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CONTROLLED RELEASE FORMULATION OF CARVEDILOL

IIELD OF THE INVENTION
The present invention relates to a controlled released carvedilol formulation for less
frequent, preferably once daity administration. More specifically, the present invention also
relates to the use of such controlled released formulation in the treatment and/or prophylaxis of

one or more conditions in subjects suffering from, for example, cardiovascular disorders

BACKGROUND OF THE INVENTION
The chemical name of carvedilol is ((£)1-(carbazol-4-yloxy-3-[[2-(o-

methoxyphenoxy)ethy!]-amino]-2-propanol), the structure of which is shown as follows:
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Carvedilol is a nonselective beta-adrenergic blocking agent with vasodilatory actions due to
alpha-adrenoreceptor blockage. It is commonly used for the treatment of cardiovascular diseases,
such as hypertension, congestive heart failure or left ventricular dysfunction following
myocardial infarction. The anti-hypertensive actions of carvedilol result primarily from alpha-
adrenoreceptor blockage, whereas the beta-adrencrgic blocking action prevents the unwanted side
effect, mainly reflex tachycardia, when used in the treatment of hypertension.

However, carvedilof has certain disadvantages in the treatment of medical conditions. For
example, carvedilol is known to have solubility and stability problems and poor bicavailability.

It is a weak base, so the solubility depends on the pH value. At pH values in the
pharmaceutically relevant range of 1 to 8, the solubility of carvedilol in aqueous media increases
from about 0.01 mg/ml to about 1 mg/ml. Furthermore, carvedilol presents low solubility in
water, gastric fluid (simulated, TS, pH1.1) and intestinal fluid (simulated, TS without pancreatin,

pH 7.5). Carvedilol also presents a narrow absorption window. The relative absorption of



(a) a therapeutically effective anobunt of carvedilol free base or
carvedilol salt thereof; (b) a matrix fa@rm ng pol ynmer conprising one
or nore of the follow ng: about 20%to about 60% by wei ght (e.qg.
about 25%to about 35% by wei ght) of Mat hocel KI5M about 2515%to
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30 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



copol ymer, or hydroet hyl met 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

cel lul ose (HEC), polyvinylpyrrolidone (PVP), polyethylene glycol

(PEG, or sodiumlauryl Ssulfate LS); ;and.(iv) ahout. 0.01% to about
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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;
(i) a therapeutically effective amount of carvedilol free base or carvedilol salt thereof;
(i1} 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
granules into a tablet. According to one enbodi nent of the
present invention, the step of granulating said first mxture further
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in Table 3; re 4. s he dissolution profile of the controlled
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shows the dissolution profile of the controlled releasé formulation

i n Tabl @y@roeﬁyguﬂtbylﬁ’elhxhswﬁiﬁmg) o o bt d A%poabolted 066 (W/h\é cont rol | ed

rel ease for on inT u shows the di.ssol on

brof 116 of Afreae Gt ebplo ?%wssepﬁmﬁﬁﬁoas&%%me@t ColtpriRes one or more
respect |0Y§{6W011§\9Fg91d5@seg cSRQANECH Hem Ritdténeprofile of the T4
formulation in Table 10; Figure 10(A) shows the nean plasm

concentr at |Wdln$tomn9ﬁmb@dlwn@éﬁhfemﬁmt inwentiont the coritradlad rel@sofoginnlatien

ft t d th f
2nd t he STOBTGT HP S P B RS megt S nl R EPA GER o B Sl M mtgree
pl asye GoREAMonAS h ébxﬁém@m@ﬁrp&mb@rmm&afanﬁéméal AVCHR bh@e kFgehdeif@d (Coreg

ordi nate ter subg)ects received the reference drug (CoregTM (9
R- Mean) (hd) phebowd. B9 trabaniak-7@er (A T- Mean). DETAI LD DESCRI PTI ON OF

THE | NVENTI rLese ent i a cq roI | e ase
Carved ol TOACIE BIESEBimbiRR s iR A Pllsat B Ramritemr st O R E
of car v@ﬁh&f@h—n&m@cgh@ﬁtﬁ@@@mm@@kéwasae&ﬁmmheo 8 abdméthieheah of BgAMthiix
form ng pol a solubility enhancer, an fphar maceut i cal |

a(r:] cept alﬁllaéif}@/gg?rff APCo of the rqfﬁf@@&f%@(ﬁ@@@& et abaat (b Eeabout hé%rﬁr i on,
t t t
V\,hgr g.oﬂ ;? easn{t%'lleg‘?’eefeagg i uf'attmﬁ %xfuﬂﬁL Hga%ﬁy f‘ﬁ?ggﬁﬁle%rrgea%boqlf@%a%ﬁm&c

wher ei n tahsfbhh@pG ], Oflﬁ?leS:Uﬂill;tﬂleﬂ rbiﬁasa Fmsﬂmxmfﬁb easehesichtidintol Iddagithmic
controlled rel ease formul ati on delivers the desired pharmacokinetic
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50r ot her pharnaceutically acceptable configuration that can deliver
carvedi | ol al one or when conbined with &t her subunits. "The
effective anount,"” as used herein, refers to an anount that

all eviates or reduces one or nore synptons of cardi ovascul ar

di seases, such as hi bl ood pressure, shortness of breath, and ankl e
swel [ing. The tehm " cSROMEMG T BRLauL R 19l S RUFeriT efrs to
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hour o, - CARVED! Lot 10 0% Fatfir 53 Yoy Sref aipaEEHpTAG 8 ﬁ["at%“}{a
conpki ses a therapeuthxalky effective amount of carvedilol, which can
be prepared by known nethods, for exanple, U 'S. Patent No 4,503, 067,
whi ch is incorpofiat ed\iingbpuby.0fetoegbentc) %o by wrightedpediubBity enhancer to said
carvedilol is in the f&r meg(l)‘fotrrrr\le Sfe[:(c)aed ba}{ . "Pharmaceutical ly
acceptable salts"” in Pufjfler eV IVEY P& vedi 1 ol , wherein

carvedilol is 2Qppdi fGRAulbNndEid BGoAC rihkiGresalotsaidishedRiofrafmi@ides  of
pharmaceutically acceptable salts include, but are not limted to
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met hanesul fAarbelindemp kabydigrhvethd plesehinientioncthdep od praadiatiog said first
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hydr obr e fugtheteumnrises headng s distduixtuie@pbAdaimpeRiuss ahayg e C pmbout 70°C.
phospha r i ;g : : k :
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mat ri x- PYFRG r%ﬁ me Yatri x-form ng polyner as used in the
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WSR N- 8ecsiitivelyt yox TM WBR N- 750 NF, Pol yoxTM WBR- 205 NF, Pol yoxTM

WER-.1105.. NF, ,Pol yoxT N1 l.y QX W5 6 NF, Pol yoxTTm
V\SR?%oﬁh%i‘fé %851%/%5&@%“%@%%@%@%%&@25‘%81 ‘OB(‘)‘FR;% (I\%/ﬁV\SR- 303 NF
(commer Gigkd yo@yahdwadihe nidad e Chesmaadn-GaEpamiy otaivdidioLwRH the Lincar



30l n yet anot her enbodi nent, the ethycellul ose contains about 20%to
about 80% (w w) of ethoxyl, preferably about 45%to 55% (W w).

Exanpl es of ethycellul ose include ETHOCEL 9 Standard 4 Prem um
ETHOCEL Standard 7 Premium ETHOCEL Standard 10 Prem um ETHOCEL
Standard 14 Prem um ETHOCEL Standard 20 Prem um ETHOCEL Standard 45
Pr em unprdamde HiiCOHectSrantad theldRrdice diugntCoserarl bi(al R-)Wamphddihlb a4
from Dow Chem cal Conpany). 5in another enbodi ment, the nmethacrylic
copol yner has. a nol ecul ar weight in the range from about 10,000 to
about ~ 1fesowlasen (bal- Mgahii¥s of nethacrylic copol yner incl ude
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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 I ndustries
AG .5  formwlasieadAet- Ma®Ydi ment, the HEMC contains about 10 to about
60% (W w) of methoxy content, preferably about 15%to about 45%
(ww) . Exanple of HEMC includes CULM NAL(r), which is commercially
avai l abl e from Ashland Inc. 15 SOLUBI LI TY ENHANCER The solubility
enhancer of the present invention conprises of h drosﬁg

cel lul ose (HPC), hydr A& BARR DHCRI N GHC) HE BY Y § r roI i done
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whi ch is conefifphik hébe@ﬁ’ﬁ‘tﬂl@]%}je&nt frﬁ@ﬁtﬁﬁhhﬁ%ﬂﬂr@i@ed 2Rh & ARG includes two
enbodi ment, the PVP has a ecul ar wei ght from about 2,500 to about

3 000, 00OmDe: subngite bsreof at Bt oreclubaigsis ko imuodigte)releedel” shburst and wherein at

| l.abl e f ASF. t t nmbaodj. .
Do nclohed ﬁ'r“at?isagﬁlaﬁ? Aerssositmait Boo o RRT et TRR T fnvels e
Exanpl egepled BESZniaR6kHER: 7 q‘el@ v RESORAQ FrEEG1LAR9- a ﬂ@@%@l@@se subunit
PEG3000, PE&X000, PEGS0 O an 0. 30 PHARMACEUTI CALL

ACCEPT AthiaErcfyaRe @rvedilol slowiy; mdcmerrmﬂﬁmﬂ&n@mse sdbunhighdt meﬁe&tﬂes omvedalol more

"phar maceu al | able carrie ers t carri at
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corn starch, |actose, sucrose, glucose, mannitol, silicic acid,
citric acid, crospovidone, sodiumchlori7zde, cetyl alcohol, glycerol
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25t hen transferred to a high shear granul ation machine; 2. The
ingredients in Step 1 were added to the9bl 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
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St ear at d 06, IPRAGIT® RS 100, 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-SL (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 BASF.

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 Wi 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 lidon0O) 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 carner
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
electrolyte solutions, isotonicity modifiers, water polyethers such as polyethylene glycol, polyvinyls
such as polyvinyl alcohol and povidone, cellulose derivatives such as methylcellulose and

10 hydroxypropyl methylcellulose, 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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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
liguid 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 Ievel 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,
spectfically 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 (AUCy.) and to infinity (AUC,..), Cinayx, and
Thax can be determined according to standard techniques. Statistical analysis of pharmacokinetic
data is performed on logarithmic transformed data (e.g., AUCgp., AUC,.c0, 0r Cgx data) using
analysis of variance (ANOVA).

In other embodiments, the single dose pharmacokinetic study is 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 (CT) limits for a ratio of geometric mean
of logarithmic transformed AUCy., AUC,.,, and C,pay 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,..,, or Cyax ratio along with its corresponding lower and



29.00% Magnesium Stearate 1.50 0.30% Total 499.96 100.00% 5 Table 5
Wi ght I ngr edi ent (M) Carvedi |l o 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.e. 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 solution

were monitored;
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Exanmpl e 2: Di S%E&kﬂ@lﬂoﬂ@ﬁ& 20to %’éﬁpdlé\@ witeRthé Slah@dtisies nt was reached,
Formul ati on Dissolution was perfornmed in accordance with the United
St at es Phartracdpeganplgsim 3ep 5 were heated in an oven at 60°C and the mmstme 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 “(/:;:51 t %
Carvedilol 63.46 12.69%
HPMC (Methocel K15M) 145.00 29.00%
Corn Starch 145.00 29.00%
Povidone (Kollidon®} 145.00 29.00%
Magnesium Stearate 1.50 0.30%
Total 499.96 100.00%

Table 2
Ingredient “(f;:g)h ' %
Carvedilol 63.46 12.69%
HPMC (Methacel 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%

I5



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 addi ng a phosphate
buffer. At 240 m nutes, the dissolution nediumwas further changed to
a pH 10of 6.8 by adding a p%pqiﬁh te buffer. Dissolution was perfornmed
in 900 m dissolution mediu &h a paddl e speed of 100 rpm over 24
hours. Sanples were taken at suitable tiggn ntervals and anal yzed for
carvedi | ol cont®fiti®Yy neans of hi gh-presgige |iquid chromat ogr aphy
(HPLC). Figuresg,lif.;7 show the dissoluti@ngprofiles ghedable Ito
Table 7 Formul atjons, re ively. Thesg results show,that the
controlled rel g&@&%ﬁ?‘f?ﬁ‘ﬁﬁﬁ%ﬂ pr epar ed 8’?8 accor dancelw\ﬁé/fh Tables 1
15t 0 7 ext endsCpiétaglir ati on of rel ease &d@%mai nt ai ns [Ad¥quat e

di ssol ution fopo@ond ®3Slond4 hours. Exanmpkgpo3: Preparabhen of the

Control |l ed Rel epse .Fo trrultati on (Ti For rrul g&i on) | mTedéj'aOt]/e- Rel ease
Subuni t Imdw%ummp%par ed by & granul ation
process fol |l owdetlalby 17 conpression intd°%&¥npressed $Wihits, as
illustrated below. 1. 76.25 Grans of carvedilol, 296.25 granms of Flow
Lac 100 (Lactose) and 125.60 grans of Methocel K I OOLV were wei ghed
and bl ended for 5 m nutes; 2. The mxture in Step 1 was
screened through a 40 nesh s[é?) e4 and bl ended for another 10

5m nutes; 3. The m xture in X"p 2 was transferred to a high shear
granul ator and mxed for 1 mnute; 4. Hhgnm xture in §/1:ep 3 was

di spersed in 256“f#i™of 95% et hanol and &Ryl of water t® start the
granul ati on pregessaii 5. The grapukes in Stepjdoyere heated in
an oven at 60C_f or oyr and t he noi re 10content . of the

granul es was n’HF éﬁﬁg‘ﬁgﬁw\ range bet \Aiste% 1.0%to 355630% 6. The
granul ati on soFehpenhwas further screenéddt hrough a Z0esh sieve; 7.
1.5 G ans of magmembum stearate was addegthot 0 sai d | nmageat e rel ease
granules in thﬁ[af ierﬂ;sngStga?I | of a rotator ysdjoubl e- deckotsga}gl etting

machi ne. 155 onlBETBLEE ™ bunit Sl oWrel ease subuiits were
prepared by a detelnul ati on process fol | 6%E¥ by conpredsP®n into
conpressed subunits, as illustrated bel ow 1A. 240.0 G ans of
carvedilol, 600 grans of corn starch and 600 grams of Methocel K15M
were wei ghed and bl ended for 5 m nutes; 202A The mixture in Step IA
was screened through a 40 nAablss eve, and bl ended for another 10

m nut es; 3A. The mxture in step 2@/ as transferred to a to a

hi gh shear gr amgitddni On nachi ne and m x (d’ or 1 ninutew 4A.
The m xture i ep—3A-was—di-spersed—n-_638-5m—of95% ethaneolt—and

m xed for 5 25Mititobs; 5A. 187.5 G%rf of Povi dofe®*(30 was added

and m xed for HudrginRRP®, a further 250 gta&ivs of Povi dre%K30 was added
and m xed for fdpdjnute, and anot her 25Q,g4ans of Povigane K30 was
added and m xed for 3 mnutes. 6A. The gran I@; in Step 5A
were heat ed i nYaEsBPeTr243E 60C for 8 hnu}'zo, and_t he mldl5 fure 30cont ent
of the granul etotahas mai ntai ned at a raf¢eitbet ween 1.1094%0 3.0 % T7A
The granul ation solution was further screened through a 20 nmesh
sieve; 18

10



8A. 6.0 Grans of magnesium stearate was added to said sl ow rel ease
granules in the second cell of a rotatorsgy doubl e-deck tabletting
machi ne. Formation of Controlled Rel ease Fornul ati on 5The bi -l ayered
controlled release formul ati on was forned by conpressing the slow
rel ease granules in Step 8A and jnmedi ate rel ease granules in Step 7
in the rotating doubl e-deck tabl ’E?I?IPIQQ machi ne. The resulting
controll ed rel ease carvedilol formlatyggcontained a total of about
63.46 ng of cdP¥El ol . Table 8 shows kg ingredi ents™f the

control l ed releasgformulation (Ti forg@dpati on), mapuiggtured by the
process described above. 10 Table 8 | ngredi ent Wi ght (ng)

| medi at e- Rel €258 QMNP Carvedi | of*!'1%. 46 2. 9% Ic—'l%> Met hocel K1
OCLV) 25.04 4.1B%idadidgen®9. 20 11. 3% Magesi um St eapdad®@> 0. 30 0. 0%

Sl ow Rel ease SuhMAlty'stearacar vedi | ol 48. 0Gp9. 1% HPMC (JMethhocel Ki5M

120.00 Total 300 100.00%
Table 7

Ingredient Weight (mg) %
Carvedilol 63.30 21.10%
Polyox (WSR N12 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 Pharmacopeia (USP 31-

NF 26) 711, Dissolution, Apparatus II. Hydrochloric acid (0.1N) 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 paddie 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 (T'1 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 Formul ation) | nredi at e- Rel ease Subuni t

151 nmedi at e- release subunits were prepared by a granul ati on process
foll owed b ression into .co res&ed sg% @lts, as illustrated

bel ow: fom-ﬁﬁﬁ IO FRINRFFSSE FW%@- upggte Pans of Flow Lac 100
(Lact ose) pnég %g@rﬁgs of &1Feddihl, M85, b?%ﬁlmﬁ;f 5% Y.a¥8 06 (MRIEBEGdARY 60 grams of

bl ended for 5 m nutes mxture in Step 1 was screened

t hrough a 40hﬁﬁbhmhKHMHA/amw\mh@mdemdﬁ$mdahﬁnﬁenumﬁﬂ20nlnutes; 3. The
m xture in, S 2 was ran ferred to .a high anu chi.ne
oha i xed F ol TG it n St o ugs Sohrweditforat sE Mathn O Al P PR R 10
200 g of 95%igfkanol and 55ml of water to start the granulatlon
process; 5. The granules in Step 4 were heated in an oven at 60C for

8 hours, ahdThheixmicsndtep Zwas emsiofedithe highahgtremandeonsidmixied éuf laninyte;

Careencd thr QhGARusOR Ny g Qarern B0 e S B Rt W RS b

was added t otigairghl{HoRPradess;" €l ease granules in the first cell of a
rotatory doubl e-deck tabletting nmachi ne. Sl ow Rel ease Subunit

10Sl ow r el eadée g@bulﬁii tsStap Aevene berdeddd abngn gir @Rt for 8 bﬂurg,ra@délgesmmsture
foII wed by co no, £9 subun it ed

bel 6 1A, 240" §h§¥%Pl%3?$%nBP%PE %% ahﬁag /L gfb 1500
ar ans of Net mae etantflaBdh sakiaDwey ﬂlﬁﬁe@cregﬁéﬂ tlhfﬁdgﬂlilrm mShl ke Wer e

wei ghed and the m xture was bl ended for 5 mnutes; 2A. The mixture in

Step | A wab $cr@ame@f meeaesiim steaptansasndgdrdinesaidimest ot delense grangledpHae
first cell of a rotatory double-deck tabletting machine.

15  Slow-Release Subunit

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 corn 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 638.5mi 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 screened through a 20 mesh sieve;



1510 m nutes; 3A. The m xture in Step 2A was transferred to a to
a high shear granul ator and m xed for 1181 nute; 4A. The m xture

in Step 3A was dispersed in 1374nl of 95% et hanol and 1832nil of water
and m xed for 3 m nut es 205A. The granules in St ep 4A were heated in

an oven at 60C urs, and the nois re cQ the ran
was mai nt ai fed ég ﬁn‘"f% %gﬁé‘ﬂ‘we%?f‘fﬁte@%?@ og 1p) 59 Seggrﬁﬂ Pt hﬁsccond
sol uti OQe%FaE&B&Bﬁ&oﬁfé @&ﬁ%l&hﬁgﬂﬁbmﬁe 20 mesh Se' Ve 7A. 6.0

G ans of magnesi um stearate was added to said slow rel ease granul es

in the second cell of a rotatory doubl e-deck tabletting machine. 25

For mat i N of . Cong ol | ed, Re La Fo[ nul ati on The bi -1 ayered

control | 8Bed by conpressing the slow

rel egse gramwd§9a d&&ecﬁs(ﬁﬁoﬂéﬁ AllGhsd mﬁmaﬁbﬁwrﬁhﬁﬁﬁﬁ b9 lcamptdsing theSRP release
in the rotating doubl e-deck tabletting machine. The resulting

cont r ol Igsahulas|ie St SGaanﬁblmmeﬂlatﬁ mlmsb gtangles gobiep i’ ne theaotabngowdfle-deck

30about di LS f
contr o et BeBioe e ey Bk cpmd el et and M AHORERDRE s il of
above pRBEQRTS.46 mgef JAbd®I0 TAHER QRbWhe Wair@ihiént{ Hthe lcmmﬂleatr@ea@el ease

Subuni t: Carvedi |l ol 15.46 2. 7% HPMC( KI V) 25.04 4.5% Lact ose
59. 20 1Gomvslakar(dd iformstean anengactared 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 I 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 100.00 179 9% Sodi um | auryl sulfate
10. 00 1. 8% Magnesium Stearate 1.20 0.0% Total 559.2 Exanpl e 5:

Di ssol ution Test of Carvedil ol Cont roI | ed Rel ease Formul ation (T1/T2

Formul ati ons) 5D ssol ution S erf i.n accordance w

United St at‘Z ARRELPeEP papasperpd 5 00 glp0t {o8hacthin %4195%@%%%
1. Hydr ochl Ol5i-6t tBE n&thx&d\mQro@@s% used as the dissolution nedium
during the first 120 mn e pH of the dissolution nmedi um was

changed to pHThegrdmyleaddbieg 4avqhbspthinernbvieh et 60°At fOQ&(hon!iSmndébf; rrm)iselre

di ssol uti on nedi um s fur her changed to a 0

Choenhat 6 but Fonemgt i sbiice Bt BER e fuke 8ot A «EE o o
medi ym wi t héaTJﬂQ g%Q%Qn spe6sh Qrfas ARGy fb@ééﬁ&&ﬂlr&?ghwlﬁeshﬁﬂml €es were
taken at suitable tine intervals and ana(bézed for carvedil ol content

by means of 7hilghGpmssgmagnesieuistbatite wanadsigd apsajd (tupediyte release gramufpgriethe

8 shows the dissol rof I./ T2 For Iatlons and reference
drug, Coreg @SMOF%PQ’I Oygg‘gc](}fhleég? The result shows

that the controll ed rel ease fornul ati ons prepar ed in accordance with
Tabl es 8 and 9 extends the duration of rel ease and 15nai ntains

adequat eSleiwsRai¢age Subunitor at | east 24 hours. Exanple 6: Pr epar ati on of
t he nt r ol eas r.mul at T at i
SubuI% " bRG RhL& su§um SAVETE PIe g%edgbalﬁl  grag ugq\ll\%lrpég%e%se par g} Sw%ﬁ&? into

gr anul atdogipréde@rebanitsphd Wveeht&ybelow:
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 1A 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 SA. 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 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 controlled release carvedilol formulation contained a total of

30  about 63.46 mg of carvedilol. Table 9 shows the ingredients of the controlied 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 anm ac 200 and 13.5 grans of
Met hocel K1 OOLV were wei ghed and blended 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 minute; 3. The mxture in Step 2 in was

di spersed in 20 m of 95% et hanol and T3PS of water to start the

gr anul af] ,E\digﬁtocess, 54 The granul'es in SUEp 3 Wer exReat inan
oven at or—8—hours—and-the nmpistire—-cont-ent—ot was

mai nt ai A@@ediatgRelgaredubanieen 1. 0% to 3.0% 5. The granul ation

sol ut i oCameslilebr eened t hrough a 20 mesh sieve; 6. 0.%54G am- 6%
magnesi HAMECEQIAIS )\was added to said i nmedi ate rel ead04grantbles in
the firdfacoed | of a rotatory doubl e-deck tabletting 5%hi nel0.4%

Sl ow RelngasRsimiBtBdrhte Sl owr el ease subunits were @par e@olsy a

gr anul atgiQR-RIQCESSH @t | owed by conpression into conpressed subunits,

as ill u%a"r@édﬁﬁ}{ bel ow. 1A. 27.7 Grams of carvgdyd ol ,g ) grams
acd

of corn ans of Methocel K1 5M 15wer ghgdcand
bl ended eﬁﬂ%?%%?ﬂ% 2A. The m xture in Step I%g%s t{fé{%f erred

to a hi gP8f8 ranul ati on machine and nixed for 1 ut e; 3A.
The ni xtGABR ugtqé@?% was dispersed in 63.9nl of 95&1‘ hanbf %and

m xed fQYamepiim Stearates04a 18 8 Grans of Povi done K302%as AN4H®4 and
m xed fdotd mnute, a further 15.0 grans of Povi doneS5%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 iBxaaple§eRisa¢lu60C Test ofSCnvedidol Gondralled Redéase oemubation(T 1682 t he
granul es, was . mai ntai ned at a range between 1.0%to 3.0% 256A. The

gr anul a?l;loc')'ﬂ’“é?ﬂ(ﬂlts) on was screened through a 20 mesh sieve; 7A.

0.8 & am of DRRINGS] W SdrBRRY th NRSrdASEFiItE eI Aikd AW PiRkQASHeia (USP 31-NF
granules in the second cell of a rotatory doubl e-deck tabletting

machi ne 26§38t halissohitioh, Soparatok llelyherchlage ado (PriNanpopsegdF e dsolwipaeggium

control |l ed rel easge, for nul.atian s..fo d by,.conpressing, t -

rel ease d@‘lﬂ%ﬁl‘% 5§ lr%foé?@plrsﬁpgnoé\ﬁ?en%és& | ugllt%g n?%dfué%g‘glsﬁr%llgﬁ‘?teosprﬁﬁgé?o%\ég dipe
in the rp%bé}ﬂliaﬁg)u@féﬂbAEQﬂEﬁlknut%,ztl’ie&i@s@lﬁﬁiblﬁ\meﬂﬂ:ﬁmv@@furtﬁbﬁcﬁaﬁ%dﬂ thiaH of 6.8 by
controll'ed rel ease carvedilol fornmulation contai ned a total of about

63. 3 ny adfingarmhesiihats bulteadpissolgiosnvassper hemedigridgineltissobtiop redium with a
troll | | at i 4 f ' i
or ocRes EUESPERST ARG RN ok Ahuf ShApTY LRI Bk or BRI EGhIRERK

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
K100LV were weighed and blended for 5 minutes;



| rmedi at e- Rel ease Subuni t: Carvedilol 8.0 1.2% G anul ac 200
(Lactose) 65.0 10.1% Met hocel (K OOLV) 2i7.0 4. 2% Magnesi um St ear ate
0.30 0.0% Sl ow Rel ease Subunit: Carvedi |l 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 Si ea[rhate 1
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€ mgredigntg 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:

1A. 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 | 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 Formul ati on)Di sgpl ution was performed in
accordance with the United StatesPharmacopeia (USP 31-NF 26) 711,
Di ssol ution, Apparatus Il. Hydrochloric acid (0.1N) was used as the

10 dissolution mediumduring the first 120 mn pH of the

di ssol utt@t&ﬁtlﬁwaehwvva@maﬁg@@ cqryrablad 4@15355;9&%%101 gow%wgﬁﬁa&awd a total of
buffer. e | redi I ed to
a pH of a@i"é@y %g?hﬁ%dl%ﬁogp lgt§ gggﬂ(?@? : édsfiﬂé |h %Eé%ﬂ?eggﬁ@d&gmd

in 900 rfbrmdilssel (Uﬂif@nmm&tinl)l,rmamtfhnmre@hglﬁleaneqmedhsoﬂibéﬂ&@:or/@m over 24
hours. Sanples were taken at suitable tine intervals and anal yzed for
carvedil ol content by nmeans of high pressure liquid 15 chronat ography
(HPLG) . Figure 9 shows the dgi,projgution profile of T4

Formul ation and reference Drug (Coreqg CRT). The result shows that the
cont r ol llegtediehtease formul ati on prepared i n accor danc®eight (mgabl e 10

ext ends j Te and nai ntal ns_a equa Tssolutron
for at | anpl e 8: PK Data of the For I@%lonAn
open-1| a crossover study of the T4 For ion

Cor eg d in normal healthy subjects hlséé
address@édPﬁ?lﬂ? |valence of carvedil ol fron1the:¥%)For iétlon
under r SYlespgpibmcHEHP€al 23 conditions. Study Desigrf Ofésl ve

heal t hy SoMriRet¢ase Biunitst abl e vital signs, a body wei ght above 50kg
and abi IGaryedilol conmuni cate with the investigators wehdad i ncldueléd i n

this st utynsthfth two dosi ng periods were 5separated bigod wasldoitth
peri od ofetBbedi ®aSh t hree days. The two dosi ng regi meng.wer e35a8%

fol I ows:p2Rile ®BoT4 Fornul ation and 25nmgy of Coreg CHEWls admijnegt er ed
30 m nutl\gg n%&bﬁlrﬁt&ﬂ&te' nitiati on of a st andar di zed brle@kf astq @yeceded

gt aStt1o- Bood oallpl eSSV re
dOSI ng FS’E}]) and 1.5, 3 4 5 6 7 8 10, 14, 6&2 End 24 _hours

post dose for the T4 formul ati on and Cor eg CRTM 10Resul ts

Table 11 s | the appaco ter g Ve il ol

after sub; cRTEmpEaL PUBE AL el ar Chie N d ot bionls
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(USP 31-NF 26) 711, Dissolution, Apparatus II. 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



VRT 11112 RSQ (ng/ mx1w) (ng/nmixhr) AUCO3 (ng/nL) (hr) (1w (1w
Ref erence 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_m AUCO-:/ Cmax 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 42 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 (.9638
SD 452.6 527.2 14.0 93.013 3.88 8.60 7.30 0.0562
CV(%a) 58.1 55.5 16.8 79.6 744 57.4 67.0 5.8

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 AUCy, AUCq. 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.
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WHAT IS CLAIMED IS:

1. 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, and a pharmaceutically
acceptable carrier, and wherein at least one of said subunits is a slow 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,
wherein the matrix forming polymer comprises ethycellulose having an ethoxyl content of about
20% to about 80% (w/w), or the matrix forming polymer comprises hydroethylmethylcelluose

(HEMC) having a methoxyl content of from about 10% to about 60% (w/w).
2. The controlled release formulation of claim 1 wherein the carvedilo! is carvedilol free base.

3. The controlled release formulation according to claim 1, 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).

4. The controlled release formulation according to claim 1, wherein the pharmaceutically
acceptable carrier comprises one or more of the following: lactose, comn starch or magnesium

stearate.

5. The controlled release formulation according to claim I,
wherein the controlled release formulation exhibits a ratio of a geometric mean of logarithmic
transformed AUCq.., of the controlled release formulation to a geometric mean of
logarithmic transformed AUC,., of a reference drug (Coreg CR™) of about 0.80 to about
1.205
wherein the controlled release formulation exhibits a ratio of a geometric mean of logarithmic
transformed AUCy, of the controlled release formulation to a geometric mean of

logarithmic transformed AUCy, of a reference drug (Coreg CR™) of about 0.80 to about
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1.20; or
wherein the controlled release formulation exhibits a ratio of a geomeitric mean of logarithmic
transformed C,.x of the controlled release formulation to a geometric mean of logarithmic

transformed Cuay 0f a reference drug (Coreg CR™) of about 0.80 to about 1.20.

6. The controlled release formulation according to claim 1, wherein the controlled release
formulation exhibits a first peak plasma Tyay 0f about 4 hours, and a second peak plasma Ty

of about 24 hours after oral administration to a patient.

7. A controlled release formulation, comprising:

A. One or more immediate release subunits, comprising;

(i) a therapeutically effective amount of carvedilol free base or carvedilol salt thereof;

(ii) about 4% to about 5 % by weight of a matrix forming polymer comprising one or more of
the following: hydroxypropyl methylcellulose (HPMC), polyethylene oxide, alginate,
methylcellulose, ethycellulose, a methacrylic copolymer, or hydroethylmethyleellulose
(HEMC); and

(iii) about 0.01% to about 0.1% by weight of an excipient; and
B. one or more slow release subunits, comprising;

(i) 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 or
more of the following: hydroxypropyl methylcellulose (HPMC), polyethylene oxide, alginate,
methylcellulose, ethycellulose, a methacrylic copolymer, or hydroethylmethylcellulose
(HEMC);

(iii) about 1.0% to about 30 % by weight of a solubility enhancer comprising one or more of
the following: hydroxypropyl cellulose (HPC), hydroxyethyl cellulose (HEC),
polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), or sodium lauryl sulfate (SLS); and

(iv) about 0.01% to about 25 % by weight of an excipient.

8. The controlled release formulation according to claim 7, wherein carvedilol is carvedilol free

base,
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9. The controlled release formulation of Claim 7, wherein ethycellulose contains about 20% to

about 80% (w/w) of ethoxyl.

10. The controlied release formulation of Claim 7, wherein the methoxy! content of the

hydroethylmethylcelluose (HEMC) is from about 10% to about 60% (w/w).

11. The controlled release formulation according to claim 7, wherein the excipient comprises

one or more of the following: lactose, corn starch, or magnesium stearate.

12. The controlled release formulation according to claim 7,

wherein the controlled release formulation exhibits a ratio of a geometric mean of logarithmic
transformed AUC., of the controlled release formulation to a geometric mean of
logarithmic transformed AUC.., of a reference drug (Coreg CR™) of about 0.80 to about
1.20;

wherein the conirolled release formulation exhibits a ratio of a geometric mean of logarithmic
transformed AUC. of the controlled release formulation to a geometric mean of
logarithmic transformed AUCy. of a reference drug (Coreg CR™) of about 0.80 to about
1.20; or

wherein the controlled release formulation exhibits a ratio of a geometric mean of logarithmic
transformed Cax of the controlled release formulation to a geometric mean of logarithmic

transformed Cuax 0F a reference drug (Coreg CR™) of about 0.80 to about 1.20.

13. The controlled release formulation according to claim 7, wherein the controlled release
formulation exhibits a first peak plasma Ty of about 4 hours, and a second peak plasma Tyay2

of about 24 hours after oral administration to a patient.

14. A controlled release formulation, which is selected from the group consisting of:
(i) a formulation comprising
(a) an immediate release subunit, comprising 2.9% by weight of carvedilol free base or a

pharmaceutically acceptable salt thereof, 4.8% by weight of HPMC K100LV, and 11.3% by



20

28

weight of lactose; and
(b) an slow release subunit, comprising 9.1% by weight of carvedilol free base or a
pharimaceutically acceptable salt thereof, 22.8% by weight of HPMC K 15M, 26.2% by weight of
PVP, and 22.8% by weight of corn starch;
(i) a formulation comprising
(a) an immediate release subunit, comprising 2.7% by weight of carvedilol free base or a
pharmaceutically acceptable salt thereof, 4.5% by weight of HPMC K100LV, 10.6% by weight
of lactose and 0.05% by weight of magnesium stearéte; and
{(b) an slow release subunit, comprising 8.6% by weight of carvedilol free base or a
pharmaceutically acceptable salt thereof, 53.6% by weight of HPMC K15M , 1.8% by weight of
SLS, and 17.9% by weight of corn starch; and
(i) a formulation comprising
(a) an immediate release subunit, comprising 1.2% by weight of carvedilol free base or a
pharmaceutically acceptable salt thereof, 4.2% by weight of HPMC K100LV, and 10.1% by
weight of lactose; and
(b) an slow release subunit, comprising 8.6% by weight of carvedilol free base or a
pharmaceutically acceptable salt thereof, 35.7% by weight of HPMC K15M, 21.3% by weight of
PVP, and 18.6% by weight of corn starch.





