel ease Subunit

10SI ow r el 'eadée guabules SRR favase besdeddd abyven g R0 fax ¥ bpurprasd dhgsmoisture

foll db i i . : ted
et 860 3 a” BTGP il by SR GFRE LS MBS b hspR T 04 P8 121, 1500
grams of Net maggtanillabdh anehi&Dwey RifBeQicredael thdgaurad m&ihlsiate were

wei ghed and the m xture was blended for 5 mnutes; 2A. The mxture in
Step | A wak dcrlaams@f oreoesgan steaplamanddpdipsaidinmmeligis gdepse granplsstmibe

first cell of a rotatory double-deck tabletting machine.

15  Slow-Release Subunil

Slow-release subunits were prepared by a granulation process followed by compression into
compressed subunits, as illustrated below:
1A. 240.0 Grams of carvedilol, 600 grams of comn starch and 600 grams of Methocel K15M
were weighed and blended for 5 minutes;
20 2A The mixture in Step 1A was screened through a 40 mesh sieve, and blended for another
10 minutes;
3A. The mixture in step 2A was transferred to a to a high shear granulation machine and
mixed for 1 minute;
4A. The mixture in Step 3A was dispersed in 638.5ml of 95% ethanol and mixed for 5
25  minutes;
5A. 187.5 Grams of Povidone K30 was added and mixed for 1 minute, a further 250 grams
of Povidone K30 was added and mixed for 1 minute, and another 250 grams of Povidone K30
was added and mixed for 3 minutes.
6A. The granules in Step SA were heated in an oven at 60°C for 8 hours, and the moisture
30 content of the granules was maintained at a range between 1.0% to 3.0 %;

7A. The granulation solution was further sereened through a 20 mesh sieve;



1510 m nut es; 3A. The mxture in Step 2A was transferred to a to

a high shear granulator and m xed for 118n nute; 4A. The m xture

in Step 3A was dispersed in 1374mL of 95% et hanol and 1832nil of water
and m xed for 3 mnutes; 205A. The granules in Step 4A were heated in
an oven at 60C 8 hours, and the noisture cantent of the granules
s et nt i Hech AETalns QS st e 0 6010 T 94 SN S GRARGF S i second
sol uti OQeH"%?afrd%étbﬂﬁéoﬁfer-@&ﬁ%bléthﬁgﬁﬁ@hiﬂe.20 mesh seive; 7A. 6.0
Grans of nmgnesi ur stearate was added to said slow rel ease granul es

in the second cell of a rotatory doubl e-deck tabletting machine. 25
Formati%n of .Cong ol | ed. Re] ea FOi’mJ| ation The bi -1 ayered

controll LGy ; ; rmed by conpressing the slow

rel egse gramy @agy&ecﬁs(ﬁ&om Aldhsd MRHIaBbE WaS kRARE by comblBSing theS P release
in the rotating doubl e-deck tabletting nmachine. The resultin

cont r ol lgeahutas|ie 8t SPanviedirheliate orleast gtanoles sobicpi/ netheaotagnaogile-deck

30about ,63. 46 f dilol. T h he i di ents. of, th
cont rol 105e 5 BRgEne o S Bk cot el slemaerang MRS BB g of
above prBReR3.46 mgor dabldlod TANER R he Wair@hiént{ HDthe korRAicat€lc3el ease

Subuni t: Carvedi | ol 15.46 2. 7% HPMC(KI V) 25.04 4.5% Lactose
59. 20 1d0owoslatan(ddifomeatiay anendactered by the process described above.

10
Table 8
Ingredient Weight (mg)
Immediate-Release Subunit:
Carvedilol 15.46 2.9%
HPMC(Methocel K100LV) 25.04 4.8%
Lactose 59.20 11.3%
Magnesium Stearate 0.30 0.0%
Slow-Release Subunit:
Carvedilol 48.00 9.1%
HPMC (Methocel K15M) 120,00  22.8%
Corn starch 120.00  22.8%
PVP 137.50  26.2%
Magnesium Stearate 1.20 0.0%
Total 526.7
Example 4: Preparation of the Controlled Release Formulation (T2 Formulation)
Immediate-Release Subunit
15 Immediate-release subunits were prepared by a granulation process followed by
compression into compressed subunits, as illustrated below:
1. 76.25 Grams of carvedilol, 296.25 grams of Flow Lac 100 (Lactose) and 125.60 grams
of Methocel K100LV were weighed and blended for 5 minutes
2. The mixture in Step 1 was screened through a 40 mesh sieve, and blended for another 10
20 minutes;

3. The mixture in Step 2 was transferred to a high shear granulation machine and mixed for

1 minute;



0. 0% S| ow Rel ease Subunit: Carvedi |l ol 48.00 8. 6% HPMC ( Met hocel
K15M 300.00 53.6% Corn starch 100.00 17¢ 9% Sodi um | auryl sul fate
10.00 1.8% Magnesium Stearate 1.20 0.0% Total 559.2 Exanpl e 5:

Di ssol ution Test of Carvedilol Controlled Rel ease Fornulation (T1/T2

Formul ationg) 5Di ssol ution was perfor i N _accqordance. w t he i
Uni ted” St arbs REREEHSISD | aptarerpd Beyo e Sara Bt Fishosufiaratsive
|'I. Hydrochl orj.¢ @€l nmgﬁ&#%og@§.used as the dissolution nmedi um
during the first 120 m n. e pH of the dissolution nedi um was

changed t o pHTheFrdmpleaddbieyg 4avqrhbsgserhineaninyvich e 60°At fop 3 howispandgke mipfséure
di ssolution nmediumwas further changed to a pH.of 6. i,Lhg a
phosphat e buf FEMERLSQaeF G, B e haduTi g0t B sCEPR on

medi ym wi t he a T oPALMkiBn SABE6h Rhs ARBcF RMAYE ThrfbhNOM SieshIaER) es wer e
taken at suitablée tine intervals and anal yzed for carvedil ol content

by means of 7-hilghGpmessd magnediemistbarsiy wanadsigd spsajd (ipedijte release graputpgrethe
8 shows t he di ol ytion . profil f, T/ T2 Fornul ati ons and reference
drug, Coreg CE@ShﬁEF%PQV#VE%V§¥F£%¥%§?$5ﬁ$ . The result shows

that the controlled release fornul ati ons prepared in accordance with
Tables 8 and 9 extends the duration of release and 15mai ntai ns

aﬂequatéﬂﬂ%ﬁﬁ%ﬁﬁi%ﬁh&ﬂor at :east 24 hours. Exanple 6: Preparation of
t t : ' ' i - .
o RS ERLT BB ST, RO TR B S5 Bledain

gr anul atdoaiprek@Cesanitsohd Muaehtiybelow:
1A. 240.0 Grams of carvedilol, 500 grams of corn starch, 1500 grams of Methocel K15M
and 50 grams of Sodium Lauryl Sulfate were weighed and the mixture was blended for 5 minutes;
2A. The mixture in Step 1 A was screened through a 40 mesh sieve, and blended for another
15 10 minutes;
3A. The mixture in Step 2A was transferred to a to a high shear granulator and mixed for 1
minute;
4A. The mixture in Step 3A was dispersed in 1374ml of 95% ethanol and 1832ml of water
and mixed for 3 minutes;
20 5A. The granules in Step 4A were heated in an oven at 60°C for 8 hours, and the moisture
content of the granules was maintained at a range between 1.0% to 3.0 %j;
6A.The granulation solution was further screened through a 20 mesh seive;
7A. 6.0 Grams of magnesium stearate was added to said slow release granules in the second
cell of a rotatory double-deck tabletting machine.
25

Formation of Controlled Release Formulation

The bi-layered controlled release formulation was formed by compressing the slow release
granules in Step 7A and immediate release granules in Step 7 in the rotating double-deck
tabletting machine. The resulting controlied release carvedilol formulation contained a total of

30  about 63.46 mg of carvedilol. Table 9 shows the ingredients of the controlled release

formulation (T2 formulation) manufactured by the above process.



20conpression into conpressed subunits, as illustrated below 1. 4
G anms of carvedilol, 32.5 grans of G anmd ac 200 and 13.5 grans of
Met hocel K1 OOLV were wei ghed and bl ended for 5 mnutes; 21 2. The
ingredients in Step 1 were transferred to a high shear granul ation
machi ne and m xed for 1 mnute; 3. The mxture in Step 2 in was

di spersed in 20 m of 95% et hanol and Tgblgh of water to start the

granul aff *Qdi Itjl,gocess, SZThe granules in Step 3 Wer eeaf Inan
oven at i 8—hoH-s—and—the—rpi-sttH-e—cort-ert-——ef—H was

mai nt ai B gRelgpgubEliieen 1. 0% to 3.0% 5. The granul ation

sol ut i o anesdilskr eened t hr ough a 20 nesh sieve; 6. 0.W5%G am-8f
magnesi HRMCEAIMId Was added to said i medi ate rel eadeldgrartb®Bs in
the firdfaciwed| of a rotatory doubl e-deck tabletting 5%2thi nel0.6%

Sl ow RelngasRsioslBtadrhte Sl owr el ease subunits were (q3@Epar ewWoly a

gr anul atghgp_gy[éggg§§ojnm | oned by conpression into conpressed subunits,
as illugt bel ow. 1A. 27.7 Grams of carvgdij ol ,g 60 gram;
of corn gﬁ,[e%% llﬁ%l%ams of Methocel K1 5M 15werg,we gheds

bl ended tes 2A. The m xture in Step | oS t{%];ferred
to a hi %g& rt]ulatlon machi ne and m xed for 1 ut e; 3A
The mi xt fi%‘n? é@ BA was di spersed in 63.9m of 95% hanof ®and

mi xed fQfegnepipmdtearateon4A 18 8 Grans of Povi done K302%as A4H%d and
m xed fd@otd mnute, a further 15.0 grans of Povi doned5¥(230 was added
and m xéd for I mnute, and another15.0 grans of Povidone 1(30 was
added and m xed for 3 m nutes. 5A. The granules in Step 4A were
heat ed iExamplofeDisaolu6oC Tesk ofCiadidol Gondralled Rebéast oemution (T 102 t he
granul es, was . mai ntai ned at a range between 1.0%to 3.0% 256A. The

gr anul afFOSH‘“%‘HFW} on was screened through a 20 mesh sieve; 7A.

0.8 @ am of DRBANES] W SdrRRfal & YRSrARACOUIE el RiiGd ShAW PiRkBASHeia (USP 31-NF
granules in the second cell of a rotatory doubl e-deck tablettin

machi ne 261F61hé1wsomt®h, @pmrat@s leHytorblage add (GriNAWiad Hsed orF e CBssollg@err@feﬂmm
controlledr ase orrru n s..fo [ ressin
ol ene Gk feais 1202, Bhb Abs WG IRE nR TS ERElL00 1 AT S BMhddine o

in the rp@bé}ﬂl'afégnﬁféb!bAﬁZﬂﬁﬁlKlutéﬁ,ztHeQiDsls@Ihhblﬁl@eﬂﬁQhWQ@furtﬁbﬁcHaﬁgdd tbia@! of 6.8 by
controll'ed rel ease carvedilol fornulation contained a total of about

63. 3 ng adlingamhestihiats buffr:aB?iéscﬂ'@ﬁicshwerﬁaén%igﬁ@air@lrﬁi%ﬁomﬁ% peedium with a

controlle rel e S8 r.oul at i d e

pr oc8ss P g%IC PP Be (§’ EO\I;pem Ogéllla"(lg1 { al%g)fr% &V? tgﬁ% [ gﬁfgﬁ%)lﬁgwg% chl
analyzed for carvedilol content by means of high pressure liquid chromatography (HPLC).

Figure 8 shows the dissolution profiles of T1/T2 Formulations and reference drug, Coreg
CR™ (commercially available from GSK). The result shows that the controlled release
formulations prepared in accordance with Tables 8 and 9 extends the duration of release and

15 maintains adequate dissolution for at least 24 hours.

Example 6: Preparation of the Controlled Release Formulation (T4 Formulation)
Immediate-Release Subunit
Immediate-release subunits were prepared by a granulation process followed by
20 compression into compressed subunits, as illustrated below:
1. 4 Grams of carvedilol, 32.5 grams of Granulac 200 and 13.5 grams of Methocel
KI100LV were weighed and blended for 5§ minutes;



| medi at e- Rel ease Subuni t: Carvedilol 8.0 1.2% G anul ac 200
(Lactose) 65.0 10.1% Met hocel (KIOOLV) 2i7.0 4.2% Magnesi um Stearate
0. 30 0. 0% S|l ow Rel ease Subuni t: Carvedil ol 55.3 8.6% Corn starch
120.0 18. 6% Met hocel KI5M 230.0 35. 7% Povi done K30 137.5 21. 3%
Magnesi um Sj ea[rhate 1
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€ mgredigntso inzso{%p 1 were transferred to a high shear granulation machine and

mixed for 1 minute;

3. The mixture in Step 2 in was dispersed in 20 ml of 95% ethanol and 5.5ml of water to
start the granulation process;

4. The granules in Step 3 were heated in an oven at 60°C for 8 hours, and the moisture
content of the granules was maintained at a range between 1.0% to 3.0 %,

5. The granulation solution was screened through a 20 mesh sieve;

6. 0.15 Gram of magnesium stearate was added to said immediate release granules in the

first cell of a rotatory double-deck tabletting machine.

Slow-Release Subunit

Slow-release subunits were prepared by a granulation process followed by compression into
compressed subunits, as illustrated below:

IA. 27.7 Grams of carvedilol, 60 grams of corn starch and 115 grams of Methocel K15M
were weighed and blended for 5 minutes;

2A. The mixture in Step 1A was transferred to a high shear granulation machine and mixed
for 1 minute;

3A. The mixture in Step 2A was dispersed in 63.9ml of 95% ethanol and mixed for 5
minutes;

4A. 18.8 Grams of Povidone K30 was added and mixed for 1 minute, a further 15.0 grams
of Povidone K30 was added and mixed for 1 minute, and another15.0 grams of Povidone K30
was added and mixed for 3 minutes,

5A. The granules in Step 4A were heated in an oven at 60°C for 8 hours, and the moisture
content of the granules was maintained at a range between 1.0% to 3.0 %;

6A. The granulation solution was screened through a 20 mesh sieve;

7A. 0.8 Gram of magnesium stearate was added to said slow release granules in the second

cell of a rotatory double-deck tabletting machine.

Formation of Controlled Release Formulation

The bi-layered controlled release formulation was formed by compressing the slow

release granules in Step 7A and immediate release granules in Step 6 in the rotating double-deck



Total 644.70 Exanpl e 7: Dissolution Test of Carvedilol Controlled
Rel ease Fornul ation (T4 Fornul ati on)Di sgpl ution was perfornmed in
accordance with the United StatesPharnmacopeia (USP 31-NF 26) 711,
Di ssol ution, Apparatus Il. Hydrochloric acid (0.1N) was used as the

10 dlssolutlon medi um during the first 120 mn pH of t
di ssol uttatdeftingBaghinga shersam @ac%r%hqﬁ aelsassyaraafhlolgorgn%@gﬁﬁgqa@ed a total of

buffer. e I ed to
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for mul atFoQﬂmlJt?&J)ElsHutl(?@ﬁaﬁﬁérﬁfrﬁﬁ@(ﬁoﬁcc&@ﬁw wittVR- Uditc@rshatesPMBMnacopeia
(USP 31-NF 26) 711, Dissolution, Apparatus Il. Hydrochloric acid (0.1N) was used as the

10 dissolution medium during the first 120 min. The pH of the dissolution medium was changed to
pH 4.5 by adding a phosphate buffer. At 240 minutes, the dissolution medium was further
changed to a pH of 6.8 by adding a phosphate buffer. Dissolution was performed in 900 ml
dissolution medium with a paddle speed of 100 rpm over 24 hours. Samples were taken at
suitable time intervals and analyzed for carvedilol content by means of high pressure liquid

15 chromatography (HPLC).

Figure 9 shows the dissolution profile of T4 Formulation and reference Drug (Coreg
CR™). The result shows that the controlled release formulation prepared in accordance with

Table 10 extends the duration of release and maintains adequate dissolution for at least 24 hours.

20 Example 8: PK Data of the T4 FormulationAn open-label, two-way, crossover study of
the T4 Formulation versus Coreg CR ™ was performed in normal healthy subjects. This study

addresses the bioequivalence of carvedilol from the T4 Formulation under relevant clinical



MRT 11112 RSQ (ng/ mx1lw) (ng/nmixhr) AUCO3 (ng/mL) (hr) (1w) (1w
Ref er ence drug Mean864. 4 976.3 8% 7 115.229 6.83 12.34 7.25
0.9730 SD501.7 596.8 4.2 44.350 3.54 2.43 2.33

conditions.

Study Design:
Twelve healthy subjects with stable vital signs, a body weight above 50kg and ability to

communicate with the investigators were included in this study. The two dosing periods were

5  separated by a washout period of at least three days. The two dosing regimens were as follows:
25mg of T4 Formulation and 25mg of Coreg CR™, administered 30 minutes after the initiation
of a standardized breakfast preceded by an overnight fasting. Blood samples were taken 30
minutes before dosing (0 h) and 1.5, 3,4, 5,6, 7, 8, 10, 12, 14, 16 and 24 hours post dose for the
T4 formulation and Coreg CR™.

10  Results:

Table 11 summarizes the mean pharmacokinetic parameters of carvedilol after subjects

received Coreg CR™ (Reference drug) and T4 formulation.

Table 11

Parameters AUC@,[ AUCg_g; AUC[}_tII Cm“ Tmax MRT T]/z RSQ
(ng/mLxhr) (ng/mLxhr) AUC,., (ng/mL) {hr) (hr) {hr)

Reference drug

Mean 864.4 976.3 89.7 115229 6.83 12.34 7.25 0.9730
SD 501.7 596.8 472 44.350 3.54 243 233 0.0176
CV(%) 58.0 61.1 4.7 38.5 51.8 19.7 322 1.8
Test drug (T4)

Mean 7794 950.0 83.7 116783 521 14.98 10.98 0.9638
SD 452.6 527.2 14.0 93.013 3.88 8.60 7.30 0.0562
CV(%) 58.1 55.5 16.8 79.6 744 57.4 67.0 58

15

Table 12 shows a summary of pharmacokinetic ratio of Coreg™ (Reference drug) and T4

Formulation.

20



0.0176 CV(%58.0 61.1 4.7 38.5 51.8 19.7 32.2 1.8 Test drug (T4)
Mean779. 4 950.0 83.7 116.783 5.21 14.982410. 98 0. 9638 SD452. 6 527. 2
14.0 93.013 3.88 8.60 7.30 0. 0562

Table 12
PK Value
5 AUCqy, AUCy Cinax
Comparison Ratio Ratio Ratio
T4/R
Geometric Mean ratio  0.8962 0.9749 0.8632
10
T4/R
Mean ratio 0.9017 0.9730 1.0135
15 Figures 10(A) and 10(B) show the mean plasma concentration-time profiles of carvedilol

after subjects received Coreg™ and the T4 formulation, These results show that the T4
Formulation provides an immediate loading dose of carvediolol, extends the duration of

carvedilol release and maintains an adequate plasma concentration for at least 24 hours.



CV(9%958.1 55.5 16.8 79.6 74.4 57.4 67.0 5.8 15 Tabl e 12 shows a
summary of pharmacokinetic ratio of CoreyTM (Reference drug) and T4
Formul ation. 20 24 Table 12 Conparison AUCo-t Ratio PK Val ue Cnax

Rati o

AUCa. Ratio T4/R Geonetric Mean ratio 0.8962 0.9749

0.8632 W}&T IS CLAIMED IS:
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1. A controlled release formulation, comprising:
(a) a therapeutically effective amount of carvedilol free base or carvedilol salt thereof;
(b) a matrix forming polymer comprising one or more of the following: about 20% to about
60% by weight of Methocel K15M, about 15% to about 20% by weight of Methocel
K100M, about 25% to about 35% by weight of Methocel E4M, about 35% to about 45% by
weight of Eudragit RSPO, or about 35% to about 55% by weight of WSR N12NF;
(¢) a solubility enhancer comprising one or more of the following: about 25% to about 55%
by weight of Povidone, about 25% to about 35% by weight of PEG6000, or about 35% to
about 45% by weight of HPC-L; and
(d) an excipient comprising one or more of the following: about 15% to about 35% by weight
of corn starch, or about 0.1% to about 2% by weight of magnesium stearate.
2. The controlled release formulation of claim 1 wherein the carvedilol is carvedilol free base.
3. A controlled release formulation comprising, two or more subunits wherein at least one of said
subunits is an immediate release carvedilol subunit comprising a therapeutically effective amount
of carvedilol free base or carvedilol salt thereof, a matrix forming polymer, a solubility enhancer
and a pharmaceutically acceptable carrier, and wherein at least one of said subunits is a slow
release carvedilol subunit comprising a therapeutically etfective amount of carvedilol free base or
carvedilol salt thereof, a matrix forming polymer and a pharmaceutically acceptable carrier.
4, The controlled release formulation of claim 3 wherein the carvedilol is carvedilol free base.
5. The controlled release formulation according to claim 3, wherein the matrix forming polymer
comprises one or more of the following: hydroxypropyl methylcellulose (HPMC),
polyoxethylene oxide, alginate, methylcellulose, ethycellulose, methacrylic copolymer, or
hydroethylmethylcellulose (HEMC).
6. The controlled release formulation according to claim 3, wherein the solubility enhancer
comprises one or more of the following: hydroxypropyl cellulose (HPC), hydroxyethyl cellulose

(HEC), polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), or sodium lauryl sulfate (SLS).

7. The controlled release formulation of Claim 5, wherein ethycellulose contains about 20% to
about 80% (w/w) of ethoxyl.

8. The controlled release formulation of Claim 5, wherein the methoxyl content of the
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recei ved CoregTM and the T4 formul ati on. These results show that the
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formul ation of claim3 wherein the carvedilol is carvedilol free

base. 5.11THbe comtallst iredase dprmadasionccaerndang toslairs dowlémin the carteillnd Bglease
wherein t he trix.form ol ymer.co i,se ne or ,nmore of the

Fol | owt TG BRSXDBIE By methOFEER TapoBLA A Vs g FoxErflyaca glasma Toue
oxi de, abghdiabe noiBlahyl Gl ddminseatict Bycskiksl ose, methacrylic

copol ymer, or hydroet hyl met hyl cel | ul ose (HEMC). 256. The controlled
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(PVP), pol et ihtapagically e@bctivEBbuntst cah@Uu fta@wayd orsivieall sl saBkiR)eof;
(i1) about 4% to about 5 % by weight of a matrix forming polymer comprising one or more of
the following: hydroxypropyl methylcellulose (HPMC), polyoxethylene oxide, alginate,
25 methylcellulose, ethycellulose, a methacrylic copolymer, or hydroethylmethylcellulose
(HEMC); and
(iii) about 0.01% to about 0.1% by weight of an excipient; and
B. one or more slow release subunits, comprising;
(1) a therapeutically effective amount of carvedilol free base or carvedilol salt thereof;

30 (i) about 20% to about 55 % by weight of a matrix forming polymer comprising one or more
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18. The controlled release formulation according to claim 12, wherein the controlled release
formulation exhibits a first peak plasma Tyax; of about 4 hours, and a second peak plasma Ty

30 of about 24 hours after oral administration to a patient.
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