;.1 01le3e[ TTU WFWr 6F[ T[ 20 May 2003 ' MULTI PARTI CULATE MODI %] My REQFASE
COVWPCSITION ' S Field of the Invention The present invention relates to a
mul tiparticulate nodified rel ease conposition. in particular the present
invention relates to a nultiparticulate nodified rel ease cmmwu[m t
I n operation delivers an active ingredient in a pulsatile ,”,men”m
present invention further relates to solid oral dosage forns confalRli ng
such a nmultiparticulate controlled release t0 conposition. Description of
the Prior art The plasna profile associated with the adm nlaﬂ"mmﬂ" ﬂm,”mmmm’o
drug conmpound may be described as a "pulsatile profile” in f
hi gh active ingredient concentration, 15 interspersed with | ow +ggoog2«
concentration troughs, are observed. A pulsatile profile containing two
peaks may be descr MBLTHARDIOUUATE MODIFIED RELEASOOODMPOSPIION a dosage
form whi ch produces such a profile upon admnistration may be said to

exhi bit "pul sed rel ease”" of the active ingredient. 3t1 Conventi onal
frequent 5do Q?J&Qi] b Which an immediate rel ease (IR) dosage formis
adm ni stéred at ‘periodic Intervals typically gives rise to a pulsatile

pl asma profile. The prlesent inageion selpesatk ainuligaetidqalapsmadified gloneaiposiabd. AR i S
observed after adm nistration of each IR dose wth troughs (regions of |ow

drug concentPRBICHIgEe BEHRat BHFHIpn FeetiRe rudfrasiaate Bodifisd Frleoss camnposition that

poi nts. Suc : ' : M t '

B of i es) nay ERRE AL R A NEhin £ PPt T dre oGl e
associ at ed \elhtas tb lselnd orElafos{gedammmoatainingasusias inubiphrtipelaieednpsirdirdede by t he
fall off of the p|lasma concentration of the - active ingredient between
peaks ha® b&EMPIHBIght to be a contributing factor in reducing or
preventing patient tolerance to various types of drugs. 3o Many controlled
rel ease drug fornmul ati ons are ainmed at producing a zero-order release of

t he drug corfpseripdion pfihedttiorprt i s often a specific object of these
formulations to

The plasma profile associated with the administration of a drug compound may be
described as a “pulsatile profile” in which pulses of high active ingredient concentration,

15 interspersed with low concentration troughs, are observed. A pulsatile profile containing two
peaks may be described as “bimodal”. Similarly, a composition or a dosage form which
produces such a profile upon administration may be said to exhibit “pulsed release” of the

active ingredient.

20 Conventional frequent dosage regimes in which an immediate release (IR) dosage
form is administered at periodic intervals typically gives rise to a pulsatile plasma profile. In
this case, a peak in the plasma drug concentration is observed after administration of each IR
dose with troughs (regions of low drug concentration) developing between consecutive
administration time points. Such dosage regimes (and their resultant pulsatile plasma

- 25 profiles) have particular pharmacological and therapeutic effects associated with them. For
example, the wash out period provided by the fall off of the plasma concentration of the
active ingredient between peaks has been thought to be a contributing factor in reducing or

preventihg patient tolerance to various types of drugs.

30 Many controlied release drug formulations are aimed at producing a zero-order

release of the drug compound. Indeed, it is often a specific object of these formulations to



20 May.2003 2 ninimise the peals-to-trough variation in d2aday209a | evel s
associ ated with conventional frequent dosage regi nes. However, sone of the
t herapeuti c and pharmacol ogi cal effects intrinsic in a pulsatile system nay
he lost or dimnished as a result of the constant or nearly constant plasna
| evel s achi eved by zero-order release drug delivery systens. Thus, a

nodi fi ed rel ease conposition or formulation which substantially mmcs the
rel ease of frequent IR dosage reginmes, while reducing the need for frequent
dosing, is desirable. A typical exanpl ezof a drug which may produce
tolerance in patients is methyl pheni date. Methyl pheni date, or

a- phenyl - 2-pi perj di ng .aceti,c aci.d nmethyl, ester), is a stinylant affecting

t he cent rWW?F%&eagﬁﬁ%P@bYﬁf‘g}v plaspa ‘;ﬁ%)ls AOpAY qﬂ]?“ﬁ‘g}é‘&“ﬁn t he

t reat ment t i Qs def il i . i O AT AT
gastroint gg{ﬁcﬁtaéogtgééa%?i “%% %S%‘éér?u%mg?? (lialz:cttﬁérgeru g??tﬁ QP @%Jrng&-)lgégﬂ"gur s after
oral admi pinsdsicaihiaquisafilecpnemmidydieddst bRiidRkiadss arresul df theadstantoriveatys af t er
oral adm nistration of extended rel ease fornul ations. The total dosage is
typi cal | yconstantlasrahlguclppchaeved by z¢rg-opdar relensy diug deliverysysems. Tasses rising to,

60 ng / day...nder nvent.t onal nLeqi hyi phenidate is given
tw ce dai r'f}/"“f&% 6{;,‘:1‘%35? ??/mﬁn&ﬁrtlo%oorggm&\g@aggéiu\r/hé% %E?%?%r%'gﬁ?sag'f "? #a® 3Psecond
dose gi vVeRjehRhOMEddsHpERgimes Swhifsredubtig the Aol Freqiieil ®Isip, ¥ dabivape. sever al
hours before retiring. Adverse effects associated w th nethyl pheni date
treatnment include insomia and the devel opnent of patient tol erance. WO
98!t4168 (Al za, Cor.p.,) tegches . a dqosage form and a net hod of ~adm nistering
met hyl pheni dat® Wm&é%ﬂgﬁqﬁﬁ%ﬂmﬁﬁgﬂ@gﬁéwﬂ@? IACERAEIMRAUFREE  The dosage
form disc CRARE] fthyfphirhidhe@! drloY pRnyREARGBRIICER fafagh,mtrix
W th incr%a"g%?ﬂ)g anount s c%?pthe a'ctri vg ngrgg{%gnt t her e#%%algiggte '\%L?h
varyi ng asdmilhg affectingribt easel nentads andtaspirdtony gysterne indis prifdgypil oqved ad the

conmbi nati ons of the active.i ngg di ent dose .and the nunber and thickness
coating | HyEmEM QfAtHRI8 rldt Loty éiaﬁfe’ PrPUQR BB e Briosyetinghteet (A1), n
whi ch t he 4pl,357e8s g&e&@mablhgemqheém RAlitidEa RY LB RALoER TR LA bup 1o

i ncreases over a gliven period of tine. In contrast to the presen

i nvent i onhbcun8 abyre afterafral\WAH@EHAib6 8f e etehded peleast danmldinnsagThd oraindbQge is

specifically avoid uneven blood | evels (characterised b%/ &eaks and_troughs)
associ at eyPiHHICSR ANEE PhH 2P0 MEdst divh ierreptngal saretmursetorqd g sdayd didse

formul ati . ; i i . - d] es
that ot TR Bt et SRR A R HLUTP EU MAPSELETT (e
form of agivea before tneakdfast sdor secondidose givembefbredusibnglte: las daity d¢seich as the RR

d-threo enantioner). Fuirzilher, VWO 97103763, (Chiroscience Ltd.) discloses a
sust ai ned Pre&fraiE 8 VER F5HGTh heusn LE(BIRTsinRe A diems cfferis asyratadogtt e t eaches the

use of a Lt Sk £ o) i - passes in
order to g‘l%@?pz‘kﬁslggg gi% %Bﬁlérlga%glsanggggﬂp{g\% ég%\gﬁc’g@é‘f‘%ﬁ@% the active
ingredient) of at |east 50%cm x over a period of at |east 8 hours. Thus,

this fornul ati on does not deliver the active ingredient in a pulsatile
manner. Shah eWQP8/14118 (&dratCormy teaclies pgipsagedors and a medodio efdmuistetingat

certain t s, of .hydrox opyl thyl cel | ul gse et hers ,conpressed,.into a
S0 1 dos TERrF i YRR apT RO astenfil iy 18 SGPRB AT PRl o
profile. IoNENRE a plukalibp8f BrAl LEbrhpiRing/d hydRodoP b Bl &i&nﬁ&?&a@ﬁ% aftléRRYs bthe

yi el ded a binodal profile, the same pol'ymers with al nost identical product
speci f i catctrsngpdsticrit teaei,rconted wathfvagriegamegus ofa rpdease romeditnotivig Imataiabase
profiles. G unchedi gi al., Int. J. Ph rm$1991 77:177-18] di scl oses the
use of a HPAFBRMHF FPEOWARIT Of the achiy ietsdiant dose At dq wimbes and fhickpess cagfae

Cli m mat iR RHed® MAE AR dheoBlinBrete s BINIE IR BB B chaf AU Y
consecut i ¥etheuée Sngbdietit dgnt MUY BicrBaE& JWRNefiven plriddaNiioONEldiirast & kase for

sonme treatnments. The nultiple-unit fornulation disclosed conprises four

i dent i cal ptegecit swtritioneameljedt of WH P8 4168 mdegrovidea dushed formaa pzgifisaliy\ t hough
the in vivo studies show t eaks jn th | asma profil.e there is no |
def i ned waHd BiFvehEppe iPvels iehafsteriand B petts Bt Vnet) Rrsoriated \asonvasligh
pl asma | e i . D EIIR . I'nd. Pharm (1989)

15: 2S83- Zgrg%ﬁ%%u%@@uﬁ(&gggﬂe%%ﬁg% cgea Srdla)ﬁy't each the use of a three

| ayer tablet for delivery of ibuprofen in consecutive pulses. The three

| ayer tablet is made up of a first layer containing the active ingredient,
a barrier layer (the second |ayer) of sem -perneable material which is

i nt erposed between the fast layer and a third | ayer containing an

addi ti onal anount of active ingredient. The barrier |layer and the third

| ayer are housed in an inperneable casing. The first |ayer dissolves upon

o o




U S Pat. No. 5,837,284 (Mehta et al) discloses a nethyl phexy flay eospsage
form having imedi ate rel ease and del ayed rel ease particles- The del ayed
rel ease is provided by the use of anmoni o net hacryl ate pH i ndependent

pol yners conbined with certain fillers. 20 May 2003 5 Accordingly, it is
an object of the present invention to provide a nultiparticalate nodified
rel ease conposition containing an active ingredient which in operation
produces a plasma profile substantially simlar to the plasma profile
produced by the adm nistration of two o3 nore IR dosage formnms given
sequentially. It is a further object of the invention to provide a

mul ti parti cul atwOeieIe7e Cliidseiate Lid Paipelsics ititid mektiylihehida RKiBits 0N del i vers
an active ingredient in a pulsatile manna. Another object of the invention
i s to provthaepentimefiestydicn adminigtesedindhg fosm of e Iracgmec mintywroor ini tha foriof

substantial.ly m mcs the ph ol ogi cal and. t her | ffects. produced
by the adniPgiSisPEEr @Hdb‘fs ‘Fﬁgﬁg?‘ﬁﬁﬁrcgaﬂ?'ﬂ"ﬁ%sg:b‘gn?raw@gypg ( Rt |y .
Anot her  obj @9t RfostEsullafi2e ek WoRRlia@bh Echtdifinp dRNp. IPnifd '{ésghi ate
nodi fi ed reﬁ'aée(%onposition whi ch substantiaF?y r%ducgsggbat |n1ﬁ§#%s t he
devel opnenisseof a pampesitiont colprising @ coaing lteroagii whieh ittrgitadipasses @forddi € attain
conposi tion. Anqgther object of th? I pvention . is to provide a
mul ti par t i 4staied releRie an ¥e Fqug %Eﬁ%&#ﬂﬁ AeHcitperalirnthobat iqaptsi0%tutdven of
t he active, | ngredi [ I e -'@Hﬁg' e adm.pnistration and a
second porﬂ’%ﬁ’q?f? hfﬁgeﬁ g??%‘e?lﬁ‘%gglg I en h‘i%sn é&é’f gg@%&fe%raﬂﬁ? %;‘/'c coyi 2
initial depdiatipanam@r.i n a bi nodal manner. Another object of the invention
is to provide a multiparticulate nodified rel ease
Shah et al., J. Cont. Rel. (1989) 9:169-175 discloses that certain types of

hydroxypropyl methylcellulose ethers compressed into a solid dosage form with a therapeutic

agent may give a bimodal.release profile. However, it was noted that while polymers from

one supplier yiclded a bimodal profile, the same polymers with almost identical product

specifications obtained from a different source gave non-bimodal release profiles.

Giunchedi e¢ al, Int. J. Pharm (1991) 77:177-181 discloses the use of a hydrophilic
matrix multiple-unit formulation for the pulsed release of ketoprofen. Giunchedi et al. teach
that ketoprofen is rapidly eliminated from the blood after dosing (plasma half-life 1-3 hours)
and consecutive pulses é( drug may be more beneficial than constant release for some
treatments. The multiple-unit formulation disclosed comprises four identical hydrophilic
matrix tablets placed in a gelatin capsule. Although the in vivo studies show two peaks in the
plasma profile there is no well defined wash out period and the variation between the peak

and trough plasma levels is small.

Conte et al., Drug Dev. Ind. Pharm, (1989) 15:2583-2596 and EP 0 274 734
(Pharmidea Srl) teach the use of a three layer tablet for delivery of ibuprofen in consecutive
pulses. The three layer tablet is made up of a first layer containing the active ingredient, a
bammier layer (the second layer) of semi-permeable material which is interposed between the
first layer and a third layer containing an additional amount of active ingredient. The bartier
layer and the third layer are housed in an impermeable casing. The first layer dissolves upon

contact with a dissolving fluid while the third layer is only available after dissolution or



conposition capable of releasing the active ingredient in admapdad3 or
mufti-nodal manner in which a first portion of the active ingredient is
rel eased either immediately or after a delay tinme to provide a pul se of
drug rel ease and one or nore additional portions of the active ingredient
are rel eased each after a respective lag tine to provide additional pulses
of drug rel ease. Another object of the invention is to provide solid oral
dosage forns conprising a nmultiparticuiate nodified rel ease conposition of
the present invention. 20 May 2003 6 Ogher objects of the invention

i ncl ude provision of a once daily dosage Corm of nethyl pheni date which, in

operation, pro l?ﬁ)?ﬁ@? r.Of:] ially «Sijml. t he. pl asnma
profile pr lﬁ‘(’:rg&?%f/c_ eéra m'nllﬂssﬁ‘;ﬂait ﬁ%‘%y@%oﬁkm%ﬁ?g% ‘réﬁ%‘g%[é“% %ge_
forms gi veneisRed fitanal! Yhis appraachRlsdqeuires tHe Re¥isiBRbf #fenfilfepbdbRNapigf i Ci t

di sorder based on adm nistration of such a dosage form Brief DestCription
of the | nvdetween tithfirstind Wirdlayers insordardo cential tedelativaratasiof delivety efithatve

nodi fied rel ease conposition hayi.n first conponent conprising a first
popul ati on PGF'%&PE%HP"FHW%M\X%B%‘E nNﬁ‘&”ﬁ%&ﬁ‘FéT‘B‘sPe&W&a e byerderisddnponent
conpri sing dabb 8F in@ 1 i ] ol j cles.
The active ulﬂﬁ(g‘(r?%giggn?ﬂg%{ht a%hngﬁglr‘%aﬁlgxg fp‘g'% Egﬂédlﬁg%g%ﬁg@&@r}pﬂgxg‘ﬁ{%é can be
t he sane owdesitabiecr ent and active ingredient-containing particles of the
second conponent are coated with a nodified rel ease coating. Alternatively
or additionally, the second popul ati on of active ingredi ent containing
particles furth - W' e aadp fd I ) | terial. Follow ng
oral delivery, t%{iges'gor‘rpgls(lﬁt ?b%qu:ﬂﬁ) %‘;?é’sgfﬂ[@ﬁﬁ%g gf"g\/%}rﬂd;r}utﬂ1"@3%1g‘rf“?}és“?gngredi ent

or active icagbgslivatis ah BntéridoildeRled RldaBERled PHstablR CoicRbinBihcs W diaBsal Of 2
mul tiparticuiate nodified rel ease conposition according to the invention

the first ceptppmraviich i aynlaplefecimmaediste release fadlompagiadministagomdul pfdeeth fomh ease
coating app/i to the second popul ation of active ingredi ent containing
particies @éﬁéggaglclcgﬁ'f °f?§f‘%é£‘i}b§eﬁﬁ‘g‘t ﬁ%d? "é'&?gf’%\_‘c oéég’iﬁ?}:mtéﬂﬁ ent from
the first PORYABAIR0 aff usdd kithieP aloRQb i IcBRIbiaBOh Withia WhiRARS hgdnBSTIRND the

rel ease of "active ingredient fromthe second popul ation of active
i ngr edi ent cowpositierisigvpar athaingeal caglogiil availpble fordnpnasiase tiecass followingidraled

| posasgveRn ek et dsagt oo
Conta i no PaiTEH g0 Rl et e PR BT Bl orll aial ol ARt o

i ngredi ent biogm t he fast popul ation of active ingredi ent containing
particles and the rel ease of active ingredient fromthe second popul ation
of active ingredient containing particles. The duration of the lag tine may

(ol ease coat | ng S/ B B PSR RN e L LRREARL AR AP e et GRS £1 el

rel ease natiihg 1§ ptcPhra@énsprdviding threcldibtict lt'éi'@as&u Mafel REpapltioh REnthR9 trdd BogARN be

designed to mimc a desired plasma profile. 20 May 2003 Because the

pl asma pr ofdf sphepndaiconeanihy art dnyvepicdicpat sutstanet: ¢chabct frioepl of glhemsds is
conposition upon adm nistration i s substanti al simlar to the plasm
profile prddeealsy 35¢ remdy dipneeraes Wpandpeciiop %‘CL%SW 'é“qai?d%é’g%dgg}“ﬁs gi ven
sequenti al | £ ¢ g&&gﬁ%ﬁ,j} ¢ Bhé kdodh RsiG RSl dLE the
pr esent invs}él’r)lstt%%n' ﬁ&sl part charSPy stignguf&{or é}(ﬁjg g‘?%mséﬁl ng g‘(‘:’b’?‘e‘g

i ngr edi ent sedoad doéyd; afd tha thiird grodpod fspRdrofls iByoabsl Witk b hHiRddpeadent ddat &

mul tiparticulate nodified rel ease composition is therefore advantageous for
reduci ng orprovid tgithirddpsehEhgprgparaiandn deggnagdde ipeomide speatedeleasepfmedicanaf j ve
ingredient in the c osition In a preferred enbodi nent of. t.h r esent

i nventi on, s{’%sémg%ﬂ‘?’@gi? f’rﬁgc%%ﬁ"écr%’f 'qe'sa%ﬂﬁf rﬁ’(é 24 Oéﬁﬁvﬁrﬁghﬁﬁﬁgt&'f tion in
oper ati on Qghinsabs hilpgvacti ve ingredient in a binodal or pul sed manner.
Such a conposition in operation produces a plasma profile which
substantially mmcs that obtained by the sequential admnistration of two

| R doses as) for_instapce,_in a typical nethylphenidate . treatnent regine.
The present i nvEhtitdh Ner §-§3Z3?WM@§3§‘0‘=}I) diselpias %%ﬂ@h?%dmi ng a

conposi ti ORafGg Al Se tQeds D End BRI | Q8ace particles. The delayed release is provided by

the use of ammonio methacrylate pH independent polymers combined with certain fillers.




The present invention further provides a nethod o f treati ggMay 2008mal ,
particularly a human in need of treatnent utilising the active ingredient,
conprising adm nistering a therapeutically effective anpbunt of a
conposition or solid oral dosage formaccording to the invention to provide
pul sed or binopdal adm nistration of the active ingredient Advantages of the
present invention include reducing the dosing frequency required by
conventional rmultipfle IR dosage reginmes white still maintaining the
benefits derived froma pulsatile plasma profile. This reduced dosing
frequency is particularly advant ageous Pn the case of children in that it
elimnates the need for dosing during the mddle of the school day which
can be both di Aeeqsdingly, & prareabinet pBihs Pregemt dyvenrtian ta arqvedn 2 mpltippsicelptso

d . f ' . | i -h .a.f L ati whi ch
be- adm ni it ripes Eatpadfen ERRREE 1ANE Rl iR i ShSM® epltiney

made possijplsta Blofild ddbbs@hidly! iRilR" 6 AR Piashid AR IE B IMEAIYY (RO RMrhinkithfonld?
reduci ng ﬁ%g ?E care costsyéy }educiﬁg t he anognt ofq% me 20 Nhy 2003
spent by heabi inordRelosagelfemss gvent szqueantiniini st rati on of drugs. lii the case

of met hyl pheni date, and other controlled substances) the use of a
once-daily fornmulation (in place of nmultipie IR doses) reduces or
elimnates the : r; . . .

or e Ses of  sohagt el i o HRLRAGh LRRHIS, hlBHRSLENERGANACE. o
Figure 1 shmpssidontwiytipiaspetiaion delivesnan eriod ingfedichoin agpdlsagleanidtiner.
admnisitration of the followng three fornulations to human vol unteers: A
- 20 ng net hyl phcnidate formnul ati on having an i nmedi ate rel ease conmponent
conpri sing parti S G h N | of. 10 net hyl phend dat.e (accordi ng
to Table 1 (ii ?‘j"&g’%a"bi&?rég{“ﬁ‘% afoy %g‘ggmggﬁﬁé‘h‘gﬁ?‘“%%‘ﬁ%? B‘Sﬁiﬁg"gﬁ%lﬁsi(' cl es

cont ai ni N@ompésitichl witiéh SubseaBtidTBidiytiphee piatacdlagena6d terdpeuticdifetts? (Viii);
IR particles coated to a 30% wei ght gain); B - 20 ng nethyl phenidate

f or mul at i eeduesd; tyghasdmigistrasion ¢f tye|os gse ébda;egfeﬁmwm soquengiaflr ti cl es
containing a total 10 ng net hyl phenidate (according to Table i (ii)) and a
modi fi ed rel ease conponent conprising particles containing a total of 10 ngy
met hyl pher udat @nb@ecsbjébt BPth prekallifveatioisitd proviRRepaniitifArsulse alddthieio a .30%
wei ght gain) and Control - two doses of i O ng Ritalin Hydrochloride (IR)

t abl et s adeiesse sempasifiontwhichhaubs@ntially radyseporclinnpatey the flevztopmgnhefayieniheni dat e
adninisterep%WxQE %%k!ngp%%ak 3&Rncg% the I nvention The term "particul ate"
as used hdP& erer’S Yo EStAt e ofF “NERTEI®™ whi ch is characteri sed by the
presence of discrete particles, pellets, beads or granules irrespective of
their size, shape or norphology. The term"nultiparliculate" as used herein
means a pl ur al Angthgrobyiecs pf tac dnvegtionisde prpatds@ myltipartieylate masefiqdaelgdseheads,
granul es or_m xtur.e thereof irres tive of their size,  .shape or

Tor phol ooy Tha PR MR b FEPEES e dhartlhia Rlhfes FRARH wwon o ¢ e
conposi t i onmGRALSH &l 4 RcdREpdriiNEHt the Bctie ifrédiadtiNlAtedaagitiy e B @itlapl OF
used in any other context neans release which is not imedi ate rel ease and
i s taken tdelagpenodoagdimodal nuinhed r el ease) sustai ned rel ease and del ayed

rel ease. 20 May 2003 9 The term"tine delay" as used herein refers to
the duration of time between adm nistration of the conposition and the

rel ease of the A?lgﬁll:rvﬁ)]éc'i' of &dliehadd AT ﬁrog?d’ctai rﬁﬁ'lltiﬁﬁrticulatc modified release
composition capable of releasing the active ingredient in a bimodal or multi-moedal manner in
which a first portion of the active ingredient is released either immediately or after a delay
time to provide a pulse of drug release and one or more additional portions of the active
ingredient are released each after a respective lag time to provide additional puises of drug

release.

Another object of the invention is to provide solid oral dosage forms comprising a

multiparticulate modified release composition of the present invention.



conponent. The term"lag tine" as used herein refers to the%d MaG 28685 ween
delivery of active ingredient fromone conponent and the subsequent
delivery of active ingredient from another conponent. The invention wll be
described in detail with respect to nethyl phenidate as a specific exanple
of an active ingredient particularly suited to formulation in a
mul tiparticulate nodified rel ease conposition according to the present
invention. The multiparticul ate nodified rel ease conposition of the
invention may have nore than two activecingredi ent-containing conponents.
In this case the rel ease of active ingredient fromthe second and
subsequent co nent.s is dified.sych that. there is l.ag ti_nme hetween the
rel ease of ac[](?tgér %Bﬁ‘%‘bﬁ‘g‘ﬁwvﬂ%’&‘? 'é&fﬂr?‘gf“o'(‘ﬂ SH‘éerﬂ”ﬂéﬂﬂg"@ﬁgﬁmsq?bsequent
component e \EndHaRe hith, Aopsafoh Prédiedd Ak Lp@hilchublaldaAPsHER e
conposition operation wi Il depend on the nunber of active I ngredi ent
cont ai ni nglaggirofiknirediced bi theadmpastirdtion of twh man@hist réleise donpafornngivehr ee
active ingredient-containing conmponents will give rise to three pulses in
the prof i sequentially aed 2 pethod dordEramant PB?ttenmre;ﬁef?Cﬂt disordes bpsgrd ongdminigsiatien t he
?gv_ant age?s)f ofhgdg%lggﬁgdnl_e plasma profile with a reduced frequency dosage

gi me na used~rn practice of the present invention. Particularly
useful in the practice of the invention include active ingredients whose

phar macol ogi cal and/or therapeutic effects benefit from having a wash-out
peri od beBuefdPesptiptiarofrhe freventien i on peaks, such as those active ingredients

tibl tq.the d I t ,.of ti t tol I ti.
Thoredi ents. | nECApEVEHeds e RSt B4 miflbpgr Ruls HeGTe R SesRR  rones,
anal gesi Clayidi firs(dipdinBR cBfPAtifig a Fddt poFRl HH GIMikti AdRBledienladtAiih

ant agoni sts, chel ating agents, anti-anginal agents, chenother apygagents,
sedat i vespartiti¢s andegietanstconpongnt cunpagizgalsacendpapudationdif setivieiicgredjantt s, dr ug
conmpounds acting on fhe _central nervous system such as cerebral stinulants,
for exanpw%%wfﬂﬁfsﬁi Hé%aéf"'wﬁgfrdf@ha@@%# m%gﬁww SseRnsl cpmPaRqEts 2N

i ngr edi eng, g Aliflreit4i B ORERURR oo PR b

cardi ovasf’:ﬁ &r rugs, scuch z;s nitrates; z;‘n aég%{as%?g?&?r%%ﬁnmgm? ngxlljtrrati C
condi t i ongre cbdted with amidighiedaplensecoaigyl Alkanativhly gpraddicindaliypthestdoad may be
used to deliver a_nunber of drugs. i ncludin but not_ limted to) peptides,
prot ei ns BYPUAYPASAALIVE ingy %‘“l“?l‘gﬁ'f‘f"rﬁpaﬁ%ﬂlﬁ TCOMRIsEs ¢ cg &fledse

regul ati ng,ph kAL Rblidwihg Al B ,iuft&agm&-a irf G Ao Heli V2L Bflabhef act or)
bet aser on, aeryt hropoi etin %EPO)) icﬁ% erferaons ls!iljchﬁ?éls a,n~3 Ior Y iant grferon,
somat r opi ingredenatcictivpingredentsas tpgtsatiiemannasul i n-1i ke growt h factor

(somat onedi ns), | uteinizihng hornuone rel easing hottnone ~, tissue

pl asm nogen activator (TPA), growth hornone rel easing hornone (G-,
oxytocin, estrgdiglg 0§ %&im_@ﬁtrm%uu-ﬁﬁum%%@@%@L@mhﬁsg%n Vi)

i nterl euki ns such as 1 ntal eukin-2, and anal ogues thereof; anal gesics such
as f ent anydcprdigf 1@ nhaunventioh whiofi phamghonedittip s imngdiae ecledse vampbwanol , nor phi ne,
hydr onocphone, hydrocodoae, oxynorphone, nethadone, |idocaine, bupivacai ne,
di cl of enac) naproxen) paverin, and anal ogues thereof; anti-m graine agents

such a5 sume gL Al AL a3 DA PSR Al ioo00

agents such as heparin, hirudi ana c?gues t
such as s %Mﬁﬁg?ﬁlﬁ):lc@&d@%hg @he lEOécachd ARACe oMRLIVE IngRidédiit Bom thdfiirst
anal ogues thereof; cardiovascular agents, antihypertensive agents and
vasodi | at pepilation lof agtivd ingredierd wontaingng mhirticies anid fthaiieliasef agtveprgradient from
i sosor bi de-5-nmononi trate, organi c nitrates, agents ysed in treamment of
heart di sBedgesoad P‘é‘?’rﬂatﬁ’t‘faﬂf&@‘b‘%s‘“?ﬁ@'rc@‘ocf“,m"é‘é‘ﬂ%?g’vﬁff"sg'é‘ﬂgé‘§' %ﬁ%ﬁcﬁféﬁi nes,

phenot hi ogj,fS4 r%&gc elxqqusﬁﬂtam{c%nd%gsﬁwgffase- S&HER cBtaining
def eroxam ne, and anal ogues thereof; anti-diuretic agents such as

desnopr esgirticlescasapadssiine bandeatal rogaeoftabevedafrediit from g fid) papglanos such
as nitroglycerine, and anal ogues thereof; anti-neoplastics such as

f i uor our aef activeyingrsirat Gontainias RAHClsy aad thereleassiof agtivedngrglisdiren tgsgeond

anal ogues ther.eof . and.che her.apy agents ch, as. vineristi.ne, - .and

anal oguesp?%‘galug%?{@ﬁ‘é%%“téc?rh%'%u& 5 ‘°‘?sns‘3‘§é’ﬁ““§‘6’ Oggllgnl?éhrrﬁguggbtghe sane
or di ffergpled bfQlierpARPLSnpAiti ARSI thclinduht YHihe Inddiffed releaic CRERORAI
contains a firSt active ingredient and the second conponent conprises a
second acilteviag thegbagbstion amlforamabns df mbdific oclease nintmatmiaenial wdisedi Buws,

| ndeed, two or nore active ingredients may be incorporated_jnto the sane
conponent thadumtiemef the lag\peng ¢ag, dﬁcgﬂ{‘%d‘ﬁr@méﬁﬁﬁﬁ’f‘(@llgawatﬂﬁoggch other. A
drug conpound present in one conmponent of the conposition nay be
acconpani ed by, for exanple, an enhancer conpound 20 May 2003



11 or a sensitiser compound in another conponent of the co?Pd&yt3d088, in
order to nodify the bioavaiiability or therapeutic effect of the drug
conpound. As used herein) the term"enhancer"” refers to a conpound which is
capabl e of enhancing the absorption and/ or bioavailability of an active

i ngredi ent by pronoting net transport across the G T in an animal, such as
a human. Enhancers include but are not limted to nediumchain fatty acids;
salts, esters, ethers and derivatives thereof; including giycerides and
triglycerides; non-ionic surfactants SUfh as those that can be prepared by
reacting ethylene oxide wwth a fatty acid, a fatty al cohol, an alicylphenol
or a sorbitan or glycerol fatty acid ester, cytochronme PASO inhibitors,
P-glycoprotein inhibitors and the like; and m xtures of two or nore of

t hese agents. Lo i (o A=Ye FEN=Yeln j i ach
conponent may %gﬁ?héﬁggﬁghggngy?g§§gﬁfb%g%gﬁg?ﬁgagﬁaghgmgggfge gdosing
regi me. Thangsitionapon adreilisaratiomia yutlsenfislBsemilar tonhd plesrha pofilegeriuaodictyt
individual 'y or ui conmbination with the active ingredient (or active

i ngr edi enthepdmipistrtion eEBYROTIwp Hhdesage foamg given seavertially; theanudbparticslate i cit a

t herapeutic response. Th ti inaredi ent. (or _actiwve | di ents), when
ool - oabl EoatpfiSP RS collibsfish pl fie bfAERERliod RpaREhlaNT wsBRLGE O\ 5
opti cal | yiikinBiRMgntivRire@itntd foravhidhatdf o leRAREdindy 8 pRIbIGIHES erhiOf

enantionmers. Tile active ingredient is preferably present in a conposition
i n an anoowitipafticaists modified @g@sqng,mppslemersamryforma vantagenys for reducingoom 1- 100

ng. Wiey the actiye .ingredi i.S t hyl phenidate, it..is.preferably present
inthe fi Pé‘f’"‘b%'?ﬁ)‘x‘ﬁgﬁ‘f'a piieaf ot patif igrlcts fepcave ingredignt i fbe EOMRISHIRR o |
the active ingredient is present in the first conmponent in an anmount of

from2.5 - 30 ng. The active ingredient is present in the subsequent
conponent s i n lan pmfsoed embadunent af thepirésent invangen tthe adieve inpgredienit sced f or t he
first conponept. .The tjne rel ease .characteristics far the rel ease of the
act e | nEeBRIRBERIRE ot B BT GRS OO LAy 106 R by AR | ng
the COMPOG} i ¥fnn&? Shck @BRARRNIon ih Bt odRAL L ¥la8a BRAIOKNLA®

exci pients ‘or coatings which may be present. In particufar the rel ease of
t he acti veubsaytiddly roomts thit abthided by thepquantinhelntioispegort o fawodRdba:s at, i@ anount
of the nodified.release cpatjng, on the particles, if such a coating is
present _ F‘Fmﬂ‘ﬁﬁ'é“ngﬁa'dﬂ%tgﬁﬁ{ﬁ‘?"?qaé%ﬁmggéeép‘?&nponent is present, the
nodi fi ed rel ease coating for each of these 20 May 2003 12 conponents may
be the sane or different. Simlarly, when nodified release is facilitated
by the incl usi Bhe peseat mpetiton etio paivedss eolrbomi dosage ohat)mpmdiggesse of t he
active ingredient may be controlled by the choice and amount of nodified
rel ease PRSI ASErAIng {f the fvERfionThe” i fi ed rel ease coating may be
preseat, in each conponent, in any anount that is sufl;icient to yield the
desired delay tinme for each particular conponent. The nodified rel ease
coati ng may beThs gss) inventoadlnrteopponlent jJuctlndarfytreatingat artidnall, pirscudasfyfal ci ent
to yield the desired_tine | ag.between, conponents. The lag tinme or del ay
time for hwearr@v@ag@f tFratpeqe viligeg e pctedegredient wma@wwtsﬁw may al so

b i ed it RN ‘ vl udi
rocl 1 yi g PRiFely O mGRTBEE barh B0k 3614 Bl g RERORERND 1] BE) U 12
fu~st conppestidn tpyovii2 plsed BNBitodiladitiStadtion OF HikOERE inghali@itn the active

ingredient is released substantially inmediately upon adm nistration.
Alternatively, the first conmponent may be, for exanple, a time-del ayed

i mredi ate rel eage conponent in which th cti,ve inagredient is rel eased
substant i al Iy RSB & BiFreat ixeqtidndnchufeotucing Y dong Heabeponisntingoy e,
for exampp@codehddir AetiplaH doMpR U dines WRICAAPmARNRARME Me Behelitd 8k @ Hokd bed
or, alternatively, a tine-delayed sustained rel ease or extended rel ease
conponent apuasatti plastiihgro it iThe rediged dogug fréqueney sgmetitulanl yadeantigeoks ie the
fashi on over an _extended period of tine. As w |l be appreciat edhgpé t hose

ski |l ed i feseAEchildren 1p fat € ghgynates theneed fordeaing dygng thegptddin ofdhs sshed dpXe wi 1 |

be i cdi uenge th i.-pati.on.of all of.th f act i ibcd. In
particul a?”,?“cﬁ ﬁ%y?cat_éoq!t‘ ?l{rgr'g'%gg %‘/\r{/edgcr'lnbt%ﬁré’g ae tlg{/glrc fgﬁgﬁtdqflﬁgisﬁgld g%&ztg%g&g%- set of
action) Oferhdlsf RGEM\EmbREICEH iVt aifSmAARTbNGANTEIR RAK be MMk Sefed At fedidegd DY
varying the conposition and coating (if present) of each of the conponents.

Thus by vé&equatéyo Thefreduhorciamosagic tficqnersl medc iposwinty by antrdising thd prefienty t he
amount and nafure th acti%@in reientés ang%%;variatio of the |ag
time) nuniVEION HAUELORMBHIL B ﬁ'&gg‘%‘- G253 ‘f%%/%‘é: B HFATOUREN A ng on
the duration of the lag tine between the rel ease of active ingredient from
each component and the nature of the release fromeach conponent {i.e.

i mredi ate rel ease) sustained release etc.), the pulses in the plasm

o o, o Y 2 S M o



Any coating material which nodifies the release of the actjygmayngogdient in
the desired 'manner rnay be used. In particular, coating materials suitable
for 'use in the practice of the invention include but are not limted to

pol ynmer coating materials, such as cellul ose acetate phthal ate, cellul ose
acetate trimal etate) hydroxy propyi nethylcellul ose phthal ate, polyvinyl
acetate phthal ate, ammoni a net hacryl ate copol yners such as those sold under
the Trade Mark Eudragit~ RS and RL) poly acrylic acid and poly acryiate and
met hacryl ate copol ymers such as those sgld under the Trade Mark Eudragit~ S
and L, polyvinyl acetal di ethylam no acetate, hydroxypropyl nethylcellul ose
acetate succinate, shell ac; hy&gogﬁls and gel-formng materials, such as

car boxyvi sRgnt §yoreaith care wogkfirs,pR ngrauge af dnes Anithg sase et methylphemdate,

carnel | ose di MRLD h., pekyvinyl.alcohol , .hydroxyet hyl
cel l ul os e?ddrfa%{fﬁ H%éﬁd%ﬁé%{e, g)g*ealﬁé ﬁfgg?caef%hl?’/ formiyation (ff iacs %Hﬁlzlﬂ’%ﬁ? _
cross-1i n&@&gﬂ@d&eummﬁaamhe heddfBr @8 GloPfc O coitRel kitlstanBesi ch thOpYemBedsS tO
facilitate adsorption of water and expansion of the polyner matri X,

hydoxy pr opfydcheds bubtheranstity@mexypr opyl net hyl cel | ul ose,

pol yvi nyl pyrrolidone, ctosstinked starch, m crocrystalline cellul ose,
chitin, am noacryi-nethacryi ate copolyner (Eudragit RS-PM Rohm & Haas),

pul I ul an, pealt gPﬁg ,,&q;;,gmgsagar, gum ar abi ¢c) sodi um car boxymnet hyl

cel | ul ose{) stel | a‘gl e hydrophilic polynmers) poly(hydroxyal kyl methacryl ate)
(m wt. --Sk -Fign(Oshpvs pethyiphenidpteplainagosttied following orhl adkninistafbidl bf thani oni c
and cationic hydrogels, polyvinyl alcohol having a | ow acetate residual, a
svel | abl efokloying tresfogytgtionstp humag yeluntacrsy A 20 g raethylphaydats fopnulatan naj ei c

anhydri de, and st. i | ene or . X‘l ene, ctin (m w.
--30k - SW()%mﬁﬁ%g%% gér%%%‘gs é’ﬂg‘f{%gksﬁpggé‘ﬁﬁa‘é’éggfb"%‘? a é"ytg,BF?éfgg%éant h,
al gi ns ange@ypheniffte YREsHIngo dable 1 R))%Ad @ nivdifedirBithRAnPShéR SotpRisiig - 100k
5, 000k)) AquaKeep acrylate polyners) diesters of poiyglucan, crossilnked

[

pol yvi nyl patidetesintamas p it allQimg methylphenidate (ropardingdel Table 2t(uiidHRg| ucol at e

.g. Explat.ab Il Codtd): h hilLi | h
boi vsace phTigatCoaed s dodeAPHiEn sali: & hokne PARERGhGHE dimaiohdepis on °°
cel | ul osejmfydite xeledse pothpdihi Wompziing Paffctes cHiEingg/Plotd Y10 B ctlylitRaidate

hydr oxyet hyl cellulose, vitro cellulose, carboxymethyl cellul ose, cellul ose

et hers, pticguding tefhable k(i and @ mgdifind ir¢lease rowporsemt Camprisig) parteesspntaining |

cel | ul ose t.h dro e el lul ase Il yl aseqacet.at e el | ul,as

but yrat e, h&"i‘l“l"ﬁ:‘@é‘é 'B? oﬁf’%pn%‘%ag‘f daﬁce rare ﬁo f%‘gf :ié‘ﬂénnég?‘%glgﬁbo ngil Sd-’g){’? rin,

pul I ul an, weghyHik)y hndgsi@l L GangosePot B0V/iap RitaRh® MHydrechsHd(IFMthbIAS €t at e,
glycerol fatty acid esters, polyacrylamde, polyacrylic acid, copolyners of
met hacryi pdmigtsiegedozt tigies Raed | bours4toita) of 80 qme mefllylphenidaiRadmindsieieddaas) ) ot her
acrylic acid derivatives, sor6iian 20 May 2003 15 esters, natural guns,

| eci thins, pectin, alginates) ammoni a al ginate, sodium calcium potassium
al gi nat esppEIePPkarpiiok ¥EMe IabGiioat €) agar, and guns such as arable,
karaya, |ocust bean, tragacanth, carrageens, guar) xanthan, scleroglucan
and mi xtures afit toime fiphsucuiate casfusediberpan| rkfelsato apprecf matewt whycht is ghasagtearsed

skilled in the art, cipients such as piasticisers, lubricants,. solvents
and the | Pxihcipegsenss ol ARSI, Belels. RS o proaies Misastive PLEFE Sief e f or
exanple a j .WWM%M Sficulad - i cPEc?'t Q. but yl
tartrate; Bﬁéi}eﬂlpﬁé/llgg{)ht al at e; é&negtcﬁyl&t éﬁ#ﬁ%ﬁt%ﬁéxhe%?bﬁﬁgtlﬁ% egE |

gl ycol at eaggtpied) panticliy; pelfeyd, bemls ggrymats ortrixage thereof i€éspéaive of theirpizepi oi n;

di acetin; dibutyl phthal ate; acetyl nonoglyceride; polyethylene glycols;
cast or oi shiape pj memRPPlogY-t 1 at e; pvi yhydri c al cohols, glycerol, acetate

esters) gylcerol triacetate, acetyl nethyl citrate, dibenzyl phthal ate)
di hexyl phthal ate, butyl octyl phthal ate, diisononyl phthalate, butyl octyl

phthal ate) di offeltbrmRZRbdAREd refaoX zQiu§é‘djhéré‘i|n|iﬁ‘?&atidnrtbitﬁ@é‘(frﬂéosltfoh Eddrdih@t e,

di et hyl hexyi phthal ate, di-n-octyl phthalate, di-i-octyl phthalate,

di -i - decyto thhinkalt@ner a doatimglon deatyig rpdtedid loaused idiany other dauguit nphndrzicasee,
tri-2-ethyl hexyl trinellitate, di-Zeihyl hexyl adipate, di-2-ethyl hexyi
sebacat e, Which s=nof H9’I“E‘§9<‘9 relgase pag stk eprorapasa et ledrelpaseusalet 1 i ed

rel ease cg i a nodified release matrix material) any
suitabl e 1o ﬁ%ggldr%g%%lscé&shat rix material or suitable combination of

nodi fied rel ease matrix nmaterials may be used. Such materials are known to
those skilled in the art. '"Ilhe term"nodified release matrix material" as
used herein includes hydrophilic polyners, hydrophobic polynmers and m xtwes
t hereof which arc capable of nodifying the rel ease of an active ingredient
di spersed therein in vitro or in vivo. Mddified release matrix materials
suitable for the practice of the present invention include but are not

e T o o, S



20 May -2003 17 conponent has been cleared tomthe patient' 02003 In a
preferred enbodi nent) rel ease of the active ingredient fromthe second
conponent of the conposition in operatioa is substantially, if not
conpletely, delayed for a period of at |east about two hours after

adm ni stration of the conposition. Wien the active ingredient is

nmet hyl pheni date, rel ease of the active ingredient fromthe second conponent
of the conposition in operation is substantially, if not conpletely,

del ayed for a period of at |east about four hours, preferably about four
hours, after administration of the conpo8ition. In the followi ng Exanptes
all percentages are wei ght by weight unless otherwi se stated. The term
"purified wat er Thaserms ®ighetdelayll gdwrad hethm s tlesdurationraf tinke beeteen t hat has
been purified_ hy passing it through a water filtration system F.xanyle 1.
Mul ti part i GQmEREraieaof ﬂ\s&owe%wwééhfprsbﬁeioé thecastivamgrolicntEema priHladat e. A
nultipartiQ%IaB&ﬂngified rel ease conposition according to the present

i nvention conprising an i mredi ate rel ease conponent and a nodified rel ease
conponent and contai ni ng net hyl pheni date as the active ingredient is
prepared as follows. (a) [medi ate rel ease conponent. A solution of

met hyl pheni dat e THeterps tastome’ Jasdisedchendin rafers Jo the tipredhetivess debivay df #tive 0 any of
the formulations given in Table 1. . The nethyipheni date sol ution is then
Coat ed ont GHGHEIRF Pod Bbdne «i g FihSRient deIER die s etstisty o pidhe

wei ght gai nousbia. for exanple, a Gatt GPCG (G att) Proterh Ltd.

Lei cester, L1K) fluid bed coating apparatus to formthe 1R particles of the
i mredi at e rel ease conponent. 20 May 2003 18 Table |: Inmedi ate rel ease

I i R b £ o oS B
nater83. S 8Rampledr athdlivk iffledith pAHE REW fortfElafltn RIPRARbECHAR! 21 N1 NG

del ayed rel ease particles are prepare y coating 5 i mre e rel ease

particl es pnejificdodi casomngosigon sceidangtb eheliresentineeioni t h a nodi fi ed rel ease
coating solution as detailed in Table 2. The i medi ate rel ease particles
are coated to varying levels up to approximately to 30 % wei ght gai n using,

for example a MydifuREckich Abiified fehakecdmpolfitbhlor Bk ih P43 Fraf RERORGR!
coating sol utionslngred ent Amount, % .
(W W) (1) (i ithdn tuio)aciive ingledient ¢ontaigify campdniaals aly thisRBse the release of active
12.549. 742.047,153. 24Q. 6--2S. OFudragit S 12. S----54_3546. S-Eudragit L
12, 5----n-- ingredie R | |SB";9F‘§ 6“|‘4E ﬂ’gﬁ"él“ﬂ‘(ff’m‘.‘%‘-‘s- is B‘%‘E‘ﬁ%ﬁ G it ‘gf‘@gs 513850, 61.
350. 61. 31. 15,11 h @b B thé fiAEEsf active inpredicROhiR BIORY coméjoncut and each subsequent
al cohol 39. 833. 137. 245. 133. 844. 3549.646. 5Acet onel 0. 08. 39. 3-8. 4---Tal c' - 16. 05
. 9-16. 3- 2. S@nipbnent. The number of pulses in the profile ansing from such a composition in operation
will depend on the number of active ingredient containing components in the composition. A
composition containing three active ingredient-containing components will give rise to three

puises in the profile.

Any active ingredient for which it is useful to combine the advantages of a pulsatile
plasma profile with a reduced frequency dosage regime may be used in practice of the present
inveation. Particularly useful in the practice of the invention include active ingredients
whose pharmacolagical and/or therapeutic effects benefit from having a wash-out period
between plasma concentration peaks, such as those active ingredients susceptible ta the
development of patient tolerance. Example active ingredients include but are not limited to
peptides or proteins, hormones, analgesics, anti-migraine agents, anti-coagulant agents,
narcotic antagonists, chelating agents, anti-anginal agents, chemotherapy agents, sedatives,
anti-neoplastics, prostaglandins and antidiuretic agents, drug compounds acting on the central

nervous system such as cerebral stimulants, for example methylphenidate; pain management



|0 ' Talc
columm (i

i ndependent coated conponents ((i) to (v) Table 2) are tested in vitro in
1 apparatus ( 100 tpm according to the foll ow ng protocol: the

USP Type
sanple is
sanpl i ng

(USP 23,
then tran

sanpl i ng

di f f er ent sedhzssitoitesnamd qmnélfbr tmads thicomatigcatiditivas.elt idfumhesippresiaced tiat 5 -

0.6) 0.6 -
by coatin

is simultaneously applied during coating for fornmbady@m®3in
), (iv) and (vi). 20 May 2003 19 (c) Dissolution testrng pH

placed in 0.01 N HA (900 m), pH 2~.0, 37C for all of the

time points. pH dependent coated conponents ((vi) to (viii) Table
2) are tested in USP Type 1 apparatus ( 100 rpm according to a nodified
version of the United States Pharmacopog) a nethod for enteric protection
1995, p.1795): the sanple is placed for 2 hours in 0.01 N HO and

sdvclifdedientbhmendias suck uf bsihted HoiGexm wm&.Fsﬁmeeémle%&m&fdr&g%e

0 tine points. IR conponents were fornmu ated using three

0.71 and Q. 7I tr(T):B‘FHrespectlv llggu The IR particles fornmed -

éhqyrsscnt gvcgmog nbay bcdlsefll ves apmbeq0

aauoous e Res BRECAPY rRloptPReE; il BAGRRGE Sutc bl o pll iR

pr epar ed
(c). This
conponent

aGfadnsthagtic proﬂﬁ@l@yktnm)aua@ﬁt&rafd&s&hawm ggfc:@ ((j a) Ito 3
I ed rel ease

data shows that rel ease characteristics of the no

interferprs sush ewBy YduaHePRgOmAEORIB seTatiopin, semastostatinniosindike
growth factor (somatomedins), luteinizing hormone releasing hormone (LHRH), tissue

plasminogen activator (TPA), growth hormone releasing hormone (GHRH), oxytocin,
estradiol, growth hormones, leuprolide acetate, factor VIII, interleukins such as interleukin-2,
and analogues thereof; analgesics such as fentanyl, sufentanil, butorphanol, buprenorphine,
levorphanol, morphine, hydromorphone, hydrocodone, oxymorphone, methadone, lidocaine,
bupivacaine, diclofenac, naproxen, paverin, and analogues thereof;, anti-migmiﬂc agents such
as sumatriptan, ergot alkaloids, and analogues thereof; anti-coagulant agents such as heparin,
hirudin, and analogues thereof; anti-emetic agents such as sco;-)olaminc, ondansetron,
domperidone, metoclopramide, and analogues thereof;, cardiovascular agents, anti-
hypertensive agents and vasodilators such as diltiazem, clonidine, nifedipine, verapamil,
isosorbide-S-mononitrat;a, organic nitrates, agents used in treatment of heart disorders, and
analogues thereof; sedatives such as benzodiazepines, phenothiozines, and analogues thereof;
chelating agents such as deferoxamine, and analogues thereof;, anti-diuretic agents such as
desmopressin, vasopressin, and analogues thereof;, anti-anginal agents such as nitroglycenine,
and analogues thereof; anu-neoplastics such as fluorouracil, bleomycin, and analogues
thereof; prostaglandins and analogues thereof; and chemotherapy agents such as vincristine,

and analogues thereof.

The active ingredient in each componeat may be the same or different. For exampie,
a composition in whuch the first component contains a first active ingredient and the second
compounent comprises a second active ingredient may be desirable for combination therapies.
Indeed, two or more active ingredients may be incorporated into the same component when
the active ingredients are compatible with each other. A drug compound present in one

compounent of the composition may be accompanied by, for example, an enhancer compound

%Frﬁ“ﬁ'&ﬁmﬂa‘?‘é mpt lyggigeddoer e t



20 the ctoating applied. Table 3 (a): Dissolution data for ”Bgin@f{bo"ae' ease
conponents fornul ated with coating solutions given in Table at1 ng
formulation(i)(i)(i)(ii)(ii)(ii)(iti)(iii)Coating level4 % %0 % % %8 %!
%6 (% wei ght gain)Time (hr)% Active ingredient

rel easedl 0008. S1. 31. 46. 13. 0217. 03. 3036. 97. 13. 721. 38.24S | .522. 1080. 040. 3l
5.162. 326. 3675. 846. 5092. 872. A31. 282. 152. 6886. 065. 51 0. 297. 583. 047. 591. 373. 01
091. 376. S173---97.786.S (the notation "-" indicates no measurenent taken)
20 May 2003 20 Table 3 (b): Dissolution data for nodified rel ease
conponents formulated with coating sol utildns given in Table 2 Coating _
formulation(iv)(iv)(iv)(v)(v)Coating level10 %4 S %20 %40 %d2. S( % Wei ght

gai n) Ti me (&rasasiasdarcempagudad amotber comparenddfhsd Corlositibn 3. .odddt %o hbdifly the
~2.96.12.9447. 122. S13.842. 421. 2680. 0S2. 036. 977. SS4. 4894. 870. 361. 092. 479. 710
~10381. S76. bioavariability oyt thgrapsatic cffect afthe druecompowrdasur enent taken) Table 3
(c): Dissolution data for nodified rel ease conponents formulated with
coating solutions given in Table 2 Coating

formul ati on( Vi) (X héedi hleterr, X tirk ¥dntibrckf efets) b Micbinh6RAtviKieh Is@Y¥SdbR A0 %4 S
%W S %W S %R0 R0 9B0( % wei ght gain)Tinme (hr)% Active ingredient

r el easedl33atuddastieabsgp®m andRo begvaRDbiligsH @ etive7ingRditddsy, pri@oBignet 44. 08S.
061. 643. 78. 9693. 961. %%8 %ﬁ? 289. 97S. 372. 436. 989 67. 54.8.|4 9. 091 .479. 679. 26
3.91094. 4- 6BHPIT IFOF/I A1 FHE HEPH: 160 25 2 Py eigchidairEmoht t aken;
"*" i ndi cat ggiRHoThediRTRIA ERyIIdE Sal¥RSterk, AhérS SACERSvREivE tRreof, ifludfly 2003
21 (d) Encapsul ation oji medi ate- and del ayed rel ease particl es" Tﬁe

i medi at e aplycaideayretinghiceads; paridaic lsafacpnepactess theedhadicag bé prefaxatityt € 1( a)
and (b) above are encapsu) ated jn size hard gel atin capsules to an

overal | 20 TFQC‘EPS§§§’2°“§PP‘54’?QY‘ %éf‘h@?“ziff%‘%“léilﬁ?ﬁfﬂqé“ ol aRsogamer
encapsul at i 3¢ t 20 Lo

met hyl pheni glg%cg(ﬂwas %ﬁgst%%@yé«?&ﬁ%ﬂéﬁ?@éﬁ@? rg, E:; gﬁg%}g‘fqen T ebeﬂgrggn %%lﬁrl)lg?ient
and 10 ng ffaimikheesaldivb oethoread falese agaieponent . Tabl e 4 shows t he

di ssolution profiles for two nmultiparticulate nodified rel ease conpositions
prepared using the i mredi ate rel ease coating solution given in Table 1 (i~

and the nmodifiedrfsls OdctiDGingatthl QEaiftld\if Radht k!
(viii). These resul saql'ﬂn?(c)i‘ipcatel tw t appr ox”?}égﬁgl y ﬁé(?)?#x&;{tﬁrng@‘ﬁkmcs%gor
met hyl pheni difeentHidpeaditig vee thicrigsiedidosing wepsme e Thxosotigte wigiddiant irfag bé presdnt himl
hour with release fromth dified rel ease component being del ayed for

about four HEHE comppagt i ivpsfually pr i combipgtign Ptk e b INerssiat (A5 AtUYeni ng as
IR Corrponentngf’cﬂg:né) [Pk g@:gqcf ‘%xﬁ&ﬁl‘émﬁ: 91%9%‘111( sufficient to elicit a therapeutic

response. The active ingredient (or active ingredieats), when applicable, may be present
either in the form of one substantially optically pure enantiomer or as a mixture, racemic or
otherwise, of enantiomers. The active ingredient is preferably present 1n a composition in an
amount of from 0.1 — 500 mg, preferably in the amount of from 1-100 mg. When the active
ingredient is methylphenidate, 1t is preferably present in the first component in an amount of
from 0.5 - 60 mg; more preferably the active ingredient is present in the first component in an
amount of from 2.5 - 30 mg. The active ingredient is present in the subsequent components

in an amount within a similar range to that described for the first component.

The time release charactenstics for the release of the active ingredient from each of
the components may be varied by modifying the composition of each componeat, including
modifying any of the excipients or coatings which may be present. In particular the release
of the active may be controlled by changing the composition and/or the amount of the
modified release coating on the particles, if such a coating is present. If more than one

modified release component is preseat, the modified release coating for each of these



MR coating formulation (vii) (viii) Coating levcl 30 % 30 (Qtomai 2003

i ncrease) 0000. 549. 750. 21 49. 750. 5249. 851. |1 456. 154. i 6b5. 26S. 0872. 28l . 8i
076.687.0 The dissolution profiles shown in Table 4 indicate that the
conpositions containing the pH dependent coated conponents rel ease the

met hyl pheni date active ingrcdicnt in a palsed manner. A first pul se occurs
before | hour followed by a plateau regi on where the 20 May 2003 22

rel ease of further anobunts of the active ingredient is suppressed. The
plateau region is in turn followed by alsecond pul se of active ingredient
rel ease as indicated by the increase in drug concentration from4 hours
onvard. Exgfipbdnts mMibd iheairhé &tli fibrenTBithilidy Wheh AR RPAS id f28Ratbyal Ni ng
met hyl pheni date. Multiparticul ate nodified rel ease nethyi pheni date

conposi t i disinglosion dof amodifiednelesse omtmt maesdntclaase ¢fdhe agiveimgradientimay ber el easer
conponent and djfi,ed release c onent having.a nodifted release matrix
mat eri al zEP%“‘Hﬁ"égg(r ﬁc@é@cﬁ"ﬂ?ﬁ‘@“?‘d’%%'ffeﬂr‘ﬂﬁ#&ﬂ mategahitilisedrablice 5 (a)
and {b). . ; ; j j ng of-
rodi 11 e SR ipile Bl Ry B piclok ATBARSRpbRa RS B IS el s SRt TR
conponent %o fisldhe HEied dplap einic 86 dach piriveitydoptpentlATRe cHikied Mitdy todnapi dat e
HCl 10Mcrocrytalline cellul ose4Q Mcrocrytaliine cellul ose 40Lact ose45
Eudr agi t ~ RS bepmeset. dbeach cpmponeph dn Zyasmauntthats suffigicagtoyield thegissisdiime i s
encapsul ate ith 50 nodi fi edrel ease (MR) conponent to give a 20 ny
dosage stb%ﬁﬂ%ﬁ&ﬂrc% Lﬁ)g?ﬂ conponent % (w w) MR conmponcnt % )

(W w) Met hyl pheni date HC 20 Met hyl pheni date HO 20M crocrytaliine

cel lul ose50 Mcrocrytal line cellul ose 50Lact ose28 Eudragit”™ S 28Povi done2
Povi done 2 (e) Thelagtyae eradelaydiend for thelrelnan of thosstiwviegreientsram gachf ast ed

heal thy voluntccrs were dosed . .w th. 20 met hyl pheai date HCl conpositions
accor di ng C.f’%'.p?‘?fé“. B géﬂ pe i"?‘ﬂ/eg!hyi 'B%dlﬁ’lf’gcn_@ﬁﬁ%f?%‘ysf‘ﬁ’é‘ of "2‘8‘ ‘ﬁ}éﬁ‘f SRPSIY:

bi oavai | algdiidive AbdiFERDMAPORYiGR ididBhined WHIESRa O PeSl | ERSEbk Ve 1O
Ritalin (Novartis; | Ong dosed twice at a four 'hour interval).

Phar nacokifugichmpesmt seynba n usmediats ecleasn cotmporghawhacndabheicivoingredient is

met hyl pheni dat asured b | god sanpl.ing at regular intervals up to 48
hours aft é?le%fﬂ‘ﬁfmg?f‘?%{& 'BH‘KC(%“&SHP% ‘88 ‘ﬂ?%“t"&llﬁ’e‘&}cﬁ&‘ preenghd
post - st Udyy, SHCRR kRIS (6hé-118yAqMntcRiatd G0 & clamygulngﬂtm AR Y Rlild €S

| abel l ed "A"™ (nodified conponent conprises !R pa es coated wth coating
Tabl e 2 (vngredierdtis @addd subsladtiBily {mmddibichchfzoaporeietayc dhpsdcond copgmantt i cl es
coated with goating Tgble.2 (vii) .at 30 9% correspond to the plagsm

concent r at? 3 {‘?fegfﬁﬂﬁ'laﬂﬁg‘haﬂ%’f L é?‘\‘f’é%"’?‘?? WHH’QH"‘UG?UH&‘E“@F‘E‘?‘E}"{'er or al
adm ni st r gickARiRly, b iEnd¥dii)eBhddifdd Rletse R Lhleh & (RhLADRPGAIR AP WhitR DR
prepared according to Exanple |; In both cases the pl asr?‘a profile is

qual i t at i \setive isgnadiealris tadeasterbinaoonirolled fashhorcaer of extended paridd offteat. nent s
(labelled "Control™ in Figure 1)) which consists of two doses of Ritaiin IR
gi ven sequentially) four hours apart. For the nuitiparticulate nodified

rel ease conposiskiqh 1, SR8 - i fm’fﬂ r cording
to Exanple 1 ag%ve, tﬁg&?i rst %ggﬁg%ﬂ%féeﬁg%%'%@%% I eéggglgggg?lgd W th

t he i mredicaheniraicaauercosilipenaicntdl i thit batbinatdesfubl oTithese facidijueak wi dt h
to the peak associated with the first dose of Ritalin in the control

profile. MHesrbrd Inpaisulanthaleg tie hepwesgribe delivart (and gws alse theranesetefragtion)i ons!

tw ce dail - nistratio s exemplified by the . .control .profile) is

mi mi cked %ﬁ%%ge"&co‘n%‘(‘i‘gﬁc file pr?ﬁ?ﬁgg‘“é‘&"cyg‘f"aﬁ"ﬁ&"{‘]%’ BiRG S comRoS it o
al so showgogtingi(dprdst@PoL cakRbf the thmpbidats. tiis _b? Whri AlonRE &e cobhpRbiAedT8f each
concentration. For both nultiparticulate noditied rel ease conpositions, the
ef f ect of comporeptifiidleting the eawentcadmatentf the adtoreiingredientés) yanddrysvaniation of
concentrations .four hours after adm nistration resulti ng in.,a second peak

| evel . Thitle lgpUmeaumequsdeleasg gad plasmapeafilespaxbeeitained. Depending on the

duration of the lag time between the refease of active ingredient from each component and
the nature of the release from each component (i.¢. immediate release, sustained release etc.),
the pulses in the plasma profile may be well separated and clearly defined peaks (e.g. when
the lag time is long) or the pulses may be superimposed to a degree (e.g. in when the lag time

is short).



FromFigure 1 it is clear that the multiparticulate nodifieg sl é
conpositions prepared according to the present invention mm¢c a typical
twice daily treatnent (represented by the control) in terns of the plasm
profile achieved upon admnistration. This is vivo rel ease of

met hyl pheni date fi om conpositions according to the invention was achi eved
w thout any loss in bioavailability conpared to Ritaiin dosed twi ce daily.
20 May 2003 24 In a separate study) 34 children with ADHD were dosed with
20 ng net hyi pheni date HO conpositions according to the present invention.
A sinul ated cl assroom desi gn was used td3conpare fornulations "A" and "B"
(corresponding to the "A" and "B" formul ati ons descri bed above) with

pl acebo. Pharmacodynam ¢ assessnents were conducted over a 9 hour tine
peri od which nmeasured both attention and deportnment as neasured on the
SKAMVP scal e andlrf yprefaned smbedimennthegaultipardenlatempdificd eeleasabempesitionat h

pr obl ens attenapt eg)t(]gnd tch?in%nboer ofang:orr Ctt cznswers. Each ;ﬂmﬂ ation
denpnst r at AFFOETRE 1o the prexclinyepyol has an ipmediats relcase Somponeny andaf east ope

neasur enentyg,d; adetdinpbkiindthShfrh &gy dédplo Hﬁﬂ% ot and
“B" fornul té‘?‘?"é‘%@??wed Po be simlar wfct%ﬁ%r egar g&t’igﬁgpor ﬂ%?é%uﬁﬁ
regard to affaaivtiingrediend contaipingpacticlesand temodified relhase dompommts dveplidihg

fornmul ati on appeared to focus nore on.the tasks at. hand and attenpted nore
mat h probl é%ﬂ%ﬁ‘({eﬂg’a‘?‘%‘ﬁ‘r‘)}“’%‘f‘mr’i’f&"‘a’ﬁdr‘%ﬁ%F%“‘%‘Hﬁlﬁ pefisleshilhgsespnd apdi ng

the' B" for i ] i i I S.nat i ted.in scope by
t he specif @%ggﬁnﬁéﬁg %ﬁ%%@%?ﬂg? E?ﬁl%#%ocgts‘e(r’rlobﬁ Jflregggtclggtrl{ig' of the

i nventi on iAddaddally arlematindy ehdesand dnddutiseqennmodilfied bdeReeompyaeiits ffay t 0

t hose skilled in the ,grt romthe foregoing descripti.on and the follow ng
clainms.  zompmss axpedihedr ma@x materiad glo; aperation, admynistrasign of sushat e nodi f i ed
rel ease co it 2l i i i ent ing a
Firer componaarale RBRLRLAG: AoriBRlon Nalinf Th) kb H0R SRR Mol L

i ngr edi ent ce@pdrzhichgdtspRchidradettiapasaile plagnd coabentaUOE RGUIE BF theasp@nent , each
subsequent conponent conprising a subsequent popul ation of active

i ngr edi ent egsedient i which fierimmedigte fefcasecompgaert gfthe gpmpesidemginesTisd t9 Hfiche
first and sy e ' [ .ent ; erein .fhe ai
| cact one SACHANGHpsoEOIBRRER e dfbdificd WitadABpGhert e CliE s ARG 10
fitrther canpplasaeprafiledEnibodithenelof dsaneadbn Bgnarisinglnberthat ddeahodifidd
additionally, a nodified release matrix_material, such that the conposition
fol | owi ng dFlgasc EBPPARSPLBY OIS 8 hiyfhes peake iy the pasmpprofils i ve i ngredient yr
active ingredients in a pulsatile manner. 2. The nultiparticul ate nodified
rel ease conposition according to claim1, wherein the conposition conprises
a first conponeguctanplasmeprafikyecitend fromposntimhistdionldia siagld dgsagdnitit at e
nodi fi ed rel ease conposi tion according to ciairn 2, wherein the first
conponent c@grintageeys whisniitideniabls o delyss evalonpor Rulsesef achee ingtsdisatnsithout
conponent i.s_ a_nmpdifi r el C 4. The L tipar.ticul at ified
rel ease coé@%%ﬁn?oéﬁdglglg%uﬁ?fﬁg?% @F&?Eﬁg%sa\%&" gc‘l‘ nA 'éonrflg&lf'idéc a?ce(ffgg}ég

conponent CR4BRIetsSeR padicliatly @scAiay hag: AchpdirhédlplashLp@Eld Gk ekdupl§a The
mul tiparticulate nodified rel ease conposition according to claim3) wherein
the nodi f oupicad methyipheuidpts featmeabiepinicsessists ghadministratiored ftwoalopastof

Craim 1 wiEretrers Rpuee Rt b iod iy ahrh BT FRar ey

particles apghdtehBe i rab@tﬁﬁ:hl_l??ﬁec‘ﬁ%’@ﬁﬁﬂlﬂ%&dﬁﬁﬁd! Fhk g&sﬂlfa g?(fﬁli: F{%duccd by

i ngredi ent-containing particles conprise the sane active I ngredient. 20

May 2003 LBuch an administration regime is illustrated by the “Control” curve in Figure 1. As
previously mentioned, the development of patient tolerance is an adverse effect sometimes
associated with methylphenidate treatments. It is believed that the trough in the plasma
profile between the two peak plasma concentrations is advantageous in reducing the
development of patient tolerance by providing a period of wash out of the active ingredient.
Drug delivery systems which provide zero order or pseudo zero order delivery of the active

ingredient do not facilitate this wash out process.



7. The-nuitiparticulate nodified rel ease conposition accor dompyt2®08| ai m 1,
wherein .the first popul ation of active ingredient-containing particles
cont'ains two or nore active ingredients 8 The nultiparticuiate nodified
rel ease conposition according to claim1) wherein the at |east one
subsequent popul ation of active ingredient-containing particles contains
two or nore active ingredients. 9. The nultiparticulate nodified rel ease
conposition according to claiml, wherein the active ingredi ent conprises
substantially one optically pure enantionmer or a m xture, racemc or

ot herwi se) of enantioners. 10. The nul ##particul ate nodified rel ease -
conposition according to claimi, wherein.at |east one of the first and

subsequent confpureastieg matenplavhigtompdifisethg neleash ghthe activeringredient in the desired

mul tiparticul ate dified rel ease conpositjon according .to claiml, wherein
the. anpurfater may bo st el CufibaRREm il Br i M btpdefcatten:
component gwirtioh 1Bt £ ndl hFR0 olylter cddiie MadrlahE bichGY bAlifosg BEktht o

rel ease conposition according to clarm11, erei n the anmount of active

i ngr edi enghtigatné,akelaldse aetealimalenin) hpdroxy propylanethjioeltuldie phiglateppatpeinyl 1 0.
13. The multiparticul ate nodified rel ease conposition according to claimé6,

wher ei ntafetateahihadate. agmomamethagylateraapelymetsisieh & eseaoldhudertbelradeal | y

2ECePLED) Rt SR Ry R PRI A n o T A SRR B oS

claiml, %oRbEthGsd o1 dndesSthe Trade ME BUBQBH® SQARY L2pbIgWinyDice@kfiéiNRamino

I ngredi ent-containing particles
acetate, hydroxypropyl methylcellulose acetate succinate, shellac; hydrogels and gel-forming
materials, such as carboxyvinyl polymers, sodium alginate, sodium carmellose, calcium
carmellose, sodium carboxymethyl! starch, poly vinyl alcohol, hydroxyethyl cellulose, methyl
cellulose, gelatin, starch, and cellutose based cross-linked polymers —in which the degree of
crosslinking is low so as to facilitate adsorption of water and expansion of the polymer
matrix, hydoxypropyl cellulose, hydroxypropyl methylcellulose, polyvinylpyrrolidone,
crosslinked starch, microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer
(Eudragit® RS-PM, Rohm & Haas), pullulan, collagen, casein, agar, gum arabic, sodium
carboxymethyl cellulose, (swellable hydrophilic polymers) poly(hydroxyalkyl methacrylate)
(m. wt. ~5k - 5,000k), polyvinylpyrrolidone (m. wt. ~10k - 360k), anionic and cationic
hydrogels, polyvinyl alcohol having a low acetate residual, a swellable mixture of agar and
carboxymethyl cellulose, copolymers of maleic anhydnide and styrene, ethylene, propylene or
isobutylene, pectin (m. wt. ~30k - 300k), polysacchandes such as agar, acacia, karaya,
tragacanth, algins and guar, polyacrylamides, Polyox® polyethylene oxides (m. wt. ~100k -
5,000k), AquaKeep® acrylate polymers, diesters of polyglucan, crosslinked polyvinyl alcohol
and poly N-vinyl-2-pyrrolidone, sodium starch glucolate (e.g. Explotab®; Edward Mandell C.
Ltd.); hydrophilic polymers such as polysaccharides, methyl cellulose, sodium or calcium
carboxymethyl cellulose, hydroxypropyl methyl cellulose, hydroxypropyl cellulose,
hydroxyethyl cellulose, nitro cellulose, carboxymethyl cellulose, cellulose ethers,
polyethylene oxides (e.g. Polyox®, Union Carbide), methyl ethyl cellulase, ethylhydroxy
ethylcellulose, cellulose acetate, cellulose butyrate, cellulose proptonate, gelatin, collagen,
starch, maltodextrin, pullulan, polyvinyl pyrtalidone, polyvinyt alcohol, polyvinyi acetate,
glycerol fatty acid esters, polyacrylamide, polyacrylic acid, copolymers of methacrylic acid
or methacrylic acid (e.g. Fudragit®, Rohm and Haas), other acrylic acid denivatives, sorbitan



have different in vitro dissolution profiles. 20 May 2003)@niay 2003 he

mul tiparticulate nodified rel ease conposition according to claim1, wherein
the first conponent is an i medi ate rel ease conponent and the at |east one
subsequent conponent is a nodified rel ease conponent. 16. The

mul tiparticul ate nodi Fed rel ease conposition according to claim15, which

I n operation rel eases substantially all of the active ingredient fromthe
fu~t popul ation of active ingredient-containing particles prior to rel ease
of the active ingredient fromthe subsequent popul ation of active

i ngredi ent-containing particles. 17. ThdSnultiparticul ate nodified release
conpositi-on according to claiml1, . wherein the in vrvo rel ease of the

active i ngeges Sitturhipuitielesittinsgpéctifl] dpiaRed, BRamioniatlpinate, Bo@REE cAllivinhe sane
active ingredient admnistered in the formof two or nore doses of

i medi at e petlassawe alegiates, pepylens glieol alginitaprad iand gums Sich h erabi) kargyay loéwsul at e
nodi fi ed rel ease conposition according to claim13, .wherein the in vivo

rel ease of %Fﬂ‘etré@f:f*% THgsEl BNt ’_far?h\a‘ﬂ'escg"[ﬂﬁl‘ﬂ:@? “?ff Rres lFf‘déi“%Fée":{'el ease
of the samsaghivkGppradhedbe e paQth Mifdah ok ) ckOfiehte oS alficis, TO" € doses
of immedi ate release forns of the active ingredient. 19. i e

mul ti parti dubiriasres, solyedts emt the licamey bondded id the noatng o Sditalde plasticisaisinclide for
wherei n the nean i antigLro di ssal utjon profile in z‘ggeous nedia is_such that

about SO t §xamrie sgebylated,moneglycepdes; by yl byt glyselate; dibutyLtapate; diethyl
ot i ; O™t RN ¢ hi

Poor hour o PRt bikfeub PEREAAE Nt R TLAR APEHE ERetil s BRER ML "

the acti ve tidegs diteand; trippogiain)didcetin; dibuerylphitestae:ciattyDaond g defitle; pblyetlcne

i ngredi ent containing particles is released between four and ei ght hours
af t er adni Blyselseaaptghoitriethy citpigs @elyhydsis alcohols, glycerol, acetate esters, gylcerol

triacetate, acetyl triethyl citrate, dibenzyl phthalate, dihexyl phthalate, butyl octyl phthalate,
diisononyi phthalate, butyl octyl phthalate, dioctyl azelate, epoxidised tallate, triisoctyl
trimellitate, diethylhexyl phthalate, di-n-octyl phthalate, di-i-octyl phthalate, di-i-decyl
phthalate, di-n-undecyl phthalate, di-n-tridecyl phthalate, ti-2-ethylhexyl trimellitate, di-2-
ethylhexyl adipate, di-2-ethylhexyl sebacate, di-2-ethylhexyl azelate, dibutyl sebacate.

When the modified release component comprises a modified release matrix matenial,
any suitable modifted release matrix material or suitable combination of modified release
matrix matenals may be used. Such materials are known to those skilled in the act. The term
“modified release matrix material™ as used herein includes hydrophilic polymers,
hydrophobic polymers and mixtures thereof which arc capable of modifying the release of an
active ingredient dispersed therein in vitro or in vivo. Madified release matrix matenals
suitable for the practice of the present invention include but are not limited to microcrytalline
cellulose, sodium carboxymethylcellulose, hydoxyalkylcelluloses such as
hydroxypropylmethylcellulose and hydroxypropyicellulose, polyethylene oxide,
alkylceltuloses such as methylcellulose and ethylcellulose, polyethylene glycol,
polyvinylpyrrolidone, cellulose acteate, cellulose acetate butyrate, cellulose acteate phthalate,
cellulose acteate timellitate, polyvinylacetate phthalate, polyalkylmethacrylates, polyvinyl

acetate and mixture thereof.

A multiparticulate modified release composition according to the preseat invention

may be incorporated into any suitable dosage form which facilitates release of the active



20. The multiparticulaie nodified rel ease conposition accorsjpgybgo¥! ai m:
19, wherein the nean in virro dissolution profile in aqueous nedia is such
t hat about 80 to 100 % of the active ingrcdient contained in the first
popul ati on of active ingrcdicnt containing particles ~s released within
four hours of adm nistration of the conposition 20 May 2003 28 and about
60 to 100 % of the active ingredient contained in the subsequent popul ation
of active ingredient-containing particles is rel eased between four and

ei ght hours after admnistration of the conposition. 21. A solid oral
dosage form conprising a nultiparticulaﬂé nodi fied rel ease conposition~
according to claim1. 22. The solid oral dosage form according to claim?21
conpri si ngingredieahin dpulyatijemannsy Eymeadly b dossge faym majghectblend ofdbediffernung

particles filled into. har el atin .or sofi. gelatin,c | es. . _The solid .
oral dosag 809“55‘:‘?1"38[&%}@? ﬁ“%r%gmc?oé}%ﬁf%gg gﬁhhcttlt['r‘l"ekcﬁ'lg ri‘é? “‘gﬂﬁﬁéﬁ Bé[‘éadﬁ ent -
conponent s ;af e fRIAAcA ISl YseR0MpbiABD A8 YRk Ib¥ing TR @ik SeltabRicAp i sdcRil Ct S

and filled into hard or soft gelatin capsules. 24. The solid oral dosage .
f or m accor Hardgr saft gélatimeapsulesnAdteanativelyathe idiffrent amdpadeat popudatamepf stived i nt o
the first |ayer of a_nultilayer tabl et and  the, at | east aone subsequent )

conponent  ErediRh FRLLRIE PATG IR e §§&'IE}BWFS°I‘1£%P“6W A9 SYBPICRED| et .
25, The sObfluliahoiBQSARR el ¥8 A6 ﬂfcﬁi&k%%&iﬂ@%@aﬁﬁﬁge first and

subsequent "conponents are | ncorpora in arap SSO g dosage form
26. The sopigoivas. Ansthgeauitabieniaagofotinigthhnofel raililagts tablee rig this ind@néehe dl y
di ssol ving dosage form is a fast-nelt tablet dosagc form 27. Use of a

mul ti parti &osteeraponsas afithympktpatiswlate nedificd relsasecommogitiny may be compressed into

one layer, with the second component being subs;cqucntly added as a second layer of the

multilayer tablet. The populations of active ingredient containing particles making up the
composition of the invention may further be included in rapidly dissolving dosage forms

such as an effervescent dosage form or a fast-melt dosage form.

The composition according to the invention comprises at least two populations of

active ingredient containing particles which have different in viero dissolution profiles.

Preferably, in operation the composition of the invention and the solid oral dosage
forms containing the composition release the active ingredient such that substantially all of
the active ingredient contained in the first comnponent is released pror to release of the acuve
ingredient from the second component. When the first component compnses an [R
component, for example, it is preferable that release of the active ingredient from the second
component is delayed until substantially all the active ingredient in the IR component has
been released. Release of the active ingredient from the second component may be delayed
as detailed above by the use of a modified release coating and/or 2 modified release matrix

maternial.

More preferably, when it is desirable to minimise patient tolerance by providing a
dosage regime which facilitates wash-out of a first dose of active ingredient from a patient’s
system, release of the active ingredient from the second component is delayed until
substantially all of the active ingredient contained in the first component has been released,
and further delayed until at least a portion of the active ingredient released from the first



claim1l'in the preparation of a medicanent for the treat ment, Rﬁ BHopqndi tion
which is characterised by the build up of patient tolerance POEVhe at | east
one active ingredient containcd in the conposition. 20 May 2003 29 28.
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The conpos? n-according to claim32, where the ratio of nethacrylate to
ammoni o net hacryl ate copolyners is |:I. .A5 2. A A AF. F2. AF. A
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the second component of the composition in operation is substantially, if not completely,
delayed for a period of at least about four hours, preferably about four hours, after

administration of the composition.

In the following Examples all percentages are weight by weight unless otherwise
stated. The term “purified water” as used throughout the Examples refers to water that has

becn purified by passing it through a water filtration system. )

Example 1. Multiparticulate modified release composition containing methylphenidate.
A multiparticulate modified release composition according to the present invention
comprising an immediate release component and a modified release component and

containing methylphemdate as the active ingredient is prepared as follows.

(a) Immediate release component.
A solution of methylphenidate HCI (50:50 racemic mixture) is prepared according to
" any of the formulations given in Table 1. The methylphenidate solution is then coated onto
non-pareil seeds to a level of approximately 16.9% solids weight gain using, for example, a
Glatt GPCG3 (Glatt, Protech Ltd., Leicester, UK) fluid bed coating apparatus to form the IR

particles of the immediate release component.
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S&! Y10% &' ( )relg@pe coating solution as detailed in Table 2. The immediate release particles are coated to

varying levels up to approximately to 30 % weight gain using, for example, a fluid bed

appratus.
Table 2: Modified release compouent coating solutions
Ingredient . Amount, % (w/w)
(i) (i) (i) (Gv) (v (vi) (vii) (viii)
Eudragit® RS 12.5 49.7 420 471 532 406 - - 25.0
Eudragit® S 12.5 - 5435 46.5
Eudragit® L 12.5 - - - - - - - 25.0
Polyvinylpyrrolidone - - - 0.35 03 - - -
Diethylphthalate 0.5 0.5 0.6 1.35 0.6 1.3 1.1 -
Triethylcitrate - - - - 1.25
Isopropyl alcohol 39.8 331 37.2 451 33.8 4435 496 46.5
Acetone 10.0 8.3 9.3 - 84 - - -
Taic' - 16.0 5.9 - 16.3 28 2.25

10

"Talc is simultaneously applied during coating for formulations in column (i), (iv) and (vi).
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pH independent coated components ((i) to (v) Table 2) are tested in vitro in USP Type
1 apparatus (100 rpm) according to the following protocol: the sample is placed in 0.01 N
HCI (900 ml), pH 2.0, 37°C for all of the sampling time points.

pH dependent coated components ((vi) to (viii) Table 2) are tested in USP Type 1
apparatus (100 rpm) according to a modified version of the United States Pharmacopoeia
method for enteric protection (USP 23, 1995, p.1795): the sample is placed for 2 hours in
0.01 N HCI and then transferred to phosphate buffer pH 6.8 for the remainder of the sampling

10  time points.

IR components were formulated using three different sizes of non-pareil seeds having
diameter dimensions of 0.5 - 0.6, 0.6 - 0.71 and 0.71 - 0.85 mm, respectively. The IR
particles formed by coating 0.5 - 0.6, 0.6 — 0.71 and 0.71 - 0.85 mm non-pareil seeds were

1s  found to release 100 % of the active ingredient within 20 minutes in aqueous media.

Dissolution data for the modified release components prepared according to Example
1(b) above are shown in Tables 3 (a) to 3 (c). This data shows that release characteristics of
the modified release component can be varied by changing the composition and thickness of

20  the coating applied.

Table 3 (a): Dissolution data for modified release components formulated with
coating solutions given in Table 2

Coating formulation (i) @) (i) (ii) (ii) (ii) (iii) (iii)
Coating fevel 4% 6% 10 % 4% 6% 8% 4% 6%
(% weight gain)

Time (hr) % Active ingredient released

1 0 0 0 8.5 1.3 1.4 6.1 30

2 17.0 33 0 369 7.1 37 213 82

4 5L5 22.1 0 80.0 403 15.1 62.3 263

6 75.8 46.5 0 92.8 72.4 312 82.1 52.6

8 86.0 65.5 10.2 917.5 83.0 475 91.3 73.0

10 91.3 76.5 173 - - - 97.7 86.5

(the notanion “-” indicates no measurement taken)
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with coating solutious given in Table 2

Coating formuiation @iv) (iv) @v) ) )
Coating level 10% 5% 20% 10% 125%
(% weight gain)
Time (hr) % Active ingredient released
1 35 0.9 1.1 1.3 1.0
2 134 54 29 6.1 29
4 47.1 225 13.8 424 212
) 6 80.0 520 36.9 715 54.4
8 94.8 70.3 61.0 924 19.7
10 - 103 81.5 76.1 - -

(the notation “-” indicates no measurement taken)

Table 3 (c): Dissolution data for modified release componeunts formulated with coating
soluations given in Table 2

Coating formulation | (vi) (vi) (vi)  (vi)*  (vil)  (vii)  (viii)  (viii)
Coating level 5% 10% 15% 15% 15% 20% 20% 30%
(% weight gain)
Time (hr) % Active ingredient released
1 332 0.4 0 0 39 0.6 3.8 21
2 80.6 9.8 0 0.5 520 124 14 3.1
4 922 435 101 440 850 616 437 89
6 939 616 299 802 899 753 724 369
8 943 67.5 48.4 69.0 91.4 79.6 79.2 639
10 944 - 60.0 - - - 795 734

(the notation “-" indicates no measurement taken; “*" indicates pH of phosphate bufier was
s 7.4 instead of 6.8)
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(d) Encapsulation of immediate and delayed release particles.

The immediate and delayed release particles prepared according to Example 1(a) and
(b) above are encapsulated in size 2 hard gelatin capsules to an overall 20 mg dosage strength
using, for example, a Bosch GKF 4000S encapsulation apparatus. The overall dosage
strength of 20 mg methylphenidate was made up of 10 mg from the immediate release

component and 10 mg from the modified release component.

Table 4 shows the dissolution profiles for two multiparticulate modified release
compositions prepared using the immediate release coating solution given in Table 1 (ii) and
the modified release coating solutions given in Table 2 (vii) and (viii). These results indicate
that approximately 50% of the methylphenidate HCI active ingredient was released within
the first half hour with release from the modified release component being delayed for about

four hours.

Table 4. Dissolution data for compositions containing an IR
_component and a modified release component

MR coating formulation (vii) (viii)
Coating level 30 % 30%
(% weight increase)

0 0 0

0.5 49.7 50.2

1 49.7 50.5

2 49.8 51.1

4 56.1 54.1

6 65.2 68.0

8 722 81.8

10 76.6 87.0

The dissolution profiles shown in Table 4 indicate that the compositions containing
the pH dependent coated components release the methylphenidate active ingredient in 2

pulsed manner. A first pulse occurs before | hour followed by a plateau region where the
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release of further amounts of the active ingredient is suppressed. The plateau region is in

tun followed by a second pulse of active ingredient release as indicated by the increase in

drug concentration from 4 hours onward.

Example 2. Multiparticulate modified release composition containing methylphenidate.
Multiparticulate modified refease methylphenidate compositions according to the

present invention having an immediate release component and 2 modified release component

having a modified release matrix material are prepared according to the formulations shown

in Table S (a) and (b).

Table S (a): 100 mg of IR compounent is encapsulated with 100 mg of modified
release (MR) component to give a2 20 mg dosage strength product

IR component % (wiw) MR componecut Ya (wiw)
Methylphenidate HCI 10 Methylphenidate HCI 10
Microcrytalline cellulose 40 Micracrytalline cellulose 40
Lactose 45 Eudragit® RS 45
Povidone 5 Povidone b

Table 5 (b): 50 mg of IR companent is encapsulated with 50 mg of maodified
release (MR) compoueunt to give a 20 mg dosage strength product.

IR component Yo (Wiw) MR component % (wiw)
Methylphenidate HCI 20 Methylphenidate HCI 20
Microcrytalline cellulose 50 Microcrytalline cellulose 50
Lactose 28 Eudragit® S 28
Povidone 2 Povidone 2

(e) In vivo release
[n a human cross-over biostudy, fasted healthy volunteers were dosed with 20 mg

methylphenidate HCI compositions according to the present invention to compare the
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What is claimed is:

1. A multiparticulate madified release composition containing at least one
active ingredient and having a first component comprising a first population of active
ingredient-containing particles and at least one subsequent component, each subsequent
component comprising a subsequent population of active ingredient-containing
particles, the active ingredient contained in the first and subsequent components being
the same or different; wherein the at least one subsequent population of active
ingredient containing particles further comprises a modified release coating or,
alternatively or additionally, a modified release matrix material, such that the
composition following oral delivery to a subject delivers the active ingredient or active

ingredients in a pulsatile manner.

2. The multiparticulate modified release composition according to claim 1,

wherein the composition comprises a first component and one subsequent component.

3. The multiparticulate modified release composition according to claim 2,
wherein the first component comprises an immediate release component and the

subsequent component is a modified release component.

4, The multiparticulate modified release composition according to claim 3,
wherein the modifted release component comprises particles having a modified release

coating.

5. The multiparticulate modified release composition according (o claim 3,

wherein the modified release component comprises a modified release matrix matenal.

6. The muitiparticulate modified release composition according to claim |,
wherein the first population of active ingredient-containing particles and the at least one
subsequent population of active ingredient-containing particles comprise the same

active ingredient.
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7. The muitiparticulate modified release composition according to claim 1,
wherein the first population of active ingredient-containing particies contains two or

more active ingredients

8. The multiparticulate modified release composition according to claim 1,
wherein the at least one subsequent population of active ingredient-containing particles

contains two or mare active ingredients.

9. The multiparticulate modified release composition according to claim 1,
wherein the active ingredient comprises substantially one optically pure enantiomer or a

mixture, racemic or otherwise, of enantiomers.

10.  The multiparticulate modified release composition according to claim 1,
wherein at least one of the first and subsequent components further comprise an

enhancer.

11.  The multiparticulate modified release composition according to claim 1,
wherein the amount of active ingredient contained in the first and subsequent

components is the same or different.

12.  The multiparticulate modified release composition according to claim 11,
wherein the amount of active ingredient contained in each component is from about 0.1

mg to about | g.

13.  The multiparticulate modified release composition according to claim 6,
wherein the active ingredient is methylphenidate or a pharmaceutically acceptable salt

thereof, an enantiomer or mixtures thereof or mixtures thereof.

14.  The multiparticulate modified release composition according to claim 1,
wherein the first and subsequent populations of active ingredient-containing particles

have different in vitro dissolution profiles.
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ingredient from the subsequent population of active ingredient-containing particles.

17.  The multiparticulate modified release composition according to claim 1, .
wherein the in vivo release of the active ingredient in the subject mimics the in vivo
release of the same active ingredient administered in the form of two or more doses of

immediate release forms of the active ingredient.

18.  The multiparticulate modified release composition according to claim 13,
wherein the in vivo release of the active ingredient in the subject mimics the in vivo
release of the same active ingredient administered in the form of two or more doses of

immediate release forms of the active ingredient.

19.  The multiparticulate modified release composition according to claim 16,
wherein the mean in vitro dissolution profile in agueous media is such that about 50 to
100 % of the active ingredient contained in the first population of active ingredient
containing particles is released within four hours of administration of the composition,
and about 30 to 100 % of the active ingredient contained in the subsequent population of
- active ingredient containing particles is released between four and eight hours after

administration of the composition.

20.  The multiparticulate modified release composition according to claim 19,
wherein the mean in vitro dissolution profile in aqueous media is such that about 80 to
100 % of the active ingredient contained in the first population of active ingredient-

containing particles 1s released within four hours of administration of the composition
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22.  The solid oral dosage form according to claim 21 comprising a blend of

first and subsequent active ingredient-containing particles filled into hard gelatin or soft

gelatin capsules.

23. The solid oral dosage form according to ciaim 21, wherein the first and
subsequent components are separately and independently compressed into mini-tablets

and filled into hard or soft gelatin capsules.

24.  The solid oral dosage form according to claim 21, wherein the first
component is compressed into the first layer of a muitilayer tablet and the at least one

subsequent component is compressed into a subsequent layer of the multiiayer tablet.

25.  The solid oral dosage form according to claim 21, wherein the first and

subsequent components are incorporated in a rapidly dissolving dosage form.

26.  The solid oral dosage form according to claim 25, wherein the rapidly

dissolving dosage form- is a fast-melt tablet dosage form.

27.  Use of a multiparticulate modified release composition according to
claim 1 in the preparation of 2 medicament for the treatment of a condition which is
charactenised by the build up of patient tolerance to the at least one active ingredient

contained in the composition.
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28.  Use of a multiparticulate modified release composition according to
claim 1 in the preparation of a medicament for the treatment of attention deficit

disorder.

29.  Use of a multiparticulate modified release composition according to
claim 13 in the preparation of a medicament for the treatment of attention deficit

disorder.

.30.  The composition according to claim 3, wherein the modified release
component comprises a pH dependent polymer coating that releases a pulse of active

ingredient from the modified release component following a delay time.

31.  The composition according to claim 30, wherein the pH dependent

polymer coating comprises methacrylate copolymers.

32.  The composition according to claim 30, wherein the pH dependent
polymer coating comprises a mixture of methacrylate and ammonio methacrylate
copolymers in a ratio sufficient to achieve a pulse of active ingredient from the

modified release component following a delay time.

33. The composition according to claim 32, where the ratio of

~ methacrylate to ammonio methacrylate copolymers is 1:1.



