CONTROLLED RELEASE FORMULATIONS OF LEVODOPA AND USES THEREOF 5 Throughout
this applicati a/%%%ﬁgblications are referenced. The disclosures of these publications in their
entireties are hereby incorporated by reference into this application in order to more fully describe the
state of the art to which this invention pertains. 10 FIELD OF THE INVENTION The present invention
relates to controlled release pharmaceutical compositions of levodopa (LD), formulated with an acid
and a decarggwﬁag I??Bliﬁi tp Mﬁ%ﬁiﬁ%ﬁ?ﬁﬁ&%ﬁ@ﬁ%%ﬁﬂﬂ%ﬁ%@& attributes. These
formulations,[@fgmkl or the 15treatment of conditions such as neurological diseases associated
with redgiced or impaired dopamine levels. BACKGROUND OF THE INVENTION 20 Combinations of
levodopa (LD) and a decarboxylase inhibitor (typically carbidopa (CD)) to treat Parkinson's disease
(PD) are knoWRYEIYE B ZRRILEAHAN CAF QRS PIRHCAT e SHsTalTERsY nTQﬁ;‘}“PSIB%J{FFe"é fd°standard'
treatment fosublimaptamia aiel? Bhiltetiée nithsevcirbipomuihtip rfeeniainin ghés apphibinatiom of LD and CD
are commercially availa Q.. INEMET (R, STALEVO(r), PARCOPA()., and ATAMET(r).
Nonetheless ,r%ﬁgén rr%%llg}fn%%g %) rlhllaens% rea§%Be%nfré?u\?}aﬁfi%ﬁn}%saltng%\}%e% %?ggdier plasma
concentrations of LD with minimal 'peak-to-trough' fluctuations during daily dosing and that yields a
longer guraggpigi-effesibhanvigyaantly available oral dosage forms of CD/LD. Patients suffering
from PD frequently have periods in which their mobility becomes 30 difficult, often resulting in an
inability to move. Abnormally low levels of dopamine, a neurotransmitter that affects mobility and
control of thélsketetedtnivsetilar sybtem dscoatiiahyelbalie vhdrtoabeitind causoefitnesef motor
symptoms in. G138 ?Eﬁr%sfm %‘é%ﬁﬁ%ﬂ%ﬁﬁ%ﬂg@ 8’&%%%%9%@? A R %%%ﬁ&‘dpafk'”son's

disease because cﬁ)pa ine does not cross the blood-brairi barrier. To resolve this problem, PD

patients arerhdmpsistdreld nbawRpsphingts rAdERMISc prssts&TBIpIoamiHE, BIRiR\S80E is not without
its issugs eithatmeWbile RMRIRRAE SHaFIRSiIIPad:Riai Bshankrd Anth s dagidyr Gapyested to
dopamine, LD is prtzj%l]e atic because of its rapid decarboxylation by tissues other than the brain.
Thus, when B & ‘W:Iigstered alone, large doses are required because only a small portion is
transported to the brain unchanged. Furthermore, when levodopa is administered orally it is rapidly
decarboxylagied-lo 0BRSS araFgRA drsues so that only a small portion 10 of a given dose is
transported GNchanged 10 the central nervous system. Carbidopa inhibits the decarboxylation of
peripheral levodopa and does not cross the blood-brain barrier. Since its decarboxylase inhibiting
activityzis lintitasbigeokagasckiabiissnesnadminisisatingn ohiarbidenpacaithdevarepadins been popular
to make Iev?dogalgn?(r.e available f%ﬁ nsq&rt to tht br%in. 355(3”}-3 dition 'th%se %iffi%llties
associated With %tbsaérb fon o lE‘:kaﬁl‘,‘;eo(/er tihe p%‘??éﬁxfs, Foared with TD A8 exhibit rsls;}rﬁf:ﬁoms of "wearing
off'. PD patibntsangdtekkwhith’ ioddntepdted/etoptamstolofl somrtivs ot Raractérizedtlyy snerdf-dose failure,

peak dose dyskingasias andaaliesidomhiRacdyarags feareof Rotemitictuationsiake egmmonly 20
referred to as the 'o%off&t]enom,@non is characterized bﬁ[g@predlctable swings from mobility to
a

immobility. AREMGH the TALEXS of HESERbtorid ATANERS ard 10BERsITSI P A AR 0d, some
patientssmaybaratanudiethimuistiatnmbnt pegiengdiidrpphdice cierdypasmd lebelgwmf LD. Thus, a

void remains in the LD treatment.of.P tients, as plasma concentration levels remain difficult to
control 55 CRTANy Rk GheEh R s R R TR o o o
continuous retetee Uiy baeths prorsitlyatagable drefdirredicameciit B maintain tight LD plasma
ranges. However, the use of these controlled release dosage forms are problematic in that many PD
patients wake up in the morning having little or no mobility 30 due tqQ the wearing off of the dose taken
the day/evehfi§efSfErenomd BrdtigirRio 2 R 510 Bt gﬁbh‘%i&?ﬂgﬂé\%g‘ifgﬁw unwilling, or
even upableatifticulgibfen tieuiikigtled ipailog of fime. reguicedaidy Bedatuilled defease: dosage form to
deliver the ”%C?%rsa%%ﬁl@eéﬁtﬁt IEMER bV als G eonu%” él&‘%{@&ﬁ%ﬁk&%&%@%@%&%{@y'a“on of LD

can reduce this ‘wait tim e use of an immediate release tormulation of LD require more frequent
dosing and seeasslcratistiedith badhe FRYSERIIES DIASISYDPESRE EnBRIRASIS. DIOBGEPRA(r), an
intraduodenglipfusigniaramuanRRvee iiside e hherdnieg Stalrs.d onansi@iamsignificantly
reduced motor complications and reduced 'off’ tirqe. The cumulative experiences from DUODOPA(r)
and experimental infusion studies show that the maintenance of stable plasma LD concentrations and
the avoidance of low trough levels appear to be effective in reducing 'off' time, increasing ‘on' time
without disabling 10 dyskinesia, and reduce the severity of dyskinesia in comparison to the standard
oral formulations. However, such infusion therapies are extremely inconvenient to the patient. The
results of infusion therapies, such as DUODOPA(r), strongly suggest a rationale for 15 the
development of a LD treatment that provide constant, or relatively steady, LD plasma concentrations to
optimize relief of PD symptoms and to minimize 'off times and dyskinesias. Indeed, a need remains for
a more convenient, i.e., oral, dosage form that will improve the administration of LD to PD patients by
narrowing blood plasma ranges of LD, which in turn will result in reduced 'off times', prolonged 'on
time', and 20 decreased time to con'. The present invention fills this void by providing a novel

controlled release oral solid dosage form of LD that is formulated with a decarboxylase inhibitor and an
acid tn vield the dacired nharmacolecinetic attribiitee 1 a2 coteadiar nlaecma concentratinne nfl D ovvar a




inhibitor and a rate controlling excipient; ii) a carboxylic acid component; and iii) an immediate release
component comprising a mixture of levodopa and a decarboxylase inhibitor. In a first aspect, there is
provided a cth?&ﬁ%u?%ﬁ%éase oral solid foitnulation of levodopa compris%ﬁgfﬂg.zg}%%lﬁgﬁglled release
component comprising levodopa, a decarboxylase inhibitor and one or more rate controlling
excipients, M08 catbsfic theid estnaite AUES I prisint R 1var Bgy MO BIER: that iBFHERWopa or the
decarboxylagminiibitanandpaciy melsoRisreainise bng pxaipie nis, lansl g8 sotmatliate release
component comprising levodopa and a decarboxylase inhibitor, wherein the carboxylic acid
component Ot {578 4 W% tinct component and is coated with an enteric polymer; and wherein the
controlled release component (a), the immediate release component (c) and the carboxylic acid
component (h.comatise REAdS Al-ARBMIERINAnE A%k ashaN R RQuided:a Mpltiparticulate,
controlled release oral solid formulation of levodopa comprising: a. a controlled release component
comprising isvsiipaaticherast o Bitrane dicaene rtee BB TSI RsIdR Me DRI Tiffhediate release
component GASANAISIRGISIAERRA anGis asbid dpassaind req@reahexylic atid:compeaaincemprising a
carboxylic acid th%t iftn% Ievodggna of rrtt)i'ldo a and ong or. more arlgte‘i iggtg;[galgna% e>,§cipients,
wherein the E%FBSX‘S’, iacT Eaé%uﬁgnerﬁeoT (5 iS5 IStinG erciompor?en ana IS coated with an enteric
polymer andsvdrédhidetaeberyittof del detense domrpacmehrghfisthesiprthetiials reimakdewtimponent (b) and
the carpxylig 2GIH GPTRONE ML) GABAHSEREALFOMHE AHHES netd Gt ihiydhaspeet g, is provided a

controlled release oral solid formulation of levodopa comprising: a. a controlled release component
comprising FBYEHS gke Aserthere iAo REEhRRbiESPIaHeTRINAPRS EBhRSBHIRE iRe R with a rate
controlling exgipientsibcaicadeexylicasie coibipaenticaatadlinithd tateeariolingiexeipient, Prid c. an
immediate release component compisigdevadens.and s desarbouiase bibiler, wherein the
carboxylic acid component oafr%bﬁolg a distinct cc})mponen afd wherein the carBo%ﬂic acid component
(b) comprisesaiabs oxyasrusidaiti bt in (a) and (c). The current disclosure additionally claims a
controljed release oral solid formulation of levodopa providing a relative steady levodopa plasma or
serum concentration profile over a prolonged period of time; this controlled release oral solid
formulation BY RAGE880YE HRsh g P RUBERIISIEEh A B SEF QU RE M At R YT LR Brising: a) a time
of administratisad bjih fidtatenedtibiatpnpand of dweecmpcdfondahtpatians wieséinitheDirst
Conce””at'onr}%kg %%?ééoﬁ?om?fﬁé&%ﬁbﬁé’”@%% foROhsaid RIgile  Ihe,5eeonst ”&f%Q”at'O“ Is the

minimum concentratioh occurring at a time later than said first concentration ahd earlier than or equal

to about six Hekinssel ewingmrsiamd bt advansrstrion chepiohdhenatensdelsadremmaitration is greater

than obgqualterabeikfithe peicsant gidhembrshponerniationdrirhghethadiscasie fspvides methods

for making and using the pharmaceuytical formulations of.this disclosure. Methods for reducing motor
fluctuations P& %ti%’nf@iﬁ?%fg é%#lgﬁgpi EBSn‘;%u&%eg%se,?%ed&?ﬁoé o@?ﬁﬁ?@l?ﬁsaaﬁ%tf?ﬁt suffering from

n
Parkinson's ahspksdy innieasiod) conirngaizespaiag nives afferiatedrdn Patkingoreginissaget reducing time
to ‘on’ in a patigntsyiaing.pmAerkinsen's diseaseandaihevisa.eairnciRgdppptine levels in a
subject suffering from a disease associated with reduced or impaired dopamine levels are provided.
BRIEF DE SRRSO R BRIATRISS Eg s difiapemtitly that IPX066 formulations provide
infusiopslike plasma profile for longer than about six hours. Figure 2 shows a graph illustrating the in
vivo plasma oncgntggti?%lgrgfggsl{g Igé(aog% B-‘RS{igZSF?r jons A, Btal_nd compared to a
reference ( iNemen, a%iaescr?oea In Erxamsple Thirtra. Ifjlgure st%%v’é’%a“gré’p s ?aﬁng the in vivo
plasma conecemtratiohrgirafites dord P08 GrBo05:0 2eFofmiitatio san aBsptandrgigem paked to a
reference (Sipepial)ragdeseiheddn mramplsail aoafiouedahowsa0rapRdiystrating the in

vivo plasma concentration profiles for IPX066- 13-07-01 Formulations A, B and C compared to a
reference (SHRSIFBALGIE TS mane & ih RENERONEKS, TR PETRIGHRS BRI §ra8RbERating the in vivo
plasmagongestiatie wprofilasior Q66 tenatiapsvEigigreefois. adablalshnwingstieseobust lower
intrasubject.variabilityof the IRX066 formulations,,compared to Sinemet(r . IS DETAILED
DESCRIPTION B HE RN TR SLiny TPUoe A% (A B e e
pharmaceutical formulations comprising LD, a decarboxylase inhibitor and a carboxylic acid for
treating neurological 20 diseases or conditions adsociated with reduced or impaired dopamine levels.
The pharmaceutical formulations of the invention provide steadier, or more constant, LD plasma
concentrations in patients, resulting in decreased motor-fluctuations, reduced "off' time and increased
"on" time in PD patients. 25 DEFINITIONS All scientific and technical terms used in this application
have meanings commonly used in the art unless otherwise specified. As used in this application, the
following words or phrases have the meanings specified. 30 The term "acid" refers to a chemical
compound that, when dissolved in water, gives a solution with a pH less than 7. The "acid" can be
organic. It can have a pKa in the range of e.g., 2-5. Examples of acids suitable for the invention
include, but are not limited to, tartaric acid, adipic acid, succinic acid, citric acid, benzoic acid, acetic
acid, ascorbic acid, 5edetic acid, fumaric acid, lactic acid, malic acid, oleic acid, sorbic acid, stearic
acid,



palmitic and boric acid or mixtures thereof. The term "effective amount" means an amount of a
compound/cowg%jgi@&ﬁgcording to the present invention effective in pﬁgc{ﬁgﬂgsmﬁ(ggsired
therapeutic effect. 10 A "tablet" or "pill* comprises a pharmaceutical formulation pressed into a form.
The form can be in any shape, for.example, round, oblang, triangular or, other shapes. A "capsule”
comprises af ﬁﬂ%dr g(%b iCa ufgerﬁﬁ a |o%(%tlr %/’\I/r‘nlcﬁe E&ésepﬁggr]ﬁ%?@u S %51 SFU at?g%lséaévncased ina
hard or soft sehuisdevelstafied. TRédontainerecairhenmmiieafonrefgdatiniatothdiBatarial. The term
"modified relgase e anED) drdpdasdelmvetielans.(aing pow anitand controlled

release (also known as CR, sustained felease (SR), prolonged release 20(PR) or extended release
(ER)). The téfi1eaeRaE r&ld 58" 3ansiAiefoiihaB DR I FeiHasag > i Pk CEUREI#é S ulation or

component thabrsigastsihaaetivadngrasients afiappperad Ohdelay o.28lhetrsmseratrolled release”

(also known as CR) refers tQ a pharmaceytical formulation or compaonent thereof that releases, or
delivers, ongeérr’qw&%%eﬁ)ﬁ éf@‘ﬁ?icrggi&%ﬁéﬁ\{go&fe?oﬂ 8?&‘?&%&%%&“@&% , Nfiis ¢8%e over a
period of meenthiatverephotces HvmeRERDOMnTedidte: peltasel](alaiknandias instatiztelease or IR)
refers to a 30, pharmageucelfarmuatan epcempanentiberaoRhiEhIEleases,Qrdglivers. one or
more pharmaceutical agents substantially immediately upon administration and will result in
substantially<¢éthiata: deszotiiseiviithiadapioat o imsu in@raess) orhenerigons idisgdiegcipient” or
"rate cqotrolingiexsipignt '-eaay:bedsedarintgrehanasably. Release£XsipienisRlfats-gontrolling
excipients include all excipients and/or polymers that control the release of a pharmaceutical agent(s),
e.g., LD, COURY M 9Rfs cgé)@' SXGH, B8 RIS HPEERI in 35 GHSEE IR PR 488 excipients or
rate controllirgiexcipients include, but are not limited to, hypromellose, hydroxypropyl cellulose, ethyl
cellulose and prop-2-enoic acid. Delay release polymers, as a subset of 10 release excipients or rate
controlling excipients, are used to delay the release of a pharmaceutical agent(s) after administration
to a subject TExarRdlesLEIaY tareapies poighmsrB WRRARALustrreehomst @ retierrisrferpolymers
and/or peutrgkmatagndie salymars:sueh %E&@lrwiwﬁdfé@,oa%zﬁwga&%@y?@%m@dragit(r)
FS30D (Rohm). 15The "USP paddle method' refers to the Paddle and Basket Method as described in
United StateSBREFAISES SO SRR ERiSFHNN (150D 8 e 5o SIS UG T B réféts to a
comparison dfskhevalubsidet, a peak (@rgina foighpointimestitetgraphyflasmadeienohactive agent and
a trough (e. . int in.a.20.1 r unt of time. For example, in a line
graph with p ailsrar%lg Loggvl@%u%s% ré%&%%grgrﬁo%%i%\ﬁg pl)ﬂésfiﬁ (r?é%ngggrrl %%Ogedjéaﬁra?nﬁmﬁgugh) over a

four hour petfodlgivedch pedkiowidutsttatid 69drdet teak fimes’ Mendaresd ore pawk-tendough ratio can
be illustiateddgra GiRRe20ThE terMheabRutnvReMESS diilk GRRNESHOBWIRREKEEatagRg means

-h/-1%. The "Me lasma Cqncentration" of a supstance (e.g., LD or CD) as used herein, refers to
the mean cocﬁggfii:%%gﬁ%ﬁgtﬂrg sﬁ%gtg?ﬁaeg%f%ﬁa ?# mjﬂfﬁﬁésp%?iﬁf*g%gﬂbﬁ%%.dfﬁ%%éﬁeplasma
concentrationti®obtanded byidddingdhibecneehitatimasobinthe sulistancedostastin 30teaplasma _
samples the&gggﬁgjg%ﬁpgfmp&%agg%p%é}mlg?msamples. The "upper small intestine" refers to
the portion closest to the stomach and includes the duodenum and jejunum.  The term "outer coat"
refers to a covering or barrier applied to a pharmaceutical 5formulation or component thereof and may
be an enterigigpagAseases associated with reduced or impaired dopamine levels includes
neurological or movement disorders such as restless leg syndrome, Alzheimer's disease, dystonia,
schizophrenia, Parkinson's disease and secondary parkinsonism, Huntington's disease, 10
Attention-Deftibit dubiyjpetiadtivity Risodeles (At Slbysrag esl syneramecand leontliions resulting from
brain injury, includi r nQxi [ ication. The term "treating" a disease
associated v%/?t%}%g%gﬁ:ga&gﬁ%n%girgg%%%%ﬁ% evgg{?’m%%&;gl tggrﬁg}r‘gb%e %acggisgehggésv%ﬁwgthe
pharmaceuticztdoraniathsiestihexitarentiohiias e amedrddanide dred@arhis symptoms of a disease,

reducedfie sgverityRhrgiseassualtenihe courssiofeisRasRArevIessiopa 3Bekoiate andlor cure a
disease associat?%/vit the neurological or mo,vement_disordirj ssociated with reduced or impaired

a
dopamine |SREY3G COMPBISTH GEPREING ERTIEN R SRRt AFER81 iS5 nvention
relates to the unexpected discovery of the effect of carboxylic acid, in controlling the absorption of LD
such that the resulting formulations yield ‘tighter,'1.e. steadier, LD plasma concentrations. 25 The
invention provides controlled release oral solid formulations of levodopa comprising levodopa, a
decarboxylase inhibitor, and a carboxylic acid. In one embodiment of the invention, the carboxylic acid
is neither levodopa nor a decarboxylase inhibitor. In accordance with the practice of the invention, the
carboxylic acid may be physically



30separated from the levodopa and the decarboxylase inhibitor. The pharmaceutical formulations can
include a single acid or a mixture of acids. In one embodiment, the carboxylic acid may be a
polycarboxylic acid. In another embodiment, the carboxylic acid may be a dicarboxylic acid. Suitable

examples afsarpHic ARSIRIR AL AIE O ITLeRdny e At adpAcld) ocinc acid, 5

citric acid, benzojc acid, acetic acid, ascorbic acid, edetic acid, fumaxi Id, lactic acid, malic acid,
oleic acid, SBPHICAEIdEIERE A BRIBE AATHRE SRs2aRr BRI © sy csiondiant e drradoryips particular
embodimenthitiiedicarboxylic acid is a tartaric acid. A suitable example of a decarboxylase inhibitor
includes but is not limited to carbidopa. 10 In accordance with the practice of the invention, the
formulation may be a tablet or a caplet. The tablet or caplet may be single-layered or multi-layered.
The tablet may he a matrix tablet or let. 15AIsQ in accordance with the practice of the
vention. (e o et e T R S B SO RO BThodition, the
multiparticulates aze enzapsiitateestaanotbenambogditent thecandtipadiculates ace not encapsulated.
The multiparticulates %%.Pe %ri?ssed into a tq{plet. A%Tjgri]atively, the multiparticulates may be in a
sprinkle form that can"be égﬁn e%“%ﬁ’é%%fif%lh% 664 %ﬁ?ﬁé%?@asy 20ingestion. In an embodiment
of the invention, the fermatdiatidic reddces:intnasubjesvariakiliy-byieuedena absarption. The
intrasubject variability1 ma Obae %?Ict%@t%d_ grsbthelstand rd deviatign of the levodopa concentration
divided by the mean l6vodopa concentration 25 detetiiinad o8 tiPfafgeBFEbSHE0.5 hours after
administration to abowbsixhogs:aftemsadmidistration for a single dose of the formulation to an o
individual subject which whe 2raged over at least 12 subjects, is less than or equal to about 0.40.
The controlled relt\aé:élsgg orgF%%f% 'érrg%%ﬁ%n orthe inven %#ﬁ%ﬁ}%o}ﬁﬁ?@%a@ﬁoﬁa 30and levodopa
in a ratio of about 1:1dercatboxiasd ibidrre embodiment, the ratio of carbidopa to levodopa is about
1:4. Thec d.tel lid formulation of the.invention may have a ratip of moles of
dicarboxylig‘%}g%% %%%%%%g (;ifklzés%;égth%nmﬁ%ﬁé n S%é% PhEATREAT tRETRYABE ASES of dicarboxylic
acid to levodlepediy thcatertthigrmauramaebwhisenn3i: tnrandthbrelbambodiment, #e ratio of moles of
dicarboxyli [ ' : less than 4:3. In.yet another embodiment, the
ratio of mofé@%%ﬁ%%ﬁiﬁga ag%i%rto ?\%%%%é ién?%?e%?ﬁ%g?ﬁ %ﬁé AR0 1SS AR 22N a further
embodimentomiEisshsass nideeteicarboxylic acid to levodopa is greater than 1:1 and less than 4:3.
10The controlled release oral solid formulation of the invention may comprise from about 25 mg to
about 2000 mg levodopa. In one embodiment, the formulation comprises about 50 to 600 mg of
levodopa. et Sbwreheasés orardstic frvaration o tririisdtislsaragr dowiphisamaabolut
1510 mg to rbeip3QenBgsaarbidopa. In an embodiment of the invention, the controlled release oral
solid formulation comprises about 10 to 80 mg of carbidopa. The invention also provides
multiparticulate 2ZcohFeNeel sl saisase et BBl rANIRIS S I kedote paarii dopkipadticwdate, controlled
release oral solid fgrpyation of theinvention Z@;comprises 1) a controlled release component
comprising a mixture of levodopa, a decarboxylase inhibitor and a rate controlling excipient; 2) a
carboxylic acid BorAh &REKE SH deBRah PRIpeREtsTEIRAsa T vRmeméombitsing andhixture of levodopa
and a decarboxylase iphibigry iR a&@mﬁﬂmﬂk%&%mg%@%o%@%@ﬁ%@ﬁ&i”hibitor Is

carbidopa. The multiparticulate, controlled release oral solid formulation of the 25invention may reduce
intrasubject variabifPRPRASFEFACRBE GRS IR BeETRISReBYAt® 6%51RiEEER of the invention, the

controlled rejgase:cenpomssitymawie @&}@gﬁ@gp@mggngng(gigmtggggfa;gnfgm%garboxylic acid

and immediate release companents). In an embodiment of the invention, the carboxylic acid

component i€ %0UIEAREERPBAEMTEYC YaFERE 6N chriee FrBIRRRE Bl immediate
release compeneiysditicy el eRetbemanmepdimenhdhadmmsdiatereleassepmpeneant is a distinct
component (e.g., separate from the controlled release and carboxylic acid components). In still another
embodiment 8P i REAtSh R ESntrolled release component, the immediate release component
and the carboxylic acid component are each manufactured as distinct, separable beads. 5



In an embodiment of the invention, all of the compaonents (namely, the controlled é%!ea e, carboxs}i/lligc,

acid, and immedidtHFeIBReE-CBRTISHENTST Of BTRNREITRTANR OO TR LIRSS GIARasHg ™™

formulation are coforrqulatedain@@@&ﬁglerg@@oggﬁb&gﬁhed@ﬂgmﬁ@q%%ntgggeq release oral
solid formulation of the invention may further.comprise one or more controlled release carboxylic acid

components comprising a catFEXYIE AHIE BRI Fatl KoRPo S FEXBpRERt. 1S itabie Witimples of
carboxylic acids include but ase: petdipnited-a#adaric acid, adipic acid, succinic acid, citric acid,
benzoic acid, acetic acid, ascorbic acid, edetjc acid, fumaric acid, lactic acid, malic acid, oleic 15 acid,
sorbic acid, stearic acitt, pairfitieRST AR dHri¢ HRRCSFMiaREE thBFgof? IT4p AP mbodiment,
the carboxylic acid is tartaric aeigidnuriher, the controlled release carboxylic acid components may
comprise a carboxylic acid core coated with one or more enteric polymers. In a particular embodiment,
the multiparticulate, céntrolletfreTEREA Bfar S5/ foFATRATSH h ASRRTLY tFSCORtraiReY felease
carboxylic acid components that20teleaseihe:garboxylic acid at different rates. In accordance with
the practice of the invention, the rate c ntrollingg?xciqu??nt of the multiparticulate, controlled release oral
t

solid formulatiort” ﬁ?é%%?fa" SHE BOIyRERSF A Xt We DF SR thEFBRE T S &Atatc polymer. In
one embodiment theaigi2besntotingrexcipieriis e e urshmathpendic palymermagembodiment
of the multiparticulezt , controlled release oral solid formulation of the invention, the controlled release
component furt prises a carboxylic acid. The carboxylic acid may be a dicarboxylic acid. 30 In
an embodiment of the multiparticulate, controlled release oral solid formulation of the invention, the .

controlled releasg.comranGaLiGAMLERR &SR0l levedapa-and decarhoxylags.iphipitorcoated with

one or more enteric polymers. 5The multiparticulate, controlled release oral solid formulation provides
an embodiment {KETERR BT SR VB a RABRE SiRHa &F pefenb Falseuiratianty alblo v 10. In one

embodiment, thexratidoabappRistapartandry eRoRBrs i Thearuitnatticylaie, santioled-telgase oral
solid formulationhca)‘{{IQe in}/en%c))n‘?l pri%vides 10 an embodiment wheregin the ratio of moles of carboxylic
acid to levodopa 16 188sthan 4H4° Rohe SmbadimSALCtRE HHOMiBEHIEL FIBPESHEo e & rE8a<E oral solid
formulation, has @iratictefinme lBsadirsarboepliciasidbed ey edopandfcgreatertbanvdidandiesssthan 3:2. In
another embodimegnt, the multipaptigulate, conitglled release oral solid formulation has a ratip of moles
of carboxylic acid to Ievoélopa of%reat‘er than 1.2 and less t tg?ﬁg%ﬂﬁ @%ﬂ%magr%th%e? esr%%)gdgiment, the
multiparticulate, (SREHIEE R} Te die BIAMSBTIC ARG Presaipatis of Hretelsiof ceaborididiatid to
levodopa of greaigictham@:3 and desethand 3. lgan addifenatsmbadiment.dhe multipaticulate,
controlled release, oral solid forrgul tion h?}s a ratio of moles of dicarboxylic acid to levodopa of greater

than 1:1 and lesSHRR 4 30 T TP APCTERE CORTBIEHTR KSSEFarEolinr fEHLERLBISS the
invention providésgtanerabediretstamgnsixgirom about 25 mg to about 1200 mg levodopa. In one
embodiment, the multiparticulate, controlled release oral solid formulation comprises about 50 to about
600 mg of levodopa. 25The multiparticulate, controlled release oral solid formulation of the invention
provides an embbdimentcaingrigirgpfromeaboubdB fgrelknoetB0xm the ptbidopauticabfoembodiment,
the multiparticulaje,conualest release ok splish PHBMIAHNRmPHses2Qmy to about 80 mg of

carbidopa. The g% rmaceutical formulations of the jnvention can further comprise excipients including,
but not limited td,” Hg%tg?fg (% SNSRI S IdMhi R VERIEIE, ampistirspimEgefitdes. 5in
accordance withPthéipracticisefsthénimushtiomm exaniplesof-atraiefetnihling axaipiant meude, but are
not limited to, hy, Vielg llulose, hypromellase et&;;l cellulose, and prop-2-enoic acid. One
suitable examplégg%é\x%rg%%ﬁé?ng% a%idt%iép?ggr éggf(??% o%%logr’\ua%%lﬁg\?vsc(#%cmsl%a &%ﬂg%ples of
delay release poiyfieraaftoaeies netrarmstivictyild iponaiems o cHsBud g S S DrBuddagit(r)
S100, Eudragit(ry,Li100:38 andiend R . reixtieor combination thereof (Rohm). Eudragit(r) L100-55
is an enteric polymer which can be used in coated dosage forms to target the drug release in the
upper small intestine where the pH is above 5.5. Eudragit(r) SIO0 can be used to achieve targeted
drug release in tAIBREESORIBTESNRR@hewtiohSwhere the pH is above 7. The modified release
components of the formulations of this invention can be formulated with any, 15 and/or a mixture, of
the above polymers, to achieve the desired LD plasma concentration profiles. The choice of the
polymers that cafigseuded i grelindention heldd&dos uommttimitedotodE udraigit(hkccellstose acetate
phthalate, polyvigykacetate, phthalalg.ixdraxyrropyl methylcellulose phthalate, hydroxypropyl
methylcellulose acetate succinate LE, hydroxypropyl methylcellulose acetate succinate HF, and
others. 20 The pharmaceutical formulations of the invention can further comprise other excipients
commonly knowRigng tiseekby: thesie infiskiliin theiastvingluding snpbasticieragrRRt{eIgx dEethy!
citrate), lubricant, (su talc_and magnesjym steara %%and isintegrant % ch as crgscarmellose
sodium and crosépg\gi%%r?g}ffnélragﬁ?/sc%m%i%néit%gc?ﬂj&aggae arﬁeécgirﬁ%% ioh Pt Sﬁd@% FEOIOIR release
oral solid formul&tiemd¢ levvtopa having or exhibiting a levodopa plasma or serum concentration
profile, which profile comprises a time of administration, a first concentration and a second
concentration. The controlled release oral solid formulation of levodopa may further comprise at least

one carboxylic 30acid, for example, tartaric acid. In accordance with the practice of the invention the
firet concentratinn mavy bhe eairial to the mavimiim levodona nlacma nr cariim concentratinn nof the




In a further embodiment, the levodopa plasma or serum concentration profile further comprises a third
concentratior\,vgt}gﬂggﬂ\égggpa profile in this third concentration may be :L%"z%%%ﬁé}m@% or equal to fifty
percent of the first concentration. Further, the third concentration may occur a time earlier than said
first concentration and within about ninety minutes of the time of administration. In a specific
embodiment, levodopa in the third concentration may be greater than or equal to sixty percent of the
first concentrgiea hsiththwe segondconteg thation mayldseg reatentthdon preft eafcol BE@ppercent of the
first 20concentation, I agegrdance willythe Aragtice of 1ok Jovention.,ihe seopnd-Aapgntration may
be the minimum concentration occurring between one hour after said timé of administration and the
second timeéApmmeZeffiBédiment, the first concentration is between 825 and 1505 25 ng/mL for a 380
mg doseg of levodopa. The levodopa plasma or serum concentration profile may have a ratio of mean
AUC which is measured in units of ng h/mL, to the mass of levodopa in the formuylation, where said
ase s meASRERIRG: 1EEBR QETEIZE BArRng PRI B BOTABAEIE (0 & Dipetween 14:1
and 19:1. Additichallyrthéatewsdopa plasinampsedum corfeentatineprafiie andsstriba dnratio of mean
AUC which Lsxme ??r%%icp units of ng h/mL, to said first concentration, where said concentration is
measured in units of n mL, of between 9:2 and 6:1. The levodopa plasma or serum concentration
profile may have a mean AUC of between 54330 and 8000 ng h/mL for a 380 mg dose of levodopa. In
one embodigghile NenRRANMHICIE RRNKEER-5A0D B AEha. A 880N Hose of levodopa.
The levodopa plasma or serum concentration profile may have a ratio of the first concentration which
is measured SHAHEBE ng/mL, to the mass of levodopa in the 10 formulation, where said mass is
measured in mg, of between 3:1 and 5:1. In one embodiment, the ratio is between 5:2 and 7:2. In
another emiRitieRt, e (RIS URE"Al B BRI ARt B \rifh AP SmBeiRERL the levodopa
plasma or sertim concentration profile comprises a time 15 of administration, a first concentration at a
first time thdboerlakeusitemmerd Hobinereheltfine of administration; a second concentration at a second
time, thagt occurs after said first time; and a third concentration at a third time, that occurs at least four
hours after said second time, The second concentration 'f be equal to the maximum concentration
of levodopalitel TR ERG Sas-He-enual to about fifty percent of the 20second
concentration; said third concentration may be equal to about fifty percent of the second concentration.

in another efgodiment. .o alethiclRpss AranapleL ooy ialian.as:|¥odana RiRema or serum

concentration protile substantially the same as levodopa formulation 25 IPX066 in Figure 1 for a 380

mg dose of FERAISER, Y nadrsareerelsadpplasing vrubriiicsriddptramsmprstelegsetantially
proportignaldacaais frmulationsntigiuaed {onn dase-ather #pn38ogmine eyek ampther
embodiment,hthe con;tlrolfe reIT%se or§l tiolid forgnulation asta%evodopa 30p|aﬁs a QEI?erum
concentratioh ?)%Efﬁ%usﬁ%h PEHHETED ofthe RaXimbm Eondshttation of {ﬁec%rso II€ to'the
concentratigriaatansotivraibetnedn prigtiaurcar dngeve nidvoras dftertaciivinisttato rafuded formulation is
less than or-egpialfQ 44 B-afuithsrembadimentidhe controlled release oral solid formulation of
levodopa has a 5 median levodopa plasma or serum concentration profile comprising: a first
concentration at a first time; a second concentration at a second time, that occurs within about one
hour after saygfmstTtimegs a third concentration at a third time, that occurs at least four hours after said
second time; and a maximum concentration. The second concentration may be equal to the maximum
concentration of said profile; the first concentration is equal to 10fifty percent of said second
concentratiofl tieienhifrel apdriedniratiomis welial tfinpibatseriast theasieed pritgordensedtion. Coating of
the Pharmageutical rotnulation 1aanatheraspeat af the yaniion, relateadeievmrihed of preparation
of the enteric coating of the formulations containing an acid, e.g., tartaric acid. The acid causes a slow
and variablePBitEs fALE Psings &rifishged and slow drug release rate may be due to the
interfergncesS of the dissolution of the enteric coat, affected by the presence of the acid in the core.
The interference can be significantly reduced by partially neutralizing the 20 enteric polymers of the
coating, for example, by adding a base (e.g., NH3 or NH4OH) to the coating formulation so as to
increase the pH of the coating. The neutralizing technique can be equally effective for different enteric
polymers including, but not limited to, Eudrage L100, SI00, and FS100. 25 METHODS OF THE
INVENTION




The invention provides a method of enhancing dopamine levels in a subject suffering from a condition
associated with reduced or impaired dopamine levels comprising administering to a subject an
effective amount of aﬂoharmaceutical formulation of the 30invention theret(% enhancin% dopamine

: WO 2009083306 . " ) : PCLIUSI008(014080 .
levels in the 'subject suttering from a condition associated with reduced or impaired dopamine levels.
The invention also provides methods for enhancing or maintainin%g%gamine levels in a subject

suffering fFof @Ot relss srarcehamirab serpausdihph mbeRSHEINE IV AatEhByksiAg
administesgigtenthgs dieclansiiestiveampunt ahapbarmacen ical i mplationef thezinvention

thereby maintaining dopamine levels in the subject suffering from a condition associated with reduced
or impaired 8&&?%@@8@?@%%@%@”&% TG Y SRR AR AL i R IR treat the
subject suffesingtRma sRnlitosReRec RIINHD sedusad oicimpainestid aprRINiBEIBNEISId-xamples of a
10condition associated with reduced or impaired dopamine levels include, hyt is nat limjted to,
AlzhelmeFEHIEES ,%%Wﬁi&?%h?&%ﬁn?él‘ﬁa% Ig%fﬂdr‘?é?}ﬁ?(afie gl.c'r?fé nveAtGfiftther provides
methods ghhedlicing Bastordldcitationsanigepatient suffering from Parkinson's disease comprising
administering to the patient an effective 15 amount of any of the formulations of the invention thereby
providing a plasma concentration of levodopa effective to reduce motor fluctuations in the patient. In
one embdobimentnofaffe-tinentionntheséannadadiamist admitigipoeddirsnphotipmieceadsaAaditionally

provided gre methods of redugingoff fime. In apatient.suffering from, g Larkinson's disease
comprising aamlnlsterlng {0 the patient an effective amount of & y of the formulations of the invention
therdBy providing a plasma or serum concentration of levodopa effective to reduce off time in the
patient. Furthey, the invgntionguides, methads.afinFeasingdon e napatiepsuffging 25 from
Parkinson's disease comprising administering to the patient an effective amount of any of the
formulatiofesre e iramiomaner & pronigiTgunpl ablpeeorisngirceomddardvonsof levodopa effective
to increase on time in the patient. Also provided are methods of reducing time to 'on' (e.g.,
accelerating the efficacy of 30levodopa) in a patient suffering from Parkinson's disease comprising

administefing 4@ tHis pARSMRTATF B ffe didreResIisROiEHYWIHRB fBrnithitforBeoPhMEmMaceYiicH thereby
providing rerRiQaimia 9 SREMBICANESRANAUPRA RYRrlorRa Aliactveria radiaadneatine Ip ar in the
patient. Determining "on" and "off' time can be based on measuring conventional parameters 5 such
as the UnffSmPa&rlaresneissaadaiflating Scale (UPDRS) motor exam, walking time, ancUor tapping
number. For each of these parameters, definitions of "on" may be based on change from predose
measure, and the results analyzed in the standard manner. For example, for the tapping number
measure AHCBET T RbF o k208 66 YRHEPLED S8 HEA U AT M HEYBEfine the time
of "on". FORyalkingimdl-anabout 2kikhdehangeRNayhimebesded8eaS00! danienwithdiespractice of the
inveg{fion, Hif} glraesx@%)er se éjaryeggﬁ\(jentration of levodopa comprises: a controlled release oral solid
formu atio% 0 evoqﬂopa aving a'te Edopa plasma or serum concentration profile comprising: a time of
administration; a 15 first concentration, and a second concentration. In one embodiment of the

method, sgid igé%hc%@%ﬁ.@%f %‘%@&é’%&fé@'ﬁﬁoﬂ‘“ﬁ A v ‘#éﬂat%%’l%e{‘jfﬁékona@efu?%@ TPJP{I{L%?%C‘ second
concentration Is the minimum cancentration occurring at a time later than said first concentration and
earlier tham errepprantc s oelesizstbe psfokongragidndstatier efmmdivdrdsdelipn; and wherein the second
concentration is greater than or equal to about 20 fifty percent of said first concentration. In another

embodiment, the second concentration is the minimum concentration occurring between one hour

after8aid tihadeshaganHiicsitieassd SHRe SaevmasivB) refareie mphaoueseetiedinfromudriane
concentragion, profile.may.as the: median, maééﬁe«&g,%ﬁéqmb?@9&&%@@9&9@%@&%% the

concentration profile may be the mean plasma or serum concentration profile. [n one embodiment, the
concentratiSPpIefiReF B S FIRUCESREEST A SO TR MR ATE ARIThird concentration is
greater than or equal to fifty percent of said first 30concentration and said third concentration occurs at
a time earlier than said first concentration and within about ninety minutes of said time of
administrglii]ﬁn.tqﬁnar';mwme release” (also known as instant release or IR) refers to a

30  pharmaceutical formulation or component thereof which releases, or delivers, one or



embodiment, the third concentration is greater than or equal to sixty percent of said first concentration
and said second concentration is greater than or equal to sixty percent of said first concentration. 5In
accordance with the practice of the invention, the disease includes but isP ol l@&g% t& Izheimer's

. 2009/0853306 . ) o ; ) ?: 1
disease, dyggnl , schizophrenia and Parkinson's disease. The invention further provides methods of

providing a therapeutically effective and stable median and/or mean blood plasma, level of levodopa in

a subject ESKSRTeTRRCEOtsahaeREie ARp Rt s iRt d A% he FRAB G ERki gL aRTdt any of the
formulatiomg@g{ggtimfa@gﬂ@;é@ areoambRdIMeALEhe birashlashastgvel does not fluctuate more than
40% between 0.5 hours after administration and six hours after administration. ADVANTAGES OF
THE INVENTION 15 Optimally, after administration to a patient suffering from a condition associated
with reducet ordmpairediggpaninglevels.ca phaunasstitsidhiorraxdasion’of theyinventisedeleases LD

LD s SR, HHBE (A G REAHE GREIEAor 3 R A TaF AR amoun

Rf8r an extended amount of
time, for exalfplpolgimickiageiniusiohadiainishiatipiyrthacelycn dpein@g) ool iidiintohsor the "on-off'

effect assqciated Wltﬁflgﬁtuapons.ln ‘%lasma LD #jev&l_s 1c:;)a(luseijiesb%fcurrently available oral dosage forms

I
of CD/LD. 'Iclél"oéﬁ"p‘a}“far’magéﬁl AT fOTUIAtonSs Orthe invantion provrle gagesa}é%ﬁlg%%lgérﬁléeLD profile to
a patient thanrelimgntiycavaiiabiedudt phatnzacewtichihfoed ulatibperofmdlfsem biatioxigufntie invention
are able t ide g, significantly ler peak-to-trqu trati 10 (i-e., narrowing
the biood e P B P Al o
embodlimepiensf m@iptm!mace@tﬁ:mtmIaﬂdn?mﬁsth@f#mléﬁ_iidﬁ ﬁﬁé%fd_ﬁ%ﬂi?ﬁﬁﬂ)\@érﬂent by
'”Creas'”%ﬂ&ﬁr@i@&lﬁ@aieé’g%‘?(fs&Qﬁ&hﬁdﬂhﬁ{m%’}ﬂ?&i% fapmulations.afse invepign-glspgrovide

narrow ranges of plasma’LD levels thereby minimizing the™on-off' effect in some patients. The
sustainedpeteagss Liochds nhatprotilechfitmiadhventaieis agivaed Byvivatrbiriidifd consistent

disease c(?gfpg{eg@lghfggW@&gﬁq@@@gg@&r@%@gd%Im@éﬁ@th@mm J'ention and to assist

one of ordinary skill in making and using the same. The examples are not intended in any way to
otherwise limit the scope of the invention. 10 EXAMPLE 1: A TABLET OF CARBIDOPA AND
LEVODORAWIR JAREARGoACHrs Thebinaiilakiindpbanmasekineliescasulisrobamifablet

formulation of the present invention, using 50-200 mg of CD-LD with 215 mg of tartaric acid, were
compared {88 ABTHSOBIRIE AR XSRS Sinemet(r). Preparation of a tablet of CD-LD with
tartaric acid (IPX066-805-07) CD, LD, and hydroxypropyl were charged into a blender and mixed

iformly. The 20 i th d.in a high sh lator and lated with
puriod o RO OGP T WA AE bOETIGHEN 2 SO A b0 D& Toredohnics were

passed thregighoin? mmdiah gesstomlthen kivalgédcand ddemded witivyphdnesiamstearmbia m a blender.

25Taq prepare the tartaric acid final blend, nular. tartaric acid was passed. through a mesh screen.
e e A e e B e R e o
shear mixesiaexirgngmgldten With aghyl dicekbtofiperastoltabd gegmllésowgreatkied fndtdidured processor

at55 10C, e do rnylen welepassed Srengh AR meshsisnenchrtsd g plended with

magnesiu?nrstea ateina end e final CD/LD and tartaric acid blends were compressed into a
tablet. WCErRbeH085306PC1aI$2008/014080 Resulting Effect of Tartaric Acid on the
Pharmacokinetics of Carbidopa-Levodopa 50200 mg Formulations in Human Subjects Table | Product
Strength (mg) Dissolutionin SGF IPX066 CD/LD Tablets containing tartaric acid 50-200 Release over
4 hr IPX08hOpmiabaw crevrnsae isreanaection with percentages means +/-1%.

The “Mean Plasma Concentration” of a substance {e.g., LD or CD) as used herein, refers
to the mean concentration of the substance found in multiple plasma samples. The mean
plasma concentration is obtained by adding the concentrations of the substance found in

30 the plasma samples then dividing the sum by the number of plasma samples.



acid 50-200 Release over 6 hr 0)X066 CD/LD Tablets with tartaric acid 50-200 Release over 6 hr
Sinemee CR Tablet? 50-200 Release over 3 hr 5a Merck & Co., Inc., expiration date Aug. 2007 In vitro
dissolution prafiles of study drugs are listed below. Formulation tables for IPX066-B05-07 A, B and C
are shown at the &ha of this example. 10Table 2 TestFormulationTartaric. %’EHS&%“S Oﬁ\dlgl?-qayer215
BERO Chi-layer215 Drug release (/0); SGF, 50 rpm, USP Apparatus 11w/basket sinker Test
Compound B06¢PPE0 $Be 4ntsing aeiers i1 thapartion glosest 19ghy siorpadh qngpncludes the
161.8303.a4Rm47 iniBdit:a8R3.0 B CDP 130.6221.3382.5523.5644.3844.7 LDP
130.7221.5392.9534.1665.0875.2 C CDP 120.9212.1394.6556.3686.7865.3 LDP

The term “outer coat” refers to a covering or barrier applied to a pharmaceutical

5  formulation or component thereof and may be an enteric coat.

Diseases associated with reduced or impaired dopamine levels includes neurological or
movement disorders such as restless leg syndrome, Alzheimer’s disease, dystonia,
schizophrenia, Parkinson's disease and secondary parkinsonism, Huntington's disease,
10 Attention-Deficit / Hyperactivity Disorder (ADHD), Shy-Drager syndrome and conditions

resulting from brain injury, including carbon monoxide or manganese intoxication.

The term “treating” a disease associated with reduced or impaired dopamine levels,
means to manage a disease with the pharmaceutical formulation of the invention.
15 Treatment can decrease the symptoms of a disease, reduce the severity of a disease, alter
the course of disease progression, ameliorate and/or cure a disease associated with the
neurological or movement disorders associated with reduced or impaired dopamine

levels.

20  COMPOSITIONS OF THE INVENTION

A significant aspect of the invention relates to the unexpected discovery of the effect of
carboxylic acid, in controlling the absorption of LD such that the resulting formulations
yield ‘tighter,’ i.e. steadier, LD plasma concentrations. |
25
The invention provides controlled release oral selid formulations of levodopa comprising
levodopa, a decarboxylase inhibitor, and a carboxylic acid. In one embodiment of the
invention, the carboxylic acid is neither levodopa nor a decarboxylase inhibitor. In
accordance with the practice of the invention, the carboxylic acid may be physically
30  separated from the levodopa and the decarboxylase inhibitor. The pharmaceutical

formulations can include a single acid or a mixture of acids.



121.1212.3395.0556.7687.287+5.9 Results and Discussion: Figure 2 shows a graph illustrating the in
vivo plasma concentration profiles of three formulations of CD, LD with tartaric acid (referred to herein
as IPX066-B05-07 formulations A, B and C) compared to Sinemet(r) after oral 5administration.
Pharmacokitetit¥61fE¥b66 Test B and Sinemet CR Following administrifo St 8HE 1¥%066 Test B
tablet, multiple peaks appeared in the LD 10 plasma profiles, with a maximum plasma concentration
(Cm) occurring at approximately 2.5 hours post dose (Figure 2). In contrast, CD was slowly absorbed,
with median Ghe OGRBEUNEAE, 2RI ASIMALRI hHQURSPOR! JOB8IHRMEIQaXIeRARd disgrbdian rate,
IPX066 Test B with the dissolution rate of 6 hours as opposed to the Reference Sinemet(r) CR with the

dissolutiorPFhediperholits Gebraylie bl 4898 iFechi Aeeida U IRED S¥AER1E538% of Cmax
and 41% ipafdeyf GiisRhaumacakinelies iR X066, Tasife and,|BXPROIRSREiallowing

adminijstration of one IPX066 Test C tablet, multiple peaks also appeared in the LD plasma profiles,
with CF. ocChiiAg Gt BBk F Y hirs FESTUBSE RIS 57 th ULt DHHS &ttty absorbed,

with medianaGamaéid, aeidrsieid, aloapraviin stel AbibopuBrppshdiasenEvencitiitbe miianeed
dissolution,rate, IPX066 Test C wi éhe add#i%)g of 215 mg&of tartaric acid, y{\{hen compared to IPX066

h ;
Test B withsut the RARACH AT SRSROURER S SLRLP Y S GHAd IS G RER % #4%h AUC, 119% in Céh, and
25 65% in C8h of LD, and 32% of Cmax and 35% in AUC of CD Pharmacokinetics of IPX066 Test C

and IPX066 Tes Followi dministration of ane.IPX066, Test A tablet, multiple peaks also
appeared f%%]étt#é% L%aﬁ} %rr?ggp% I e%?’%%ﬁsedp%%éﬂrlr?ﬁgl g. Sa%%ﬁgx?ﬁia{gi}éﬁ%a%&ﬁ%&a dose (Figure
2). Ini@ontrast, CD was slowly absorbed, with median C., occurring at approximately 4.5 hours post

dose. In C?ﬁ“&’&@?g&%@ st %%%%9%%%%%1‘ B8 080175k Qh%oﬁéﬁmﬁ%iﬁhe &%U‘Sea@%f& %%:’Q”a”c acid

and yet a slower dissolution rat ours. As a result, the LD Cmax, LD AUC, LD Céh, LD C8h, CD
Cmax, an¢@DAUE wedlet esdeardet by berengialeligrodvs, mulliiaeved 4d6he pidehaticantys,

respective}Ma}SggQqﬁmﬂgqgﬁq@tiﬁscgéggm% Test A and Sinemete CR Following administration of one
1PX066 Test A tablet, multiple peaks also appeared in the LD plasma profiles, with C"," occurring at

approximately 2 hours post dose (Figure 10 2). In contrast, CD was slowly absorbed, with median

Crna; 9ccuringiat aRBramnateind ddqursResheage. Rlagsessmentdamensiraigd HaahPX066 Test
A with the dissolution rate of 4 hours and tartaric acid included in formulation is bioequivalent to the

Reference™Si@abss HopmuiatienisSo R srhadiness pbihe Wit formiiesticdatrauc values

for both LrangdapiulalditioandieeCemmiiintedh aid RuatiixRetitestkd A& waesplaiwasthan those of
Reference Einemet(r) CR b%/ ap%(oximatelg 25% and 4%, reis ectively. The data herein demonstrated
that decredSh g HERBIHILA TS O Ve B BESEhIE P AR of LSRR ED, R FNYRABIF YR B taric acid
increases e Gaax ApsHAKIE fofh Dian d4n De 20 HRO6 GHELD 0 éte Tavdadio fighiligfediaris Per Tablet
%(9/% qu%easr%?(i)(rjlopa 16.8 54.0 Levodopa 25.47 200.0 Hydroxypropy! cellulose (Klucel-LF) 12.63 99.2

In an embodiment of the invention, the formulation reduces intrasubject variability in
levodopa absorption. The intrasubject variability may be calculated as the standard
deviation of the ievodopa concentration divided by the mean levodopa concentration
25  -determined over the range of about 0.5 hours after administration to about six hours after
administration for a single dose of the formulation to an individual subject which when

averaged over at least 12 subjects; is less than or equal to about 0.40.

The controlled release oral solid formulation of the invention may comprise carbidopa
30  and levodopa in a ratio of about 1:1 to about 1:10. In one embodiment, the ratio of

carbidopa to levodopa is about 1:4.



Tartaric Acid 27.38 215.0 Microcrystalline cellulose (Avicel PH101) 21.63 169.8 Hypromellose
(Methocel K 1 OOLV) 5.48 43.0 Magnesium Stearate 0.53 4.2 Total 100 785.2 Note. 53.09mg CD,
USP is equivalent to 50.0 mg CD anhydride 23 WO 2009/085306PCT/US2008/014080
IPX066-130507 Edtntiation B ngredients Per Tablet %(w/w) Mg Carbi}éggg%?g%li%g evodopa
62.2 200.00 ydroxypropyl cellulose 20.0 64.3 agnesium Stearate 1.0 3.2 urified water

The controlled release oral solid formulation of the invention may have a ratio of moles
of dicarboxylic acid to levodopa of less than 4:1. In one embodiment, the ratio of moles
of dicarboxylic acid to levodopa is greater than 1:4 and less than 3:2. In another
5  embodiment, the ratio of moles of dicarboxylic acid to levodopa is greater than 1:2 and
less than 4:3. In vet another embodiment, the ratio of moles of dicarboxylic acid to
levodopa is greater than 2:3 and less than 5:4. In a further embodiment, the ratio of moles

of dicarboxylic acid to levodopa is greater than 1:1 and less than 4.3,

10 The controlled release oral solid formulation of the invention may comprise from about
25 mg to about 2000 mg levodopa. In ong embodiment, the formulation comprises about

50 to 600 mg of levodopa.

The controlled release oral solid formulation of the invention may comprise from about
15 10 mg to about 300 mg carbidopa. In an embodiment of the invention, the controlled

release oral solid formulation comprises about 10 to 80 mg of carbidopa.

The invention also provides multiparticulate, controlled release oral solid formulations of
levodopa. A multiparticulate, controlied release oral solid formulation of the invention
20 comprises 1) a controlled release component comprising a mixture of levodopa, a
decarboxylase inhibitor and a rate controliing excipient; 2) a carboxylic acid component;
and 3) an immediate release component comprising a mixture of levodopa and a
decarboxylase inhibitor. In an embodiment of the invention, the decarboxylase inhibitor
is carbidopa. The multiparticulate, controlled release oral solid formulation of the

25 invention may reduce inirasubject variability in levodopa absorption.

In accordance with the practice of the invention, the controlled release component may be
a distinct component (e.g., separate from the carboxylic acid and immediate release
components). In an embodiment of the invention, the carboxylic acid component is a
30 distinct component (e.g., separate from the controlled release and immediate release

components). In yet another embodiment, the immediate release component is a distinct

10



otal 100.0 321.5 5 IPX066-B05-07 Formulation C Ingredients Per Tablet %(w/w) mg Carbidopa 6.30
54.0 Levodopa 23.34 200.00 Hydroxypropy! cellulose (Klucel-LF) 19.94 170.9 Tartaric Acid 25.09

215.0 Microc%stalline cellulose (Avicel PH101) 17.82 152.7 Hypromellose %thocel K100LV) 7.03
[

60.2 Magnesitm Sf&5rafe 0.48 4.1 Total 100 856.9 Note. 53.09mg CD, & Bguivarent to 50.0 mg

CD anhydride EXAMPLE 2 10 Preparation oflPX066-B06-02 Formulations A and B The following
steps wereopadoemidd-to prepate Sareribecountid!jselelsaserradniath oDl sneridDsomponents).

In still another embodiment of the invention, the controlled release cornponent, the
immediate release component and the carboxylic acid component are each manufactured

as distinct, separable beads,

In an embodiment of the invention, all of the components (namely, the controlled release,
carboxylic acid, and immediate release components) of the multiparticulate, controlled

release oral solid formulation are coformulated into a single component.

10 The multiparticulate, controlled release oral solid formulation of the invention may
further comprise one or more controlled release carboxylic acid components comprising a
carboxylic acid and a rate controlling excipient. Suitable examples of carboxylic acids
include but are not limited to tartaric acid, adipic acid, succinic acid, citric acid, benzoic
acid, acetic acid, ascorbic acid, edetic acid, fumaric acid, lactic acid, malic acid, oleic

15  acid, sorbic acid, stearic acid, paimitic acid and boric acid or mixtures thereof In a
particular embodiment, the carboxylic acid is tartaric acid. Further, the controlied release
carboxylic acid components may comprise a carboxylic acid core coated with one or more
enteric polymers. In a particular embodiment, the multiparticulate, controlled release oral
solifl formulation has at least two controlled release carboxylic acid components that

20 release the carboxylic acid at different rates.

In accordance with the practice of the invention, the rate controlling excipient of the
multiparticulate, controlled release oral solid formulation may be an enteric polymer or a
mixture of more than one type of enteric polymer. In one embodiment, the rate

25  controlling excipient is a neutral methacrylic polymer.

In an embodiment of the multiparticulate, controlied release oral solid formulation of the
invention, the controlled release component further comprises a carboxylic acid. The
carboxylic acid may be a dicarboxylic acid.

30
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CD, LD, and microcrystalline cellulose (Avicel PH-101) were charged and mixed uniformly. The
powder mix was charged into a high shear granulator and granulated with purified water. The
granulated wet mass was extruded in an extruder with 1 0 mm hole 5 size screen. The extrudate was
charged an&’?p%?@?&'ﬁ?é’&?j in a spheronizer equipped with 3 mm cross-haléh dist The EbiLp pellets
were dried at 60 10C in fluid bed processor. The CD/LD pellets were passed through different size
screens. Thapelidtediniot wdlwenaltitaivedatn i tintesvinesh wetsehd. frommetionowihg steps were
performed fopreparehe snteic. coptngsoluion fenihesaRnte Rellels: Far faragations
IPX066-B06-02 A, Eudragit(r) S100 and Eudragit L100 (at the weight ratio of 2:1) and triethyl citrate
were diss@RiaEPRrIda BYPHESeetad i dicene RE BOIEBIETISPPHERIRture was mixed until dissolved.
Talc was dispersed into the polymer solution and mixed continuously throughout the coating process.
For Formulation IPX066-B06-02 B, Eudragit(r) S100 and triethyl citrate were dissolved in isopropyl
alcohdl anthcetdreaserulasn. comeohsdudsarssoRsixer] G ifranelasivr aravfien A BRSIBR%d into the

polymer sqlntiefhanehimbachaantisisslystbrosahout theseoatingnrogessaks hoth. famaulations, the
CD/LD pellets were spray-coated using the coating dispersion prepared in Glatt GPCG-1 water, The

coated pefBYRARERE BE ARl AR 4RRHUISLEBA S héllets were screened through a 16 mesh

screen. The screened CD/LD pellets were charged and blended with talc in a blender. The following

steps were performed fo prepare enteric coated pellets containing tartaric acid (TA). 30 TA was
passed throtfghd ST ﬁt%cf‘gg“?%er %@Snoég fﬂﬁign%’?ﬁ’i%iﬁcglé%s(iaﬁﬁemcve 151%% 1r(%‘f\l/?ic%l PH101)
werelohargednibadhighishiarmiterrand g anldatet-whbxytikfedi watevoddie grdesaldsweile extruded in
an extruder with 1.0 mm hole size screen. The extrudate was charged spheronized into a
spheronizqe? 8&%%%e0 Wit & Esl’]?nnrﬁﬁc%%as%} -i%ftﬁoa%%ﬁﬁné%éaé%gr\%esr%@é]ng o@%trlr?%rﬁeﬁshaan oven at
60 10C. Treidriddpédets watepdsseddhoimgloddhald gnehlS tivesh:$cedhsssTthenpiletdretained
were collected on 18 and 25 mesh screens A seal coat Solutio $ IsPaed Ry chatging
hypromellgggﬂ(gh%?m%%?ﬁ%géf é‘?]‘%?‘e’%ﬁﬂ%% uﬁs’og%élﬁlﬁct’oean éajﬂcogf]%(\)éﬁaca solﬁtﬁon. Tllge 1m};ilxture was mixed
until dissotatid .of meotirerf Taxhoalibtsagidre deerdent inf esetiethand Spray kaatbandith the/'d0 seal coat

solutian prepared. The seal coated, GRA-R.RElets WREAiRd. A8 ARSSRE HrRaRiG hmesh screen.

The following steps were performed to prepare the enteric coating solution for the TA pellets. 15 For

FormulatioAtereX 0688 06 @rbaxaisdeidite j s edorarnd Eaaikidhtn 230oddeshdaiefyht Mt of 2:1) and

triethyl citraigiyierg dissodvadin iRoRTamdaaicanet A easiane sallibion sJine MU wasmixed until
dissolved. Talc was dispersed into the pol%mer solution and mixed contlnuous%throughout the coating

process. ZORiHt HonplitibfiarRoss o Bveoarefigrydaobeandinetsitiiatettere dissolved in
isopropyl alcohol and acetone solution. The mixture was mixed until dissolved. Talc was dispersed into
the polymer solution and mixed continuously throughout the coating process. For both formulations,
the sehled C5dRUPATHRHAL SRTEUS SRR S@lare ﬁeélﬁaé’ﬂﬁt@fgﬁd‘%‘?ﬁg}o@o%&%‘a h the enteric
coating soutienrépaiadcdhertagiefiohA peleta ware drietodthe2dlesgcratelbgeA piellets were
passed through a 12 mesh screen.. The coated pellets were charged and blended with talc in a
blender. TR NG e bt BT GEMGimat 18 B R e e e et e BUaeT H D its and
enteric coabedtBA pedleist 60hagoétech@ipA. D pellets prepared as described above and coated TA
pellets prepared as 5described above were encapsulated into hard gelatin capsules. The filled
capsules contained 50 mg carbidopa anhydride, 200 mg LD and 215 mg TA. Preparation

ofIP X066 6- B dtFarmulato nsDralhel EelésEherdbloldnigiataiorerd ferforedtbtoppreisizse the
carbidopa (2L 8RR IoRRRl iR 4BE T il WICHRGEY It R CRiMaRgAnd,crigecarmellose
sodium were charged Iinto a blender and mixed uniformly into a powder. Corn starch was dispersed in
purified watebadiraent. shereepipars oot eontrabedaiglsascoaseihed dviararulatgrsgp@prssmifuously until it
became s;g&c{g Q%&@ggfﬁ@gw&*ﬂ’ﬂ%gf the peristaltic pump was verified using the starch paste. The
powder mix prepared above was charged in a high shear granulator and granulated with starch paste
at a flow rate of 50 - 1000 g/min. The granules were dried in an oven at 60 10C until LOD was lower
than 3.0%. The dried granules were passed 20 through a 25 mesh screen. The screened CD/LD
granules, crospovidone and magnesium stearate were charged and blended in a blender. To prepare
the TA final blend, granular TA was passed through a 20 mesh screen. The TA and microcrystalline

cellulose were charged and blended in a high shear mixer and
12



25 granulated with purified water. The resulting granules were dried in an oven at 60 10C until L.O.D.
measured by a moisture analyzer was lower than 2.0%. The dry granules were passed through a
Fitzmill equipped with a 24 mesh screen. The dried TA granules and magnesium stearate were
charged anae &G blender. 30The final blends were compressed% 0 CoTetabtete as follows.
The CD/LD final blend and TA final blend were weighed, mixed and compressed into a tablet. The

tablet conteifeBhBOTRpedeHidEpmelaHga iR, S50 IFrEPRNeRD 1 BIRNGIT 20TPEEE| BYHPIFES applied to
the core taletRYSHAYrR ainR SoCaleHRRlRS Withie Qa@rﬁmquﬁﬁ?ﬂdi%%gmﬁa ithgemixtge of
a

isopropyl alcohol and purified water solution in Pan Coater. The tablets were dried in the coating pan
at 60 10CYRfePiHEQVERSleHas lower than 3.0%. The enteric coating solution was prepared as follows.
|0 For IPX066-B06-02 Formulation D, Eudragit(r) S100 and Eudragit(r) L100 (at the weight ratio of
0.25:1) and triethyl citrate were dissolved in isopropyl alcohal and acetone solution. The mixture was

mixed® untiPcRSSHATRRESTHIE sriReHES IR I YRRESEIRRPRIIR6A B SHUed B8t Bty throughout

the coatingnhprare st 106t BAE6-BO Rk opraplatimo&udsasitilda)and titlhykejtrate were
dissolved ini'!soprop I alcoholi%nd acetone solution, h%fmixture as mixedyntilgﬁgl\é . Talc was
dispersed Tto BRPHoRANSEr &ifhitioR n SHAREG CERRGotsId PIBUGHEGHE Cokting Brdtess. 20 The
sealed cogtad/¢ahlet Wasy chisrgeehlindo. p Fhnsiaiesfatuthgprayaco atdghwithithbidateriewshting solution
prepared. The coated tablet was, dried in. in n ak 0C for at e inytes. 25
Rosuting ERUAFO1 F FALTE RS A TAel Eils A o 100 el ERaa T
Carbidopahevadope 60<2@dmaiborrutatiiehmpumbargibjéde0THis stadsnshowsthmeffect of acid

dditi ' H.of enteric- tiNg.t i D -200 f lati
o he PR LR B 8 T s A R b e o)
EntericCoatestine Waxeebeahl i @upsufe Fitdragith fd Mtanbe2p0d0GakuesaaprdITapsule with
tartaric acj SR80 G SIOPIRHT S TBHS50:700 M. FXORA CRIPCTebigiaidagari aci

50-200 6.5 IPX066 CD/LD Tablet with tartaric acid 50-200 6.0 a Merck & Co., Inc., expiration date

Aug. 2007release components of the formulations of this invention can be formulated with any,
15 and/or a mixture, of the above polymers, to achieve the desired LD plasma concentration
profiles. The choice of the polymers that can be used in the invention includes, but is not

limited to, Eudragit®, cellulose acetate phthalate, polyvinyl acetate phthalate,
hydroxypropyl methylcellulose phthalate, hydroxypropy! methylcetlulose acetate

succinate LF, hydroxypropyl methylcellulose acetate succinate HF, and others. .

20
The pharmaceutical formulations of the invention can further comprise other excipients
commonly known and used by those of skill in the art, including a plasticizer agent (e.g.,
triethyl citrate), lubricant (such as talc and magnesium stearate), and disintegrant (such as
croscarmellose sodium and crospovidone), or any combination thereof.

25

The invention provides a controlled release oral solid formulation of levodopa having or
exhibiting a levodopa plasma or serum concentration profile, which profile comprises a
time of administration, a first concentration and a second concentration, The controlled
release oral solid formulation of levodopa may further comprise at least one carboxylic

30  acid, for example, tartaric acid.

13



Formulation information of study drugs are listed below. Formulation tables for IPX066- 5 B06-02 A, B,
D and Bare shown at the end of this example. Table 4 TestFormulation Particle size m Tartaric Acid m
Capsule D(v,0.9) 215 =36.22 D(v,0.9) =139.48 Capsule D(v,0.9) 215 =36.22 D(v,0.9) =139.48
Tablet D(v,0’) 218453822 D(v,0.9) PCT/US2008/014080

In accordance with the practice of the invention the first concentration may be equal to
the maximum levodopa plasma or serum concentration of the profile, the second
concentration may be the minimum concentration occurring at a time later than said first
concentration and earlier than or equal to about six hours following the time of
5  adminisiration. The second concentration may be greater than or equal to about fifty

percent of said first concentration.

In one embodiment of the formulation, the levodopa plasma or serum concentration
profile is a median levodopa plasma or serum concentration profile. In another
10 embodiment, the levodopa concentration profile is the mean levodopa plasma or serum

concentration profile.

In a further embodiment, the levodopa plasma or serum concentration profile further
comprises a third concentration. The levodopa profile in this third concentration may be
15  greater than or equal to fifty percent of the first concentration. . Further, the third
concentration may occur a time earlier than said first concentration and within about
ninety minutes of the time of administration. In a specific embodiment, levodopa in the
third concentration may be greater than or equal to sixty percent of the first concentration
and the second concentration may be greater than or equal to sixty percent of the first

20 conceniration.

In accordance with the practice of the invention, the second concentration may be the
minimum concentration occurring between one hour after said time of administration and
the second time. In one embodiment, the first concentration is between 825 and 1505

25 ng/mL for a 380 mg dose of levodopa.

The levodopa plasma or serum concentration profile may have a ratio of mean AUC
which is measured in units of ng h/mL, to the mass of levodopa in the formulation, where
said mass is measured in mg, is between 11:1 and 25:1. In one embodiment, the ratio is
30 between 14:1 and 19:1. Additionally, the levodopa plasma or serum concentration profile

may have a ratio of mean AUC which is measured in units of ng h/mL, to said first

14



=139.48 Tablet D(v,0.9) 215 =36.22 D(v,0.9) =139.48 Results and Discussion: Figure 3 show a
graph illustrating the in vivo plasma 10 concentration profiles of four formulations of CD, LD and TA
(referred to herein as IPX066-B06-02 formulations A, B, D and E) compared to Sinemete after oral
administratidf? PRAHMEokinetics oflPX066 Test A and Sinemete CR Foﬂswm‘gﬁmﬁ?%%ation of one
IPX066 Test A capsule, one peak appeared in the LD median plasma profiles, with a maximum
plasma corvaepriziom.(Gheax seiccovrierpaioapp roxisiansl\ils s wisniel d e eFigare?sl. In contrast,
CD was slgwly.absorbed, with median Cmax occurring at approximately 6.0 hours post dose. Due to
delayed dissolution rate (enteric coated pH=6.5), no LD concentration was observed before 1 hr for
IPX066 Test A and the LD concentration of IPX066 Test A between 5 and 8 hr was higher than that of

the RefereneiSinaipe il &R hasst-oudhiemalianeaile-suonsslna-hat AUHIONRALTA (215 mo)
rpti

increase the absorption of LD in the later part of intestine. The AUC of LD for IPX066 Test A was only

58% Gf thAf oF rar flensivanheltn) CHOPRaRE BkATEEAD B PX O crehadimal 8m&sdt(r) CR
15Following rdrniisteaticng anes0Rt1ests earaule; ahe Reak alspappeared in the LD median

plasma profiles, with delayed and lower Cm ax occurring at approximately 4.0 hours post dose (Figure
3). In contrast, CD was slowly absorbed, with median Cmax occurring at approximately 4.75 hours

post doseThiv lhoaepsesiaionvasralsesveenbefie grofifor iRx0eh-d esticcyeniwithrthe addition of

TA (215 mq), IPX066 Te IE? 20 did not have highef. LD, concentration bet\?/?en and 8 hr when
compared- B SHEHEN TR Fi B LIS e ot o ThO ULl R AR T Y ISRBIIN that of LD.
The KUC 6&frilfonhP X866 Tesd Bnaas ionye23Fedhithate)f séfbeenem Sinemet(9: CR IR karmacokinetics

of IPX066 Tget2and 2ine.el() CR, 20 Following adminishation of one PXQ08 Lest gplet, one peak
also appeareo? i the 1D median pfasma proaﬁies, Wi a’%?aye Bng fowerCrRa* oct ring at
approximately et.2guhloorebpost dose (Figure 3). In contrast, CD was slowly absorbed, with median
Cmax occurring at approximately 6.0 hours post dose. No LD concentration was observed 30 before 2
hr for IPX066 Test D. Even with the addition of TA (215mg), LD AUC of IPX066 Test D was only 24%

of that of Referesrobogimsmetiic IeRdmd pRsounoessraticonbetivaeon PrdideS pimprassiaienthan that of

Sinemet(n, R s 5idH e, q0e Hobh-¥asRAlS, B tg,dissglution Rrofie Aad g [agierLelease rate
of TA when compared with that of LD. 5 Pharmacokinetics of IPX066 Test E and Sinemet(r) CR

Following @@nhiiiadratiosirafionic eXOBE-TeesniTatidiat dpreprdkandappearsafistiad rfhedian
plasma profiies.yith f@YeH aRAAauYen G ARALTHRY BLARP BRI A Burs after said
second time, The second concentration may be equal to the maximum concentration of
levodopa in the profile; the first concentration may be equal to about fifty percent of the
20 second concentration; said third concentration may be equal to about fifty percent of the

second concentration.

In another embodiment, the controlled release oral solid formulation has a levodopa
plasma or serum concentration profile substantially the same as levodopa formulation
25 IPXO066 in Figure 1 for a 380 mg dose of levodopa, or having a levodopa plasma or serum
concentration profile substantially proportional to said formulation in Figure 1 for a dose

other than 380 mg.

In yet another embodiment, the controlled release oral solid formulation has a levodopa

30  plasma or serum concentration profile such that the ratio of the maximum concentration



hours post dose (Figure 3). In contrast, CD was slowly absorbed, with median Cmax 10 occurring at
approximately 5.0 hours post dose. No LD concentration was observed before 2 hr for IPX066 Test E.
Even with the addition of tartaric acid (215mg), LD AUC of IPX066 Test E was only 20% of that of
Reference ﬁﬁ%@fg?)’@ﬁ and LD concentration between 5 and 8 hr wasTOWEr thE that of Sinemet(r)
CR. This is also due to the highly variable in vitro dissolution profile and the faster release rate of TA
when conyfattedpmifiic] Btitht ebnnTadodaah e dima befvestransdhehit A€l yuendiessi A rate

decrease%agﬁygﬁpﬁgblﬁrgfqﬁé_gmaggn gr;gsgqgﬂ'%g Q{ugﬁ(yv@ip_h has similar dissolution rate to LD and

CD has higher LD concentration between 5 and 8 hr when compared to Sinemet(r) CR. 20
IPX066-B06-02 Formulation A Ingredients % (w/w) Amount (mg) Carbidopa 14.06 53.98 Levodopa

52.10 2001p Misraehsilimentt! weserdics! Biekd0dh P8R8 iihahdondsagioibpd@ab. 44 4.39
Eudragit(r) 8100 2.34 8.98 Triethyl Citrate 1.00 182 Talc 1.00 3.83 Total 100.0 383.85 _Tartaric Acid

57.6 215.0°kAltdyRIanmBl BB SETIIECORGRERT AR RMBI%_&(_)E}B§%D};: a first concentration

at a first time; a second concentration at a second time, that occurs within about one hour
after said first time; a third concentration at a third time, that occurs at least four hours
after said second time; and a maximum concentration. The second concentration may be
equal to the maximum concentration of said profile; the first concentration is equal to
10 fifty percent of said second concentration; the third concentration is equal to fifty percent

of the second concentration.
Coating of the Pharmaceutical Formulation

15  Another aspect of the invention relates to the method of preparation of the enteric coating
of the formulations containing an acid, e.g., tartaric acid. The acid causes a slow and
variable drug release rate. The prolonged and slow drug release rate may be due to the
interference of the dissolution of the enteric coat, affected by the presence of the acid in
the core. The interference can be significantly reduced by partially neutralizing the

20  enteric polymers of the coating, for example, by adding a base (e.g., NH; or NH,OH) to
the coating formulation so as to increase the pH of the coating. The neutralizing
technique can be equally effective for different enteric polymers including, but not limited
to, Eudragit® L100, 8100, and FS100.

25 METHODS OF THE INVENTION

" The invention provides a method of enhancing dopamine levels in a subject suffering
from a condition associated with reduced or impaired dopamine levels comprising
administering to a subject an effective amount of a pharmaceutical formulation of the

30  invention thereby enhanciﬁg dopamine levels in the subject suffering from a condition

associated with reduced or impaired dopamine levels.

16



Ethylcellulose 6.6 24.8 Hypromellose, Type 2910 1.4 5.1 EudragitL100 4.6 17.2 Eudragit(r) 8100 9.4
35.1 Triethyl Citrate 4.0 14.9 Talc 2.0 7.5 Total 100.0 373.4 1PX066-B06-02 Formulation B Ingredients
% (w/w) Amount ém Carbidopa 12.92 53.98 Levodopa 47.88 200.00 Microcrystalline cellulose
(Avicel PH1BP) B8 (98°1%8.85 Eudragita 8100 8.85 36.95 Triethyl Citrate 253 T0.55 1 >

The invention also provides methods for enhancing or maintaining dopamine levels in a
subject suffering from a condition associated with reduced or impaired dopamine levels
comprising administering to the subject an effective amount of a pharmaceutical
5  formulation of the invention thereby maintaining dopamine levels in the subject suffering

from a condition associated with reduced or impaired dopamine levels.

Enhancing or maintaining dopamine levels in a subject can treat the subject suffering
from a condition associated with reduced or impaired dopamine levels. Examples of a
10 condition associated with reduced or impaired dopamine levels include, but is not limited

to, Alzheimer’s disease, dystonia, schizophrenia, and Parkinson’s disease.

The invention further provides methods of reducing motor fluctuations in a patient
suffering from Parkinson’s disease comprising administering to the patient an effective
15  amount of any of the formulations of the invention thereby providing a plasma
concentration of levodopa effective to reduce motor fluctuations in the patient. In one

embodiment of the invention, the formulation is administered in six-hour intervals.

Additionally provided are methods of reducing off time in a patient suffering from
20  Parkinson’s disease comprising administering to the patient an effective amount of any of
the formulations of the invention thereby providing a plasma or serum concentration of

levodopa effective to reduce off time in the patient.

Further, the invention provides methods of increasing “on” time in a patient suffering
25  from Parkinson’s disease comprising administering to the patient an effective amount of
any of the formulations of the invention thereby providing a plasma or serum

concentration of levodopa effective to increase on time in the patient.

Also provided are methods of reducing time to ‘on’ (e.g., accelerating the efficacy of
30  levodopa) in a patient suffering from Parkinson’s disease comprising administering to the

patient an effective amount of any of the formulations of the invention thereby providing

17



Talc 1.76 7.37 Total 100.0 417.70 Tartaric Acid 57.6 215.0 Microcrystalline cellulose (Avicel PH101)
14.4 53.8 Ethycellulose 6.6 24.8 Hypromellose, 1.4 5.1 Eudragit(r) 8100 14.0 52.3 Triethyl Citrate 4.0
14.9 Talc 2.0 7.5 Total 100.0 373.4 IPX066-B06-02 Formulation D Ingredients % gwh‘}/’?{)mg arbidopa

8.57 53.98 E’%@&ﬁlg 5366 PCTAIS2008/014
a plasma or serum concentration of levodopa effective to reduce the time to on in the

patient.

Determining “on” and “off’ time can be based on measuring conventional parameters
5  such as the Uniform Parkinson’s Disease Rating Scale (UPDRS) motor exam, walking
time, and/or tapping number. For each of these parameters, definitions of “on” may be
based on change from predose measure, and the results analyzed in the standard manner.
For example, for the tapping number measure an about 10% change from the average of
the predose measurements, may define the time of “on”. For walking time, an about 15%

10 change may be used.

In accordance with the practice of the invention, the plasma or serum concentration of
levodopa comprises: a controlled release oral solid formulation of levodopa having a
levodopa plasma or serum concentration profile comprising: a time of administration; a
15 first concentration, and a second concentration. In one embodiment of the method, said
first concentration is equal to the maximum concentration of said profile; said second
concentration is the minimum concentration occurring at a time later than said first
concentration and earlier than or equal to about six hours following the time of
administration; and wherein the second concentration is greater than or equal to about
20 fifty percent of said first concentration. In another embodiment, the second concentration
is the minimum concentration occurring between one hour after said time of

administration and said second time.

In the method of the invention, the concentration profile may be the median plasma or
25  serum concentration profile. Further, the concentration profile may be the mean plasma

or serum concentration profile.

In one embodiment, the concentration profile further comprises a third concentration,
wherein said third concentration is greater than or equal to fifty percent of said first
30  concentration and said third concentration occurs at a time earlier than said first

concentration and within about ninety minutes of said time of administration. In another

18



31.77 200.00 Microcrystalline cellulose (Avicel PH101) 15.17 95.5 Corn Starch, 1.43 8.98
Croscarmellose Sodium 1.43 8.98 Crospovidone, 0.93 5.88 Magnesium Stearate 1.13 7.11 Tartaric
Acid 34.15 215.0 flgy romellose, type 2910 2.93 18.42 Eudragitt L100 1.40 8.82 Eudragite S 100 0.35
2.20 TriethyWé’n’r%&é%%?fs.ls Talc 0.25 1.57 Total 100.0 629.59 WO  PCT/US2008/014080

2009/085306PCT/US2008/014080 IPX066-B06-02 Formulation E
embodiment, the third concentration is greater than or equal to sixty percent of said first

concentration and said second concentration is greater than or equal to sixty percent of

said first concentration.

5  In accordance with the practice of the invention, the disease includes but is not limited to

Alzheimer’s disease, dystonia, schizophrenia and Parkinson’s disease.

The invention further provides methods of providing a therapeutically effective and stable
median and/or mean blood plasma level of levodopa in a subject comprising
10 administering to the subject a therapeutically effective amount of any of the formulations
of the invention. In one embodiment, the blood plasma level does not fluctuate more than

40% between 0.5 hours after administration and six howrs after administration.

ADVANTAGES OF THE INVENTION

15
Optimally, after administration to a patient suffering from a condition associated with
reduced or impaired dopamine levels, a pharmaceutical formulation of the invention
releases LI} into the plasma of the patient at a steady or near constant level, ie., with a
low peak-to-trough ratio of LD plasma concentration, without any significant decrease or

20 fluctuation for an extended amount of time, for example, mimicking infusion
administration; thereby reducing motor fluctuations or the “on-off” effect associated with
fluctuations in plasma LD levels caused by currently available oral dosage forms of

CD/LD.

25  The pharmaceutical formulations of the invention provide a superior plasma LD profile to
a patient than currently available oral pharmaceutical formulations. The formulations of
the invention are able to provide a significantly smaller peak-to-trough LD plasma
concentration ratio (i.e., narrowing the blood plasma ranges of LD after the initial peak)
with e.g., Q6h, dosing. Additionally, some embodiments of the pharmaceutical

30  formulations of the invention provide for improvement by increasing the plasma level of

LD. The pharmaceutical formulations of the invention also provide narrow ranges of
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Ingredients /(0 (w/w) Amount (mg) Carbidopa 8.57 53.98 Levodopa 31.77 200.0 Avicel P1-1-101 15.17
95.5 Corn Starch 1.43 8.98 Croscarmellose Sodium 1.43 8.98 Crospovidone 0.93 5.88 Magnesium
Stearate 1.13 7.11 Tartaric Acid 34.15 215.00 Ilypromellose, Type 2910 2.93 18.42 Eudrage L100
1.75 11.02 WRH§ERPAte 0.5 3.15 Talc 0.25 1.57 Total PCT/US2008/014080

plasma LD levels thereby minimizing the “on-off” effect in some patients. The sustained,

steady LD plasma profile of this invention is expected to provide a superior and

consistent disease control.

5  The following examples are presented to illustrate the present invention and to assist one of
ordinary skill in making and using the same. The examples are not intended in any way o

otherwise limit the scope of the invention.

10 EXAMPLE 1: A T"ABLET OF CARBIDOPA AND LEVODOPA WITH
TARTARIC ACID

The bioavailability/pharmacokinetic results of a tablet formulation of the present
invention, using 50-200 mg of CD-LD with 215 mg of tartaric acid, were compared to the

15  controlled release version of Sinemet®.
Preparation of a tablet of CD-LD with tartaric acid (IPX066-B05-G7)

CD, 1D, and hydroxypropy! were charged into a blender and muxed uniformly. The
20  powder mix was then charged in a high shear granulator and granulated with purified
water. Drying of the granules was done overnight in an oven at 60 = 10°C. Dried
granules were passed through a 25‘ mesh screen, then charged and blended with

magnesium stearate in a blender.

25 To prepare the tartaric acid final blend, granular tartaric acid was passed through a 20
mesh screen.  The tartaric acid, microcrystalline cellulose, and hypromellose were
charged and blended in a high shear mixer and granulated with ethyl alcohol. The
resultant granules were dried in fluid bed processor at 55 + 10°C . The dry granules were
passed through a 25 mesh screen then charged and biended with magriesium stearate in a

30 blender.

The final CD/LD and tartaric acid blends were compressed into a tablet.
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100.0 629.59 EXAMPLE 3 5 Preparation of IPX066-B07-0.1 Formulations A, B and C The following
steps were performed to prepare enteric coated pellets containing Carbidopa-Levodopa (CD-LD).
10CD, LD, and microcrystalline cellulose (Avicel PH-101) were blended together. The mixture was
charged intd*®? AP G4 granulator and granulated with purified water. ?gglﬁﬁéﬂﬁfg’t&f%et mass was
extruded in an extruder with 1.0 mm hole size screen. The extrudate was charged and spheronized in
a spheronizeuéing giftd v 3 farfe cfosb dratkh Aise ritine/spttéres/obrahiderirdrevidesplhiéronizer were
dried at 605710 ﬁ@r@n L@}}B%CI; %un}c?r}dﬁ%zeth Drying the pellets in the Glatt GPCG-1 eliminated
discoloration of'the pellets and also reduced ﬂ%e amount of degradation product DHP. The drug-loaded
pellets were screened with 16, 18 and 25 mesh screens and the collected pellets retained on 18 and
25 mesh sgregng. The core pellets were then coated with hypromellose (Pharmacoat 606) aqueous
solution in.a-Glatt GCPG-| coater. The coated pellets were screened with an 18 mesh screen after
they were|dried in GPCG-1. 5 The enteric coatirjg solution was??é‘ﬁbﬂié@i as'fo|lows. For formulation
IPX066-BOY YA, Eudragitg-S100-apd-Eudragitg FEaBh i ¢ tely at the weight ratio

2) A
of 5:1 into é@?rjﬁ%éd WAt zﬁ‘ﬁeﬁi%ﬁ%ﬂ%{aﬁﬁ%rrg digpersion. IRFRASPAYE 4Biution was then added
drop-wise(t; Onthrsetutian tirthepireached a% Fhe-twosglutions-were-30 combined together

ISCIHD XB66 15 "Pablets - Witholl tartaric '~ PREfease Qverh fr - | : =
and mixed thproughly A talc suspension was prepgregh by dispersing Talc into triethyl citrate solution in
purified waiek s IDAIDSIHE R Ik LIRHE sLRE abGye ppixture OiRLIFL ahd 5LP0 was then combined
with the Tafirdispérsromard:mixed thoroughly. The-gespersion nasscseaned through a 140 mesh
screen befaveslasing NaCoalgRsaCRESARRrIbN066-B07-01 formulation B, the same procedure
was followed 15 for formulation A except using only Eudragit(r) 5100 polymer. For 1PX066-B07-01
formulation C, the same procedure was followed for formulation A, except using only Eudragit(r)
FS30D palymiete Tiediypsanmedtse cdatad sekdss weselispsaybetaied Muihiiei enteibtcofating
dispersio ration. The ted CD/LD pellets,were. dried in an oven. The dried CD/LD pellets
were pasr;%gé2 %ﬁ%@gﬁ‘gﬁ ’-ng]easrllg%?c%ee%.oﬁ{'ea{%% etﬂceir?g ]E/}%/I@fseﬁ%nﬁr%ered by blending the screened
CD/LD pellets with talc. The following steps were performed to prepare enteric coated pellets
cont 'tp,ingr'%!e TA was passed through a 20 mesh screen. The screened TA and microcrystalline
cellulose (Avicel PH 101) was charged in a high shear mixer and granulated with purified water. The
wet mass|Wast extiergudaiionn extruder with 1.0 mm hole size screen. The extrudate waslehasged and
spheronized in a spheronizer equipped with a 3 mm cross 30 hatch disc. The pellets obttited were
dried overnj H j 618 and™H mesh
screens an olfeéted pellets re al coat soltion was
prepared py dissolving hypromellose (Pharmacoat 606) and ethylcellulose in alcoholic solution. The
seal coat solution was applied to the TA pellets in a Glatt GPCG-1 coater. The pellets were dried in a
GPCG-1 amrd pagsed through a 14 mesh screen. 5 The enteric coating solution was prepared as
follows. For IPX066-B07-0l formulation A, Eudragit(r) S100 and Eudragit(r) L100 were dispersed
separately at the weight ratio of 5:1 into purified water and mixed until a uniform dispersion. IN NH4OH
solution wgs Lil&:lbi@\gg&d drop=wisetobothrsotutions untitpHreached 55 The twosotuti pswere 10
combined together and mixed thoroughly. A talc suspension was prepared by dispersing Talc into
triethyl citrate solution in purified water and then stirred for 1 hour. The above mixture of L100 and
S100 wag then combined with the Talc dispersion and mixed thoroughly. The dispersion was scieened
through ai 140 mesh screen hd¥fore sigatin (S 6Fat0 gipro LS A PeriRIs0B G-Baskd Sifdemulation B, the
same Procedre PanJoLpyvepsho Tor formgglation A, gxgept Using onjggudraghiyy ST00 ggjymer-—For
IPX066-B07-01 formulation C, 'gu? gameé)arocedure was followed for_formulation A excegt using only
Eudragit(l)/'}:SBO polymer. The sCreen “tirtaric aS(:Slﬁﬁp:'ellets Were7éﬁ%1Fged 9% Glatt EBE6-1 coater
and spray coated-@th the entéfici doatingeiidpersiorr4ENE coated seBds.Were &HEd in 0¥én3 . Fhe (dried,
coated peligts wergiscreened thegygh a 34:mesh scigens20The finghblend wag prepargg.y;blending
the screeped pe!g{) and talc. Th $oate§ CD/LD pellets and coated TA pellets were encapsulateéd into
hard gelatin cap s. The fillé&igapsule zc:idrﬁained%ﬁ%ﬁg carbidor?&%4 ydri@ﬁé'fsébo m§7 and 215
mg TA. 25CResultR) Effect oft FetHaric Agidlahd pH BHBisteric Coatiffg-6h the FBkarmaca@ehselics jof
Carbidopa-Levedgpa 50-200 mg Formulations in HumanySubjects Qhigctivesg a7 his styely:tgsted the
effect of acid-addition-and-efivarious-pH of enteric-coating(Eudragite S100/L.100= dragi 0 and
Eudragit FS 30D) to carbidopa (CD)/levodopa (LEI) 50-200 mg formulation on the PK of CD and LD.
Table 5

allala N aWa\ViaVa 650 () ha driod nalla AMAre..Na ad.throriah




Product Strength (mg) EntericCoated Polymer 1PX066 CD/LD Capsule with tartaric acid 50-200

Eudragit(r) S100/L100=5 IPX066 CD/LD Capsule with tartaric acid 50-200 Eudragit(r) S100 IPX066
CD/LD Capsule with tartaric acid 50-200 Eudragit(r) FS 30D N/A Sineet(r) CR Tableta 50-200 10a
Merck & Co‘.‘,[?r?é}.'fgé%?ﬁf’lﬂgtion date 02/2009 Formulation information and if Vitro diSeolttion profiles of
study drugs are listed below. Formulation tables for IPX066-B07-0 | A, B and C are shown in the end

of this example. 15Table 6 TestFormulation Particle size m Tartaric Acid m Capsule D(v,0.9) 215

=36.22 DY iR) oird 38:48,s68RS WY 9- Dhéhe a graph illustrating the in vivo plasma

concentration profiles of three formulations of CD, LD with tartaric acid (referred to

herein as IPX066-B05-07 formulations A, B and C) compared to Sinemet” after oral

5  administration.
Pharmacokinetics of IPX066 Test B and Sinemef® CR

Following administration of one IPX066 Test B tablet, multiple peaks appeared in the LD
10 plasma profiles, with a maximum plasma concentration (Cpay) Occurting at approximately

2.5 hours post dose (Figure 2). In contrast, CD was slowly absorbed, with median Cpax

occurring at approximately 4 hours post dose. Due to extended dissolution rate, IPX066

Test B with the dissolution rate of 6 hours as opposed to the Reference Sinemet® CR with

the dissolution rate of 3 hours decreased by 46% in Cmax and 44% in AUC of LD, and
15 38% of Cmax and 41% in AUC of CD.

Pharmacokinetics of IPX066 Test C and IPX066 Test B

Following administration of one IPX066 Test C tablet, multiple peaks also appeared in
20  the LD plasma profiles, with Cpax occurring at approximately 3 hours post dose (Figure

2). In contrast, CD was slowly absorbed, with median Cnax occurring at approximately

4.5 hours post dose. Even with the extended dissolution rate, IPX066 Test C with the

addition of 215 mg of tartaric acid, when compared to IPX066 Test B without the

addition of tartaric acid, increased by 50% in Cmax, 41% in AUC, 119% in C6h, and
25  65%in C8h of LD, and 32% of Cmax and 35% in AUC of CD

Pharmacokinetics of IPX066 Test C and IPX066 Test A

Following administration of one [PX066 Test A tablet, multiple peaks also appeared in
30  the LD plasma profiles, with Cpayx occurring at approximately 2 hours post dose (Figure

2). In contrast, CD was slowly absorbed, with median Cnq occurring at approximately

22



=36.22 D(v,0.9) =139.48 Capsule D(v,0.9) 215 =36.22 D(v,0.9) =139.48 Results and
Discussion: Figure 4 shows a graph illustrating the in vivo plasma concentration profiles of three
formulations of CD, LD and TA (referred to as IPX066- BO7-01 formulations A, B and C) compared to
Sinemet(r) AR 2G4 Ministration. 5 Pharmacokinetics of IPX066 Test K%E}%%Sé%% ) CR

Following administration of one IPX066 Test A capsule, one peak appeared in the LD median plasma

profiles, with bowraxiastideptashaevnessaransh [E5066ctesing Hapihbirbfelsontamedothts post dose

(Figure 4)And e P RS AaE 8 ARSIk RADER 18X Pbard 1A Sardih:, ineontrast, CD
was slowcklégbsorbed, with median Cmax occurrlr:(g’aat approxmate];),é7 4.0 hours post dose. Due to

delayed didddkmen rale (SAferikRdafbd WRnGBhaaBittmetoardoeDs i e #SEASHBFEST LD (the
ascendingphaseptdasmg piofilekiomyiPX4eb6esidh wassieveigompared with Sinemet(r) CR and
the LD concentration of IPX066 Test A between 5 and 10 hr was higher than that of the 15 Reference
Sinensiet(r) CR based on the median profile suggesting that addition of TA (215 mg) increase the

absorptiorgiAtibrneiewspaTisel Tateatingl JihenRBCRf LD for IPX066 Test A was only 87.72% of
that of reference Sinemet CR. Pharmacokinetics of IPX0166 Test B and Sinemet(r) CR 20 Following

administration of one IPX066 Test B capsule, one peak also appeared in the LD median plasma

profiles, withigdeiayesianaidowrnCon e ABBIIBNTat appisisimatetipl Geuursigospstass] (migure 4). In
contrast, CD was slowly absorbed, wjth median Cm,,, occurtring at approximately 4.5.hours post dose.
S o R

No LD contentratidi W dbsérve ?8?3‘6‘%%??3? w HOHERER 88 Of 18R ric acid (215
mg) 10 the2forlautatianst| XD 66T estByadbeokizs hghie meDi oo Agntratioridpetivegndxiarmde®’ hr when

compared,to Sinemet(r) CR. However, the AUC of LD for IPX066 s.only 58,5% of that of
reference%gl)n\zlﬁ%ﬁr?%??%‘ﬁﬁarma%;’:oﬁ?‘leé’ﬁrgg%f 928%%@58‘[ aatng)galélée%mvi%gc é@éllfc%ving
administratisselofioneat® X066 cles a @ taieic enly hdutiddis fhaveldetedtbeqivelmmt énthation (Figure
4). This is,dye 19 the glow.im wiyQ raleaseipiafile forihes? SRUR 6a1 256k Hhgdata herein
demonstrgéfgrt Nat §éfla€)%e d%s&égllé)% rate §ecrea§es t?]e exposure of% L@D and C%), and addition of TA

to LD andA3B-furinetaitohdiad RighdidiD dordditieatithe bétnaeh@and BheitR&Rohgshied to Sinemet
CR. 19 1PX0861804- O, F5orulaionRR ANGLEdiSRSHdi® (U ADRYLERBLy 25% and 4%,

respectively.

The data herein demonstrated that decreasing dissolution rate decreases the exposure of

LD and CD, and addition of tartaric acid increases the Cmax and AUC of LD and CD.

20
IPX066-B05-07 Formulation A
lingredients Per Tablet
Yo(w/iw) Mg
Carbidopa 16.8 54.0
Levodopa 25.47 200.0
Hydroxypropy! cellulose (Klucel-LF) 12.63 899.2
Tartaric Acid 27.38 215.0
Microcrystalline cellulose {Avicel PH101) 21.63 169.8
Hypromellose (Methocel K100LV) 548 43.0
iMagnesium Stearate 0.53 4.2
Total 100 785.2

Note. 53.09mg CD, USP is equivalent to 50.0 mg CD anhydride
23



Carbidopa 1124 53.98 Levodopa 41.65 200.0 Microcrystal line cellulose (Avice PH I 01) 22.67 108.85
HPMC 3.98 19.10 EudragitL100 1.70 8.17 Eudrag 'la’' 5100 8.51 40.85 Triethyl Citrate 7.13 34.26 Talc
3.04 14.58 Ammonia Solution 0.08 0.38 Total 100.0 480.17 WO 2009/085306PCT/US2008/014080
Tartaric Acitdf 92295180 Microcrystalline cellulose (Avicel PH101) 10.5855% E}t??{/%@fﬁlose 4.88

IPX666-B05-07 Formulation B

i!ngredients Per Tablet
Yo(wiw) Mg
Carbidopa 16.8 54.08
l.evodopa : 62.2 200.00
: Hydroxypropyl cellulose 20.0 64.3
Magnesium Stearate 1.0 32
Purified water - -
[Total - 100.0 321.5

5 IPX066-B05-07 Formulation C

E[ngredients Per Tablet
ol{w/w) mg
Carbidopa 630 54.0
levodopa - 23.34 200.00
Hydroxypropyl cellulose (Klucel-LF) 19.94 170.9
Tartaric Acid 25.09 215.0
Microcrystaliine cellulose (Avicel PH101) 17.82 152.7
Hypromeliose (Methocel K100LV) 7.03 60.2
Magnesium Stearate 0.48 4.1
Total 100 856.9

Note. 53.09mg CD, USP is equivalent to 50.0 mg CD anhydnde

EXAMPLE 2
10 |
Preparation of IPX066-B06-02 Formulations A and B

The following steps were performed to prepare enteric coated pellets containing CD and
LD.
24



24.8 HPMC 1.00 5.1 Eudragit(r) L100 3.48 17.7 Eudragit(r) 5100 17.36 88.3 Triethyl Citrate 14.57 74.1
Talc 5.70 29.0 Ammonia Solution 0.16 0.8 Total 100.0 508.6 IPX066-B07-01 Formulation B
Ingredients ./0 (iviiﬂiAmount (mg) Carbidopa 12.65 53.98 Levodopa 46.87 200.0 Microcrystalline
cellulose (AVIERFIBYL4%519 25,51 108.85 Hypromellose, Type 2910 4.48 189G EAYRYit(A’5100 6.42

CD, LD, and microcrystalline cellulose (Avicel PH-101) were charged and mixed
uniformly. The powder mix was charged into a high shear granulator and granulated with
purified water. The granulated wet mass was extruded in an extruder with 1.0 mm hole
5  size screen. The extrudate was charged and spheronized in a spheronizer equipped with 3
mm cross-hatch disc. The CD/LD pellets were dried at 60 = 10°C in fluid bed processor.
The CD/LD pellets were passed through different size screens. The pellets collected

were retained on 18 and 25 mesh screens.

10 The following steps were performed to prepare the enteric coating solution for the CD-

LD pellets.

For Formulation IPX066-B06-02 A, Eudragit® $100 and Eudragit® L100 (at the weight
ratio of 2:1) and triethyl citrate were dissolved in isopropyl alcohol and acetone solution.
15 The mixture was mixed until dissolved. Talc was dispersed into the polymer solution and

mixed continuously throughout the coating process.

For Formulation IPX066-B06-02 B, Eudragit® S100 and triethyl citrate were dissolved in
isopropyl alcohol and acetone solution. The mixture was mixed until dissolved. Talc was
20 dispersed into the polymer solution and mixed continuously throughout the coating

process.

For both formulations, the CD/LD pellets were spray-coated using the coating dispersion
prepared in Glatt GPCG-! coater. The coated pellets were dried. The dried, coated
25  CD/LD pellets were screened through a 16 mesh screen. The screened CD/LD pellets

were charged and bilended with talc in a blender.
The following steps were performed to prepare enteric coated pellets containing tartaric

acid (TA).
30
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27.38 Triethyl Citrate 3.21 13.71 Talc 0.80 3.40 Amonia Solution 0.06 0.27 Total 100.0 426.69
Tartaric Acid 42.38 215.0 Microcrystalline cellulose (Avicel P1-1101) 10.61 53.8 Ethylcellulose 4.89
24.8 blypromellose, Type 2910 1.01 5.1 Eudragite 5100 26.01 131.95 Triethyl Citrate 13.01 65.98 Talc
181916 AMSHEREENTton 0.29 1.46 Total 100.0 FCRSI 080

TA was passed through a 20 mesh screen. The screened TA and microcrystalline
celiulose (Avicel PH101) were charged in a high shear mixer and granulated with purified
water. The granules were extruded in an extruder with 1.0 mm hole size screen. The
extrudate was charged and spheronized into a spheronizer equipped with a 3 mm cross
5 hatch disc. The seeds were dried overnight in an oven at 60 & 10°C. The dried pellets
were passed through 16, 18 and 25 mesh screens. The pellets retained were collected on
18 and 25 mesh screens. A seal coat solution was prepared by charging hypromellose
(Pharmacoat 606) and cthylcellulose into an alcoholic solution. The mixture was mixed
until dissolved. The dried TA pellets were charged in a coater and spray coated with the
10 seal coat solution prepared. The seal coated CD/LD pellets were dried, and passed

throﬁgh a 14 mesh screen.

The following steps were performed to prepare the enteric coating solution for the TA
pellets.

15
For Formulation IPX066-B06-02 A, Eudragit® $100 and Eudragit® 1100 (at the weight
ratio of 2:1) and triethyl citrate were dissolved in isopropyl alcohol and acetone solution.
The mixture was mixed uniil dissolved. Talc was dispersed into the polymer solution and
mixed continuously throughout the coating process.

20
For Formulation IPX066-B06-02 B, Eudragit® $100 and triethyl citrate were dissolved in
isopropyl alcohol and acetone solution. The mixture was mixed unti] dissolved. Talkc
was dispersed into the polymer solution and mixed continuously throughout the coating
Process.

25
For both formulations, the sealed coated TA pellets were charged in a Glatt GPCG-1
coater and spray coated with the enteric coating solution prepared. The coated TA peliets
were dried. The dried, coated TA pellets were passed through a 12 mesh screen. The
coated TA pellets were charged and blended with talc in a blender.

30
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507.25 IPX066-B07-01 Formulation C Ingredients A (w/w) Amount (mg) Carbidopa 8.57 53.98
Levodopa 31.74 200.0 Microcrystalline cellulose (Avicel PH-101) 17.28 108.85 Hypromellose, Type
2910 3.03 19.10 Ludragite FS 30D 30.31 190.97 -Diethyl Citrate 0.91 5.71 Talc 8.07 50.86 Ammonia
Solution 0.1\3‘6%’%9*1“8?5%(100,0 630.10 WO 2009/0853116PCT/US2008/G14085F " F4AHAMNE Acid 38.60

215.0 Microcrystalline cellulose (Avicel PH-101) 9.66
The following steps were performed to encapsulate the enteric coated drug pellets and

enteric coated TA pellets,

The coated CD/LD pellets prepared as described above and coated TA pellets prepared as
5 described above were encapsulated into hard gelatin capsules. The filled capsuies

contained 50 mg carbidopa anhydride, 200 mg LD and 215 mg TA,
Preparation of IPX066-B06-02 Formulations D and E

10 The following steps were performed to prepare the carbidopa (CD) and levodopa (L.D)
final blend.

CD, LD, microcrystalline cellulose, and croscarmellose sodium were charged into a
blender and mixed uniformly into a powder. Corn starch was dispersed in purified water
15 and stirred for 15 minutes, transferred to boiling water, and stirred continuously until it
became starch paste. The spray rate of the peristaltic pump was verified using the starch
paste. The powder mix prepared above was charged in a high shear granulator and
granulated with starch paste at a flow rate of 50 ~ 1000 g/min. The granules were dried
in an oven at 60 = 10°C until LOD was lower than 3.0%. The dried granules were passed
20 through a 25 mesh screen. The screened CD/LD granules, crospovidone and magnesium

stearate were charged and blended m a blender.

To prepare the TA final blend, granular TA was passed through a 20 mesh screen. The
TA and microcrystalline cellulose were charged and blended in a high shear mixer and
25  granulated with purified water. The resulting granules were dried in an oven at 60 = 10°C
until L.O.D, measured by a moisture analyzer was lower than 2.0%. The dry granules
were passed through a Fitzmill equipped with a 24 mesh screen. The dried TA granules

and magnesium stearate were charged and blended in a blender.

30  The final blends were compressed into core tablets as follows.
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53.8 Ethylcellulose 4.45 24.8 Hypromellose, Type 2910 0.92 5.1 EudragFS 30D 35.75 199.1 Triethyl
Citrate 1.08 6.0 Talc 9.44 52.6 Ammonia Solution 0.11 0.6 Total 100.0 557.0 EXAMPLE 4 5 The data
herein shows the bioavailability/pharmacokinetic results of an enteric coated tablet CD/LD
formulations? Bgﬁ’?a/ %5960 mg of CD-LD with 0-430 mg of tartaric acid, c%ﬁﬁ%gg%lﬂggocontrolled
release version of Sinemet(r). 10 Four formulations of IPX-066-AH1 were evaluated for PK
parametefidhel (iovinRtibmbb ktrel stodiT drfigsl deniwerdeighpd nabledrarkoramaeispi AN £ capsule

containin e ibiti (o di | )& Ik ' le containing ER
CDILD beads art A B T Ao o he IR beads with

Eudragit(r) polymers (S1001100 ratio of 2:1). The ER TA beads were coated with a sealed coat and a

Eudragi(cqah (530410 sacuol? bk eXIbiNaER Uil Usie GINIarcQdbe CRHD beads. 20
Formulation C is a capsule containing ER CD/LD beads and ER TA beads. The ER CD/LD beads
were formiBtendipsodinng 1ad MRtbeaHswWRIPE SRRV sehnia nusttd: et sabbieR 5'1). The ER

TA beadspygre eatedyith.aeqlad snat antha kudrrgiacastd S0Pt Lagirakdo ab B1axhibiting a

dissolution profile simil(gr to the CD/LD beads. 5Formulation D is similar to formulation B except that
the quanti]l?/"%ﬂ‘ﬂ’i’é“r%%/éads is twice the amount in formulation B. Formulation E is the reference
product, Sinemet(r) CR 200mg Tablet. 10 Table 7 IPX066- AH1(A-D) Product CD-LD Strength (mg)

Enteric Coated pH
%"he en?eric coating solution was prepared as follows.

10
For IPX066-B06-02 Formulation D, Eudragit® $100 and Eudragit® 1100 (at the weight
ratio of 0.25:1) and triethyl citrate were dissolved in isopropyl alcchol and acetone
solution. The mixture was mixed until dissolved. Talc was dispersed into the polymer
solution and mixed continuously throughout the coating process.

15 7
For IPX066-B06-02 Formulation E, Eudragit® L100 and triethyl citrate were dissolved in
isopropy! alcohol and acetone solution. The mixture was mixed uniil dissolved. Talc
was dispersed into the polymer solution and mixed continuously throughout the coating
Process.

20
The sealed coated tablet was charged into a Pan Coater and spray coated with the enteric
coating solution prepared. The coated tablet was dried in the coating pan at 40 = 10°C for

at least 30 minutes.

25 Resulting Effect of Tartaric Acid and pH of Enteric Coating on the Pharmacokinetics of
Carbidopa-Levodopa 50-200 mg Formulations in Human Subjects

This study shows the effect of acid addition and of various pH of enteric-coating to

carbidopa (CDYlevodopa (LD) 50-200 mg formulation on the PK of CD and LD.
30

28



Formulation A IPX066 CD/LD IR Capsule 50-200 -- Formulation B IPX066 CD/LD Capsule with 215
mg tartaric acid 50-200 6.5 (SL2)b Formulation C IPX066 CD/LD Capsule with 215 mg tartaric acid
50-200 6.5 (SL5)b Formulation D IPX066 CD/LD Capsule with 430 mg tartaric acid 50-200 6.5 (SL2)b
Formulation"EO(R&1E#EH%) Sinemete CR Tablet' 50-200 a Merck & Co., Td/USEPY0 B agit

:1.  The qualitative and quantitative compositions for
these forniidaioohs are summarized 15below in Table 8. WO 2009/085306PCT/1JS2008/014080

S100/L100 is 2:1; SL5: Eudragit S100/L100 is 5

Table 8 Quatitative-and-Quantitative-Compositio

rrof :”“tlli[qlﬁnlteh?gl Ecb%ggd

Formulation AB1CD

Product Strength (mg) : pH

[FX066 CD/LD Capsute with tartaric acid 50-200 6.5

IPX066 CD/LD Capsule with tartaric acid 50-200 7.0

Sinemet® CR Tablet® 50-200 N/A

IPX 066 CD/LD Tablet with tartaric acid 50-200 6.5

IPX066 CD/LD Tablet with tartaric acid 50-200 6.0
* Merck & Co., Inc., expiration date Aug. 2007

Formulation information of study drugs are listed below. Formulation tables for IPX066-

5 B06-02 A, B, D and E are shown at the end of this example.

Tabled

Test Formulation Particle Tartaric
size Acid

(o) (mg)

A Capsule D(v,0.9) 215
=36.22
D{v,0.9)
=139 48

B Capsule D{v,0.9) 215
=36.22
D{v,0.9)
=139.48

D Tablet D(v,09) 215
=36.22
D(v,0.9)
=139.48

E  Tablet D,09) 215
=36.22
D(v,0.9)
=139.48

Results _and Discussion: Figure 3 show a graph illustrating the in vivo plasma

10 concentration profiles of four formulations of CD, LD and TA (referred to herein as

IPX066-B06-02 formulations A, B, D and E) compared to Sinemet® after oral

administration.
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mg/capsule Component | Component [l Component IV Componen Il Carbidopa, USP 27 27 27 27
Levodopa, USP 100 100 100 100 Microcrystalline Cellulose, NF (Avicel PH-101) 18.4 18.4 18.4 18.4

Lactose Monohydrate, NF 18.4 18.4 18.4 18.4 Sodium Starch Glycolate, NF 9.2 9.2
WO 2609/085306 PCT/USZ008/014080

Pharmacokinetics of IPX066 Test A and Sinemer® CR

Following administration of one IPX066 Test A capsule, one peak appeared in the LD
median plasma profiles, with 2 maximum plasma concentration (Cra) occurring 2t

5  approximately 5.0 hours post dose (Figure 3). In contrast, CD was slowly absorbed, with
median Crpax Occurring at approximately 6.0 hours post dose. Due to delayed dissolution
rate {enteric coated pH=6.5), no LD concentration was observed before 1 hr for IPX066
Test A and the LD concentration of IPX066 Test A between 5 and 8 hr was higher than
that of the Reference Sinemet® CR based on the median profile suggesting that addition

10 of TA (215 mg) increase the absorption of LD in the later part of intestine. The AUC of
LD for IPX066 Test A was only 58% of that of reference Sinemet® CR.

Pharmacokinetics of IPX066 Test B and Sinemet™ CR

15 Following administration of one IPX066 Test B capsule, one peak also appeared in the
LD median plasma profiles, with delayed and lower Crax occurring at approximately 4.0
hours post dose (Figure 3). In contrast, CD was slowly absorbed, with median Cyay
occurring at approximately 4.75 hours post dose. No LD concentration was observed
before 2 hr for IPX066 Test B. Even with the addition of TA (215 mg), IPX066 Test B

20  did not have higher LD concentration between 5 and 8 hr when compared to Sinemet®
CR. This could be due to the dissolution rate of TA is slower than that of LD. The AUC
of LD for IPX066 Test B was only 23% of that of reference Sinemet® CR.

Pharmacokinetics of IPX066 Test D and Sinemet® CR
25
Following administration of one IPX066 Test D tablet, one peak also appeared in the LD
median plasma profiles, with delayed and lower Cpax Occurring at approximately 4.25
hours post dose (Figure 3). In contrast, CD was slowly absorbed, with median Cpyy
occurring at approximately 6.0 hours post dose. No LD concentration was observed
30  before 2 hr for IPX066 Test D. Even with the addition of TA (215mg), LD AUC of
IPX066 Test D was only 24% of that of Reference Sinemet® CR and LD concentration
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9.2 9.2 Sodium Lauryl Sulfate, NF 9.2 9.2 9.2 9.2 Povidone, USP 1.84 1.85 1.85 1.85 Talc, USP
1.951.95 4.2 1.95 Methacrylicacidcopolymer, Type A, NF (EudragitLI00) 2.25 2.15 2.25 Methacrylic
acid Copolymer, Tg/g)e B, NF (EudragitSI 00) 4.55 10.75 4.55 Triethyl Citrate, NF  1.95 9.00 1.95 IN
NI-140H sollibo/085306 PCTIUS2008/014080

between 5 and 8 hr was lower than that of Sinemet® CR. This is due to the highly

variable in vifro dissolution profile and the faster release rate of TA when compared with

that of LD.
5 Pharmacokinetics of IPX066 Test E and Sinemet® CR

Following administration of one IPX066 Test E tablet, one peak also appeared in the LD
median plasma profiles, with delayed and lower Cnax occurring at approximately 4.0
hours post dose (Figure 3). In contrast, CD was slowly absorbed, with median Cpax
10 occurring at approximately 5.0 hours post dose. No LD concentration was observed
before 2 hir for IPX066 Test E. Even with the addition of tartaric acid (215mg), LD AUC
of IPX066 Test E was only 20% of that of Reference Sinemet® CR and LD concentration
between 5 and 8 hr was lower than that of Sinemet® CR. This is also due to the highly
variable in vitro dissolution profile and the faster release rate of TA when compared with

15 that of LD.

The data herein demonstrated that delayed dissolution rate decreasés the exposure of LD
and CD, and addition of TA which has similar dissolution rate to LD and CD has higher
LD concentration between 5 and 8 hr when compared to Sinemet® CR.

20
IPX066-B06-02 Formulation A

Ingredients Yo (w/w) Amount (mg)
Carbidopa 14.06 53.98
Levodopa 52.10 200.0
Microcrystatline Cellulose, (Avicel PH-101) 28.36 108.85
Eudragit™ L100 , 1.14 4.39
Eudragit® S100 2.34 8.98
[Triethy! Citrate 1.60 3.82

Talc 1.00 3.83
Total 100.0 383.85
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0.1 Purified Water, USP  Acetone, NF N/A* N/A* N/A* Isopropyl Alcohol, USP N/A* N/A* N/A*
Component Il Component V Componen Il Tartaric acid, NF 107.5 107.5 215 Microcrystalline
Cellulose, NF (Avicel P1-1-101) 26.95 26.9

WO 2009/085306 PCT/US2008/314080
Tartaric Acid 57.6 215.0
Microcrystaliine Cellulose, NF (Avicel PH- i44 . 53.8
101)

Ethylcellulose 6.6 24.8
Hypromeliose, Type 2910 14 5.1
Eudragit® L1060 4.6 17.2
Eudragit™ $100 9.4 35.1
Triethyl Citrate : 4.0 14.9
Talc 2.0 7.5
Total | 100.0 3734

IPX066-B06-02 Formulation B

Yo (wiw) Amount {ng)
Engredients
Carbidopa 12.92 53.98
L.evodopa 47.88 200.00
Microcrystalline celluiose (Avicel PH101) 26.06 108.85
Eudragit® S100 8.85 36.95
Triethyl Citrate 2.53 10.55
Talc 1.76 7.37
Total 100.0 417.70
Tartaric Acid - 576 215.0
Microcrystalline cellulose {Avicet PH101) 14.4 53.8
Ethycellulose 6.6 248
Hypromellose, 1.4 5.1
Eudragit® $100 14.0 523
Tricthyl Citrate ' 4.0 14.9
Malc 2.0 7.5
Total 100.0 3734
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53.9 Ethylcellulose,NF(Ethocel Standard- 10FP Premium) 11.2 11.3 22.4 Hypromellose, USP
Type2910 (Pharmacoat 606, 6 cps) 20.35 20.25 40.7 Methacrylicacidcopolymer, Type A, NF

(EudragitL100) 9.75 6.1 19.5 Methacrylic acid Copolymer, Type B, NFL%EﬁL\J][g %?él 193
30.35 38.6 TiiethilBitite, NF 8.3 25.55 16.6 Talc, USP 5.2 10.3 10. Ié%?ﬁ pitho

IPXd66-Bi6-02 Formuiationr D

Engredients Y% (wiw) mg
Carbidopa 8.57 53.98
Levodopa 31.77 200.00
Microcrystalline cellulose (Avicel PH101) 15.17 85.5
Corn Starch, 1.43 8.98
Croscarmellose Sodium 1.43 8.98
Crospovidone, (.93 5.88
Magnesiom Stearate 1.13 7.11
Tartaric Acid 34.15 2150
Hypromellose, type 2610 293 18.42
Eudragit® L100 1.40 8.82
Eudragit® S 100 0.35 2.20
Triethyl Citrate : 0.50 - 3.5
Talc 0.25 1.57
Total 100.0 629.59
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0.3 --- Purified Water, USP  N/A* --- Acetone, NF N/A* N/A* N/A* Isopropyl Alcohol, USP INIA*
N/A* N/A* WO 2009/085306PCT/US2008/014080 Hard Gelatin Capsulel unitl unitl unitl unit Total
Capsule Fill Weight184.97403.3448.4611.85 * evaporated in drying process Manufacture of IPX066-
AH1 Formu?ﬁf?&?ggﬁléﬁﬁﬂformulations of IPX066- (HI Manufacture of Com%%?@ﬁfqﬂfy&ﬁqf‘b fast release
beads Carbidopa, levodopa, and microcrystalline cellulose, Lactose Monohydrate, Sodium 10 Starch
Glycolate, IB&8rB0at 13/ FentfatatiandiPovidone were blended and charged in a high shear granulator
and grany ' ifi Sl SS WaS GRITHEEHS 4n extruder with 1.0 mm
hole size § hd spheronized in a spheronizer equipped with 3 mm
cross-hatg e spherenizer Were dpedgin and the drug-loaded pellets
were scre| AS- 'j”‘.%pcllc s-retatped-on-+8iand 25 mesh screens
were collg blendiihq the 4 pellets with talc.
Manufacty r) SI00:L100 (2:1) 20
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B8 °Phe final blend was prepared b
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and Eudrs
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alcwas than disharcad into-tha 25-nd
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ry T ogTotroTT
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iuously throughout the

coating pr coated’using t dispefrsion in a coater. The
coated pefetignatue Sréedtand then screened thfough &i26 mesgh screéml The final blend was prepared
by blending the screened CD/L D pellets with tafe. WO 2009/0B5306PCT/11S2008/014080
Manufactyfereriespithonent Il - Tartaric acid fagt relest beads coated-With Eudragite 8100:L100 (2:1)

IHypromellose, Type 2910 2.93 18.42

Eudragit® L100 1.75 11.02

Triethyi Citrate 0.5 3.15

Talc 0.25 1.57

Total 100.0 629.59

EXAMPLE 3

5  Preparation of IPX066-B07-01 Formulations 4, B and C

The following steps were performed to prepare enteric coated pellets containing
Carbidopa-Levodopa (CD-LD).

10 CD, LD, and microcrystalline cellulose (Avicel PH-101) were blended together. The
mixture was charged into a high shear granulator and granulated with purified water.
The granulated wet mass was extruded in an extruder with 1.0 mm hole size screen. The
extrudate was charged and spheronized in a spheronizer equipped with 3 mm cross-hatch
disc. The spheres obtained from the spheronizer were dried at 60+10°C in a Glatt GCPG-
15 1 coater. Drying the pellets in the Glatt GPCG-1 eliminated discoloration of the peliets

and also reduced the amount of degradation product DHP. The drug-loaded pellets were
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Tartaric acid was passed through a 20 mesh screen. Screened tartaric acid and 5 microcrystalline
cellulose was charged in a high shear mixer and granulated with purified water. The wet mass was
extruded in an extruder with 1 0 mm hole size screen. The extrudate was charged and spheronized in
a spheronizgiroeﬂ)ﬂ%??@ﬁﬂ(’/vith a 3 mm cross hatch disc and the resulting pléﬁ&g%??esé%‘ﬁ{/'gé)night in an
oven at 60 10C. The dried pellets were passed through 16, 18 and 25 mesh screens and the pellets

retained oisre8nad Vi % .n 8 sihd2femnshsersmoied the callsstddpeiesd istmned as preptéd by
dissolving tygromellase-(fhaspacart S08).andcUvles s e Balaenolc Galtior.dheosgal coat

solution was applied to the tartaric acid pellets in a coater. Thé pellets were dried and the dried pellets

passed thAGUea SpATiSpash Glate S DA berftisn dihscated PR preBRUTBEEBYIaTdEd Ring
hypromellgee Bharmacaat 808 1D aleahpliepsqiuiion. The seal coat solution was applied to the tartaric
acid pellet coater, and then the pellets were dried in GPCG-I. The dried pellets were passed through a
14 mésh 20screen. An enteric coating solution was prepared by dissolving Eudragit(r) S100 and

Eudragit(rrhd 0R:atthe maig bt atie ofR: brepddaiathidicikate myisepramdiaicanobengaretone solution.
Mix until dissolved. Talc was dis&eﬁrsedénto the polymer solution and mixed 25, c]?%n%%%c;#sly
e

throughouf tHe e g cars. gl rebHeG YarEa iSRS h sl & RaryEe r and spray
coated with tHeteRigriegoating digpaisianntiie caatethstiepariere tNadHaOH thauliedwaoated pellets
screened throu 4 mesh screen. The final blend was prepared by.blending the screened pellets
and talc. %\(5 @%%gl%ggéﬁé%@%ﬁﬁg%ﬁg?ﬁilfﬁggtkﬁ%fra%égg cg’%oﬁ? SHERPROBDAED fast release
beads coaiedbhtithl Enggtaetind SAROILHO (LY. Methddsokpeasioiasisr eripaibishgatinpersamng is the same
as those of the combonant 5. beads, exceptahat e areparation ofthe enierle qarng dispersion was
changed. Spéci |caﬁy, he BHteric con ing Hlspersmn IS prepareé by charging the required amount of a
first portiomiatypurified VWatemih &16Ainlesshsteebodntaihevithnth¢oTalviclisphitgostimdgmikethacrylic Acid
Copolymey, Ty, NF.wergshajoed. ang. disnersed,iheraby makind.a.dispersion. fheyequired
amount 01‘tr ﬁr{ﬁ%ﬁzoﬁ%ﬁ oeﬁp\i/%)zra% ;gé?‘e}% dllrop wissegto the 1(I)1§spe&r%on. A reqﬁre& mount of a
second powismgipestied fatéP XVeos8pattitdsminmion dle dheoameneoodyehargddllowside stirring,
Methacryli, Acid ¢ oRRINMET. LYPE RiliFotere:chamaed e didpaized: Fherairguiief@mount of IN
NR4OH solution was added drop wise 15to’the dispersion. A'required amount of a third portion of
purified witeRWasehardlel saracseesedsestsn&diosted fepheamelatiphethy i eRite s BhArged and
dissolved gggid@]g@\@gg@ﬂfggﬁg{he solution. 20 The first dispersion above was added and mixed to
the second dispersion and to which was then added the third dispersion above. The mixed solutions
were screened through 140 mesh screen. 25 Manufacture of Component V - TA fast release beads

coated withhEudrag (el SIOQLiA0:Ea4d) Wathoehof dhasufacirenorcempenaiiz Vibpassds the same as
those of the component Il beads, except that the preparation of the enterjc coating dispersion was
chantfed. @’6’?%@%O&ﬁ%’gﬁg@fﬁ%ﬁ%ﬁﬂ%@g@@p‘&?ﬁcﬁmhﬁ?n?é‘ﬁg gg)a}}rﬁgp& Hersion was
prepared byehpigiag theugsuiredmsbudiceha Mg Pastidneatipuifipekpaatarin Bistdinie sisesteel
container and, to %tj whﬂetstirrt'@ ,iMethacryIic Acid Copolymer, Type A, and NF were charged and
dispersedst%e)?r'é‘?g ' E gléens; theh'the required amount of IN NH4OH solution was added drop wise
5to the above dispersion. In a separate stainless steel container, the required amount of the second
portion of purified water was charged and, while stirring, Methacryli id Ca o}lgé r, Type B, and NF
Iere chars P T A e e 1 RIS 4 0H solutin
was aflded to the above dispersion. In a separate stainless steel container, the required amount of the

third portigpof guriied et s £y ged Ad iR hgdTER GiraR Yas AddR AR Fheroed: then

talc was added to the above solution. 1
cellulose (Avicel PH101) was charged in a high shear mixer and granulated with purified

water. The wet mass was extruded in an extruder with 1.0 mm hole size screen. The
extrudate was charged and spheronized in a spheronizer equipped with a 3 mm cross
30 hatch disc. The pellets obtained were dried overnight in an oven at 60 % 10°C. The dried

pellets were passed through 16, 18 and 25 mesh screens and the collected pellets retained
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The first dispersion above was added and mixed to the second dispersion and to which was then
added the third dispersion above. The mixed solutions were screened through 140 mesh screen. 20

Manufacture of the IPX066 Capsules The required amounts of the component beads were filled into
hard gelatin%gﬁg‘{ﬂ@gé‘??cording to the specified fill weights in the Table g %jé(fb%(.mﬂ%“ﬁ?gprocess fill

weight is controlled at target 10% of the target weights according to Table 9. WO _
2009/085306 P{CTifid SX0 08761 4088 Mabld e Tsagjet &l Yobights HRPREBFTapsultistelstformulations

Componen(s ERMlatien RGO AELAA) mialfaRilecL X0 ALRRN A/ CtRs e RYR06- ALAL(C)
mg/capsulé TPX066- AH1(D) mg/capsule Component | Beads 184.97 Component 11 Beads 194.75

194.75 CoRipbereies apnBedas o8 pellay in e SHaorBRGY Bedas Themslieis waeiisshent V Beads
- 238.55 i 4 GPCG-1 and passed through a 14 mesh screen.

5
The enteric coating solution was prepared as follows. For IPX066-B07-01 formulation
A, Fudragit® $100 and Eudragit® 1100 were dispersed separately at the weight ratio of
5:1 into purified water and mixed until a uniform dispersion. IN NH;OH solution was
then added drop-wise to both solutions until pH reached 5.5. The two solutions were

10 combined together and mixed thoroughly. A talc suspension was prepared by dispersing
Talc into triethyl citrate solution in purified water and then stirred for 1 hour. The above
mixture of 100 and S100 was then combined with the Talc dispersion and mixed
thoroughty. The dispersion was screened through a 140 mesh screen before starting the
coating process. For IPX066-B07-01 formulation B, the same procedure was followed

15 for formulation A, except using only Eudragit® S100 polymer. For IPX066-B07-01
formulation C, the same procedure was followed for formulation A except using only
Eudragit® FS30D polymer. The screened tartaric acid pellets were charged in a Glatt
GPCG-1 coater and spray coated with the enteric coating dispersion. The coated seeds
were dried in oven. The dried, coated pellets were screened through a 14 mesh screen.

20  The final blend was prepared by blending the screened peliets and talc.

The coated CD/LD pellets and coated TA pellets were encapsulated into hard gelatin
capsules. The filled capsules contained 50 mg carbidopa anhydride, 200 mg [.D and 215
mg TA.

25
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Total Capsule Fill weight 403.3 448.8 611.85 Pharmacokinetics result for biostudy IPX066- AH1 5 The
Pharmacokinetics parameters of CD and LD for four tested formulations compared to Sinemet CR
after oral administration are summarized in Table 10. Table 10 Mean ratio of Ln-transformed C."," AUC

of Levodopévgrfr?@ﬁ?ﬁ%pa Parameter Test/Ref Ratio (%) LD Ln(C.) Nﬁcfé%%{ﬂm@m@ﬁwax) B/E
127.05 Ln(C.) WE 123.22 Ln(C","™) DIE 111.99 Ln(AUC) A/E 126.53 Ln(AUC) B/E 115.03 Ln(AUC)
C/E 127.1Resulting Effect of Tartaric Acid and pH of Enteric Coating on the Pharmacokinetics of

Carbidopa-Levodopa 50-200 mg Formulations in Human Subjects

Objectives:

5 This study tested the effect of acid addition and of various pH of enteric-coating
(Eudragit® S100/L100=5, Fudragit® $100 and Fudragit® FS 30D) to carbidopa
(CD)/levodopa (LD) 50-200 mg formulation on the PK of CD and LD.

Table 8§
Enteric Coated
Product Strength (mg) | Polymer
Eudragit®
IPX066 CD/LD Capsule with tartaric acid 50-200 S100/1.100=5
IPX066 CD/LD Capsule with tartaric acid 36-200 Eudragit® 5100
[PX066 CD/LD Capsule with tartaric acid 50-200 Eudragit® FS 30D
Sinemet® CR Tablet* 30-200 N/A

10 *Merck & Co., Inc., expiration date 02/2009

Formulation information and in vitro dissolution prefiles of study drugs are listed below.

Formulation tables for IPX066-B07-01 A, B and C are shown in the end of this example.

15  Table6

Test Formulation Particle Tartaric
size Acid
(pm} {mg)

A Capsule D{v,0.9) 215
=36.22
D(v,0.9)
=139.48

B Capsule D(v,0.9y 213
=36.22
D(v,0.9)
=139.48

C Capsule D(v,0.9) 215
=36.22
D(v,0.9)
=139.48

37



Ln(AUC) D/E 108.74 CD Ln(Cmax) AJE 144.73 Ln(C.) B/E 88.97 Ln(Cm.) CIE 124.35 Ln(Cmax) DIE

81.06 Ln(AUC) A,/E 161.73 Ln(AUC) B/E 91.24 Ln(AUC) C/E 139.79 Ln(AUC) DIE 88.03 Results

and Discussion: The data herein demonstrated that formulation A, with the inclusion of water soluble

filler such a¥'R&B¥E%HG a surfactant such as sodium lauryl sulfate, exhlgﬁs’gsggﬁséj 5% absorption

W|th atn,™ of 30 min. The PK profiles of Formulation B and D are desirable. Both formulations exhibit
Rithy ystession: cErmERtrhtistPws 6% EIRBIp dHREEAEEEe it dtoWie SH3eMFet(r) CR

Tablet. TQ%&%E%%%%P&E fremformiation Bepddharerplsa similgeReripdicatetbnesrelative AUC

of 115% and 109%, respectively. Since the PK profiles of formulation B and D are similar, formulation
D with doﬁl@l’é%eﬁowbﬁﬁmﬁt&{ﬁ W@é‘d@’ﬂé@é HobisrEIcanytisa arrb AGPERISEH SVer formulation B.
Formulation C, with coating consisting of Eudragit(r) SI00:L100 ratio of 5:1, exhibits a PK profile
suggesting a faster in-vivo release relative to formulaélon C and D. This is further supported by an AUC

of 127% refutiveceraipishat ()’ ERoTEReA |W6ﬁ(§iﬁ?f§eLD%s rapidly released and absorbed in the upper
Gl tract.

Following administration of one IPX066 Test A capsule, one peak appeared in the LD
median plasma profiles, with a maximum plasma concentration (Cma) Occurring at
approximately 2.75 hours post dose (Figuré 4), and the LD concentration remains at the
10 same level from 2.0 to 3.5 hrs. In contrast, CD was slowly absorbed, with median Crax
occuyring at approximately 4.0 hours post dose. Due to delayed dissolution rate (enteric
coated with Eudragit® SlOO/LlOOﬂS), the absorption of LD (the ascending phase of
plasma profile) from IPX066 Test A was slow compared with Sinemet® CR and the LD
concentration of IPX066 Test A between 5 and 10 hr was higher than that of the
15 Reference Sinemet® CR based on the median profile suggesting that addition of TA (215
mg) increase the absorption of LD in the lower part of intestine. The AUC of LD for
[PX066 Test A was only 87.72% of that of reference Sinemet® CR.
Pharmacokinetics of IPX066 Test B and Sinemer® CR
20
Following administration of one IPX066 Test B capsule, one peak also appeared in the
LD median plasma profiles, with delayed and lower Crax occurring at approximately 3.0
hours post dose (Figure 4). In contrast, CD was slowly absorbed, with median Cqax
occurring at approximately 4.5 hours post dose. No LD concentration was observed
25 before 0.75 hr for IPX066 Test B. Because of tartaric acid (215 mg) in the formulation,
[PX066 Test B also has higher LD concentration between 5 and 8§ hr when compared to
Sinemet® CR. However, the AUC of LD for IPX066 Test B was only 56.5% of that of

reference Sinemet® CR.
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15 EXAMPLE 5 The data herein shows the bioavailability/pharmacokinetic results of an enteric coated
tablet CD/LD formulations, using 50-300 mg of CD-LD with 0-270 mg of tartaric acid 20 compared to
the controlled release version of Sinemet(r). Information of study drugs are listed below in Table 11.
IPX066-AH2MEAMHUPETIR A (IPX066-AH2(A)) is a capsule containing 5 diffet@nte8HHSRENt beads.
Component | is an immediate-release CD/LD bead type. Component Il 25 is an ER CD/LD bead type
with a fast BRrreleakieqpioTis [ REH Faer€ hisSreBR GIALD bead type with a slow ER release profile.
Component IV is a TA bead type with a release profile similar to those of Component Il. Component V
is a TA bead type with a release profile similar to those of Component Ill. IPX066-Al2 Formulation B

(IPX066-AFRIBY)rig admipistietioorrdinnsg BROCDIIES betrbdefornhilteutinasdrsingpissialF40 and
Poloxamer 158,145 AEhEIIARILN (NA{RTOAIY RRKASGANZ FRIBMAIE (RXASG-AH2(C)
is a capsule containing ER CD/LD beads formulated with Cremophor RH40 and Poloxamer 188, and
TA. IPX066AHP Fsmsesdtion D (IPX066-AH2(D)) is a capsule containing ER CD/LD beads formulated
with TA. The capsule does not contain Cremophor RI-140 nor Poloxamer 188. The reference product

is Sinemet CR Tablet 200 mg. Table 11. IPX066-AH2 Product CD-LD Strength (mg) Enteric Coated
pH A 1PXJ6% étnredAmrrespield whAonshieainine 48t thereiastie e ¥s’ Hiow release

core) 75-3@Rd6¢T(Sind) {aditast andralow rgiease CoréorkitaddtRGladlighapIitewiil Gurigekants 50-200
6.5 (SL2) C IPX066 CD/LD/tartaric acid Capsule with 215 mg tartaric acid and surfactants 50-200 6.5

(SL2) D IPXOBEE DAB AL IHEACRIBAISE IR SARES 1 55Ry tartaric acid 50-200 6.5 (SL2) E Sinemet(r)
CR Table(' 50-200 a Merck & Co., Inc. The qualitative and quantitative compositions for these
formulatior}?,%% g,_%rbf%ﬁrifed below in Table 12 and Table 13.

ormulation A

% (wiw) Amount (mg)
Ingredients
Carbidopa 11.24 53.98
ILevodopa 41.65 200.0
Microcrysta!line cellulose (Avicel PH101) 22.67 108.85
HPMC 398 19.10
Eudragit® L100 1.70 §.17
Eudragit® S100 8.51 40 85
firiethyi Citrate 7.13 3426
Talc 3.04 14.58
lAmmonia Solution , 0.08 0.38
Total 100.0 480.17
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WO 2009/085306PCT/US2008/014080 Table 12. Formulation A (IPX066-A112(A)) Formulation A
Ingredients mg/capsule Component I Carbidopa USP 6.75 Levodopa USP 25 Microcrystalline
Cellulose NF 4.6 Lactose Monohydrate NF 4.5 Sodium Starch Glycolate NF 2.3 Sodium Lauryl
Sulfate NF %S BEU5HE usP 0.46 Talc USP 0.23 Purified Water, USPPNAR BBt 11

Carbidopa USP

Tartaric Acid 42.27 215.0
Microcrystalline cellulose (Avicel P1101) 10.58 53.8
IEthylceliulose N 4.88 24.8
HPMC 1.oo 5.1
Eudragit® L100 3.48 17.7
Eudragit® S100 17.36 883
[Triethyi Cirate 14.57 74.1
Talc 5.70 29.0
Ammonia Solution G.16 0.8
Total ) 100.0 508.6

IPX066-B07-01 Fermulation B

%o (wiw) Amount (mg)

Ingredients

Carbidopa 12.65 53.9%
1.evodopa 46.87 2000
Microcrystalline cellulose (Avicel PHIOT) 25.51 108.85
iHypromellose, Type 2910 4.48 19.10
Eudragit® S100 6.42 27.38
Triethyl Citrate 321 13.71
Talc 0.80 3.40
tAmonia Solution 0.06 0.27
[Total 100.0 426.69
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6.75 Levodopa USP 25 Microcrystalline Cellulose NF 4.6 Lactose Monohydrate NF 4.6 Sodium
Starch Glycolate NF 2.3 Sodium Lauryl Sulfate NF 2.3 Povidone USP 0.46 Methacrytic acid
copolymer, j‘%}/ e ANF BEudragit(r) L100) 0.55 Methacrylic acid Copolymer, Type B NFéEudragit(r)
S100) 1.15 ﬁéﬁ#?/l“&ﬁ% fite NF 0.48 Talc USP 0.49 Acetone, NF N/A* |’§8?3%§9P§(?&6?i‘ l, USP N/A*
Purified Water, USP N/A* Component Il

42.38 21540
Tartaric Acid
Microcrystalline cellulose (Avicel PH101) 10.61 53.8
Ethyiceliulose 4.89 24.8
Hypromeliose, Type 2910 1.01 5.1
Eudragit® S100 26.01 131.95
Triethyi Citrate 13.01 65.98
Talc 1.81 9.16
IAmmonia Solution 0.29 (1.46
Total 100.0 507.25
IPX066-B07-01 Formulation C

% (wiw) Amount (mg)

lingredients
Carbidopa 8.57 53.98
l.evodopa 31.74 200.0
Microcrystalline celiulose (Avicel PH-101) 17.28 108.85
Hypromellose, Type 2910 3.03 16.10
Eudragit® FS 30D 3031 190.97
Triethyl Citrate 0.91 5.71
Talc 8.07 50.86
Ammonia Solution 0.10 0.63
Total 100.0 630.10
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Carbidopa USP 26.99 Levodopa USP 100 Microcrystalline Cellulose NF 54.42 Methacrylic acid
copolymer, Type A NF (Eudragit(r) L100) 2.18 Methacrylic acid Copolymer, Type B NF (Eudragit(r)
S100) 4.5 Trlethécnrate NF 1.91 Talc USP 1.91 Acetone, NF N/A* Isopr o oh I USP N/A*
Purified Wa‘%? A Component IV WO 2009/085306PCDU8200§)€E§8/ artarlc acid NF 27
Microcrystalline Cellulose NF 6.79 Ethylcellulose NF

[Tartaric Acid 38.60 215.0
Microcrystailine cellulose (Avicel PH-101) 9.66 53.8
Ethvlcellulose 4.45 24.8
Hypromellose, Type 2910 | 0.92 5.1
Eudragit® ES 30D 35.75 199.1
Triethyl Citrate 1.08 6.0
Talc 9.44 52.6
iAmmonia Solution 0.11 0.6
Total 160.0 557.0
EXAMPLE 4

The data herein shows the bioavailability/pharmacokinetic results of an enteric coated
tablet CD/LD formulations, using 50-200 mg of CD-LD with 0-430 mg of tartaric acid,

compared to the controlled release version of Sinemet®.

10 Four formulations of IPX-066-AH1 were evaluated for PK parameters. Information of the

study drugs are listed below in Table 7.
Formulation A is a capsule containing IR beads exhibiting a rapid dissolution profile.

15 Formulation B is a capsule containing ER CD/LD beads and ER TA beads. The ER
CD/LD beads were formulated by coating the IR beads with Budragit® polymers
($100:1L100 ratio of 2:1). The ER TA beads were coated with a sealed coat and a
Eudragit® coat (S100:L100 ratio of 2:1) exhibiting a dissolution profile similar to the .
CD/LD beads.

20
Formulation C is a capsule containing ER CD/LD beads and ER TA beads. The ER
CD/LD beads were formulated by coating the IR beads with Eudragit® polymers
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2.81 Hypromellose, Type2910 USP 5.01 Methacrylic acid copolymer, Type A NF (Eudragit(r) L100)
2.44 Methacrylic acid Copolymer, Type B NF (Eudragit(r) S100) 4.84 Triethyl Citrate NF 2.08 Talc

USP 1.31 Acetone, NF N/A* Isopropyl Alcohol, USP N/A* Purified Water, USP. N/A* Component V

Tartaric aciavﬂI%mf@f%gl@licrocrystaliine Cellulose NF 26.85 Ethylcellulog’e(j ﬁgszfg%’é“ﬁ?ﬁpromellose

Type 2910 USP 2.63 Methacrylic acid copolymer, Type A NF (Eudragit(r) L100) 8.62
(S100:L100 ratio of 5:1). The ER TA beads were coated with a sealed coat and a

Fudragit® coar (8100:L100 ratio of 5:1) exhibiting a dissolution profile similar fo the
CD/LD beads.

5  Formulation D is similar to formulation B except that the quantity of the TA beads is

twice the amount in formulation B.
Formulation E is the reference product, Sinemet® CR 200mg Tablet.

10 Table 7 IPX066- AH1(A-D)

Product CD-LD Enteric Coated pH
Strength (mg)
Formulation A | IPX066 CI/LD IR Capsule 50-200 -
Formulation B | IPX066 CD/LD Capsule with 213 6.5 (SL2)°
my tartaric acid 50-200
Formulation C | IPX066 CD/LD Capsule with 215 6.5 (SLS)b
myg tartaric acid .| 50-200
Formulation D | IPX066 CD/LD Capsule with 43 6.5 (SL2)°
mg tartaric acid ' 50-200
Formulation E -
(Reference) Sinemet® CR Tablet* 50-200
* Merck & Co., Inc.; b SL2: Eudragit® S100/L100 15 2:1; SLS: Eudragit® S100/1100 18
5:1.

The qualitative and quantitative compositions for these formulations are summarized

15  below i Table 8.
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Methacrylic acid Copolymer, Type B NF (Eudragit(r) S100) 17.5 Triethyl Citrate NF 7.45 Talc USP
4.69 Acetone, NF N/A* Isopropyl Alcohol, USP N/A* Purified Water, USP N/A* Hard Gelatin Capsule
1 unit Total Capsule Fill weight 526.63 *evaporated in drying process WO

2009/085308BEFAIEH808/014080 Table 13. Formulation B, C and D (PS8 E30

IPX066-AH2(C), IPX066- AH2(D)) Ingredients Formulation IMINIMEMIM
Table 8 Qualitative and Quantitative Composition of Formulation

Formulation

A B | c | D
Ingredients mg/capsule

Component | Compenent | Component | Componen

I I v 1
Carbidopa, USP 27 27 27 27
Levodopa, USP 100 100 100 100
Microcrystaliime Cellulose, NF
(Avicel PH-101) 18.4 18.4 18.4 18.4
Lactose Monohydrate, NF i8.4 18.4 184 18.4
Sodium Starch Glycolate, NF 9.2 9.2 9.2 6.2
Sodium Lauryl Sulfate, NF 9.2 9.2 9.2 9.2
Povidone, USP 1.84 1.85 1.85 1.85
Tale, USP 1.95 1.95 4.2 1.95
Methacrylic acid co‘golymer,
Type A, NF (Eudragit™ L.100) - 2.25 2.153 2.25
Methacrylic acid Coogolymer,
Type B, NF (Eudragit™ S100) -—- 4.55 10.75 4.55
Triethyl Citrate, NF o £.95 9.00 1.95
iN NH.OH solution —_— —— 0.1 -
Purified Water, USP - - NIA¥ -—-
Acetone, NF N/A* N/A* == N/A*
Isopropyl Alcohol, USP N/A¥ N/A* --- N/A*

Component | Component | Componen

— 1111 v T
Tartaric acid, NF - 107.5 107.5 215
Microcrystalline Cellulose, NF
(Avicel PH-101) — 26.95 26.9 53.9
Ethylceliulose, NF (Ethocel :
Standard- {0FP Premium) — 11.2 11.3 22,4
Hypromeliose, USP Type2910
{Pharmacoat 606, 6 cps) o 20,35 20.25 40,7
Methacrylic acid c_ogoiymer, . 075 '
Type A, NF (Budragit™ L100) ) 6.1 19.5
Methacrylic acid Coagolymer, 193
Type B, NF (Eudragit™ S100) —- ) 30.35 38.6
Triethy! Citrate, NF e 83 25.55 16.6
Talc, USP - 5.2 10.3 10.4
1N NH,OH e -~ 0.3 -
Purified Water, USP — —- N/IA* ——-
Acetone, NF NIAF N/A* -en N/IAK
Isopropy! Alcobol, USP N/A* N/A* i N/A*




lla11.11. 26.99 IMMINEEMMEM 26.99 m cassule 26.99 Carbidoa USP EIMM Levodosa USP
1111 100 100 100 Microcrystalline Cellulose, NF ME 118.75 65.00 30.00 Lactose Monoh drate NF
EIMEMIE Mannitol, USP 17.35 23.99 48.98 1111.11=1 Oa EOM. 20.13 50.00 -

WO 2009/085306 PCT/US2008/014080
Hard Gelatin Capsule [ 1 unit I unit 1 unit 1 unit
Total Capsule Fill Weight 184.97 403.3 448.4 611.85

* evaporated in drying process
Manufacture of IPX066- AH1 Formulations
5 Four formulations of IPX066- AH1
Marnufacture of Component 1 -- CD-LD fast release beads

Carbidopa, levodopa, and microcrystalline cellulose, Lactose Monohydrate, Sodium
10 Starch Glycolate, Sodium Lauryl Sulfate, and Povidone were blended and charged in a
high shear granulator and granulated with purified water. The granulated wet mass was
extruded in an extruder with 1.0 mm hole size screen. The extrudate was charged and
spheronized in a spheronizer equipped with 3 mm cross-hatch disc. The spheres obtained
from the spheronizer were dried in and the drug-loaded pellets were screened with 16, 18
15  and 25 mesh screens. The pellets retained on 18 and 25 mesh screens were collected.

The final blend was prepared by blending the screened CD/LD peliets with talc.

Manufacture of Component [I — CD-LD fast release beads coated with Eudragit®
S100:L100 (2:1)
20
CD/LD core seeds (also referred 1o as pelleis) were prepared as Component [ seeds except
that there was no final blend with Talc. The enteric coating solution was prepared by
dissolving Eudragit® $100 and Fudragit® 1100 at the weight ratio of 2:1 and triethyl
citrate in isopropyl alcohol and acetone solution. Tale was then dispersed into the
25  polymer solution and mixed continuously throughout the coating process. The CI/LD
pellets were spray coated using the coating dispersion in a coater. The coated pellets
were dried and then screened through a 16 mesh screen. The final blend was prepared by

blending the screened CD/LD pellets with talc.
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9.97 18.09 Povidone, USP  Talc, USP 111.11M. Ma Methacrylicacid copolymer, Type A, NF
(Eudragit(r) L100)  Methacrylicacid Copolymer, Type 13, NF (Eudragit(r) S100) 1.1 98.19 40.35
36.17 MEMEMENEMM Poloxamer | 88,NF 42.18 17.32 15.55 33.5 Pola(ox | 40 Hydrogenated
Castor Oil, Nt @R Hor RI-1 40 17.5 ME 107.5 107.5 PCT/USI008/0T080

Manufacture of Component III — Tartaric acid fast release beads coated with Eudragit®

S100:L100 (2:1)

Tartaric acid was passed through a 20 mesh screen. Screened tartaric acid and
5 microcrystalline cellulose was charged in a high shear mixer and granulated with purified
water. The wet mass was extruded in an extruder with 1.0 mm hole size screen. The
extrudate was charged and spheronized in a spheronizer equipped with a 3 mm cross
hatch disc and the resulting pellets dried overnight in an oven at 60 £ 10°C. The dried
pellets were passed through 16, 18 and 25 mesh screens and the pellets retained on 18 and

10 25 mesh screens were collected.

A seal coat solution was prepared by dissolving hypromellose (Pharmacoat 606) and
ethylcellulose in alcoholic solution. The seal coat solution was applied to the tartaric
acid pellets in a coater. The pellets were dried and the dried peliets passed through a 14

15 mesh screen.

An additional seal coat was produced by dissolving hypromellose (Pharmacoat 606) in
alcohotic solution. The seal coat solution was applied to the tartaric acid pellet coater, and
then the pellets were dried in GPCG-1. The dried pellets were passed through a 14 mesh

20 screen.

An enteric coating solution was prepared by dissolving Eudragit® $100 and Eudragit®
L100 at the weight ratio of 2:1 and triethyl citrate in isopropyl alcohol and acetone
solution. Mix until dissolved. Talc was dispersed into the polymer solution and mixed
25  continuously throughout the coating process. The screened tartaric acid pellets were
charged in a coater and spray coated with the enteric coating dispersion. The coated
seeds were dried, and the dried, coated pellets screened through a 14 mesh screen. The

final blend was prepared by blending the screened pellets and talc.
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Tartaric acid, NF  Flypromellose, USP Type 2910 52.58 47.18 Acetone, NF N/A* N/A* Ea ea N/A
N/A Iso rol Alcohol, USP  Purified Water, USP N/A* 1 unit 581.18 MM. N/A EM. 1 um 491.98441.45
Hard Gelatin Ca | sure Total Ca sule Fill Wei ht *evaporated in dryingPprocess WO

2009/085308 PG R€>16s/014080 CT/US2008/014080
Manufacture of Component IV — CD-LD fast release beads coated with Eudragir®
S100:1100 (5:1)

Method of manufacture for this component is the same as those of the component 1
5  beads, except that the preparation of the enteric coating dispersion was changed.
Specifically, the enteric coating dispersion is prepared by charging the required amount of
a first portion of purified water in a stainless steel container, and to which while stirring,
Methacrylic Acid Copolymer, Type A, NF were charged and dispersed, thereby making a
dispersion. The required amount of 1IN NH4OH solution was added drop wise fo the

10 dispersion.

A rtequired amount of a second portion of purified water in a separate stainless steel
container was charged. While stirring, Methacrylic Acid Copolymer, Type B, NF were
charged and dispersed. Then a required amount of IN NH,OH solution was added drop wise

15  to the dispersion.

A required amount of a third portion of purified water was charged in a separate stainless
steel container. Triethyl citrate was charged and dissolved and talc was added to the
solution.

20
The first dispersion above was added and mixed to the second dispersion and to which
was then added the third dispersion above. The mixed solutions were screened through

140 mesh screen.

25 Manufacture of Component V — T4 fast release beads coated with Eudragit® S100:L100
(5.1

Method of manufacture for component V beads is the same as those of the component 111

beads, except that the preparation of the enteric coating dispersion was changed.

30
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Manufacture of Formulation A (IPX066-AH2(A)) Manufacture of Component Bead 1 - CD/LD Fast
release beads 5Method of manufacture for this component beads is the same as to that for component
| beads in IPX066-AH1, as discussed in Example 4 above. Manufacture of Component Il - CD-LD fast
release beatl@ B3t Hitn Eudragit(r) S100.1100 (2:1) 10 Method of mah SR ERAEFEIATS component
beads is the same as that for component Il beads in IPX066-AH1, as discussed in Example 4 above.
Manufact$meaficsnponentetlt c@DrigBlistonsinsteuserverideddomrbdraing thadeayired 39®m001100 (2:1)

Method offmanyfaGira ol hia, apaIpanel feadadnilie SR BRMRL 'GhENEIASIRIERED-LD beads

in formulation A te 6-B06-02, as discussed in Example 2 above. 20 Manufacture of

Componeftiming T serelisadeid &ans boere dhiph Suthdgifsvona dvoged  qnd diggetsrstter

ma”UfaCt'ﬁ@léoa( HU3 OB QRENHGRGS S Bm SR 6 ANRAL A BATRABE W ldabeatp g Riostudy
IPX066-AH |, as discussed in Example 4 above. WO 2009/085306PCT/US2008/014080 Manufacture

of Cofpolfethe gbavs digririig8ase beads coated with Eudragité S100:L100 (2:1) Method of
manufacture for this component beads is the same as that for enteric coated 5tartaric acid beads in

formulation A tested in IPX066-B06-02 as discussed in Example 2 above. Manufacture of the IPX066
Capsules YororePATAL TR0 THE NN BRI TR B PR ANPO RE AR D SRRV SRR Pinto hard
gelatin capstigsiasaerding tathedspecilinitangehdineianstid 000 d dpelhfer arget EilkWeights of

IPX066 Capsule Test Formulations. Compgnents JPX066-AH2(A). mg/capsule Compo 1 Beads
46.2 Com n@’ﬁfelf%’@&d@l%#@&ﬁ%éﬁéﬂaﬁﬂ 5%?&%"1@1%%&% Sﬂ%%ef#\f'l@glélgsogz?%tComponent

V Beads M8, 0HaisiGapsuleafitivelghd x66dikbeMmnufacture of Test Formulation B
(IPX066-A112(B)) To make formulation B, a suitable amount of ethanol and purified water were mixed
and to which Cremophor RH40 was dissolved and charged in a first solution; then povidone was
charged alcknipechin theksitios. cArseiparatecgranitatiog duidof ds phédgred: by GQdiséoling the

required amount,of RRYIJONG IR DA ISd A UL O LN IR VRIS  charged; then talc was
added to the above solution.
15
The first dispersion above was added and mixed to the second dispersion and to which
was then added the third dispersion above. The mixed solutions were screened through

140 mesh screen.
20 Manufacture of the IPX066 Capsules
The required amounts of the component beads were filled into hard gelatin capsules

according to the specified fill weights in the Table 9 below. The in-process fill weight is

controlled at target = 10% of the target weights according to Table 9.
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Suitable amounts of carbidopa, levodopa, microcrystalline cellulose, lactose monohydrate and
poloxamer were charged into a suitable granulator and mixed until a uniform powder is formed. The
mixed powder was granulated by adding the first solution above followed b¥ contin%e‘gﬂgquanulation by
adding the g%%épg%%fﬁgﬁulating fluid above thereby resulting in a wet mass. THe Wel Mmass was
extruded through a suitable extruder equipped with a screen size of 1.0 mm. The extrudate was
“spheronizEdtile & IghgeoRidcWaightsadgR ket Bnded eatd drmulatiensruded beads were dried in a
fluidized lyed-dryer—Fhedried -—..ls,_a.- mesh
screen, US #25 mesh screen and pag . Omhete) Latpa TS meshiRfJeainedion 25
mesh screen are collected. 10The g@]&gﬂ&ﬁgatmg dig @@ion was| piaRared by dispenging and mixing a
suitable agwipdRhacetone and isgpropyl alcohol ang,dypmemixing.ﬁgﬁﬁ@kmon, thigindpsiilate was
charged anshiiseaMattiasthe solutipgy. shhe mixing was continued juntil the materigl-was fully dissolved.
While mixmgaddeihacndiasAcid Copolymer, Type AjdNEsvas charged to the soluti¢gi¥4 The solutign was
mixed unitshgpdnatatiaeaas fully dissolved then dgzaigsks while mixing, Methacryliei Atid Copolymer,
Type B, NEowpsnehargBehto the solstion. Mixing cbatinued until the2ntsdérial was iy dissolved| While
mixing, talcomasneha¥giaidand dispeérsed in the solltion. Mixing copfidugd throughett the coatin
process. THaebagtedeiithdsiabove were charged4#d a suitable! fdRi%zed-bed cdebBEquipped 20
with a Wurster insert and were spray coated using the enteric coating dispersion above. The coated
beads Weﬁﬁ,gffjﬁgco%% tg@erggiﬁg fg’eg%%y{v. %{ﬁ%%%g%@fough ausS #14 mesh screen. The resulting
screened material was cﬁarged and a suitable amount of talc was added to it in a suitable blender and
mixed until uniform. 25 Manufacture of Test Formulation C (IPX066-AH2(C)) A suitable amount of
ethangl ang pprified walgenas.disnensedrany MkeR Rasiaikss sleslicanpiainghinadich was
charged and dissolved a suitable amount of Cremophor R_H40 resulting in a granulating solution. 30
A suitableSinsasht GRcafBIdpRdBBBpRo T AR HeMIZad a0t % dRne cellulose, and poloxamer was
charged into a suitable granulator arid mixed until uniform. The mixed powder was granulated with the
granulating solution above thus creating a wet mass. The wet mass was extruded through a suitable
extruder ebaippd Wrrnratipehlay et Sona - biryadona b AAHARE N a suitable
spheronizer at an appropriate speefipdhaaiet extregadrbeadrweyedried in the fluidized bed dryer.
The LOD was measured usipg-a—M DESt' e Analyzer-ana-the-th ”_.;2‘.94proce 5s was stopped when the
LOD value was not more than a targef'(/dﬂj)e 3%. The dried heads were then passed through a US #16
10mesh screen, US #18 mesh scregr(0s#25 mdsh screen|drd¥an. Only the beads retained on 18
mesh and on 25 mesh screen were| ¢ollectsd andiatended. Theseal coat solution was prepared as
follows. An ethanol solutioh was pre%r%d ?y mix'tr;% the requitif?g mount of Alcohol, USP and purified
water in a stainless steel 15container.” A 8tiitable amount hyproméllose wias charged and dissolved in
the ethanol solution. The collected béadsU€taineddn 18 meshZrd on 25 mesh screen were charged
into a fluidized bed coater equipped yyith ady/urstgrinsert andgpray coated using the seal coat 20
solution prepared above. The Coateigfﬁ?é were dried in the [Lﬁp} ized bed and the dried beads were
passed through a US #14 mesh scree hé beads that pass through thg screen were collected. The
enteric coating dispersion vas preparethBSTollowWs/EA suitable!8#ndunt of |25 Methacrylic Acid
Copolymer, Type A, NF, MeERacTylic/Agd GOopolyrygr, TYpe BiMizstriethyl citrate and talc were
dispensed. A suitable amaount of acetorF:?rgx dis J%r/gpyl alcoh%lgvg re mixed well and during the mixing,
triethyl citrate was charged arid mixed" he splution. Methacrylic Acid Copolymer, Type A, NF was
further charged into the sojution. MixingCeantinue&/Eintil the matdrial was fully dissolved. Methacrylic
Acid 30Copolymer, Type B, NF wag agditiopallyigharged inta tegolution. Mixing continued WO
2009/085306PCT/US2008/014080 ugtil the mate A% was full/i%i?sj lved. Talc was then charged and
dispersed in the solution. Mixing occ roughout the pracess. The collected beads were coated
with the enteric coating dispersion as-foNdiws. Thé/B collectgdPbéads were charged in a suitable
fluidized-bed coater equipped with a\urstey insestiand spray;geated with the enteric coating
dispersion above. The coated beadshv;\@e hen d %g and the glglﬁ] beads passed through a US #14
mesh screen. The screened material was mixed and charged with a suitgble amount of talc in a
blender. 10 Manufacture of Test Formulation D (IPX066-AH2(D)) A granulating solution was prepared
by dissolving polyoxyl in a solution of ethanol and purified water. 15A suitable amount of carbidopa,
levodopa, screened tartaric acid, micromystalline4@ellulose, lactose monohydrate and poloxamer were
charged and mixed in a granulator. The mixed material was granulated with the granulating solution
thereby creating a wet mass. The wet mass was extruded through a suitable extruder equipped with a
screen size of 1.0 mm. The resulting extrudates were spheronized in a suitable spheronizer. The wet
20 extruded beads were dried in a fluidized bed dryer and the LOD was measuring using a Moisture
Analyzer. The drying process was stopped when the LOD value is not more than a target value 3%.
The dried beads were passed through a US #16 mesh screen, US #18 mesh screen, US 25 #25 mesh

screen and pan. Only the beads retained on 18 mesh and on 25 mesh screen were collected and
retained

s




The dried beads were coated with a seal coat. The seal coat may be prepared as follows. An ethanol
solution was prepared by mixing the required amount of Alcohol, USP and 30purified water in a
stainless steel container to which a suitable amount hypromellose was charged. The dried beads were
charged int8'? Al1di%Ed%ed coater equipped with a Wurster insert and s]E)(r: E%%’fgé%fﬁ%g the seal
coat solution. The coated beads were then dried in a fluidized bed and the dried coated beads passed
through a ReSts 4ndddiicyssaan. The beads that passed through the screen were collected. 5The
collected beads were coated with an enteric coating dispersion. The enteric coating dispersion was

prepared as follows. A suitable amount of Methacrylic Acid Copolymer, Type A, NF, Methacrylic Acid
CopolymeFhgylseaphexgin wsnopsttedetbaidfearulptionidpetébdths wpluBrn £hotmeordeBiene and

isopropy! gieahglayas maxsgd wedl QurnadhesnixingssHaihyicikaawas, erarsed apgidissolved in the

acetone and isopropyl alcohol 10 solution. Then while mixing, Methacglic Acid Copalymer, Type A,

and NF waPeoeRaeg ettt fthe YotQusin- Mibicsrritige afiemmétiondend 2 a5a i Hietlsived. During

the mixinggddetaasnilisAsiskGionalyneandane Beaad Mpwenes doaterskinia 516 selsiposMixing
continued until the material was fully dissolved. Then talc was charﬂgd an%&i};iolve in t%e solution.
Mixing cofififtEdaiys gttt iRemSat brbleésd Peertsnsntion ebLRR e PEEhEERY into a

suitable flndizegtdegsoatas pridarabwifeii Ve ISOC inSersananapresssaaipectisitlg timenteric coating

dispersion, The resulting coated beads were dried and the dried beads were passed through a US #14
mesh scretgﬁﬁﬁé’%é@%n@%%é’ﬁ%%ﬁeaé#i%eaaeaﬁl&l fr%&e@rv{/?t‘ﬁaéi%%i ab e@m%ﬁ%’teo Qlcin a
blender 2Qunatiitnitdr T AP hasdacikinatics sfistlafor hibbtuchall PEEGEANZr fofthel Rtvaniacokinetics
parameters of CD.and-LD for four tested formulations compared.to.25Sinemet(r) CR.after. oral
administra}?%nﬁlgraetlgﬂ?nc:%\gﬁﬁz?’e??‘rtlmf%ﬁ?él 15068 Itg)uf% 1e§§l %Pgﬁ Ifﬁﬁ?a%s?éifn%g lgﬁrﬁl AUC of
LevodopaknhgGtbisigpastiay anfater restik ot Rator¢lal veDid ri¢Gmdntiorn €Nt iD). 80HS i§ n(Cmax)

16.19 Ln(l%;tﬁé) s%i%p]é?te% %S!Canlg 'RU’E%?% 2'7%'?‘6%81!&]19%91%111&@ CR Tablet indicating 1.ID was

rapidly released and absorbed in the upper Gl tract.
15
EXAMPLE 5

The data herein shows the bioavailability/pharmacokinetic results of an enteric coated
tablet CD/LD formulations, using 50-300 mg of CD-LD with 0-270 mg of tartaric acid
20  compared to the controlled release version of Sinemet®. Information of study drugs are

listed beiow in Table 11.

IPX066-AH2 Formulation A (IPX006-AH2(A)) is a capsuie. containing 5 different
component beads. Component [ is an immediate-release CD/LD bead type. Component II
25 is an ER CD/LD bead type with a fast ER release profile. Component Il is an ER
CD/LD bead type with a slow ER release profile. Component IV is a TA bead type with
a release profile similar to those of Component Il. Component V is a TA bead type with

a release profile similar to those of Component III
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Ln(AUC) 10.54 Ln(AUC) 15.08 Ln(AUC) 15.79 CD Ln(Cn,",) A/E 80.12 Ln(Cmax) B/E 7.03

Ln(AUC
( ) WO 2009/085306 PCT/US2008/014080

IPX066-AH?2 Formulation B (IPX066-AH2(B)) is a capsule containing ER CD/LD beads
formulated with Cremophor RH40 and Poloxamer 188. TA is not included in the

formulation.

5 IPX066-AH2 Formulation C (IPX066-AH2(C)) is a capsule containing ER CD/LD beads
formulated with Cremophor RH40 and Poloxamer 188, and TA.

IPX066-AH2 Formulation D (IPX066-AH2(D)) is a capsule containing ER CD/LD beads

formulated with TA. The capsule does not contain Cremophor RH40 nor Poloxamer 188.

10
The reference product is Sinemet® CR Tablet 200 mg.
Table 11. IPX066-AH2
Product CD-LD Enteric Coated pH
Strength (mg)
A IPX066 CD/LD Combo Capsule with 6.5 (SL2) for fast
270 mg tartaric acid (IR + fast release and slow release
core +slow release core) 75-300 core
B IPX066  CD/LD  Capsule  with 6.5 (SL2)
surfactants 50-200
C {PX066 CD/LD/Mtartaric acid Capsule 6.5 (SL2)
with 215 mg tartaric acid and
surfactants 50-200
D IPX066 CD/LD/tartaric acid Capsule 6.5 (SL2)
with 215 mg tartaric acid 50-200
E Sinemet® CR Tablet® 50-200 -
* Merck & Co., Inc.
15

The qualitative and quantitative compositions for these formulations are summarized

below in Table 12 and Table 13,

51



D/E 11.06 Results and Discussion 5The data herein demonstrated that formulation A achieved a
desirable in vivo plasma concentration profile. By combining two components of tartaric acid beads
(with enteric coatlg{(ﬂ on either fast or slow release core) with three components of CD/LD drug

seeds/bead?® fIrfét

t1efease portion, and enteric coated portion with coa%%uéﬁ“gﬁﬂjeﬁo?gst or slow

release core), formulation A showed a significantly flatter plasma concentration 10profile with a lower

Cm a" (80T dddFeomplatiieAUIRXGE0sd 26hadive to the reference drug Sinemet(r) CR. A PK

simulatigrmstudy wastonducted to cafcutate the peak to trough ptasma concentratipn (PT) ratio
assuming a three times daily (every 6 hours) dosing regimen; 15The PT ratio is defined on steady
state 18/ hours post-dose plasma concentration. The simulatidforesuitscara summarized in Table 16,
showing thatdéiexlation A has a significantly lower, 1.7, PT ratig/tetatiie to Sinemett CR, 3.4. The
addition|dfsustaetants in formulation significantly decreased LD bioavailability. 5 Moreover, it is more
advantag€atisitpaitfe separate drug and tartaric acid seeds jref@rmulation, and the incorporation of
tartaric adievinitpstfie drug seeds significantly decreased LD} Bioavailability.  Table 16. Simulation of
Steady E>Mt€@iasmm6@ritu@rmaﬁbn AUC, and Peak-to10troudi® Concentration Ratio. Formulation
d aktoTrough Plasma Céde ratio AIPX066- AH2(A)) 75-300

1030 59%%@@[@@*3%0 1212 349 3.4 EXAMPL E 23 _Formulation.wit separate CD/LD
containingagiss Sul id seeds for 151PX-D86.was evaluated for PK parameters.
IPX066- 0I"‘Tldo“ﬁn‘fﬁlpm:-*ﬁ'rlnn of Q'rllrl\/ rlrllrm are listed_below.in!e#le 17 Eormulation A (IPX066- 20
AH3(A))LS—31—CCES‘E”|Q {‘nnfnlnlnﬁ |:D (‘n/l D _beads formulated AQ#\B(‘rnrnophlor RH40 and Poloxamer
188 and| ER1T BEsacliRh a similar dissolution profile— WO 2066/085306PCTAIS2008/014080 Table
17. IPXQEg2Rpogent II

Carbidopa USP 6.75

Levodopa USP 25

Microcrystalline Cellulose NF 4.6

Lactose Monohvdrate NF 4.6

Sodium Starch Glycolate NF 23

Sodium Lauryl Sulfate NF 23

Povidane USP 0.46

Methacrylic acid copolymer, Type A

NF (Eudragit® L100) 0.55

Methacryiic acid Copolymer, Type B

NF (Eudragit® $100) 1.15

Triethy! Citrate NF 0.48

Talc USP 0.49

Acetone, NF N/A®

Isopropyl Alcohol, USP N/A*

Purified Water, USP N/A*

Component 111

Carbidopa USP 26.99

Levodopa USP 100

Microcrystaliine Cellulose NF 54.42

Methacrylic acid copolymer, Type A

NF (Eudragit™ L100) 2.18

Methacrylic acid Copolymer, Type B

NF (Eudragit® $100) 4.5

Triethyl Citrate NF 1.91

Talc USP 1.91

Acetone, NF N/A*

Isopropy] Alcohol, USP N/A*

Purified Water, USP N/A*

Component IV
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Product CD-LD Strength (mg) Enteric Coated pH A HPX066- A_H3(A)) IPX066CD/LDcontaining
surfactant Capsule with 215 mg tartaric acid 50-200 6.5 (SL2) B Sinemeeb CR Tablet' 50-200 a
Merck & Co. Inc. 5The qualitative and quantitative compositions for these formulations are
summarized‘ﬁb?{%%/?ﬁs?%ble 18. Table 18. Qualitative and Quantitative cB&’BE@,fﬂ%’%"b‘f“?%st
Formulation Ingredients . Formulation A (IPX066- AH3(A)) .. mg/capsule_Bead | Carbidopa, USP

17.99 LéVedenazddiSP 66.67 MicrocrystallineCellulose NF(AVig&l PH-101) 79.17 | actose
Monohyd¥itecdistaliine Celiulose NF 6.79 .
Ethylcellulose NF 2.81
Hypromellose, Type2910 USP 5.01

Methacrylic acid copolymer, Type A
NF (Eudragit® L100) _ 2.44
Methacrylic acid Copolymer, Type B
NF (Eudragit® $100) 4.84
Triethyl Citrate NF 2.08
Tale USP 1.31
Acetone, NF N/A*
Isopropyi Alcohol, USP N/A*
| Purified Water, USP N/A*
Component V.
Tartaric acid NF 167.5
Microcrystalliine Cellujose NF 26.85
Ethylcellulose NF 12.38
Hypromellose Type 2910 USP 2.63
Methacryhc acid copolymer, Type A
NF (Eudragit® L100) , 8.62
Methacrylic acid Copolymer, Type B
NF (Eudragit® $100) 17.5
Triethyl Citrate NF 7.45
Tale USP 4.69
Acetone, NF N/A*
Isopropyl Alcohol, USP ' N/A*
Purified Water, USP N/A¥
Hard Gelatin Capsule 1 unit
Total Capsule Fill weight 526.63

*evaporated in drying process
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35.83 Poloxamer 188, NF (Lutrol F-68, NF) 22.33 Polyoxyl 40 Hydrogenated Castor Oil, NF
(Cremophor RH 40) 11.67 Povidone, USP 11.57 Methacrylic acid copolymer, Type A, NF (Eudragit(r)
L100) 32.65 Methacrylic acid Copolymer, Type B, NF (Eudragit(r) S100) 65.46 Triethyl Citrate, NF
28.12 Talc, USRAYYNcetone, NF N/A* Isopropyl Alcohol, USP N/A*Pﬁﬁﬁﬁi%zﬁﬂ\?@éfgv?PUSP N/A*

Bead H Tartaric acid, NF 71.67 MicrocrystallineCellulose,NF(Avicel PH-101) 17.93
Table 13. Formulation B, C and D (IPX066-AHZ(B), IPX066-AH2(C), IPX066-

AH2(D))

Formulation

B C b
Ingredients . mg/capsuie mg/capsule mgfcapsule
Carbidopa USP 26,99 26.99 26.99
Levodopa USP 100 100 : 100
Microcrystalline
Cellulose, NF 118.75 65.00 30.00
Lactose Monohydrate NF 53.75 -—- -
Mannitol, USP - e 50.00
Povidone, USP 17.35 — —en
Talc, USP 23.99 11,11 9.97
Methacrylic acid
copolymer, Type A, NF
(Eudragit® L100) 48.98 20.13 18.09
Methacrylic acid
Copolymer, Type B, NF
(Eudragit® $100) 98.19 40.35 36.17
Triethyl Citrate, NF 42.18 17.32 15.55
Poloxamer 188 NF 33.5 338 —
Polyoxyl 40 Hydrogenated
Castor Oil, NF
(Cremophor RH 40) 17.5 17.5 —
Tartaric acid, NF - 107.5 167.5
Hypromeliose, USP Type
2910 -- 52.58 47.18
Acetone, NF N/AF N/A* N/A*
Isopropy! Alcohol, USP N/A* N/A®* N/A*
Purified Water, USP N/A* N/AX N/A*
Hard Gelatin Capsule 1 unit i unit 1 unit
Total Capsule Fill Weight 581.18 491.98 441.45

*evaporated in drying process
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WO 2009/085306PCT/US2008/014080 Ethylcellulose,NF(EthocelStandard- 10FP Premium) 7.53
Hypromellose,USPType2910 (Pharmacoat 606,6 cps) 13.50 Methacrylic acid copolymer, Type A, NF
(Eudragit(r) L100) 14.77 Methacrylic acid Copolymer, Type B, NF (Eu dragit (r) S100) 29.50 Triethyl
Citrate, NF W2 859430 SP 7.20 Acetone, NF N/A* Isopropyl Alcohol, BfSi Ri#bititied Water,
USP N/A* Hard Gelatin Capsule 1 unit Total weight 562.18 *evaporated in drying process
ManufacteotfEesirk ofAutatiinro Md iifdtasedd Zidphponent Bead | - CD/LD beads

Manufacture of Component Bead I~ CD/LD Fast release beads

5  Method of manufacture for this component beads is the same as to that for component |

beads in IPX066-AH]1, as discussed in Example 4 above.

Manufacture of Component II — CD-LD fast release beads coated with Eudragit®
S100:.L100 (2:1)

10
Method of manufacture for this component beads is the same as that for component Il

beads in IPX066-AH]I, as discussed in Example 4 above.

Manufacture of Component HI — CD-LD slow release beads coated with Eudragi£®
15 S100:L100 (2:1)

Method of manufacture for this component beads is the same as that for enteric coated
CD-LD beads in formulation A tested in IPX066-B06-02, as discussed in Example 2
above,.

20
Manuyfacture of Component 1V — TA fast release beads coated with Eudragit® 5100:L100

(2:1)

Method of manufacture for this component beads is the same as that of component III

25  beads in biostudy IPX066-AH1, as discussed in Example 4 above,
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Method of manufacture for this component beads is the same as to that for formulation B of
IPX066-AH2, as discussed above in Example 5. Manufacture of Component Bead H - TA beads
Method of manufacture for this component beads is the same as that of component 111 10beads in
IPX066-AH ‘T‘f%%&%%‘fgﬂ"?gﬁcontent for enteric coating is higher in formulatigﬁTé%Sa?ggﬂé‘ggg in Example 4
above. Pharmacokinetics result for IPX066-AH3: ~ The Pharmacokinetics parameters of CD and LD
for tested dérmiftationf Giapeaehto 15 ShelneteeleRafierd spaurhitidtrudrrgie sufieldZed in Table
19. Table49;Mean ratio of Ln-transformed Crna" AUC of Levodopa and Carbidopa Parameter
Test/Ref Ratio (%) LD Ln(C,..) A/B 14.89 Ln(AUC) A/B 9.88 CD Ln(Cma") A/B 4.87 Ln(AUC) A/B
7.11 Results and Discussions 5The addition of surfactants in formulation significantly decreased LD

bioavailabilityiRves wheniie.fermrialionsrpiane seRAraerluganddanaritAcaredsatdAMPLE 7

JO Formulations for IPX066-AH4 Four formulations of IPX-066 were evaluated for PK parameters.
InformSatioRT & A diersis adaerairietoty iFsedoi BE0aS P2 65 IBiRas A i SR fation
CD-LDDoggyrg) MolarRatioof TA :.LD

Manufacture of the IPX066 Capsules for Formulation A

10 The réquired amounts of the component beads were filled into hard gelatin capsules

according to the specified target fill weights = 10%.

Table 14. Target Fill Weights of IPX066 Capsule Test Formulations.

I!PXO%-AHZ(A)
Components mg/capsule
Component [ Beads 46.2

Component 1l Beads 48.7

Component [II Beads 181.9

Component [V Beads 52.1

Component V Beads 187.7

Total Capsule Fill weight 526.6

15 Manufacture of Test Formulation B (IPX066-AH2(B))

To make formulation B, a suitable amount of ethanol and purified water were mixed and
to which Cremophor RH40 was dissolved and charged in a first solution; then povidone
was charged and mixed in the solution. A separate granulating fluid was prepared by

20 dissolving the required amount of povidone in the required amount of purified water.

Suitable amounts of carbidopa, levodopa, microcrystalline cellulose, lactose monchydrate
and poloxamer were charged into a suitable granulator and mixed until a uniform powder

is formed.
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Amount of Capsule /dose A(IPX066- AH4(A)) 75-300 1.4:1 2 B (IPX066-AH4(B)) 90-360 1.4:1 3 C
(IPX066-AH4(C)) 90-360 0.5:1 2 D(IPX066- AH4(D)) 90-360 0.75 :1 2 Sinemet(r) CR Tablet' 50-200
a Merck & Co., Inc. These formulations contain CD/LD beads and LD beads with different release
characteristié§ BiHf%rYS formulation A of IPX066-AH2, these beads arePc%]é{féS&WfW@ﬁ?jragit L100
and S100 polymer in the ratio of 1:2. The quantities of CD/LD and TA in each of the bead type are

shown in Tablemg:db Wordeomast gignalasi Ly msding phanfiteh eolkfisits abriraniedpatedrdiease
dissolution graflie, graﬁﬁQﬁBm%ﬁédhiﬁgat&Q/ép%Q@%?M&%%?ﬁﬂi&@%@ﬁﬁe@ﬁwe@mﬁp'-release

dissolution 10profile. Component Il isa CD/LD bead type which exhibits a slower extended-release

dissolutior? pyefifaasss ChRpBHemesy Yaa ariisadtipypesiiai cH BRitpisradns §SNIRBF oM e which
mimics thasgp.of GoMpONERiAl: GeRPAREDMISSIRARLAYRS: Which exBibitsR fisagirtien profile

which mimics those of component Ill. 20 Component VI is a TA bead type which_exhibits an

intermiediakS tsasiutisnotre ad Berdtues dried b Heidinedied drverTdg derthbednd

quantitativgesenHRASHoRS ferdhese: fornylgtigeshaser Smueriaednelowdn TabiEr81mdMO

2009/085306PCT/US2008/014080 Table 21. Qualitative and uantitativg Composswon of Formulation

Formulatighréen and pan. Only the beads that pass through 18 mesh but retained on 25 mesh screen

are collected.

10 The enteric coating dispersion was prepared by dispensing and mixing a suitable amount
of acetone and isopropyl alcohol and while mixing the solution, triethyl citrate was
charged and dissolved in the solution. The mixing was continued until the material was
fully dissolved. While mixing, Methacrylic Acid Copolymer, Type A, NF was charged to
the solﬁtion. The solution was mixed until the material was fully dissolved then again

15 while mixing, Methacrylic Acid Copolymer, Type B, NF was charged to the solution.
Mixing continued until the material was fully dissolved. While mixing, taic was charged

and dispersed in the solution. Mixing continued throughout the coating process.

The collected beads above were charged into a suitable fluidized-bed coater equipped
20 with a Wurster insert and were spray coated using the enteric coating dispersion above.
The coated beads were dried, and the dried beads were passed through a US #14 mesh
screen. The resulting screened material was charged and a suitable amount of talc was

added to it in a suitable blender and mixed until uniform.

25 Manufaciure of Test Formulation C (IPX066-AH2(C))
A suitable amount of ethanol and purified water was dispensed and mixed in a stainiess
steel container to which was charged and dissolved a suitable amount of Cremophor

RH40 resulting in a granulating solution.

30
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(IPX066- AH4(A)) Formulation 13 OPX066- All4(B)) Formulation C OPX066- A114(C)) Formulation D
(IPX066- A114(D)) Ingredients mg/capsule mg/capsule[ mg/capsule mg/capsule Component |
Carbidopa USP 635 6.48 9.72 9.72 Levodopa USP 25 24 36 36 Microcrystalline Cellulose NF 4.6 4.42
6.62 6.62 LYHGWRMBhydrate NF 4.6 4.42 6.62 6.62 Sodium Starch GRICHETE' R HEY 21 3.31 3.31
Sodium Lauryl Sulfate NF 2.3 2.21

A suitable amount of carbidopa, levodopa, tartaric acid, microcrystalline cellulose, and

poloxamer was charged into a suitable granulator and mixed until uniform. The mixed
powder was granulated with the granulating solution above thus creating a wet mass. The
wet mass was extruded through a suitable extruder equipped with a screen size of 1.0 mm

5 and the extrudate was spheronized in a suitable spheronizer at an appropriate speed.

The wet extruded beads were dried in the fluidized bed dryer. The LOD was measured
using a Moisture Analyzer and the drying process was stopped when the LOD value was
not more than a target value 3%. The dried beads were then passed through a US #16
10 mesh screen, US #18 mesh screen, US #25 mesh screen and pan. Only the beads retained

on 18 mesh and on 25 mesh screen were collected and blended.

The seal coat solution was prepared as follows. An ethanol solution was prepared by
mixing the required amount of Alcohol, USP and purified water in a stainless steel
15 container. A suitable amount hypromellose was charged and dissolved in the ethanol

solution.

The collected beads retained on 18 mesh and on 25 mesh screen were charged into a
fluidized bed coater equipped with a Wurster insert and spray coated using the seal coat
20  solution prepared above. The coated beads were dried in the fluidized bed and the dried
beads were passed through a US #14 mesh screen. The beads that pass through the screen

were collected.

The enteric coating dispersion was prepared as follows. A suitable amount of
25  Methacrylic Acid Copolymer, Type A, NF, Methacrylic Acid Copolymer, Type B, NF,
triethyl citrate and talc were dispensed. A suitable amount of acetone and isopropyl
alcohol were mixed well and during the mixing, triethyl citrate was charged and mixed
into the solution. Methacrylic Acid Copolymer, Type A, NF was further charged into the
solution. Mixing continued until the material was fully dissolved. Methacrylic Acid

30  Copolymer, Type B, NF was additionally charged into the solution. Mixing continued
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3.31 3.31, Povidone USP 0.46 0.44 0.66 0.66 Talc USP 0.23 0.22 0.33 0.33 Purified Water, USP N/A*
N/A* N/A* N/A* Component!! Carbidopa USP 6.75 5.4 8.10 8.10 Levodopa USP 25 20 30 30
Microcrystalline Cellulose NF 4.6 3.68 5.52 5.52 Lactose Monohydrate NF 4.6 3.68 5.52 5.52 Sodium
Starch GlycBig# 853861 g4 PCT/USZ008/014080

until the material was fully dissolved. Talc was then charged and dispersed in the

solution. Mixing occurred throughout the process.

The collected beads were coated with the enteric coating dispersion as follows. The
5 collected beads were charged in a suitable fluidized-bed coater equipped with a Wurster
insert and spray coated with the enteric coating dispersion above. The coated beads were
then dried and the dried beads passed through a US #14 mesh screen. The screened

material was mixed and charged with a suitable amount of talc in a blender.
10 Manufacture of Test Formulation D (IPX066-AH2(D))

A granulating solution was prepared by dissolving polyoxyl in a solution of ethanol and

purified water.

15 A suitable amount of carbidopa, levodopa, screened tartaric acid, microcrystaliine
celiulose, lactose monohydrate and poloxamer were charged and mixed in a granulator.
The mixed material was granulated with the granulating solution thereby creating a wet
mass. The wet mass was extruded through a suitable extruder equipped with a screen size
of 1.0 mm. The resulting extrudates were spheronized in a suitable spheronizer. The wet
20 extruded beads were dried in a fluidized bed dryer and the LOD was measuring using a
Moisture Analyzer. The drying process was stopped when the LOD value is not more

than a target value 3%.

The dried beads were passed through a US #16 mesh screen, US #18 mesh screen, US
25 #25 mesh screen and pan. Only the beads retained on 18 mesh and on 25 mesh screen

were collected and retained.

The dried beads were coated with a seal coat. The seal coat may be prepared as follows.
An ethanol solution was prepared by mixing the required amount of Alcohol, USP and
30  purified water in a stainless steel container to which a suitable amount hypromellose was

charged. The dried beads were charged into a fluidized bed coater equipped with a
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2.76 2.76 Sodium Lauryl Sulfate NF 2.3 1.84 2.76 2.76 Povidone USP 0.46 0.37 0.55 0.55
Methacrylicacidcopolymer, Type A NF (Eudragit(r) L100) 0.56 0.45 0.67 0.67
MethacrylicacidCopolymer, Type B NF (Eudragit(r) S100) 1.14 0.91 1.36 1.36 Trieth¥l Citrate NF 0.49
0.39 0.58 0.88 FUHB3¥ 0.49 0.39 0.58 0.58 Acetone, NF N/A* N/A* N/ATHRESIEEBIEINI Alcohol,
USP N/A* _

Wurster insert and spray coated using the seal coat solution. The coated beads were then

dried in a fluidized bed and the dried coated beads passed through a US #14 mesh screen.

The beads that passed through the screen were collected.

5 The collected beads were coated with an enteric coating dispersion. The enteric coating
dispersion was prepared as follows. A suitable amount of Methacrylic Acid Copolymer,
Type A, NF, Methacrylic Acid Copolymer, Type B, NF, triethy! citrate and talc was
dispersed. A suitable amount of acetone and isopropyl alcohol was mixed well. During
the mixing, triethyl citrate was charged and dissolved in the acetone and isopropyl aicohol

10 solution. Then while mixing, Methacryvlic Acid Copolymer, Type A, and NF were
charged into the solution. Mixing continued until the material was fully dissolved.
During the mixing, Methacrylic Acid Copolymer, Type B, and NI were charged into the
solution. Mixing continued until the material was fully dissolved. Then talc was charged
and dissolved in the solution. Mixing continued throughout the coating process.

15
The seal coated beads were charged into a suitable fluidized-bed coater equipped with a
Wurster insert and spray coated using the enteric coating dispersion. The resulting coated
beads were dried and the dried beads were passed through a US #14 mesh screen. The
screened material were charged and mixed with a suitable amount of talc in a blender

20 until uniform.
Pharmacokinetics result for biostudy IPX066-AH2

The Pharmacokinetics parameters of CI> and L.ID for four tested formulations compared to

25  Sinemet® CR after oral administration are summarized in Table 15.
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N/A* N/A* N/A* Purified Water, USP N/A* N/A* N/A* N/A* Component HI Carbidopa USP 26.99 20.51
30.77 30.77 Levodopa USP 100.00 76.00 114.00 114.00 Microcrystalline Cellulose NF 54.43 41.36
62.04 62.04 Methacr%licacidcopolymer, Type A NF (Eudragit(r) L100) 2.19 1.67 2.50 2.50

Methacrylicé’@d@%

er, Type B NF (Eudragitop S100) 4.49 3.41 5.1 FPE TS5 HEM I #trate NF 1.91

1.452.18 2.18

10

15

Table 15. Mean ratio of Ln-transformed Cpay, AUC of Levedopa and Carbidopa

Parameter Test/Ref Ratio (%)

LD Ln(Crax) AJE 80.73
En(Clrax) B/E 16.19
La(Cra) CE 18.15
Ln(Crax) D/E 16.55
Ln(AUC) | A/E 108.65
Ln(AUC) | B/E 10.54
Ln(AUC) C/E 15.08
Ln{AUC) D/E 15.79

CD L Couax) A/E 80.12
Ln(Caax) B/E 7.03
Ln{Crae) C/E 13.85
Lot Crran) D/E 14.41
Ln(AUC) | A/E 94.93
Ln{AUC) | B/E 2.69
Ln{AUC) C/E 12.54
La{AUC) D/E 11.06

Results and Discussion

The data herein demonstrated that formulation A achieved a desirable in vivo plasma
concentration profile. By combining two components of tartaric acid beads (with enteric
coating on either fast or slow release core) with three components of CD/LD drug
seeds/beads (instant release portion, and enteric coated portion with coating on either fast
or slow release core), formulation A showed a significantly flatter plasma concentration
profile with a lower Cmax {80.7%) and comparable AUC (109%) relative to the reference
drug Sinemet® CR.

A PK simulation study was conducted to calculate the peak to trough plasma
concentration (PT) ratio assuming a three times daily (every 6 hours) dosing regimen.

The PT ratio is defined on steady state 18 hours post-dose plasma concentration. The
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Talc USP 1.92 1.46 2.18 2.18 Acetone, NF N/A* N/A* N/A* N/A* Iso_propyl Alcohol, USP N/A* N/A*
N/A* N/A* WO 2009/085306PCT/US2008/014080 Purified Water, USP N/A* N/A* N/A* N/A*
Component IV Tartaric acid NF 27.00 21.50 1L40 Microcrystalline Cellulose NF 6.74 5.37 2.85
EthylcelluloR¥MNEOY8E38 24 1.19 - Hypromellose, Type2910 USP 0.94 FPCT/US2008/014080

10

15

20

simulation results are summarized in Table 16, showing that formulation A has a

significantly lower, 1.7, PT ratio relative to Sinemet® CR, 3.4.

The addition of surfactants in formulation significantly decreased LD bioavailability.
Moreover, it is more advantageous to have separate drug and tartaric acid seeds in
formulation, and the incorporation of tartaric acid into same drug seeds significantly

decreased LD bioavailability.

Table 16. Simulation of Steady State Plasma Concentration, AUC, and Peak-to-

trough Concentration Ratio.

CD-1.D  Dose Peak to Trough
Formulation (mg) Css,max | Css,18hr Plasma Conc ratio
A {(IPX0606-
IAT2(A)) 75-300 1030 591 1.7
E (reference) S(-200 1212 349 3.4

EXAMPLE 6

Formulation with separate CD/LD containing surfactant seeds and tartaric acid seeds for

IPX-066 was evaluated for PK parameters.

- IPX066-AH3

Information of study drugs are listed below in Table 17. Formulation A (IPX066-
AH3(A))is a capsule containing ER CD/LD beads formulated with Cremophor RH40 and

Poloxamer 188 and ER TA beads with a similar dissolution profile.
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0.75 0.40 Methacrylicacidcopolymer, Type A NF (Eudragit(r) LI00) 2.16 1.72 0.91
MethacrylicacidCopolymer, Type B NF (Eudragit(r) 5100) 4.41 3.51 1.86 Triethyl Citrate NF 1.87 1.49
0.79 Talc USP 1.18 0.94 0.50 Acetone, NF N/A* N/A* N/A* Isopropyl Alcohol, USP N/A* N/A* N/A*
Purified Watkf WEPRIH N/A* N/A* Component V PCT/US2008/014080

Table 17, IPX066-AH3

Product CD-LD Enteric Coated pH
Strength (mg)

A IPX666 CD/LD containing

(IPX066- surfactant Capsule with 215 mg 6.5 (SL2)

AH3(A)) tartaric acid 50-200

B Sinemet® CR Tablet® 50-200 —

 Merck & Co., Inc.

5  The qualitative and guantitative compositions for these formulations are summarized

below in Table 18.

Table 18, Qualitative and Quantitative Composition of Test Formulation

Formulation A {IPX066-
AH3(A))
Ingredients mg/capsule
Bead 1
Carbidopa, USP 17.99
Levodopa, USP 66.67
Microcrystalline Cellulose, NF (Avicel
PH-101) 79.17
Iactogse Monohydrate, NF 35.83
Poloxamer 188, NF (Lutrol F-68, NF) 22.33
Polyoxy! 40 Hydrogenated Castor Oil, NF
(Cremophor RH 40) 11.67
Povidone, USP 11.57
Methacrylic acid copolymer, Type A, NF
(Eudragit® L100) 32.65
Methacrylic acid Copolymer, Type B, NF
(Eudragit® $100) ' 65.46
Triethy! Citrate, NF 28.12
Tale, USP 15.99
Acetone, NF N/IA*
Isopropyl Alcohol, USP NIA*
Purified Water, USP N/A*
Bead 11
Tartaric acid, NF ) 71.67
Microcrystaliine Cellulose, NF (Avicel
PH-101) 17.93
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Tartaric acid NF 107.50 81.70 43.4 Microcrystalline Cellulose NF 26.90 20.44 10.86 Ethylcellulose
NF 12.40 9.42 5.00 - Hypromellose Type 2910 USP 2.55 1.94 1.03 Methacrylicacidcopolymer, Type A
NF (Eudragi‘tiSFr? LI00) 8.60 6.54 3.47 _ MethacrylicacidCopolymer, Type B NF (Eudragit(r) S100) 17.55

13.34 7.09 YHeH @it %te NF 7.45 5.66 3.01 Talc USP 4.70 PCT/US008/013080
Ethylcellulose, NF (Ethocel Standard-
10FP Premium) 7.53
Hypromellose, Usp Type2910
(Pharmacoat 606, 6 cps) 13.50
Methacrylic acid copolymer, Type A, NF 1477
(Eudragit® L100) :
Methacrylic acid Copolvmer, Type B, NF
(Eudragit® $100) 29.50
Triethyl Citrate, NF 12.63
Talc, USP 7.20
Acetone, NF N/A*
Isopropyl Alcohol, USP N/A*
Purified Water, USP N/IA*
Hard Getlatin Capsule 1 unit
Total weight 562.18

*evaporated in drying process

Manufacture of Test Formulation

5 Manufacture of Component Bead I — CD/LD beads

Method of manufacture for this component beads is the same as to that for formulation B

of IPX066-AH2, as discussed above in Example 5.
Manufacture of Component Bead Il — T4 beads

Method of manufacture for this component beads is the same as that of component I
10 beads in IPX066-AH1, except the content for enteric coating is higher in formulation, as

discussed in Example 4 above.

Pharmacokinetics resulr for IPX066-AH3:

The Pharmacokinetics parameters of CD and LD for tested formulations compared to

15  Sinemet® CR after oral administration are summarized in Table 19.
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3.57 1.90 - Acetone, NT N/A* N/A* N/A* Isopropyl Alcohol, USP N/A* N/A* N/A* Purified Water, USP
N/A* N/A* N/A* Component VI Tartaric acid NF - - Microcrystalline Cellulose NF  20.57

Ethylcellulose NF - - 9.14 Hypromellose Type 2910 USP - - 2.29 Methacrylicacidcopolymer,
WO 2009/085306 PCT/US2008/014080

Table 19. Mean ratio of Ln-transformed Cay, AUC of Levedopa and Carbidepa

Parameter Test/Ref Ratio (%)
LD Lo(Crax) AB 14.89
Ln{AUC) A/B 9.88
CD Ln(Cru) A/B 4.87
Ln{AUC) A/B 7.11

Results and Discussions

5  The addition of surfactants in formulation significantly decreased LD bioavailability even

when the formulation contains separate drug and tartaric acid seeds.
EXAMPLE 7
10 Formulations for IPX066-AH4

Four formulations of IPX-066 were evaluated for PK parameters. Information of study

drugs are listed below in Table 20.

15 Table 20. IPX066-AH4

Formulation Cb-LD Dose | Molar Ratio of | Amount of Capsule /dose
{mg) TA LD

1.4 :1 2
A (IPX066-
AHA(AY 75-300

1.4:1 3
B (IPX066-AH4(B)) | 90-360

0.5:1 2
C (IPX066-AHA4(C)) | 90-360

0.75:1 2
D (IPX066-
AH4(D)) 90-360

Sinemet® CR Tablet* | 50-200
* Merck & Co., Inc.
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Type A NF (Eudragit(r) L100) 6.58 MethacrylicacidCopolymer, Type B NF (Eudragit(r) SIO0) - 13.42
Triethyl Citrate NF - - 5.70 Talc USP - 3.59 Acetone, NF N/A* N/A* N/A* N/A* Isopropyl Alcohol, USP
N/A* N/A* N/A* N/A* Purified Water, USP N/A* N/A* N/A* N/A* Hard Gelatin Capsule 1 unit 1 unit | unit

1 unit WO 2609/085306 PCT/USZ008/014080
These formulations contain CD/LD beads and LD beads with different release
characteristics. Similar to formulation A of IPX066-AH2, these beads are coated with
Eudragit® L100 and S100 polymer in the ratio of 1:2. The quantities of CD/LD and TA
in each of the bead type are shown in Table 20.

5
Component I is a CD/LD bead type which exhibits an immediate-release dissolution
profile. V
Component II is a CD/LD bead type which exhibits a faster extended-release dissolution
10 profile.

Component III 1s a CD/LD bead type which exhibits a slower extended-reiease

dissolution profile.

15 Component [V is a TA bead type which exhibits a dissolution profile which mimics those

of component 11,

Component V is a TA bead type which exhibits a dissolution profile which mimics those
of component 11 |

20
Component VI is a TA bead type which exhibits an intermediate dissolution profile

between those of component II and IIL

The qualitative and quantitative compositions for these formulations are summarized

25  belowin Table 21.
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Total Capsule Fill weight 521.62 409.34 439.41 487.25 * evaporated in drying process WO
2009/085306PCT/US2008/014080 Manufacture of Test Formulations Manufacture of Component | -
CD-LD fast release beads S Method of manufacture for this component beads is the same as to that
for compon&¥ PHEABP6r formulation A in IPX066-AH2, as discussed in‘EXAMAIE S HEE ve.
Manufacture of Component Il - CD-LD fast release beads coated with Eudragit(r) JOSIO0:L100 (2:1)
Method ofﬁahhtﬁhcﬂ,udr&anﬂusnm@panamtbmgwmmsaméﬁs‘muh&mr component Il beads for

formulatic

discusse
Eudragif

for compangriishidSbeads for formulatiomcupsRX066-

(r) SI00:L100 (2.1) Method of

>d in Example 5 above. 20 Manufgek

mﬂmqjapture f

- 5gbove15N

puIBeas is th

)@l dPatiod BMethod of manufgcture for this
t Il beads for formulation A ini1PX066-AH2, as

nEPNEEELY - TA fExXtélease bed@#X66ated with
DATK(BPMpPoNne

AXfEns to that

AldR2apeniliscussesdspbiamplentgaibpsee except

no additjanahpemg@at was introduced between seal coating layer and enteric coating layer. WO
2009/085306#6did §3008/0141180 Mdriufacture of Cpfonent V - TA Slbw release; ¥e&ds coated
with Eudraditérp&00SE100 (2:))  Methdd of manufactie for this coniifonent beads #the same as to
that for comdamemyswtSbededuforefifimulation A in IPX06644H2, as disc@€sed in Exa
Manufa turé@f@bﬁvﬁm’@hledwtvl\IFTA meditifn release hedd? coated with®ddragit(r) SICEE100 (2:1) 10
Method Qe oTefke a ot heads is thbsdime as to that-fdr r‘nmpnnﬁ;ﬁ;ﬂbgadg_except
the content. $ﬁﬁﬁ®ﬁﬁ¢ﬁdl3ﬂﬁﬁmﬁlhvnrn lose in seal dedlting is 4/1 indfad of 5/1. MaAdfacture of the
IPX066 ar?@‘ﬂﬁ&“@ff?m required amol R0t thp co ds wé&tbilled-into k&ré%wutm
capsule&acEﬁﬁdﬁ%o.the_%acliLed_ﬁM igh : low. T in-process HiPdeight is
controlleld-aP¥aidr Ve, Githe target welhfs according {8 Table 22 7N/”P‘ﬂh'° 22 Tm]i/u F-Weights
of IPX0GE-LBBsEB Fost Formulations-Gomponents-Fopmulation-Code—RX066-A-14(A) mgfeapstie
1P X066 1-AATBIPEHSE e 1PX066— ARAIC) mefeapsife-LPX066—AEHID)-mafeapsiis Component |
Beads 46- ,,],,evvopa\"bSP 25 2 30 30

Mlcrocnystaiime Celivlose NF 4.6 3.68 3.52 5.52

Lactose Monohydrate NF 4.6 3.68 5.52 5.52

Sodium Starch Glycolate NF 2.3 1.84 2.76 2.76

Sodium Laury] Sulfate NF 2.3 1.84 2.76 2.76

Povidone USP (.46 0.37 (.55 0.55

Methacrylic acid copolymer,

Type A NF (Eudragit™ L100) 0.56 0.45 0.67 0.67

Methacrylic  acid Copolymer,

Type B NF (Eudragit® $100) 1.14 0.91 1.36 1.36

Triethyl Citrate NF 0.49 (.39 .58 0.58

Talc USP 0.49 0.39 0.58 0.58

Acetone, NF N/A* N/A* N/AK N/A®

Jsopropyl Alcohol, USP N/A* N/A* N/A* N/A*

Purified Water, USP N/A* N/AX N/A* N/A*

Component IJI

Carbidopa USP 26.99 20.51] 36.77 30.77

Levodopa USP 100.00 76.00 114.00 114.00

Microcrystaliine Cellulose NF 54.43 41.36 62.04 62.04

Methacrylic  acid  copolymer,

Type A NF (Eudragit® L100) 2,19 1.67 2.50 2.50

Methacrylic  acid Copolymer,

Type B NF (Eudragit® $100) 4.49 3.41 5.12 5.12

Triethyl Citrate NF 1.91 1.43 2.18 2.18

Talc USP 1.92 1.46 2.18 2.18

Acetone, NF N/A* N/A* N/A* NIA¥

Isopropyl Alcohol, USP N/A* N/A* N/A* N/A¥
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44.4 66.57 66.57 Component |l Beads 48.69 38.95 58.40 58.40 Component Ill Beads 191.93 145.86
218.79 218.79 Component IV Beads 47.11 37.52 19.89 Component V Beads 187.65 142.61 75.76
Component VI Beads - - 143.49 Total Capsule Fill weight 521.62 409.34 439.41 487.25

Pharmacokif&it¥¥8& ft%or IPX066-AH4 The Pharmacokinetics parametgpg@is@ﬁglé{ﬁ@ff% for four
tested formulations compared to Sinemet(r) CR after oral administration are

5 Table

Total Capsule Fill weight

23 Aviifand Nitierob Sh-transformédiékdw AUC of Nétdd

Compenent IV
Tartaric acid NF 27.00 21.50 11.40 -
Microcrystalline Cellulose NF 6.74 5.37 2.85 -
Ethylcellulose NF 2.81 2.24 1.19 :
Hypromellose, Type2910 USP 0.94 0.75 0.40 -
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) 2.16 1.72 0.91
Methacrvlic acid Copolymer, -
Type B NF (Budragit® $100) 4.41 3.51 1.86
Triethyl Citrate NF 1.87 1.49 0.79 -
Tale USP 1.18 6.94 0.50 -
Acetone, NF N/A* N/A* N/A* -
Isopropyl Alcohol, USP N/A* N/A* N/A* -
Purified Water, USP N/A* N/A* N/AY -

Component V
Tartaric acid NF 107.50 §1.70 43.4 -
Microcrystalline Celluiose NF 26.90 20.44 10.86 -
Ethylcellulose NF 12.40 9.42 5.00 -
Hypromellose Type 2010 USP 2.55 1.94 1.03 '
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) .60 6.54 3.47 i
Methacrylic acid Copolymer, -
Type B NF (Eudragit® $100) 17.55 13.34 7.09
Triethyl Citrate NF 7.45 5.66 3.01 -
Tale USP 4.70 3.57 1.90 -
Acetone, NF N/A* N/A* N/A* -
Isopropyl Alcohot, USP N/A* N/A* N/A* -
Purified Water, USP N/A* N/A* N/A* -

Component VI
Tartaric acid N¥ - - - £2.20
Microcrystalline Cellulose NF - - - 20.57
Ethylceliulose NF - - - 9.14
Hypromellose Type 2910 USP - - - 2.29
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) 6.58
Methacrylic acid Copolymer, | - - -
Type B NF (Eudragit® $100) 13.42
Triethyl Citrate NF - - - 5.70
Tale USP - - - 3.59
Acetone, NF N/A* N/A* N/A* N/A*
Isopropy! Alcohol, USP N/AK N/A* N/A* N/A*
Purified Water, USP NIA* N/A* N/A* N/A*
Hard Gelatin Capsule 1 unit 1 unit 1 unit 1 unit

521.62 409.34 439.41 487.25

* evaporated in drying process
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Ratio (%) LD Ln(Comx) NE 92.29 Ln(Cina") B/E 119.02 Ln(Cm.) C/E 132.54 Ln(Crna") D/E 133.78
Ln(AUC) A/E 105.14 Ln(AUC) B/E 136.15 Ln(AUC) C/E 143.73 Ln(AUC) D/E 154.34 CD Ln(C.) NE

92.76 Ln(Ci_nax) WE 116.37
WO 2009/085306 PCT/US2008/014080

Manufacture of Test Formulations
Manufacture of Component I — CD-LD fast release beads

Method of manufacture for this component beads is the same as to that for component |

beads for formulation A in IPX066-AH2, as discussed in Example 5 above.

Manufacture of Component II — CD-LD fast release beads coated with Eudragit®
10 S100:L100(2:1)

Method of manufacture for this component beads is the same as to that for component Il

beads for formulation A in IPX066-AH2, as discussed in Example 5 above.

15 Manufacture of Componeni III — CD-LD slow release beads coated with Eudragit®
S100:L100 (2:1)

Method of manufacture for this component beads is the same as to that for component I
beads for formulation A in IPX066-AH2, as discussed in Example 5 above.

20
Manufacture of Component IV — T4 fast release beads coated with Eudragit® S100:L100

(2:1)
Method of manufacture for this component beads is the same as to that for component IV

25  beads for formulation A in IPX066-AH2, as discussed in Example 5 above, except no

additional seal coat was introduced between seal coating layer and enteric coating layer.
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Ln(C.) C/E 126.66 Ln(C.) DIE 135.66 Ln(AUC) NE 111.12 Ln(AUC) B/E 149.98 Ln(AUC) CIE
145.70 Ln(AUC) D/E 164.13 Results and Discussion 10 Test formulation A (IPX066-AH4(A)) showed
a consistent in vivo plasma concentration profile as those of formulation A (IPX066-A1-12(A)) in
1PX066-AHY SRSPURHEN 1PX066-AH2(A) and 1PX066-AH4(A) differs ohiy R HE Tiar Used, i.e.
lactose in IPX066-AH2(A) and mannitol in IPX066-AH4(A). The relative AUC (relative to Sinemet(r) CR
Tablet) is Mo8%5andele5empplenntilatiohsiPX eleastx@ds xod i X0BcEad At AY Ofs5h8etively. The
relative C( 'rg)lative to Sinemet(r) CR Tablet) is 80.7% and WO 2009/085306PCT/US2008M14080
92.3% for formulation IPX066-AH2(A) and IPX066-AH4(A), respectively. Therefore, the in-vivo
performance and bioavailability of the formulation is reproducible and consistent. 5Based on a

simulation, sthdve tresiaasihsiaisRERK I IFRUER AR A ¢RPSEALaAR (RrRtiQmamealculated

assuming a three times daily, every 6 hours, dosing. The simulated PT ratios, defined as ratio of Cr..
and Csb, IBadsdrs farawatiemdrirdd ¥Paemsibl 2asrhitcresdiis Sremats thab®f- ratio of formulation A
(IPX066-AH4(A)), B (IPX066-AH4(B)), C (IPX066-AH4(C)), and D (IPX066-Al4(D)) are 1.8, 2.3, 2.8,
and 2.0, respectively. The 10PT ratio of Sinemet(r) CR Tablet is 3.9. Therefore, all IPX066 test

formulatioME MG 4 fofle PRI relAtive 16 tREFMBSHEE SifrAfL AR Tikiet “Fi%Hata herein

also demgngwatedithe gptimum molar ratio of TA:LD to be 0.75, when comparing PT ratio of
formulation B, C, and D. 15 The PK results also indicated that replacing the TA beads of fast and slow
release profiles with TA beads with an intermediate release profile in formulation did not change the
overall in Wlethb® ¢l asmarpratidersighif cantyorsebidéncethbydine BTtoathat 26 TalpipoBdnSivnulation of
Steady SIpIe £ R0 TR SRIER IS O Ca A0 RIS RUAR.C Ao BHen, Rl Tsabformulation

of 5/1.

Manufacture of the IPX066 Capsules

15
The required amounts of the component beads were filled into hard gelatin capsules
according to the specified fill weights in the Table 22 below. The in-process fill weight is
controlled at target £ 10% of the target weights according to Table 22,

20 Table 22. Target Fill Weights of IPX 066 Capsule Test Formulations

IFormulation Code

[PX066-AH4(A) | IPX066- IPX066- IPX066-

mg/capsule AHA4(B) AH4(C) AH4(D)
Components mg/capsule mg/capsule mg/capsule
Component | Beads 46,24 44.4 66.57 66.57
Component [T Beads 48.69 3895 58.40 58.40
Component Il Beads 191.93 145.86 218.79 218.79
Component 1V Beads 47.11 37.52 19.89 -
Component V Beads 187.65 142.61 75.76 -
Component VI Beads - - - 143.49

Total Capsule Fill weight 1521.62 409.34 439.41 487.25
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CD-LD Dose (mg) TA;LD Molar Ratio Css,max Css,18hr AUCss,24 PeaktoTrough Plasma Cone ratio
A 75-300 1.4 920 511 13215 1.8 B 90-360 1.4 1238 549 17048 2.3 C 90-360 0.5 1337 477 18204 2.8

D 90-360 0.75 1384 679 19848 2.0 E (reference) 50-200 0 984 254 12348
WO 2009/085306 PUT/UIS2008/014080

Pharmacokinetics result for IPX066-AH4

The Pharmacokinetics parameters of CD and LD for four tested formulations compared 1o

Sinemet® CR after oral administration are summarized in Table 23.

Table 23. Mean ratio of Lo-transformed Cpay, AUC of Levodopa and Carbidopa

Parameter Test/Ref Ratio (%)
LD Li(Cra) A/E 92.29
Ln{Ciax) B/E 119.02
En(Crax) C/E 132.54
L(Clax) D/E 133.78
Ln(AUC) A/E ; 105.14
Ln{AUC) B/E 136.15
Ln{AUC) C/E 143.73
En(AUC) DVE 154.34
CD En{Cra) A/E 82.76
Ln(Cinax) B/E 116.37
En(Crua) C/E 126.66
L(Crax) D/E 135.66
La{AUC) A/E 111.12
Ln{AUC) B/E 14998
Ln(AUC) C/E 145.70
Lo{AUC) D/E 164.13

Results and Discussion

10 Test formulation A (IPX066-AH4(A)) showed a consistent in vivo plasina concentration
profile as those of formulation A (IPX066-AH2(A)) in IPX066-AH2. Formulation
IPX066-AH2(A) and IPX066-AH4(A) differs only in the filler used, i.e. lactose in
IPX066-AH2(A) and mannitol in IPX066-AH4(A). The relative AUC (relative to
Sinemet® CR Tablet) is 109% and 105% for formulation IPX066-AH2(A) and IPX066-

15  AHA4(A), respectively. The relative Chpax (relative to Sinemet® CR Tablet) is 80.7% and
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3.9 WO 2009/085306PCT/US2008/014080 EXAMPLE 8 IPX066-AH5(A) (47.5mg CD/190 mg LD)
was evaluated for PK parameters in a three way cross over PK study using Sinemet CR (200 mg) as
reference. The qualitative and 5quantitative compositions for this formulation are summarized below.
Table 25. QW%?H%%%mposition of Formulation IPX066-4115(A) Dosggg@ﬁﬁ?ﬁfﬂﬁ%o mg
Ingredients mg/capsule Carbidopa 1021 51.29* Levodopa 37.84 190.00 Tartaric acid 17.63 88.52
Microcryst®l.fitie oe fotosdaton P BOBEAR A Gint. GE>8106- Bl del mtepecttvel 1 OThamioremel lose,

TYpe29100:AR AN JRtbmanid hEYERRARY 2P IO BHRLARY! S YRIsAGHE B3 ovidone

consistent,

5 Based on a simulation study, the steady state peak to trough plasma concentration (PT)
ratio was calculated assuming a three times daily, every 6 hours, dosing. The simulated

PT ratios, defined as ratio of Chpay and Cs,18 hours, are summarized in Table 24. The
results showed that PT ratio of formulation A (IPX066-AH4(A)), B (IPX066-AH4(B)), C
(IPX066-AH4(C)), and D (IPX066-AH4(D)) are 1.8, 2.3, 2.8, and 2.0, respectively. The

10 PT ratio of Sinemet® CR Tablet is 3.9, Therefore, all IPX066 test formulations have a

lower PT ratio relative to the reference, Sinemet® CR Tablet.

The data herein also demonstrated the optimum molar ratic of TA:LD to be (.75, when
comparing PT ratio of formulation B, C, and D.

15
The PK results also indicated that replacing the TA beads of fast and slow release profiles
with TA beads with an intermediate release profile in formulation did not change the

overall in vivo LD plasma profile significantly, as evidenced by the PT ratio.

20  Table 24. Simulation of Steady State Plasma Concentration, AUC, and Peak-to-

trough Concentration Ratio,

CD-LD TA;LD Peak to Trough
Test Formulation [Dose (mg) [Molar Ratio | Css,max | Css,18hr | AUCss,24 | Plasma Cong¢ ratio
A 75-300 14 920 511 13215 1.8
B B 00-360 1.4 1238 549 17048 2.3
C 00-360 0.5 1337 477 18204 2.8
I8 90-360 0.75 1384 679 19848 2.0
E (reference) 50-200 0 084 254 12348 3.9
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1.73 Talc 1.36 6.84 Methacrylic acid copolymer, Type A (Eudragit(r) L100) 2.09 10.51 Methacrylic acid
Copolymer, Type B (Eudragit(r) 5100) 4.25 21.33 Triethyl Citrate 1.82 9.16 Croscarmellose Sodium
0.69 3.46 Magnesium Stearate 0.05 0.25 Purified water N/A** N/A** Isopropyl alcohol N/A** N/A**
Acetone NAAPRPFIFH%bhol N/A* Total 100.00 502.13 Hard Gelatin c&’ %&?&?ﬁm"t ize 00) *
Carbidopa is supplied as a monohydrate; the quantity is equivalent to 47.50 mg 10carbidopa
anhydrouEXéddRIFy8/. ** Evaporated during drying process. WO 2009/085306PCT/US2008/014080

IPX066-AH5(A) (47.5mg CD/190 mg LD) was evaluated for PK parameters in a three
way cross over PK study using Sinemet® CR (200 mg) as reference. The qualitative and

5  quantitative compositions for this formulation are summarized below.

Table 25, Quantitative Composition of Formulation IPX066-AH5(A)

Dosage strength 190 mg
Ingredients Yo mg/capsule
Carbidopa 10.21 51.20%
Levodopa 37.84 190.00
Tartaric acid ‘ 17.63 88.52
Microcrystalline Cellulose 19.23 96.55
Mannitol 1.01 5.07
Ethylcellulose 203 10.2
Hypromellose, Type2910 0.43 2.16
Sodium Starch Glycolate 0.50 2.53
Sodium Laury] Sulfate 0.50 5 53
Povidone 0.34 1.73
Talc 1.36 6.84
Methacrylic acid copolymer, Type A
(Eudragit® L10G) 209 10.51
Methacrylic acid Copolymer, Type B
(Eudragit® $100) 425 21.33
Triethyl Citrate ' 1.82 9.16
Croscarmellose Sodium 0.69 3.46
Magnesium Stearate 0.05 0.25
Purified water N/A** N/A**
Isopropy! alcohol N/AX* N/A**
Acetone N/AF* N/A®*
Ethyi alcohol N/A** N/A%*
Total 100.60 502.13
Hard Gelatin Capsules o

7 1 umit (size 00}

* Carbidopa is supplied as a monohydrate; the quantity is equivalent to 47.50 mg
10 carbidopa anhydrous accordingly.
*#* Evaporated during drying process.
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Manufacture of Formulation Four different component beads were manufactured for formulation
IPX066-AH5(A). 5The qualitative and quantitative compositions for each component seed are
summarized in Table 26. Table 26. Qualitative and Quantitative Composition for 4 Component Beads
in IPX066 é%%%ﬂ?g’gﬁéﬂ%ormulation Ingredients Formulation Formulalioh Ca4E HRE 6-AH5(A)
mg/ca psule Component | Carbidopa USP 945* Levodopa US? 35.00 Croscamiellose Sodium 346
Povidone 1.23 Magnesium Stearate 0.25 Purified Water, US? Component H Carbidopa US? 743*
Levodopd{gralagtpz/ Formulation

Four different component beads were manufactured for formulation IPX066-AHS(A).
5  The qualitative and quantitative compositions for each component seed are summarized

in Table 26.

Table 26. Qualitative and Quantitative Composition for 4 Component Beads in
1PX066 Capsule Test Formulation

10
Formaulation
Ingredients Formulation Code
1PX066-AHS(A)
mg/capsule
Component !
Carbidopa USP 9.45%
Levodopa USP 35.00
Croscarmellose Sodium 346
Povidone 1.23
Magnesiumn Stearate . 0.25
Purified Water, USP N/A**
Component 11
Carbidopa USP 7.43*
Levodopa USP 2750
Microcrystaliine Cellulose NF 5.07
Mannitol NF 5.07
Sodium Starch Glycolate NF 2.53
Sodium Laury] Sulfate NF 2.53
Povidone USP 0.50
Methacrylic acid copolymer, Type A
NF (Eudragit® L100) 0.62
Methacrylic acid Copolymer, Type B
NF (Eudragit® $100) 124
Triethyl Citrate NF 0.53
Talc USP 0.54
Acetone, NF N/AF*
Isopropyl Alcohol, USP N/A®*
Purified Water, USP MNAFE
Component ITI
Carbidopa USP 34.41%
Levodopa USP 127.50
Microcrystalline Cellulose NF £69.39
Methacrylic acid copolymer, Type A
NF (Eudragit® L100) 2.79
Methacrylic acid Copolymer, Type B _ 5.72

74



M crocrystalline Cellulose NF 5.07 Mannitol NF 5.07 Sodium Starch Glycolate NF 2.53 Sodium
Lauryl Sulfate NF 2.53 Povidone US? 0.50 Methacrylic acid copolymer, Type A NF (Eudragit(r) L100)
0.62 Methacrylic acid Copolymer, Type B NF (Eudragit(r) 5100) 1.24 Triethyl Citrate NF 0.53 Talc
US? 0.54 AKBBHEPREYN/A* Isopropyl Alcohol, USP N/A" Purified Wa?g?};l?;‘%‘?f”‘@&‘r%"ﬁonent HI

Carbidopa USP__34.41* | .evodopa USP
NF (Eudragit™ S100)

Triethyl Citrate NF 2.45
Talc USP 2.44
Acetone, NF N/A**
Isopropyl Alcohol, USP N/A®*
Purified Water, USP NIAK*
Component IV
Tartaric acid NF 8§.52
Microcrystaliing Cellulose NF 22.08
Ethylcelluiose NF 10.20
Hypromellose Type 2910 USP 2.16
Methacrylic acid copolymer, Type A
NF (Eudragit® L.100) 7.10
Methacrylic acid Copolymer, Type B
NF (Eudragit® $100) 14.37
Triethyl Citrate NF 6.18
Talc USP 3.86
Acetone, NF N/IAX*®
Isopropyt Aicohol, USP N/A*H
Purified Water, USP N/A**
Hard Gelatin Capsule 1 unit
Total Capsule Fill weight 502.13

* Carbidopa is supplied as a monohydrate; the quantity is equivalent to 8.75, 6.88, 31.87
mg carbidopa anhydrous in component I, I1, IIL, respectively.
**gvaporated in drying process

5 Manufacture of Component Bead | — CD/LD Ultra Fast release granules

The required amounts of carbidopa, levodopa, croscarmellose sodium, and povidone were
charged inio a high shear granulator and mix until uniform. The mixed powder was
granulated by adding the purified water. The granules were discharged and dried in the—
oven at 60 £ 10°C. The LOD was measured using a Moisture Analyzer and the drying
10 process was stopped when the LOD value is not more than a target value. The granules
were crushed by using mortar and pestie. The crushed granules were passed through a
UUS #18 mesh screen, and collect the granules that pass through 18 mesh screen. The

collected granules were blended with magnesium stearate.
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127,50 Microcrystalline Cellulose NE 69.39 Methacrylic acid copolymer, Type A NF (Eudragit(r) L100)
2.79 Methacrylic acid Copolymer, Type B 5.72 WO 2009/085306PCT/U52008/014080 NF
(Eudragit(r) S100) Triethyl Citrate NF 2.45 Talc USP 2.44 Acetone, NE_N/A" Isopropyl Alcohol,
USP Purifi EPP%P N/A Component IV Tartaric acid NF 88.52 I\ﬁl%?(l)%g}fgﬁﬁﬁoe ellulose NF

22.09 Ethylcellulose NF 10.20 ®
Manufacture of Component II — CD-LD fast release beads coated with Eudragit

$100:L100 (2:1)

Method of manufacture and process flow diagram of this component beads is the same as
5  those of component 2 beads of formulation A in IPX066-AH4 except that mannitol is

replaced by lactose.

Manufacture of Componeﬁr [l - CD-LD siow release beads coated with Eudragit®
SI100:L100 (2:1)

10 Method of manufacture and process flow diagram for this component beads is the same

as those of the component 3 beads of formulation A in IPX066-AH4.

Manufacture of Component IV — TA slow release beads coated with Eudragit® S100:Li00

(2:1)
15
Method of manufacture and process flow diagram for this component beads 1s the same as
those of the component 5 beads of formulation A in IPX066-AH4.
Manufacture of the IPX066 Capsules for IPX066-AH5(A)
20

The required amounts of the component beads were filled into hard gelatin capsules

according to the specified target fill weights = 10%.

25  Table27. Target Fill Weights of IPX066 Capsule Test Formulation.

IPX066-AHS(A)
Components mg/capsile
Component | Beads 49.39
Component ! Beads 53.56
Component 11l Beads 244.70
Component I'V Beads 154.48
Total Capsule Fill weight 502.13
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Hypromellose Type 2910 USP 2.16 Methacrylic acid copolymer, Type A NF (Eudragit(r) LI00) 7.10
Methacrylic acid Copolymer, Type B NF (Eudragit(r) S100) 14.37 Triethyl Citrate NF 6.18 Talc USP
3.86 Acetone, NF N/A" Isopropyl Alcohol, USP N/A" Purified Water, USP_N/A" Hard Gelatin Capsule
1 unit Total ggpzé’ﬁ?@’féﬁp(’/veight 502.13 * Carbidopa is supplied as a moﬁgﬁm"tgé;ﬁwgsauantity is
equivalent to 8.75, 6.88, 31.87 mg carbidopa anhydrous in component I, Il, Ill, respectively.
**evaporalis8AMdi#iag process 5 Manufacture of Component Bead |- CULD Ultra Fast release
granules The required amounts of carbidopa, levodopa, croscarmellose sodium, and povidone were
charged into a high shear granulator and mix until uniform. The mixed ﬁ)owder was granulated by

adding thé perfieapiatdesTieyribsufesimatons dREYuAHE(@neand HEXO0EHIEE) 19, The LOD
was measiliteghysing IﬁaMQ'gsg.ll(g.?l'Analyzer and the drying 10 process was stopped when the LOD value
is not more than a target value. The granules were crushed by using mortar and pestle. The crushed

granutes were passed through a US #18 mesh screen, and collect the granules that pass through 18
mesh screen. 1abledfe ' ' ate. WO

0 _grall - Alere plenaect\A N_Maane

2009/085306PCT/US2008/014080 Manufacture df Componient ITEX%86r D fakst relad¥beads| coated
with Eudragit(/F8aaikae® (2:1) Method of manufacture gnd prodéss Xlow HiagradiédBhis component
beads_ IS Fhe SPINRAe stranga 0 componen ds offormulationyf\iy IPX066-Alekdaxcept that
mannitol is Ingredients mg/capsule mg/capsule

Carbidopa 10.21 66.14% 52.64%

Levodopa ' 37.84 245.00 165.00

Tartaric acid 17.63 132.53 105.48

Microcrystalline Cellulose 19.23 124.63 99.20

Mannitol 1.01 6.43 5.12

Ethylcellulose 2.03 15.27 : 12,15

Hypromellose, Type2910 0.43 3.23 2.57

Sodium Starch Glycolate 0.50 3.21 2.55

Sodium Lauryl Sulfate 0.50 321 555

Povidone 0.34 257 201

Talc 1.36 9.45 7.52

Methacrylic acid copolymer, Type A

(Eudragit® LL00) 20 14.84 1181

Methacrylic acid Copolymer, Type B

(Budragit® $100) 2 30.11 23.97

Triethy! Citrate 1.82 12.93 10.29

Croscarmellose Sodium (.69 5.31 © 423

Magnesium Stearate 0.05 0.38 0.30

Purified water N/A** N/AF* NIA**

Isopropy! alcohol NiA** N/A** N/A**

Acetone N/A** N/AF* NIAF*

Ethy! alcohol N/A** NIAK* N/A**

Total 100.00 675.19 537.39

Hard Gelatin Capsules 1 unit {size 00) | 1 unit (size OEL)

* Carbidopa is supplied as a monchydrate; the quantity is equivalent to 61.25 mg, 48.75
mg carbidopa anhydrous accordingly.
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replaced by lactose. Manufacture of Component Il - CD-LD slow release beads coated with
Eudragit(r) S100:1,100 (2:1) 10 Method of manufacture and process flow diagram for this component
beads is the same as those of the component 3 beads of formulation A in IPX066-AH4. Manufacture of
ComponentW PRE5W Yelease beads coated with Eudragit(r) 5'100:L105C(12H52Rﬂ§[ﬂ%6%%f
manufacture and process flow diagram for this component beads is the same as those of the
component 5*Bdadsuhifst ety NG RTIP366-AH4. Manufacture of the IPX066 Capsules for
IPX066-AH5(A) The required amounts of the component beads were filled into hard gelatin capsules
according%’fﬁé’@‘ﬁé%ﬁ?e@ﬁé@é%‘%%hts 10%. 25Table 27.Target Fill Weights of IPX066 Capsule

Test Formulation. Components 1PX066-A115(A) mg/capsule Component | B((?%gs i% 9 Component I
Beads 53 58 CHEHpecmnoaeRe3liveEr BHEmdToT SRsh RTRlANeN FEEI 0D, ill weight

502.13 WR:2009(0858R6RRTAIS2ARBALAABE RAMRIsRioT ke exaneplapdesarines the formulations
IPX066-AH6(A), and |PX066-AH6(B) and methods for making them. Table 28 Formulation % IPX066-

AHB(A) IPXBBBRERGIR Y 8lsage strength 245 mg 195 mg Ingredients mg/capsule mg/capsule
Tabie 29. Quaiitative and Quantitative Compesition for 4 Component Beads
10 in IPX066 Capsule Formulation
IPX066-
Ingredients IPX066-AH6(A) AH6(B)
mg/capsule meg/capsule
Component [
Carbidopa USP 14.50* 11.54*
Levodopa USP 53.71 42.75
Croscarmeliose Sodium 5.31 423
Povidone 1.89 1.50
Magnesium Stearate 0.38 0.30
Purified Water, USP N/AK* N/AY*
Compenent 11
Carbidopa USP Q.42% 7.50*
Levodopa USP 34.87 27.75
Microcrystalline Celinlose NF 643 5.12
Mannitol NF 6.43 5.12
Sodium Starch Glycolate NF : 1.21 2.55
Sodium Laury! Sulfate NF 3.21 2.55
Povidone USP 0.63 0.51
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) 0.79 0.63
Methacrylic acid Copolymer,
Type B NF (Eudragit® S100) 1.57 1.25
Triethy] Citrate NF ' 0.67 0.53
Talc USP 0.68 (.54
Acetone, NF N/A** N/A*
Isopropyl Alcohol, USP N/A** N/A**
Purified Water, USE N/A ¥ N/AR®
Component {1l
Carbidopa USP 42.22% 33.60%
Levodopa USP 156.42 124.50
Microcrystaliine Cellulose NF 85.13 67.76
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) 3.42 2.72
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Carbidopa 10.21 66.14* 52.64* Levodopa 37.84 245.00 195.00 Tartaric acid 17.63 132.53 105.48
Microcrystalline Cellulose 19.23 124.63 99.20 Mannitol 1.01 6.43 5.12 Ethylcellulose 2.03 15.27 12.15
Hypromellose 2]%/(%&910 0.43 3.23 2.57 Sodium Starch Glycolate 0.50 3.21 2.55 Sodium Lauryl

Sultate 0.50'F 219 ¥ Bovidone 0.34 2.52 2.01 Talc PCT/US2008/014080

Methacrylic acid Copolymer,

Type B NF (Eudragit® S100) | 7.02 5.59
Triethyl Citrate NF 3.01 2.39
Talc USP 2.99 2.38
Acetone, NF N/A®® N/A**
Isopropyl Alcohol, USP - N/A** N/A**
Purified Water, USP ’ N/A*®* N/AK*
Component IV
Tartaric acid NF 132.53 10548
Microcrystalling Cetlulose NF 33.07 26.32
Ethylceilulose NF 15.27 ‘ 12.15
Hypromellose Type 2910 USP 3.23 2.57
Methacrylic acid copolymer,
Type A NF (Eudragit® L100) 10.63 8.46
Methacrylic acid Copolymer,
Type B NF (Eudragiz® S100) 21.52 17.13
Triethyl Citrate NF 9.25 7.37
Taic USP 5.78 4.60
Acetone, NF N/A*® WN/A®#
Isopropyl Alcohol, USP NIA** N/A**
Purified Water, USP NIA** N/A**
Hard Gelatin Capsule 1 unit 1 unit
Total Capsule Fill weight 675.19 837.39

* Carbidopa is supplied as a monohydrate.
**evaporated in drying process

Manufacture of Component Bead I — CD/LD Ultra Fast release granules

5  Method of manufacture and process flow diagram of this component beads is the same as
those of component 1 beads of formulation A in IPX066-AHS except that granules were
dried by GPCG-1 instead of in an oven, and the granules were milled by Fitzmill instead

of crushed by motor and pestle.

Manyfacture of Component Il — CD-LD fast release beads coated with Eua’mgit®
10 SI100:L100(2:1)

Method of manufacture and process flow diagram of this component beads is the same as

those of component 2 beads of formulation A in IPX066-AHS.
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1.36 9.45 7.52 Methacrylic acid copolymer, Type A (Eudragit(r) L100) 2.09 14.84 11.81 Methacrylic
acid Copolymer, Type B (Eudragite SI00) 4.25 30.11 23.97 Triethyl Citrate 1.82 12.93 10.29
Croscarmellose Sodium 0.69 5.31 '4.23 Magnesium Stearate 0.05 0.38 0.30 Purified water N/A**
N/A* 1soprSPYIPEERTI%RIA N/A** Acetone N/A** N/A** Ethyl alcohol RIASNRIEA4EEEA) 100.00

Manufacture of Componemt Il — CD-LD slow release beads coated with Eudmgit®
S100:1100 ¢2:1)

Method of manufacture and process flow diagram for this component beads is the same

5 as those of the component 3 beads of formulation A 1n IPX066-AHS,

Manufacture of Component IV — TA slow release beads coated with Eudragit® $100:L100
(2:1)

10 Method of manufacture and process flow diagram for this component beads is the same as

those of the component 4 beads of formulation A in IPX066-AHS.

Manufacture of the IPX066 Capsules for IPX066-AH6(A) and (B)

15 The required amounts of the component beads were filled into hard gelatin capsules

according to the specified target fill weights = 10%.

Table 30. Target Fill Weights of IPX066 Capsule Test Formulation.

20
IPX066-AHO(A) IPX066-AT16(B)

Components mg/capsule mg/capsule
Component [ Beads 75.79 60.32
Component 1] Beads 67.91 54.05
Component 11 Beads 300.21 238.94
Component [V Beads 231.28 184.08
Total Capsule Fill weight 675.19 837.3%
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675.19 537.39 Hard Gelatin Capsules 1 unit (size 00) 1 unit (size OEL) * Carbidopa is supplied as a
monohydrate; the quantity is equivalent to 61.25 mg, 48.75 mg carbidopa anhydrous accordingly. WO
2009/085306PCT/US2008/014080 ** Evaporated during drying process. Manufacture of Test
Formulation 5Four different component beads were manufactured for test formulation IPX066-AH6(A)
and AH6(B). The qualitative and quantitative compositions for each component seed are summarized
in Table 29. Table 29. Qualitative and Quantitative Composition for 4 Component Beads 10in
IPX066 Ca&i‘%ke chémtél(ﬁtion Ingredients IPX066-AH6(A) IPX066- AH6(B) mg/capsule mg/capsule
Component &,sar iIdopa USP 14.50* 1L54* Levodopa USP 53.71 42.75 Croscarmellose Sodium

5.314.23 FiQVidonecﬁglled release oral solid formulation of levodopa comprising:

a. a controlied release component comprising levodopa, a decarboxylase
nhibitor and one or more rate controlling excipients,

b. a carboxvlic acid component comprising a cafboxyi:ic acid that is not
jevodopa or the decarboxyiase inhibitor and omne or more rate
controlling excipients, and

c. an Immediate release component comprising levodopa and a
decarboxylase inhibitor,

wherein the carboxylic acid component of (b) is a distinct component and is
coated with an enteric polymer; and wherein the controlled release component (a),
the immediate release component (c) and the carboxylic acid component (b)

comprise beads or granules,

2. The controlled release oral solid formulation of claim I, wherein the carboxylic
acid is selected from a group consisting of tartaric acid, adipic acid, succinic acid,
citric acid, benzoic acid, acetic acid, ascorbic acid, edetic acid, fumaric acid, lactic
acid, malic acid, oleic acid, sorbic acid, stearic acid, palmitic acid and boric acid

or mixtures thereof.

3. The controlled release oral solid formulation of claim I, wherein the carboxylic

acid is a polycarboxylic acid or a dicarboxylic acid.

4, e confrolled release oral solid formulation of claim 1, wherein the

decarboxylase inhibitor is carbidopa.

5. The controlled release oral solid formulation of claim 4, wherein the carbidopa

and levodopa are present in the formulation in a ratio of about 1:1 to about 1:10.

6. The controlled release oral solid formulation of claim 3, wherein the ratio of

carbidopa to levodopa is about 1:4.
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1.50 Magnesium Stearate 0.38 0.30 Purified Water USP N/A** NIA** Component Il Carbidopa USP
9.42* 7.50* Levodopa USP 34.87 27.75 Microcrystalline Cellulose NF 6.43 5.12 Mannitol NF 6.43
5.12 Sodium Starch Glycolate NF 3.21 2.55 Sodium Lauryl Sulfate NF 3.21 2.55 Povidone USP 0.63
0.51 Methacrylic acid copolymer, Type A NF (EudragitLI00)

7. A multiparticulate, controlled release oral solid formulation of levodopa
comprising:
a. a controlled release component comprising levodopa, carbidopa and one
or more _rate controlling excipients; |
b. an immediate release component comprising levodopa and carbidopa, and
c. & carboxylic acid component comprising a carboxylic acid that is not
levodopa or carbidopa and one or more rate controlling excipients,
wherein the carboxylic acid component of (¢) is a distinct component and is
coated with an enteric polymer and wherein the controlled release component (a),
the immediate release component (b) and the carboxylic acid component (¢}

comprise beads or granules.

8. The multiparticulate, con‘srolle& release oral solid formulation of claim 7, wherein
the carboxylic acid component comprises a carboxylic acid selected from the
group consisting of tartaric acid, adipic acid, succinic acid, citric acid, benzoic
acid, acetic acid, ascorbic acid, edetic acid, fumaric acid, lactic acid, malic acid,
oleic acid, sorbic acid, stearic acid, palmitic acid and boric acid or mixtures

thereof.

9, The multiparticulate, controlled release oral solid formulation of claim 7, having 2

ratio of moles of carboxylic acid to levodopa of greater than 1:4.

10.  The multiparticulate, controlled release oral solid formulation of claim 7, having a

ratio of moles of carboxylic acid to levodopa of greater than 1:4 and less than 3:2.

11.  The multiparticulate, controlled release oral solid formmlation of claim 7,

comprising from about 25 mg to about 1000 mg levodopa.

12.  The multiparticulate, controlied release oral solid formulation of clamm 11

comprising about 50 to about 600 mg of levodopa.
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0.79 0.63 Methacrylic acid Copolymer, Type B NF (Eudragite SI00) 1.57 1.25 Triethyl Citrate NF 0.67
0.53 Talc USP 0.68 0.54 Acetone, NF N/A" Isopropyl Alcohol, USP N/A** Purified Water, USP

N/A" Component Il Carbidopa USP 42.22* 33.60* Levodopa USP 156.42 124.50 Microcrystalline
Cellulose NF 85.13 67.76

13, The conirolied release oral solid formulation of levodopa of claim 1 or 7 having a

levodopa plasma or serum conceniration profile comprising:

a. a time of administration,

b. a first con_centration, and

¢. a second concentration,.
wherein, said first concentration is equal to the maximum concentration of said
profile; said second concentration is the minimum concentration occurring at a
time later than said first concentration and earlier than or equal to about six hours
following said time of administration; and wherein said second concentration is

greater than or equal to about fifty percent of said first concentration.

14.  The formulation of claim 13, wherein said concentration profile further comprises
a third concentration, wherein said third concentration is greater than or equal to
fifty percent of said first conceniration and said third concentration occurs at a
time earlier than said first concentration and within about ninety minutes of said

time of administration.

15. The controlled release oral solid formulation of levodopa of claim I or 7 having a

median levodopa plasma or serum concentration profile comprising:

a. a time of administration;.

b. a first concentration at a first time, that occurs within one hour of said
time of administration;

c. a second concentration at a second time, that occurs after said first time;

d. a third concentration at a third fime, that occurs at least four hours after
said second time;
wherein, said second concentration is equal to the maximum concentration of said
profile; said first concentration is equal to about fifty percent of said second
concentration; said third concentration is equal to about fifty percent of said

second coneentration.
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Methacrylic acid copolymer, Type A NF (Eudraglt(r) L100) 3.422.72 WO -
2009/085306PC171152008/014080 Methacrylic acid Copolymer, Type B NF (Eudragit(r) 5100) 7. 02
5.59 Triethyl Citrate NF 3.01 2.39 Talc USP 299 2.38 Acetone, NF N/A** N/A" Isopropy! Alcohol,
USP N/A" N/A" Purified Water, USP N/A" N/A" Component IV Tartaric acid NF 132.53 10548
Microcrystalline Cellulose NF 33.07 26.32

16. A controiled release oral solid formulation of claim 1 or 7 having a levodopa
plasma or serum concentration profile substantially the same as levodopa
formulation IPX066 in Figure 1 for a 380 mg dose of levodopa, or having a
levodopa plasma or serum concentration profile substantially proportional to said

formulation in Figure 1 for a dose other than 380 mg.

17. A controlled release orai. solid formulation of claim 1 or 7 having a levodopa
plasma or serum concentration profile sach that the ratio of the maximum
concentration of said profile to the concentration at any time between one hour
and seven hours after administration of said formuiation is less than or equal to

4:1,

18.  The controlled release oral solid formulation of levodopa of claim 1 or 7 having a

median levodopa plasma or serum concentration profile comprising:

a. a first concentration at a first time;

b. a Second.concentration at a second time, that occurs within about one
hour after said first time;

c. a third concentration at a third time, that occurs at least four hours after
said second time; and

d. a maximum conceniration,
wherein, said second concentration is equal to the maximum concentration of said
profile; said first concentration is egual to fifty percent of said second
concentration; said third concentration is equal fo fifty percent of said second

concentration.

19. A stable, controlled release oral solid formulation of levodopa of claim 1
comprising levodope, a decarboxylase inhibitor and a dicarboxylic acid wherein
no more than 1%‘ by weight of the degradation product of levodopa 1s present
after being stored for 3 months at 40 degrees Centigrade and 75% relative

hurmidity.
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Ethylcellulose NF 15.27 12.15 Hypromel lose Type 2910 USP 3.23 2.57 Methacrylic acid copolymer,
Type A NF (Eudragit(r) L100) 10.63 8.46 Methacrylic acid Copolymer, Type B NF (Eudragit(r) SI100)
21.52 17.13 Triethyl Citrate NF 9.25 7.37 Talc USP 5.78 4.60 Acetone, NF N/A" N/A" Isopropyl

Alcohol, USP N/A" Purified Water, USP N/A" N/A" Hard Gelatin Capsule 1 unit I unit Total Capsule
Fill weight

20. The controlled release oral solid formulation of claim 1 or 2, wheremn the

carboxylic acid is tartaric acid.

21. The controlled release oral solid formulation of claim 1, wherein the controlied

release component is separately coated with an enteric polymer.

22.  The controlled release oral solid formulation of claim 1, wherein the component

of (a), (b), or {c) is a bead or granule.

23, The controlled release oral solid formulation of clamm 1, wherein the formulanon

is & tablet or a caplet.

24, The controlied release oral solid formulation of claim 22, wherein the bead or
granules has a size that passes through 12, 14, 16 or 18 mesh but is retained on

18 or 25 mesh screens.

25.  The muitiparticulate, controlled release oral solid formulation of claim 7, wherein
the immediate release and conirolled release components have a size that pass

through 12, 14, 16 or 18 mesh but are retained on 18 or 25 mesh screens.

26. The controlled release oral solid formulation of claim 22, wherein the bead or

granule has a size that passes through 18 mesh but is retained on 25 mesh screens.

27. The multiparticulate, controlled release oral solid formulation of claim 7, wherein
the immediate release and controlled release components have a size that pass

through 18 mesh but are retained on 25 mesh screens.
28, The controlled release oral solid formulation of claim 1, wherein the

decarboxylase inhibitor is carbidopa and the amount of carbidopa is about 48.75

mg and the amount of levodopa is about 195 mg.
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675.19 537.39 * Carbidopa is supplied as a monohydrate. **evaporated in drying process
Manufacture of Component Bead | - CD/LD Ultra Fast release granules 5 Method of manufacture and
process flow diagram of this component beads is the same as those of component 1 beads of
formulation A in IPX066-AH5 except that granules were dried by GPCG-1 instead of in an oven, and
the granules were milled by Fitzmill instead of crushed by motor and pestle. Manufacture of
Component Il - CD-LD fast release beads coated with Eudragit(r) 10S100:L100 (2:1) Method of

manufacture and.process flow diagram of this compenent beads is the.same as,thase of component 2
beads of fésmulat 5 AR Tﬁ%é%\?—al%e. Wg 2?)08 0 %lgblg%l&nrlﬁésgggg/gho‘ggeﬁ%uQél%ture of
Component || - GBekBosiduseatddiseobeacstodape dawitth & ahagit(ef STOGE0G @d)t 6iMéthod of
manufacture and process flow diagram far thi nent beads is the same 5 as those of the
4
BB Ao

component 3 bea ormulation -A115. Mantfacture of Component IV- TA slow release
beads coated with Eudragit(r) 8100:L100 (2:1) | OMethod of manufacture and process flow diagram for

this compogiert begds54he sale.as s el companenta-beate el foruationadn
IPX066-AH5. Manufacturé of the 1PX066 Capsules for IPX066-AH6(A) and &I;? | 5The required

amounts of the cahsroramt sésadidere FildwmtbSnar drgatativapsoms akoiippety #RYpecified
target fill weights ;39%,, Table 30.Target Fill Weights of IPX066 Capsule Test Formulation. 20
Components IPX066-4|g-|6(A) mg/capsule IPX066-AH6(B) mg/capsule Component [Beads 75.79 60.32
ComponentBeads 67.91 54.05 Component FIl Beads 300.21 238.94 Component IV Beads 231.28

184.08 Toted Capsylenkilkiwgight 8424898443 %ease oral solid formulation of claim 7, wherein

the amount of carbidopa is about 61.25 mg and the amount of levodopa is about

245 mg.

32. The controlled release oral solid formulation of claim !, wheremn the
| decarboxylase inhibitor is carbidopa and the amount of carbidopa is about 47.5

mg and the amount of levodopa is about 190 mg.

33.  The multiparticulate, controlled release oral solid formulation of claim 7, wherein
the amount of carbidopa is about 47.5 mg and the amount of levodopa 1s about

190 mg.

34.  The controlled release oral solid formulation of levodopa of clamm 1, wheremn the
rate controlling excipient is an enteric polymer or a mixture of more than one type

of enteric polymer.

35.  The multiparticulate, controlled release oral solid formulation of claim 7, wherein
the rate controlling excipient is an enteric polymer or a mixture of more than one

type of enteric polymer.
36.  The controlled release oral solid formulation of levodopa of claim 1, wherein the

controlled release component (a}, the immediate release component (c) and the

carboxylic acid component are distinct, separable beads or granules; and wherein
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What is claimed: 1.A controlled release oral solid formulation of levodopa comprising: a. a controlled
release component comprising levodopa, a decarboxylase inhibitor and one or more rate controlling
excipients, b. a carboxylic acid component comprising a carboxylic acid that is not levodopa or the
decarboxylase inhibitor and one or more rate controlling excipients, and c. an immediate release
component comprising levodopa and a decarboxylase inhibitor, wherein the carboxylic acid
component of (b) is a distinct component and is coated with an enteric polymer; and wherein the
controlled releas cor%%on nt (a), the immediate release com Qxerllfc(%li?n the %%rbox% ic acid
component (b) co p? BERaSor 8?5“ Giee 27 1E Controlled felease dral sofid formutation of claim 1,
wherein the carbaxylic)acid is selected from a group consisting of tartaric acid, adipic acid, succinic
acid, citric acid, benzoic acid, acetic acid, ascorbic acid, edetic acid, fanatic acid, lactic acid, malic
acid, oleic acid, sorbic acid, stearic acid, palmitic acid and boric acid or mixtures thereof. 3.The
controlled #leasé orahsoiidrfonantatiorroficthinieassvivereini thiveeulsowylic! atiis/a wedysarboxylic acid
or a dicarboxylic geid. 4, e penlialed igiease ors! sllapua an ol b et he |
decarboxylase inhibitor Is carbidopa. 5.The controfled release oral solid foimulation of claim 4, wherein
the carbidopa anthievethopslisrapiesenpimehk forndliatdhn heriedtio beabiobit Zranvlehowdl:10. 6.The
controlled releasg,gral;solid é&%ﬂ%@%gfeﬁk@wﬂ%‘z_vﬁEﬂﬁﬁﬁg@%&@ﬁkﬂ%@g&yg&opa is about
1:4. 7.A multiparticulate, controlled release oral solid formulation of levodopa comprising: a. a
controlled releasé™cd@iidri@ht comprising levodopa, carbidopa and one or more rate controlling
excipients; b. an immediate release component comprising levodopa and carbidopa, and c. a
carboxylic acid component comprising a carboxylic acid that is not Ievodoi)a or carbidopa and one or

more rate 8ntrofirBXERIEIE s heraRy Tnd st selid ESmpaHenebigders oA component

and isdcoatedl Withﬁﬂx}%ﬁ&%ﬂ@kﬁ?lﬁ%ﬁ'ﬁ@%ﬁﬂﬁ am%ﬁeimltbaw@éqmglIa@ideéemza%@mma%tg@amhe |
immediate release component (b) and the carboxylic acid compopent (c) comprise beads or granules.
8.The multipartic GRS SEBRIHIREAAEE SHPERT forSHETHHES Cfﬁm}cﬁﬂfﬁe&@ﬁoﬂﬁe&&g’boxwic acid
component compsisgs asaresyb acid, seleniedifrofudhe greldp laensistingaftartali; akid, adipic acid,
succinic acid, citric acid, benzqic acid, acetic acid, ascorbic %cki)d,.edetié: acid, fmnaric acid, lactic acid,
malic acid, oleic &€ftt: S8ic #efd, %?%%?igcééidf%gf%ﬁtﬁchcﬁdl nd BoA? a8l B iktured thereof. 9.The
mu tiparticulate, cedtroliedifciease af ahdddichtotmiviation:ofsclaim 7;hauihg statif afolesleS of

carboxylic acid to leyodopa of greater.than L4 ]#).T&E uj}tizgl%r iculate antrolled release oral solid

. ! an 1: . T 32,

formulation of cla%rgf,’%lﬁadg[ ?2%1608 Pholes of car d‘onr:(iyllc am%st%%gvo%opa of greater than 1:4 and
less than 3.2 11.The multipaniculate, controlled release oral solid foimulation of claim 7, comprising

from about g5 marip. ahaubAGPR-IuEevarlon e-lhedpulipaiioials coniolied rlgage oral solid

formulation of claim 11 comprising about 50 to about 600 mg of levodopa. 13.The controlled release

oral solid formulatiord &f desdefpiofdfhiietier Fhmvirgeoay eepaiptadriaten seeimaéaneentration
profile comprising; &4 a,{inGi0 kL AAMIRIRIRNR -G fitzt EUERPUAHORBRACaAS BEAND caNCentration,

fumaric acid, lactic acid, malic acid, oleic acid, sorbic acid, stearic acid, palmitic
acid and boric acid or mixtures thereof; and wherein the decarboxylase inhibitor is
carbidopa and a ratio of carbidopa to levodopa 1s about 1:4, and a ratio of moles

of carboxylic acid to levodopa is greater than 1:4 and less than 3:2.

40.  The controlled release oral solid formulation of claim 1, wherein the carboxylic

acid is physically separated from levodopa and the decarboxylase inhibitor.

41, The multiparticulate, controiled release oral solid formulation of claim 7, wherein

the carboxylic acid is physically separated from levodopa and carbidopa.
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wherein, said first concentration is equal to the maximum concentration of said profile; said second
concentration is the minimum concentration occurring at a time later than said first concentration and
earlier than or equal to about six hours following said time of administration; and wherein said second
concentration is greater than or equal to about fifty percent of said first concentration. 14.The
formulation of claim 13, wherein said concentration profile further comprises a third concentration,
wherein said third concentration is greater than or equal to fifty percent of said first concentration and
said third concentration occurs at a time eatlier than said first congentration and, within gbout ninety
minutes of*Said tirf of RIS AHSH 15 Fhe % ifﬂatréﬁga &é%e‘gra? 8 fornididitsh (?f" fevodopa of
claim 1 or 7 havingamedias:levaitpaplagmadarnsésym cantentratimmnirofibe coriphisingf  a. a time
of administration;1 afir t@:onge rati?n ata first time tthat occgurs within one hour of said time of
administration; @ISR R R RN S s SBES AT MM E 3k occurs after said first time;  d. a
third concentration at a third tih&,. that gt lS meledstsfourghours after said second time; wherein, said
second concentration is equal maxiymm c| ration of said profile; said first concentration is
equal to about fifty percsght of sfglsélasselg hé%n%ga@%%{gn% aid third concentration is equal to about fifty
percent of said second concenitPatiBmg 674 ¢oraidhéd regease oral solid formulation of claim 1 or 7
having a levodopa plasma or sgiyifp, %gggg_%qgggfﬁgfﬁgrsubstantialIy the same as levodopa
formulation IIPX066 in Figure 1 for a 380 mg dose of levddopa, or having a levodopa plasma or serum
concentration profile sulgstantiafif-B¥apartiopame shi#fgulation in Figure 1 for a dose other than 380
mg. 17.A controlled release orahgelid.forpyation:ef:claim L o 7 having a levodopa plasma or serum
concentration profile such that the ratio of the maximum concentration of said profile to the
concentration at any time betwe¥H8Hegholur b Sével Ffiirs after administration of said faimulation is
less than or equaligyAl-n13ilbepanitQliadralaase oradsolid formulation of levodopa of claim 1 or 7
having a median levodopa plasma or serum concentration profile comprising: a. a first
concentration at a first time; b. a second concentration at a second time, that occurs within about
one hour affgr saighfirst imeiicula®, adhislicoreenicatiansatia thirktimen bradiggsarssablenst four hours
after said second time; and | . d, a maximum concentration, wherein, said second concentration is
equal to the maxiﬁﬁ?ﬁ?dBﬁ@éﬂﬁﬁéﬁ%‘?@%&?ﬁ%‘?ﬂ@?ﬁf&Cfffgt‘&% STITARTBRTG 84T to fifty percent of
said second concentratign; saig4thivol g@relemmralors iseaug] to fifty percent of said second
concentration. 19.A stahle, cor%tsll(fod rejgg%e ora;lutjgllg3 formulation of levodopa of claim 1 comprising
levodopa, a decarboxylase inhibito e a di%e?r’ﬁ‘oxy i¢ atier wherein no more than 1% by weight of the
degradation product of levodofd@isipragetit Hfterpt3eing stared for 3 months at 40 degrees Centigrade
and 75% relative humidi{iy. 20. _%&gofogtggllg(gélel%} oral solid formulation of claim 1 or 2, wherein
the carboxylic acid is tartaric acid.’ Fh& controlied reledse oral solid formulation of claim 1, where
the controlled release camponéifigisepaiatilynguztdd wigh an enteric polymer. 22. The controlled
release oral solid formulation of ¢lai . in,.t CRIMPP nt of (a), (b). or (c) is a bead or granule.
23. The controlled releage oral igﬁéimg%gm%@g??r@d@éim 1, ’vrvz)(r?lerein the formulation is a tablet or a
caplet. 24. The controlleg releak®) §famsiiid Fomalade arelaim 22, wherein the bead or granules has
- asize that passes frqugh 12, 14,16.0r A& Fe3h butjigretained on 18 or 25 mesh screens. 25. The
multiparticulate, controlled release oral solid formulation of claim 7, wherein the immediate release and
controlled release components have a size that pass through 12, 14, 16 or 18 mesh but are retained
on 18 or 25;mesh-gareens.,26; e contoledireleasemialsligformulation afalaimragomherein the
bead or granule has a size that passes through 18 mesh but is retained on 25 mesh screens. 27. The
multiparticulate, cehtishetriassevlelshing 1o #sastigidt daim 7, wherein the immediate release and
controlled release components have a size that pass through 18 mesh but are retained on 25 mesh
screens. 45,  The controlled release oral solid formulation of claim 1, wherein a ratio of moles

of carboxvlic acid to levodopa is less than 3:2.

46, The controlled release oral solid formulation of ¢laim 1, wherein a ratio of moles

of carboxylic acid to levodopa 1s greater than 1:4 and less than 3.2.
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28. The controlled release oral solid formulation of claim 1, wherein the decarboxylase inhibitor is
carbidopa and the amount of carbidopa is about 48.75 mg and the amount of levodopa is about 195
mg. 29. The controlled release oral solid formulation of claim 1, wherein the decarboxylase inhibitor is
carbidopa and the amount of carbidopa is about 61.25 mg and the amount of levodopa is about 245
mg. 30. The multiparticulate, controlled release oral solid formulation of claim 7, wherein the amount of
carbidopa is about 48.75 mg and the amount of levodopa is about 195 mg. 31. The multiparticulate,
controlled release oral solid formulation of claim 7, wherein the amount of carbidopa is about 61.25 mg
and the amount of levodopa is about 245 mg. 32. The controlled release oral solid formulation of claim
1, whereindthe déttarbmkytasécidmibitanisatizrbidops ard shbdafnoumietbeafittops isvhlsoue 47.5 mg and
the amount of levodopa js about 190.mg. 33, T ipacticyl rollegr. solid
formulation of cla{llr%a%g\?v grein t%i“%%%ﬁ%?‘%gﬁﬁ?g%aﬁ I ga#o%%ggéé%@%% g%d%%qg%ng%qr{lt of levodopa
is about 190 mg.332% athwloosimchedretudisd miatsofienfopariibeeh Gf hevote el GFemtiiwherein the

rate controlling e?ﬁ%i[% %@a@l@%@ﬂéﬁr@iﬁoﬂr&%ﬁ{ﬁo(ﬁ?i.ﬁgx'.re of more than one type of enteric polymer.
a f

35. The multiparticulate, controlled release oral solid formulation of claim 7, wherein the rate
controlling excipient is an enteric polymer or a mixture of more than one type of enteric polymer. 36.
The controjled reigasg aral.solid frmulatian pflevedopa ebslaimniisreir theispntilied release
component (a), the immediate release component (c) and the carboxylic acid component are distinct,
separable beads WeegririesTRAYHRh aridns &S %y lic acid component (b) comprises a carboxylic
acid that is not in (a) and (c). 37. The multiparticulate, controlled release oral solid formulation of claim
7, wherein the controlled release component (a), the immedjate release component (b) and the
carboxylic &2id cARfpesitsfer st @ E SPETTHELGE 8F SRR A therSRCTRE di¥boxylic acid
component (C) CapplseSACabasdisRsidihiatis botdn:(a) @ndé)o88. (bhe multiparticulate, controlled
release oral solid formulation of levodopa of claim 7, wherein the carboxylic acid is a carboxylic acid
selected from the group consisting of tartaric acid, adipic acid, succinic acid, citric acid, benzoic acid,
acetic acids@scorflie acittieetigaejddumaé aditstactial acidd niaticudaidn otéideaoithpsoniiic acid,
stearic acid, palmitic acid and baric acid,or mixtures. thereqf; and rein a ratjo, of carbidopa to
levodopa is abou‘fltfﬂl, %ﬁ”(?%\r?g}i %}er%%c}ggaoaflcacrag@éﬁ)é g%i@igqg\\fggao%a? f?st Blréc ter than 1-4 and less
than 3:2. 39. The controlled release oral solid formulation of claim 1, wherein the carboxylic acid is a
carboxylic apid sejecied o ne0'oup EaAsising.aLiaaUs AR, adibiagglc. succinic acid, citric acid,
benzoic acid, acetic acuﬁ’, asComic acl , &detic amé, umaric acid, lactic acid, malic acid, oleic acid,
sorbic acid, stearic acidapalmitic ewittalhd bestescidoomaieatreerthersyre alty wWhbteitRthe
decarboxylase inhibitor is carb@gﬁ%ﬁ%iagarg}tii&%ﬁamjggggt%Iggﬂﬁjjggal{siglgg%&:&,ﬁ@ng a ratio of
moles of carboxylic acid to levodopa is'greater than 1:4 and less than 3:2. 40. The controlled release
oral solid formulation of claim IziwherEiing E&BERYlic acid is physically separated from levodopa and
the decarboxylase inhibjor. 41, The,multipastictlatexsanrtoliesieieass oralaglid-frrsulagion of claim
7, wherein the carboxylic acid is physically separated from levodopa and carbidopa. 42.The controlled
release oral solid formulation GFEHII% 2itherein the decarboxylase inhibitor is carbidopa and a ratio in
weight of levodopa:carbidopa: garhaylig aeichaessp aremids iy indrieAs. Qv #&img:132.53 mg;
b. 195.00 mg:48.75 mg:105.48 mg; c. 190.00 mg:47.50 mg:88.52 mg; d. 180.00 mg:45.00 mg:82.20
mg: e. 180.00 mg:45.00 mg:548erMgk 112628988 H5:30.00 mg:103.20 mg; or g. 150.00 mg:37.50
mg:134.50 mg; withsachnaldesapableiafovanyinenby 0% 45ithe eoulfipasticadteheairolled
release oral solid formulation of claim 7, wherein a ratio in weight of levodopa:carbidapa:carboxylic
acid component iéhﬁr?ﬁféﬁ’%fllczﬁ%l.‘bﬁ%%‘f%g GOTE2EE 9%‘3.66‘% A8 G 1d5.48 mg: c.
190.00 mg.47 50 #g 88 52 mg;

52. The controlled release oral solid formulation of claim !, wherein the

decarboxylase inhibitor is carbidopa and a ratio in weight of levodopa:carbidopa

is any of:
g, 245.00 mg:61.25 mg;
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d. 180.00 mg:45.00 mg:82.20 mg; e. 180.00 mg:45.00 mg:54.80 mg; f. 120.00 mg:30.00 mg 103.20
mg; or g. 150.00 mg:37.50 mg:134.50 mg; with each value capable of varying by +10%. 44. The
controlled release oral solid formulation of claim 1, wherein a ratio of moles of carboxylic acid to
levodopa is greater than 1:4. 45. The controlled release oral solid formulation of claim 1, wherein a
ratio of moles of carboxylic acid to levodopa is less than 3:2. 46. The controlled release oral solid
formulation of claim 1, wherein a ratio of moles of carboxylic acid to levodopa is greater than 1:4 and
less than 3.2. 47.The nljultipargi%ll emc,%gtrjglll%d,release oral solid formulation of claim 7, wherein a
ratio of moles of carboxylic acidto levodopa is gfeater than 1:4 and less than 3:2 and wherein the
controlled release component 4Ad ¥arp4yIid aegd component are separately coated with an enteric
polymer. 48.The muItipa&;iculaﬁegog&pglg!@d@lﬁdg;se oral solid foimulation of claim 7 or 8, wherein the
carboxylic acid is tartaric acid. 49.The Controlled release oral solid formulation of levodopa of claim 1,
wherein the levodopa arsd decaR§d¥dyrageinbfibnsr of (a) and (c) are not in (b). 50.The multiparticulate,
controlled release oral sglid formg_lgéi%gb[qugggg of claim 7, wherein the levodopa and carbidopa of
(a) and (b) are not in (c). 51.A controlled release oral solid formulation of levodopa comprising: a. a
controlled release comp®nent ¢8MRiBIAG Te¥bBBpa and a decarboxylase inhibitor, wherein the
component is coafed, With aJiate.comroling.gxgipient; bya carboxylic acid component coated with a
rate controlling excipient, and c. an immediate release component comprising levodopa and a
decarboxylase inhibitor, wherein the carboxylic acid component of (b) is a distinct component and

wherein the sarbopylicagidLempananhiiicanprisesalcahoiaagidinatdnmorinarand (c).
52.The controlled release oral solid formulationégf claim 1, wherein the decarboxylase inhibitor is

carbidopa and a raf VBRI EIEISRE BPHIaBHE ANy of: a.245.00 mg:61.25 mg; b. 195.00
mg:48.75 mg; ¢. 190.00 4ng:4723 .000ing: 6133 :mg45 00 mg; e. 180.00 mg:45.00 mg; E120.00
mg:30.00 mg; or g.lSO.%Q mg:%égo%%&i%%?éh value capable of varying by +10%.

c. 190.00 mg:47.50 mg;

d. 180.00 mg:45.00 mg;

e. 180.00 mg:45.00 mg;

f. 120.00 mg:30.00 mg; or

g. 150.00 mg:37.50 mg;

with each value capable of varying by +10%.

| 54, The controlled release oral solid formulation of claim 7, wherein the controlled

release component is separately coated with an enteric polymer.

55,  The controlled release oral solid formulation of claim 1, wherein the
multiparticulate, controlled release oral solid formulation of levodopa is
encapsulated in a capsule and the beads or granules therein may be removed from

the capsule and sprinkled on food or liquid prior to administration.

56. The controlled release oral solid formmulation of claim 7, wherein the
multiparticulate, controlled release oral solid formulation of levodopa is
encapsulated in a capsule and the beads or gramules therein may be removed from

the capsule and sprinkled on food or liquid prior ¢ administration.
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53.The multiparticulate, controlled release oral solid formulation of claim 7, wherein a ratio in weight of
levodopa:carbidopa is any of: a. 245.00 mg:61.25 mg; b. 195.00 mg.48 75 mg; c. 190.00 mg:47.50
mg; d. 180.00 mg:45.00 mg; e. 180.00 mg:45.00 mg; f. 120.00 mg:30.00 mg; or g. 150.00
mg:37.50 mg; with each value capable of varying by 0%. 54. The controlled release oral solid
formulation of claim 7, wherein the controlled release component is separately coated with an enteric
polymer. 55.The controlled release oral solid founulation of claim 1, wherein the multiparticulate,
controlled release oral solid formulation of levodopa is encapsulated in a capsule and the beads or

granules therein may be removed from the capsule and sprinkled on food or liquid prior to
administrafidn. 56 hecoontiolledqeie ase cpildsEiendefnm ficanclaifmbersvhEreipriieRsditiparticulate,

controlled release.ral sl formuation aligyedonads acansialed ina cansule andthe beads or

granules therein may be removed from the capsule and sprinkied on food or liquid prior to
administration. SRIEREHPGNEd ststesdSISPRP ORI FEP AN ALH BFERAES wherein the controlled
release oral solid formulation of levodopa comprises two controlled release components that release
carbidopa and levodopa at different rates. 58. The caontrolled release oral solid formulagion of claim 1,

wherein thé%ontroiedrereled EdfpoRENOGFh HTEEaton i fm He AP BE THE SHMAIE release

oral solid formula;@&gg@ﬂ@nwaﬁﬁgﬁgggg eomteiirdeglease component comprises a levodopa
bead. 60. The controlled release oral solid formulation of claim 1, wherein the bead or granule is in a

tablet or capsule. 61. The controlled release oral solid formulation of claim 7, wherein the controlled
release orajssolid faimutatinn ofevsdapa compriseswdcaenttlied releaseinampenentichat release
carbidopa and levodopa at different rates. 621 Thg corlljtroéled release oral solid formulation of claim 7,
wherein the contrBHET ¢ SIEAE EUmBBRERT CHIRpHSEE B€5rbidopa bead. 63. The controlled release
oral solid faimulation of claim 7, wherein the controlled release component comprises a levodopa
bead. 64. The controlled re e oral solid foimulation, of clai wherein the bead,or granule is in a
tablet or ca{ésme.qé{ﬁ nér%kger%srcr)?%%s?e?ergséoolra %B%Hl?g%u%\]t%éﬁ%f?dlﬁr%e cflf/lv%eereb%ag glﬁnngle dose of
the controlled releaseutral malichftrnoulationiadministered to a human provides a levodopa plasma
concentration profile comprising: a.a time of administration; b. a first peak concentration at a first time
that occurs less than or equal to about two hours from said time of administration; c. a second peak
concentrati®h at asecontdiine tHatscemissbbdneanubpu 4feabbuvieruibafersdigkime of

administration. 66, Fhe coptrolladirelease aral splidiomplation af £laim, 62.onhenein feminimum

concentration between the first time and the second time is greater than or equal to 50% of the first
peak concentratiowanengrésies tskassreatierrs Sobkevpdnpast bier g R ebncentration. 67.The
controlled release oral solid formulation of claim 7, wherein a single dose of the controlled release oral
solid formulation administered to a human provides a Ieyo?ﬁpa plasma concentration profile

t

comprising©a: a tifhe GPRERHRNiSHisAsH O SIS HERR BB S (B At ArsRife THATY IS less than

or equal to about ;\@1@&@@@3&3&%5@&@%@5 asimitnistragan; c. a second peak concentration at a
second time that occurs between about 4 and about 7 hours after said time of administration. 68.The
controlled release oral solid formulation of claim 67, wherein the minimum concentration between the

first time ang the segonadimedsgraaiarthaniar Remal 4000096 ghihe7firshpeak hencentsition and

greater than or equal to 50% of the second peak aonc nt@tion.
release componeni COmPriscs a 1evoaopa bead.

64. The conirolled release oral solid formulation of claim 7, wherein the bead or

granule is in & tablet or capsule.

65.  The controlled release oral solid formulation of claim 1, wherein a single dose of
the controlled release oral solid formulation administered to a human provides a
ievodopa plasma concentration profile compnising:

a. a time of administration;
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69.The controlled release oral solid formulation of claim 23, wherein the tablet or capletis a
multi-layered or matrix tablet or caplet. 70.The controlled release oral solid formulation of claim 1,
wherein the formulation is a multiparticulate. 71.The controlled release oral solid formulation of claim
70, wherein the multiparticulate formulation is encapsulated or pressed into a tablet. 72. The
controlled release oral solid formulation of claim 7, wherein the formulation is a tablet or a caplet. 73.
The controlled release oral solid foilmlation of claim 72, wherein the tablet or caplet is a multi-layered

or matrix tablet or capl 1{? 74. Th contrgctled release ora |d f%mu |on of cla}lm 1 whereln the
0

caone
mulnparticulate foimulation |S§ §b§’ oF%trrg'sl(s)Ié o A tablat, - o OCCHT 1SS thar

equal to about two hours ﬁom said time of administration;
c. a second peak concentration at a second time that occurs between

ahout 4 and about 7 hours after said time of administration.

66. The controlled release oral solid formulation of claim 65, wherein the minimum
concentration between the first time and the second time is greater than or equal
to 50% of the first peak concentration and greater than or equal to 50% of the

second peak concentration.

67.  The controlled release oral solid formulation of claim 7, wherein a single dose of
the controlled release oral solid formulation administered to a humap provides a
levodopa plasma concentration profile comprising:

a. a time of administration;

b. a first peak concentration at a first time that occurs less than or
equal to about two hours from said time of administration,;

c. a second peak concentration at a second time that occurs between

about 4 and about 7 hours after said time of adminisiration.

68. The controlled release oral solid formulation of claim 67, wherein the minimum
concentration between the first time and the second time is greater than or equal
to 50% of the first peak concentration and greater than or equal to 50% of the

second peak concentration.

69. The controlied release oral solid formulation of claim 23, wherein the tablet or

caplet is a multi-layered or matrix tablet or caplet.

70. The conirolled release oral solid formulation of claim 1, wherein the formulation

is a multiparticulate.

71. The controlled release oral solid formulation of claim 70, wherein the

multiparticulate formulation is encapsulated or pressed into a tablet.
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72.

73.

74,

The controlled release oral solid formulation of claim 7, wherein the formulation

is a tablet or a caplet.

The conirolled release oral solid formulation of claim 72, wherein the tablet or

caplet is a multi-layered or matrix tablet or caplet.

The controlled reiease oral solid formulation of claim 7, wherein the

multiparticulate formulation is encapsulated or pressed into z tablet.
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