DRUG DELIVERY SYSTEMS COMPRISING WEAKLY BASIC DRUGS
AND ORGANIC ACIDS CROSS-REFERENCE TO RELATED
APPLICATION [0001] This application claims the benefit of U.S.

WO RGUTEENAT Application No. 60/762,766 filed January 27, 20881 ##007/061237
contents of which are hereby incorporated by reference. TECHNICAL
FIELD [0002] The present invention relates to the development of
modified-release dosage forms comprising one or more timed,
pulsatile-release bead populations of a weakly basic, nitrogen
(N)-containing therapeutic agent having a pKa in the range of from about
5 to 14 and epsalebibiv o¥ RelnsreTthars 2@Miavising a pH of 6.8, and
one or Mo PREINYEBABIC R BCSIMbERGANTIC ACHSSs The dosage form
exhibits comparable release profiles of both the active and the organic

acid after a predetermined dela gagitime when dissolution tested by
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testing in a buffer at pH 6.8). In accordance with another aspect of the
O 6r e AeiRilfy S SES e IR FERBERTiEcs, ..,
bplagmradsoncentration-time) profiles suitable for a once- or twice-daily
dosing regimen in patients in need of a medication are disclosed.

BACKGROUND OF TH \NTI 31 Many therapeutic agents
are most effective‘when%ﬁgﬁgga‘%%%@xg{gconstam rates at or near the
absorption sites. The absorption of therapeutic agents thus made
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needed can be calculated using computer Simulation and modeling
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passes through the human digestive tract, t rug should be released
dfeiRtthe dosage form and be available in solution form at or near the site
for absorption from the gastrointestinal (Gl) tract to occur. The rate at

which the drug gags- iR seiNtiPO PR ESIEIERFREN

[0003] Many therapeutic agents are most effective when made available at
constant rates at or near the absorption sites. The absorption of therapeutic agehts
thus made available generally results in desired plasma concentrations leading to
maximum efficacy, and minimum toxic side effects. Much effort has been devoted
to developing sophisticated drug delivery systems such as osmotic devices for oral

application. However, there are instances where maintaining a constant blood level



from a dosage court is important to the kinetics of drug absorption. The
dosage form and hence the active ingredient is subjected to varying pHs
during the transit, i.e., pH varying from about 1.2 (stomach %H durin
WA %)Bﬂnay vary between 1.2 and 4.0 upon consumptio G 936%%7{%61237
about 7.4 (bile pH: 7.0-7.4 and intestinal pH: 5 to 7). Moreover, transit time
of a dosage form in individual parrs of the digestive tract may vary
significantly depending on its size and prevailing local conditions. Other
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Infra-subject variability, and to minimize food effect’in weakly basic
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ayering the drug with one or more organic acids and coating with a
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IR ‘%f%t"?ﬁa’ééﬁ%’f%%tg@iﬁ%}%ﬁs%fﬁﬁ?‘Wé’é(W’ BRSHEEHEE are known
to form salts in the presence of orgariic acids, especially when dissolved
in common solvents for drug layering or during granulation. Even in
dosage forms wherein the organic acid and the drug layers are separated
by a sustained release (SR) membrane, the drug layering formulation
contains an organic acid. Consequently, the active in the finished dosage
exists in the partially or fully neutralized salt form. This is not an

acceptable situation from regulatory considerations. The regulatory
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having a pKa in the range of from about 5 to 14, a solubility of not more

than about 200 p.g/mL at pH 6.8, and a ratio of optimal highest dose to

the solubility at pH 6.8 of at least about 100. For example, if the dosin%
W%bqfﬁ@ﬂﬂf)é’ﬁy an immediate-release (IR) dosage form of a drugfWiti%407/061237

solubility of' 0.05 mg/mL at pH 6.8 is 5 mg twice a day, the optimal highest

dose is 10 mg once-daily and the ratio of optimal highest dose (mg) to the

solubility (mg/mL) at pH 6.8 would be 200. The multiparticulate
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hours when tested for drug and/or organic acid release using the 2-stage
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dissolved in common solvents for drug layering or during granulation. Even in
dosage forms wherein the organic acid and the drug layers are separated by a
sustained release (SR) membrane, the drug layering formulation contains an organic
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[0013] A pharmaceutical composition of a weakly basic, nitrogen

(N)-containing therapeutic agent having a pKa in the range of from about

5 to 14, a solubility of not more than about 200 ftg/mL at pH 6.8, and a
WeA76Y 8??t’lmal highest dose to solubility at pH 6.8 of not Ie§)§?ﬁg§12%036)ﬁi}237

100 may be prepared by filling the corresponding bead populations into a

hard gelatin capsule or compressing into a conventional tablet or in the

OUT (orally disintegrating tablet) form in accordance with certain

aag?%lg@ﬁmﬁl ,f&t}%&i{fégrmg@ﬁgﬁgeao@&l&k@ia*a@ggam tigaly

composition of a weakly basic therapeutic agent in thé OUT folio prepared
nﬁwf@sﬁcﬁa}%é@wﬂ%ﬁmF@ﬁ%%ﬁiﬂ&%ﬂ%??ﬁéfﬁ%@ﬁﬁﬁvennon
cdmsime@msrm regiitaat \windadivayirednedot ibesd mmty amtdmncﬂtg) ut 60
eﬁﬁt‘%%‘ &8%&@93%5&%%{%?&%3’&&9& V;?%U&é"ﬁé@?%%é@&%%g
chalky a e a a

ftertaste). The pharmaceutical composition of a weakKly basic
wﬁléwﬁa%@éﬂwéwgéw@% b ouEee ORI EbiRpREHRS B#tore -
doasted baad papadatiensnattiifceloayer agejpalteleisiz gl Rohiiaresthan
about 400 p.m, such as taste-masked ni le rsing. .

B B D A e U RS ER e  ) or
deengrasigein et tpLASRIR S AV s HER Y TS G Popitstotiesitidthg SR
feoatectneic: cantRifiad coresniasie- askingimay e achieysgby any of
the well-kggynvrgoprior art disclo ure . The OQT@rgiyaal o.include

aclive dal eg ung.mnto contac gach other o Salt ?unng
rapi %/ ispersing microgranules with an average particle siZze of not more
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disintegrates on contact with saliva in the oral cavity in about 60 seconds
forming a smooth, sasMesWalloVHEUBPERSIioomprising taste-masked
and/or coated particles (SR and/or TPR beads); 2) taste-masked particles,
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intestinal environment wherein the drug is practically insoluble, thereby enhancing
the probability of achieving acceptable plasma concentration up to 12-24 hour post-

dosing in order to be suitable for a twice- or once-daily dosing regimen.

[06009] Amnother embodiment of the invention relates to a multiparticulate
pharmaceutical composition comprising one or more coated bead populations

containing one or more weakly basic, nitrogen (N)-containing therapeutic agents
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[0017] In accordance with certain embodiments, the rapidly-dispersing
mirrogranules and coated beads (taste-masked IX, SR ancUor TPR
beads?f of one or more weakly basic actives may be present in the Wei$h
WELHE B8t 6:1 to 1:1, more patrticularly from about 4:1 to - T/45?AEHTe
a smooth mouth feel. In accordance with certain other embodiments, die
coated beads (taste-masked 1X, SR and/or TER beads) of one or more
weakly basic actives may be coated with a compressible coating (e.g.,
fiwisbedcoatnnwib & pisligized adyeous dispersion. of etiylcgliulose) in
gr er fo minimize membrane fracture during compression wi
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ef woekly hasiphEausespticat Melivenp the.canventionatiahletion in
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ingestion in about 10 minutes into JR particles and/or coated particles (SR
eodipr VeiRhardak: 2B 0aiclss targsent provide apid o

gb%ts%gt%%” -complete release (e.g_., greater than about ﬁ)gf &t fhe dose
Within Abou BEHTTREE 6 A8 BERiERABAY SRt RAF Hsines 3ehihitinges upon
sently fateptheestdrmachy BESR itdier FRROeadmpaYideplanged
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ooy o ot oD e s o

t
7

Sﬁ%&g&ct 10020 e Invention re
U AT BH SR JHiCaesnid s SR ismt endprasirgseneasikdivroge
SQontedisbatipopytaticotompribidgiane emoreweakly hasi¢ tigrapeutic
Sis v imination half-life of about 2 hours or longer, wherein
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SR Yot R rantifeve b pehicn pabedirden of thrith it aspletsof the
tpresetiparieitiophanayceoiogrise i ieadoriReach b0 iReDated
veisellfsielasa TR bRAd pRpUalans, Jhe SR coated ojganic
acid-containing cores are typlca?y repare By ayenﬁ’grg% %%yanlc acid
SIQVEF T SRR REISOE ) BreifRe v ek brsic gstiye Lgderdpheris) from a
updiynterdedindesisoletioshaadcpatad withdawater-insoluble polymer (e.g.,
ethylcellulose, with a viscosity of about 10 cps) alone or in combination
[oaith) & waigksehblenolmesds:an RalyyiRpy Rlidane. Rovidane K-25 or
as}ggbgg Eltelzn‘@ﬁ;lgcol, PEG 4001)e$&aara§nteric polymer%(;:-.g., hyprornellose
phthalate, CE B HE S85 T RE R B B st i 6H BoPRiiFising SR
rigapsauaeil ssbrraiitipioresizremepbied byodrtglayesingpate SR
coated acid-containing cores from a polymeric binder solution and
providingeanjrateetiveaseal coapefidpasisilean erRhapnreaatEM 603.
The R ape;l ;R bead populations are prepared by coating IR beads with
a water-insoluble polymer (e.g., erhyleellulosc) alone or in combination
with a water-soluble polymer (e.g., PVP K-25 or PEG 400) or an enteric.
polymer (e.g., hypromellose phthalate, EIPMCP or HP-55). The IR bead
population comprising SR coated acid-containing cores are prepared by
drug layering onto SR coated acid-gontaining cores from a polymeric
binder solution and providing a protective seal coat of Opadry Clear. The
SR and 1PR bead populations are prepared by coating IR beads with a
water-insoluble polymer (e.g., ethylcellulose) alone or in combination with
a water-soluble polymer (e.g., PVP K-25 or PEG 400), In accordance with
one aspect of the invention each SR or TPR bead population releases

both the drug and the acid at comparable rates, as rapid-release or
crictainad-releace nrofilee aftar a nredetermined |lad-time (for evamnle A



100221 The method of manufacturing a multiparticulate pharmaceutical
composition in accordance with particular embodiments includes layering
harmaceutrcally acceptable organic acid such as filmmic acid from a
&% inder solution onto inert particles selected from fife ¢ g}ﬁ)’ﬂ?f" 061237
consrstrng of sugar spheres and cellulose spheres. Fluid bed or pan
coating may be used to apply the organic acid and polymeric hinder
solution. In accordance with other embodiments, the core particles may be
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ds containing one or more organic acid(s). In accordance with certain
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60:40 and the membrane thickness may vary from about 3% to 50%,
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and also, a protective seal coat with a hydrophilic polymer
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BRGHRTCACRE RS ProsateatisoignraheBlons Asark %40 1:10, or

more particularly from about 3:1 to 1:3 depending on whether organic acid
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membrane thickness may vary from about 3% to 50%, more patrticularly
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modified-release (MR) capsule, a standard (conventional) tablet or an

orally disintegrating tablet (ODT) comprising a coated spherical bead
nontilation containina the activie crithetance alone nar a comhination of hwwo



a) preparing core particles (crystals with a particle size distribution of
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2) taste-masked particles, if present, provide rapid, substantially-complete
release of the dose upon entry into the stomach (e.g., typically greater than

about 75% in about 60 minutes);

3) coated particles (SR and/or TPR beads) provide prolonged release of the

active for continued absorption along the GT tract.

[0016] The ODT in accordance with one embodiment comprising taste-masked
microparticles demonstrating effective taste-masking by releasing not more than
10% in about 3 minutes (the longest typical residence time anticipated for the ODT
in the buccal cavity) when dissolution tested in simulated saliva fluid (pH ~6.8)
while releasing not less than about 50% of the dose in about 30 minutes when
dissolution tested in 0.1N HC].



d) the composite drug-release profile of the composition is similar to target
in vitro drug-release/in vivo plasma concentration profile in order to be

suitable for a twice- or once-daily dosing regimen. [00293 These
WEHaY gm?%dlments advantages and features of the presenf%gﬁ%?gr{ 061237
become clear when detailed descriptions and examples are provided in

subsequent sections. BRIEF DESCRIPTION OF THE DRAWINGS [0030]
FIG. i illustrates pH-solubility profiles for (a) Ondansetron hydrochloride,
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{0018} A pharmaceutical composition of a weakly basic pharmaceutical active in
the conventional tablet form in accordance with another embodiment of the present
invention, may comprise one or more bead populations, such as IR beads (crystals,
granules, pellets, beads and the like), and SR beads and/or TPR beads comprising
SR coated acid-containing cores. The pharmaceutical composition of a weakly
basic pharmaceutical active in the conventional tablet form disintegrates into
constituent beads (tasie-masked particles, coated SR beads and/or TPR beads) upon -
oral ingestion in about 10 minutes. The conventional tablet may also include
pharmaceutically acceptable excipients typically used in disintegrating tablet
formulations such as compressible diluents, fillers, coloring agents, and optionally a

lubricant.

[0019] The conventional tablet prepared in accordance with one embodiment

exhibits the following properties:

1)  disintegrates upon oral ingestion in about 10 minutes into IR particles

and/or coated particles (SR and/or TPR beads);

2) IR particles, if present, provide rapid, substantially-complete release
(e.g., greater than about 95%) of the dose within about 60 minutes, more

particularly within about 30 minutes upon entry into the stomach;

3) SR and/or TPR beads provide prolonged release of the active for
continued absorption along the gastrointestinal (GI) tract.



[0037] FIG. 8 illustrates the release profiles of ondansetron hydrochloride
from TPR beads coated at different ratios of EC-10/1IP-55/TEC at 50% by

wie %oﬂfOExample 5; and [00381 FIG. 9 illustrates the plasma
doncantration - time profiles of ondansetor, HO Test Formu%(f%ﬁgwmﬁny

and Zofran 8 rug (BID) of Example 7. DETAILED DESCRIPTION OF THE
INVENTION [0039] All documents cited are, in relevant part, incorporated
herein by reference; the citation of any document is not to be construed as
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polymer binder solution in fluid-bed equipment. A n agqueous
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soluble polymer (e.g., PVP K-25 or PEG 400). In accordance with one aspect of
the invention each SR or TPR bead population releases both the drug and the acid at
comparable rates, as rapid-release or sustained-release profiles after a pre-
determined lag-time (for example, a lag-time of up to10 hours) upon oral
administration. IR beads, if included in the dosage form (capsule or conventional
tablet or orally disintegrating tablet), may comprise the drug layered directly onto
inert cores and coated with a protective seal coat or a taste-masking membrane,
which being part of the total dose, provides for rapid absorption (a bolus dose) upon

oral administration.



[0044] Many active pharmaceutical ingredients (API) are weakly basic in
the sense that these actives are freely to moderately soluble at acidic pHSs,

but areﬁ;j)}oorly to practically insoluble at neutral and alkaline n‘gé-ls Their
Wﬁ)lfgmé? 8¢ are in the range of about 5 to 14. The pH-depe T{PE?)‘]%?IW”

data for typical weakly basic actives are presented in Fig. 1, For example,
dipyridamole's solubility in 0.1N HC1 (hydrochloric acid) is about 1 ing/mL,
while at pH 6.8 the solubility is only 30 tig/mL Although carvedilol's
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[0023] In accordance with particular embodiments, one or more weakly basic
drug(s) are applied onto barrier-coated acid-containing particles from a polymeric
binder solution and also, a protective seal coat with a hydrophilic polymer (e.g.,
Pharmacoat™ 603 or Opadry® Clear) is applied on drug-layered beads to produce
IR beads. The organic acid or drug load depends on the physicochemical as well as

10



End pH Solubility Ondansetron Hydrochloride (mg/naL) Start pH Solubility
of Dipyridamole (rug/mL) 2.13 2.01 26.9 2.98

WO 2007/090091 PCT/US2007/061237

the pharmacological properties of the weakly basic actives chosen for development,
and the drug and the organic acid may be present at a weight ratio of from about 5:1
to 1:10, or more particularly from about 3:1 to 1:3 depending on whether organic
acid crystals or organic acid-containing cores are used in accordance with certain

embodiments.

[00624] In accordance with certain embodiments of the present invention, the IR
beads comprising barrier-coated acid-containing cores are barrier coated with an SR
polymer membrane comprising a water-insoluble polymer (e.g., ethylcellulose with
an average viscosity of 10 cps) alone or in combination with a water-soluble
polymer (e.g., polyvinyl pyrrolidone or polyethylene glycol). The water-insoluble
and water-soluble polymers may be present at a weight ratio of from about 95:5 to
about 50:50, more particularly from about 90:10 to 60:40 and the membrane
thickness may vary from about 3% to 50%, more particularly from about 5% to

30% by weight in accordance with particular embodiments.

[0025] In accordance with other embodiments of the present invention, the SR
beads comprising drug-layered beads are coated with a lag-time membrane
comprising a combination of a water-insoluble polymer (e.g., ethylcellulose with an
average viscosity of 10 cps) and an enteric polymer (e.g., hypromellose phthalate
(HPMCP or HP-55)) to produce TPR beads. In accordance with certain other
embodiments, the water-insoluble and enteric polymers may be present at a weight
ratio of from about 9:1 to about 1:4, more particularly from about 3:1 to 1:1, and the
membrane thickness may vary from about 5% to 60%, more particularly from about

15% to 50% by weight in accordance with particular embodiments.

[0026] The functional polymeric systems being applied from aqueous or solvent-
based compositions typically contain plasticizers at suitable concentrations. The
finished dosage form may be a 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-daily dosing regimen. For example, a once-daily dosage form of

an active with an elimination half-life of about 7 hours may contain a mixture of an

11



6.24 2.52.26 2,14 27.0 3.42 1.80 2.48 2.40 26.1

WO 2007/090091 PCT/US2007/061237

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, rapid -release
and a third TPR bead population with a longer lag-time (about 7-8 hours), which
allows typically a delayed, sustained-release profile over about 8-12 hours, to
maintain acceptable plasnia concentrations at 12-24 hrs, thus enhancing safety,
therapeutic efficacy and patient compliance while reducing cost of treatment.
Alternatively, the finished dosage form may comprise an IR bead population and a
second, TPR bead population with a lag-time of about 7-8 hours followed by a
sustained-release profile over 10-12 hours. The achievable lag time depends on the
composition and thickness of the barrier coating, as well as the composition and
thickness of the lag-time coating. Specific factors that can affect achieving optimal
twice- or once-daily dosage forms include, but are not limited to, the therapeutic
agent’s pKa (and its solubility above a pH of 6.0}, elimination half-life, and
solubility enhancement in an aqueous solution of an organic acid selected from the
group consisting of aspartic acid, citric acid, fumaric acid, maleic acid, oxalic acid,

succinic acid, tartaric acid, and the like.

[0027] In accordance with certain embodiments of the present invention, a
method of manufacturing a multiparticulate composition comprising a weakly ,
nitrogen (IN)-containing therapeutic agent having a pKa in the range of from about 5
to 14 and a solubility of not more than 200 pg/mL at a pH of 6.8, is also provided.

The method may comprise the steps of:

a) preparing core particles (crystals with a particle size distribution of 20-500
pm, more particularly of 100-300 pm, beads or pellets) of one or more
pharmaceutically acceptable organic acids;

b) coating these acid-containing cores with a water-insoluble polymer or a
water-insoluble polymer in combination with a water-soluble or enteric
polymer in order to program the release of the acid for a weight gain of from
about 3% to 50%;

¢) layering said weakly basic nitrogen (N)-containing therapeutic agent from a
polymeric binder solution and applying a protective seal-coat onto the drug-

layered beads to produce IR beads;

12



3.68 0.9 0.25 2.79 2.75 26.2 3.88 0.65 0.05 3.19 3.49

WO 2007/096091 PCT/US2007/061237

d) applying a barrier (sustained-release) éoating of a water-insoluble polymer
or a water-insoluble polymer in combination with a water-soluble polymer
for a weight gain of from about 3% to 30% to produce SR beads;

e) applylng a lag-time (time-delay) coating of a combination of water-
insoluble and enteric polymers at a weight ratio of from about 10:1 to 1:4
for a weight gain of from about 10% to 60% by weight of the coated bead to
produce TPR beads; and

f) filling into hard gelatin capsules or compressing into conventional tablets /
orally disintegrating tablets (ODTs) afier blending with pharmaceutically
acceptable excipients and one or more bead populations (e.g., a combination

of IR beads, SR beads and/or TPR beads at a desired ratio).

[0028] The composition comprising one or more bead populations (e.g., 2

combination of IR and TPR bead populations) may exhibit the following properties:

a) the composition disintegrates on contact with saliva in the oral cavity
forming a smooth, easy-to-swallow suspension (if in the ODT form) or
disintegrates within about 10 minutes upon oral ingestion (if in the
conventional tablet or capsule form);

b) the IR beads, taste-masked or not, rapidly release of the dose upon entry into
the stomach (e.g., typically greater than about 50%, more particularly
greater than about 75%, in about 60 minutes);

c) the SR or TPR beads release the drug over a period of about 4 to 20 hours in
synchronization with that of the organic acid after a predetermined delay
(e.g., up to about 10 hours) following oral administration;

d) the composite drug-release profile of the composition is similar to target in
vitro drug-release/in vivo plasma concentration profile in order to be suitable

for a twice- or once-daily dosing regimen.

[0029] These and other embodiments, advantages and features of the present
invention become clear when detailed descriptions and examples are provided in

subsequent sections.
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WO 2007/690091 PCT/US2007/061237

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 illustrates pH-solubility profiles for (a) Ondansetron hydrochloride,
(b) Carvedilol, (c) Dipyridamole, and (d) Clonazepam;

[0031] FIG. 2 illustrates a cross-section of an SR coated organic acid-containing

core in accordance with one aspect of the invention;

[0032] FIG. 3 illustrates a cross-section of & TPR bead comprising an SR. coated

organic acid-containing core in accordance with a particular aspect of the invention;

[0033] FIG. 4 illustrates the release of fumaric acid from SR-coated acid crystals
coated at different ratios of EC-10/PEG of Example 1;

[0034] FIG. 5 illustrates the release profiles of dipyridamole from TPR beads of
Example 2E;

[0035] FIG. 6 illustrates the release profiles of carvedilol TPR beads of Example

5 versus Comparative Example 7B;

[0036] FIG. 7 illustrates the release profiles of ondansetron hydrochloride from
TPR beads on stability (Example 5);

[0037] FIG. 8 illustrates the reiease profiles of ondansetron hydrochloride from
TPR beads coated at different ratios of EC-10/HP-55/TEC at 50% by weight of
Example 5; and

{0038] FIG. 9 illustrates the plasma concentration — fime profiles of ondansetron
HCI Test Formulations (QD) and Zofran 8 mg (BID) of Example 7.

DETAILED DESCRIPTION OF THE INVENTION

[0039] All documents cited are, in relevant part, incorporated herein by reference;
the citation of any document is not to be construed as an admission that it is prior

art with respect to the present invention.

[0040] As used herein, as well as in specific examples thereof, the term “weakly

basic pharmaceutical active” includes the base, pharmaceutically acceptable salts,
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polymorphs, sterecisomers and mixtures thereof. This term, which is more fully
defined in a subsequent section, refers to a nitrogen (N)-containing therapeutic
agent having a pKa in the range of from about 5 to 14, more particularly to an agent

having a solubility of not more than 200pg/mL at a pH of 6.8.

[0041] As used herein, the term “immediate release” refers to release of greater
than or equal to about 50%, especially if taste-masked for incorporation into an
orally disintegrating tablet dosage form, preferably greater than about 75%, more
preferably greater than about 90%, and in accordance with certain embodiments
greater than about 95% of the active within about 2 hours, more particularly within
about one hour following administration of the dosage form. The term can also
refer to the release of the active from a timed, pulsatile release dosage form
characterized by an immediate release pulse after the designed lag time. The term
“lag-time” refers to a time period wherein less than about 10%, more particularly
substantially none, of the dose (drug) is released, and a lag-time of from at least
about 2 to 10 hours is achieved by coating typically with a combination of water-

insoluble and enteric polymers (e.g., ethylcellulose and hypromellose phthalate).

[0042] Unless indicated otherwise, all percentages and ratios are calculated by

weight based on the total composition.

[0043] An aqueous or a pharmaceutically acceptable solvent medium may be used
for preparing organic acid-containing core particles for drug layering, viz., acid-
containing beads by layering an acid onto inert cores (e.g., sugar spheres) or IR
beads by drug-layering onto acid-containing cores or directly onto sugar spheres
from an appropriate polymer binder solution in fluid-bed equipment. Also, an
aqueous dispersion of functional polymers, which are available as dispersions or a
solvent system may be used for dissolving functional polymers for coating acid-

containing beads, IR beads or SR beads.

[0044] Many active pharmaceutical ingredients (API) are weakly basic in the
sense that these actives are freely to moderately soluble at acidic pHs, but are
poorly to practically insoluble at neutral and alkaline pHs. Their pKa values are in

the range of about 5 to 14. The pH-dependent solubility data for typical weakly
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pH of Buffer (mg/mL)pH. of Buffer(ing/mL) pH of Buffer (mg/mL) 2.12 2.51
2.4314.48 2.3 0.0116 2.28

W@ 2007/090091 PCT/US2007/061237

basic actives are presented in Fig. 1. For example, dipyridamole’s solubility in
0.IN HCI (hydrochloric acid) is about 1 mg/mL, while at pH 6.8 the solubility is
only 30 ug/mL. Although carvedilol’s solubility is similarly pH-dependent and
varying, it is not obvious from Fig. 1 as it rapidly undergoes in situ salt formation
with the buffering agent such as citric, acetic, and hydrochloric acids and

consequently, the observed solubility is that of the salt formed in-situ.

[0045] Table 1 lists the solubility enhancement of weakly basic actives in organic
acid buffers. Three distinct groups can be identified. Group A actives, as
represented by ondansetron hydrochloride, exhibit a dramatic increase in solubility
of the weakly basic active in a buffer with a trace of fumaric acid. For example,
ondansetron’s solubility of about 26 mg/mL in the buffer containing only 0.05
mg/mL of fumaric acid remains unchanged upon increasing the concentration of
fumaric acid in the buffer up to 5 mg/mL. In Group B, represented by
dipyridamole, carvedilol and lamotrigine, the weakly basic drug’s solubility
increases with increasing concentration of the acid. In Group C, represented by
clonazepam, the organic acid has very limited impact, i.e., the solubility
enhancement amounts typically to less than about 3-fold. For example,
clonazepam’s solubilities are about 11.6 and 6.9 pg/mL in buffers at pH 2.3 and 6.8

containing a higher and lower concentration of fumaric acid, respectively.

[0046] Specific embodiments of the invention will be described in further detail
with reference to the accompanying Figures 2 and 3. In Fig. 2, an SR-coated core
10 comprising an SR coating 12 applied on an organic acid-containing core
comprising a layer of a pharmaceutically acceptable organic acid in a binder 14
coated on an inert particle core 76. The inert particle core /6, organic acid-coating
layer /4 and a dissolution rate controlling SR layer /2 make up the SR-coated
organic acid-containing core 0. In Fig. 3, a representative TPR bead is illustrated.
The TPR bead 20 comprises a lag-time coating 22 applied on a primary SR layer
24, a protective seal-coat 26 and a weakly basic drug layer 28 applied on an SR-
coated acid-containing core /0. The weakly basic drug is typically applied from a
polymeric binder solution. The SR coating sustains the drug release while the lag-
time coating provides the lag-time (a time period exhibiting less than about 10%,
more particularly substantially none, of the dose released). Thus the lag-time
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1.36 3.331.77 2.8 0.0103 2.54 0.731 4.36t1.61 3.2 0.0096 2.94
0.5084.97i0.4883.7
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coating 22, outer SR coating on the IR beads 24, and inner SR coating /2 on the
acid-containing core together control the release properties of both the drug and
acid from the TPR beads.
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Table 1: Solubilities of Weakly Basic Drugs in Organic Acids

Concentration of Start pH| End pH Solubility of StartpH | Solubility of
Famaric Acid - Ondansetron Dipyridamole
Hydrochloride (mg/mL)
(ing/mL) (mg/mL)
5 2.13 2.01 26.9 2.98 6.24
2.5 2.26 2.14 27.0 3.42 1.80
1 248 2.40 26.1 3.68 0.93
0.25 2.79 2.75 26.2 3.88 0.65
0.05 3.19 3.49 26.0 4.33 0.27
0.01 3.64 4.05 26.1 4.71 0.13
0.0025 4.15 4.33 26.1 6.28 0.006
Solubility (mg/mL) of Solubility (mg/mL.) of Solubility (mg/mL) of
Carvedilol in Tartaric Acid| Lamotrigine in Tartaric Clonazepam in Fumarie
Acid Acid
pH of Buffer | (mg/mL) | pH of Buffer| (mg/mL) | pH of Buffer| (mg/mL)
2.12 2.51 2.43 4.48 2.3 0.0116
2.28 1.36 3.33 1.77 2.8 0.0103
2.54 0.731 4.36 1.61 3.2 0.0096
2.94 0.508 4.97 0.488 3.7 0.0098
3.64 0.121 5.66 0.226 4.8 0.0095
5.46 0.105 5.85 0.197 5.5 0.0093
5.90 0.028 6.50 0.161 6.2 0.0072
6.8 0.0069
[0047] The novelty/utility of the formulations developed in accordance with

certain embodiments of the present invention is disclosed using ondansetron

hydrochloride, lamotrigine, dipyridamole, and carvedilol as examples of weakly
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0.0072 16.8 1 0.0069 [0047] The novelty/utility of the formulations
developed in accordance with certain embodiments of the present
invention is disclosed using ondansetron hydrochloride, lamotrigine,
glﬁg}ﬁé’a?ﬁoﬁe and carvedilol as examples of weakly basic, h &1%21907/ 061237
(*containing therapeutic agents having a pKa in the range of from about 5
to 14 and a solubility of not more than about 200 jug/int at pH 6.8.
Ondansetron hydrochloride, a selective blocking agent of the serotonin
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exhibits a predlctable aqueous solubility, i.e., above a pH of 9, the
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dreaghesraiplaietylané axipidiblytsbsofbdi lioisoad edim 2 Bstugins) witiazpH of 7
t&&%%%&&%@!mm@&@b&uén %Haw&m'*i (RH»% 10 Sybility- is

limited l:%/ the. solubility of the protonated form of carvédilol or its salt form
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rétgeléCaneatilatdipakaocbedinmm thaditshetiby isansceliwasidansport.

cShepa v shsqiplan decraaRec e esingibe folowing

orde !e unum >‘ileum >colon est a soiption was achieved in the
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transport. The in vivo absorptmn decreased within the intestine in the following

order: jejunum > ileum >colon. The highest absorption was achieved in the
Jjejunum at a neutral pH. Since the drug dissolution is the rate-limiting factor for
absorption of carvedilol in the distal part of the GI tract potentially due to the
decrease in solubility, the once-daily dosage form in accordance with one
embodiment would comprise at least two bead populations — one IR bead
population and another TPR bead population comprising SR coated organic acid
cores. lloperidone is an anti-psychotic agent and Lamotrigine, an anticonvulsant

drug, is indicated for the treatment of epilepsy.
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[0049] In accordance with certain embodiments of the present invention,

the solubility enhancing property of organic acid buffers is taken

advantage of, and at the same time, the in situ foimation of acid addition
WA oaﬁ“(% is prevented by having an SR coating membraté BEREER ST

inner organic acid layer and the weakly basic drug layer, The SR coating

membrane thus applied precisely controls the release of the organic acid

SO as to insure no drug is left behind in the dosage form for lack of

5@% "iZ'Qé% 8&8&9&*&% Y BrRsadl Hx&ﬁ@o?ﬁ&ﬁ@é@%@ﬁ%&%@%ye core of

orm of the present invention ma I'ISG al’(]?élert partlcle

s@@m@a %P‘é‘ﬁ&i?ﬁ’ﬁ?ﬁ%’ aémgaﬁceedéaéﬁrrﬁgs y%sréae Behs),
takther thaéhme erﬁﬁefc@m@mddara@gemmam iTprevantoaiin of
V&%“gs £k ndt Qreg @Ml melﬁereegarlgga@nga@ﬁ@%grug the

e en ent solubllity, solubility enhancement, and elimination

ealfhes T Rpea e S B eoARE G B APAE S gRitied BRShropRIRE
ﬁ@d?&éﬂé& Gfﬁﬁlgéaﬁid 40t eoatingmatorihérgoid 4t extind ve ttheldegired BID
oS Rl Qi Aange LRI PR BAICHNRLADLARATROIRRNL the

|ner par e may sugar sphere, a cellulose sphere, a silicon dioxide

capshfraasiogaEclifoam AftENRITVET, PSP RN CA RPERTEEAE Trth e Sired
&@@&%ﬁ%@@@ﬁﬁ@ﬁm RMIRYCHIABHaAs Beres(Rpedip iy fos-Gaoigp C

5200 I Ihis case, these %WS&%&%{%%}@&HE@@&&%@% REQ@ram

8]
eacr e ease, \%/hlclﬁ in accor ance with certain embodiments, is

m,wwnrzlééemﬂd endboine BadgTo Elirsncarsplen hisasaldrtise drug
Rt eepletienahihenasid{0050dstnianeidanee wiltbeasiaspect of the
esent |nvenI| n, the co osa for a i rganic
B e Sy S LSO A O
dereredIRNH cheriserdhils o SByarepiahe @?@%@Waﬁl SRg&HEsERFHFom a
ho M@&eﬂaﬁia@%M@H@ﬁga@rﬁmCa&emﬂm@@eaﬂieb@at&aw Bgherres are
coati‘ a Water msolublec 13%1:% na(-:-dg)srlle comli)lnatlon with a
Sol(IBFABHE é?lr B yarﬁer the composfon and thickness of the
mhwm@mmm@w sptrigit i Smencuasans Bldietessan or
SyRchyenized withihe.dussdissebiiankelease:feam Wiechgad, thereby
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cg 199, 3RQYmedsBinder and.apiaaally. flersidiuenis, i00wih A weakly
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S. In one embodiment, the drug- con aining IR beads may be
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fion with an enteric polymer to produce TPR beads with a
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DG RIESEDtEL A MRIO, [0 L A, 2RaULRE [0ARANSd preferanly
awelg Fatio of from about 1 to 1:1. The membrane coating typically
comprises from about 5% to about 60%, preferably from about 10% to
about 50% by weight of the coated beads. In accordance with yet another
embodiment, the IR beads may simply be coated with a combination of a
water-insoluble polymer and an enteric polymer in the aforementioned
amounts. 100521 The unit capsule or conventional tablet dosage form
according to the present invention may comprise TPR beads alone or in
combination with a beads while the unit ODT ma' comprise TPR beads
alone or in combination with taste-masked immediate release (IR) beads.

IR beads without having a taste-masking membrane will provide rapid
ralaace nf the wealklvy hacie Ariin in the Anactrointactinal tract within



b. coating the organic acid-containing core particle with an SR coating
membrane consisting of a water-insoluble polymer such as EC-tI)O
(ethylcellulose with a mean viscosity of 10 cps) alone or in combination
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ﬁ%ﬁggo%%g%gr—%s@hﬁﬂe polymer in combination with an enteric polymer to
produce TPR beads with a lag-time (release with a delayed-onset) of approximately

61237

1 to 10 hours upon oral administration. The water-insoluble polymer and enteric
polymer may be present at a weight ratio of from about 9:1 to about 1:4, preferably
at a weight ratio of from about 2:1 to 1:1. The membrane coating typically
comprises from about 5% to about 60%, preferably from about 10% to about 50%
by weight of the coated beads. In accordance with yet another embodiment, the IR
beads may simply be coated with a combination of a water-insoluble polymer and

an enteric polymer in the aforementioned amounts.

[0052] The unit capsule or conventional tablet dosage form according to the
present invention may comprise TPR beads alone or in combination with IR beads
while the unit ODT may comprise TPR beads alone or in combination with taste-
masked immediate release (IR) beads. IR beads without having a taste-masking
membrane will provide rapid release of the weakly basic drug in the gastrointestinal
tract within approximately 60 minutes, preferably within 30 minutes following oral
administration. If taste-masked, these beads exhibit taste-masking in the buccal
cavity and substantially complete release of the weakly basic drug in the
gastrointestinal tract within approximately 2 hours, preferably within one hour
following oral administration. The TPR beads will release the weakly basic drug
over a period of up to approximately 4-20 hours in the gastrointestinal tract after a

lag time of about 1-10 hours following oral administration.
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water-insoluble polymer (e.g., ethylcelltdose with a mean viscosity of 10
cps) alone or in combination with a. gastrosolublc polymer (e.g., Eudragit
E100 or EPO) in accordance with the disclosure in the co-pending US
WEBZEH KB Hiication Ser. No.# 11/248,596 filed Oct. 12, 2005"(‘#9’{%%%%’(%“37
No. U.S. 2006/0078614 published April 13, 2006) or a gastrosoluble pore
former (e.g., calcium carbonate) in accordance with the disclosure in the
co-pending US Patent Application Ser. No.# 11/256,653 filed Oct. 21,
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preferably. present in this coating fonnulation in solution or suspension
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particles (pellets). T nd comprising acmorﬁglr]tlc es,atgrfﬁ and
option&MY&illerfdiluent or drug-containing granules can also be
compressed into micro-tablets (about 1-1.5 mm in diameter) to produce
organic acid-containing pellets. In these embodiments, the acid content
could be as high as 95% by weight based on the total weight of the
granulated, 29



extruded or compressed core. These acid-containing cores are coated
with an SR membrane prior to drug-layering and subsequent coating with
functional polymers. 100581 The individual polymeric coatings on the
WAy rﬁ'f)é)ilning cores and IR beads will vary from about 5 t& 8‘%5{9)97/ 061237
weight depending on the relative solubility of organic acid to active, nature
of the active, composition of the barrier coat, and required lag-time. In one
embodiment, the acid cores may be provided with a barrier-coat of a
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o et &bthours.
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agueous or a pharmaceutically acceptable solvent medium may be used
for prePSHRYSgR e aRALBRtET ATt SR IS oM U S8R Shing IR
Beadsibydlayperitig2bie (ruigiontomiNerchre® sioebrasssufisispheres or onto
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bind the water-soluble organic acid to the inert particle or the weakly basic
drug of5 gIe Lo BRSSP BTSRRI B Bsually water-soluble or
alcohol and/or acetone-soluble binders are used. Representathe
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(PVP) chydrayrepilmethylzelimiosadt B6M Gp iy dimpsendagliulose,

CarbO)%c?rlri( thecpe{lcﬂ lgﬁaeféﬁgo r%ggytlggr%”\’? eldede (r)e! %agg~ aai{ldqgsrsn%(:h as
deX|ran, corn'starcn, ch may dissolved or |spers¥3 In"water,

alcohol, acetone or mixtures thereof. The binders are typically used-at a
concentration of from about 0,5 to 3% by weight. [0064] Representative
inert particles used to layer the acid or the pharmaceutical active include
sugar spheres, cellulose spheres and silicon dioxide spheres with a
suitable patrticle size distribution (e.g. 20-25 mesh sugar spheres for
making coated beads for incorporation into a capsule formulation and
60-80 mesh sugar spheres for making coated beads for incorporation into

an ODT formulation). 100651 Examples of weakly basic, nitrogen
(NN-containina thearanaritic aneante havina a nkKa in the ranacae nf from ahor it



antagonists, anti-epileptic drugs, histamine H2 antagonists, anti-asthmatic
agents, and skeletal muscle relaxants. [0066} Representative
harmaceutically acceptable organic acids which enhance the solubilit(}/ of
WHhE bR ceutical active include citric acid, firmaric acid, mh&il¢tEaH7/061237
tartaric acid, succinic acid, oxalic acid, aspartic acid, giutamic acid and the
like. The ratio of organic acid to pharmaceutical active typically varies from
about 5:1 to 1:10, more particularly from about 3:1 to 1:3 by weight in
some embodiments of the present invlen jon. OOE,&] R(?Btresentative
exampTEditst Y- HRSTEBe WEIORTEPET ST SRIGY HUEHtSn include
ethylceliatosespiohivinytacétate dordxamble, Kollicoat SR#30D from
BASF), cellulose acetate, cellulose acetate butyrate, neutral copolymers
based @mpthyiaatysieandimeihylinethassiatsicepatimpeisad acrylic
and methacrylic acid esters with KN h as
S R MG T
exampRIEaHT GinsressnBIcPERIMERsSHEBHT e thesAVeHtR PriNSde
polyvinwpyirolidone {PABY, fyshiiypiapykimetiyleelusoser¢E1LMC),
hydroxypropvicelidlose (FEChRONSIMENS Ay eal ARG IkE, Q068!
Representative examples of entetic poﬁ mers useftul n the invention
includevbstegscofeatiulsdeliaaadrscaeiViatifes (cellulose acetate phthalate,
hydroxypropyl meth3rlcellulose phthalate, hydroxypropyl methylcellulose
(6] ate stigadnato), udiyviaydriceisite pinthiztatey pitsehsitivanhetiiatrylic
3¢ thasrylainLcaralyineis.Ard.shelacribese Rolunersmay be

used as a dry powder or an agqueous dispersti%g/. Some commercially

that s oAt A & AR B AaRs d AP TSRS CPoRS SRR ers sold
patideerdifie fiadBmarkBoidragit{tino0y S0y E6R) mamutditurse by Rohm

Shaone.Gellrcataie (erlaseaseialsRhinalaiel fryEasinan.sdhemical
Co. Aquaterlc%i:ellulose acetater_ﬁghalate aqueous dispersion) from FMC

o fb’?’%"ﬁ?&& UASRIFGSPETEH feeimfeds BEsati&uceinate
cageeoutlispersion)iiamBhi Gt J0O6SKhe anteritywatdiitsoiuble,
RRANAISLSQMRIG PRIVREES Ysesbin fanding Hie membranes:ane usually

plasticized. Representative examples of plasticizers that may be used to
V5Lt e b AFET R BERECR A Bt G S ERF AR NASTHYY Citrate,
oaeehyddsisb diyinciTatep die thopkgitifallaténe astyariog, cdibpbyitise meeateymono

dﬁﬁ%g]ﬂ%%%t%%% 'ﬂﬁ%‘r‘ mmaicialy availahie a5 Myyasslds), and

ike or mixtures thereof. The plasticizer, when used, may comprise
depssding 65 8 WisiaE MoretingiCamrRbeuEbrdee S8 ¥ed on the

polymer. The type of plasticizer and its content depends on the polymer or
ISR dpstearedpraerdtb Pt eabegSystimoregic gadeeraiygns cores
59'¥enbasadyselutien.onidispersigRhasrd anewhedptatsalids). [0070] In
eneral, jt is desjrable to prime the surface of the drug-layered.particles
T A S e RS A ono D5 G 61t S ine
cdifferdintothembrarrsdayeity bycappnaeg apithl (Meirékyprepilers) may
bmsa&l;mkaqug&a«f& ﬂlEﬁ{@)slf;@ag grﬁiﬁmr;]aga@pafﬁﬁ)d@éa enQpadalea) film,
ile 1-113MC s typica e er primers such.as

e T e S e e P50 be
egsetbd 00yhTieeizctivepiarnrabaintatiigre dietts)s Jitablerfor
J&ﬁ&ﬁ?ﬂ?&@&ﬂﬂ%&@é%@iﬁﬁ&%@ﬁﬁ&ﬂ@ﬂy&@@ﬁ@ﬁ&l@m@&%&‘&%&@c|Ude
wea

kly basijc active . . L
granuiesy can also be compressed into micro-tablets (about 1-1.5 mum in diameter) to
produce organic acid-containing pellets. In these embodiments, the acid content

could be as high as 95% by weight based on the total weight of the granulated,
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pharmaceutical ingredients, derivatives, or salts thereof, which are
nitrogen-containing bioactive moieties having a pKa in the range of from
about 5 to 14, a solubility of not more than 200ig/mL at a pH of 6.8, a

Wiy %4?"88?i‘rna| highest dose to solubility at pH 6.8 of not Iespscﬂ:{gﬁzg%%(tftw”
100. The drug substance can be selected from the group of
pharmaceutically acceptable chemical entities with proven
pharmacological activity in humans. [0072] Specific examples of weakly

basiecdiFoaspdhcriaining therapsutic agsnts inchids withoyty
I|m|t |on alanz gﬁ%l%%ggﬁg?razml derivative indicated for the treatment of

séﬁ"z BRI Bt BRETARRL G HrodHRsiaRe 2 dsmesstive
serotonln 5- 1IT3 receptor antagonist indicated for the prevention of
HOG8b a Tisdndbrditim gohaeeisaringrhnc e Aristisenisiyie gostaopdRative
berdienyl] dipyficantaie, aelRoytivyidinghdespeative aﬂdmﬂxt@rsmmty

B L e o o

valve replacement, carvedi eta-adrenergic cklngeég%aﬁﬁ |cated
FORHHRS tRezititerih OPRERPPrimGTS BristRenie BRI dRoviJohatiie origin,
Iamefrd:guﬁef ﬁﬂﬁﬁﬁﬁ@dd@w&ﬂyﬁuWIf@ﬁcﬁh% é@Ml@JIRML%%ﬁEJn adults
@&dap tten\;\/sei% nza metgr aceutlczi#q)é cceoo le salt
théreof, apsyc op| agent inaicated Tor the (FeARaHtoT %ﬁ‘fﬁso ﬁrenla

ERitRpiE cRisdEennthe eridasves meﬁ’d@té@‘fﬁiﬁmmeélarm{coaﬂmmlar
ﬂmﬁb@;&t&ﬁ&iﬁ)&@&ﬂr@m&%@ﬁﬂﬂwﬁﬁc@ﬁﬂﬁe%Qﬁ%ﬁgﬁgﬁme core |
tgghniques co ed in the pharmaceutica
str %?uwfl choafté@]pg AR r}} tﬂlfﬁgfg?d%%mpcr‘é@%%? Hvention
?@&w%@%&mﬁé@%hﬂw el@t @m@m@adﬂsgmm@éorm of
mmﬂnr@aﬁawﬂten@lp@m@_ @%Tﬁl@@tmas@i]&eéﬁgsuﬁﬁaﬁwﬁﬁe 9£e§8gilve”ti0”a'
| ora integratin ets compressed, using a rotary tablet press,
1%09 8011, %dﬁg cgs % Pb rov18n€%u O?ag?gl %ﬁfﬁ‘ﬁ& %fm‘?%ﬂ

comprlsmg one or mo e popu ation
Bgowwgépﬁﬁ@pwﬁasﬁmbaMn@sataMdSdr/wmmém Fhight gain

somsentoss; Bhieinrepitksdisperss ARLAAEIINRINRSIeMAchMhbile
C()O}I:lL'ggnra &J%g}%égl ra e on %gntact (¥wth saliva_in the oral cavity forming
A SUSPENSION Bt C AL BRUDIEr Easydeiasimigobme s ore
Wﬁé‘a@rwmImmn%mddy@e@mgmémd&dggthedwnﬂa@@mﬁpnate
adiients nte talipts Mok axamnla.a binder, a diluent/filler, and a
disintegrant for conventional tablets while a rapidly dispersing granulation

m;re@%@wqgh@gsgmﬂysf%ﬁﬁ%%”a lon InQDTs). Furthermore,

]gP mpreSS|on into ONTs may be accomplishéd Using a tablet press
JuisBE e esarsingto e jlerinsrpribate punches and

dies prior to compression. 10074] The following non-limiting examples

RS ateierbutiap Sisiing o5 Hy bergentesconiprisingrohé spmioredouiges, each
Vith:apiedetemminad:d @mygﬁms@@%&@ﬁ%@i&%@%é*}&w L

o e orth 9.In Vivo plasma caoncentration profile
nﬁ{ﬁﬁqégﬁﬁﬁgrﬁlgggm%& oft 13585:)38“ 8?# %ﬁgﬁﬁﬁﬁ{ﬁ%l@eﬁ‘?é‘aeswed
%Féﬁ@@d%ﬁféwmmghév@p@mwm teedinhagice patient
isonptiange andiquality of M@@\%d%q%@ig&oiﬁ@m L¥hap-administered at
Oq%nggg Lm (Ptrmas regomme de byf{ g sician, would enable

maintaifing ug BI85a RO RFaTSHe s | W%‘?erﬁﬁéfﬁ/vﬁgh@ﬁélal in
lwmmﬂﬂ@&haﬂi&mm@mm sffeletsed ssesidted withor [0075]
Example 1: [0076] A. SR Beads of Fumarie Acid 100771 40-80 mesh
[8063hrid lawiceristats (37t esesehargrag ﬂﬂ&@s&sﬁ@lﬂd@@z@@@@ﬁi Glatt
neRGA AR RREtIn. &% o saIRNINIRIE teet AX o
length and 16 mm tubing. These acid crys SWere Costed withaSolution
(at 6% solids) of 250 g of ethylcellulose (Ethocel Premium 10 cps, referred
to hereafter as EC-10) and 166.7 g &ff polyethylene glycol (PEG 400) at a
ratio of 60/40 dissolved in 98/2 acetone/water (6528.3 g) for a weight gain
of up to 10% by weight. The processing conditions were as follows:
atomization air pressure: 2.0 bar; nozzle diameter: 1.00 mm; bottom
distribution plate: B; spray/shake interval: 30 s/3 s; product temperature
maintained at 351C; inlet air volume: 145-175 cubic feet per minute (cfrn)

and spray rate increased from about 8 to 30 g/min. 100781 Fumaric acid
crrv/etale ware alen coated ac deceribhed abnve 11eina differant ratine nf



100791 B. Barrier-coated Tartaric Acid Crystals 100801 60-100 mesh
tartaric acid crystals (900 g) were charged into a fluid-bed coater, Glatt
GPCG | equipped with a 6" bottom spray Wurstcr insert, 6" column length,
VR ?ﬁom bottom. These acid crystals were coated with S EGietioH %17‘?7
6% solids) of 202.5 g of ethyleellulose (Ethocel Premium 10 cps) and 22.5
g of triethyl citrate (TEC) for a weight gain of 20%. The processing
conditions were as follows: atomization air pressure 1. 5 bar; nozzle

diameter: 1.00 mm bot |str|but|on rod em rature
Srlﬁ%m a%grfea f%ﬂ atlrnlr%sf)n ad> 4 %,P en it pray rat elllrgl)greased from

haHgile sff@@@iminine@n@rmﬁ@%m@w&rw@rﬁr@e@egé@mr@r@ﬁé&m&he unit
I0mmintadiine eff exersvalresiiig selvent dikenalease of tartaric

acid was too fast. The 20% SR coated crystals released 67% of tartaric

(8649 ﬁ%ﬁé%&‘fa\‘\é‘@%@ ﬁ'&%@&'&ﬂ;&&é&%ﬁ@ QNG v Jhesg.coated crystal
were coated with EC-10/HP-55/T at a ratio of 60/25/15 dissolved in

ag RISl STRE P ! ARgImed 4in lea R lsen s pLpfRd &Rid release at 2
a@rgtddsee tiittecqpipintsnvelmags pLittvedys B 6eaiith 93% when tested by the
twostagc dissolution methodology. [0081] Example 2: 100821 A. Fumaric

[Aeel C antaiaings Gos@a4008 3} tdyitlr exyptanysiebtd angifisl wes! bdus@8.3 )
OU|da%e SlOW ac%econ?am%/ QOtdeen%u{eSdors Sgﬁltgiou §|C&) n) Ilwater

at lfg}) S&%dos e stlrrlng rgorous ISSOIV h umaric aXId

lezoring ik S0 Bée SRSTHPERE e £6 ﬂﬁ&%@ﬁi@?ﬁ@f&ﬂ@@@@f@amﬁbw with a

HnaRiQBosR ayVursteriRaeTh @ partitiasdee birmnmweuld:heigharged with
SRSl RRmesh oL BRIeIER. e Shaal spherez yioud e
ere ?] arlc aCI F’]ﬁ Intaining epro UC

wﬁﬁe@a}@etsaﬁbuw%@ebm reod Fdaoritioat-ababie 3i8d4ts m/s.
J@@@piw@é@@we@@ﬁémwm Hﬁﬁlﬁ@rbl@dﬁi ﬁ&ﬂlﬁ'ﬁiﬁé@ iff residual

d_throu s. [0084] B.
pgﬁv ga%goéu%lg?ﬂ%iigyg glf&l' e{gg 080 g) from
Wémemmdelé@l@@aw@mmmls@m@m (mlyee%eg@nmﬁof 108 g of

RibvlcaliiaseEGs)xans d2oeldisthvhelipte BRGNat & wijRefo0/10
dissolved N P3R.aceione/water o 2 welght gain of 1070,y weight.

concentration of from about 0.5 to 10% by weight.

[0064] Representative inert particles used to layer the acid or the pharmaceutical
active include sugar spheres, cellulose spheres and silicon dioxide spheres with a
suitable particle size distribution (e.g. 20-25 mesh sugar spheres for making coated
beads for incorporation into a capsule formulation and 60-80 mesh sugar spheres

for making coated beads for incorporation into an ODT formulation).

10065} Examples of weakly basic, nitrogen (N)-containing therapeutic agents
having a pKa in the range of from about 5 to 14 include, but are not limited to,
analgesics, anticonvulsants, antidiabetic agents, anti-infective agents,
antineoplastics, antiParkinsonian agents, antitheumatic agents, cardiovascular
agents, CNS (central nervous system) stimulants, dopamine receptor agonists, anti-

emetics, gastrointestinal agents, psychotherapeutic agents, opioid agonists, opioid
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[0086] C. Dipyrimadole IR Beads Comprising SR-coated Acid Cores
[0087] Dipyrituaciole (225 g) would be slowly added to an aqueous

solution o(fgolyvinylpyrrolidone Povidone K-29/32 (25 g) to dissolve the
Wﬂrﬂ)ﬂ?!%%% ated acid cores would be coated in the Glatt GPEEB2if1aHd

drug solution-and the drug-layered heads would be provided with a
protective seal-coat of Opadry Clear (about 2% weight gain) to form IR
beads with a drug load of 17.29% by weight. [0088] D. Dipyrimadole SR

Bcads 0099 OiRimedle i beade,10902) fom. ahove uou he
HTier-e6a 1ecﬁgz coated)" yn}srﬁra)?ing Soiution (als. 5 50M183) 6f 90/10
arEGkgloPEG{rieksanéitrate) at 5-10% by weight and dried in the Glatt for
10 minutes to drive off excess residual solvent. The dried beads would be
[(Sen]e dRipdiseartaphacoubies:ifermeetihl{ 0020jRdipywima ddlenddP R

thg%s}&lli@o&ﬂdé%iﬂ%ﬁm%@ §é%m§&§d9&ﬁg Dwih,22 gaatingfrom

—xample 2D would be further coated with a lag-time coating membrane of
b It osh SyBinatioserithaikeree Atk HyiEkfAes dtdatio of
1O /Bin Ihidaif aryeeig htig avpbirabouti20 %1692t dllyerdilRRixreabsiwould be

5;‘1@8‘?:i'@,%%r%%&%ﬁ%é&ﬁ‘&&%ﬁ%ﬂe{@wﬁﬁ%%m&%ﬁ%idUa' solvent and

sieved. Fin. 5 shows the release profiles of eipyridamoie from
phggiRsaheid T PR BEAIETBU93] Example 3: [00941 A. Finnan

Acid-Containing Cores
[0067] Representative examples of water-insoluble polymers useful in the

invention include ethylcellulose, polyvinyl acetate (for example, Kollicoat SR#30D -
from BASF), cellulose acetate, cellulose acetate butyrate, neutral copolymers based
on ethyl acrylate and methylmethacrylate, copolymers of acrylic and methacrylic
acid esters with quaternary ammonium groups such as Eudragit NE, RS and

RS30D, RL or RL30D and the like. Representative examples of water-soluble
polymers useful in the invention include polyvinylpyrrolidone (PVP),

hydroxypropyl methylcellulose (HPMC), hydroxypropyleellulose (FIPC),
polyethylene glycol, and the like.

[0068] Representative examples of enteric polymers useful in the invention
include esters of cellulose and its derivatives (cellulose acetate phthalate,
hydroxypropyl methylcellulose phthalate, hydroxypropyl methyicellulose acetate
succinate), polyvinyl acetate phthalate, pH-sensitive methacrylic acid-
methamethacrylate copolymers and shellac. These polymers may be used as a dry
powder or an aqueous dispersion. Some commercially available materials that may
be used are methacrylic acid copolymers sold under the trademark Eudragit (1100,
5100, L30D) manufactured by Rohm Pharma, Cellacefate (cellulose acetate
phthalate) from Eastman Chemical Co., Aquateric (cellulose acetate phthalate
aqueous dispersion) from FMC Corp. and Agoat (hydroxypropyl methylcellulose

acetate succinate aqueous dispersion) from Shin Etsu K.K.

[0069] The enteric, water-insoluble, and water-soluble polymers used in forming

the membranes are usually plasticized. Representative examples of plasticizers that
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[0095] flydroxypropyl cellulose (Kiimiel LB. 20 g) would be owzy added to

90/10 denatured SD 3C 190 proof alcohol/water at 4% solids while stirring
orousl to dissolve and then fumaric acid (200 g) would be slowl
8%760?8 dissolve. Glatt GPCG 3 would be charged with 785 &stgéng@)olzs'z

mesh sugar spheres. The sugar spheres were layered with the fumaric

acid solution as disclosed. in Example 1. The acid cores would he dried in

the unit for 10 min to drive off residual solvent/moisture and sieved

ol 2 %H&%ﬂﬁ%%%%ﬁ%ﬁ&&béﬁeﬁg el agig, fores

097] The acid cores ( rom above would bé coated wi
RIS T SRS GRS PG eigteeTRlote e roy e T
attfiéthngrgiitatel(TEdysat eniatiniof 09/ it issabeed dor 95/5 acdtopgiwater for
W t.gain of 00/ b 0098] C. Lamotrigi B 099]
O%g%ot%}gﬁ% 1% a) p%éu‘io? %gw ol\llv Se{%‘a‘g’ o rﬁsgageogécos% usltogg of race'
aanerg Wlfélb’él%‘lk‘/éotﬁézérw@%@ﬁsﬁ.@dﬁté& a@mre’@wm ¢ from above
pmui&b@@aatﬁdwﬁtth@@lﬁtbrﬁﬁ@ﬁyﬁM'ﬂihﬂlil@rﬂét@ﬁpiﬁﬂﬁe ofdel the ;

Ia ered beads were p ed rotective seal-coat o adry
¢ H% fn ef% ugfjg%tcagm al[gb rie hl|1?1mt8 e Cgla}tjtefséwf)lro%guceanﬁg?iads
tG[‘@tﬁP@é?)O. Larnotrigine SR Beads 100101] Lamotrigine IR beads would

be battler-coated by spraying a. solution (7.5% solids) of 70/30 EC-la/TEC
(W7 B-59% bspovaighis dndrarie th irrithe i att fGP GGh8 dtgHeysaxhpatisizperature

béﬂfxelg,mmg% t%@faglaﬁb%ec%@ idral splyantnd Bgqdagd beads would
be Slev%’@iﬁ iscard any douples if formed. [00102] E. Laenotrigine TPR

MEBEARY ﬁgﬁ%f%ﬁl& et sy et s e fafner
Plyoaeedaiit) 3 dagtide coatingimeNbiae dEE HkIB-E6J BE at a ratio

82 RUAPaS LR IR0 A WG AR ARAULHO-3R%si NG iR B&ads would

ried.in the Glatt to drlve off
alggbg uggd

m—-

[0071] The active pharmaceutical ingredients suitable for incorporation into these
time-controlled pulsatile release systems include weakly basic active
pharmaceutical ingredients, derivatives, or salts thereof, which are nitrogen-
containing biocactive moieties having a pKa in the range of from about 5 to 14, 2
solubility of not more than 200png/mL at a pH of 6.8, and a ratio of optimal highest
dose to solubility at pH 6.8 of not less than about 100. The drug substance can be
selected from the group of pharmaceutically acceptable chemical entities with

proven pharmacological activity in humans.

[6072] Specific examples of weakly basic, nitrogen (N)-containing therapeutic
agents include without limitation: olanzapine, a piperazinl derivative indicated for
the treatment of schizophrenia, ondansetron or ondansetron hydrochloride, a
selective serotonin 5-HT3 receptor antagonist indicated for the prevention of nausea
and vomiting associated with chemotherapy or post-operative surgery,
dipyridamole, a dipyrimidine derivative indicated for the prevention of
postoperative thromboembolic complications of cardiac valve replacement,
carvedilol, a beta-adrenergic blocking agent indicated for the treatment of heart

failure of ischemic or cardiomyopathic origin, lamotrigine, a triazine derivative
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residual solvent and sieved through 20 mesh sieve. [00104] F.

Lamotrigine MR Capsules, 50 mg: [00105] Hard gelatin capsules would be

filled with ER beads, SR beads (3%coating) and TPR beads (10%
WOSHHEI Y ratio of 35/40/25. [00106] Example 4: [00107] RCT/US2007/061237

Barrier-coated Tartaric Acid Crystals [001081 60-100 mesh tartaric acid

crystals (900 g) would be coated in Glatt GPCG 3 with a solution of

fumaric acid (90 g) and 10 g of Kluael LF at a ratio of 90/10 dissolved in

. denatured SD 3C_190 proof alcohol/water at 4% solids and further coated
A B G LB A O HE AL B G55 O
Phrcetoneivrditercattabloseld ebsefdr pepairp P804y indiigiat de described in

DG BRI BKBPIRIAS, EBE%AT%E%%&%Y%&J@M@@%@%&%@P&%GVM to
discard doubles if formed, [001091 B. Lamotrigine IR Beads [00110]

B 9GHREAB ) Wduld be slowly added to an aaqueous solution of

‘Gucci LF (60 g) to disperse the drug homogeneously. SR-coated acid
[¥BHes (hor G HEIh capsiRe fobrrpdicbiél Mthe BiamebberF it the

tediag S PRSI, etttk didgniayered bﬂad@mufdxiaeawewidegiwi_th a
L T T T S R
products in the form of multi-particulate dosage forms as hard gelatin capsules, or
conventional and orally disintegrating tablets compressed using a rotary tablet

press, comprising one or more bead populations for oral 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 on contact with
saliva in the oral cavity forming a smooth 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). Furthermore, compression

mto ODTs may be accomplished using a tablet press equipped with an external

Iubrication system to lubricate punches and dies prior to compression.

[0074] The following non-limiting examples illustrate the capsule dosage forms
comprising one or more pulses, each with a predetermined delayed-onset and the
totality of the in vitro drug-release profile or the ensuing in vivo plasma
concentration profile upon oral administration of the dosage form should mimic the
desired profile to achieve maximum therapsutic efficacy to enhance patient
compliance and quality of life. Such dosage forms, when administered at the ‘right
time’ or as recommended by the physician, would enable maintaining drug plasma
concentration at a level potentially beneficial in minimizing the occurrence of side-

effects associated with Cuax 0F Coyin.
[0075] Example I:

[8076] A. SR Beads of Fumaric Acid
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[001121 Lamotrigine IR beads (800 g) would be SR coated by spraying a
solution (7.5% solids) of 85/15 EC-10/TEC for a weight gain of 5-10d%. SR
beads dried in the Glatt at the same temperature for 10 minutes to drive
WOrFEYER Y esidual solvent would be sieved to discard any ddupleg|f7/e1237
formed. [00113] D. Lamoniginc TPR Beads [00114] Lamotrigine SR beads
would be further coated with a lag-time coating membrane of
EC-10/11T-55/TEC al: a ratio of 45/40/15 for a weight gain of about

% To] ules, 50 fig; .[00116] Hard
e e A R il i s
CoRth G AharFoR pdrrst 10%ha0Y Jovpacsatingy sty merof Oheas.

[efAA FheEreump gl OISR ohumakieA it Saomain e SR .ébé@(())/ll%?l
ed 1o

[lul K | LE, 33.3 g) was slowly ad
e e Loy RS e B FeEbive
&fd! thendrfherroherivedodeny sizeoSIBRABAelded teridisBENAs Glatv@PCG 3

eOeippediviivad (3080 Seray Wiksiah isg'to %m&lri]%&ﬁ@"fﬁénh is
SHRLISH 00,10 oL 90,50 mech sugar sphercs, The sbgar cpheres

ere f'a el’eC?WI'%S Pﬁe fanaﬁc §10| SO:‘U | .
fhssErature BrabYirBd-SaT End ik Bairvelcbity atabgus 8:534;5 m/s.
Phewrcisheniesyeraied in3he unitder Z0vnindo drivesoff fiesidual.;

olven m istHre and sieved tfg%u%h 40-80 mesh screens. [00120] B.
ﬁ:lﬁgu e (C x§ and spray rate mcreased froin about § to 30 g/min.

-coated. anaric-acl ores

[0078] Fumaric acid crystals were also coated as described above using different
ratios of ethylcellulose and PEG. More specifically, acid crystals were coated with
a solution of EC-10 (Ethocel Premium 10 cps)/PEG 400 at a ratio of either 75/25 or
67.5/32.5 for a weight gain of up to 10% by weight in each case. Fig. 4 shows the
release profiles of fumaric acid from fumaric acid crystals coated at different ratios

of EC-10/PEG.
[0079] B. Barrier-coated Tartaric Acid Crystals

[6080]  60-100 mesh tartaric acid crystals (900 g) were charged into a fluid-bed
coater, Glatt GPCG 1 equipped with a 6” bottom spray Wurster insert, 6” column
length, and 1 cm from botiom. These acid crystals were coated with a solution {(at
6% solids) of 202.5 g of ethylcellulose (Ethocel Premium 10 cps) and 22.5 g of
triethyl citrate (TEC) for a weight gain of 20%. The processing conditions were as
follows: atomization air pressure: 1.5 bar; nozzle diameter: 1.00 mrn; botfom
distribution plate: B; product temperature maintained at 331 °C; inlet air speed: 4-5
/s and spray rate increased from about 5 to 8 g/min. Following the coating, the
beads were dried in the unit for 10 min to drive off excess of residual solvent. The
release of tartaric acid was too fast. The 20% SR coated crystals released 67% of
tartaric acid in an hour when dissolution tested in 0.1N HClL. These coated crystal
were coated with EC-10/HP-55/TEC at a ratio of 60/25/15 dissolved in 95/5

acetone/water for a weight gain of 20%. The tartaric acid release at 2 and 4-hr time
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[00121] The acid cores (800 g) from above were coated with a solution (at
7.5% solids) of 180 g of ethylcellulose (EC-10) and 20 g of diethyl citrate
C) at a ratio of 90/10 dissolved in 95/5 acetone/water for a weight gain
Be2°t8%00%. [00122] C. Carvediloi IF. Beads [00123] Hyﬁfbﬁé%?%%}{ﬂm”
cellulose (Klucel LH 77.8 g) was slowly added to purified water (at 6%
solids) while stirring rigorously to dissolve and Carvediloi (700 g) was
slowly added while stirring to disperse the drug homogeneously.
SR-coated acid_cor 00,a)from abo erc coated in.the.Glatt GPCG
P e o o S on B SR R S S e i
mgthedelagtive seal-coat of Opadry Clear (34.2 g for about 2% weight gain)
and dried in the Glatt to produce IR beads. [001241Carvedilol SR Beads
00801 1 Eeamethti IR beads (1080 g) would be barrier-coated (SR coated)
by spraying a solution (7.5% solids) of 90/10 EC-10ITEC at 5% by weight
(sl driedrimmiie: Gladt@ithmiagDedemperature for 10 minutes to drive off
excess residual solvent The dried beads would be sieved to discard any

[odeublesyidianmed (00126} BxGarvadiolsTH RBrasis 100l 2ahQasveditol

eads | further coated with -time ting . membrane of
o SRS TSl oGt A SPELTARE Teh K B S A abour 10.20%
ripyrovsiig it dFkRVE PR hendonwritidih & ipdvpith dGlattiodirieoff residual
dRevantangd sieved dhigpeh i nesBoaiay epkiowirshowsihe-release

&Igl TPR b

p r'%%‘:gg go Jn?r? \r%%? e chargedex%%s%é .7 g of 25-30 mesh Sugar Spheres. The

TE
Wort

sugar spheres would be layered with the fumaric acid solution while maintaining
the product temperature at about 33-34°C and inlet air velocity at about 3.5-4.5 m/s.
The acid cores would be dried in the unit for 16 min to drive off residual

solvent/moisture and sieved through 20-30 mesh screens.
[0084] B. SR-coated Fumaric acid Cores

[0085] The acid cores (1080 g) from above would be coated with a solution (at
7.5% solids) of 108 g of ethylcellulose (BC-10) and 12 g of triethyl citrate (TEC) at
a ratio of 80/10 dissolved in 95/5 acetone/water for a weight gain of 10% by weight.

[0086] C. Dipyrimadole IR Beads Comprising SR-coated Acid Cores

[0087] Dipyrimadole (225 g) would be slowly added to an aqueous solution of
polyvinylpyrrolidone Povidone K-29/32 (25 g) to dissolve the drug. SR-coated acid
cores would be coated in the Glatt GPCG 3, with the drug sclution and the drug-
layered beads would be provided with a protective seal-coat of Opadry Clear (about
2% weight gain) to form IR beads with a drug load of 17.29% by weight.

[0088] D. Dipyrimadole SR Beads

[0089] Dipyrimadole IR beads (1080 g) from above would be barrier-coated (SR
coated) by spraying a solution (7.5% solids) of 90/10 EC-10/TEC (triethyl citrate)

31



[001281 F. Taste-masked IR Beads [00129] The T., beads obtained
above would be coated with 50/50 EC- | O/Eudragit E100 dissolved in
5 acetone/113A/water for a weight gain of abou
W(gvgeylgﬁ 50130] 0. Rapidly-dispersible Microgranules [001&%9@&(8#%1237
rapidly-dispersible microgranales comprising a sugar alcohol such as
mann-tot and a disintegrant such as crospovidone were prepared
following the procedure disclosed in the co-pending US Patent Application

aP#Pdlﬁ%%OVOeE@IC a%&@%%@%"?&?f%?a@%ﬁﬁ?% SaReF 20..699%: e

contents of w are hereby incorporated by reference. D-matinito (152
spyyvithha g dresge irdde Siyedde dpprsianitienooitfmeds (Pearlitol

25 from Roquette, France) were blended with kg of cross-linked povi
38k (Erdspovitdaie KERME4dsm 1SP) in a high shear granulator (GMX

600 from Vector) and granulated with purified water (approximately 32 kg)
[eedwekippittedioisifR oai{ FH8utdrts andittairdii8dafaplat OD (loss
AR RS JSQ:%&Q% g%@%&%&aﬂ@%&ﬁ@%@%&é%ﬂﬁf%Sleved and

oversize material was milled to produce rapidly- dlsper5|ble microgranules

(e lifre PRR paMide é‘f%%ﬂi‘ﬁiﬁi%af@r?@é *afiaaﬁé matef £ 75:800ttm.
00333 ER@arvedilol CR ODT [00133] Rapidly-dispersible microgranules
would be blended with TPR beads, SR beads, taste-masked IR beads and

[mtbrgr phwmmcwﬁgaloaﬁps@wamﬁm@mt@h@@Qﬂ@@&i@&@fu@wetener

2nc o&}?%lt{ ai’;\gé{lsmtte ant a& arat . ngzs-l déspers le |}rf]|crogranules to
multlcoae carve |Io cfs o{‘% in atwm s air Vbiender for a

cbwmmuh%ﬂocgeﬂhpmgemebﬂuéw}ﬁlbﬁmw blending for compression.
Tablets comprising taste-masked beads, SR beads and TPR Beads at a
[padi®) off32MR2S as carveditol would be compressed using a production
scale tablet press equipped with an external lubrication system at a mean
[heuginess piwhut Bd/kRa@ayeditel MR ODT, 50 mg thus produced
would rapidly disintegrate in the oral cavity creating a smooth,

[@@essy tq?%\f@%%ﬁﬁ%@gmqm%mm @Q%Qﬂz %@@1@91@&2@@% which
g gg %ﬁ)rowggg g gg%t&? su ble for a{'ﬁ osm% regimen.
290 ST E Al W?‘ﬁeéraé cfa Rty Eores
rigorousty to dissolve and then fumanc ac1d. (200 g) would be slowly added to
dissolve. Glatt GPCG 3 would be charged with 780 g of 25-30 mesh sugar spheres.
The sugar spheres were layered with the fumaric acid solution as disclosed in

Example 1. The acid cores would be dried in the unit for 10 min to drive off

residual solventmoisture and sieved through 20-30 mesh screens.
[0096] B. SR-coated Fumaric acid Cores

[0097} The acid cores (900 g) from above would be coated with a solution (at
7.5% solids) of 90 g of ethylcellulose (EC-10) and 10 g of triethyl citrate (TEC) at a
ratio of 90/10 dissolved in 95/5 acetone/water for a weight gain of 10% by weight.

[0098] C. Lamotrigine IR Beads

[0099] Lamotrigine (162 g) would be slowly added to an aqueous solution of
Klucel LF (13 g) to dissolve the drug. SR-coated acid cores (900 g) from above
would be coated in the Glatt GPCG 3 with the drug solution, and the drug-layered
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[00136] Hydroxypropyl cellulose (Klucel LF, 53.6 g) was slowly added to
WEGA0/A90%roof alcohol/water at 4% solids while stirring rigoropsly t82007/061237

dissolve and then fumaric acid (482.1 g) was slowly added to dissolve.

Glatt OPCG 5 equipped with a 9" bottom spray Wurster insert, 10"

partition column was charged with 3750 a of 25-30 mesh sugar spheres.

The sugar spheres were layered with the fumaric acid solution while

headntaimingtfiéadrodiict fermprratise ed-aBpuhad306 ANd3,506Y,ale of

B0 Jpkinin. 1 he. agid.cores were dried in the unit for 10 min to drive off
%s%ual solvelzln r%gﬁsaturg %rr?guéi%ve etzhrsough 40-80 mesh. [00137J B. SR

&&a& d Furgaric acid Cores [00138] The acid cores (3750 g) from above
Vere Goated BMHrasds oA 7 5% solids) of 177.6 g of ethyleellulose
EC-10) and 19.7 g of triethyl citrate (TEC) at a ratio of 90/10 dissolved in

1 cetamemiates BosadeightgbirbafB%:bytatdighpfofewing then

provedums disclosedakoyec Q0L ~Qndansetron Hydrochlori ‘
?gp%%rate;R Beads 1001401 %d%?xg%\;%%%cﬁ% ogg {%ﬁ}%e iq‘_%&%% 0)
was Slowly STEEH TS SO T8 o 8t STe6 Gl MersE (asidratsglatoohibhe
a4 bepdy wated bt S sdtidélwbilenstising-rgoreusly to dissolve and
ondansetron IICI (402.8 g) was slowly added while stirring to dissolve the

a9z SREcoatastagid-coresy3ad0 g) were coated in the Glatt GPCG 5
with the drug solution, and the drug-layered beads were provided with a

tive,spal- i at 603 (80.5.g far about 2% weight gain)
e e L o po T S82 i ke R soms o oo et

B GARB B ORI ABEP SIY BRAds{01e] QdehSat ao: a weight

dHycroghderide 1R beads13560 G (SR coated) by
| D o e R LR

raying. a solution %7.500 solids
rz%%‘?%insegclf i t'[ﬁltzztgélli%t il %f%?@%}é é“@ﬁwﬁ%’f%ture for 10 minutes to drive off
excess residual solvent. The dried beads woere sieved to discard any
Bifidles Tt fovrmetcimod8Cmsdndahsetron Hydrochloride TPR Beads

[00105] Hard gelatin capsules would be filled with IR beads, SR beads
(3%coating) and TPR beads (10% coating) at a ratio of 35/40/25.

[00106] Example 4:
f00107] A. Barrier-coated Tartaric Acid Crystals

[00108] 60-100 mesh tartaric acid crystals (900 g) would be coated in Glatt
GPCG 3 with a solution of fumaric acid (90 g) and 10 g of Klucel LF at a ratio of
90/10 dissolved in denatured SD 3C 190 proof alcohol/water at 4% solids and
further coated with EC-10/HP-55/TEC at 2 ratio of 65/20/15 dissolved in 95/5
acetone/water at 7.5% solids for a gain of 30% by weight as described in the above
examples. The coated crystals would be dried and sieved to discard doubles if

formed,

[00109] B. Lamotrigine IR Beads

|83
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[00144] Ondansetron Hydrochloride SR beads were further coated with a
lag-time coating membrane of EC-1 O/HP-55/TEC at a ratio of 60.5/25/14.5

for a Wei%[ht gain of 20% to 45% by weight. The TPR beads were dried in

WHEERHTY drive off residual solvent and sieved through a RISt
TPR beads packaged in induction sealed HDPE bottles were placed on
stability per ICE guidelines. Fig. 7 demonstrates drug release profiles
generated on TPR beads on accelerated. stability (i.e., at 40°C/75%R.II)

t hs, 1 demonstrates that the formulation ,of the
Egéélgg}nf i%/%%q#giﬁs(%%}zggﬁy an g%ﬁ%’rﬁ?gg yos%gﬁ?g}lﬁoélﬁfeo T?g*ﬁ%ility of

tifficbatet HPR]seratin A RaorEREaNsl HERPRMBIES (biss 00
FlactNbbY 00 Tiee-neain: BesniptioaAveragendssakvisiue Jatal

lﬁg RHL, Jssegm%%%%)would be provided with a protective seal-coat of Opadry
Y
Clear for 2% weight gain) and dried in the Glatt to produce IR beads.

[00111] C. Lamotrigine SR Beads

[00112] Lamotrigine IR beads (800 g) would be SR coated by spraying a solution
(7.5% solids) of 85/15 EC-10/TEC for a weight gain of 5-10%. SR beads dried in
the Glatt at the same temperature for 10 minutes to drive off excess residual solvent

would be sieved to discard any doubles if formed.
f00113] D. Lamotrigine TPR Beads

[00114] TLamotrigine SR beads would be further coated with a lag-time coating
membrane of EC-10/HP-55/TEC at a ratio of 45/40/15 for a weight gain of about
10-20%.

[00115] E. Lamotrigine MR Capsules, 50 mg;

[00116] Hard gelatin capsules would be filled with IR beads, SR beads (5% or
10% coating) and TPR beads (10% or 20% coating) at a ratio of 35/40/25.

[00117] Example 5:
[00118] A. Fumaric Acid-Containing Cores

[00119] Hydroxypropyl cellulose (Klucel LF, 33.3 g) was slowly added to 90/10
190 proof alcohol/water at 4% solids while stirring rigorously to dissolve and then
fumaric acid (300 g) was slowly added to dissolve. Glatt GPCG 3 equipped with a
6" bottom spray Wurster insert, 8" partition column is charged with 866.7 g of 60-
80 mesh sugar spheres. The sugar spheres were layered with the fumaric acid
solution while maintaining the product temperature at about 33-34°C and inlet air
velocity at about 3.5-4.5 m/s. The acid cores were dried in the unit for 10 min to

drive off residual solvent/moisture and sieved through 40-80 mesh screens.
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(% of Label (%) (%) Claim) Initial White to off- white, spherical,
free-flowing beads 100.6

WO 2007/096091 PCT/US2007/661237

[00120] B. SR-coated Fumaric acid Cores

[00121] The acid cores (800 g) from above were coated with a solution (at 7.5%
solids) of 180 g of ethylcellulose (EC-10) and 20 g of triethyl citrate (TEC) at a

ratio of 90/10 dissolved in 95/5 acetone/water for a weight gain of 10% to 20%.
[00122] C. Carvedilol IR Beads

[00123] Hydroxypropyl celluloss (Klucel LF, 77.8 g) was slowly added to
purified water (at 6% solids) while stirring rigorously to dissolve and Carvedilol
(700 g) was slowly added while stirring to disperse the drug homogeneously. SK-
coated acid cores (900 g) from above were coated in the Glatt GPCG 3 with the
drug dispersion, and the drug-layered beads were provided with a protective seal-
coat of Opadry Clear (34.2 g for about 2% weight gain) and dried in the Glatt to
produce IR beads.

[00124] D. Carvedilel SR Beads

[00125] Carvedilol IR beads (1080 g) would be barrier-coated (SR coated) by
spraying a solution (7.5% solids) of 90/10 EC-10/TEC at 5% by weight and dried in
the Glatt at the same temperature for 10 minutes to drive off excess residual

solvent. The dried beads would be sieved to discard any doubles if formed.
[00126] E. Carvedilol TPR Beads

[00127] Carvedilol SR beads would be further coated with a lag-time coating
membrane of EC-10/HP-55/TEC at a ratio of 50/35/15 for a weight gain of about
10-20% by weight. The TPR beads would be dried in the Glatt to drive off residual
solvent and sieved through 20 mesh sieve. Fig. 6 Shows the release profiles of

carvedilol TPR beads.
[00128] F. Taste-masked IR Beads

[00129] The IR beads obtained above would be coated with 50/50 EC-
10/Eudragit E100 dissolved in 48.5/24/27.5 acetone/IPA/water for a weight gain of
about 10-20% by weight.



1.25 0.09 1 Month at ACC As Above 100.6 1.02 0.14 2 Month at ACC As
Above 98.3 0.89

WO 2007/090091 PCT/US2007/061237

[00130] G. Rapidly-dispersible Microgranules

[00131] The rapidly-dispersible microgranules comprising a sugar alcohol such as
mannitol and a disintegrant such as crospovidone were prepared following the
procedure disclosed in the co-pending US Patent Application Publication No. U.S.
2005/0232988, published October 20, 2005, the contents of which are hereby
incorporated by reference. D-mannitol (152 kg) with an average particle size of
approximately 20um or less (Pearlitol 25 from Roquette, France) were blended with
8 kg of cross-linked povidone (Crospovidone XL-10 from ISP) in a high shear
granulator (GMX 600 from Vector) and granulated with purified water
(approximately 32 kg) and wet-milled using Comil from Quadro and tray-dried for
an LOD (loss on drying) of less than about 0.8%. The dried granules were sieved
and oversize material was milled to produce rapidly-dispersible microgranules with

an average particle size in the range of approximately 175-300um.
[60132] H. Carvedilol CR ODT

[00133] Rapidly-dispersible microgranules would be blended with TPR beads, SR
beads, taste-masked IR beads and other pharmaceutical acceptable ingredients, such
as flavor, swestener, and additional disintegrant at a ratio of rapidly-dispersible
microgranules to multicoated carvedilol beads of 2:1, in a twin shell V-blender for a
sufficient time to get homogeneously distributed blending for compression. Tablets
comprising taste-masked beads, SR beads and TPR Beads at a ratio of 35/40/25 as
carvedilol would be compressed using a production scale tablet press equipped with
an external lubrication system at a mean hardness of about 5-7 kP. Carvedilol MR
ODT, 50 mg thus produced would rapidly disintegrate in the oral cavity creating a
smooth, easy-to-swallow suspension comprising coated carvedilol beads, which

would provide a target profile suitable for a once-daily dosing regimen.
[00134] Example 6:
[00135] A. Fumaric Acid-Containing Cores

[00136] Hydroxypropyl cellulose (Klucel LF, 53.6 g) was slowly added to 90/10

190 proof alcohol/water at 4% solids while stirring rigorously to dissolve and then
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0.00 3 Month at ACC As Above 97.5 1.04 0.115 6 Month at ACC As
Above 96.9 1.4 0.109

WO 2007/096091 PCT/US2007/061237

fumaric acid (482.1 g) was slowly added to dissolve. Glatt GPCG 5 equipped with
a 9” bottom spray Wurster insert, 10” partition column was charged with 3750 g of
25-30 mesh sugar spheres. The sugar spheres were layered with the fumaric acid
solution while maintaining the product temperature at about 33-35°C and a spray
rate of 8-60 mL/min. The acid cores were dried in the unit for 10 min to drive off

residual solvent/moisture and sieved through 40-80 mesh.
[00137] B. SR Coated Fumaric acid Cores

[00138] The acid cores (3750 g) from above were coated with a solution {(at 7.5%
solids) of 177.6 g of ethylcellulose (EC-10) and 19.7 g of triethyl citrate (TEC) at a
ratio of 90/10 dissolved in 95/5 acetone/water for a weight gain of 5% by weight

foHoWing the procedures disclosed above.
[00139] C. Ondansetron Hydrochloride Dihydrate IR Beads

[00140] Hydroxypropyl cellulose (Klucel LE, 77.8 g) was slowly added to 50/50
190 proof alcohol/water (4247.4 g alcohol+ 4247.4 g water at 5% solids) while
stirring rigorously to dissolve and ondansetron HCl (402.8 g) was slowly added
while stirring to dissolve the drug. SR coated acid cores (3500 g) were coated in the
Glatt GPCG 5 with the drug solution, and the drug-layered beads were provided
with a protective seal-coat of Pharmacoat 603 (80.5 g for about 2% weight gain)
and dried in the Glatt to produce IR beads (batch size: 4028 g).

[60141] D. Ondansetron Hydrochloride SR Beads

[00142] Ondansetron Hydrochloride IR beads (3500 g) were barrier-coated (SR
coated) by spraying a sotution (7.5% solids) of 90/10 EC-10/TEC at 5% by weight
and dnied in the Glatt at the same temperature for 10 minutes to drive off excess

residual solvent. The dried beads woere sieved to discard any doubles if formed.
[00143] E. Ondansetron Hydrochloride TPR Beads

[00144] Ondansetron Hydrochloride SR beads were further coated with a lag-time
coating membrane of EC-10/HP-55/TEC at a ratio of 60.5/25/14.5 for a weight gain
of'20% to 45% by weight. The TPR beads were dried in the Glatt to drive off
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100145] Example 7 (Comparative): [00140 A. Carvedilol 1R Beads

Layered on Sugar Spheres [00147] Elydroxypropyi cellulose (Klucel LF,
W(7)72b%ﬁ%} was slowly added to 90/10 190 proof alcohol/water g11667

QRO 206 g water at 6% solids) while stirring rigorously to

and Carvediloi (700 g) was slowly added while stirring to dlssolve the

drug. 25-30 mesh Sugar Spheres (900 g) are coated in the Glatt GPCG 3

with the drug solution, and the drug-layered beads were provided with a

RLteChive ear (34.2.9 for.abo t2°/ ht gain)
Qit&d%led }%%%e&g%ﬁ?o p(r%%%%gé %E\hegl1 ‘s’e batc S|ze %1 [00148] .

@%ﬁi%%ﬁf&%@ﬁ%éa@efomagliceda@xyé@héﬂwwéﬁé%g(@m@): wogld be
bamiestcoatéd{SReaeated)byspraying amobiionf69%:selids) afHa4L0

I%Q ]Q/B%g&%{@fpryu}g/%ght arhd d,EJ Lin the G qgtfor 10 minutes to drive

off éxcess residual solvent. Pull samp es’a egb% b BHA %00 coaling.
HREPBEGEPRETIdERER 8 gtz and ahgmieliblessbitformed,
Dissolution test 5% and 10% coated SR beads to demonstrate the impact
of incorporating an organic acid core. 1001501 C. Powder X-ray
Diffraction [001511 Powder X-ray diffraction patterns would be generated
feabiiinbafiiebditide Denradilodd SRrRApatedfinnaticrsitideadssGamvadilol ER
beads, SR beads, and TPR beads of Example 6. The analysis of these
X=vay pattexas/vwoajd demonstrate that carvedilol exists in the IR, and TPR
beads in the original crystalline state and not as a formate salt. [00152]

&17/()61237
olve

Exé\"i;r\i/[]@’réog!t[O(nS@}mﬂF@m aricseideCantaining XBokese | Total Impurities
onths) 4 (% of Label (%) (%)
Claim)
Initial White to off- 100.6 1.25 0.09
white, spherical,
free-flowing
beads
1 Month at ACC| As Above 100.6 1.02 0.14
2 Month at ACC| As Above 98.3 0.89 0.00
3 Month at ACC| As Above 97.5 1.04 0.115
6 Month at ACC| As Above 96.9 14 0.109

[00145] Example 7 (Comparative):
[00146] A. Carvedilol IR Beads Iayered on Sugar Spheres

100147] Hydroxypropyl cellulose (Klucel LF, 77.8 g) was slowly added to 90/10
190 proof alcohol/water (11667 g alcohol+ 1296 g water at 6% solids) while
stirring rigorously to dissolve and Carvedilol (700 g) was slowly added while
stirring to dissolve the drug. 25-30 mesh Sugar Spheres (900 g) are coated in the
Glatt GPCG 3 with the drug solution, and the drug-layered beads were provided
with a protective seal-coat of Opadry Clear (34.2 g for about 2% weight gain) and
dried in the Glatt to produce IR beads (batch size: 1712 ).

[00148] B. Carvedilol SR Beads
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[00154] Fumaric acid-containing cores (at a famari, acid load of 5.4% by
weight) vi,re prepared by the procedure described above. [00155] B.
SR-coated Pumaé& Acid-Containing Cores [00156] The fumaric acid cores
W&%‘}EY %f)o?f)&m above were coated with solution of EC-10 an8 ettt BEE1237
400 (B.1) at a ratio of 60/40 or TEC (B2) at a ratio of 90/10 as the
plasticizer, dissolved in 98/2 acetone/water (6% solids) for a weight gain
of 10%. 100157] C. Ondansetron Hydrochloride JR Beads [00158]
ggr@%%?setro drochlorlde IR beads from B.1 and_B.2 above were

42 HERI I8 &gt @Qgrg?p‘fé‘gd@e?ﬂ@‘ﬁﬁf&t@ﬁ%ﬁo%%gwere
preyided seithicn (FUtediis FEAHC0RC AN IRharinacoatve Bt (yptaséllose

9 ka3 6P R SN AW RIARL OBIRRLAY o AR, B OMARNSS AR 5o
Zl%grochlorlde SR Beads, [00160] Ondansetron hydrochloride IR beads

86%) WA BEFidne derd des it day YR i AUy LB RGO EC-10
m@ﬁmsaﬁﬁmw 60k k)bt GV axined fBOQi o BEGO(E:2) alcdrmatia of

I%g,mg Riaghicizengissalved in 98/2 acetone/water (7.5% solids) for
a welg gain of 10% and dried in the Glatt at the same temperature for 10

% sg) r|v %exc%&r t5|dual solvent. The dried beads were sieved
any ieg fmhed. [00161] E. Ondansetron Hydrochloride

éP;gﬁe%d 00 62 Ianselron hydrochloride SR beads from D.1 and
ove Wete fiitt 88%‘%&8%?1‘?% IR E BB S A AR f
ROt @%@mmm%daﬁw Gl Be&Id0R BebdE-SR Hladb084-06R),

BOS/3PUARIE? taul L 02BLAILA0 BRI F BT 00)
dlss%{ﬁﬁ%n 90/10 acetone/water (7 5% Solids) for a gain of up to 50% by

el S PRBERGE R %ﬁﬁgﬁl?ﬁlfﬁgr’@‘%ﬁ‘a’%ﬂ%‘ﬁﬁ%@ a4l Bolvent

welg
afdmiéed through a 18 mesh sieve. Fig. 8 shows the release profiles for
ondansetron hydrochloride from TPR beads coated with EC-10/HP55/TEC
aottaye ditfeiprigatios (E.1, E.2 and E.3). More specifically, Fig. 8 shows
the release profiles for the following formulations: [00163]

[00153] A. Fumaric Acid-Containing Cores

[00154] Fumaric acid-containing cores (at a fumaric acid load of 5.4% by weight)

were prepared by the procedure described above.,

[006155] B. SR-coated Fumaric Acid-Containing Cores

[060156] The fumaric acid cores (3750 g) from above were coated with 2 solution
of EC-10 and either PEG 400 (B.1) at a ratio of 60/40 or TEC (B.2) at a ratio of
90/10 as the plasticizer, dissolved in 98/2 acetone/water (6% solids) for a weight
gain of 10%,

[00157] C. Ondansetron Hydrochloride IR Beads

f00158] Ondansetron hydrochloride IR beads from B.1 and B.2 above were
prepared as disclosed in Example 3 C. The drug-layered beads were provided with
a protective seal-coat with Pharmacoat 603 (hypromellose 2910; 3 cps) for a weight
gain of 2%.

J00159] D. Ondansetron Hydrochloride SR Beads
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(1) TPR beads 1(0 1084-066 - The coating of EC-10/HP-55/TEC at a ratio
of 45.5/40/14.5 at 50% by weight applied on IR beads coated with 60/40
EClO/PEG 400 at 10% while IR beads (5% drug layered fram 90/10

WOy ﬁﬂgg?%n/PVP) comprise fumaric acid cores (4% Iayereg%%%sﬁﬁglﬁﬁlzs7
spheres from acid/Klucel) coated with 60140 EC-10/PEG 400 at 10%.
(2) [PR beads lotti, 1117-025 - The coating of EC-10/HP-55/TEC at a ratio
of 50.5/35/14.5 at 50% by weight applied on IR beads coated with 90/10
B Sh A e peats Gie g Imered Lem B0fice

setron! Kiuce comprise imaric a cores ayere n'sugar

spitrshey froryiag Pty b Efed Gvitd SO BECHA TEO aita1:@%6.of (3)

gdgdglmz aac gﬁ% ééla}x%f@% 90Tfiﬁa§%t55&t@cfy§9d1§éﬂzpaﬁété§@0 ;’ﬁ gof;’iltgo of
at 50% hy wei |e 0 coated wi

SEROneL e L R DAL TRE D G AU P P G070

sntdrsptrom flaced n@umnmhw ﬁﬁfnawzsmeﬂaﬂmvelayéi@cﬁundsugar

sRheRs At B YR G eRttwith, 20440 EC-10/TEC at 10%. [001641
Example 9: [00165] A. Proof of Concept Test Formulations [00166]

ia S%“%ﬁé&%&%ﬁ'ﬁg&%&&%@%é%%&%@“EAOOO1) and TPR beads
lottt PE366EAO000L with a lag-time coating of 30%, lot* PE367EA0001

me COc ing of 45% t# PE 68EAQO0QL with a Iag -time
'53687 were (%%Cégb%u as?{léj a rati c? oﬁaﬁ@& ? %k;aq,/e into hard
é@&fﬁ@é@sﬂl@@tb&?@%@éﬂm«%mﬂ@@fF&eﬁ%ﬁ)’@@(ﬁﬁ@@é?@@ mg (lots#
BF@&QEA@Q@AA'@@PE%SM@%@B%W% W%ﬁ@@%ﬁ@%&d%ed

) ilabili humans inc arl
F?n@agr igidg Ig‘f{ ran F ti!% lqlé)g?/@ cc?n alltl%esge ron; JASEY f{‘ﬁa? p es agjay)
foo1s7) B weroci Corrept Hbeaik @E?@S%Qﬂr@om@ﬂ @1a4f—w paive
gfg%%@ua%gilghﬁ%x@ee%@ﬁgoggﬁat}ssitez@vewla% Gondusted wich )
include aucas ealt nteers a ears wit
vaas o gt %aélﬁ%%"ok %d)e({g{so nl‘?ac’i? )éﬁunt%élgwgg %é%étﬁg% ' mL of
éﬁﬂ[ﬁﬁmetmewéfémalsxﬁgle(EésEmeﬁ@éﬁoM@l@mgﬁN@P%@Eﬁc@@on, B

{RF38LE AR o1E AREARL EAAMRERE Example 4) at 8 AM or two
Zofran(r) (8 mg) at 8 AM and 4:30 PM after an overnight fasting (at least

zﬂ%fy and lunch was served atll AM. Blood samples were drawn at O
pre-dose), 20 inM, 40 min, 1hr 1.5 his, 2 hrs, 3 hrs, 4 his, 6 hrs. 8.5 hrs

re
(before sec 9.5 his, 10 hrs,_ 10 12.5
hrs, 14.5 hrsagﬁ%gg%%ﬁ |nb§624 ?ch%fg %%fﬁg: fgfﬁpl&l S%EC‘S
amﬁ%‘ééaié’é)/twéwfé&%émm@émé@ﬁt@aﬁ&ﬁﬂﬁm@qmm@aﬁ@mw&d The
ﬁi@pm}d@m@n@m&mmes@mrmg%gﬁie@ Rfud 85 b ermULHENS ¥r)

PII§280 000]5'25 ({364 AG,QQ l?nd C gFeE%SZEAC()ﬁgl ?}je tho
characteristic of sustained’rélcase om‘?uhf’oﬁss e zéﬁéparen Hitfife is

Bigh fCHhEGEMGEr t9antthowith Zofran. AUC or Cr., of Test Formulations

does not deviate substantially from that of Zofran (i.e., AUG within 25%
and Cmax af$piBarhetddyo#DYh10FR6frai)e ddatngaatiaC Coair  fHMZOfan 8

Meass3%Ag/MmLs i aemparisen: o NeReHEd 28 AY Wi 90/10 BC-
10/TEC at 10% while IR beads (6% drug layered from 90/10 ondansetron/ Klucel
LF) comprise fumaric acid cores (layered on sugar spheres from acid/PVP) coated
with 90/10 EC-10/TEC at 10%.

(3) TPR beads lot# 1117-044 — The coating of EC-10/HP-55/TEC at
aratio of 60.5/25/14.5 at 50% by weight applied on IR beads coated with 90/10 EC-
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while the actual Cil," for the IR component was about 2_4 ng/mE when
normalized. Approximately 70% of Zofran 8 mg bid (twice-dosed) was
absorbed in 24 hrs. That Formulations A to C exhibited the e}éggcted trend

: : 1237
WERLHYEERS up to the crossover point at about 15-16 hrs: t_hg _ ﬁ%?r[’)ow?m
Formula C continued to exhibit a lower plasma concentration-time profile

contrary to the predicted behavior. 1001691 Example 10: [001_701 A.
SR-coated Tartaric Acid Crystals 100171J 60-100 mesh tartaric acid

ted.as described.in ple.2B. 100172] B.
el B o S h ity T PSR B buia e
praFaredissiaesisrsitcmes darape s, s1g0 ST 1eC i GanntRYIPs R Beads
100Y051 Fbeae iR beadsabtained above would be SR coated with 90/10
EC-10/ EEC for a weight gain of 5-10%. 1001761 D. Carvedilol TPR

[0@,]&3%@@ coated carvedilol SR beads with 5% cogting would be
??iﬁe% with a lag-time coating of EC-10/HP-55/TFC at a ratio of 50/35/15

eightgai % by weight. [001781 E. Carvedilol CR
gﬁﬁefr sfg%%%g%ggﬁ%gﬁ%%ﬁ?ﬁ\gﬁapsu|es would be filled with IR

RALE. S5 SRR AR BMER BT (AR aogno) e
(lot# PE366EA0001 with a lag-time coating of 30%, lot# PE367EA0001 with a lag-

time coating of 45%, and lot# PE368EA0001 with a lag-time coating of 50%) were
encapsulated at a ratio of 35% / 65% into hard gelatin capsules to produce MR
(modified-release) Capsules, 16 mg (lots# PF380EA0001, lots# PF381EA0001, and

lots# PF382EA0001) QD (dosed once-daily) for a pilot bicavailability study in

humans in comparison to marketed Zofran® 8 mg (as ondansetron) dosed bid (two

times a day).
[00167] B. Proof of Concept Human PK Study

[00168] A 4-arm crossover pilot POC (proof of concept) study was conducted
which included 12 Caucasian male, healthy volunteers aged 18 to 55 years with a
wash-out period of 7 days. Each volunteer was dosed with 250 mL of still mineral
water a single Test Formulation (16 mg) A (PF 380EA0001), B (PF381EA0001), or
C (PF382EA0001 of Exémple 4) at 8 AM or twe Zofran® (8 mg) at 8 AM and 4:30
PM after an overnight fasting (at least 12 hrs and lunch was served atl1 AM.
Blood samples were drawn at 0 (pre-dose), 20 min, 40 min, 1 hr, 1.5 hrs, 2 hrs,, 3
hirs, 4 hrs, 6 hrs, 8.5 hrs (before second dose), 9 hrs 10 min, 9.5 hrs, 10 hrs, 10.5s,
11.5 hrs, 12.5 hrs, 14.5 hrs, 17 hrs, 20 hrs, 22 hrs, 24 hrs and 36 hrs. Fig. 9
demonstrates the mean plasma concentration-time profiles achieved. The fi gure
demonstrates that the plasma profiles of Test Formulations A (PE280EA0001), B
(PE281EA0001), and C (PE282EA0001) are those characteristic of sustained
release formulations, i.e., apparent halflife is significantly longer than that with
Zofran. AUC or Cpay of Test Formulations does not deviate substantially from that
of Zofran (i.e., AUC within £25% and Cpax approximately 70% of Zofran). The
actual Cpyy for Zofran 8 mg was 30 ng/mL in comparison to the predicted 24 ng/mL
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100180] From these demonstrations, it is apparent that the incorporation
of an organic acid, as the solubilizer for the weakly basic drugs exhibiting

a gﬁlal;%g{g)endent solubility profile (i.e., showing a decrease in solubilig/ at
Wi RNl pH 6.8 by about 2 orders of magnitude in comBgTi/géﬁoP Mg z7

maximum solubility in the Gl fluid) and functional coating of the acid
before applying the active phakinaceutical ingredient has significant
impact on the lag time, a desired but complete drug release profile prior to

depletion of buffer. Eyrthermore, the acti armaceutical jngredient
R e L B R R e fbmsec
foprapseition (b Wil dandons RICSYEP dokiihwsAlshdehiceUtisal est
U _aﬁ%ﬁylﬁt@ @Q§§9Rﬁe|§3ﬂi‘% &9&565;&91 968-Q5MOH Rﬂ@g@:@%ﬁ@f ;
sustained-r e and/or one or more populations of timed,
Ba’u%aﬂfﬁé’%ﬁgeg%sﬁ% S Oy e SRR B S erein
teaoprerkiyn asieurily coorpyiseb appliitaddcbatiocally acceptable nitrogen
(N)-containing therapeutic agent, or a pharmaceutically acceptable salt
tflaeredif, Exampiaysk.a in the range of from about 5 to 14, and a solubility
of not more than about 200 p g/mL at pH 6.8; wherein the SR beads

CRTISe0rgRRIGREThaRrR Rakticies:goated with a SR coating, the TPR
beads comprise organic acid core particles coated with a lag-time coating;

Ydoerein Boer esganicacid Coie RS CUNRLISS LAY ed in

harmaceutically acceptable organic acid and the weakly basic drug;
APRIR e weakly basic drug is disposed over the organic acid and
wherein an inner harrier coating cgmgrisin a water-insoluble polymer
N

StidRany irtesrHipBdReate s dead: 481eHI@ H6lymer or an enteric

polymer, is disposed between the weakly basic drug and the organic acid.
WOFRY pAR hritdsevridd berepardieudateriobagiciomtedf claim 1, wherein
the ratio of optimal highest dose for the weakly basic drug to the solubility
tiahdweakiabadioidiB@atdoH 6.8 is not less than about 100; and the
weakly basic drug is practically insoluble.

[00175] The IR beads obtained above would be SR coated with 90/10 EC-10/TEC

for a weight gain of 5-10%.
[00176] D. Carvedilol TPR Beads

[00177] The coated carvedilol SR beads with 5% coating would be coated with a
lag-time coating of EC-10/HP-55/TEC at a ratio of 50/35/15 for a weight gain of up
to about 30% by weight.

[00178] E. Carvedilol CR Capsules, 50 mg

[00179] Hard gelatin capsules would be filled with IR beads, SR beads (5% or
10% coating) and TPR beads (30% coating) at a ratio of 35/40/25.

[06180] From these demonstrations, it is apparent that the incorporation of an
organic acid, as the solubilizer for the weakly basic drugs exhibiting a pH-
dependent solubility profile (i.e., showing a decrease in solubility at the intestinal
PH 6.8 by about 2 orders of magnitude in comparison to its maximum solubility in

the GI fluid) and functional coating of the acid before applying the active
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3. The pharmaceutical multiparticulate dosage form of claim 1, wherein:
said TPR beads comprise an outer lag-time coating comprising a

woWRBsolispluble polymer in combination with an enteric polymgr;ssispesed;
over said SR beads; said outer lag-time coating providing a lag time of
from about 2 to about 7 hours before onset of release of the weakly basic
drug; and b)said SR beads comprise an SR (barrier) coating disposed
over said organic acid core particles, said SR coating comprising a

iaeEdRReluhleBRivme eRtionalnin sembinatianwithawatsg:soluble
olymer. The pharmaceutical L{|ti articul teﬁgoi%%%}form oft?laim 1,in
R 5T ST ST ATy LTS GP AR EAbTe TOB) TR BHAVHRa B tical
agicdtipamticudeticatl vgagiéefo remafelaifre Invthedkinrsaid tkRRlideiasscomprise
i QHiek E@Qe‘l@ﬁ&@d%@é%grﬁ%ﬁ Q{Iwgﬁrg@ter-msolublg polyme.r In
combination with an enteric polymer disposed over said organic MCSLLP

acid core particles, said outer lag-time coating providing a lag time of from
about 2 to about 7 hours before onset of release of the weakly basic drug.
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6.The pharmaceutical multiparticulate dosage form of claim 1, wherein
said weakly basic drug is selected from the group consisting of
analgesics, anticonvulsants, antidiabetic agents, anti-infective agents,
antineoplasties, antiParkinsonian agents, antirheumatic agents,

Clagaydiovascular agents, CNS (central nervous system) stimulants,

1.

dopamine receptor agonists, anti-emetics, gastrointestinal agents,
psychobhenapettit agepis;copioidtbsgoifivstiss @mioidhantegonistspopulations of
anti- &Qﬂé‘ﬁ%&ﬁ%@é&é@%&@%@@é'%kl%@é‘&@&%@%%u%@rﬁ%@l&@&' cpaqg&ngsfe@m

skeletal muscle re f\r/% xan s. The pharmaceutical multipartieulate dosage

form bf 1AM B hErSiRS e LRk BagiCarTy L e ¥k Yhe group
consstingsofatanzapinecadndensetion;tondafSetrorihydibehiarideagent, or

dir?yai9@4&@4@@@@%9&1@&%@@Ei@m@@m%gaima queliaRing,r fﬁom abouth 5 to
pnharmac utic acceptable s I tions t the

et G enger S B AR
orgaNeIER IS Wi éeteer feanitties g@@@ﬁb wihaistinepofsitic ABideddnrarierise
acido@@h@aaaidom@@ea@idt&as&mii@ LiEmSYESINIC @E&E&n@eﬁ@l&gaﬁia acid core

aspartr{: o Cld Utg‘lzartnl%asf (I)glee})r}]]dnme{%%g rgzﬁlthaec[:gqfh C 51 a%g%lljtlcgakly
muh}i)partlc ? osage rormor C alm erel IO o?the wea FV

basiBagS Yﬁ’éfé‘n‘g*éﬁ eeakibosifds i aptsoser ths qufelbWéig’nt 10.
The \oi_mem_ acenticediivu bipatt culatastdesagadanyabelammawbareialisaid
OrganiGAGISAUEPANEIES 11 }BQ%%F'& of: e?r[%r?f 98’19 ﬁeﬁ%%&&?é%e'{&%%%

particle coated with an oﬂ?ganlc acid and a polymer binder; or a pellet or a.
micrBS35RECRpARY tHE SF§afdeid, a polymer binder and a

diluent/filler. The pharmaceutical multiparticulate dosage form of claim 10,

- wheildinrbaiasryariomdincirdaradiedesioonnd ibaral drbigr tayée coimpfising

the W@cﬂlﬂd/lbgﬁjﬁ @H@q@rﬂ@ aqelymerahindaraloasiigdoiRindanyatiaof

fromd?ubgo ﬁ% %?str(l)o ess a%gabl ? ,S zianlcc[i the weakly basic drug is practically
insoluble.

The pharmaceutical multiparticulate dosage form of claim 1, wherein:

a) said TPR beads comprise an outer lag-time coating comprising a water-
insoluble polymer in combination with an enteric polymer, disposed over said
SR beads; said outer lag-time coating providing a lag time of from about 2 to

about 7 hours before onset of release of the weakly basic drug; and

b) said SR beads comprise an SR (barrier) coating disposed over said organic acid
core particles, said SR coating comprising a water-insoluble polymer

optionally in combination with a water-soluble polymer.

The pharmaceutical multiparticulate dosage form of claim 1, in the form of an orally

disintegrating tablet (ODT).

The pharmaceutical multiparticulate dosage form of claim 1, wherein
said TPR beads comprise an outer lag-time coating comprising a water-insoluble

polymer in combination with an enteric polymer disposed over said organic

44

MCSLLP



" lag-time“coating Hirt

polymeric binder is selected from the group consisting of
polyvinylpyrrolidone, MCSLLP methylcellulose, hydroxypropylcellulose,
hydroxypropyl methylcellulose, corn starch, pre-gelatinized starch and
mixtures thereof 17. The pharmaceutical multiparticulate dosage form of
claim 3, whisigiPiherThres Bagneiceliatiie corprisusidngatee irse risiem
polymer alameytQrianater Hinse ibidlespakymnerdeacontinatanvitkiaiwater
soluble polymer at a water-insoluble polymer/water soluble polymer ratio
of fram: 3RAHLEAile Rk ARAWRERID SAd NI RIS LRATINGJS aRR)ied;c
for a WeI%ht ga[ir% %f from about 1.5% to 20% by weight based on trgieb ,
weight B e SiR-E0REE BPYR RIS O R L T gnts, antidiabetic
pharreetsaticalfottipartioulatetbosaepifo mmiBikiakmiaR agehier eitisaidhatic
watefzinsoldhig RalymeLisiselasted fHamdheug Lumoansisting, @bpamine
ethylrgceelllglose, C IIuIQs_e acetate, cel ulosc? acetate bij%rate, l[I')olyvin}/l oid
acetAta hettral Miethachy e atidmethymethacryiRte copoRmaTa: ara P!
mixtagesithetapll auagppisivABteRicetiéalem bitipanicHitetosiieaform of
claimslZaatibhgrein, saddwatansaliblepelymer is selected from the group
consisting of methylcellulose, hydroxypropyl methylcellulose,

. hydrexypropvcelivlesepehiny Rytelidens andpelyaibyleasaiueehand.

mixtures thereof é15. The pharmaceutical muliiparticulate dosmﬂ%g form of
I Rgetron

clain{™3E BRI S5 TRt RBARIRG RoriproaY L WA LS
polymardshbordwbiativanwith aryehidriepolnerdaraspatio okfrgmeabout 9:1

to 1:3ndesRestivelyadeparwelabtigalp ol oomabhahl kdn, 60% by weight
based on the dry weight of the TPR bead. 16. The phannaceutical

. multigar .ﬁ%&g&%ﬂgﬁ%{ﬂcﬁf@%Qli&%&esfo\ﬁllpglrgliﬂlﬁh? GieHcROlYMEL IS;4

selected from the group consisting of cellulose acetate phthalate, }

hy xRSy BENSRISE PSRRI A foReT P irdihine milske
succingitearpolysiny kacetateiphtkdlate;  Himenrsitidegnethiacojdiend mixtures
acidethylmethacrylate copolymers, shellac, derivatives thereof, and
mixtures thereof. The pharmaceutical multiparticulate dosage form of
claimrg,é }\)/ylherein at %(_ala .one of ghg inne barr'e[ coqting the.ou

¥ sanging.oute)
armaceu multiparticulate dosage Torm of clair wherem ratio ol the
er comprises a p%as?lmzer se?edte from ﬁ1e group

consT&titily Btstrideetin heipigaensisieater Smyrbtatd, det)biriveibtity|
citrate, diethyl phthalate, dibutyl sebacate, polyethylene glycol,

10.poly giepyfienecgiycel podigiotiolp@cetylatédmud nieinabdvilergly cerd desuanekid

11.

mixué[)?&;ﬂ%ﬁ@ts in the form of:

1. an organic acid crystal;

1t inert particle coated with an organic acid and a polymer binder; or

iit. a pellet or a micro-tablet comprising the organic acid, a polymer binder and a
diluent/filler.

The pharmaceutical multiparticulate dosage form of claim 10, wherein said organic
acid core particles comprise a drug layer comprising the weakly basic drug and a
polymeric binder at a drug to binder ratio of from about 85:15 to about 99:1; and said

polymeric binder is selected from the group consisting of polyvinyipyrrolidone,
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18. The pharmaceutical multipaiticulate dosage form of claim 3, further
comprising immediate release (1R) beads which release not less than
about 50% of the weakly basic drug contained in said IR beads within the
first hour after oral administration of the dosage form. 19. The
pharffdeistitarmunisartumaes issade forrereidnriaiaiiinse com prstng
an Iprbeadiwhichicompiisestaaidhaealkly basic drug and a polymer binder
layered onto an inert core. 90.The pharmaceutical multiparticulate dosage

12.formygg 91@%%&@@&[{'@1&9&0@@amﬁefmlaﬂfm§ AnlRR headls: varrier
wherein said weakly basic drHl%]Icom rises carvedilol or a

phariiaCeieRly Ae e Tabis YAl Beragring hé b”ragt%r%ﬂ:s%‘é‘i’of ROEERE AR
acideeaihaTPRY ead popalehio nadonsprisesatetagpalnbée cokirg tisposubic
Overpﬂ]ﬁxﬁRaBSQQﬁbWB&f@dD the fag dlilma}@%tia@dq@ﬁepma&e&lawfgay WiRs&
and hydrox thy ate at atl r 9:1 to
abof%yl 3 ?grﬂ a wel h%oéna?nogg%g%o(p %6, gnc? % asﬁoﬁﬁltétlgvr? lglqu’gk gR
bead8EHIEHE LifsdhSFaP&Effhistration of the dosage form a
predetermined lag-time and differing release characteristics. 21.The
13.pharhhackuticaduinsltipattietiated dsage fomvOficlaini, ylcormprsingtene or

mor%m@&%ﬂ&p{sIﬁgtm1tN¥@%§iQ(§@ig1W}h@§j§kg@Jgellulosc

com I’I%}?S oqdlansetrtop har ace |caII% ggcte tab tth geof and
the Srganic acid 5™ euarﬁan Sid 3N TR Iioopu ati 1f‘:%crhprlses a

lag- tlméﬁié@aﬁngﬁdmﬁ?@eb’@@@r@féﬂ%%dwwherem the lag-time
coating comprises ethylcellulose and hydroxypropyl methyleellulose
14.phth@letghatracaticadbifraprabout Qokaie abaw tdnk- 02, avietghihgaintaf up

to 5%%1%1@?{&19&% cachapylationql, R heads fxtRILg HRN oral

administration of the d osa‘ﬁ?e form'a pre- determined lag-time and differing

reledSE RhAT YRS B HHR AT EREAT G pRe e B EAYS Hfhu
of clamyethjriethelfoniruof axoredfalisitegrating tablet, comprising an SR
bead population, and /or one or two TPR bead populations; wherein each

15.SR Ql'h?{W@&Mtﬁ&pﬂﬁ&t&ﬁﬁﬂﬂﬁ@ﬂ&@@d@ﬁﬁQQUMQWBQWM&rsﬁRIQg’ dRR

coatlngtdls osed over anl uﬁmd ore nacr('gll% es tc:lgmvpglsm E{gpfr gﬁ{é%t

Oomprises a waitc IIBO
coatlng coated humane acid cores further coate awea
drug? Binetioe foPthe: b}%béra%*fa?ﬁw@%ﬁef%wﬁalﬁ.&mh?é ferss abpairdrn tof
claine(; bpmpgisingeadarepdringetyiganiaesliia senrtaining particles
comprising at least one

16. The pharmaceutical multiparticulate dosage form of claim 15, wherein the enteric
polymer is selected from the group consisting of cellulose acetate phthalate,
hydroxypropyl methyicellulose phthalate, hydroxypropyl methylcellulose succinate,
polyvinyl acetate phthalate, pH-sensitive methacrylic acid-methylmethacrylate

copolymers, shellac, derivatives thereof, and mixtures thereof.

17. The pharmaceutical multiparticulate dosage form of claim 3, wherein at least one of the
inner barrier coatings and the outer lag-time coating further comprises a plasticizer
selected from the group consisting of triacetin, tributyl citrate, tri-ethyl citrate, acetyl
tri-n-butyl citrate, diethyl phthalate, dibutyl sebacate, polyethylene glycol,
polypropylene glycol, castor oil, acetylated mono- and di-glycerides and mixtures

thereof.
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pharmaceutically acceptable organic acid; b. preparing inner barrier
coating-coated organic acid containing particles by coating the organic
acid containing particles with an inner barrier coating comprising a MCSLLP
water-insoluble polymer alone, or a water-insoluble polymer in
18. combis ahitmierise\ pbings R poRanErBrhHdRte e peifie a4 ratio
of franmahiautdeE (Rabeidt 50i150réana weightivaintehupto ateul20%ohGic

Prepaing,rganiS, %@Iﬁ%r&(ﬁ%mﬁi'{?%?Mr&%%ﬂpgf&%?i}’Qﬂqt&rﬁ&@@o@%Qleth €

~ weakly basic drug, or a pharmaceutically acceptable salt thereof, and a

polyiiﬁéargﬁifﬁﬂ’ér, and optionally applying a protective seal-coat comprising
a water-soluble polymer, onto the inner barrier coating-coated organic

19. acid dsmizimiegs predliclelartisrégadinge SRrved disiby 3a pplyingoam 8iRg an IR
(bargen) ¢o@tisehplidewateringoluble Polymen alNee: VR walriinsalhie
polylrpee in ecombination with a water-soluble polymer at a ratio of from
about 955 to about 50:50 onto the organic acid core particles for a weight
gain of from about 1.5% to 20% by dry weight of the coated SR beads; e.

20 prepHHG RIS BEEGE By R PI HE arr SRS Abs e | cEXtRid Re TS Hg S
watemwinsokblef PR ivedintembisatiormkiythasin @ntermpdlyer¢ditierSR

beadgahaiatiqinf framanoul %d-ior 13 fr Aoveloltgain.Qfifrom. ahaupr
10% to 60% of the total drg weight of die TPR beads:; and filling into a

capsiifs BrPCEH P LB htd S tAtsI St P RA BRsR %ii%‘ir‘i‘%%gsr%t‘?ﬁ taBRsIcg e
beadzazdmt/ erating commire TRRbekek poptatio s imamebritsisidficigtittae
provide aisharmacekinetice pefiles suitaplelosa.QnesWaiy,dagivgty

regimen i patients Jn eed of such,a medication, 24 he method of caim

23, W erein each Pg%uaeéoé‘mg or appilylng sttreps comprises coating or
applysgitiehleesengtion diarpaasisraeeimitathiséeceptable solvent system
or from an aqueous dispersion. The method of claim 23, wherein step (0 is
21.comphe pbimgairrioiean ondibadisihte gratirdotabdé tland saidmetihoddurther
COMPISERith{RSEPRBSIHNG HRRIP RiBGRAS,AAHOE PSRN rlERAGAT o

opulations b
Pop pharmaceut%ally acceptable salt thereof and the organic acid is fumaric acid; each TPR

bead population comprises a lag-time coating disposed over the SR beads; wherein the
lag-time coating comprises ethylcellulose and hydroxypropyl methylcellulose phthalate
at a ratio of from about 9:1 to about 1:3 for a weight gain of up to 5% to 60%, and each
population of TPR beads exhibits upon oral administration of the dosage form a pre-

determined lag-time and differing release characteristics.

© 22 The pharmaceutical multiparticulate dosage form of claim 1 in the form of an orally
disintegrating tablet, comprising an SR bead population, and /or one or two TPR bead
populations; wherein each SR or TPR bead population comprises respectively an outer
SR or TPR coating disposed over organic acid core particles comprising inner barrier

coating coated fumaric acid cores further coated with a weakly basic drug.

23, A method for the preparation of the multiparticulate dosage form of claim 1,

comprising;

a. preparing organic acid containing particles comprising at least one

pharmaceutically acceptable organic acid;

47



24.

25.

solvent coacentation or by fluid-bed coating prior to compressing.
MCSLLP The method of claim 23, wherein said step of compressing into
orally disintegrating tablets comprises compressing on a tablet press
equipped with an external lubrication system to lubricate the dies and
punéhes pAdiPiG EbiHSFEasIShe R ereRateogeRi ol am@Enguteieis e
pharmaceutiaahgmidtipgatie ulate cesSitgepferocompiisasdharagautically
effective a f1 R and/or one or more TP ad .
populationggv]%/ﬁ é%g%nag‘gi(t: 1_1611‘? ‘%T]‘?é’qéﬁ?%é%% ‘andlor \gﬁ%l —onrlﬁ%%r% Wgé%d
populationS WXHIBH WG AsTE P R FE BB SHUFIE AobrBceate Ftined
lag-time. 28:okhé@hashaceuticad siultipardcikatiedesage ferm2ofclaim 1,
wherein the pharmaceutically acceptable organic acid is not depleted from
saiddosagg:fpsm patibernypletienalitng releaseof heqweakhyhasicdrug
when disso‘lyetaiﬂr?} tt)ess'gzecglutg)%/ %ﬂt&d States 1harme%lc?%)o tl%jéys ‘)(‘P p
dissolution metho o]Iogy solngpa WO-5 é“gaeyq%%cseglﬁ ion mediam Wirst 2
hours in 0. PRYME P Restrsvead dyiceadtirgiiyagsuffetcaityshi€:8)at20mmiing a
pharmaceuiigai-goLbipad Ghdatendasagadarmief ain Lo futtbghsemprising

immediate Egﬁgaqrﬁggq)@dg%a}ds. 30. The pharmaceutical multiparticulate

dosage form of claim 2, wherein said dosage form exhibits a
phargnacokinefio%rofile at 24 hours post-dosing suitable for a once-daily

dosifig regift@ATRF PabsHits T REE G LR b ST SPHEPRR A RGP luble
multiparticuleitendogage formasfcranbls pehereimtbrentativi of whakbatoasic
drhug tﬁ orgm@%lﬁlﬂl%éﬁmraaaorapml ; bfcf&ms]ﬁl@%?i%s@s@la%ﬁﬁé %anﬁi%-d
The pharmaceutical multiparticulate dosa.ge form of ¢lagim erein saj
OO furthe o R 1A i THEBEASINg ArCHOBTAP s e Bt e o
rapidly-disstiVineeriérdybarisles comprise a disintearant and a sugar
alcohol or a. saccharide or a combination thereof, and each of the
disimegranpapdisgiaR dledhoy apbdacechande haveranavesagepatticte size
of not mOfew%@%%QﬁUfe?pglyﬁ{%r in combination with an enteric polymer to the SR
beads at a ratio of from about 9:1 to 1:3 for a weight gain of from about 10% to

60% of the total dry weight of the TPR beads; and

f. filling into a capsule or compressing into a tablet or an orally disintegrating
tablet, SR beads and/or one or more TPR bead populations in amounts
sufficient to provide a pharmacokinetics profiles suitable for a once-daily

dosing regimen in patients in need of such a medication.

The method of claim 23, wherein each of said coating or applying steps comprises k
coating or applying from a solution in a pharmaceutically acceptable solvent system or

from an aqueous dispersion.

The method of claim 23, wherein step (f) is compressing into an orally disintegrating

tablet, and said method further comprises:

g. taste-masking the SR beads and/or one or more TPR bead populations by

solvent coacervation or by fluid-bed coating prior to compressing.
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33. The pharmaceutical multiparticulate dosage form of claim 32, wherein
the rapidly-dispersing microgranules have an average patrticle size of not
more than 400 urn. 34. The pharmaceutical multiparticulate dosage form
of claim 32, wherein said ODT has a friability of less than 1% by weight,
26.and Bhaisiibet pABiRA dFsBoatier s eEenitis Brinedsioprdbthtegiaing

salivabi3s cdhgriphammaesutical nullipartisWaip siasagefasmeficlaimadon
comprisi . s..wherein the lag-time coating comprises ethyl

cel T B o of claim 25,

further comprising:.h,providing a compressible coating. on said SR beads
27, and BHGREIGH RIS TER B ISR it SreP UL BB res LT
coatigeomphiseseiplistifizade polymer GhdSRiverddn doatimgpfracte g’ s

elimipatediminivniz el SHIBLICOMRISRTIANS 3/ IRadpethachghalaim 36,
further cgm risirﬂg):ii.(gﬁanulac%ilg a sugar alcohol.or a sdaccharigltla, or a

opulations, ex enng r creristic d a.pre-determined lag-time.
comglﬁa on % ereor, and 5 ISIN egrant, eacﬁaﬁaw g an averagegparﬁcle

size of not more than about 30 pin to produce rapidly dispersing
28 micrOht ARITBBISAIG BiE SR beeascdRidsr chindr MGFETPR bead
popukatioas:withiithe capitlly dispersidgsmiclogkanitest aiidiosage form until
completion of the release of the weakly basic drug when dissolution tested by United

States Pharmacopoeia (USP) dissolution methodology using a two-stage dissolution

medium (first 2 hours in 0.1N HCI followed by testing in a buffer at pH 6.8).

29, The pharmaceutical multiparticulate dosage form of claim 1, further comprising

mmmediate release (IR) beads.

30. The pharmaceutical multiparticulate dosage form of claim 2, wherein said dosage form
exhibits a pharmacokinetic profile at 24 hours post-dosing suitable for a once-daily

dosing regimen for patients in need thereof.

31. The pharmaceutical multiparticulate dosage form of claim 1, wherein the ratio of

weakly basic drug to organic acid is within a range of from about 5:1 to about 1:10.

32. The pharmaceutical multiparticulate dosage form of claim 4, wherein said ODT further
comprises rapidly-dispersing microgranules, wherein said rapidly-dissolving
microgranules comprise a disintegrant and a sugar alcohol or a saccharide or a
combination thereof, and each of the disintegrant and sugar alcohol or saccharide have

an average particle size of not more than about 30 um.

33. The pharmaceutical multiparticulate dosage form of claim 32, wherein the rapidly-

dispersing microgranules have an average particle size of not more than 400 um.
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k.compressing the blend of step (j) into orally disintegrating tablets. 38.
The method of claim 37, wherein the ratio of SR beads and/or one or
more TPR bead populations to rapidly dispersing microgranules ranges

from about 1:6 to about 1:2.
34. The pharmaceutical multiparticulate dosage form of claim 32, wherein said ODT has a

MCSLLP

friability of less than 1% by weight, and a disintegration time of about 60 seconds or

less on contact with saliva.

35. The pharmaceutical multiparticulate dosage form of claim 3 comprising TPR beads,

wherein the lag-time coating comprises ethyl cellulose and hydroxypropylmethyt

cellulose.
36. The method of claim 25, further comprising:
h. providing a compressible coating on said SR beads and/or one or more

TPR bead populations, wherein said compressible coating comprises a
plasticized polymer, and whereby coating fracture is eliminated/minimized

during compression.

37. The method of claim 36, further comprising:
i. granulating a sugar alcohol or a saccharide, or a combination thereof, and a
disintegrant, each having an average particle size of not more than about

30 um to produce rapidly dispersing microgranules;

j. blending the SR beads and/or one or more TPR bead populations with the
rapidly dispersing microgranules; and
k. compressing the blend of step (j) into orally disintegrating tablets.
38. The method of claim 37, wherein the ratio of SR beads and/or one or more TPR bead

populations to rapidly dispersing microgranules ranges from about 1:6 to about 1:2.
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