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agent, its acidity/alkalinity has a significant effect on the lag-time that could be achieved.

Additionally, the impact of a barrier coating (i.e., an intermediate coating applied in between
the inner protective seal coat and the outer lag time coating, hereafter referred to as the barrier
coat) and/or its composition on lag-time that could be achieved can vary depending on the

acidity/alkalinity of the actives.

SUMMARY OF THE INVENTION

[0008] The present invention provides a pulsatile delivery system suitable for a twice-daily
or once-daily dosing regimen by oral administration of a specific therapeutic agent depending
on its acidity/alkalinity, solubility in gastrointestinal fluids, and its elimination half-life. The
pulsatile delivery system comprises one or more bead populations, such as immediate release
(IR) Beads and timed, pulsatile-release (TPR) bead populations. Each TPR bead population
releases the drug as a rapid burst or as a sustained-ielease profile after a pre-determined lag-
time (for examplé, 10 hours or longer is achievable) upon oral administration. The IR Beads
may be simply drug cores coated with a protective membrane (for example, a coating with
Opadry Clear). These IR Beads with a barrier coating are coated with a functional membrane
of a mixture of water insoluble and enteric polymers, a plasticized polymeric system being

applied from aqueous or solvent based composition. The finished dosage form may be a



Table 1: pH of representative drugs suspended in water Drug
Acidity/ Al kalinity pH of Sol ution/ Suspension Drug Concentration

(solid con@vg%()mq)lz:‘ g/mL 2.0 g/l 20 g/l Propranol ol HyaqhashlcRidsse

Acidi c pH=5
modified-release (MR) capsule, a standard (conventional) tablet or an orally disintegrating
tablet (ODT) comprising a coated spherical bead population containing the active substance
alone or a combination of two or more coated bead populations to provide target plasma
concentrations suitable for a once or twice-daily dosing regimen. For example, a once-daily
dosage form of an active with an climination half-life of about 7 hours may contain a mixture
of an IR bead population which allows immediate release, a second, TPR bead population
with a shorter lag-time (about 3-4 hours), which allows a delayed “burst” release and a third,
TPR bead population with a longer lag-time (about 6-9 hours), which allows a delayed,
typically sustained-release profile of an active with an e]iminaﬁoﬁ half-life of about 7 hours,
thus enhancing safety, therapeutic efficacy and patient compliance while reducing cost of
treatment, The achievable lag time depends on the composition and thickness of the barrier
coating, the composition and thickness of the lag-time coating, as well as the nature of the
therapeutic agent. Specific factors that can affect the lag-time include, but are not limited to,
the therapeutic agent’s alkalinity/acidity, solubility, elimination half-life, and dosing (twice-

daily or once-daily) regimen.

BRIEF DESCRIFTION OF THE FIGURES

[0009] The invention will be described in further detail with reference to the accompanying

Figures wherein:

Figure 1 shows drug release profiles of nizatidine IR beads (without a barrier coating)
coated with BC/HPMCP at 20, 25 and 30% by weight of Example 1C.

Figure 2 shows drug-release profiles of propranolol hydrochloride IR beads (without a
barrier coating) coated with EC/HPMCP at 20, 30 and 40% by weight of Example 2C.

Figure 3 shows dmg release profiles of IR beads (without a barrier coating) coated with
EC/HPMCP at 20% by weight (a) propranolo! hydrochioride and (b) nizatidine and at
30% by weight (c) propranolol hydrochioride and (d) nizatidine.



pH=6.0 pH=6.5 WD 2006/ 119153PCT/ US2006/ 016538 Ni zati di ne Al kal i ne
pH=6.5 pH=7.4 pH=8.7 Drug concentration (solid content) 0.1 g/nL

WO 2006/119153 PCT/US2006/016538

Figure 4 shows drug release profiles of nizatidine IR beads coated first with a barxer
coating of HPMCP and then coated with a lag-time coating at 20, 30 and 40% by weight

of Example 1D.

Figure 5 shows drug release profiles of nizatidine IR beads coated first with & barrier
coating of EC/HPC and then coated with a lag-time coating at 20, 30 and 40% by weight

of Example 1E.

Figure 6 shows the effect of the barrier coating applied on nizatidine IR beads on the lag
time achieved at a lag-time coating of 30% by weight: (A) None, (B) 10% HPMCP and

(C) 5% 70/30 EC/HPC,

DETAILED DESCRIPTION OF THE INVENTION

[0010) Active pharmaceutical ingredients (API) typically are either slightly acidic or basic
when suspended in purified water (see Table 1). The extent of acidity or alkalinity varies
significantly, For example, the pH can range from as low as 5.7-6.5 for propranolol
hydrochloride to a pH of 6.5-8.7 for nizatidine to as high as a pH of 7.9-11.0 for atenolol. An
active pharmaceutical ingredient exhibiting a pH of 7.0, or less, when suspended in water ata
solid content of 2 g/ml is designated as an acidic drug in this invention disclosnre while an
API exhibiting a pH of 7.0, or greater, is designated as an a]kaline_dmg.

Table 1: pH of representative drugs suspended in water

Drug Acidity/Alkalinity pH of Solution/Suspension

Drug Concentration (solid content) 0.2 g/mL 2.0 g/mL 20 g/mL
Propranolol Acidic pH=5.7 pH=6.0 pH=6.5
Hydrochloride




1.0 g/ 10 g/ L Cycl obenzaprine Hydrochloride Acidic pH=6.1 pH=6.5

pH=6.7 Atenol ol Alkaline pH=7.9 pl-1=10.9

WO 2006/119153 PCT/US2006/016538
Nizatidine Alkaline pH=6.5 pH=7.4 pH=8.7
Drug concentration (solid content) 0.1 g/mL 1.0 g/mL 10 g/mL
Cyclobenzaprine | Acidic pH=6.1 pH=6.5 pH=6.7
Hydrochloride
Atenolol Alkaline pH=7.9 pH=10.9 pH=11.0

{0011] Since the polymer blend system typically utilized to delay the onset of drug-release
by several hours upon oral administration is a mhixture of water-insoluble and enteric
polyn.lers, the extent of delayed onset depends on the acidity/alkalinity of the API. The
present invention provides a method for manufacturing a pharmaceutically elegant multi-
particulate dosage form having timed, pulzatile release profiles, i.e., a well time-controlled

" single pulse or a series of pulses occurring several hours after oral administration. The
present invention also provides a multicoated, multiparticulate dosage form having an active
core, an intermediate barrier-coating and an outer membrane of a mixture of water-insoluble
polymer and an enteric polymer. A barrier coating applied on IR beads may comprise an
enteric polymer, a water-insoluble polymer or a mixture of water-insoluble and water-soluble
polymers. The polymexs used in forining the barrier coating and the outer membrane may be

plasticized.

[0012) In accordance with one aspect of the present invention, the active core of the dosage
foim may comprise an inért particle, which is coated with a drug-containing film-forming
formulation and, in accordance with certain embodiments, an inert patticle is coated with a
water-soluble film forming composition to form a water-soluble/dispersible particle. The

. amount of drug in the core will depend on the drug and the dose that is desited. Generally,
the core in accordance with this aspect of the invention will contain about 5 to 60% by weight
of the drug based on the total weight of the core. Those skilled in the art will be able o select
an appropriate amount of drug for coating or incorporation into the core to achieve the
desired dosage form.

{0013] The active core of the dosage form of cerfain embodiments of the present invention
may comprise an inert particle such as a sugar sphere with a desired mean particle stze. In




pH=11.0 [0011] Since the polyner blend systemtypically utilized to
del ay the onset of drug-release by Several hours upon oral

adm ni st r afypQPoerG9:@3 M xture of water-insol uble and ent gidgyReTRES.
the extent of del ayed onset depends on the acidity/alkalinity of the
APl . The present invention Provides a nethod for manufacturing a

phar maceume e:abd:c;imait,etgamactxwd:dré mpybd 4 mléraplmred asdlyvst sphiteedphérgidali med,
pul sati | fi control l.ed s | e pulse
or a ser FSIehcgn ?Km Qeeag obé[ %lsfrcr Srtlagogaélveél?agfmﬁ {ﬁfeﬁws&l Bty Slefith

adm ni st reatbouate, sdﬁman prabente, fumadaadid) teratisorid) eoy Bdfia cajstmlata wefat ed,

mul tip ar f cti v are rredi at e
barrier- c?)tglﬁyén%;cgoﬁg‘q%%g%ﬁt giptg;ﬁjg@‘yhﬁw ?d% R %ed(])l? CIeIF%sol ubl e
pol yner &nntaMgencregmmllqs@t patiets maj bb prchered h;soatogngulamnl lmgldslmar | R beads
MaY COMPIeh5GlaAlh £AleLiisfhnl |

m xture c%‘r Vat erﬁflans%?sugl e¥Cq:%{wa er- nglfe qrﬁggsll}{%grr%%g (agc‘)]ltyrrers
used in fos¢/ramgmiindiaeter) Witheotye, b nofymendt hinder ansittoatlomﬂrrﬁﬂas!éﬂm be
plasticized. [0012] In accordance with one aspect of the present

I nvent i ongot1uhe AdGel ¥Rs 66Nk sﬂE ah b@ﬂgaﬁageoaiéawh@ﬂug%mmﬁgemﬁ%ﬁﬂ@gt
particle, which is coate th a drug-containing filmformng

f or mul at iPGiYe4R b ‘3Pﬁpaé‘?fjdﬁPE?&W@@CWW%@F?%}MP@PH%W?@S oB#h i nert

particl ephﬁma&ﬁh&(ﬂy%&—: alile YocBf m&ﬁ&rﬁ'ﬁla?bé &Je&%frBfe g@ﬁ%re; by tO
forma water-sal ubl e/q(ﬂeé ersible partjicle. The armunt 0 U@g In the

core wi | O GRASRHBeTERATY ‘ﬁ Peefdner pindapibat it pred tolindfhe vatergsolukierisren) | Y,
the coretdthe aiéﬁ(pﬁﬂialﬂ @aﬁm‘t‘\bﬁﬂ&aﬁﬂﬂt l&uﬂ%ﬁﬁér s6thblb BealdonyIRBiubR Bindkdk | su@PRt ai n

about 5 to 60% of th ased on the total ht _of the
core. ThRVY Y‘%‘é’\é&e’i"‘%p &ﬁ &r El‘?"fdeoﬂg ¥5£°’%’B‘T°BY1F%1“§%? B bedﬁedaﬁg\e@t?fif’fat e
anmount Ofmagtbeigsetiat an@@a;iobmuom cdpAslO iR g lapied kd thinkA BarGOIE.CTYpRaAE MlceV e
t he desi éﬁ‘g dosa e form J jve core of the dosage form of

certain 8df Wg pie C(S’Pcef’ﬁ diop Pgé’é’ﬁ{b 3 'f‘?\}b qu‘fPl%yﬂl‘?&’i‘tﬁﬁuEséa“ﬁﬁmﬁh}éfr t
parti cl e pssahinabis acitg frmslpiuarie sobbtioh fomOe iy 66 su¥paided AHeidalge Si ze. In

nb |1 ul
pher o, SoibBarst H8 YA e fewhimen Bae ol rpiad “or an

encapsul streenthitibrisgroncabyst lalto 36% bjrwaightaiabaiitug ot the bo@1LE of BOEhatig

bi car bongf e a&yrrarl c acid, tartaric acid, etc. Buffer crystals are
useful to aF]t er the mcroenvironnment Alternatively in accordance with
ot her enbodi ments, drug-containing mcrogranules or pellets may be

pr epar ed [1y5k oﬁlégqosd@meafrlﬂmﬁher pibyliméntss the getiva gbraiagibe preplared by

ext r usi ORsSRRRTLARY, 37by HBnHiof R ;

(about: oneﬁ)wo arrm in dﬁa#et gr ?dst he%gl&&pmrghz%t{&rré{@@g%%ngter and
opt i onal MYere{mipkiaklet; Wbmdw&substfr@e@@ndm@n v@oedrd@solwmmte sintrglliag i nert
particl epaga&eghdvapa&aﬁy slwqgh&[ﬁﬁr:@hmnpqueg&m Ey& g ARGt of .

prepared in_accordance wt | OW n roc agueous

phar mac eTeY Baplesded togelperant biskshepregranuiaier f‘diﬁh wdirelﬁﬁe gws@ldtor, ora fividped i ng
core par biagdifisy, Bf edcRn qpeet ?ﬂlu!a'?cﬁ'rz{nd %5&1519{1 &Form saép;ﬁ SQ’P i nert

bi nder t cfl is used to bind the water-sol uble dru nert
par ti cl e®qiPgFaraying ¢ erapalpting flud sighas wetsngr dpohsbindigried. o’fr‘heavewamlcarsbﬂ ubl e

bi nder s, kel 8 sl bl dRamRiS (RNBaKLane) or

hydr oxypr opyl eIIquse nag@?e used bi nder “may used at any

concent r 8 ‘T”f Bizer dte Bendwpmppiping dye pertielpea binderangeptionalya,

Typi cal | ﬁl:lerﬁih@enbbﬂﬂ@-cdnﬁurhﬁ%eﬂarﬁies @ancé@éa% Rbh b4 inQf mid@bEts ﬁabguttzo 10%
by wei ght. The drug substance nma e: present 1 n this coalilng

£ or mul at BBHR AREBPE FiHo-RBIIR (g0 d@@éts@ maduorfﬁép@}et;gm these

concent r@.ﬁuo@ﬁndmythu R 1648 paIHE 1R ok b 8P Weigﬁﬁ;abéafbn%m{ab’\%glﬁ by

will be t concegtratl ons from about™ 10 to 30% by wel gh

dependi nﬁ FLongraidEf £750f the coating formul ation. [0015] In
accordance with ot her enbodi nents, the active core may be prepared by

7



[ 0016] Cenerally, the individual polyneric coatings on the active
core will vary fromabout 1.5 to 60% by wei ght dependi ng on the
nature of WwheoRAEkd%e, conposition of the bather coat, 3@e/Sdhoiask
| ag-time, hi one enbodinent, the core with a high drug-load may be
provided with a barrier- coat of a plasticized water-insoluble

pol yner, [8@ish &nﬁ&&lb)ythe éddividualyelyniet) poaﬁhgs&h@hﬂacﬁvéﬁeoﬂﬁ%ﬁlbyry\mng&bb

sustain t e _oyer ou urs. In.cer ot her
enbodi rrenIP%O%P %gj}é%erl %%epfe W B erflah‘rr o% Vo ESRISIIET ‘él%ﬁ”%c?arji’ a
barri er - codtequireddagtiast Inong edbodivteat, e cpmlvylth&rhg}sdmgnoaﬂismhyhkr;ﬁwwdo pyI

anot her - St hsbBt £ ekt Bher st & AR BE: mohy b

provi ded aputi.5ahb% by weightdg sustaHHhemhag rdﬁgsecﬁveﬁﬁbhﬂ%m%pisam degthin @theat

engt hen Tadimcts, o @ ol B, S35l ARSI beq e iR 50 htsoiﬁ the
barri er MﬁWGnte(imml such %é&@vxmwhn@thyw@lglosa whit)alane(EDIVITY, at
coatl NgS Bk saliRl AR £ AREESLRi LG ANLBL AR LGS Sorl

beads) may conprise a plasticizer rate or "bar i er
menbr ane Hxye gwivisied wih amowlwtme qeetingrnd ECAIRMCEYslakticthenst yiombpy |
et hy| celys afagAg st 4l 8uik bEMGR)s 0060y 1 105N BleSo DR IR (- 9
et hyl cel l ul ose) alone or~In co inat i on or nore
wat er - sol2bdtt &0 boyearlensgi. ng pol ymer such as |1 PMC, nethyl cellul ose,
hydr oxypropyl cellul ose (HPC), polyethylene glycol (PEG or
pol yvi nylgonry OBbtﬂ@ibeaaﬁBVB)d ou ngaereaftbe ré?ﬁfeﬂ![t@és 166028k b)HEnfRITR bhaESs &
i.nati on wi a

wat er - i nsol ubl elﬂgg I¥/ms\r iin co

wat er - soMGEF &P dispesiible drge pantapies partials (Rdrepdmhpay sqmeprisg pplagticizgr.
present dhe ﬁ:teliﬁédxﬁe br Blfﬁeﬁbﬁﬂbraﬁe thayt @nipiifs anWateRE pélﬁﬁfilsﬁ'&ﬂ B |pO| é ”]‘?r to
wat er - so t gis typically applie or a
wei ght gh?’ %rﬁ‘?%‘bﬁﬁlﬂoie @thﬁgtefégm 5]9@'63 e nsoluyts EglymPhE-gout er

|l ag-tine emgnﬁhﬂme) army oﬁifmiﬁmbﬁﬁloa vilhagt bighare @aﬁl—%ﬂﬁﬁl@ndﬂé foRming

t | ubl t t.h
vt or 1 et SRS, AR Pl Bl bl Rl b Gt ot o
wei ght r glycd (E)EGhimq)UTtyvﬂﬁpﬂrrdhdonib (EVB)I‘IdNIﬁeyirﬂ]he(Iﬁhie)( califgidonpridesta@raterl. The

total wei var S out 30 to 60% and nore
parti cul a"rg'{)]lhbl? Fo ?ﬁnarﬁl @n %to 8By %?béﬁ(zqor%gf’mg(%]y?lﬁ’é PRES of
t he coat es tipecatly pleSi 8 rforimsm arbonmm-li ®i5r) wateS InkgJiilild oHragewalug, such

bt hor et RE. s Bratenfly SR abrkd Sup el i omanty 180,

wei ght gm]n?%)lﬁy‘atbgim 40% by WEI ght, which may result in a lag-tine of
about 3 hours or less. In contrast, cores conprising a slightly

aci dic dygags] SteluRs &%%ﬁmm& n))pq-{e roxided with
only the[I ag]btl msucog 1 mE’VNCP %%?’zzgé%g(tnﬂggpa%{ér

45. 5/ 40/ pAolBble pelyrgengad g‘h?ntﬁtjlaipﬁlmﬁrmﬂwfm@bylsvleblgmlymmnttﬂnecoul d
resul t i gnt@iclRYmiet ARy 54 prBRRRUE 2 BeBRYLSD, A bAu?ﬁ‘@?EolJ ?Qﬁg;%léalﬁg #o%ggﬂln the

art will be able to select an appropriate anmount
coating Brthb %wt?tﬂew%?%m g cqatpgvarintirem pkout 3 taGAYeame moteepattioslarte d

dosage. ﬁr@;%@duth@to%%ﬂ%ﬁﬁbé%é&tﬁ@% rotfth%‘éhfléd]%gpodl ment of the
present invention, the water soluble/ I'spersi rug- cont ai ni ng
particle coated wi th a s[ingﬁ@ re of a water ‘insoluble polyner and an

enteric BJIS?%‘ ner S FREPHRT A St aﬂﬁﬂ@gﬁﬁﬂﬁ“rﬁz""%ﬁ% 813 Be Pevigy Willer may

be preseatly &t 1@—‘6&& @bﬁngr (as b@n@fcosftlhgbrﬂf MMéﬁfpihsﬁc%eﬂ-ataboum 9’40/ 14.5
partlcullarl%‘3 d the total

0 n
coatings IS F‘B’t é(b% %Ve‘ﬁgr Uﬁfah Basesritia atlarge'-mtl gfél’o% rh@‘HE OTof
t he coatlesh. hwanltsast Tdres qmipyiﬁmg 4 ighOpdoidiOGug, )éﬂih%@bfo}ﬁraﬁ&lﬂﬁ@rﬁﬂ%chlonde

| asticiz an ied fram ague nd/ or. sol vent - based
g yst ens. %%%ﬂi‘gq%a‘% 3@‘%“% -BHe §atipg, Mgﬁ’é’ lasHcignt 2Lahautt he




3. coating the barrier-coated beads with a plasticized m xture of a
wat er -i nsol ubl e polyner and an enteric polynmer wth a nmenbrane

t hi ckness @b Hégivabout 40% to 60% by wei ght to form TRRMJ0RB16538
Pul satil e Rel ease) beads exhibiting a lag-tine of up to about 10
hours or longer; and 4. filling two or nore bead popul ations -1k
beads and4oHed/ kS fior weigizaieddbqoflih by weipls, whitlecoidredidha BPRneead
popul ati o d elatin
capsul es, &S{rﬁéhg%%%??ﬁ TM %ﬁ@%[nu\l/%% |onaﬁ e gb eBtPe?IEC%or Foi’fjfﬁyamount
di si nt egr%ftaptng eraGmte@smtOtom nponpdlum igto dreceredabdhjeve thetledied dokagd. v
capsul e formulation. [0023] The release profiles for IR

barri er - coedopd nandoriRRe haadse [%E.Zcuﬁ?erﬁ*fotdﬁﬁ it feek lﬁgsfgﬂr%‘ E@oat ﬁlew

foll owi ng procedure; [0024 olution testin I ds an
enteric cOXPEHpersl d(l?goqon %na@gieswﬁ@@wbsmvﬁgly of & weterigsebtbéd Wi t h

a USP Apgﬁvﬂﬁﬁeﬁﬁnd]an(ebﬁﬁgﬁilﬁn&t mateﬁmowe pORRRY ﬁdteate%c bhgddlgs vat S0
rpm in 900 nL of 0. 1N t 37C.while the dissolution testi gof
TPR beadF €@t tigktadio ﬁam@’swé%é? L2.quoreBirRelaslytigen abouigel to 1:1,

di ssol ut iza ﬂm@luumighf biriaé coamkg@m%oﬁtrzo ?@@Wb}w&éht@as%&'oﬁ@% 1641w

foIIoweth qut est,i ng .at 6.8 obtalrned by the addi |on of
200 nL of % ?aflf' eJP)6 PopmsHe F‘@P’éﬁé}é’l‘iﬁm ppufaiilastigizers prd mavheapwlied HPL C

on sanpl emnpagubsd agd/orselvetibedd spteaicval s. [ 0025] The TPR Beads
prepared in accordance with present invention nmay be designed to

Lot ai e o] OEhe bbbt SARSRBRL ber P 8RRl BRefta B et o,
in the atedmpertast fartow thhe tesidaedior aljievin b disted lag G prier tﬁeﬂ:trécihgﬁa

typical |y e ther han r S (see
= gure 3 dfr% rg%ésg T%:D%é% h&lﬂy m?féptﬁ%natnl?e/ e%t Artier 5?5 (j é’f P%{i«:ﬁﬁvalﬁéaze
provi ded (%1@115&) @i%ﬂielaﬁ?ﬂl@w@aﬂlgﬂ@bdﬂmmdh dadtedesahelng Gmd PR bead

popul ation conbined with an IR bead popul ation and/or one or nore
addi ti ongbo23PRrivaacknROPHLAIbRMS 2 BlBYE Qhﬂau@n{leﬁr éaufe‘%%}ga%éﬁfeaﬁ of i l es
I n accordance, W|th one enbodi ment, a nultiparticulate dosage foma is
provi ded RPPFrugthe ep8 T an | R bead popul ation, a first TPR popul ation
and a second TM popul ation werein the ratio of IR bead to the first

and second TPR blepaimgdmgtcaﬁﬂaﬂmg\caﬁeé BscohtidThabot clek O diDds 46 %zﬁ Shrefeeut
alinity

30/ 60/ 10, respeg{)ée 1'131 Yos Igle enﬁﬂ ng on factors such aaz al k
pH depedent sol P PG 6 iPhBASAF BT Phamecqutie “@Fed{eﬁféff&@tal ve
ingredient. | Oﬁﬂﬁpeﬁbﬁmrcbr smelon/asapemmﬁ Sndlﬂppnyﬁﬂgla p&di&:u%lé‘e@lco@tf to @tg

rel ease shoul d ours follow ng oral admnistration to
provi de adequatgl%%%dr;aste?r%iégsgraﬁt[{g% ?é&u on to be suitable for a once-daily

dosi ng regi men, depending on the elimnation half-life of the active.
I'n accor dance?wraaingiae 1§ baainwitnaplestitigedsd) watveinisolvilnpolgmer atmugr inel ease
may be del ayed {@pithBlod RiehDRer. ik afministration.
[0027] A single tar getoed1 sustaf ne;:? p@é ro?%ﬁ}g&%l\l/eér sevér ar hours
after oral adni feted Wwﬁha\mwfa@?tmﬁmﬁffmaﬁom &t 20% ot eaighe;

pul se, is provided in accordance with certain of the tinmed pulsatile

rel ease drug Heddati®ytie BatBéraDBie@bead HAIY RARMRLd AMAR dfARvatd: %gﬁﬂﬂe' n
accor dance W|th (i)ne aspect of the invention, one or nobre active

i ngredi ents, a BIAEAGHHES PAYRFIR{HRBEas hgmeswsof frmgbalt 0% a
di 850l uti on rat 9% By rEightltd foim TPRYMRtcd PlkatioRedase g%eﬂis%{xbﬁﬁﬂ - uﬂEher
phar maceuti cal I$/f E%%pt@%l e excj pi ent s are bl ended together 1 n hi gh
shear granul at o "BtHPORS VBRI Blongst 88d £ | ui d bed granul at or such as

G att GPCG 5 and granul ated to form aggl onerates by addi ng/ sprayi ng a
granul ating 4 Lﬁlﬂngmroramraﬂaﬁcépopolahcaisemhhbadaﬁndi dheoelore PR boRE NaSS

b trud du I ticl
(hoads) usi ng. S5PndiPRATeRRLAER T ol oot BGY buae Bk iioer

enbodi nent of the invention, dried granules may be conpressed into
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[0029] In accordance with a specific enbodi nent, the active

contai ning cores (beads, pellets, mni-/mcro-tablets or granul ar
parti cl es) whyss/QPisai ned are coated with a lag-time cogldigkeosiniesss
conprising a water-insoluble polynmer and an enteric polyner, such as
et hyl cel l ul ose and hypronel | ose phthalate (i.e., hydroxypropyl

met hyl cel | ul ose lﬁhhﬂagaml @ApsutdEMeLdmptbssig bt @dﬁ@@ﬁémﬁ kBB 8Hily 10 tO
60% nore partlcuLa % from about. 30% to 60% by wei ght based on the

total weight of % ¢ hlefsetq grroduegpeonpe;faly opwithadadly crnsuls Famplation.

pol ymer to enterlc pol ymer may vary fromabout 10:1 to 1:2, nore
parti cul 00231 f Thenckhwpiroils Yot 18, Harrder-codtia0 TP AbeAly i@ S d@rmined

phar nace C table oIvent medi um may be used for preparing
core parg%%fgké%fﬁzpﬁ‘w%g%?c We&rt binder that is used to bind the

wat er-sol uble drug to the inert particle is not critical but usually
wat er - solltfBk  Bisselntiontiesting o) 1 yrass idraiteris centad beads dfor Reigreeistame ssting

l OTL dl (=
pory s (bl i bl e ot
hydr oxy prBiBlin&a¢ mio§84N a\{hﬂegbpé@'ﬁqmnogs@@ng falPReehislivmedmiide,
pol ysacch@ UgpaprakR udifig Q%é@g@ dls%%n%eafuﬁ{;t‘ﬁrsw hGhs f18%0 B§. o(?b.?ﬁlo' ved

or dispersed in water, alcohol acet one or xtures thereof

bi nders &Kd at §piCciallanpd b digsokttion testimecas BH 6§ ehtaiesd btesraddiionof 200 Bilt o
10% by WeF gitnodifieh)O 1BRP AR 8RL Al mmi{ﬂi? lymers
useful in ?Eeol%ggn?§%%elnclude gsfgﬁfn%f ellu oseﬁ§k§5MEdgp
derlvat|§@§3TE%?V@¥ose acetate phthal ate, hydroxypropyl

net hyl cel | ul ose phthal ate, hydroxypropyl methylcellul ose acetate
succi nat §)025p OTWBW]Beaémélat‘ed ipdch@himt @ith pfés@eﬂﬁertﬂoﬂ hailBé Hediphod th C

aci d-neth ate and shellac. Th ese ol yners may be
used as g{%n% po géelea %prgége%lg}%ascﬁ r@ﬁ@?@? as’é“éaﬁ’ée & Pefilg |y
avai | abl éol}wﬂx@ralpaé-éemﬂnated mgmntmeEme]dthamemtohaﬁ rb;ﬁhelecoaMgdthmaQAg‘,lner S

sol d und r.ade L1Q0,. 5 0 L30 ctured by
Pohm Pafme e0ink] ORIty R P B PSS PO REER A
Cheni cal fa@detailshq Uizt mwliiprifokid dobags orametydt roviich ad mlglamlewa

G Pt = Gl B8y AR DL RFHBI R 510"

Repr esenpzmprg edfbmmb’f Rsbead popatationsi mmimg)dlﬁ‘erpﬂ trgleme ﬁroﬁ&ﬁf Tnlacdordahdee

ol 11 coat SRR pen b AR HAAR, ARGl or iR Bl L TR IER

but yr at ePOHﬂéﬂBPIF:aIﬁI% ESBB Ipgpréation abescand T@RlpppulamnWemlletha retfio of IR bead

o ek kB KBl R kAL i 0 AR DA )
R, or Reswetivet denseding qoafactors 908 3§ alblmsnlpﬁt-depcdemammbﬂmamarl ing
poIynersaﬁﬁh&ﬁgmgfhghfﬂgg %ﬁ% g in the formulation for producing
granul es by high shear or ed granul ation or by dry granul ation

i ncl ude i ecul.ar wei ht h dr oxypr.opyl methyl cel | ul ose,
hydr oxpr’8g‘5I nﬁ‘éﬁa{ﬁ iptapcesyy &Pl of deve releps shonlddesin sgvmat hopts

cel | ul os@llowing bl sindsikEhtioR® mdefmbcfﬁ&t‘e%&hy bﬁb&uﬁﬁ’cﬁ%wﬁﬁﬁbl@ma
pol yvi nyl a gh{ e/crotonl aC|d copol ymer, or conbi nati ons thereof.

[0034] BYR P TCRIRFR @dlngr?%‘relﬁ!w@ﬂﬁm Rakielife of e eptive Jor ni ng t he
menbr anegcatdenct Mb&rﬁcmaﬁfebt@ bRlinvéRens, ARgntrlsh ¥Ry 8X M8 for 8f 1o

pl astici zers ma ed to plast|C|ze t he nenbranes i ncl ude
trlacetlé’ nyﬁﬁP§¥ ?PF%? RNyl citrate, acetyl tri-n-butyl

citrate, diethyl phthalate, castor oil, dibutyl sebacate, acetylated
nonogl yceri des, acetyl ated diglycerides and the |like or m xtures

t hereof The plasticizer, when used, may conprise about 3 to 30 wt.%
and nore typically about 10 to 25 wt. % based on the polyner. The type
of plasticizer and its content depends on the polyner or polyners and
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[ 0036] The active pharnmaceutical ingredients suitable for
incorporation into these tine-controlled pulsatile rel ease systens
i ncl ude bagigGkiQaGsi ve nol ecul es or their salts. The diugySHRBIARSFE
can be selected fromthe group of pharnaceutically acceptable
chemical entities with proven pharnmacol ogical activity in humans.
Repr ent at[08xg] eXasinpleisrgbad kwﬁ&eafbaﬂagaqﬁbms oved BdveR DMLY afiardrsl,
antldlabeflc nts..anti e agents, antinepplasticgs,
ant i Par Ki nsonl%%ﬁonaaheﬂﬁfnéwmg’ﬁl? ?nrlﬁlé[[?ﬁﬁer east Pk ﬁr?f"é”dogé{‘raﬁl’%g%%w ar
agents, Chisaif ofthé thabd puisatibusleasy &g G9livedyispatintif the pEkagA ivadionecept or
agoni sts, gastrointestinal agents, psychetherapeutic agent s, opioid
agoni st s, oy OkfhB0haQ Ll cs
anti - epi I ept?c rcu ﬁ%ﬁgﬁeasﬁ%h@ a%?%egl(ﬁjﬁ s]?&%%e%?(ﬁ?é rrusc
rel axant é’mdﬁ?ﬂc%ﬁﬁthymmﬂ@lhd@ﬁ@ ifKlcel LED @Jigpolative rate dntreltieg paziamrr(g‘ S
can be applid, E‘a‘ﬂd Bﬂi&g‘f‘y &ﬁ’e& ﬁhdﬁ%hc@gtlcﬂ acQ%Pt:Ibtfbeexg‘B%[‘lfsQ%bﬁ&g%b%‘d%§ma.

I ngustr I

commonl y uséd in the ‘phar maceut’i ca coati ng
i's part i dighsheay exsmaptan suchapdigliea semfluif h%da’i@nulﬁfprlsschds Giatt GRCG Hand

mul ti - doseanhifed®o fotm @gglorﬁjerra%&@ Q&iﬂgﬁﬁ tg&ﬁm aﬂﬁ%ﬂ\ﬁ& such as water or.
mul ti-particul ate. dosage forns t| n ca conventi onal
tabl ets @icokybrad Waﬁ%"%%?sﬁf"é@@r%ﬂp aﬂ@?ﬂh@qﬂg%d tg GNQF¢6§Phﬁglczine or

nor e beagaerRs!{beddsPikela0 extlde)/mAEYeS tIﬁQEc'oR!'&ncte%ﬁl Q¥h A b 8dig8k: oF
profiles in %%tlents in need of treatnent. The conventional table

rapi dl y GISPEnue GredstTls pay be tmpresecrise nelhﬁu(wn@m@mlapﬁdﬂa}s) it

di sinteg Iaﬂiaﬁleteﬁ otdmautqrxaﬂn t@aiﬂn{ Mnﬁfésaexﬁwdﬁwﬁﬂé &H@&lﬁ% 259 Hui Rk ﬁgh geads
for easy nore coated bead ations may

conpr ess€d” g @@f&%‘?ﬁseﬁ ‘P’rfh%lfﬁﬁ} Bpightof e extrydsd/ '@r‘i‘?@m?‘?ﬁ ) mladm%tabkb r
exanpl e, carebl nder, a diluent/filler, and a disintegrant for
conventional tabl et s while a rap| dl y d| spersi ng granul ati on may

Fort o niadh. ReEioanb R e B iR s 3P ellpib e or o

conpri si ng}letsnmlr@*/mm‘reblpm blsamulaeanrhclw) thhs ebtgineiced @atei ne a Jag-time

del ayed gﬂg Qf. t he L0 ovitro file
or the e%g%ﬁ g S{./H?\(?/1 ‘Ja%% ?g%ﬁggolzmﬁrtap aft %ﬁen&pgf g“ﬁfg&ﬁe Bﬁ&@“ ose
admi ni st mafthmwrr@iloaeméthdies@gee W@mmdmmahmmmsdmmrMmafa le to
achi eve ppl, n t] co '
and quality o %HL g&ﬁg@ éog/odgl{aiée&‘ ?%%Lnag?ﬁgﬁgﬁouggwg? é‘f@ﬁbg

'‘right t i totgdoieiaht @ﬁhﬁtﬂoé’femadi dheiatigofiwaier wmbhmobrmar:emmeaal on at a
| evel po ag% | a of
si de-eff g@ s&rglédsy)é/m at edé%hﬁ}? I8 1@ fio lrgl(lfr%r%ﬁ@]gl ﬁ@oﬂﬁf&d{%? f\\llentl ve):
A a Beaﬂ] f N zatidine 100391 N| zati di ne (168 kg) was slowy added
to an aq 33@ TS AT BPLEHYUPEIEHbT aSpRplablsl SPUP’&%%‘@GWY&@ upgdiferel LE

(18.6 kgﬁreﬁd’l\iﬁg%ﬁ@ﬁ’mﬁ?@é | The #ypé of 126kt HBEDR th%ygﬁﬁedQPbiﬁ&%w(ageQZdﬁ]blé(&)J wer e
coat ed c;i%ssuspen ion in a att fluid coat er, %u pped

with a 3 49t WHF f’%trus‘i‘%%é“ia’fef‘s"m%e eralFQhQié‘?itﬂaP hiﬂﬁ‘zjs ﬁartl cles
were dri ﬁﬁld Ré}desant&@@exﬁaﬁﬂés o@f)m@?@-ﬁﬁlﬁdecbﬂafe rfogﬁ/ﬂﬁﬂéd% was first
applied a "3% dl‘ll ed % @@Sggtt fluid unit as a precautionary
measur e PUYGRIRIEFOldqne Wéylgﬂ?ﬁa’(?@ﬂ%lm‘tsﬁf@’ fhe drug | oad was
56% w/ W\hﬁro:@bﬂpﬁlbdlﬂhl&@e Eﬁ&ﬂ@alﬂ&l&éﬂu@s@aﬁdﬂeﬁﬁdeﬁ@@s&dé"?OIQSfacc!halllcP oM as
[0040] IR eads pro uceé} above were coated in GPCG 5 equi pped

with a bGtt %“@BF‘&V IB?Yﬁeﬁé%?lfe%ftdﬁpﬁ'feﬁwﬁel@algohol BSADEREI | OSe
pht hal atRixnirf-thdyeoT o ThEbifidess dhd/tyivalyl uadd o2 a tRBRRRAMT oEosLAbodds hibHt hy!
citrate TEC%has a plasticizer at a ratio of 90/10 dissolved in 98/2
acet one/ Waf8¥"f or a wei ght gain of 10% based on the wei ght of the
coated beads. C. N zatidine TPR Beads w thout a Barrier-coating of
HPMCP:
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[ 0041] Drug containing 1R Beads from Step A above were provided with
an outer menbrane by spraying a solution of 45.5/40/14.5 EC/ HPMCP/ TEC

(et hyl cel | wioose/hiolsBPMCP / triethylcitrate) in 98/ 2 acetg@iiwaicRicssd a
fluid bed coater for a weight gain of approximately 20% 25% and 30%

The coated particles were unit cured at 60C for 10 m nutes to produce
TPR Beadd[0¢§3at Raprssendtivedexkmy)les dDentdiicmiymbiraese PR tReiadatio blude esters

Barrier-c i HP, - 0421 The enteric-coated beads fr Step B
above we rog%%iruglg’? %Iéi&gv% hﬁ%&q%eﬁlfl %’?e aﬁ% AgP %étﬁégatﬁ?yhygrﬁﬁfﬂw% Emsfig%ﬁf‘f‘)}[gf% n of
45. 5/ 40/ JphbglaEChyaRMPPOTE GrethylcaiBil e acattomedivgd) groljvinybadetateipithbled, xpat er

for a wei . gal . i I 0%. .30% _and 40%. The .coat ed
particl essgl\%g]}vgﬂlﬁﬂlla%%%g%&% %%5%0%%%'0 CIFIRES, edgsgf%acp%eﬁﬁgcéwfﬁmads
(bat ch sibgasedss g diy. powi® 2 808]utcid I58RGTH. |B2RCOMIEEEAD ataibblz ahledilne TPR

Beads w 8L~ ' 3 ' 4 IR b [ ed
N R LR S L e (e i
spray Wirs3Pé L3 Rsasnuiagiurdd betRejindbiima) Odlscadatel(chljwose ayqtatophihattd) fose

(e. 9., Kligigghn gﬁmﬁi@m.r, Qg i (@e‘flﬁfc%eaéaletgte%&@%ﬁ@g@%h%p?}siog) £l b ﬁgf[)f

70/ 30 dissolved in acetone/water plastic or “a wel

gai n of S aadkaqwhhydrexxmesryhrethylcellhlosanseipte dudsivaid squedimatspersion) from

barri er - gapimd, pgads were provided with an outer nenbrane by spraying

a solution of 45.5/40/14.5 EC/ HPMCP/ TEC in 98/ 2 acetone/water in a

fluid be ter for a weight gain of approxinmately 20% 30% and 40%
S%P%gﬁrﬁ st !

The coat PrREpEatyE LE WatpsoliblEendymess usefy! injtha ineentionsinglpdsduce

TPR Bead Sethﬁ/hamﬁd”se,qio@emquacktgﬂe-(foEMﬂiPle?K&liéc@@S@BU@tﬂo\ﬂ?BASﬁ; celiifoReads of
Pr opr anol ol I

HC1: . [0044] .Proprano Cl (168 kg) was slowy added to
an aqueod€ 4 Iuil%ﬁa‘%?f %%‘W’g?’ﬁﬁ? ?quliﬂ“ﬁér?éseﬁ‘@? ghplgemiis @8ne K- 30)
and m xedhetiylnhetha2H3:89) copeBimettg arylie iR thadrdllc/acRl ds@is Wil Rae@aked W th
the drug,.solution in a, daty fluid_be ul at qui pped with 32"
bot t om spray Vrst&r SLI“II&%?‘F{H%I‘II@’gﬁ&agﬁg#ﬂﬁl—’n%giagﬁ’ P’éftge Were dried,
and a seal coat of Opadry Cear (6.0 kg) was first applied and dried
in the GIMB3] fPigsodptiveshiegeintroliisg polypmeacaitthlofamgorpeatngie thedorthuiatien of f
excessi Ve, Skghas, %’2{91'1%% fy I s 56%.ww B. Pr anol ol
HC1 Beads,r\?/i th a£ at her 34 C %ahtsﬂér%goﬁu%ﬁ/@gm\é@m or%ydrygr anui%‘hon e

high molecular weight hydroxypropyl methylcellulose, hydroxypropyl cellulose, ethyl

cellulose, sodium carboxymethyl cellulose, alginic acid, polymethylmethacrylate copolymers

and polyvinyl acetate/erotonic acid copolymer or combinations thereof.

[0034] Both enteric and water-insoluble polymers ﬁsed in forming the membranes are
usually plasticized. Representative examples of plasticizers that may be used to plasticize the
membranes include triacetin, tributyl citrate, triethyl citrate, acetyl tri-n-butyl citrate, diethyl
phthalate, castor oil, dibuty! sebacate, acetylated monoglycerides, acetylated diglycerides and
the like or mixtures thereof. The plasticizer, when used, may comprise about 3 to 30 wt.%
and more typically about 10 to 25 wt.% based on the polymer. The type of plasticizer and its
content depends on the polymer or polymers and nature of the coating system (e.g., aqueous

or solvent based, solution or dispersion based and the total solids).

[0035] In general, it is desirable to prime the surface of the particle before applying the

membrane coatings or to separate the different membrane layers by applying a thin
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[ 0045] IR beads produced above were coated in @att GPCG 5 equi pped
with a bottomspray Wirster insert with 1 PMCP and EEC at a ratio of

90/ 10 di sswioweekiiims98/ 2 acet one/water for a wei ght gai necafuskifgpoased
on the weight of the coated beads. C. Propranolol HC1 TPR Beads

(wi thout bather-coating): [0046] IR beads produced in Step A above
wer e coathydrokypregyhmeth@pdislose (MEMC)HOpydry Elch) fibs.e WhBPNEMCantypicallyet hy|

citrate f acet one/ wat er
for a We?égS glg]%ﬂﬁ& o S%iﬁz %%g/(éﬁ%f% U%u%sgb-ﬁﬁﬂ A ?lggéevz\ues?dght of the
coat ed beads D. Propranol ol HClL TPR Beads (with a barrier-coat of
EC): [ 0099301 | RhrckirPhsmergentisel ingredins suitebirforinepspesatiop dnte thesortime-
fluid- bedoﬂfmﬂe@ﬁﬁﬁtﬂe(rabééb Slysféhfs 1foﬁQ§gQ1@ﬁéhb%%1¥¥uTepoﬁhgigsaltpofﬁe%

spray Wirster insert th ethylcel|ul ose and diethyl phthalate (gDEP)
as a pl asthstansegange s Crﬂétfﬁosl%@fgfgw of whargraceytically a¢eeptalie shepficaliengitissyy

wei ght . W@r&@ﬂbhdﬂﬂad@&@cﬁﬂbﬁﬂ?ﬁﬁih@ﬂan@ kﬁﬂa&dtﬂ@m&%teb ﬂﬂlu@é analgesics,
EC/ HPMCP/ DEP %1& o of 45.5/4Q/ 14 ssolved I'n
acet one/ ATEPVHEGRES.A0 ?}GH? aﬁjﬁﬁsfﬁ%ﬂ“fi@‘?& a@&§e@“ﬁ?‘?ﬂaﬁé’3=\ﬁ@i%ni9ﬂlaﬂ he

coat ed beagifs, antiidhdic IHUGnRIRES Casd@E abdhes, CH feefliial Gerv Sl sQG88n)Pr of i | es
wer e gener.a ted d\ﬂ/pdl ssol ution testing per US Phar macopoei a net hod
t

( Appar at GE0Y1agis.dAPATINg TEfepton REOTES $36§591’3F5“Aﬂﬁ&‘?“é9e pycetigiapptsagmises at

t50 {pn) @iotg%ﬁgBﬁﬂs ,Whiofafanfagduisls, anﬁhbl}fh £k adeis, a?xt:téh?éﬁ'@ aﬁtﬂ!}ﬂ1{é ¥ R
esting in e, remainjn | me- poi nts e

and ent e#lfs?%%aﬁéﬁgﬁﬁgs&%%ﬁg?aémﬂl & B oistigatipageRisSHCl for 1 and

1.5 lus, respectively. The sanples pulled at different tine-points

ver e quart@l3l etheyentibirileCoatiigaeipbe apliSt withd doteysii aipeftthccomimgds :

0049] Ni 1TPMCP at
40% ver J%Zﬂ%ﬁ@‘s ol B o A R Sl o o
stabi | i tvar&tmlar /B¢ rrerdntavepliansts dmc@d[mmuheﬂosafoﬁns e., d%ugnddlﬁfsrmnt h
time poi fife fo%%?@hft'i#ﬁ%ﬁgﬁ%?%é&g%@b&ag d&g{dfggfaﬁf ?Lgr a é%)nxrff‘n%ggaﬁ 9a§1egsur es

det ai | ed above acce
condi t i ofPTeLrlly diveemetingpbiat)econpeing preyr frore teed popalstions fmretl hs.

administration to provide target PK profiles in patients in need of treatment. The

conventional tablets rapidly disperse on entry into the stomach while ODTs rapidly
disintegrate in the oral cavity forming a suspension of coated beads for easy swallowing,
One or more coated bead populations may be compressed together with appropriate
excipients into tablets (for example, a binder, a diluent/filler, and a disintegrant for
conventional tablets while a rapidly dispersing granulation may replace the binder-
diluent/filler combination in ODTs).

[0038] The following non-limiting examples illustrate the capsule dosage forms comprising
one or more pulses, each with a .predetermined delayed-orniset and the totality of the in vitro
drug-release profile or the ensuing 7 vive plasma concentration profile upon oral
administration of the dosage form should mimic the desired profile to achieve maximum
therapeutic efficacy to enhance patient compliance and quality of life, Such dosage forms,
when administered at the ‘right time’, would enable maintaining drug plasma concentration at
a level potentially beneficial in minimizing the occurrence of side-effects associated with

Cmax or Cmin.
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Drug Rel ease Profile: [0050] Finished capsules nmay conprise one or
nore TPR bead popul ations with desired lag-tinmes or in conbination
with IR bewtdo@tiisusglesired ratio and in sufficient quardgriussosiofss3s
provide target in vitro drug-rel ease profiles and hence target

phar macoki netics (PK) profiles suitable for a twice-daily or

once- dai |Bxampleil{lventigeren. Wien tested under in vitro conditions
foll ow ng, the_dissol utiaon.test procedure |isted above, the IR beads
whi ch are ‘des% 8 de a | oadi ng dose typically rel ease
substantially all of the drug within the first hour, preferably
Wi t hi n t He039hsNizatiding (168 kel waTHewlYiadded tda ®jatduk eolRehefise ( TPR) Beads

Severar Hoco Rk QeI ISITRUEE U8 B0 biea e o2 s enb, | Soue
of the deéBeyes{I714dw) wgw@oaeﬁd veithrtheiireg supénsiol in alGilett fuddbed coater, lequippedapi d
b urst or Vﬁﬂ %d b%ﬁ{ iﬁ) I.Lat ngeﬁn %Q%%E(ﬁl@l&%gﬁﬁc%ﬂs weyerdsnea,%a?b e ut 2 0

hour s dependlng on t ness coatl ng

barrier- @%Pfoﬂ@rﬂckﬁé?%t“dwb‘éascﬁmtwp}zlaﬂ el dr@damﬂie Blatyfluidted ohit Beads
Coat ed %egadﬁew me&s%@d—]lnvy&?feﬁggsﬁ{ré S, Czﬁetd IOQCPQ% % 9A.
nlzatldlne | R beads of nore or Isin egra W|th
an hour rel easing nost of the dose in the aC| d| c buffer although the
enteric pol yner was not supposed to dissolve. In contrast, the

ent eri c- ¢oat ed. beads, o anol ol nchl ori de of Exarrpl e 2B
exhi bite%‘the‘%%f%&sbeﬁé‘gs 2l péae%‘?r-s??%%i Jpg.lpwy by rel easi ng not nore

than 1% of the dose in 1.5 hours of di ssol ution testing at pH 1. 2.

Al t hough hi e, bound b heor it appears the water
Mot beq 1A PR el e e A G ST b AR P A e
ni zat i.di sgraxWesstdr ingerawittaHRBICP e g. piypesllo @pkeakte, Mhiss borBaeisI O

dest roy t t he enteric coat | R beads,
even tho a@gﬁ |Ssgﬁsuygﬁpﬁﬂbm#%ﬁgﬁ%%ﬁmlﬁPté"(ffm%‘ffeg@épri er - coat
on Lag t dﬁwlvedm acBtooefwatecionpacigla gain of 1056 Yasedon the aBightdf thaltbakd
depict tje,drug-rel ease profiles of TPR beads wi thout a barrier coat,
it is clear that the TPR beads of nizatidine, a slightly alkaline
drug, coated W|th.EC/I-I PI\/CP at 30%by vvel ght exhibits a lag-tinme of
| ess t haf 3 Hbgatidine IRR Bepdswithout aBavicronting afIHPMECPpr opr anol ol HC1, a
slightly acidic drug, coat ed W th the sane polymer blend at the sane
coating thickness exhibits a lag-lime of about 5 hours. Froma
conpar i sP48f RPmgconipining Redeadbitem Stp Afabova wérg povidedeittearchuger opr anol ol
HCL TPR figaianaly HASALLCAbi GRS 96049 %bhtt%ép&ﬁé( GOMRARIL Ak { TS
evi dent that the acidrty/alkalinit e’ n provi
the |l ag. tmﬁ%ﬂeﬁﬁf@) ng§/2 ai@@@é’?@tqtp‘geﬁluldlb atSI ﬁemnslttrgamef appe)xahdteigt of
a barri egpgoaii j eved for atldlne
Sene! ! EL0R03H 1500, KR ApiTE 0Pk ANPGRSl el AR

TPR Beads (batch size: 4 kg).

. D. Nizatidine TPR Beads with a Barrier-coating of HPMCP:

[0042] The enteric-coated beads from Step B above were provided with an outer membrane
by spraying a solution of 45.5/40/14.5 EC/HPMCP/TEC in 98/2 acetone/water in a fluid bed
coater for a weight gain of approximately 20%, 30%, and 40%. The coated particles were
unit cured at 60°C for 10 minutes to produce TPR Beads (batch size: 4 kg).
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pol yner bather provides a lag tine of about 5 hours while a nore

hydr ophobi ¢ bat her of EC/ HPC enabl es achieving a lag tinme of about 8
hours. Thewe didfimisences becone clearer fromFig. 6, wrausstwwsssshe
drug-rel ease profiles from TPR beads at 30% coating: i) with no

bat her coating; ii) with a bather coating of an enteric polyner; ora
hydr ophobi ¢ polynmer blend. It is evident that a barrier coating with
a hydr opRobi ¢y E creessehyl cel lul ose provides
| onger Ite]ég; ti V%g&géﬂ“ﬁ@ﬁ%‘dggﬁhgﬁhﬁ o t§r‘é_dc:fb‘at‘1‘|"i‘g of an enteric

pol ymer from TPR beads of al kal i ne_drugs ‘LOOS From t hese
denonst r 4#948hsIR baads produsedabars (Sten 49 “We‘«%tf: ®Glaft 6YCE Sicawipred githiehe

active phandmee Waaler indaf 9fl 8RficelABscAnd hed ybfoﬁ?%ellu%%t Kfeeltire | ag

time that can be achieved at given coati n%gcon Itions not her active
such as &PEREICHIY arfilable fram pgpdon) plaatioed 10RQissplyed in acekrBeAtdist d be

expect ed plaBticiRaWith MBI f6F a Walght bhifBf 495 Bibel bt ik h@igheor thfcosBd beads. TR | ag
time can, be, mcragsed by provi dlgg a bat her coating conprjising an

appr opr i TR ?adawsquy%deﬁ WItR BB eT ARSUEVRDRDY BPTaY IR AIEAR Ondi f i er

(for examplao/1ayBoIRPGEPIEE N YE/E edetonb/RERr BlaGREd B3 cbAGTEMSeigh: Edin

wat er - sol bI e hydrox%J/o L{yl cel | ul ose). The nenbrane thickness can be
varied t@& ?HEFQ"HEQ"GIY? AR irg‘b"‘{aFeleramFIGﬁg?}]’ upip e at AECGifROnt i on
has beenngﬁﬁggrtbfg@gudemgeaasl (badhkiz2ed 4 Byyr espect to specific enbodi ments
thereof, it will be apparent that nunmerous nodifications and
variations are possible w thout departing fromthe scope of the
invention as defined by the following clains. Wat is clained is:

1. A pharmaceutical composition conprising one or nore popul ations of
timed, pulsatile release beads, wherein at |east one popul ati on of
tinme-pul satile rel ease beads conprises: a) a core particle conprising
a basic #Zxymple 2pempmedivélt cal i ngredient or a pharmaceutically
acceptabl e salt thereof; b) an inner bather coating conprising a

wat er - i ngol ubren Y WBSorilRi ghe optionally in conbination with a
wat er - sol ubl erpore- Torr%rﬂg po yrrer and c) an outer lag-time coating

conpri si n(y% a wat er-insol uble )p in conbination with an enteric
pol ymer : [0044] Propranolol HCI (168 kg) was slowly added to an aqueous solution of

polyvinylpyrrolidone (8.8 kg Povidone K-30) and mixed well. 25-30 mesh sugar spheres

(117.2 kg) were coated with the drug solution in a Glatt fluid bed granulator equipped with
32” bottom spray Wurster msert. The drug containing pellets were dried, and a seal coat of
Opadry Clear (6.0 kg) was first applied and dried in the Glatt fluid-bed unit as a

precautionary measure to drive off excessive surface moisture. The drug load was 56% w/w.

B. Propranolol HC] Beads with a Barrier-coating of HPMCP:

"[0045) IR beads produced above were coated in Glatt GPCG 5 equipped with a bottom
spray Wurster insert with HPMCP and TEC at a tatio of 90/10 dissolved in 98/2

acetone/water for a weight gain of 10% based on the weight of the coated beads.

C. Propranoloi HC1 TPR Beads (without barrier-coating):

[0046] IR beads produced in Step A above were coated in Glatt GPCG 5 with
ethyleellulose, HPMCP and triethyl citrate at a ratio of 45.5/40/14.5 dissolved in 98/2
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wherein the popul ation of tinmed, pulsatile rel ease beads provides a
lag tinme of at | east 6 hours before onset of drug release. 2.The
phar maceut weadoogamzesi tion of claiml, wherein said basp@;mbaﬁmﬁqgg
pharmaceutjcal. ingredient is selected fromthe group consisting of
anal gesi cs, anticonvul sants, antidiabetic agents, anti-infective
agent s, aaselorpdwgitrdons weight aein PERO%K30%0nd 40% h@ealmlsthe aaightr df ehercaited
agents, gangi ovascul ar agents, central nervous system stinulants,
dopami ne receptor agonists, anti-enetics, gastrointestinal agents,
psychot herapeutic a ent S, Opi 0| d _agonl st s, opi 0| d ant agoni st s,
anti - epi "&pt i o820l HEL IARBeads, amigreost oftECY: ant i - ast hmat i ¢
agents, and skel et al rruscl e reI axants and m xtures thereof 3. The

phar maceUpd4al mmmbaucmms&epommwam WaRE & MriGBédbqE Rt A4t €
ed with said basic activ

conpri se e co
phar mac eEFtATOI(%g equ}?ﬁ? e‘ﬁ'llﬂégg ;’ﬁ’ﬁo’ﬁﬁ?rf‘y 4t W“ﬁeﬂﬂl?mfﬁl%?sﬁa@dmt@fl ii) a
pel | et, rphtbalate§DEP) 26 b plabtidideedt,a rificCst OGN Gfvl b Seight gafll (ﬁﬂk@%ﬁy @ﬁ%ﬁt' ¢hi€

cont ai ni Sl c..actd v hannac edi ent

phar rracetr}tglﬁglglvgﬁgogﬁ%’%q % glflgg? gflwf%g/@ﬁ@%ﬁ#ﬁ’;ﬂg?aahﬁ&f%@/ﬂ?/yg, nder
i s sel ectdissolfddgmps/e h@toge/wpr fon sicight gath obft SPObayadi orythedy & s b 1O BRited

nmet hyl celbeé{#ose, hydr oxypr opyl cel | ul ose, hydr oxypr opyl

met hyl celTul'ose, corn starch, pregelatinized starch, and mni xtures
thereof. 5. The pharnmaceuti cal conposition of claiml, wherein said
enteric poFhePneRelasedesting: Fhesha misasg profifes sworeedendritadbyofissoletionl 0se

acet ate phthalate ,thﬁ%d%éﬁ)fr@{%é (AH%EIQML ¢ Ghth 'ﬂLs%tQ ﬁ%b ?ﬁ’lﬂ %%ﬁpaﬁpﬁ 2 ate

hydr oxypr opyl neth 'ul ose succinate, polyvin

pH sensi ti@addles r?lnp esingci0d mfeefip h@ﬁhﬁ%rﬁ)ﬂ %ﬂerscf@lbmes‘! hyetegt;ngsﬂnel | ac,
and m xt Yo@&LoPeN 83ffor the remaining time-points). The IR and enteric-coated beads were

tested in 900 mL of 0.1N HC1 for 1 and 1.5 hrs, respectively. The samples pulled at different
time-points were quantified by HPLC.

Example 3

Stability of Coated Beads;

[0049] Nizatidine TPR beads of Example 1D coated with EC/HPMCP at 40% were

packaged in induction-sealed HDPE bottles, placed on stabi]itjz at 40°C/75%RI and samples

were pulled at 1, 2, 3 and 6-month time points. Dissolution tests wete performed using the

‘procedures detailed above. The TPR beads stored at accelerated stability conditions
 exhibited acceptable stability for at least 6 months.

Drug Release Profile:
[0050] Finished capsules may comprise one or more TPR bead populations with desired
lag-times or in combination with IR beads at a desired ratio and in sufficient quantities to

provide target in vifro drug-release profiles and hence target pharmacokinetics (PK) profiles
suitable for a twice-daily or once-daily dosing regimen. When tested under i1 vitro
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6. The pharmaceutical conmposition of claiml1, wherein the ratio by
wei ght of said water insoluble polynmer to said enteric polymer in

sai d out erwigageddigmscoating ranges from10:1 to 1:3. 7.pdf@s2006/016538
pharmaceutical conposition of claiml1l, wherein said water-insol uble

polymer is selected fromthe group consisting of ethylcellul ose,

cel | ul oseondibomifellowime thmtlimmﬁam'e*et@tceecbnﬁ ljatmltabovepmb ;szem;lé whicleirat e,

nmet hyl net l; 1L ral. co

et hyl acr ci%é’fgﬁe\ﬁ ?%ﬁﬁd&?@u g%f%a yr,e 83386‘(1) Sfﬁ@aﬁf HE%%& .Wéﬂ’%

met hacryl ﬁr&i haws plreégtbhrrmthnath@lﬁm 3 minges.t TreToéd Pulﬁulemaagmﬁl?mmﬂa i cal
conposi tion I X\Amlr aner barr i coating
and the out%?lgréggg%) | ° oat i H}ug%r%érrﬁga tu'Be é?fugscf Segarg Ours?bpen?ﬁ %

phar maceutiresgl dpgngless &lqss)ﬂnamabout Hi%wflthe d/daé rfeilqmugmalradmumsn’m}bn\)\eﬂ@ht of
sai d wat L Bsol, f | ymer
h sald Faserag gaplopaRalelbrep ol ol Sl oty BRI sRETR B5uE; L
conposi t ihgws depending @nﬂaeﬂrﬁ QShefth@bgﬁmespatggamﬂﬁrerdh@lia&lareb&ase beads,
each i mredi ate rel ease bead conprising a core particle conprising

sai d basic active pharmaceutical ingredient or a pharmaceutically

accept abl e °H§alt t her Sﬁ? wherein said i.ymedi ate rel ease beads rel ease
not | ess AfhFRSStRes ofraidine and ronyanolel Beads Gonted wigh BERMGR cont ai ned

therein \égsij nrﬁmtehb b&m&%ﬁu@fawred%aizammlbééds%?ﬂ%p@ef 18 Rbredpsage

form i P rga ngg&tlono claiml, further

conpri si eﬁS? ipiegrated @ fan B'Hﬁ?l fogtofthedase 1o frgjagidicibpienaiihagh hepeads
or (2) aemwcaym@mas)ﬁoﬂsﬁmse&uaé @issoBe € BERnRAAEE en@fic-boiteddeiBONd

popul ati gn _of tg

Dot S BT o B3R 0T 2 s ekt B,
pul sati | ecleasing astenqrofhert EbioDMhs deselin Db howts 6ff ddselafion teiBRBIGH 1.2.

charact er Itﬁ:gug% ot wishing to be bound by theory, it appears the water imbibed into the core of
coated nizatidine beads dissolves some nizatidine creating an alkaline pH environment, which
tends to destroy the enteric polymer membrane on the enteric coated IR beads, even though

the dissolution medivm is acidic.

-Effect of Barrier-coat on Lag-time:

; [0052] From a comparison of Figures 1 and 2, which depict the drug-release profiles of
TPR beads without a barrier coat, it is clear that the TPR beads of nizatidine, a slightly
alkaline drug, coated with EC/HPMCP at 30% by weight exhibits a lag-time of less than 3
hours. In contrast, the TPR beads of propranolol HC, a slightly acidic drug, coated with the
‘'same polymer blend at the same coating thickness exhibits a lag-time of about 5 hours. From
a comparison of the lag-times observed from Nizatidine and propranolol HC] TPR beads at
identical coating conditions and compositions, it is evident that the acidity/alkalinity plays a

major rols in providing the lag time (Fig. 3).

[0053] Figs. 4 and 5 demonstrate the effect of a barrier coating on the lag time that can be

achieved for nizatidine beads. For example, at the coating of 40% by weight, an enteric-
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12. The pharmaceutical conposition of claim1, wherein said outer

| ag-time coating conprises ethylcellulose in conbination with

hydr oxypr opyl200setidnss cel | ul ose phthal ate. 13. A net hod f arcTi®2006/016538
preparation of a pharmaceutical conposition, the nethod conprising:
a) preparing i nmedi ate rel ease beads conprising a basic active

phar mac e ppiyegr bargry peident lag fimg ofbavtPewatstwhilg e mpreydesphebid wmicaof

t her eof ; E@Hp@mamey&h%ng%gmﬁ%%&ut § QG nﬂle&mlﬁ&&ﬂea BOG QLo

rel ease beads, said I nner barrier coating conprising

wat er - i ndOmBES, phic shows ﬂh%!rugrrgle@ppmﬁ%pa ifogn THR ecodnnt a%%: ceatingii ¥ with
wat er - so f oF ag-tinme
coating (ll:l g%@é@?ﬁg@éﬂmt er -alp}%ggl ub% %Pa%%n&)w Eﬁﬂh& %%) zi'tﬁlll6 ﬁ{b\]}d t g an
enteric peVpsEledndids pdsarthaabairiey C%’@’éﬁ‘é@ pladepphelfic watemingdjubly  ont o
said i m@@&ﬁ%ﬁuﬁlﬁis%@ﬁ:eﬂﬁ@s@ %rondeﬁoﬁébr @a)g tﬁxﬁs E@Joﬂ%:?re@%waﬁ{e&' QxR of

timed, pulsatile rel éase beads; and nbi ni ng one or
populatl6ﬁ§“ﬁF¥Pbﬁ§6ﬁmﬁJW§éF¥Féfﬂ@ﬂ@a@@%beads and i mmedi ate rel ease
beads in the formof a capsule or a tablet. 14. The pharnaceuti cal
conposition of clain111 conprising two or nore timed, pulsatile

Lol ease TR OB BLL el RaBl O S el RIFIRS RS G AT o

phar nac e gbdrmadenibahijpgedititdas Ofignificabiiinpact vl e ﬁgmn{ehmt aaamm&mafed gai d

outer | agi_ven coating conditions, Another active such as atenolol which is more alkaline than
nizatidine would be expected to show shorter lag time than nizatidine. Of course, the lag

| time can be increased by providing a barrier coating comprising an appropriate polymer alone
or in combination with a membrane modifier (for example, hydrophobic ethylcellulose alone
or together with water-soluble hydroxypropylcellulose). The membrane thickness can be

varied to further fine-tune the lag time.

[0055] While the invention has been described in detail and with respect to specific
embodiments thereof, if will be apparent that numerous modifications and variations are
possible without departing from the scope of the invention as defined by the following

claims.
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time coating 1s20%to 60%.by weight of said tinmed, pulsatile rel ease
bead. 16. The pharmaceuti cal dosage form of claim1l1l, conprising an
i medi at e-rel ease bead population and two tined, pulsatile rel ease
popul ati ons, wherein the ratio by weight of the inmedi ate rel ease
bead population to the first tinmed, pulsatile rel ease bead popul ation
to the second tinmed, pulsatile release bead popul ati on ranges from
10/ 20/ 70 to030/60/10. 17. The pharnaceutical- conposition of claim 11,
wher ei n sai Whatiaramedikti cal dosage formtakes the formof a capsule,
a tablet, or an orally disintegrating tablet. 18. The pharnaceuti cal
conposition of claim1, wherein said basic active pharnaceuti cal

i ngredi ent MhenAgpbsmecedtia! sompdgtidnaninptdngunt 6 méat pepulifivhy of@Réent of 1

g/ mL or nor, Qi re.al kaline pH co red tq that of the

de-i oni zed pﬁgﬁg%eﬁi%iea%ﬁeﬁsﬁ raﬁrgeasé3’%“‘]P@E‘f‘“@&%@??‘?‘f‘ﬁﬁ“é&“&? beeds 1

wher ei n saicdmprsesr - sol ubl e/ poreform ng polyner is selected fromthe
group consi sti | i e t hyl cel.l ul ose

hydr oxypr opy! cef| g%oésgﬁ%{/%g%%%aﬁgg%F R%E%Gfg?tﬁgld%?meﬂb‘?rfet hyl ene
gl ycol , and mi xt uphagnaceudicallyfaccepible Fitghqrtvdr maceut i cal conposition of
claim 2, wherei i 1 ' ' b ngredi.ent. exhibits
an al kaline pH @aﬁé#%rpﬁ%‘%%@kk ag%’iﬁ f\%ﬁé %ﬁ}é%)déﬁbgéeﬁ h’l“%r ggt-lf %Dﬁ’ioﬁélg

wat er at a drug cseEbination with pwatessolubls/mere-fomting ftkenssivad maceut i cal
composi ti on of ¢! @ldRetiacHhiEbRite %ﬁp@iﬁggwﬁeﬁiﬂso@%@%%ﬂ%@@%%rﬁfat L

before onset of drug release occurs n teste
1 or 2 and a two-"C{EAFSMINSRBYNES on nedi um (first two hours in 700 nL

of 0. 1IN HGhn&af tHe BeRibh fftinhdd, RARIB tdleadt beRd plovfiks 2 BLrimé\f at least 6

har maceut] cal, dosage nn conprising the conposition of claiml1.
P flours before onget oI‘ rugre easrép g P

2., The pharmacentical composition of ¢laim 1, wherein said basic active
pharmaceutical ingredient is selected from the group consisting of analgesics,
anticonvulsants, antidiabetic agents, anti-infective agents, antineoplastics, anti-
Parkinsonian agents, antirheumatic agents, cardiovascular agents, central nervous system
stimulants, dopamine receptor agonists, anti-emelics, gastrointestinal agents,
psychotherapeutic agents, opioid agonists, opioid antagonists, anti-epileptic drugs,
histamine H; antagonists, anti-asthmatic agents, and skeletal muscle relaxants and mixtures
thereof.

3. The pharmacentical composition of claim 1, wherein said core particle comprises:
i) -an inert particle coated with said basic active pharmaceutical ingredient and
optionally a polymeric binder; or
if) a pellet, mini- or micro-tablet, microgranule, or granular pariicle containing

said basic active pharmaceutical ingredient,

4, The pharmaceutical composition of claim 3, wherein said polymeric binder is

selected from the group consisting of polyvinylpyrrolidone, methylcellulose,
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23. The pharmaceutical conposition of claim1l, wherein said inner

bat her coating conprises froml.5%to 20% by wei ght of the barrier
coated bead. 24. The pharnmaceutical conposition of claiml1l, wherein
said outer lag-tinme coating consists essentially of a water-insoluble
pol ynmer in conbination with an enteric polyner. 25.. The
pharmaceutical conposition of claim1l1, wherein the anount of said
outer lag- time coating is20%to 60% by wei ght of said tined,

pul satil e rigiesgeomylsaliplossdiydrprpropybnetadeiitlbeatorotamy siepdlninized stattai m
1, wherein Lhgudads ddbdE 1 S7 hours. 27. The pharnmaceutical conposition
of claiml1, wherein the lag tinme is hours. 28. The pharnmaceuti cal
conposition of claim1, wherein the lag tinme is.9 hours. 29. The

phannaceut isal eRIERATabAuRE BimpoliBbdBrbiainth Sirtleth sEiIa%ntler?lgpowmne? ' S6 10 9

hour s.

selected from the group consisting of cellulose acetate phthalate, hydroxypropyl
methylcellulose phthalate, hydroxypropyl methylcellulose succinate, polyvinyl acetate
phthalate, pH-sensitive methacrylic acid-methylmethacrylate copolymers, shellac, and

mixtures thereof,

6. The pharmaceutical composition of claim 1, wherein the ratio by weight of said
water insoluble polymer 10 said enteric polymer in said outer lag-time coating ranges from
10:1 to 1:3,

7. The pharmaceutical composition of claim 1, wherein said water-insoluble polymer
is selected from the group consisting of ethylcellulose, cellulose acetate, cellulose acetate
butyrate, polyvinyl acetate, methylmethacrylate ester polymers, nentral copolymers of
ethylacrylate and methylmethacrylate, copolymers of acrylic and methacrylic acid esters,

and mixfures thereof,

8. The pharmaceutical composition of claim 1, wherein at least the inner barrier

coating and the outer lag-time coating comprises a plasticizer.

. The pharmaceutical composition of claim 1, wherein the ratio by weight of said
water insoluble polymer to water-soluble / pore-forming polymer in said inner coating

ranges from 9:1to 1:1.

10.  The pharmaceutical composition of claim 1, further comprising immediate release
beads, each immediate release bead comprising a core particle comprising said basic active
pharmaceutical ingredient or a pharmaceutically acceptzble salt thereof;

wherein said immediate release beads release not less than 90% of said active
pharmacentical ingredient contained therein within the first hour afler oral administration

of the dosage form.,
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30. A pharnmaceutical dosage form conprising the pharnmaceuti cal
conposition of claim10. 31. The pharmaceuti cal dosage form of claim
30, conprising nore than one basic active pharnmaceutical ingredients.
32. The pharnaceutical conposition of claim1l, wherein the first
popul ation of tined, pulsatile release beads exhibits a lag tine of6
to'9 hours, and the second popul ation of tined, pulsatile rel ease
beads exhibits a lag tinme of 3 to5 hours. 33. The pharnaceuti cal
conposition of claim 32, conprising nore than one active

phar maceutigal Tﬁ@ﬁ]ﬁﬁﬂa@%cal co%sm&h@fcﬁﬂﬁﬁ e Ld éﬁﬁ’%sr ggng% bid on of

claim1l, conp 15|n%8a first population of tine e rel ease

beads and é’og%ma sl pulsatiloelenpe beadseay (2) gwpiiation eflrn&eétatg@lm%lvsds,

wher ei n t heyr {3) & sécoml by ﬂ@ﬁ&@hﬁlb satiRUEISAL bdals 4@l ?@;ﬁﬁngﬁgﬂmmedmw

popul ati ons exhéblt dlfferent rel ease characteristics.
release beads
wherein said first and second timed, pulsatile release populations exhibit different

release characterstics.

12. The pharmaceutical eomposition of claim 1, wherein said outer lag-time coating

comprises ethylcellulose in combination with hydroxypropyl methylcellulose phthalate,

13. A method for the preparation of a pharmaceutical composition, the method
comprising:

a) preparing immediate release beads comprising a basic active pharmaceutical
ingredient or a pharmaceutically acceptable salt thereof;

b} applying an inner barrier coating on said immediate relesse beads, said inner
barrier coating comprising a water-insoluble polymer that is optionally in
combination with a water-soluble/pore-forming polymer; and

¢) applying an outer lag-time coating comprising a water-insoluble polymer in
combination with an enteric polymer onto inner banier coated beads of step b)
or onto said immediate release beads of step a) to form a population of timed,
pulsatile release beads; and

d) combining one or more populations of timed, pulsatile release beads and

immediate release beads in the form of a capsule or a tablet.
14.  The pharmaceutical composition of claim 11, comprising two or more timed,
pulsatile release bead papulations to provide target pharmacokinetic profiles suitable for a

oncs or twice-daily dosing regimen,

15.  The pharmaceutical composition of claim 1, wherein the amount of said outer lag-

time coating is 20% to 60% by weight of said timed, pulsatile release bead.
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35. The pharnmaceutical conposition of claim 34, conprising nore than
one active pharmaceutical ingredient. 36. The pharmaceuti cal
conposition of claim1l1l, conprising a first population of tined,

pul satil e rel ease beads and a popul ati on of immedi ate rel ease beads,
wherein said conposition conprises nore than one active
pharmaceutical ingredient. 37. The pharnmaceutical conposition of
claim11; cPérprhﬁi ng a first population of timed, pulsatile rel ease
beads and a'%ecdABPHIREPUICALGRSA8E forp sEelaingy comprisieg andmmadiserRictes and a

popul at i on whd pepuREbARE tWEHRAE fulRERYSeasdFRhIBkdDs thereld St PR wagf ond
timed, pulsatil.e r@l ea%% ea q%&gul ations exhjbit different release
char act er i stiltrdnmedger %el’ﬁf’ﬁﬂi’ Bt thfirst e lsatilsrelease beadi m 37,
conpri si ng populatichixathe Siendatinddy;fulatie FdMASEIehd fophlatiodThREd fipt - 39. A

phar maceut i sage, conprising the conposition of claiml11.
40. The rret@%hﬂg cl aishﬁ%é@],)' Thither conprising: e) incorporating said

timed, pulsatile release beads into a pharmaceutical dosage form

41. The nethod of ¢l aim 13, wherein Ld.pouter, lag-tine coatjng
consi sts eslts}‘ent?ha I?'?/rmg?eu O S ROs g?&gﬁ%ﬂ?éﬁﬁ’%@ﬁﬂ?ﬂi’wm 38R Wi t h
an ent eri c fypol tyires the forh2f a Sapsiie rantaideat,en in eraily dimgpaing tabRt.conpri si ng one
or nore popul ations of tined, pulsatile rel ease beads, wherein at

| east one popul ation of tined, pulsatile release beads conprises: a)
a core par tif.cl eThephpmaesiigl compasitich of claim 1, whepinanidbadudciiwal i ngr edi ent

or a phar mBeeuldefifth] i)fgr@ﬁ&?%é‘péugpeﬁ&h S deX6LiE A water at 2 drug content of 1 g/ml

or more exhibits 4 more alkaline pH compared to that of the de-ionized water.

19.  The pharmaceutical composition of claim 1, wherein said water-solublefpore-
forming polymer is selected from the group consisting of polyvinylpyrrolidone, -
methylcellulose, hydroxypropylcellulose, hydroxypropyl methylcellulose, polyethylene
glycol, and mixiures thereof,

20.  The phanmaceutical composition of claim 2, wherein said basic active
pharmaceutical ingredient exhibits an alkaline pH ranging from 6.5to 11 when

suspended in de-ionized water at a drug content of 1 g/mL, or more.

21.  Thepharmaceutical composition of claim 1, wherein said lag time of at least 6
hours before onset of drug release occurs when tested using a USP Apparatus 1 or 2 and 2
two-stage dissolution medium (first two hours in 700 mL of 0.1N HCI and thereafter in 900
mL at pH 6.8).

22. A pharmaceutical dosage form comprising the composition of claim 1.

23.  The pharmaceutical composition of claim 1, wherein said inner barrier coating

comprises from .1.5% to 20% by weight of the barrier coated bead,
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b) an optional inner bather coating conprising a water insoluble

pol ymer in conbination with a water-sol ubl e/ pore-formng polyner; and
c) an outer lag-tinme coating conprising a water-insoluble polyner in
conbi nation with an enteric polynmer wherein the popul ation of tined,
pul satil e rel ease beads provides a lag tinme greater than 6 hours
before onset of drug rel ease when tested using US? Apparatus | or 2
and a two-stage dissolution nedium (first two hours in 700 nL of 0.1N
FIC and t Hér eafhephampacoigal spmpgsitiopiofeldin 1, wisreimsid quben lagdiceisoiting|
ConMposi t i OnspRfisids i cal

i ngredi ent mhéﬁﬁiﬁiggﬁﬁgawgﬁf%ﬂ?ﬁ%ﬁ%gnﬁ§hﬁtﬁ?%%#% hagg%§ﬁ§53&19
content of 1 g/m or nore exhibits a nmore acidic pH conpared to that

of the de-i2gni zekk piainfkeutibal c&ﬁﬂo@ﬁﬁ@@k‘ ddiR T ﬁﬂl?euﬁﬁ@étﬂouﬁ%ﬁh? Ee)'!étgﬁ \PO f

analgeS|cs antlconvulsaqgs ant i di abeti ¢ agents, anti-in

agents, antiREOHIPES: i cs 20%i¢ FUphY wpigloRsaitfimsgarmisatile sleepativadinat i ¢
agents, cardiovascul ar agents, central nervous systentstlnulants
dopani ne rg ept.Qr 3 ni st.s, anti-enmetics astroi ntestinal agents,
psychot her %eut P %’Eﬁ?“é‘ma&ﬁi"?ﬂ"ﬂt‘%‘wfﬁta% b whesindhedagoaisoni ¥ Bours.
anti-epileptic drugs, histamne 112 antagoni sts, anti -ast hmat i c
agents, etal muscle rel axants an 1 Xfures thereof. 44. The
phar maceut ?% e"th(? %E’FTGF@%?WPE‘?‘B?% fglgim gb’?rgﬁ‘ie ndbelas Wpisor ndRE i med,
pul satil e release bead populatlons to provide target phannacokinetie
profiles syjta 0 el dosi regj men. 45, A
phar maceut ?%:al bllélgggagea Btﬁcr% co %@I %gl Zl%ﬁqggtﬁﬁ Bf cl %ﬁ’?’r‘fﬁz

46. The pharnmaceuti cal conp03|t|on of cIa|n142 wherein said core
particle ¢ ri I sal di c
active pha%Trrgcg% ? r‘Paci%%béFe 581!”%1[&%?1%% e la%g?eg}ﬁer i 8B nder ;

or ii) a pell &housy nini- ntcro tablet a nterogranule or a
granul ar particle contalnlng said acidic active phar maceut i cal
ingredient, 47. The pharnmaceutical conposition of claim46, wherein
sai d pol yntic Abthﬁweqﬁsa@@aa&tow cqupsising Fie pharoeqsuiicsheompoditing ofelaim

pol yvi nyl pyy.roli done, nethylcellul ose, hydroxypropyl cell ul ose,

hydr oxypropyl methyl cellul ose, corn starch, pregel atinized starch,

31, The pharmaceutical dosage form of claim 30, comprising more fhan one basic

active pharmaceutical ingredients.

32.  The pharmacentical composition of claim 11, wherein the first population of timed,
pulsatile release beads exhibits a lag time of* G to’ 9 hours, and the second

population of timed, pulsatile release beads exhibits a lag time of 3to 5 hows.

33.  The phanmaceutical composition of claim 32, comprising more than ane active

pharmaceutical ingredient.

34.  The pharmaceutical composition of claim 11, comprising a first population of
timed, pulsatile release beads and a second population of timed, pulsatile release beads,
wherein the first and second timed, pulsatile release bead populations exhibit different

release characteristics,
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and m xtures thereof. 48. The pharnmaceutical conposition of claim42,
wherein said enteric polyner is selected fromthe group consisting of
cel lul ose acetate phthal ate, hydroxypropyl nethylcellul ose phthal ate,
hydr oxypr opyl rmethyl cel | ul ose succi nate, polyvinyl acetate phthal ate,
pH sensitive methacrylie acid-nethyl nethacryl ate copol yners, shell ac,
and m xtures thereof 49. The pharmaceutical conposition of claim42,
wherein said i nner bather coating conprises from:1.5%to 20% by

wei ght of the barrier coated bead. 50. The phar maceuti cal corrpositi on
of claim42; wh nsol ubl e
pol ymer to%sal d?%ﬁ{hgpﬁg&n&?kdnﬁow%ﬁgal HIL‘ out m%l%smﬁnf %ea"c%lgf”%’a ranges
from 10: 1 mbarma@}utlcam!gred‘m phar maceuti cal conposition of claim 42,
wherein said water-insoluble polyner is selected fromthe group
consisting of ethylcellulose, cellulose acetate, cellulose acetate
butyrate, pgél vaWha@é@Pmﬂécomesmqa ofeleinath y¢mnrelngsﬁ§t popolationenfs

neutral CORRkY BRSOk Bl 8RR BRI TBLRECLN, Bhbivin ia

copol ynmers of "acrylic and nteth FIC acl esters and moxear

t her eof  SOMPPRECTHORIPRIERS &19re e 0”&6?%’6?1@1’@51&“‘29&1 ingredioRt.42, wher el n at

| east one of the inner bather coating and the outer lag-time coating
conprises a plasticizer._ 53. The pharnmaceutical conposition of claim

42, wher ei B’ thétha}E“}”Ba‘EVmﬁk‘i°§’ﬁ?s‘W°§alﬁw Waecsmprising s fistnosulpiiingfer to

wat er - sol uihed, puliilegelbaae maagaxﬁalsydasﬁa pdpmaﬁé}i d&‘nm@@%ﬁ]sﬁ@@&k&w bERAD YRS
frond:1 tol: 1., .54. The E gﬂe@{ilca 05|t|ono claim42,

further co"h'bqplmé‘f’?i’g”f"ﬁlﬁﬁq} s‘%hebeé‘b@ rspand secpitiendapdsatilel ease

bead conprne&ase@eapopnﬁmnamﬁbmﬂ&"@mmdaﬁcﬂgac&aisﬁbsaCI dic active
pharmaceutical ingredient or a pharmaceutically acceptable salt
t her eof ;

38.  The pharmaceutical composition of claim 37, comprising more than one active

pharmaceutical ingredient.
39. A pharmaceutical dosage form comprising the composition of claim 11,

40.  The method of claim 13, finther comprising;
€) Incorporating said timed, pulsatile release beads into a pharmaceutical dosage

form.

41.  The method of claim 13, wherein said outer lag-tinie coating consists essentially of

a water-insoluble polymer in combination with an enteric polymer.

42, A pharmaceutical composition comprising one or more populations of timed,
pulsatile release beads, wherein at least one population of timed, pulsatile release beads
comprises:

a) acore particle comprising an acidic active pharmaceutical ingredient or a
pharmaceutically acceptable sait thereof:
b) an optional inner barrier coating comprising a water insoluble polymer in

combination with a water-soluble/pore-forming polymer; and

24



wherein said i medi ate rel ease beads rel ease not |ess than' 90% of
said acidic active pharnmaceutical ingredient contained therein within
the first hour after oral adm nistration of the dosage form 55. The
phannaceutical conposition of claim42, further conprising (1) a
second popul ation of tined, pulsatile release beads, or (2) a
popul ati on of imedi ate rel ease beads, or (3) a second popul ati on of
timed, pulsatile rel ease beads and a populatlon of i mmedi ate rel ease
beads, wh& &P RUEEPEITS PaatingaomPEBushvetutinmelible polymenin Penbindtions e

bead popul ations eitiaBedtefbigoly@ifegnt rel ease characteristics. 56. The
tﬁf aim42, wherein said outer lag-tine

phar maceuti cal gngg ition o
coating conpri s&&e" %IPEQIEWBP 8 té“"ldnp%%ﬁ%ﬁq ksadsiravideny g B greatey |
net hyl cel | ul osethas hakstefore néetAf BRE R sd vlfen RERPH: gﬁﬂiPtztﬁaratus lor2

har maceut i cal ositio f.claim42, the metho rising; a)
Breparl ng |rrrred?‘”§tr‘l‘gw? & QlB%“é‘dEed ﬁtm%ﬁ“réﬁl%?@f“&r Ogldt iend

phar maceuti cal thegafesin®00 mrat piTpI8Rr maceuti cal ly acceptabl e salt

t her eof ;
43.  The pharmaceutical composition of claim 42, wherein said acidic active
pharmaceutical ingredient when suspended in purified or de-ionized water at a drug content
of 1 g/ml or more exhibits a2 more acidic pH compared to that of the de-ionized water, is
selected from the group consisting of analgesics, anticonvulsants, antidiabetic agents, anti-
infective agents, antineoplastics, anti-Parkinsonian agents, antitheumatic agents,
cardiovascular agents, central nervous system stimuiants, dopamine receptor agonists, anti-
emetics, gastrointestinal agents, psychotherapeutic agents, opioid agonists, opioid
antagonists, anti-epileptic drugs, histamine H, antagonists, anti-asthmatic agents, and

skeletal muscle relaxants and mixtures thereof,

44.  The pharmaceutical composition of claim 42, comprising two or more timed,
pulsatile release bead populations to provide target pharmacokinetic profiles suitable for a

once or twice-daily dosing regimen.
45. A pharmaceutical dosage form comprising the composition of claim 42.

46.  The pharmaceutical composition of claim 42, wherein said core particle comprises:
i) aninert particle coated with said acidic active pharmaceutical ingredient and
optionally a polymeric binder; or
if) a pellet, or mini- or micro-tablet, a microgranule, or a granular particle

containing said acidic active pharmaceutical ingredient.
47.  The pharmaceutical composition of claim 46, wherein said polymeric binder is

selected from the group consisting of polyvinylpyrrolidone, methylcellulose,
hydroxypropylcellulose, hydroxypropyl methylcellulose, com starch, pregelatinized starch,
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b) optionally applying an inner barrier coating on said i medi ate
rel ease beads, said inner barrier coating conprising a

wat er -i nsol ubl e pol ynmer in conbination with a

wat er - sol ubl e/ pore-fanni ng polynmer c¢) applying an outer lag-tine
coating conprising a water-insoluble polynmer in conbination with an
enteric polyner onto inner bather coated beads of step b) or onto
said i nmedi at e-rel ease beads of step a) to forma popul ation of
tinmed, pul fadmixuestheraefe beads; and d) combi ning one or nore

popul ations of tinmed, pulsatile release beads and i nmedi ate rel ease
beads in the fonn of a capsule or a tablet. 58. The nmethod of claim
57, furt herS8conpre Bipmgceudyal onenssifion eficlaing 42 aihdreini said doteginyjolyate ise

rel ease be i i
3electdd o e BIOBS CHAGEIN o?&hlulg%sa@tg e Pﬁe}{iz{rf]&t?, Rgﬂq?%ﬁ%ﬂby wei ght

pharmaceutical conposition of claim42, . I
of said watshylcrlyess phibalye hydrarvprogylsestyicsHeleseisuccivate)noivinylrcetate d out er

lag-tinme cemhiine, JrRRiesve it oki ; peal
conposi ti o(r%,of c&lai 42, vvherréi n %%@eﬂéyé%amn%%g?tgﬁfﬁggﬁ{%gﬁﬁ%c? time
coating i sFO¥EEY Bmé%tw'meight of said tined, pulsatile rel ease bead.
61. The pharmaceutical conposition of claimb55, conprising an
i mredi at e-r&l ea]&% Fead o‘ggl ation and two tined, pulsatile release
popul at i ond?" wheEENFAgeaticatsopgogion ok plaim 42 whereia sai barFigr afingase
bead popul edmppiestfoni-he fli3%io 200 B Gveightib IR batrRr ERle8 86, Dead popul ati on
to the second tinmed, pulsatile rel ease bead popul ati on ranges from
10120/ 70 t 030/ 60/ 10.

50.  The pharmaceutical composition of claim 42, wherein the ratio by weight of said

water insoluble polymer fo szid enteric polymer in said outer lag-time coating ranges from
10:1t0 1:3.

5L The pharmaceutical composition of claim 42, wherein said water-insoluble polymer
is selected from the group consisting of ethyleellulose, celinlose acetate, cellnlose acetate
butyrate, polyvinyl acetate, methylmethacrylate ester polymers, neutral copolymers of
ethylacrylate and methylmethacrylate, copolymers of acrylic and miethacrylic acid esters,
and mixtures thereof,

52.  The pharmaceutical composition of claim 42, wherein at least one of the inner

barrier coating and the outer lag-time coating comprises a plasticizer.

53.  The phammacentical composition of claim 42, wherein the ratio by weight of said
water insoluble polymer to water-soluble / pare-forming polymer in said inner coating

ranges from 91t 1:1.
54.  The pharmaceutical composition of claim 42, further comprising immediate release

beads, each immediate release bead comprising a core particle comprising said acidic

active pharmacentical ingredient or a pharmaceutically acceptable salt thereof:
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62. The pharmaceutical conposition of claimb55, wherein said
pharmaceutical conposition takes the formof a capsule, a tablet, or
an orally disintegrating tablet. 63. The pharmaceutical conposition
of claim42, wherein said outer lag-tinme coating consists essentially
of a water-insoluble polyner in conbination with an enteric pol ymer.
64. The nethod of claim57, wherein said outer lag-tine coating
consists essentially of a water-insoluble polynmer in conbination with
an enteric pol ymiereinggd imheligttuicar beads rabeate noblepdisint i 0N9G%h ofshidiabitig2,

wherei n t he,.lk: [H;Ee kiS5 . e .pharmaceuti cal .conposi tion of
claim42, \%ﬁ{é%h%\ R eh?agbd%&?{?gt cf’@%nﬁdgﬁ?rglgwg#%tgﬁ“ﬁ?%&’%t I cal
conposi t i orpdEinigptgnal e dosggefosin the lag time is9 hours. 68. The
pharmaceutical conposition of claim42, wherein the lag tinme ranges
fromgreater than6 to9 hours. 69. A pharnaceutical dosage form
conpri si ng Phe Phfhammeeenticad emposiipwei claim A2, Girthet impriSug (170secobde

phar meceut inagladn s ifiod, gl AR bIA0 by (o LB\t TEferk RSO

aci di c active pharnmaceutical 1 ngreo
eads, or (3) a second population of timed, pulsatile release beads and a population of

immediate release beads,
wherein said first and second timed, pulsatile release bead populations exhibit

different release characteristics.

56.  The pharmaceutical composition of claim 42, wherein said outer lag-time coating

comprises ethylcellulose in combination with hydroxypropyl methylcellulose phthalate.

57.  Amethod for preparing the phanmacentical composition of claim 42, the method
comprising:

a) preparing immediate-release beads comprising an acidic active pharmaceutical
ingredient or a phanmaceutically acceptable salt thereof:

b} optionally applying an inner barrier coating on said immediate release beads,
said inner barrier coating comprising a water-insoluble polynzer in combination
with a water-soluble/pore-forming polymer

¢) applying an outer lag-time coating comprising a water-insoluble polymer in
combination with an enteric polymer onto inner barrier coated beads of step b)
or onto said immediate-release beads of step a) to form a population of timed,
pulsatile reease beads; and

d) combining one or more populations of timed, pulsatile release beads and

immediate release beads in the form of a capsule or a tablet.
58.  The method of claim 57, further comprising:

€) incorporating said timed, pulsatile release beads into a pharmaceutical dosage

form.
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71. The pharmaceutical conposition of claim55, wherein the first
popul ation of tined, pulsatile release beads exhibits a lag tine
greater than6 hours, and the second popul ation of tined, pulsatile
rel ease beads exhibits a lag tine of .3 to5 hours. 72. The

phar maceuti cal composition of claim 71, conprising nore than one
active pharmaceutical ingredient. 73. The pharnmaceutical conposition
of claimb55, conprising a first popul ation of tined, pulsatile

rel ease beads aEBF’ ghaggaseniigal serppstion efplaim 42, whettin thenaiaby weightof mils e
beads, whengidi | : i : ) d
popul ati o ns‘@déég rlli;sgliﬁlt)1t= ngSI f gr?g%tﬁ%gﬁg gl%h%ﬁg?aédg%{%er? ?%dn%;fb&l;@?ﬁ%ﬁgﬁw &
pharnaceuticallgéﬁbB%ition of claim 73, conprising nore than one
active pharmaceutical ingredient 75. The pharmaceutical conposition
of claimb55_ conprising a first population of tined, pulsatile

rel ease be&ls ahfBRamBHRMisal poyRPOsition ohelaim 42, ehpeindhepmonetndsaid ewtesiagt n
sai d conposielodling BNPT | S6% 1B b WAEht ONGiAHdIRIRER FIBELIh, c2l
ingredient. 76. The pharmaceutical conposition of clalmb55,
conprising a first population of tinmed, pulsatile rel ease beads and a

second popél.at i Tie phirmateXel camposiaéd dfelamebs aﬁﬂarﬁﬁggéilﬁﬁ%éa@c{rﬂﬁﬂg l'ation
second. ti Me

of innedia%e relz eggfad&, eBein &he first and s .

pul sati| e PEARIRTAGR e tya Hiedunuisple wiepreppyulaiions whesrin theattiody aveight

char act er i sftheisnmediate release bead population to the first timed, pulsatile release bead
population to the second timed, puisatile release bead population ranges from

10/20/70 to 30/60/10.

62.  The pharmaceutical composition of claim 55, wherein said pharmaceutical

conposition takes the form of a capsule, a tablet, or an orally disintegrating tablet.

63.  The pharmaceutical composition of claim 42, wherein said outer Jag-time coating

consists essentially of a water-insoluble polymer in combination with an enteric polymer.

64.  The method of claim 57, wherein said outer lag-time coating consists essentially of

a water-insoluble polymer in combination with an enteric polymer.

65.  The pharmaceutical composition of claim 42, wherein the lag timeis 7 hours,
06.  The pharmaceutical composition of claim 42, wherein the lag time is '8 hours.
67.  The pharmaceutical composition of claim 42, wherein the lag time is 9 houss.

68.  The pharmaceutical composition of claim 42, wherein the lag time ranges from

greater than 5to 9 hours.
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77. The pharmaceutical conposition of claim76, conprising nore than
one active pharmaceutical ingredient. 78. A pharmaceutical dosage
form conprising the conposition of claim55. 79. The pharmaceuti cal
conposition of claim42, conprising the inner bather coating. 80.
The pharnmaceutical conposition of claimof claim?79, wherein said
wat er - sol ubl e/ pore-form ng polymer is selected fromthe coup

consi sting of polyvinylpyrrolidone, nethylcellulose,
hydr oxypr op¥! ceBiphrmwesutits) disesefpmopiprisieg by bleehicaltivgesmpatips bhydiane
gl ycol, andy4m xtures thereof.

70.  The pharmaceutica] dosage form of claim 69, comprising more than one acidic

active pharmaceutical ingredient.

71.  The pharmaceutical composition of claim 55, wherein the first population of timed,
puisatile release beads exhibits a lag time greater than 0 hours, and the second
population of timed, pulsatile release beads exhibits a lag time of- 3t 5 hours.

72.  The phanmaceutical composition of claim 71, comprising more {han one active

pharmaceutical ingredient.

73.  The pharmaceutical composition of claim 55, comprising a first population of
timed, pulsatile release beads and a second population of timed, pulsatile release beads,
wherein the first and second timed, pulsatile release bead populations exhibit different

release characteristics.

74.  The pharmaceutical composition of claim 73, comprising more than one active

pharmaceutical ingredient,

75, The pharmaceutical composition of claim 55, comprising a first population of
timed, pulsatile release beads and a population of immediate release beads, wherein said

composition comprises more than one active pharmacentical ingredient,

76.  The phannaceutical composition of claim 55, comprising a first population of
timed, pulsatile release beads and a second population of timed, pulsatile release beads and
a population of immediate release beads, wherein the first and second timed, pulsatile

release bead populations exhibit different release characteristics.

77.  The pharmaceutical composition of claim 76, comprising more than one active

pharmaceutical ingredient.
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78. A pharmaceutical dosage form comprising the composition of claim 55.

79.  The pharmaceutical composition of claim 42, comprising the inner barrier coating,
80.  The pharmaceutical composition of claim of claim 79, wherein said water-
soluble/pore-forming polymer is selected from the group consisting of

polyvinylpyrrolidone, methylcellulose, hydroxypropylcellulose, hydroxypropyl
methylcellulose, polyethylene glycol, and mixtures thereof.
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