PHARMACEUTI CAL FORMULATI ONS FOR THE TREATMENT OF OVERACTI VE BLADDER
FI ELD OF THE | NVENTI ON [ 001] The present invention is in the field of
phar maceutical formulations, and in particular formulations

conpri sing pilocarpine, fornmulations conprising tolterodine, and
formul ati ons conprising a conbi nation of pilocarpine and tolterodine.
BACKGROUND OF THE DI SCLOSURE [ 002] Muscari nic receptor antagonlsts
such as tolter KRWRO hgh% e

bl adder . FbwedggAﬁgﬁuggggrse side e ?Zg?ﬁ% t ese treatnents ?s
severe dry mouth. This side €&VERACTEVE®LAIVIGERT i cant pati ent

di sconfort and reduces conpliance greatly. Previous work has shown
that the conbination of tolterodine with pilocarpine, a nuscarinic
recept or agoni st that increaHELD&aFWHEENVENWKnm can significantly
reduce the incidents of dry h.while not affecting the efflcacy of

the nuscarini®l ﬂeceﬁqlﬁrp’fﬁsﬁphﬁ’é{ﬁ’i“é‘{n ISSEéhe fighd hehspnaceutizat forpylations,
Appl i cat iy ﬁ)fjmaﬁ'ﬁc%tldro%mmwo%goz&ﬁm 3p11dc%ﬂ{ep Of AMBfDRY Sddhiin

reference inits entirety. [0 As” di stussed 1 n the aforenentione
publ i cat it@dterodomee amiafmmulagomnoynprtsaﬂgel cooibiration phpilaeagpins dnddeltgrodire.and
expect to obtain the desired clinical efficacy. The timng of the
adm ni stration of the pilocarpine vis-a-vis the admnistration of

tolterodine has to be aBACKIGROPNDEF THESDISAIMSUREE naxi mum i ncr ease
in saliva fornmation due tQ the admnistration of pilocarpine is
reached at thé&&ine tYHseasricrersPion IARARIYS YuGhstiplteradipe rekravg Buthe: o

the adm Riegidedt bOOveRdctit O biA0Ad | MEwevERKINIvEMP sidRRIFRLSoBthedeWReatments is
different tines, where the tinme difference between the two

adni ni st seMero Ay Mavtht oTbr@ sadea efifect jogusep rsigniiiaant patient disntrefosoamrd resuces
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formul ation“is n esire
profil e ilecarpingo rap(mﬁu%tf&ﬂnc SlldM«ﬁ%RY a@nﬂ'ﬂ-llihdtN\/fEli'Eﬁls@\l shl ] fobhstidng sexs
herein are
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second |l ayer conprising a first po yner. | so di scl osed are
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a pharnaceutl acceptable sa disc | Geet
phar naceuﬁlaeaalterf)mnﬂuhcapilmpm@amt epengto @tain the desired clinical efficacy. The

timing of the administration of the pilocarpine vis-a-vis the administration of tolterodine
has to be adjusted properly so that the maximum increase in saliva formation due to the
administration of pilocarpine is reached at the same time as the maximum dry mouth
experienced due to the administration of tolterodine. Taking two tablets at two different
times, where the time difference between the two administrations has to be exact, is
inconvenient, cumbersome, and reduces patient compliance. Therefore, a single
pharmaceutical formulation is needed where the desired time delay and release profile are

incorporated.

SUMMARY OF THE INVENTION
[004] Disclosed herein are pharmaceutical compositions comprising a

plurality of first beads each comprising: a core; a first layer comprising pilocarpine or a



a plurality of the first beads; b) a plurality of the second beads;
or c) a plurality of the first beads and a plurality of the second
beads. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 005] Aspects of the
present disclosure include pharnaceutical formulations conprising
tolterodine in an inmedi ate rel ease fornul ation. Once ingested by a
subject, the tolterodine in these formul ations begins to rel ease

i nto the pgsinabutRallp X&%ﬁﬂ%fé%ﬁit%her?&?%@@ %cb{ﬂ RybNE R 5 S %lmymer.

Q her aspects of the present disclosure includé pharnmaceutica
f or nul at iAdsssdisdegsdiase pharpiareigalptomepositiphpeemprising @plurdlgy of second beads

phar maceut i,c myl at i.0 i t 1hn. i iate .

rel ease fu' %!rhrrﬁimaqufso r%md CS%(E:% %gﬁgaeﬁﬁsggf?’gfﬁoén ﬁr%f%o@ﬁ%%ﬁﬁ% qrg{rﬁ%{% %%ﬁug%asllgd
f or sone atiepmbleBalt tleenaf. Flaethqridisetaedakphbegicaticabfobaulatbeasathrisingt a)i S
rel eased i diately. [006] In the copntext of the present disclosure,
et af R AL e Tispt beas e A eIk AEUE Ateng DS fiptireldly o Bt
about 70%esds ah @ pluRaIas bethedBidnd®eaddhar maceutical ingredient in the
dosage formis released fromthe pharmaceutical formulation within

about 30-60 minutes of the ingestion of the dosage form By "not

rel eased" or "del ayﬁﬁTﬁiﬁBﬁ%ﬁCﬁﬁ’ﬂéﬁW?ﬁE@@g&%ﬁ&ﬁf?” 20% of the

i ngested active pharnmaceut ingredient 1n osage formis
rel eased from@id¢ phakspeceof thegiresehodintldsatre maludy phérenaceutieal foemdletians

i s concluded.and the telease becones, i diate. [Q07]. Throughout .t he
or esent | G BT QG IAUREIE AR A g le e pra Ao (1800 ISR B Apubiect
range of tialouetodie iandedr QLAY FegimN@ereRhsey Mt @RYeut 1 be systemically
contenplated. Thus, for exanple, having about 70% of the active

phar mace@bsostad inyribelitleed saEam.  Otedruespectnmil thei st edjeghosure ingheds
63% and 0 e % and: b%

anot hor Sikmmapdiiclt GLELANL CRHRER MReahll Tilofiphiotthe oo R
val ue i s fiyetulations #0prBsemi rué dslaperlindBedaterireledse fornanationr ePeceainpgsted, the
between 42. 75 .m nutes, and.47.25 nmn S. - 08] .Di scl.osed her ei
e bead S0l Pfop R ok e giee Hh S PUGHP I, PRSP e et
ot her beads releR® infhdlattlgl t er odi ne. Contenpl ated within the scope of
the present disclosure are pharnaceutical conposition conprising

pi | ocar pi ne b8¥8% onlly, thet enniesit ofi the pesds dpdlgsureyr “ipwiadin trplgass” or

c_orrpri Si F‘ﬂalé_ﬁ?édh iﬁ&ﬂeﬁ?ﬁ{l?i nl’ﬁeﬁﬂd fﬁa@l 1€1Qd NBoutPeds o T.t&%. ingested active
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formul at ifgrrr]nslﬂa(%f())gp\{dithsnil %9019:%%0 m%:l}té:svgf éhre]qrrlgeg,{igrp E)P the dosage form. By “not
released” or “delayed released” it is meant that less than 20% of the ingested active
pharmaceutical ingredient in the dosage form is released from the pharmaceutical
formulation by the time the delay is concluded and the release becomes immediate.
[007] Throughout the present disclosure the term “about” a certain value
means that a range of valuet10%, and preferably a range of valuet5%, is contemplated.
Thus, for example, having about 70% of the active pharmaceutical ingredient (API)
includes API being present between 63% and 87%, and preferably between 66.5% and
73.5%; or by way of another example, “about 45 minutes” means that the contemplated
value is between 40.5 minutes and 49.5 minutes, and preferably between 42.75 minutes

and 47.25 minutes.



Pl LOCARPI NE BEADS [ 009] Thus, in one aspect, disclosed herein are
pharmaceutical conpositions conprising a plurality of first beads
each conprising: a core; a first layer conprising pilocarpine or a
pharmaceutically acceptable salt thereof; and a second |ayer
conprising a first polyner. [0010] In sonme enbodi nents, the core
conprises a polynmer. In certain enbodinments, the core polyner is a

cel lul ose pol yous]. | mDis@lb®dOheréinase vRARO S HRMiSarticlldte sG&bmb &hforising
polymer is mcrocrystalline cellulose. In other enbodi nents, the core

conpr i sedilacaspigapnd ptheg beadsi qomprisingi tedigredine.t Kentemplated withisl detseepef ¢fom
the gro | St . . : | L
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cores, such as Cellets(r) 100, Cellets(r) 200, Cellets 3567 Cellets

500, Cel Peif\§ ingredients. cel | ets 1000 (G att Air Techniques Inc., Ransey

NJ). In eifecARPRQHEIRTESS. the core is prepared de novo, for exanple
by preparing a polyner m xture, extruding the m xture, and

spher oni zi ng {008] ext rildedinming taspest, discfosedhhaginard plermeceusieaticosphstionsal
beads. In Some en@gﬂtneg%s tge Qﬁads are swel |l abl e such that their
exposur e “PTPINTRE RLTHHEY PLITSL bepd AP LOMPIISTg e | and rel ease t he
active ingredaeofe; rapidly and efficiently. [0012] In sone

enbodi ments, the core conprises between about 10%to about 50% of
the total wei §REStERYeE FRIMPLISIRE PHRCRIpING A abampsaically, accspablesalb therofit s |
the coreyng3 conprises between about 15%to about 40% of the total

wei ght of the finally-formulated bead. In sone enbodi nents, the core
conpri ses bet asesond bayat cangptising afistipolgdes of the total weight of the

finally-formu bead. In s embodi nents, the core.conprises .
about | 3056 of 1B o 3R Seateg ESTRERE Fienane yortaPien & CUVBiad ) e
embodi merindoditdeats, her@rcpolpmesis alaldse pbimef. Thsomh®bathevebgbddinbntthe
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dried. The act of spraying and drying causes | ayer (the first
| ayer) ofonsissingpT glusose, sucrose, lactose, mannitol, maltodextrine, xylitol, and sorbitol. In

further embodiments, the core comprises silicon dioxide.

[0011] In some embodiments, the core is obtained commercially. An example
of commercially available beads to be used as core for the beads disclosed herein
includes, but is not limited to, sugar spheres (for example, Paular spheres), Cellets® cores,
such as Cellets® 100, Cellets® 200, Cellets® 350, Cellets® 500, Cellets® 700, or Cellets®
1000 (Glatt Air Techniques Inc., Ramsey NJ). In other embodiments, the core is
prepared de novo, for example by preparing a polymer mixture, extruding the mixture,
and spheronizing the extruded mixture to form spherical or semi-spherical beads. In
some embodiments, the beads are swellable such that their exposure to aqueous media
causes them to swell and release the active ingredient rapidly and efficiently.

[0012] In some embodiments, the core comprises between about 10% to about

50% of the total weight of the finally-formulated bead. In some embodiments, the core



formover the bead. In some enbodi nents, the solution conprises a

pol yner that causes the APl to nore efficiently adhere to the core.
The anpunt of the APl present in the dosage, formcan be controlled
by controlling the thickness of the first |ayer and/or by the
concentration of the solution conprising the pilocarpine. The thicker
the first layer, or the nore concentrated the pilocarpine solution,

the nore cMBprises boFRRARboutN SUNR B8R, of etbtaOReRRht Hthé ifinslly- fcﬁ%@ratdds
exposed to aqueous nedi a, for exanple gastric or intestinal éUI ce,
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present as a pharnaceutically aCceptabl e salt. The t
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hydrochl ori ¢ aci d lylydrobrom c acid, sulfuric acid, nitric ac

i d,
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p-tol uengg x, Qfaﬁte%tawél | € 1RChGdaNth khife dnidtRimdRE HBGRY {a g@ﬂ

salts can tal ned by rea t| ng a conpound of the Invention wt
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as a sodidipytosd%q of the total weight of the bead. In some embodiments, t e ﬁrst ayer
comprises between about 8% to about 15% of the total weight of the bead. In some
embodiments, the first layer comprises about 8% of the total weight of the bead. In some
embodiments, the first layer comprises about 10% of the total weight of the bead. In
some embodiments, the first layer comprises about 12% of the total weight of the bead.
In some embodiments, the first layer comprises about 15% of the total weight of the
bead.

[0015] In some embodiments, pilocarpine is present as the free base. In other

embodiments, pilocarpine is present as a pharmaceutically acceptable salt. The term

“pharmaceutically acceptable salt” refers to a formulation of a compound that does not



potassium salt, an alkaline earth nmetal salt, such as a calciumor a
magnesium salt, a salt of organic bases such as dicycl ohexyl am ne,

N- et hyl - D- gl ucam ne, tris(hydroxynethyl)nethylam ne, and salts with
am no acids such as arginine, lysine, and the like. In sone

enbodi ments, the pilocarpine is pilocarpine HC or pilocarpine
nitrate. [0016] Once pilocarpine, or a salt thereof, is coated onto

t he bead abioBsie BRAoI0gicaCRAVRH aN¥ pdp@tiSLEQARE corAySind. ﬂ'ﬁh@m&%ﬁﬂﬂ shidy&h
del ays the exposure of the first |ayer to the aqueous nedia. The
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car boxymgf hy bfghicul Ofes Mabiichdexds i rulcwegﬂamlﬂ@dl N-g@thys-DaglGéamide,
salt of alginic acid, soluble guns, and carageenan. In other

enbodi me#isthydeerymethyDaetisdaryiner andsaliowifly amwomﬂwmluwgmpsysm and
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sol ubl e-torm ng ymer 1S amx ure nore p
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hydr oxypr opyl net h]yl cellulose js_present in between abqut 2%t o about
40% of the t ol 7T weilgrsomss erpbrdimentsy. the (firslh pelywsh Gemprsfssa soluble film-

hydr oxy p;f]&m@mp eé;_x'/ W Pgferd 1§ 1%@&?%t i ﬁgﬁﬁﬁéﬁ%em@&@ﬁ{ aRiBlOmahgut

30% of the to of t bead. In so nbodi ment s
hydr oxy pmdipohl mmnhylhact @t lelaist@épeuﬂ %€ mmolymertms wiserlvetbwithin7ddet houn hidert
25% of the t

h
o oy el o s Bt B DR Recd A BobRebm R Sl in asosnbu
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hydr oxypropyl net hyl cel | ul ose is present in about 8% of the total
wei ght ote splublgcthgre negds to be a concentration of the compound or polymer in the solvent
having solute-solvent interactions, as understood in the chemical arts.
[0018] In some embodiments, the first polymer is a sugar or a polysaccharide.
In some of these embodiments, the sugar or polysaccharide is selected from the group
consisting of cellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, carboxymethylcellulose, maltodextrin, sucrose, modified

starch, a salt of alginic acid, soluble gums, and carageenan. In other embodiments, the

first polymer is polyvinylpyrrolidone (PVP) or polyvinylpolypyrrolidone (PVPP).



sone enbodi ments, hydroxypropyl methyl cellul ose is present in about
10% of the total weight of the bead. In sonme enbodi nents,

hydr oxypr opyl met hyl cel lul ose is present in about 12% of the total
wei ght of the bead. In sonme enbodi nents,

hydr oxypr opyl net hyl cel l ul ose is present in about 15% of the total
wei ght of the bead. [0021] In sonme enbodi nents,
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et hyl cel | ul,ose, ;cell ulo t at e, pht hal . .
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of the bead. In some embodiments, hydroxypropylcellulose is present in between about
20% to about 25% of the total weight of the bead. In some embodiments,
hydroxypropylcellulose is present in about 21.50% of the total weight of the bead. In
some embodiments, hydroxypropylcellulose is present in about 22.25% of the total
weight of the bead. In some embodiments, hydroxypropylcellulose is present in about
22.75% of the total weight of the bead. In some embodiments, hydroxypropylcellulose is
present in about 24.50% of the total weight of the bead.

[0022] In some embodiments, the second layer further comprises an insoluble

film-forming polymer. By “insoluble” it is meant that the polymer is insoluble in



[0024] In sone enbodi nents, ethylcellulose is present in between
about 1% to about 90% of the total weight of the bead. In sone
enbodi nents, ethylcellulose is present in between about 5% to about
40% of the total weight of the bead. In some enbodinents,
ethylcellulose is present in between about 10%to about 30% of the
total weight of the bead. In some enbodi nents, ethylcellulose is
present atuddes weein, whioh meadStiat £ n8d30sou? PHQI thd @ 1jrBéHas WRE@NEd thhi'hh e
bead. In sone eg@gdlnents Ehylcellulose i S present in betwee
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bead. In some embodiments, ethylcellulose is present in about 22.75% of the total weight
of the bead. In some embodiments, ethylcellulose is present in about 24.50% of the total
weight of the bead.

[0025] In some embodiments, the second layer comprises
hydroxypropylcellulose and ethylcellulose. In some embodiments, the ratio of
hydroxypropylcellulose to ethylcellulose is between about 5:1 to about 1:5 by weight. In
some embodiments, the ratio of hydroxypropylcellulose to ethylcellulose is between
about 4:1 to about 1:4 by weight. In some embodiments, the ratio of

hydroxypropylcellulose to ethylcellulose is between about 3:1 to about 1:3 by weight. In



bead. In sone enbodi nents, the de-tackifier or glidant is present in
bet ween about 3% to about 20% of the total weight of the bead. In
sone enbodi nents, the de-tackifier or glidant is present in between
about 4% to about 10% of the total weight of the bead. In sone
enbodi ments, the de-tackifier or glidant is present in about 4% of
the total weight of the bead. In some enbodi nents, the de-tackifier
or gl i darémé enfHolifdhts, ithe 3R bf hydféxPpropylballiere b é"eﬁylGélIul&E thethead.
In somne enbodlnents the de-tackifier or glidant is present in about
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the de-tackifier or glidant is present in about 6% of the total weight of the bead. In some

embodiments, the de-tackifier or glidant is present in about 6.5% of the total weight of
the bead.

[0028] In some embodiments, the first polymer is, or comprises, a lipid
excipient. The lipid excipient can be selected from the group consisting of glyceryl
behenate, glycerol esters of fatty acids, glyceryl dibehenate, behenoyl macrogoglycerides,
glyceryl  distearate, glycerol  distearate, glyceryl palmitostearate, lauroyl
macrogoglycerides, stearoyl macrogoglycerides, abitec products, glyceryl mono-oleate,

medium chain mono- & diglycerides, glyceryl monocaprylate, glyceryl



an organophosphate, a naleate, a sulfonam de, a glycols or polyether,
an acetylated nonoglyceride, and an alkyl citrate. [0030] In sone
enbodi nents, the phthal ate-based plasticizer is selected from the
group consi sting of bis(2-ethyl hexyl) phthal ate (DEHP), diisononyl
pht hal ate (DI NP), bis(n-butyl)phthal ate (DnBP, DBP), butyl benzyl
pht hal ate (BBzP), diisodecyl phthalate (DI DP), di-n-octyl phthalate
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triacetin, at e, propi/ glyco ret citrate,
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wel ght Ofphtthglgte (DEP) dusobutyl phthalate (DIBP), and di-n-hexyl phthalate. In some
embodiments, the trimellitate is selected from the group consisting of trimethyl
trimellitate (TMTM), tri-(2-ethylhexyl) trimellitate (TEHTM-MG), tri-(n-octyl,n-decyl)
trimellitate (ATM), tri-(heptyl,nonyl) trimellitate (LTM), and n-octyl trimellitate (OTM).
In some embodiments, the adipate-based plasticizer is selected from the group consisting
of bis(2-ethylhexyl)adipate (DEHA), dimethyl adipate (DMAD), monomethyl adipate
(MMAD), and dioctyl adipate (DOA). In some embodiments, the sebacate-based
plasticiser is dibutyl sebacate (DBS). In some embodiments, the maleate is dibutyl

maleate (DBM) or diisobutyl maleate (DIBM). In some embodiments, the sulfonamide is
selected from the group consisting of ortho or para N-ethyl toluene sulfonamide (ETSA),



enbodi ments, the plasticizer is present in between about 3% to about
20% of the total weight of the bead. In sone enbodinents, the

pl asticizer is present in between about 4% to about 10% of the total
wei ght of the bead. In sonme enbodi nents, the plasticizer is present
in about 4% of the total weight of the bead. In sone enbodi nents, the
pl asticizer is present in about 4.5%of the total weight of the

bead. | nNs@IBy@ROEBHIPTONtRNzdnBE sulbdmfideCi (BBY B§A)0r§1§?nN (hlbu%@PlBenée&Of
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enbodi mantslp t he V\éﬁgl)ght of the sezlg)nd |'ayer. is about 150% of the

wei ght ophﬂlh@t%é%}’bflﬁ’ slycelptricthyl sisiste, @alilqra}r?ﬂ@ﬂn etetylatsdronesly eside. andn
sone enbggl ‘ﬂ&% the wei ght of the second | ayer is about 175% of the
wei ght of t ead prior to the application of the second layer. In
sone enbodi mef@08]1] t hdn smmle@htbodhnetnltsetlse}dmmublagsanesest mbleetiwe 0ot %o
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t he wei ghtesétt ihRtWW@RAGHRNE 2% t00a30h€46-%pdﬂ tthattd)t@hwefght bﬁﬂfeelﬁ‘daﬂd Inagpeie.
In sone enbodi nents, the weight of the second | ayer is about 250% of

the wei gl§mbpdiments, thsalestisizebis Riesephin bSpesEahaub ﬁ‘%b'fo thout SBGadhe Safelr |
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pharmaceutical compositions conprising a plurality of second beads
each conpo abome%aoﬁﬁmeeptahwlgén bf thetbendy dn semenemibsdimentso keeplasticiver or

a pharmag ?elélgllltqr? !allmxu Y oefp[fl R)teﬁ welghtt 0% El% rb%e?(f. "In some embodiments, the plasticizer
is present in about 4.5% of the total weight of the bead. In some embodiments, the
plasticizer is present in about 5% of the total weight of the bead. In some embodiments,
the plasticizer is present in about 5.5% of the total weight of the bead. In some
embodiments, the plasticizer is present in about 6% of the total weight of the bead. In
some embodiments, the plasticizer is present in about 6.5% of the total weight of the
bead.

[0032] In some embodiments, the weight of the second layer is between about
50% to about 300% of the weight of the bead prior to the application of the second layer.
In some embodiments, the weight of the second layer is between about 75% to about
250% of the weight of the bead prior to the application of the second layer. In some
embodiments, the weight of the second layer is about 75% of the weight of the bead prior
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[0034] In sone enbodinents, tolterodine is present as the free base.
In other enbodinents, tolterodine is present as a pharmaceutically
acceptabl e salt. Pharnmaceutically acceptable salts are defined
above. In sone enbodinents, the tolterodine is tolterodine tartrate.
[ 0035] In sone enbodi nents, the core of the plurality of the second
beads is conprised of the sane material as the core of the plurality
of the fitg fe dppREiSion HfIBLISREAU 12360 VE:. sof¥03ModierdqTRe @tphe bfhiatsscoriihe
core conprises_ between about 10%to_about 90% of the total weight of
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d. |
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acceptabl e salt thereof, I's prepared and then sprayed onto the core
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the sol ubPol 2aepr LecvabflurHEraE udilS jnEPRablly PR SIBRELTEY &
ef fi ci entsbivie 2divediendnés, theeweighteof thegccnmUsgier ¢f atidue 280% ¢frths ewright of thee
dosage form can he controll %\ch by cqntrolling the thickness of the
first | aperdprigido theiapridgatiopef theseqordaysr- the nore APl is present in
the dosage form Once the first layer is exposed to aqueous nedia,
for exanple gastric or intestinal juice, the tolterodi ne contained
t herei n TOhEROPEYE BliAd3®l ves i nto the aqueous nmedi um Met hods of
appl ying the fji | ayer _unifor r - Ny
the art. 10038033 soemal iR dRRkE Hhith, ) SBheelfLd cEABHMibA
bet ween abmptisih§a pluraléith ofisecofdbeds tduvh doatpaikingei ght of the bead. In
sonme enbodi ments, the first layer conprises between about 2%to
about 40% of ¥8'% 8%%l wei ght of the bead. In sone enbodinents, the
first layer cQmtdiigRe cHEpMEREoAERIIneb¥ o pRadbRbiiticdBYabpiable shiptidteof.
wei ght of the bead.” In sone enbodinents, the first |ayer conprises
bet ween about [6034 0 Iatseme enBxlimients, éoltendine inpragpnt asfhe fiee brsadIn ther

Some e”b%grilbr(gﬁﬂ‘nlie%ts,t qgltefr&iiﬁé Iisayglresent as a pharmaceutically acceptable salt.

Pharmaceutically acceptable salts are defined above. In some embodiments, the

tolterodine is tolterodine tartrate.

[0035] In some embodiments, the core of the plurality of the second beads is
comprised of the same material as the core of the plurality of the first beads, discussed
above.

[0036] In some embodiments, the core comprises between about 10% to about
90% of the total weight of the finally-formulated bead. In some embodiments, the core
comprises between about 25% to about 85% of the total weight of the finally-formulated
bead. In some embodiments, the core comprises between about 40% to about 80% of the
total weight of the finally-formulated bead. In some embodiments, the core comprises

about 80% of the total weight of the finally-formulated bead. In some embodiments, the
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conprises between about 5.5%to about 10% of the total weight of the
bead. In some enbodinents, the first |ayer conprises about 6% of the
total weight of the bead. In sone enbodinents, the first |ayer
conprises about 6.5%of the total weight of the bead. In sone

enbodi ments, the first |ayer conprises about 7% of the total weight
of the bead. In sone enbodinments, the first |ayer conprises about 8%
of the tobmlconwriges atdlut 7hw drethe tothlOQGSht dithe diellprdraiARNb&Ed. tiAGome
first Iayeb ,onpriégé a soluple filmform ng p%%éner as defined
above. [ 68 ﬁlmeﬁtss o ROTPrIsEAbOUL $37% 06 i iriahyeight Hfythe Bnalhi-foswsulated
present g4 between about 1% to about 50% of the total weight of the
bead. In sone enbodi nents, hydroxypropyl net hyl eel |l ul ose i s present
in between abf¥87b% tlo see gmbadigsests, & helutiern ef toltenefligpht oraf phanwadsetiehlly| n
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about 8%idpe 8ffRithtl} AANGE t6 AR dopd. AThdVeingtkt oPfthd RBT PRACht ih TheS@WRge form

enbodi nents, hydroxypropyl net hyl cellulose is present in about™ 8% of

t he t ot akamkg ¢mtrobed }ﬁeom@élmg_ the, thickpass of) !ﬁlm)féﬂs’rﬂgmrg The thicker the first layer
hydr oxy p?l%?[#)ﬂgel&lh%lls %?ésleﬁll! B5fe 'rdf%sggu% ?}en nts10h<%yt§«9 %%6%3%%130 I:x toheeq {ooa}qi Ie us

wei ght o e bea n sone e I OX py yl cel'l"ul 6se
i s presentedian foabeuainple Yastiict be ihtebtidal waicghtthoftoltéredine acontdineds ah&ein

enbodi nent s, .. hydroxypropyl net hyl cel | ul.ose s _present in abo 5% of
The t ot ariedigl BRRtFis BioalfE o] mpsioo AEuRA oF Ror b PR dhscRisig
bead f ur yHgsmlP BRGItBESord alderel LREIWH inQke £ @ glidant, as defined
above. In sone enbodi nents, the de-tackifier or glidant is present

in between abl¥88h 9 tlb same gmbodiggents, thedlisblezgr cpaipgises batwesneatisahd? ton
sonme e ' - i fd r19lyd i t t n
Sbout sontpou TR0h br pieP e & (e 1S BHBARRAR (b g M5

enbodi nendmpridel detheseh aablkiinf 2%r tocabogl #@Pandf the tqaleseight of thebletadedn satmeut

3% to abou 0% of .the total weight of the bea In sone
orbodi anpibodmanSy el Bk Hreh coBpg Shiwten O 4% 2P Ak e el

4% t o abeutghl Ofthethead. @ sbRkanbeBintAts, B firfiQayRe86mpridts BORRen about 5% to
enbodi nents, the de-tackifier or glidant is present 1in about 3% of

the tot akbaybi gt offthe Hetabereight |of Sionkeadnblidporen embodinentie-the dist lagar

o S ISl BEGSETLR 25 o of B, Sl e Bl 1 5

4% of t hembodiadentapthg ffitrst ddyet bemjésesl abdun 6%0ofehe i) owtighe of the tiehe In some

g? -tacki Eerln cr)diPnrén ,l {h%ai?rgt fa?etp croer'\r?pei\’ggs Atg]ou?%%% of'thSe%?o%fl V&Eeri]geiltto?tﬂ?e! be\:,a\%l. glplt
some embodiments, the first layer comprises about 7% of the total weight of the bead. In
some embodiments, the first layer comprises about 8% of the total weight of the bead.

[0039] In some embodiments, the first layer comprises a soluble film-forming
polymer, as defined above.

[0040] In some embodiments, hydroxypropylmethylcellulose is present in
between about 1% to about 50% of the total weight of the bead. In some embodiments,
hydroxypropylmethylcellulose is present in between about 2% to about 40% of the total
weight of the bead. In some embodiments, hydroxypropylmethylcellulose is present in

between about 5% to about 30% of the total weight of the bead. In some embodiments,
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t he bead. In sone enbodi nents, the de-tackifier or glidant is present
in about 5% of the total weight of the bead. In sone enbodi nents,
the de-tackifier or glidant is present in about 5.5%of the total
wei ght of the bead. [0042] In some enbodi nents, the first |ayer
further conprises a lipid excipient. The |lipid excipient can be
selected fromthe group consisting of glyceryl behenate, glycerol
esters OhydRkipropRnehyl@lINes! ¥l prébeReaRBlRn aBSRENYYS about 25% of the total
nacrogoglycerldes Ryceryl di stearate, glycerol distearate,

gl yceryl Weightiof det '@f@gatlé soing embprimentse hpgreyiiyermgiy Iceulese isyaresent in
macr ogog t I

Chai n-ronesegh 4y 30k SRuPT ST ol KRG be HRARAR' ke offRliEh
tricapr yh&dmkmpp)dmﬂlstcehulasael,s ph\gsdntogeabaueﬁd/o vEthettath] weight (,)f the bead. In

Coyboan OVRe SRTOAETET Py Ry B A G areoenncabgpy e R

gl yceri d%l%hp@f Yt h)lh%ﬂﬁh.e @nfb@ﬂfmﬁntsCh?@tﬂk?ﬁoﬁﬂlﬂl@@&lc@ﬂlﬂose is present in
pol yoxyet hyl ene 32 lauric gl ycerl t hyl ene 6 prop. glycol

esters, amtvoxly?e/e hof eflee 7tt@coweight gqﬁ&c i dea yoxg epol poxspEehy¢rabrdiments,
coconut g ?ﬁeﬂ e ?lc%ﬁeﬂxs‘él@ l&og lﬁgb&l??%%tfthe%%g%f ﬂﬁéﬁthe ead,
ne 15 s 5

pol yoxypr ear oxyet hyl ene cer et her
pol yoxyet hyI e f043b sdybsmnﬁ ghyboélmedtss thq:)cslewndybeddy fether memllstn 'aoﬂq—

pol yoxyp ene rist her, . pol yo r.0 e oste
behor . DARhiieE Pha et HhltodAmGr ~ et YRR O dronSebRSs e
sasol pr Qﬁptegesn ihpeliveae Aissue d %E acsboat FO%BIIfARS total GRdiyht dTahdrbéaat €ln some
trimyristin, tripalmtin, tristearin, hydrogenated aln10|I@%gH§§%&yl

monost eacBPRdimsntse e de-tagkifisr or glidant ispresant i1 eswean abewt 3% ta
capric t‘iﬁ&tbbé‘?%ig%@ofth@%%&d" ﬁ%%egé ngh%% rthegétélﬁ ¥ibr glrt]ag ezﬁgen‘c

pol yet hyl ene glycol. 100431 In sone e I nents, e seco

further morbptW®esalmupl3§zétﬁocaw 20% sofdéfei togal 'aszgh‘e of Iuheslnmé In some
enbodi nent the plasti ol et h certain,
enbodt meRvRodipEsp s ok o RO s ER ot ioutele o Shgyfaloe of
enbodi nmemtestotal Iwelght aﬁfthieZ(Br Ini @nw@ﬁlﬁmmérns higd &@@ﬁklﬁbﬂbﬂ glffladf4s pkent
about 50% of the total weight of the bead. In me. enbodi nents, the
pl asti ci #&pbqus 3/139%@@&9‘%4 HeIEbE AW beBBuin SomYPTROEI. MHeHCkifier o

total weigffini ¢f \Agfeﬁlﬂfr‘lt REASbut B35 B8 he t6APRL éﬂggf fhe tERE B &3hd &hg&ﬁmbﬁts

pr esent |n bet ween about 0.1%to about 5 f the total weight of the
bead. | ntheoleetadsfierdirrghidant,is presens limshout # %eof thestotal esight of thetbeadwelarsome

about 0 a (f f..the total. t. Oafg t h Q?ﬁ sone
ahod merLod Rt el R RO ot P50 e OO BRe g
wei ght ofihe had beasbmd élnB@Hﬁeﬁrﬁ;bthd degdtkiier bhglidapt ﬁ%irts!éhtzml’abbﬁt 3% o8 et
in about 0.15%of the total weight of the bead. In sone
total weight of the bead. In some embodiments, the de-tackifier or glidant is present in
about 5.5% of the total weight of the bead.

[0042] In some embodiments, the first layer further comprises a lipid
excipient. The lipid excipient can be selected from the group consisting of glyceryl
behenate, glycerol esters of fatty acids, glyceryl dibehenate, behenoyl macrogoglycerides,
glyceryl  distearate, glycerol distearate, glyceryl palmitostearate, lauroyl
macrogoglycerides, stearoyl macrogoglycerides, abitec products, glyceryl mono-oleate,
medium chain mono- & diglycerides, glyceryl monocaprylate, glyceryl

tricaprylate/caprate/stearate, hydrogenated vegetable oil, hydrogenated cottonseed oil,

hydrogenated soybean oil, hydrogenated soybean oil and castor wax, polyoxyethylene 8
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enbodi ments, the plasticizer is present in about 0.2% of the total

wei ght of the bead. In sone enbodi nents, the plasticizer is present

in about 0.25%of the total weight of the bead. In sone enbodi nents,
the plasticizer is present in about 0.3%of the total weight of the
bead. In sonme enbodi nents, the plasticizer is present in about 0.35%
of the total weight of the bead. In sone enbodinents, the

pl asti ci i 1 9. af i

Dead. | [ Og g o e oy R boSbolelene
second PBayayric glycesidas nottsasethilane 6 préw ghcob astetsapayoxysthyteans éscoconut

i ngredie ilan t b kst |ayer I.SCUSS A except at
the Socomyteldd ' BivdOahlfind | 56 cochfi®latycRidg RTLRRAYEne PHS Rleohll
firs \t/vh | agbicerdded, tpﬁgrozgmngpygeﬂmma sha\ze e}tlcbe,ntpblyaiéyetl@}tlemf 26 nglyedty e rtigr,
-14 ere in other_e iments,. the first an econd | ayers haye
e SO GHIRAE TS 5 Dot taideh ROl Y IRRLRY PRI RN R A e
[0046] 1R anetdfr &BRECholytkdBa&R NBY ebdlosdéRyIPNAhdFAC M CRérnelamide

formul ati ons™ conprising one of ‘the follow ng conbinations of the
above bedipthanglamadey tiigly¢qrelymeno-plsate, s3spk produetsishydsggenated gpe-glygerisies,

t he seco - Or Ol yeald. by, of.: fi S

o ottt SeP AR E! afolvl, AR ricdelfn | bl Gbe R oA I alycery

f or mul at inomsestearateaighycsiyl fstaarapet cateanydealcolafl, betgld alchehqdy oapride triglyderidé,e

adm ni strable dose to a subject. A single m nj strabl e dose of

oy e el BB aiges ek hin e B A EnE R BB 5 e o 5

g, 6 ngy, 10 pEMd3Ll 1HYomaBehbddint¥lts, he Sbdoall %ea%‘ﬂfﬁi*tﬁér&%oh?@is@s leﬁﬁici&f,
0 ny,

tolterodine i s selected fromthe group consisting r;rg 3
ng, 4 ngas Sefiged abayg, In peme gmbodimeyts, tworBytidizer 48 pelyeHtrae nelyod, Inhe
phar maceut i : t4 ' . f capsul es. The

capsul es%%%aglﬁkrﬁfé?(&g}gh%hﬂgﬁBﬁlly?ﬁlglaegggll&g@ I;rrg]gg4g?' gel atin, push-fit
capsul es, for [(4dhpl dntstras embadiencofs, thy grastigipar dppresant hybatetdndbosie].1%
banded push-fit . capsules as .wel| as soft, sealed capsules nade of
gel ati ' dhabut Soucer B ER! vElRbhohineWndcoh soit ORI BREG e pRSr b
some enboetseRnh betviddf aBb@T (TRt tdbeat 4099 lofiheriokD Weei@t @fithe bR, fIArsdineof
dose sipping straws. In some enbodi nents, the beads are filled into a

st raw an@mkodigenisethe rlardinizgr isrresent gureivedrabayh0-4 Hetosaborin) Yosgfcthe total
t hr ough r f drd.nki |4, Uik l; aw
brings th%?goﬂggggﬁlsﬁetag' tlﬂe%%u%}ﬁooglﬁ Iﬁﬁlgts’v&h%wagtﬁog ilﬁgfﬁg{t?g%ﬁéﬁﬁ%éﬁtm
enbodi melt2$s ta dbeuplianitecutl waightf dithebetli dmsonse enbadimbs,fthe phasticizer is

present in about 0.1% of the total weight of the bead. In some embodiments, the

plasticizer is present in about 0.15% of the total weight of the bead. In some
embodiments, the plasticizer is present in about 0.2% of the total weight of the bead. In
some embodiments, the plasticizer is present in about 0.25% of the total weight of the
bead. In some embodiments, the plasticizer is present in about 0.3% of the total weight
of the bead. In some embodiments, the plasticizer is present in about 0.35% of the total
weight of the bead. In some embodiments, the plasticizer is present in about 0.4% of the
total weight of the bead.

[0045] In some embodiments, the second beads further comprise a second
layer. In some embodiments, the second layer comprises ingredients similar to the first
layer, discussed above, except that the second layer does not have any API. In some

embodiments, the first layer and the second layer have identical set of ingredients,
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of dry sachets. In some enbodi nents, the beads are sprinkled onto
food or mxed into a drink fromdry sachet, and taken orally. For
the dosage to be effective, the disclosed beads are filled into a
sachet pouch, along with additional excipients needed to forma
readi |l y dispersible suspension. Wien the pouch is opened and the
contents are poured over food or into a drink, the beads and

addi t i onathef4§ iPbBAE EmBidementx ale itst And fofidREerdhavd Higfetbnt bémbiantibrf ¢t m
a pal atable dispersion that is ingested by the subject. Excipients,
such as i#giedi¢ht s and glidants, are added for the contents to be
easily swallowed with a mninmmof chewi ng so that the coatings are
not broken in the nouth. - 15 [00511 In sone enbodi nents, the

phar mac e PHARMAGHUAICAL BOBMUWIATIONS e form of ready-to-use sachets.

In sonme enbodi s, ;the heads are.prem,xed.with an i ble, '

vi scosity foo&d@?]i)st &Hcaém?}eﬁras%efélnddgcé?seglgqﬁﬁerl? ,areoPﬁl‘aenrl\lglErglegﬁl?1 C‘glefo)“?h%ﬁ%ns
the enti cemgAsiheBhS of te follewh@aaoatinationd akibe absad beads: Exra pheslitg of ghech
as salivants and glidants, are add for the ontents tqQ be easily
swal | owedirtiheadss biiamlwahiyost @ﬁé%oﬁgq@gsé REE) &R rg&é‘lﬂfﬁ]@"sg‘éﬁ ge?f%‘tand a
broken i oy ihgy SPHeRecdld®eads. | N some enbodi nents, the pharmaceuti cal
formulations are Iin the form of tablets. In sone enbodi nents, the

plurality of {0M#7beadBhe dispossd pharmasgeticakformalatigns ponieia rsytficignt garber,

or ot her cipients. . In.certain. i t '

coati ng, OE §?adg}%ﬁﬂvéde§n31ré% té?l?“%:m%g‘g@?dﬁgs {&I%seubiegﬁj %’%@ gt? %ﬁ%@%%ﬂgatg gg%et
anfl t hed(w Ilbd&@indis&él@bt\tﬁ frohf‘tr};% Qg)ug mbnsisﬂm% roégpmg;d 4trhg, Shegdsmay B r(rjlg, 11
rel eased. [0053] In anaother enbodinent, e beads .are compressed into
a large 8 280(1¢dBEe 4 sipelsadmipigirablgflose f%)‘stotltﬁ’éﬁ“ﬁl lééglaﬁf’%?r&nb 2P
l'iquid, %Hﬁﬁst&gownﬁfg,z% ,Smg,mgb%gdsh{gw 18n®8 nfDr € exci pi ents
are used to allow the tablet to i ssol ve quic ly an form a_ high

vi scosity suseMsi on Misemesnibodisepnts, thegpbammaseisal panulationspase fnghf rm

materi al . ncludes.saliv 0 | 4 t t :
casi 1y sl O wi TR SEPRE A Meb ST Bl e OF £, Bish-r
enbodi menspsuldsh €orpbainiple ehdsecabdd of mylmiimopylarthylaelltlose, f anded @hsh-fit
m ni-tablets. The nini-ta@lee;tﬂs are producged_.in the same nner az“t
descri bedapaies A wellapy st segled rapsitlese1ads, Of GR1AHA ANy PasUG 25T, Sy 25
cont ai ns A &kd1gk SorB@n Ni strabl e dose of the APIs, a mni-tablet
contains Tess than a single adninistrable dose, The mni-tablets are
then pressed t0A herlnisems embodisnents, thgrphawracantirabiformulatiensyare irethe fprar e
t he conbi ion of he.s ral. s i j j n
. si ngl o SasErePhs ats” 35 kb, FhSpidls Brehitel fud Auahy i 4
patient then drinks liquid through the straw, and through the process of drinking, the

liquid pulled through the straw brings the beads into the mouth along with the liquid.
[0050] In some embodiments, the pharmaceutical formulations are in the form
of dry sachets. In some embodiments, the beads are sprinkled onto food or mixed into a
drink from dry sachet, and taken orally. For the dosage to be effective, the disclosed
beads are filled into a sachet pouch, along with additional excipients needed to form a
readily dispersible suspension. When the pouch is opened and the contents are poured
over food or into a drink, the beads and additional excipients are mixed with the food or
' the drink, and form a palatable dispersion that is ingested by the subject. Excipients, such
as salivants and glidants, are added for the contents to be easily swallowed with a

minimum of chewing so that the coatings are not broken in the mouth.
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[ 0055] In sone enbodi nents, the pharmaceutical fornmulations are in
the form of suspensions. In sone enbodi nents, the suspensions
conprise ingredients such as glycerin, mcrocrystalline cellul ose,
car boxynmet hyl cellul ose sodium sorbitol solution, xanthan gum and
the like, and various colorings and flavorings to nake the suspension
pal atable for pediatric or geriatric use. [0056] In sonme enbodi nents,

the first beapmsd] scliasesle aPBYEmeNRYhS GhariabQgREIFOARUIBNOM are in the form
pharmaceutically accegt able salt thereof, and the first and second

| ayers, of 1@dyrterusesachetswin ypme %mquanpla&éhe beafisrars Prgnixes] vth o sdble.or
a pharna t

sane as, K dé%%élbyfogg g%ttdﬁ% ﬁ rst H} lé g%@? tr ﬁ%-é?g}é% ojﬁ gg%eaé/eglﬁré onteh
di scusseaf tieackagt is tekert @illy . dixbipitintse suci;t as sdlvants lah¢ gladtintse amadd@iijf thest
bead is furt coat.ed fourth. | aye which | e as
o1 ar eoneitiie ERBHE peredm @ Re il 5h ehdhe St eSoRf g

[ 0057] | mrskenth geadiment s, the pharnaceutical formnul ations conprise
a plurality of the first beads packed together in a tablet or

mi ni -t abl et s. [08§8] t adnspmg emppdimentsaihe pharmeeeuticldarpyations ajg infhgform

layer of Jrolgi&s. O‘ih Gme ! b%ﬁﬁen%@ﬁ’éj?fﬁ%ftf of ttlﬂeebéaay ?sr f%fssedttg%étﬁérqgiﬂ%e

is the sane as, simlar to, the first | ayer second beads
di scussedbmdatsoghdaritsa csmtmraxbimhntse nirs gertafire embbqhmeom the- tablge p@upmwblaet
or mnl-tab[let cate

Cam s, B A i o saCER B o Juf SRS Tt dub 2okl

di scussedllsa(islwsemtﬂdw tawnuaipoﬁfthélﬁﬂaﬂemdﬂa@edn the coat ed | ayer is
sufficient qpﬁgow de a sjngle adm ni str 5 dose for abl et or
b g

combi nat i on 01[ t1gp prgther” pabagomexy, 4 e ‘WHH%‘?SF dntos a glargs
the Bead NRAWERE LaHid NEnEERERSS HeHPPitkq TH% ;ro%@’ﬁ&lﬁal &l ds'ﬁatt@xdor' ddme

Table I were used in the production of th pllocarplne and
tol t er od |0ﬂ@r dealkis Ont abmeord exdpiems arenssd s éltDW the tBaictoplissdlyetquipkly and

CGeneric Nane lier r rqshl
P 1 ocar piie: BT L gar el i s e s ol b, bieGabtet materal
Tol t er odiimgudeakilivahs dvigdidattedo Hiadn theeddnten@sare Ehdilyl setallotved evithldminimum

Hercul es Ethylcellul ose Ethylcellul ose N7 Hercules Hydroxypropyl
Phar maco®f SBY6Shi n Etsu  Met hyl cel | ul ose

[0054] In some embodiments, the pharmaceutical formulations are in the form
of mini-tablets. The mini-tablets are produced in the same manner as described for the
tablets, with the exception that while a tablet contains a single administrable dose of the
APIs, a mini-tablet contains less than a single administrable dose. The mini-tablets are
then pressed together into a tablet, or contained in a capsule, where the combination of
the several mini-tablets in a single tablet or in a single capsule forms a single
administrable dose.

[0055] In some embodiments, the pharmaceutical formulations are in the form
bf suspensions. In some embodiments, the suspensions comprise ingredients such as
glycerin, microcrystalline cellulose, carboxymethyl cellulose sodium, sorbitol solution,
xanthan gum, and the like, and various colorings and flavorings to make the suspension
palatable for pediatric or geriatric use.

[0056] In some embodiments, the first beads disclosed above, having

pilocarpine or a pharmaceutically acceptable salt thereof, and the first and second layers,
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H drox ro yl Cellulose Klucel EF Hercules Polyethylene dycol 400
Car bowax 400 Dow Dibutyl Sebacate D butyl Sebacate Vertellus Talc
Luzenac Talc M nerals and Pignents Dehydrated Al cohol, 200 Ethanol
Spectrum proof Mcrocrystalline Cellulose Cellets 700 G att Beads -
-17 Ceneric Nane Trade Nane Supplier GV5 Enul sion Pl asacryl Emerson
M crocrystalline Cellul ose Avicel PH 101 FMC M| ed Lactose

Phar mat oa: ¢V thizdasfen combligsetohefbdine) fcx phardadeufiddlly acceptable salt
Crospovi done Pol ypl asdone, XL- 1SP 10 Gelatin Capsul es Coni snaps
si ze 2 CApseRfelThedhisd faver indhe sameps, (o simylat o hefist fayppeipihe gecond beads

Dei oni zedigpadsed ab%ieon h? e AR eGlbolienkD ngbgloltybﬁuﬁ%bf}ﬁeﬂrst Béa%lt R%uttRer

Table 2 was used for the preparation of beads.

Equi pnentoated wvithoy f@ethdayarodhichiis the @Engi qsnensmwhtnm eth@ seroend laysaof the
FLM 1 fl ue':c%ﬁgﬁead tcosrse(g(é)];(foratlon Marion, 1A FLM3 fluid bed Vector
Co oratid R 1A Y? Extruder LClI Charlotte, NC Q- 230
Spheroni zer L{DOS(Zhar ITatdome dobdiliments Mgt gharrvadelitentl forniaati@is Scompikiee lay
East Stro dsbur tlc Encapsul at or Dott. Bonapace, &

C. Ml an, P gy ygﬁvﬁoféﬁﬁ heatima%ﬁt?gﬁt Ei@ Afablpt-qrgpineiablety T heciabletotgpii-
SC Port @iﬂl&s BRhuBh dbdib e withh taFAZoBelibloBBE 0NN sWie RRARMGISS the layer of

Di ssol ution Rate Determ nation
tolterodine is the same as, or similar to, the first layer of the second beads discussed

above. In some embodiments, the tolterodine-layered tablet or mini-tablet is further
coated with a second layer, which is the same as, or similar to, the second layer of the
second beads discussed above. The amount of tolterodine in the coated layer is sufficient

to provide a single administrable dose for a tablet or combination of mini-tablets.

EXAMPLES

Example 1:  Materials Used in the Bead Manufacturing Process

[0058] The raw materials listed in Table 1 were used in the production of the

pilocarpine and tolterodine beads.

Table 1. Components Used for Bead Production

Generic Name Trade Name Supplier
Pilocarpine Hydrochloride | Pilocarpine HCI1 Boehringer Ingelheim
Tolterodine Tartrate Tolterodine tartrate | Medichem
Ethylcellulose Ethylcellulose N10 | Hercules
Ethylcellulose Ethylcellulose N7 | Hercules
Hydroxypropyl .
Methylcellulose Pharmacoat 606 Shin Etsu
Hydroxypropyl Cellulose | Klucel EF Hercules
Polyethylene Glycol 400 | Carbowax 400 Dow
Dibutyl Sebacate Dibutyl Sebacate Vertellus
Talc Luzenac Talc Mmerals and
Pigments
Dehydrated Alcohol, 200 Ethanol Spectrum
proof
Microcrystalline Cellulose Cellets 700 Glatt
Beads
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[ 0060] This nethod describes the procedure for the determ nation of

the dissolution rate of the pil
conbi nati on fornul ati ons

well -known in the art.
tolterodine tartrate were

ocar pi ne HCl

gr adi ent,

and tolterodine tartrate
by using a reverse-phase,
hi gh-pressure liquid chromatography (HPLC) method, wusing techniques
[ 0061] Stock solutions of pilocarpine HC1L and

prepared as worki ng standards. Beads

cont ai ni ng pille&a®rR NanElCl and t

Olkae OWline tart

Sapplierdl € separ i

ately

mxed with a

TGXEEHQsAe of 0.1

Phidcli AL Tixe

EnhdrdB POI NTS al

ter

the i xing Nawdegiiial CONAES |OAvbO®HGEor TNiAC M X(ures arg

I njected int Mﬁ H’Ea((gfosé’ 18)% bEha- Abse dOWf'ULTJI\%, LIIE’JWUI RITQ
standar ds. Thee SRR o getensdd BISONEly B ter odrme ang

pi | ocar pi ne enrt+t Lat SRt e cu.mw ustag—the

cor respondi ng @eafovidoags of toltel?l‘gml?t;@‘)‘éengr llggpr pi ne. -18 [0062] A
USP 2 Paddl es Qo ng rnndl tilons was enployed to

det er mi ne di siSe¢lgtin 6gpssesvari ous

@@nmpsatsxze As

Sapsugelit i on nedi

a: 0.1

N HO Agitat

i SerilRavager foOrRRNon \/

eWetsl Tenp: 37

El@piBa C _ Sanpl e

Vol une: 1. Or

Dissiced/whtere: 500niDeibiaciwates:

H

BdN(d Fornation [ 0063]

Beads were produced by drug layering mcrocrystalline cellulose

beads wi th aqueous,
HO or tol ter &M59E

dose uni

cel lul osic
t Hhier gouirment
adsThe coating fornmulat

fgte

atin % stens co % i ng pllocarflne
te da 2blier &/aF Fpo 1o TRG PIeRRIEHAR A
ions are displayed in Tables 3 and 4

bel ow. Table 3. Sanple A: Tolterodine Tartrate Drug Layering:

Conmponent ng/ Uni t
Tolterodi ne Tartrate 2.

s

HPI\/C

Sl topBe

W w Mcrocrystalline Cellulose Beads 25.0 79.4
él'd’:l i’roductijbn3 5> PEG 400 0.3

1.0 Total 31.5 100.0 qug)énr%]l ocarprne HG drug

| ayering: | Equipment Manufacturer Location
FLM-1 fluid bed Vector Corporation Marion, 1A
FLM-3 fluid bed Vector Corporation Marion, IA
DG-L1 Extruder LCI Charlotte, NC
(QJ-230 Spheronizer LCI Charlotte, NC
Blend Master V-blender Patterson Kelly East Stroudsburg, PA
In Cap Automatic Encapsulator | Dott. Bonapace & C. | Milan, Italy
ProFill 100 Manual Encapsulator | Capsugel Greenwood, SC
Portable Dehumidifier DRI-EAZ Burlington, WA

Example 3:  Dissolution Rate Determination

[0060]

This method describes the procedure for the determination of the

dissolution rate of the pilocarpine HCI and tolterodine tartrate combination formulations

by using a reverse-phase, gradient, high-pressure liquid chromatography (HPLC) method,

using techniques well-known in the
[0061]

art.

Stock solutions of pilocarpine HCl and tolterodine tartrate were

prepared as working standards. Beads containing pilocarpine HCI and tolterodine tartrate

are separately mixed with a fixed volume of 0.1 N HCI. At fixed time points after the

mixing has begun, aliquots of the dissolution mixtures are injected into HPLC followed

by several aliquots of the working standards.

The amounts of released (dissolved)

tolterodine and pilocarpine entities of formulations were calculated using the

corresponding peak areas of tolterodine and pilocarpine.
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Conmponent ng/unit % w Mcrocrystalline Cellul ose Beads 27.5 50.0
Pilocarpine HO 11.0 20.0 HPMC 11.0 20.0 Talc 5.5 10.0 Total 55.0
100.0 [0064] Both coating solutions were applied to the

M crocrystalline Cellulose (MCC) Pellets using a Vector FLM1 fluid
bed with a Wirster coating configuration. Beads were hand-filled
into size 2 gelatin capsules and tested for dissolution using the
procedure of [oue2p! e 2 USPEPaddksahéthodwith @eafollbwingeoditignd wyesresloyed
beads are shown in Tables 5 and 6: -19 Table 5. Sanple A

Tol t er odithdetspipg dissolgineofsaripps BmyAtions| ved at Time Point (nin)
Vessel # 0 5 q;gssggmggnge@laeo \(]N@[ {7 109 113 113 114 114 V2 0 71 100
104 106 108 108 41 113 113 V4 0 43 100 109 112 113
113 V5 0 61 ¥ 8 110 ,0.¥6c0 43 92 107 111 113 113 Mean O
56 99 107 110.1 ii}% 7°3.22.52.4 2.3 YRSD 0.00%
26.73965.749%&%5@%? 04% Table 6. Sanple B: Pilocarpine
HO Rel ease E%FVed a %E Point (mn) Vessel # 0 10 20 30 45
60 O 100 104 105 105 105 O 99 106 106 106 106 O 102 106 107 106

106 0 1Gkai0f 3106 BLOTFaQTatiod 105 108 108 108 108 V6 0 93 109 109 109
109

[0063] Beads were produced by drug layering microcrystalline cellulose
beads with aqueous, cellulosic coating systems containing pilocarpine HCI or tolterodine
tartrate. The beads were formulated into single dose units. The coating formulations are

displayed in Tables 3 and 4 below:

Table 3. Sample A: Tolterodine Tartrate Drug Layering:

Component mg/unit Yow/w
Microcrystalline Cellulose Beads | 25.0 79.4
Tolterodine Tartrate 2.0 6.3
HPMC 3.1 9.8
Talc 1.1 3.5
PEG 400 0.3 1.0
Total 31.5 100.0
Table 4. Sample B: Pilocarpine HCI drug layering:
Component mg/unit Yow/w
Microcrystalline Cellulose Beads | 27.5 50.0
Pilocarpine HCl 11.0 20.0
HPMC 11.0 20.0
Talc 5.5 10.0
Total 55.0 100.0

[0064] Both coating solutions were applied to the Microcrystalline Cellulose
(MCC) Pellets using a Vector FLM-1 fluid bed with a Wurster coating configuration.
Beads were hand-filled into size 2 gelatin capsules and tested for dissolution using the
procedure of Example 2. The dissolution data of the drug layered beads are shown in

Tables 5 and 6:
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Mean O 100 107 107 107 107 SD 0O 4.0 1.8 1.5 1.5 1.5 MRSD 4.0% 1. 7%
1.4%1.4% 1.4% [0065] Both types of drug | ayered beads were
top-coated. The tolterodine beads were coated with a thin, imedi ate
rel ease HPMC based coating systemto ensure no tolterodine tartrate
was | ost fromerosion. The topcoat for the pilocarpine HO beads was
devel oped in rounds 2-5 of devel opnent. Exanple 4: Bead Formation

[ 0066] The devel opnent in this exanple focused on the use of several
types and grades of cellulosic polo)étg:ars in order to forma

seni - per meabl e bar r i dablefabamplglAd Todferodinerlartea Beleage|Datdat i ngs
appl i ed pere—at—retativety %Jﬂj‘s\-ls'ﬁlygalh{ P 'e”};din{"injﬁf) er—tiram— 50% 11

Y

was det eHred—+hat—the—applteattot aq—‘we— arts—produced—t
desired |.-3epseld] yﬂdbrﬂl Las profile The $0; i aed ﬂns ang‘h Er-;@“'
profiles|ar Eumari fed in Tahld 719%ellow!1Fabl e 213 Eorlmulldt ohs 114
Ref er encé Fi¥#n Conpoflent | % lw [HPWRY 606 494A EC NP6 40 TH8Bc »0ol0%p
EF 24 C EC N356 | Taloc 20 MPC BF 3% D ECING 48 Tdlc 20 IHPC EF1d3 |

ECNI O 56| Tav4 20 FOHPC|EF487 Rl adéery| 189 G ECINZ 90. 9 11Bi but y13

1%

Imr)

Sebacat e 9. Ivs 0 61 100 105 108 110 110
V6 0 43 92 107 111 113 113

Mean 0 56 99 107 110 111 112

SD 0 15.1 5.7 3.2 2.5 2.4 2.3

%RSD 0.00% | 26.73% | 5.74% 2.96% 2.29% 2.17% | 2.04%

Table 6. Sample B: Pilocarpine HC] Release Data

% Dissolved at Time Point (min)

Vessel # 0 10 20 30 45 60
Vi 0 100 104 105 105 105
V2 0 99 106 106 106 106
V3 0 102 106 107 106 106
V4 0 101 106 106 107 107
V5 0 105 108 108 108 108
V6 0 93 109 109 109 109

Mean 0 100 107 107 107 107
SD 0 4.0 1.8 1.5 1.5 1.5
%RSD 4.0% 1.7% 1.4% 1.4% 1.4%

[0065] Both types of drug layered beads were top-coated. The tolterodine
beads were coated with a thin, immediate release HPMC based coating system to ensure
no tolterodine tartrate was lost from erosion. The topcoat for the pilocarpine HCI beads

was developed in rounds 2-5 of development.

Example 4: Bead Formation

[0066] The development in this example focused on the use of several types
and grades of cellulosic polymers in order to form a semi-permeable barrier that would
delay release. All coatings applied were at relatively low weight gains, no higher than

50%. It was determined that the application of high weight gains produced the desired
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H ECN1O 90.9 Dibutyl Sebacate 9.1 [0067] The dissolution data of the
beads of Sanples F and G obtained using the procedure of Exanple 2,
are shown in Tables 8 and 9: Table 8. Sanple F Dissolution Data

Di ssolved at Tine Point (mn) Vessel # 0 10 20 30 45 60 75 90 120
Infinity V1 09 48 71 84 89 96 99 101 101 V2 0 9 50 77 92 95 96 97
97 97 Mean 0 9 49 74 88 92 96 98 99 99 SD 0 0.0 1.4 4.2 5.7 4.2 0.0
1.4 2.8 AWeBySsdGRabte PUfik. IPheSorthulbtichkadd 6dedde Phafileste Rurtiar?zed%n TaRld 7
Table 9. Sanple G Dissolution Data Dissolved at Tinme Point (mn)
Vessel #5009 20 30 45 60 75 90 120 Infinity V1 (1% O 53 73 84 92

96 99 100 102 102 V2 (1% 0 55 73 84 93 99 102 103 104 104 Mean O 54
73 84 93 98 101 102 103 103 SD 0 1.4 0.0 0.0 0.7 2.1 2.1 2.1 1.4 1.4
2.6 YRSD % 0. 0% 0. 0% 0. 8% 2. 2% Eablef. Formglatians, 1. 4% V3 (40/.) 0 2 8
21 42 59 71 81 92 96 YA (A I—Po2—9-22 43595718291 95 Mean 0 2 O
22 43 89 71 82 92 96 | Rgterenge o’ JEim Cingpahent L v Wiy 21,°0 (F5T o
YRSD % 8. 3% 3. 3% 1. 7% 0. 0% 0. 0% PBATB, 0 74d0vs (80l ’) 0 1 4 7 14
22 32 41 57 65 V6 (8% 0 4 3 5 tHCNO>3 36 52481 Mean |01 4 6 13 21
30 395563 SD0OO0.00.7 1.4 2 4Tglc1 2.8 3.5[305 2.8
HPC EF 24
C EC N7 56
Talc 20
HPC EF 32
D EC N7 48
Talc 20
HPC EF 24
E EC N10 56
Talc 20
. HPC EF 87
Plasacryl 13
G EC N7 90.9
Dibutyl Sebacate | 9.1
, EC N10 90.9
Dibutyl Sebacate | 9.1

[0067] The dissolution data of the beads of Samples F and G, obtained using

the procedure of Example 2, are shown in Tables 8 and 9:

Table 8. Sample F Dissolution Data

% Dissolved at Time Point (min)
Vessel
# 0 10 20 30 45 60 75 90 | 120 | Infinity

V1 0 9 48 71 84 89 96 99 101 101

V2 0 9 50 77 92 95 96 97 97 97
Mean 0 9 49 74 38 92 96 98 99 99

SD 0 0.0 14 | 42 | 57 | 42 | 0.0 14 | 2.8 2.8
%RSD 0.0% | 2.9% | 5.7% | 6.4% | 4.6% | 0.0% | 1.4% | 2.9% | 2.9%
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0.0 20.2 23.6 17.0 9%RSD % % % % 10.3% 9. 4% 9. 2% 6. 5% 4. 5%
percentages refer to different filmthicknesses.

Formati on [ 0068]

pi | ocar pi ne HC1 were
order to conpare two conmon super- disintegrants.

In this
pr o

exanpl e,
duced. First,

super - di si ntegrant sel ection was vol ume increase as the

pl aced in O. 1 N HC .

* .

beads

The

Exanpl e 5: Bead
swel | abl e beads cont ai ni ng
pl acebo beads were produced in
The criterion for

wer e

The f’DﬁlﬁluI9aSarﬁpﬂ6CﬂDdsdle|$dﬂ1Da;taare beI ow in Table

9: Tabl e—9 Pl acebc a d a 1 on ae=Ya
Conponert %vv/w M cr ocryst?/i’ lmlveﬂm’mmléogt;(miq)ap ase 45
Cr oscanneMessb#Saddum 10 | M&r pcBstlal4Si ne 681 | Ll xel 499 J| 1381 phEefinity
Crospovildwng1%y |- 22| [§8069]7Two svel|l &2 e| pi9%ochr$? ne 160 | d62d] 102
fprnulat!Qn31M§We pr odsced, 73v t hg4dilf fasr i hg oguahtiioti p908f| 104 104
p{Lofafllnﬁmmﬁ“?-eoqtaﬂé WeFE TNgR gacgy cpaigd Wiph [Ne2SRTe3 103
et hyl celfrutgsg—basgd I TR, SYSEemagd, tEstgd d ot pnf 14
'II;O:' mul atH-onrs—and ."Sle‘ﬁ* S at?% y C .%I \.r‘[b:“? bet gal | |%f<11b ?EO er.b € Qg
i locarpin swe '
Cormonentc SR T ot ot s 074 1 S0R], bl 28 BEpERIARL IR S
Cr oscar feMBd4%) sdd0in 8. 8 Bl bcRdpilnd2ach 98 0 Kl cb ok ybi % || nedb
Cel | ul o4e V4%4%)1 |bBa @acto§e 1322 |osppviddone 8lal 8 [ hekk pi nedtC
5.0 Mean 0 2 9 22 43 59 71 82 92 96
SD 0 0.0 0.7 0.7 0.7 0.0 0.0 0.7 0.7 0.7
0.0
%RSD % | 83% | 33% | 1.7% | 0.0% |0.0% | 0.9% | 0.8% | 0.7%
V5 (8%)* 0 1 4 7 14 22 32 41 57 65
V6 (8%) | 0 | 1 3 5 11 19 28 | 36 | 52 61
Mean 0 1 4 6 13 21 30 39 55 63
SD 0 0.0 0.7 1.4 2.1 2.1 2.8 3.5 3.5 2.8
0.0 | 202 | 236 | 17.0
%RSD % % % % 10.3% | 9.4% | 9.2% | 6.5% | 4.5%

*: The percentages refer to different film thicknesses.

Example 5:

Bead Formation

[0068]

In this example, swellable beads containing pilocarpine HCI were

produced. First, placebo beads were produced in order to compare two common super-

disintegrants. The criterion for super-disintegrant selection was volume increase as the

beads were placed in 0.1 N HCI. The formulations and results are below in Table 9:

Table 9. Placebo bead formulations
Experiment
Reference Bead Component % wiw
Microcrystalline Cellulose | 45
I Lactose 45
Croscarmellose Sodium 10
Microcrystalline Cellulose | 45
J Lactose 45
Crospovidone 10
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K and L coating Ethylcellulose N7 90.9
9.1 [0070] As shown in the dissolution data in Table 11,
formul ati ons had the
procedure of Exanple 2. Table 11. Sanples K and L Dissolution Data
Di ssolved at Tine Point (m) Vessel

desired

del ayed rel ease,

formul ati on Di butyl

t he

Sebacat e

obt ai ned using the

%

# 0 10 20 30 45 60 Infinity K-1

(40/()01417446172 K-28%00013712 K3 (129 0000 1 2

3

For nat i on 0071 Thi s ex
@%@%@% Tiheste eaéwqa?

R‘Rﬁit‘%‘

-1 (40/4) [en69] 4 112\)V(29wé11&bfe3pﬂobar§m$%(ﬁl lﬁa@folmﬂlaﬁoﬂé)welh-pao((uﬂ:&?@\mm 0
0 1 1 3 4. Exanple

coating dlﬁfffélqga‘i}’ép’é%ésn?%P

le fo u ed on

€ same

cel I ul osieg,yRRIVIBES Bade@ dYafifl ‘éﬁét&ﬂtangatbﬁéd (fbipdltsﬁ)h%%%l"he-%ﬁnﬁlhﬁ&fs and
coating fornulation consisted

hydr oxyprespits aelsttufosh delompa)Tablevii®i ch forms a hydrogel that del ays
-23 ratio of HPC

r el ease.

correl at ed
formul ati ons fo

each pr ot ot \

of a sol uble polyner,

The second fornul ati on consisted of a 1:1
and et hyl cel | ul ose.

e are-shown bel-owW iR

The thickness of both types of filnms directly
t o the dEdkly 10.PiloehpandiCifsweilhde beqdi foenidiitionsThe

Table—12-

Tabl e

12. Hi gh wei ght
Component % w/
87 Pl asacryl

produced: 75%

1

exhi bited a w de

The delay in re

EPerimeny | osi
pfeBICE 45, 45

Cc coatings Experiner
GpmpprEnt N1 0 45, 45 T3l

t Refereng

1% vg'w1 0

e Film
HPC EF

3 [0072] Beads

llgg)og@% 125%

e of |ag

15

ease is contrg

heicrengystdlend G¢llubeseng

wWeitght gai

ns were

(%4ctobd5% and 200%

¥

K0S set Of

beads

tCiB&rmelldat Seuma by |

rggedi at e 1

el ease.

IBiRKa¥heltte [ NI CKNESS

19fp the

Microcrystalline Cellulose 43.1
Lactose 43.1
L bead Crospovidone 8.8
Pilocarpine HCI 5.0
K and L coating Ethylcellulose N7 90.9
formulation Dibutyl Sebacate 9.1
[0070] As shown in the dissolution data in Table 11, the formulations had the

desired delayed release, obtained using the procedure of Example 2.

Table 11. Samples K and L Dissolution Data

% Dissolved at Time Point (min)
Vessel # 0 10 20 30 45 60 | Infinity
K-1 (4%) 0 1 4 17 44 61 72
K-2 (8%) 0 0 0 1 3 7 12
K-3 (12%) 0 0 0 0 1 2 3
L-1 (4%) 0 1 4 12 29 42 53
L-2 (8%) 0 0 0 1 5 10
L-3 (12%) 0 0 0 1 1 3 4

Example 5:

Bead Formation

[0071]

This example focused on coating drug-layered microcrystalline

cellulose cores with cellulosic polymers to high weight gains (up to 200%). The first

coating formulation consisted of a soluble polymer, hydroxypropylcellulose (HPC),

which forms a hydrogel that delays release. The second formulation consisted of a 1:1
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film The dissolution data, obtained using the procedure of Exanple
2, are shown in Tables 13 and 14. Table 13. Sanples Mand N

Di ssolution Data % Dissolved at Tinme Point (mn) Sanple Description
0 512 20 30 45 60 75 Infinity M1 (7599 0 0 0 12 76 94 96 98 98
M2 (100%0 0 0 1 33 90 95 96 96 N1 (125% 0 0 O O 2 74 98 100 100
N-2 (15001,) 0 0 1 0 0 27 89 98 99 N3 (1759 0 0 O O O 6 68 96 99
N-4 (200%tiPofPHPChnd ethy2118Rs& 3he thildkigesd 4f bSianppes of filins Sivbatly @ireldatda
% Di ssol ved at Time Point (mn Sanple Description 0 5 12 20 30 45 60
75 1 nfi nite the dglay(iBodigase obp Oczamaeaﬁgii Thg fgmudations for epaipprgioypere sy wis
40 62 72 %x@%TagIee‘lz( 120%9 0 0 0 3 23 53 70 79 86 0-4(140% 0 0 1 3
15 46 65 8 -5°(15001-) 0 0 0 2 144 48 66 76 83 -24 WHAT IS
CLAIMED | S: 1. A pharmaceutical conposition conprising a plurality of

first beads each conprjsi,ng, ore;. a.fir L. ayer. conpri sin
pi | ocar pi ne or a phar rra’t%ﬂ? ?%ﬁggwgi@gﬁ%lgﬁ?lguﬁ%séﬁ O%Pﬂ T ggf; agd a
second | ayer conpr il §ixBerifeht F St pplymer. 2. The pharmaceuti cal
conposi tion of clai Re refi€r €1 Nt NEIROCEmpONENt| Ses %8 wiwel [ ul ose
pol ymer or silicondroxide 3 IMegpigpaceuttcar [ggngosi 1i on of
claim1, wherein the cor%ﬁ\grrpri S:E cugar, sel e:ﬁgg from the group
consi sting of glucose, s se, | prle, reRR-e-x¢Fitell,  and
sorbitol. 4. The pharmaceutical co sition of ¢l :*ig.::.];bl, wherein the
core conprises 0 HPC EF 87

Plasacryl 13

[0072]
125%, 150%, 175%, and 200%. This set of beads exhibited a wide range of lag times,

Beads having the following weight gains were produced: 75%, 100%,
followed by immediate release. The delay in release is controlled by the thickness of the
film. The dissolution data, obtained using the procedure of Example 2, are shown in

Tables 13 and 14.

Table 13. Samples M and N Dissolution Data

% Dissolved at Time Point (min)
Sample Description 0 5 12 | 20 | 30 45 60 75 | Infinity
M-1 (75%) 0 0 0 12 | 76 94 96 98 98
M-2 (100%) 0 0 0 1 33 90 95 96 96
N-1 (125%) 0 0 0 0 2 74 98 100 100
N-2 (150%) 0 0 1 0 0 27 89 98 99
N-3 (175%) 0 0 0 0 0 6 68 96 99
N-4 (200%) 0 0 0 1 0 1 28 83 93
Table 14. Sample O Dissolution Data
% Dissolved at Time Point (min)
Sample Description | 0 | 5 | 12 | 20 30 45 [ 60 | 75 Infinity

0O-1 (80%) 0 {0135 25 48 67 | 76 | 80 82

0-2 (100%) 0| 0| 2 15 40 62 | 72 | 78 83

0-3 (120%) 0|00 3 23 53 170 | 79 86

0-4 (140%) 0|0 1 3 15 46 | 65 | 76 83

0-5 (150%) 0| 0] O 2 14 48 | 66 | 76 83

-24 -



bet ween about 10%to about 50% of the total weight of the
finally-formul ated bead. 5. The pharmaceutical conposition of claim
1, wherein the first |ayer conprises between about 1% to about 50%
of the total weight of the bead. 6. The pharmaceutical conposition of
claim1l, wherein the first polynmer conprises a soluble filmformng
pol ymer selected fromthe group consisting of hydroxyethylcellul ose,
hydr oxypr opyl gelagl ®sE. ANMEDARY pPr opyl net hyl cel | ul ose,
carboxynet hyl cel l ul ose, maltodextrin, sucrose, nodified starch, a
salt of al ginile aciAdpharpaeaedrampopiEipy ePmPTisge adlli@hReof fnvbpeads cach
ponV|nyk§ﬁlMB¥%rolldone (PVPP). 7. The pharmaceutical conposition of
claim1l rein the second layer further conprises an insoluble
filmform ng pabyner selected fromthe group consisting of

et hyl cel | ul ose,. cel | ul ose .acetate phthal ate . s
hydr oxypr opy| REERy P CPRPESE pifearains o 2 hishtasiettiselly gesegtablp salt thereof
pol ynet haggyl ate, a pol yvi nyl al cohol, shellac, and pol yvinyl acetate
pht hal ate. 8. The pharnaceutlcal conp05|t|on of claim1l1, wherein the
bead further aceegndilaes compasipge kst peMsF a gl i dant selected fromthe
group consisting Ofl"hte@hgrmag&llf'fégf %:(Jm dgﬁfaﬁ%tf%ﬁhﬁltlewh&%hpﬂhe%&tc%ﬁ{pﬁfs& a
and nagne5|un1stearat 9. armaceut | cal conposition of claiml,
wher ei n uhﬂdbsa@ﬂﬁnmﬂheﬂmondmgnbses a plast|C|zer sel ected fromthe
group conS|st|ng of 5,Bhthal te base Lzer

trinellitate, ‘an adi ﬁn%aﬁg%ﬁab?oﬂﬁosgllo%’? CB‘I gté%'aere%n th Qg fomprises a

pl asti ci z@par, sdlectd ﬁ&mﬁb eERPadodsistihg 'l gadose, sacls)se flaoiese] thennitol gtylical] s
or polyether, an acetylated nonoglyceride, and an al kyl citrate. 10.

The pharﬁ@éé@ﬁﬂ@hl conposition of claim1, wherein the first |ayer

further conprj ses 1§, Ph&hﬂac%ﬁt‘fdap 'c@t'ﬁfé)osn;ﬁh of l8inP NaWABERUE ©Ble comprises
conposition of ‘claim wherein th d excipient is selected

from t he tghween abowtsliods torepoot 503h pEte Wtalbwgfﬁ@tf ¢he fylajlpdemmulaied bead. of
fatty aci d_s ! nglIh)é ! becgqeu%gél {:%rggeog% ﬂ)(r)lyof rrﬁd(f Ogo%ﬁé};%'tﬂg Sfirst 1 er

gl yceryl di stearat cery1 M tostear a

| aur oyl r@ﬁfp@@&giey\ewnl ABest, 1%&@%@%0%@6&@@;@@1 weight csfelse baalbli t ec
products, glyceryl nono-ol eate, nedi um.chai.n nong ?ﬁ%d]g
p

glyceryl mondtapr yihst Rhargpseutival| copppgitign i A%me rSY“sYhé;fré Bglyfner
hydr ogengly gr%n\é@sg%t ahliB1e Ofilm-forMAY QRBRRreskI&Rd FFopeate Odrbup consisting of

hydr ogenat soybean oil, hydrogenat’ed soybean oil an castor wax,
pol yoxy ethyylredyethgleeligosd, i c/ daémxap@pyle@l}ulqﬁes pby@rgmpmméﬁhélcsﬂulose

gglp;)c/) l(lyg{ ogxc %yﬁcpﬁblbgee srhal%%e%tﬂéyg& ,e Hl%dﬁ%dl s?a%ﬁ, gély G ig%‘ﬁl? racid,

carageenan, polyvinylpyrrolidone (PVP) or polyvinylpolypyrrolidone (PVPP).

7. The pharmaceutical composition of claim 1, wherein the second layer
further comprises an insoluble film-forming polymer selected from the group consisting
of ethylcellulose, cellulose acetate phthalate, hydroxypropylmethylcellulose phthalate,
insoluble gums, a polymethacrylate, a polyvinyl alcohol, shellac, and polyvinyl acetate
phthalate.

8. The pharmaceutical composition of claim 1, wherein the bead further
comprises a de-tackifier or a glidant selected from the group consisting of talc, glyceryl
monostearate, calcium stearate, and magnesium stearate.

0. The pharmaceutical composition of claim 1, wherein the bead further

comprises a plasticizer selected from the group consisting of a phthalate-based
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gl ycol esters, polyoxyethylene 7 coconut glycerides, polyoxyethylene
30 coconut glycerides, polyoxyethylene 80 coconut glycerides,

pol yoxypropyl ene 15 stearyl ether, polyoxyethylene 26 glyceryl

et her, pol yoxyet hyl ene 35 soybean gl ycerides, polyoxyethylene 20
sorbitol, polyoxypropylene 3 nyristyl ether, polyoxypropylene 10
cetostearyl ether, pal mkernel am de diethanol am de, triglycero

noNo- ol egfiRticigdSs @l trinfIIAGHC bi$ adPRIHAGEN plagiitife CH sehaysebastasplastizizet, an
palmtate, trinyristin, tripalmtin, _tristearijn, hyfrogenated ?I@
oi |, gl ycegapophasplnie.car melsategay selfoppmides 4 glyeolsc at Polxpther., pr Agglylate
cetyl alch 0 I e | i de, acetylated glycerides, glyceryl
cocoate,Qgﬁg%kgg%§£%%§?%ﬁggg%§%%I. 12. A pharmaceutical conposition
conpri si ng a fdlur alTiht phadnasewtwalicdrgmdition @b claine dnphérsinrthe fisst tayeeturtherd
a first layer. conprising tolterodine or a pharmaceutically acceptable
sal t t her@gyrises .plq‘ﬁ’éc‘%ﬁ%tr maceuti cal conposition of claim 12,
wherein the cane camerphs@sacedicabtdipaanps] Jatdr 1@ wiskdin denligi excidient
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bet ween aliypastyl Wit astarbaetla@09b mhcropeglyastides, wishight mgprogpglycerides, abitec
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The  phar n@é/%‘ﬂt PP @8&85%%1?5%18}? gf X%‘foéll)ﬂmgi%ﬁx sé%éillgoq‘?’%gg’@e{gd? % g’ ?%nélﬁ
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cetostearyl ether, palm kernelamide diethanolamide, triglycerol mono-oleate, sasol
products, hydrogenated coco-glycerides, cetyl palmitate, trimyristin, tripalmitin,
tristearin, hydrogenated palm oil, glyceryl monostearate, glyceryl stearate, cetearyl
alcohol, cetyl alchohol, capric triglyceride, acetylated glycerides, glyceryl cocoate, and
polyethylene glycol.

12. A pharmaceutical composition comprising a plurality of second beads
each comprising:

a core; and

a first layer comprising tolterodine or a pharmaceutically acceptable salt thereof.

13.  The pharmaceutical composition of claim 12, wherein the core comprises

a cellulose polymer or silicon dioxide.
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pl asticizer, an organophosphate, a naleate, a sulfonamde, a glycols
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further conprijges ghkipRighR¥@ical &iposidibn of RRiANAY WheRH the @bre comprises
conposition of claim?20, wherein the lipid excipient is sele te%
from t he aguaipsdestasi Som ie goup Fousistipe ohelHEgsss WICTASP AP H@%@ﬁsxy fol,
fatty acids.pbyceryl dibehenate, behenoyl macrogoglycerides,

gl yceryl |s?earate, glycerol distearate, glyceryl palmtostearate,
| aur oyl macr odégl ydéeiphesacettizal eympasiion e ctimdar wdiersin b icpreccomprises

products,, glyceryl 0- 0l eat e di chai.n - . &di g} i.des,

G yeeryt ehataehiry P € PoRees of e Kb e ar DR el bl

hydr ogenat ed veget aipkeplirhaceutiyadr @pgsositiod cfotihi@nsiegdvieidin the first layer

hydr ogenat ed soybean oil, Q drogenat ed soybean oj| and -27 castor
9 & of 5 g

wax, pol yompestheBrrengbey ouh i of theyetal weight, : dethylene 6
caprylic/caprig gl %@Lﬂhqgﬁace{?f?éawe&ﬁg@)ﬁ%r?@ﬁcﬁgn 1 aUGhEred MeCfidsdBStymer
pol yoxyet hyl ene 6 prop. glycol esters, polyoxyethylene 7 coconut

gl ycer i desmppistsy exyaubiy| finef@oinn polymer sglsptedr ifigas  the drgex gensistingn el

80 coconuyt gl yceri pol yoxypropyl en 5_.Stea
po|yoxyeﬁﬁ9ﬁ&§8%§%g§ﬁgﬁery|?¥¥%%¥$¥B§f§%%§%thy|%%%“§§9§%$833#“dhm“Q
gl Kcer i dQ?rbox?ﬁé&?k?ﬂ@mﬁlb&éigﬁwtoa&tﬁﬁ,r hictcfab,, mﬁmmdmyaimmfyban of 31g1(ijnic iasitly |
et her, pol yoxypropyl ene .cetostearyl  ether a er i de

di et hanol G@HAga@an 9q¥1j‘r19ﬂ3¥16?114?6ﬁ&%ﬁé&t@&@%@%ﬂly YHPE]G‘E}&@?’IPW

hydr ogenat ed GQCo- GhyCaakHSRutiGh IbhnpPatish bRlcfim! 12, Widrdihithe bead further
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or a pharmaceutically acceptable salt thereof, in a dose sel ected
organophosphate, a maleate, a sulfonamide, a glycols or polyether, an acetylated
monoglyceride, and an alkyl citrate.

19.  The pharmaceutical composition of claim 12, further comprising a second
layer, which comprises a soluble-film forming polymer.

20.  The pharmaceutical composition of claim 12, wherein the first layer
further comprises a lipid excipient.

21.  The pharmaceutical composition of claim 20, wherein the lipid excipient
is selected from the group consisting of glyceryl behenate, glycerol esters of fatty acids,
glyceryl dibehenate, behenoyl macrogoglycerides, glyceryl distearate, glycerol distearate,
glyceryl palmitostearate, lauroyl macrogoglycerides, stearoyl macrogoglycerides, abitec
products, glyceryl mono-oleate, medium chain mono- & diglycerides, glyceryl
monocaprylate, glyceryl tricaprylate/caprate/stearate, hydrogenated vegetable oil,

hydrogenated cottonseed oil, hydrogenated soybean oil, hydrogenated soybean oil and
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fromthe group consisting of 3 ng, 4 ng, 5 ny, 6 ng, 10 ny, 11 ny,
and 12 ng; and b) tolterodine, or a pharmaceutically acceptable salt
thereof, in a dose selected fromthe group consisting of 1 ng, 2 ny,
3nmy, 4ng, 5nyg, 6 ng, 7 ng, and 8 ny. 24. The pharnmaceuti cal

formul ation of claim22, wherein the fornmulation is in a form
selected fromthe group consisting of push-fit capsules, soft seal ed

capsul es,cagbr dase @ippiyathykhe a8s, capryjickaprdiet g],ycemGl,y pcﬂym@et}gmaet&
tablets, claarr Hg/cafI Iri?:s lc\é?i i:se 'c[)lact%l( eetchS ’lenererlaur}ca | et Id )S(UC%Q?QH%%O rop.
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glycol esters, polyoxyethylene 7 coconut glycerides, polyoxyethylene 30 coconut
glycerides, polyoxyethylene 80 coconut glycerides, polyoxypropylene 15 stearyl ether,
polyoxyethylene 26 glyceryl ether, polyoxyethylene 35 soybean glycerides,
polyoxyethylene 20 sorbitol, polyoxypropylene 3 myristyl ether, polyoxypropylene 10
cetostearyl ether, palm kernelamide diethanolamide, triglycerol mono-oleate, sasol
products, hydrogenated coco-glycerides, cetyl palmitate, trimyristin, tripalmitin,
tristearin, hydrogenated palm oil, glyceryl monostearate, glyceryl stearate, cetearyl
alcohol, cetyl alchohol, capric triglyceride, acetylated glycerides, glyceryl cocoate, and
polyethylene glycol.
22. A pharmaceutical formulation comprising:
a) a plurality of the first beads of claim 1;
b) a plurality of the second beads of claim 12; or
¢) a plurality of the first beads of claim 1 and a plurality of the second
beads of claim 10.
23.  The pharmaceutical formulation of claim 22, comprising:
a) pilocarpine, or a pharmaceutically acceptable salt thereof, in a dose selected
from the group consisting of 3 mg, 4 mg, 5 mg, 6 mg, 10 mg, 11 mg, and 12 mg; and
b) tolterodine, or a pharmaceutically acceptable salt thereof, in a dose selected
from the group consisting of 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, and 8 mg.
24.  The pharmaceutical formulation of claim 22, wherein the formulation is in
a form selected from the group consisting of push-fit capsules, soft sealed capsules, of
dose sipping straws, dry sachets, ready-to-use sachets, tablets, large dissolvable tablets,

mini-tablets, and suspensions.
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