; €3e2<F&6T2[ 20 May 2003 2 mnim se the peak-to-trough vari%?t'\"@hzﬁ)(h’5 drug
pl asma | evel s associated with conventional frequent dosage regines.

However, sonme of the r imaw and phar macol ogi cal effects intrinsic in a
_pulsatile system may ‘M‘@E\M\ mm&l m nished as a result of the constant or
nearly constant plas achi eved by zero-order release drug delivery

systens. Thus, a nodified?®ease conposition or fornulation which
substantially mimcs the rel ease of frequent IR dosage reginmes) while
reduci ng the need for frequent dosing, ps desirable. A typical exanple of a
drug which may produce tolerance in patients is nethyiphenidate.

VBt Ny | PREJHRAE thbeaRBIRIMA vaiaRbi B drflh PRsie fivels AL Lorftehiial | S 2
stimulant "affecting the central nervous and respiratory systens and is
primarilygesrdt didagdregimesatiververpdonad dfehd thevapelaici andiphaintebldgical dffeter
absorption fromthe gastrointestinal tract, (G T), drug effects persist for
3 - G houingrinsiciar pstileystemimaybelpy or dminishedeasta st ofithe cenistant e nearlup t o

about 8 hour fter oral admnistration af extended release rmul ati ons.
Thet ot al unsenfisite f8k adiRlolinR b Ririd ik ShE EGRSh SRS, SRS .
excepti onglodfiRd ededse TomPoditorist HRnUlatiMwhitiNEldstaf @A fle ElesReE T €9i Mes,
nmet hyl phenidate is given twce daily, typically with one dose given before
br eakf ast frapetntiRsdesogeiregimass, whilemdimigthe nkedhioh freqient Hosing, deddsiratdose i s
preferably given several hours before retiring. Adverse effects associ ated
wi t h net hyl pheni date treatnent include insomia and the devel opnent of

patient tolera . Jerity e Qﬁn%'% 8 fesin: gﬂﬁ:@ formand a
met hod of adm"quli tlg"}r‘\?ﬁg énst ﬁyl p entlad%tggyprr?hgé%gstal ﬁgla an ggf)nstantly
ascendi ngmictiyfpherfiiate d datigdpticaidateorsc-phanyt 2 qipvidinescetic pdid heektivl ¥staf iskeads
conprising a hydrogel matrix with increasing anounts of the_active

i ngr edi enstimyarafiscungyhe ecntal pervans apd FespiaryRystepys apd issprapardly psgddn the

control i [ . j ' h j ' ent
Gose. and DRl i afenucRERRPILANE: AREPMISHADN T ol inRibiokial BREFONTT .
ascendi ng dagleffeas pasiat for 8 - iGrhowhi afler drabPadmhiaiktati@penvémional TRAAbIESR ©r fflol Ve

i ngredient continually increases, over a glven period of time. In contrast

to the prebawd hpws afier al adgnnisatoaof gxt geleasefgunplgtions. Jheataldogagddsage

formto specificall [ I har. ri.sed aks and
troughs) SPIBNY g{aégahv{n?g;é%kgégggyrﬁe &6%’?3%?%%%‘%‘%% é&ﬁgpﬁéé ?on’ﬁ@ﬁ’igét% Y‘ng' ease
dosage f oggaveatdnandosage regitnevbiriethPipBerddd@isivéhiorice {4y fypicaile i okt dos:

di scl oses that methyl pheni date exhibits a therapeutic effect when

adni ni st egivgn beforertreaidashanska secpnddase givienbeforelupet. hhe laat dadlydpsstisa singl e
i 763
I(Ségimre(r)sf:?z’ﬁc?%'g@'E]')%néR%%scg{lhE%rgggégﬁgbal %‘éé&%%g%fg%gagﬁér?ﬁ%?%gﬁ cont ai ni ng

dt np. Thi spediyfhenidatc@rea@inbiagludb tsomAiadind ah @ vRdphicnO6f gudieRN tblziaige.a coat i ng
t hrough which the dtnp passes in order to attain sustained rel ease and
achieve serumlevels (of the active ingredient) of at |east 50% cmax over a

iod of at | _ Thus, _thi tion d del i th
Doti ve | ngredi 351 ople 8l OO sabttnih AR ig Rl R e Reod Bl pdnigiine ( 140,
9:1 69- 17S livs/fpnesiastetii akustfhdcdna cbmﬁﬁnf)g{scémgifgﬁéwmwos@fbyﬁ aRbibsddose

ethers conpréssed into a solid dosage mw th a therapeutic agent nay

gi ve a bi womgtises e phualdy of bfaids eompigsing/@hydrogel weasrix wtithdn¢rrasingdmduatsafityener s
from one suppl.ier.yie]lded a bimndal profile) the same pol yners wth.al nost
| tont | cal RGduETG TR Dol TaTOPr AR GHORS Af & I E RS AYREUERE B
non- bi nod : il ' L4 I f dn
77:177- 18?‘“8?@%?‘%?2’39?‘&2&{3?3%%6&% yn?r éodp‘)ﬁ‘? Fia%:e and it o “’J'nﬁ'f‘f‘?'%“?f‘&‘ﬁ s ching
formul at i gayefs@in bdisl@tdde giveainassadof rileaseprofilenn whithnthé pthisme torentrdtieach
that ketoprofen is rapidly elimnated fromthe blood after dosing (plasm

hal f |i f e ofthg apibygringredigef convinuatly dncreases 0vs 8 gifendengd whiimse Ineaniragida gy ci al
than constant rel ease for. so Ieat ts. The . nmul.tiple-unjt fg | ation
di Scl osed PEGRSITERIN gL poirdan T QaP AIaE BnierTaosk apidge formf oo hiciyd 1"
gel atin capsidhfevedbicdaUaRisiBfirkdlerised By pealdiang tdENS) MR RRAKFiH fonvBRidAbiaS M
profile there 1s no well defined wash® out period and the variation between
t he peak aeatmients usjihg phasdiatelreteadesiosapefomhtlatidisnt e et al ., Drug Dev. |nd
Pharm) (1989) 15:2583-2596 and EP 0 274 734 (Pharm dea Srl mmﬁmﬂmm“ﬁ\@tse
of a three layer tablet for delivery of ibuprofen in conse .
The three layer tablet is nade up of a first |ayer containing thhasactive
ingredient, a barrier |ayer (the second | ayer) of sem -perneable materi al
which is interposed between the first layer and a third |l 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




20 May 2003 5 Accordingly, it is an object of the present iRQMaid3to
provide a nultiparticulate nodified rel ease conposition containing an
acti.ve i.ngredient which in operation produces a plasma profile
.substantially simlar to the plasma profile produced by the adm nistration
of two or nore IR dosage forns given sequentially. It is a further object
of the invention to provide a nultiparticulate nodified rel ease conposition
which in operation delivers an active ingredient in a pul satile manner.

Anot her object of the invention is to provide a nultiparticulate nodified
rel ease conposition which substantialgﬁwninics t he phar macol ogi cal and

t herapeutic ef f WQ 87/03&/dElHossigneqletdg disclases thatmeshylphenidate exhititspe | R dosage
forms given sequential | v. Another jobject of the present invention is to
provide a ﬂﬁﬁp _Ltécr?fkcg{ﬁvg?"ea oRAN-Ta {hgff%lgggf %@Wﬁ@i"ﬁ“ﬂ'ﬁc WP?W‘J%%Q{%M ially
reduces or gbleHoRid féuch B RIEH-REPSHanMmaf! FiifHer, WORIAINE [ChifoSGedie! | VE

I ngredi ent of the conposition. Another object of the inventroni1s to

provi de a ind.}digdoses e shstetinedreldast f@thulatioa aeatamdngpdimpt iThis distiosinie tdachesfthe st

portion o f the active ingredient is released . imredi ately upon .

admi ni st r ko aEompesitign 6‘%&"}5‘8&4 GAuRE 'im%ﬁa‘éwwc AR RA55eS 1R ofder togftains o g
rapi dly af Staifd Ljab L ' | ks r r | ect
of the i nvrgnt I on r!cis&%eoaﬂ%ra %5{;‘%&“26{7%&? ogrﬂ?el %ngglg}er%@p% ?&jlcfég %%EE“ 80
conposi t i 0a pedgibdf at least & leuea Sthog thik foramtation doeiat deliver therucavdingredient i
mufti-nodal manner in which a first portion of the active ingredient is
rel eased epulsitHe mapRad; at el y 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 easesha@hes Cohi Relt (1989} 1869-MVRAibdIosRs tifat bl Qpésy sol i d oral
dosage fornms conprising a nultiparticulate nodified rel ease conposition of
t he presenhydrxyprepyd methyicellulose ethers compressed into 2 solid dosage form with a therapeutic

agent may give a bimodal.release profile. However, it was noted that while polymers from
one supplier yielded a bimodal profile, the same polymers with almast identical product

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

Giunchedi et al.,, Int. J. Pharm (1991) 77:177-181 discloses the use of a hydrophilic
matrix muitiple-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 of 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 Sri) 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
barrier layer (the second layer) of semi-permeable material which is interposed between the
first fayer and a third layer containing an additional amount of active ingredient. The barrier
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



20 May 2003 6 Other objects of the invention include provis28MaN203once
dai |y dosage form of nethyl pherudate which, in operation, produces a plasm
profile substantially simlar to the plasma profile produced by the
+adm ni stration of two i mmedi ate rel ease dosage forns given sequentially and
a method for treatnent of attention deficit disorder based on

adm ni stration of such a dosage form Brief Description of the Invention
The above objects are realised by a multiparticulate nodified rel ease
conposition having a first conponent conp¥ising a first popul ati on of
active ingredient-containing particles and a second conponent conprising a
second popstinest thé bafitr lwyeri hgsueltlh edblet aidt frstporgorof dctiot Rigredidhemasttev e

i ngredi ent contained in the first and second conponents can be the sanme or
di ff er ent aridased insantiyn dhisepprieachcalsa raquirasgheprevisioned agemi-permsahlo fnyer
conponent are coate ith.a.podified rel eas oating. Alt atively or

Caan 1 onal ptweendne fesl iyl I i ot S 5Bl i sk ofClsiPeny of i ov0
particles f rf. | a ifl : | 1y | owi ng
oral deliv rﬁ&?ﬁga(&}%g@%@?ghﬁﬁﬁﬁ%&ﬂﬁéﬂ;@%&%ﬁﬁc\%ﬁ t he g%t]?)\%lﬁaﬁgdroedi ent
or active iungomsbliedidampingaf thel ssadnidlpertionrofalie ackive ingpedi¢re which mabesdibeent of a
mul tiparticui ate nodified rel ease conposition according to the invention
the first dBﬁﬁﬁW%nt is an inmedi ate rel ease conmponent. The nodified rel ease
coating applied to the second popul ati on of active ingredi ent containing
particles causes a lag tine between the release of active ingredient from
the first popul aJ$ §)15877A@. RvSquibly EeSHne lic. pdisdlosdes afompditionotiprising t he

rel ease of active ingredient fromthe second popul ati on of active

i ngredi ent captepal withig ap gnterie pedelayed pilease cgated pid siablesorroeondfined wighiadditianal
rel ease matri terjial in.the seco papul atlon of .acti i ngredi en
cont ai ni ng cﬁlaéf’fqﬁyglgh 6Saﬂ|§’gasbtl%%f 35"‘?@?!6 H& .JQ %IIN“Y‘H% apngrgég\égoé.r ﬁ‘a‘yg‘lf'\}gtfm“
i ngredi ent ¢ AMNstabRe doke, ShelRiglibaits Alth Qb dAGliukEedelitd SCivefatameBichiRi NJ

particles and the release of active ingredient fromthe second popul ation
of active ipoysothater§0 arensediertherglqugior indamsbination with abufferingfageste Thag ti ne may

be varied by alteri t he _conposition. and he amunt of t nodi f i ed

rel ease cod‘)t‘/’_fl}? Slgﬂﬁﬁn%rveﬁvf"’_é’?\_r’r‘ﬁffﬁ’éopégﬁﬁﬁliﬁ%h %’ﬁ"ﬁ’:ﬁg&(% “élﬁffﬁr@?%'fm%ﬁﬁilfi ed
rel ease matigiminis@dtRiniaal ab hdilisRfamddid of pHeabitided ChROpNf avhilbld RPrdiéAB RO be
designed to mmc a desired plasma profile. 20 May 2003 7 Because the

pl asma pr ofdolar. pr oduced by the nultiparticul ate nodified rel ease
conposition upon admnistration is substantially simlar to the plasm
profile produced by the administration of two or nore IR dosage fornms given
sequential |y, thesayubgisPAY £MA0@® £ANTS 2002476 €A RREEanTIIGRE Piddu&s Cofp.f he
present invention is particularly useful for adm nistering active

i ngr edi ent srefatertopndpatations previdingdhuse distinctrelpadse Phopiepamationcedntaifthece groups

mul tipartic e nodified rel ease ¢ sition is therefor dvant ageous for
reduci ng or‘_HJrFP ‘f'ﬂ’iggf?fﬁa‘fﬂ’i“é_aﬂé%‘icdﬂﬂg‘%a osf‘gﬁaa’lcfeﬁ‘f’ ﬁfﬁl%?‘é?n‘?églﬂ%maﬁg’ active

i ngredi ent jdo4Bf akPrapRD) &igimagratea,uampﬁ@fegfdnqs r@eRedhmnh Rke biRedEiagent
invention, the active ingredient is nethylphenidate and the conposition in
oper ati on dmbstaresthe lsecoad grong of spjreaddseis tcoatad svithi aplll s¢nsisive podtte providerer .
Such a' conpositjion in operation produces, a plasnma profile ich

subst anti al %@qﬁqﬁﬁs"mﬁH&&%%Pﬂegs@ﬁ"t‘%‘s%ﬂ%%ﬁhé’lP L£PPdR of two
| R doses as) _f.ar.] el ' ' r LiTE.
The. pr esent PPviug i) B4 0GE The Brchoiolith ResIRENK) RYGRE Bichich LABLEB ncl EMu
conposi t i orsubQiaesliviiithtate dxtehsivelyanétatsdlised presystemically or have relatively short

elimination half-lives.

U.S. Pat. No. 5,837,284 (Mehta et al) discloses a methylphenidate dosage form
having immediate release and delayed release 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 of treating2@MayfOR3
particularly a human in need of treatnent utilising the active ingredient,
conprisi.ng 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 rnmultiple IR dosage regines while still maintaining the
benefits derived froma pulsatile plasmg profile. This reduced dosing
frequency is particularly advantageous in the case of children in that it
elimnates the heed.for . I n and. the .m ddl e of t school ..d whi ch
can be-bot h i it 45 3 afiect e M e Gprobidf S BPradiide

advant ageoysdified feffas®cddipositioh aitainRiERnl a@ﬁ&qn%ﬁd#aﬁwmeh {Popedddhipriayvhiach may
be adm ni stered at reduced frequency. The reduction in dosage Pr equency
made possi plhsmaprofileisibstintiglly hicilar togther plasma profileoprodwsad Hy deerddiiiftistratioh of

reduci ng heal th cabg costé‘ré)%/ reduci g&iﬂﬁhe amount of time 20 May 2003
spent by e mareRdomek 8iyeR fRAusAllYi stration of drugs. lii the case
of met hyl pheni date, and other controlled substances, the use of a
once-daily fornmulation (in place of nmultiple IR doses) reduces or

el i m nat es t he Insaduftimr cbjeet ofithe myentioh 16 providelal maltiparticdlate Gesdifivd refosse

prem ses of schaqols, or other institutions. Description of the Draw ngs

Fi gure 1 seRspssiHan Wiichieppdation delixernsan aetiveiingrediens|in a puisatile manner.

adm nistration of the followng three fornulations to human vol unteers: A -
20 ny net hyl pheni date fornul ati on having an i mredi ate rel ease conponent
conpri sing par tArukies objedteTithy iigentioh & @l préVideldmiltipaRichmtdxasdiedtctealaccor di ng
to Table i (ii)) and a nodified rel ease conponent conprising particles

cont ai ni ngeosmpogition which sabstantially mymies dira phameacologicst aidthenapeutigioffect? (viii):
IR particles, co tq a.300 Faht qai Ny - 20 .ret hyl pheni dat e
f or Prul ati of° “éﬁgr’ﬂgﬂ‘ér?&.“#ﬁ“% |P§V\§k&é oelg%‘ rcé]é%%ﬁ?mg%% %ﬁ‘hﬁ‘“g@f‘ti cles

containing a total 10 ng net hyl phenidate (according to Table 1 (ii)) and a

nmodi fi ed rel ease conponent conprisjing particles containing a total of 10 ny
met hyl pheni dat eArfoshes oblgstad thepresept mventiopiis to: provide a muitipagécudasamedified a 30%

wei ght gain): and Coptrol.s t oses .of 10 .Ritali drochl.orid IR
tab?et sga eﬁ‘fescf’gﬂpgﬂg%'fw |°H§ls't¥g83"§ﬁ@y PRGOS c%aﬁ%bef&fg%ﬁﬁ'wm‘fcﬂﬁegi d?att e
adm ni st er @fblancd Rl thé hdive Ra€ditn?bf e dmpbkiod.Nvention The term "particul ate”

as used herein refers to a state of matter which is characterised by the
presence of discrete particles, pellets, beads or granules irrespective of

their size, shape .or r.phal . ..Ih erm. mul tiparticul ate’. as used herein
means a plurali f dbcf O%tcoge "g‘f‘w%"r“%gsg‘%e"d%‘f‘%%? “}5’3‘ R ugalsd? mﬂgﬁﬁlcgfcs!ﬁas%eads,
granul es Ogorifo¥ititi fh Wiich € @itstipbrida REEd attivOingtddRint isTeiefkd HARREIaRly upon

mor phol ogy. The term "nodified rel ease” as used herein in relation to the
conposi t i oxnupisioativnEnd aseqond pprige of theractive meredseml isgeloased oaptidipgftercangnitiall  or
used in any_ ot her cont.ext, means rel ease which is not i medi ate rel ease and
i s taken t PR RCOADILLOITOARIIBAIEY o ease, sustained rel ease and del ayed

rel ease. 20 May 2003 9

«Q

Another object of the invention is to provide a multiparticulate modified release
composition capable of releasing the active ingredient in a bimodal or multi-modal 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 pulses 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.



The term"time delay" as used herein refers to the duration28fMay 280%et ween
adm ni stration of the conposition and the rel ease of the active ingredient
froma particular conponent. The term"lag tine" as used herein refers to
‘the ‘time between 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 fornul ation
inamltiparticulate nodified rel ease 6onposition according to the present
invention. The nultiparticulate nodified rel ease conposition of the

i nvention nmay Oteeobjects of thainventioraintiude provisicadh fardnce diityeddsagefoamoponent s.
3n this case the release of actjve ingredient fromthe second and
subsequenmetiyiphenidatevhich, ipeperaton. mraduces B plasma prefile substantiglly simante theeen t he

rel ease of, active.inaredi 1 Eir conmponent and each subsequent
Component PlsibPeficRBagH Bud QiAo ot SRRARN Bt ifes G
conposi ti Qiuktiaflh@hdainfithod fol neRRENCDI Alterddf dRAEPBIsoRer Bistd ¥ adufifs@ilicAN!
cont ai ni ng conmponents in the conposition. A conposition containing three
acti ve i ngfsmudh edbsagedommi.ni ng conponents will give rise to three pulses in
the profile. Any active ingredient for which it is useful to conbine the
advant ages of a puisatile plasma profile with a reduced frequency dosage
regi ne na ] L oe: of the present invention. Particularly
useful i nh{}gép%r%g'gﬁggpg‘?%#g&?ﬁventi on include active ingredi ents whose
phar macol ogi calhesbiive bbjetts nrnealised by & hardtgartianat imodifivd rblaaset@mposi@sn - out
period between plasma concentration_peaks, such as those active ingredients
suscept i bhavinga Bk COMERRNERIFOBINSEE afifs, Rapulation of astive ingrsdienttcentainingy o

i ngredi ent s .iuncl bde L. t t Ol pr.ot ej n: or nones,
anal gesi cg;%ug‘r%cl -m sgérgg&?dn%r ge?]l!titsc L’ . n%lﬁg 63agu?%ﬁ?ﬁgg%"n?fsg{'gawﬁ‘?}egp

ant agoni stentaififig lpatticley. Tueadtive idgitdicRtghiailed AUMR st 2l 6653hA 86APOheRd OR S,
sedati ves, anti-neoplastics) prostagiandins and antidiuretic agents, drug

conpounds batheisame endifiseent 2t ackive ingredinnt-cogtaining pantidlesenf theesecpnddomponeny| ant s,

for exanple t byl nj X i agenent 20 2003, 1 0 active

i ngr edi enf‘?;@ﬁé’i‘%%@@ﬁc reécgs%oééagﬁ gsgﬁ?xg?uv&%%?w%ﬁh%?mndt

car di ovas peghudtiofllof gétiveSngridiest ddnlairih€partiles i@ comipfibesta RadiiBdreldagunat i ¢
conditions. It is further appreciated that the present invention nmay be
used to daaixapatgrigly Folewme agal dglivericthe eompesitinn ineperatipndelingrathe agiet i des,
proteins @ . i BO..caikcitonin) cal citonin gene

regul ati nbxgﬁ%g%g?ﬁﬁlg?%iﬁ%g {Arsalbgudrleullcc'%%@o ‘ein, colony stinulating factor,
bet aseron, erythropoietin (EPO) interferons such as a,(3 or y interferon,
somatropin, somatotropin, somastostatin, insulin-like gmh factor

(somat orredi ns) In 3 pretamedl gmbadimsnt of omaltipartisuitemodifiedprieas¢ Compusitiop t i ssue

pl asm nogen agtivator (TPA rowt h horpone.rel easi ng hornone (G -iRH))
byt oo n seerfitgghe nybaigRing B SirButRlR 3R ifiedile Bibarromeorty i 1|
i nterl eukins such as interleukin-2, and anal ogues thereof; anal gesics such

as fentanyl, sufentanil, butorphanol, buprenorphine, |evorphanol, norphine,
hydr onor phone, Theuiedified s¢ledse onatingtaphlierto thesdeandpepulitioded actine, ingredientacai ne,
di cl of enac, naproxen, paveri and, anal oques thereof: .anti.-m grain gents
such as sﬁﬂ‘éf‘f‘g‘ﬁtp cles CaES 5?‘1@&1"&? B%wcﬂh@‘c %ﬁ‘fsﬁé’&é‘é“‘{"ﬁﬁ?%‘f’?”gﬂ?hc gul ant
agents su iop R AEdVindtediehl dntaiiifle PR e hEESR1of adiVe inGr8Ritdt GroRIeNt S
such as s?g%‘g?lam ne, or%ggﬁsletrog, co%rgerll;%g%gfmrrgt ocC (%Pat ni“c}%g&ando

anal ogues tliesetond pppulatiah af\satiecingredéege oértainingtpahtiqbe tStmilany, thgpraseaceofd
vasodi l ators_such as dil ti aze,gi1i cl oni di ne, nifedipine, verapami, .

i sosor bi d@odified pelease maax mategahinthe,secprd pepulationnf activeapgicdiont cOMARRE  of
heart di sorder I f. sedatives su as i i nes,
phenot hi of?’ﬁglgs',s éagg‘%daalggﬁggg’ggéﬁehgge% c;as%. e?c_gt ¥ H&T%déce'ﬁt S “%%‘? ﬁﬂég’gp‘%&%

def er oxampPguiveliigradieat OsttffingpRARNs and Mhd refase 6t dctive dfpddient ok 86 second
desnopressi n) vasopressin) and anal ogues thereof; anti-anginal agents such
as ni t r oglpomdationof activd ingredicnfirentaiming paticleanThe dwativmef the fagstimtimay be
fluorouracil,, bl eonycin, and.anal ogues thereof; prostagiandins and

anal ogues VEHdby @ﬁ%‘&e EATRBTHT a(m@or&écé H'F‘Q“’%‘LP(fﬁhg@ﬁ'iﬁ%g F &E‘i’sie qaating apd/or

anal ogueseftgﬁ B8h bhd/Br I Sidi { : Qe Thixe sanme
or different. g@g{wg}aa%pg, a rc%)ﬂrr%(i)rgi%{fl on i:iér?’% IC ﬁ?ﬁ@%@&s‘%‘%ﬁmonenf

cont ai ns ghefduratibn atthe Vg timecabeddsighed td itmiecdssited phmaprdfileonpri ses a
second active ingredient may be desirable for conbi nation therapies.

| ndeed) two or nore active ingredients nay be incorporated into the sane
conponent when the active ingredients are conpatible with each other. A
drug conpound present in one conmponent of the conposition may be

o o n NN A A




or a sensitises conpound in another conponent of the corrpos?QMBY\,zo(i')% or der
to nodify the bioavaiiability or therapeutic effect of the drug conpound.
As used,herein, the term "enhances" refers to a conpound which is capable
. of enhancing the absorption andlor bioavailability of an active ingredient
by pronoting net transport across the G T in an animal, such as a human.
Enhancers include but are not limted to nmediumchain fatty acids; salts,
esters) ethers and derivatives thereofy including glycerides and
triglycerides; non-ionic surfactants sugh as those that can be prepared by
reacting ethylene oxide wwth a fatty acid, a fatty al cohol, an allcyl phenol
or a sorbitan or glycerol fatty acid ester, cytochronme P50 inhibitors,

P-gl ycoprotein inhibitors and the like; and m xtures of two or nore of
these agents. RBRgaudt GRYIdstaPréiile plolihoed byREE RdidpaficaRty Mbdied feftagdCh
conponent may be the sanme or different depending on the desired dosing
regi me. Thempaditiareupangdministrationsssubstapially emijar itothe ipdastriapsefile progaoced by
individually or. in comhination with the active ingredjent {or. active

i ngr edi ent®adphinisiatiansl Sye oeBAsdRIosage s gvemisannually.sthe muldpatigulale; it a
t her apeut i ol j j . 21 j ients), when
app 1 cabl SonRHREERe ool ofhd e invitioh ¥ pRShiRy LAITE 71 5

opti cal | y apmifrist@ivgactiogtingredienaYopwhick paticat tolaassgimaytie problemwiae Thiaf
enantionmers. The active ingredient is preferably present in a conposition

in an anpimwtipsriquiyamodified rejease gempositionds thereforeddyantageawsdor redecing ofm 1- 100 -
. W th t] i i i I i e . |t S, . f bl. t
" e papg e deDAbRHER Bl pldn (Bl RER, B0V el e Srpgito > "

the active ingredient is present in the first conmponent in an anmount of
finm2.5 - 30 ng. The active ingredient is present in the subsequent
conponents i n na prafered caibpdimentofdherpresant inyantéon, thetdstive tamdientied f or t he
first conponent,. The ti rel ease characteristics fvr the rel ease.of. the
active i né’}cgﬂi“gﬁf"‘;rg&oaﬁldggccﬁ?“wps' R 'ﬂ_gqu: M\ NEPErEdienyn adime fng
the conpogj baisel MhnRACSuRARRIPEton intpeHtbn ProdRdés /pldn 2P fiRfwiidte

exci pients or coatings which may be present. In particular the rel ease of

t he acti veubstaptiplly sumics 81t eltaipgd bhthe gequygniis admamiptationiod twe IRideses ashforanount

of the nodified.release cgating.on the rticles, if such a coating is
present . |“r$‘%?8‘r‘1é“f‘ﬁ%¥’ﬁ°a§ﬁ‘é’91¥i?&ﬁc%d%‘8“F'}r"&ﬁ &8 ponent 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 dhe pfesent ygntionealsa prpwideesolid ordl dopagedeimd compeisingde of t he
active ig&;edi eﬁ’tﬁ rrcacxrdbe tc' ne.r 04 lti6d by the choice and anmount of nodified
rel ease PPN B AUl G EEF he” nodi fi ed rel ease coating may be
present, in each conponent, in any anount that is sufficient to yield the
desired delay tine for each particular conponent. The nodified rel ease
coating may be The gssent invengerchunbenpsoyidesia method n treaiingran aniteal, pagiculsflyiaci ent
to yield the desired. ti | ag..bet ween .conponents. The.laq ti.me.or del ay
time for g Reroe ppenCuing e sho e REchy commiBine RBEHIBIER may al so
be varied ity dicdveGnfoRRPEIS dohfPRsifibn 8RNI ral diRa & AR SR ding ol Udi Ng
nodi fyi ng any exci pients and coatings which nay be present. For exanple the
first conpoveation tweprovide pulsddrambdnadat admingsrator ofitheactive mpredent t he acti ve
ingredient is released substantially inmediately upon adm nistration.
Alternatively) the first conmponent may be, far exanple, a time-del ayed

/ di at | ! . a = : . q
SUbst ant tal Iy PiaSiER PERprsendilehlloh BERE Shaifrd WE BOLEP FredBul BN ||
f or exanplpy cofventio®ad daltiyeIR dosapelicgintesrvelliRatiél manpGiisg theaengfitsderived ombed

or, alternatively) a tine-delayed sustained rel ease or extended rel ease
conponent aipylsatiie® orafde.i This redyeadodasing frequergyds pagicplarly advastagequsdythe

fashi on over an ten .peri.od of ti As .w Lt .be . appreci at.ed b ose
skilled ifeeied chidren Pl iOiniRat\ne biogFror flosing durng B RRARE IR Srtber B82° 5 |
be infl uerggg Qi bt BEthUNHY R h®BmBirrAking Fr thh patfert 20119 a0 hiWahtafsis id bed. | n
pariicuiar, the lag time between the deF| very (and thus al so the on-set of
action) oftertnsef pattentveniplignediodare a formakhion evhicinmay beragmiestered ttrreducedl by
varying the conmposition and coating (if present) OI’I eaf;h of the conponents.
Thus by vaTeAwIEHn g redvctiop dniesaps frequieaey BagnPesHhioRE ARG Be@dsaY t he
anount an - | L j ( iald the | ag
e, nunmsnact Spdl chilfinfel) KulREhagEld b e Rind BB @btine 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

oy o o o o
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Any coating material which nodifies the release of the acti%MaM&PQ%ii ent in
the desired 'manner nmay be used. In particular, coating nmaterials suitable
for use.in the practice of the invention include but are not limted to

. polynmer coating materials) such as cellul ose acetate phthal ate, cellul ose
acetate trimal etate, hydroxy propyi nethylcellul ose phthal ate, polyvinyl
acetate phthal ate) amoni o net hacryl ate copol yners such as those sold undo
the Trade Mark Eudragit RS and RL) poly acrylic acid and posy acryiate and
met hacryi ate copol ymers such as those sog§d under the Trade Mark~Eudragit S
and L, polyvinyl acctaldiethylamno acetate, hydroxypropyl nethylcellul ose
acetat e S UpehthyiiRalth Bk hagkertwitihe gahmistatdo6f drigy. NMinBe Saak Sfmedhﬂph&u&iie as
car boxyvi nyl pdlynmers, sodium al gi nate, sodi um cannel |l ose, cal Cium

carnel | os eandsadthrmnwdleb(sul;awm lhcstsaof:mnqgfdaylyﬁomyilatmhc(uiﬂtqc df yroitiply R hy |

cel l ul ose, nethy] cell Iose el atin, starch, el | ul ose based )
cross- | i nkiages &t H“H“Wﬁ ‘gﬁ “‘F‘ﬂéﬂ orfhg seregof E‘P’t%“glﬂi SWhSHYCESOntAGPISEISSS t o

facilitat S and expansi on of the polyner matriXx,
hydoxypr opy| gﬁ&ﬁ) ﬁ%‘slcerq%w@o%iypr opyl nethyiceil ul ose,

pol yvi nyl pyrrolidone, crosslinked starch, mcrocrystalline cellulose,
chitin, am noacryl -nethacryl ate copol yner (Eudragit RS-PM ~Rohm & Haas),
pul | ul an, lea'g@hof@&&?'ﬁ‘"g&gar gum ar abl e) sodi um car boxynet hyl

cellul oset (s le o] ] dr oxveal kyl hacr at e)

(m w. --Sk V\Eﬂég% Q‘X’go J‘;hcﬁlpy #’Yﬁg%ai%‘gﬂ%#(‘" erdann@%?}] éﬁl oni c
and cat i onfoflowingliRee |f§rmum10ﬁytdhdmaﬂ|v@mwcr§"ﬂv-lm rhémmaﬁaﬁ&dt@fotﬁﬁlad&al a
swel | abl e m xture of agar and carboxynet hyl “cel | ul'ose,” copol yners of

mal ef i ¢ animyihgiadamanediate we@sreconmonyntenmpngngpgmehecmwmmmgal efld mpect i n

w . 34k Ok h des. k
'E p]agac ant H“c‘QYl@gﬂg&%tﬁga%@%at%%%%g%}ﬁgi&}ﬁ&ﬁﬁi 38? a’%@ r?‘(?%%%@@f‘ﬂ}?l%a BIER8 des

Ww. -- ol ygl
Crosel | niceiiuss ot » MO MARCH BhEUB. JBaingllo RabE VA, 1RO V0.V arch
gl ucol at e gaeticies deatedde aBQ%Ewaht@aM.tﬁieIm ng mlctmtlp)lpmkiyrdrfoqntulium haeing aer s

igfPu?§£°]rrﬁw‘ysaca§§%%%§§‘rm€f§%ﬂ onpEiing PadE) st WA (g1 TLBE A dcdate
hydr oxyet Eco?(ﬁh% t Patfle 1 GEY) Eﬁﬂeﬁﬁtohiﬂﬂ?ﬁcasﬁ% B&Yéﬁ?é +nﬁ§'é i)ﬁh&@@con&%ﬂﬁ%’l ose

et hers, yet hyT ene oxi des (e.g. | yox, Uni met hyl
cel | ul ose a widh pf by dgorgthgphaniidaed (]au¢om@eg te Fable R ad; IR pamictes coated toladdde
butyrate) cel] ul ose i onat e | todextrin,

pul 1 ul an, G'B{M t Bﬁ%“% %W%&'@l‘ﬂ‘gﬁt& %@?fgf{}w tablets at e)

gl ycerol fmsee&tmeb%nda%ueqm%me :gﬁémhatea&ﬁhﬂme&pol yners of
met hacryiic acid or nethacrylic acid u ra Rohm and Haas), ot her
acrylic aci d derivatives, sorbitan 20 May 2003 15 esters, natural guns,

| ecit hins, ¢ i na el ammpni a al gi nate, sodi um cal ci um potassium
al gi nat es, Sﬁﬂrﬂéﬁ‘fé‘p 1"§/€oﬁ eéf'b‘i“ﬂﬁf’e agar, and gums such as arabic)
karaya, | ocust a@gﬁgﬁ@tﬁ) EQ I Glie@n
and m xtures an Iendls r eof s Bé’ege'g%?‘g%g%%?g‘?g{ég@“% feg':;ﬁjierrgson

ski |l ed i nby the preséncef disprieeriasticiesc peliets, peals bor gianeles irrdspédtive afi thir size] shepet S
and the like l;:ije added to the coating. Suitable ptasticisers include for

exanpl e acetmorphalagyohesd F%emm'@em%@tcwas ﬂ?ﬂqﬂfﬂi}ﬂ mgany  plyrality phdiscretg; Qsut v
tartrate, dgggf ek, RsGe Blfess hqe@y@%{mwgﬁ&rw me?éo*txtmpt&tt%'roxrtﬁcﬁt 3¢

gl ycol at e; cer‘i pro ol n;
di acetin; &mhorphblbg} ate; acetyl nonoglyceride; polyethylene glycols;
castor oi I riethyl citrate; polyhydric al cohols, glycerol) acetate

esters, gyI cerol triaeetate, acetyl triethyl citrate, diben2yl phthal ate,
di hexyl phthal ate) bugyl ..octyl phthal a di.i s ht hal at e ut octyl .
pht hal ate, di 021%'37 e'%%‘t‘g ééﬂﬁ?g‘f dﬂsé'éﬁ‘i ﬁ%(?'i“éf‘é ﬁﬁogggfgfppq#tf%q@ﬁqf{‘lgg

di et hyl hexyl riﬁvlaﬂ.‘; )
di -i -decyl ® JKEL{}@!? gtogélcgd rgmgr?gg%{/‘ “ggﬁ%‘%ﬁlg’tg‘“’dﬁt‘f‘h '([?) ﬁ%g%%@{t t ha aetag:
tri-2-et hyvlvheh()slnot imumedihte relesse add isdekdiyblraxgthpas cpaidlleddeleZseptustained x y i
sebacate, di-2-ethyl hexyl azelate, dibutyl sebacate. Wen the nodified

rel ease coislsaisand delanestrelease. o nodified rel ease matrix nmaterial) any
suitable nodified release nmatrix nmaterial or suitable combination of

nodi fied rel ease matrix nmaterials may be used. Such materials are known to
those skilied in the art. The term"nodified release matrix material" as
used herein includes hydrophilic polyners, hydrophobic polynmers and

m xtures thereof which are capable of nodifying the rel ease of an active

i ngredient dispersed therein in vitro or in vivo. Mdified release matrix
mat erial s swtabl e for the practl ce of the present |nventi on include but

L, L 1 S



20 May 2003 17 component has been cleared fromthe patient'@3¥@¥?9g§ In a
preferred enbodi nent) rel ease of the active ingredient fromthe second
conponent of the conposition in operation is substantially, if not

. conmpl etely, 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 fromtha second conponent
of the conposition in operation is substantially, if not conpletely,

del ayed for a period of at |east about fqur hours, preferably about four
hours, after adm nistration of the conposition. In the foll ow ng Exanples

all percentages _are wejght LWWei unl ess ot herwi se sfated. The term

" pur !Df i ed vva?er " ée%ég”etqfs%uéﬁb%gthfzﬁé" Ef"ﬁﬁﬁlt ¢ dyrapen of yrge betvesnt ¢ hat  has
becn purifi : | ' . y@éag | I: t e l.
Mul ti Bart [ c@ﬂ‘é‘%ﬂn@?f :i}%d!o b@%gg@gﬁt&%os, fir%ffnth%:%‘%ﬁgi‘ né} ﬁgxﬁeﬁ/? eﬁﬁ%at e. A

mul ti parti ciehripofedtodi fied rel ease conposition according to the present
i nvention conprising an i medi 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 foll qmedi at e, rel ease .c onent A sol utian of

net hyl pheni dat e%ﬁ%g%%hlnfa%e% h??f'?tr%)m ﬁ@ﬁ%ﬁ%‘r’v@ﬁ‘ i@%&?ﬁa‘?o any of
the fornul ghbefentotf Bné Sonlak ahd tHERAbIRRLY LAY BPdctive il frbih dhbREr
coated onto non-pareil seeds to a |level of approximtely 16.9% solids

wei ght gai ncongpongit- f or exanple) a Gatt GPCG (d att, .Proterh Ltd.,

Leicester) LTK) fluid bed coating apparatus to formthe IR particles of the
i mmedi at e rel ease conponent. 20 May 2003 20 Table 3 (b): Dissolution data

for nodified rel : ' ' ' ' in
Tabl 69 Coati ng Tou i RaBPAER desc il divith Khoeads kRt iHetiun@as s St !

% 2. 5( % wei exatmplpaif ah Actwe tigrediéot patticularly sgjteddo €ortmulation in a multiparticulate

rel eased13. 50 .gl 1@1. 0213.45.4 . . .

_2.96. 12. 9smedifebrelcnse compozion sesaplingto thapreseay inygationsos 870. 361. 092. 479. 210
~10381. 576. 1-- (the notation "-" indicates no neasurenent taken)

The multiparticulate modified release composition of the invention may have more
than two active ingredient-containing components. In this case the release of active
ingredient from the second and subsequent components is modified such that there is a lag
time between the release of active ingredient from the first component and each subsequent
component. The number of pulses in the profile arising 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
invention. Particularly useful in the practice of the invention include active ingredients
whose pharmacological and/or therapeutic effects benefit from having a wash-out period
between plasma conccntratic;n peaks, such as those active ingredients susceptible to the
development of patient tolerance. Example active ingredients include but are nat lumited to
peptides or proteins, hormones, analgesics, anti-migraine ageats, 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



Table 3 (c): Dissolution data for nodified rel ease corrponerﬁost’Y)?%? at ed
Wi th coating sofntions given in Table 2 Coati ng
formulation(vi)(vi)(v's)(vi)*(vii)(vii)(viii)(viii)Coating level5 %40 %5
%5 %4 S %R0 %R0 %B0(% wei ght gain)Time (hr)% Active ingredi ent

rel eased13320. 4003. 90. 63. 82. 1280. 69. 800. 552. 012. 47. 43. 1492. 243. 5i

0. 144. 085. 061. 643. 78. 9693. 961. 629. 980. 289. 975. 372. 436. 9894. 367. 548. 469. 091.
479. 679. 263. 91094. 4-60. 0---79.573. 4(the notation "-" indicates no
measurement taken. "*" indicates nHof nM8snhate buffer was 2.4 instead of
6. 8) 20 May 2003 21 (d). Encapsul ation of imredi ate and del ayed rel ease
parti cl es.actingredicaisanlialaidy surdy agyapintesefos sxample morphineg cardiqyasastir dagsr di ng

| . and 4l i n s hard . '
capsul eb. (8o RS e bt Bl HERERE cRvlon TS anbradsd Babocn -
G CF 4000Spe e&mﬂy@ﬁcii&nnapsagsa%@dem&?ea AYRb&!df dARS AttGudind, BUOKIR liRfited B, MU

nmet hyl pheni date was nmade up o mg from the i medi ate rél ease conponent
and 10 ny geptidest protemsdir hiosdones bwdisas insulipankitbnin]cdidionin gdne waguldnag protein,
di ssolution profjles for, two nulfi Barti cul ate nodified rel ease conpositions

prepar ed (T4 GatEctic priging cology gtimydlating fagtor, hetasaron, epprhrgpgin (FPOabl e 1 (i)
it i ! . . g ey
Uity Thibletfefofs bih 38 OTRIAROIR Sithdstibl, S Birbil, S oatl ihstif ke

met hyl phengrewihefadtbil (sehionrdinsg hitelhizitig hononclehasifg hofnidieILHREND  dsksed  hal f

hour with release fromthe nodified rel ease QonEonent bei ng del ayed for
about f ourplsssinegen petvator{TPhy), gxoyvihihiopnonselgasing hormapo {GHREDsoxyteeimi ni ng au

o 00 leadiOV gy ikl AR sE QIR VY i6RALLER i2h TR dBns) T 1)

Wel g

0000. 549. 73 addidfhed GerdotithaliedicsIstioh ab RAtah§D uéh@nid Hitorgiho B bifendipiing The

- dissolution profiles shown in Table 4 indicate that the conpositions

cont ai ni ngevdiphaosl, owminer by demgrmhwnediydugedans, exyneaphorchmetheddng) lidvesinelat e

active ingredient in ul sed manner.. A first pulse qccurs.before 1 hqur

fol | owed CRPPLYeRHag diiotelaty Biprojeh b i and andloglep herentt st migraipe gepts pch |
further anRughsuiplan! &fotutkdl¥igs, N8 bRAbRIRS thefeoT UMALRAERnt akBGs PUR S Rbpatifgi ON
is inturn followed by a second pulse of active ingredient release as

i ndi cat ed hgmudirhand aalagticethersof] anig-emstic egentsatuch as $qopalarhiteg ondansetweay d.
Exanyle 2. Ml tiparticul ate nodified rel ease conposition contai.ning

met Iyl pherfieReE 8 oo Ruily 2pd tlon s B S8 et RS eBRB Rt o

conposi t i opypeAsBRE At it 4364iRIGTS Suth ab QHEMehD Blohalhe) GifedipindTRelipaknf, I €l ease
conponent and a nodified rel ease conponent having a nodified release matrix
mat eri al awsesofndgyamwdonitraty; digarjc nyratdseagentsmstdin togaemettafhearndifartiérs, a8d ( a)

12 ik 58 SR R o A

chelating agents such as deferoxamine, and analogues thereof; anti-diuretic agents such as

desmopressin, vasopressin, and analogues thereof; anti-anginal agents such as nitroglycerine,
and analogues thereof; anti-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 component may be the same or different. For example,
a composition in which the first component contains a first active ingredient and the second
component 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

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



| R conponent % (wW w) MR conponent % (w w) Met hyl pheni date HQO May 2003
Met hyl pheni date HCO 14 M crocrytalline cellulose 40 Mcrocrytalline

cel lul ose 40 Lactose 45 Eudragit~ RS 45 Povi done 5 Povidone S Table 5 (b):
‘50 ng of IR conponent is encapsulated with 50 ng of nodified release (MR

conponent to give a 20 ng dosage strength product. IR conponent % (ww M
conponent % (W w) Met hyl phenidate HO 20 Met hyl pheni date HCO ZO

M crocrytalline cellulose 50 Mcrocrytalline cellulose 50 Lactose 28
Eudragit~ S 28 Povidone 2 Povidone 2 (e) |in vivo release In a hunman
cross-over biostudy, fasted healthy volunteers were dosed with 20 ng

nmet hyl pheni date HG _ c [ £l C i -ese jsnvent i t 0
oLy B! 874 b ke AR R SRR ot s EaRpREERET oG H b
t hese C0”p_oﬁiowdilﬁﬁimﬁbﬁthbfdﬁexﬁ@_cﬁbét;%k‘lH&&L’l‘@éﬁ%ﬁﬁohﬁd. 10 ng dosed twice at a
four hour interval). Phatmacokinetic assessnent was based on the plasma

| evel s of nethyl pheni date neasured by bl ood sanpling at regular intervals

up to 48 hours after admi.ni stration. Blopod sanples were acbso taken for pre-
and post - st udy séfé‘é‘?‘iﬂ?fé":‘“'lié?@‘?i %{egerﬁodﬁoglpf}m Whichiseapable by i | es

| abel | ed " A, lgiga s 5}@% a j Lb | oat i ng
Table 2 (vi Fi agg%@%%s&ggﬁp " ’(’?r‘%g?ﬁbg 8€§‘pﬁen§‘%:%§n°€??2§§q’f°}g"ggffi cles
coat ed W t htramspbrit agro$sithk G172 irf 2ni animal, s a%G haman e Eplaincers include bpt A6 fist
concentratigns of methyl pheni date observed in human vol unteers_after oral

admi ni st r at figkedto mpdiugh gham faty aqds; salts, eHsa. eihed and demativesthgrsaf, inclding

prepared ac i s dn. rofile i
qualitati veg&%i‘%g f\:&?&&éﬁ?ﬁ%&béﬁ o c%{)f&g B%E]g‘P ?éo?ﬁﬁgép%te S’te’@f“ %?ﬁ S

(1 abel | ed " reagingQithyleme dxidpwieh 4 Fatty\abidCh fatgnasdoRsls awilkyipherdd 6£5 sovbitanioral i n | R
gi ven sequentially, four hours apart. For the nultiparticulate nodified

rel ease comnplysirel éﬁy aeid 65tan: sytoekyomp £45) mbubitors, Rredynopeoteip inhikitossanddbolikti ng
to Exanple 1 aboye first k in the plasnma profile associated with

t he i medi a?’éﬂa ea%ze’ﬂg'gr?ﬁ(r)‘ho %Eﬁlﬁgscsalgﬁﬁs ‘ar in terns of c,u"~ and peak w dth
to the peak associated with the first dose of Ritalin in the control
profile. Profile A shows that the trough characteristic of the conventi onal
twi ce daily adni Rhepionertion of agtive iuengsli¢Tit cerfaipgd mrack enmpasicnpnay by thy sqme or

imcked b j ti d. di .1 he | ion. Pnfil
21 20 shous. ArERgf AARARIE R B USPR ERidipns e bife kR Bkl b °

concent r at i @ fict@ompohént tdi Hdwlylor Gtiéamtindtiedivittedie kel dfgedionesictivons, the
effect of the nodified release conponent is to increase plasnma ]

concentr at i inesedients) imtgsécond campenent. it aay Aneush syflisignttp glicit a therapewtisnd peak

| evel . This _gbserv ffec ,n_mplcs e .. JEr Fi it is
ci oar that CRERET oS St SR lrelfl Reledeabl el appliopl®, HaV  Brsded

accor di ng t @jtkdith MeFS@NSf dné\sabtArRIAll bt IR Rﬁ&%@ﬂlou’idﬁ’bﬁ@g &l Riixtire} faGethigRA!
(represented by the control) in ternms of the plasma profil e achieved upon
adm ni st r at ioherwigthjof epantiomoes. ThE aettve ingredientiiy prgfrsahly presert 1o ArerapasHIoNR &hs
according to_the inventi o s achi eved w t hout I in bioavail ahility
conpared to apgo |o|f %ogbél g 2PQimie, pgfz?rgg)y n mc amount &JH/Om ?—Sl%o mg. en t%e aghbve

ingredient is methylphenidate, it 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 characteristics for the release of the active ingredient from each of
the components may be varied by modifying the composition of each component, 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 present, the modified release coating for each of these
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pl acebo. Pharmacodynam c assessnents were conducted over a 9 hour tine

peri od which neasured both attention and deportnment as neasured on the
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first conponent conprising a first popul ation of active -

i ngredi ent-containing particles and at | east one subsequent conponent, each
subsequent co nent .co i, Sin subsequent. popul ati op of active

i ngredi ent - comiﬁ‘%‘b‘“bgﬁﬁlﬁ@& ?Ogﬂéefg@gﬁt\}gth%gapgﬁﬂ%ﬁpg} ¥l in the
first and cﬁH@éﬁéﬂMﬁﬁ arserua%ﬁw@;hsmmnébﬁcéﬁagssig n 8F dLRLEAE coifiGichls? the at
| east one subsequent popul ation of active ingredient containing particles
further comgiedisgmodifymgiafiy extipieitsarsbconongs wigclomay &k tpesseatt Feeexampie the
additionally, a nodifi eq}Fr el.ease. matri x material, such that the_conposition
fol | owi ng fBptemgens gy @M@JP‘C%I"PWF’%W fdersey Wécq‘_f?g‘ﬂ%iiléh‘t‘so_r _
active i nqLelefRittunlially Rl GpiR M lniscriol R IR dd fidl @lfooadl 11 ed
rel ease conposition according t l'ai m 1, erein the cdnpositior conprises
a first canpdrefir eaadplenetimeddslapedinimaiia exdeast corBponEheinnadich thamttiveui at e
nodi fied rel ease .conposjtion accqording to claim2, wherein the first
component l&@ﬁﬁ%‘éé?@ﬁﬂ %’#?é‘a‘i‘ Iy ingediately afisrsdimnclay dTherscandrompoasit
conponent .5 & fRdidhad, { Gheassy &ARRRIER plfitht sk modi fi ed
rel ease codrlw%'osi'ti on a@c’or di ng to cﬁg‘lqm 3%%‘\%3?%-{;@ t gﬁ#ﬁg{tﬁbﬁfb% éase
conponent altenpuvays tpae-tieleyedsuitamed telaserodedtérddd reddasa sangarhi ingvhich théhe

mul tiparticul ate dified rel ease crn&ggi_ti on according to claim3) wherein
the nodi f taHVE WRRE4ERt S ERIRtRE M 2 caswigled shign quer aniestenfed period aftime;
material. 6. The multiparticulate nodified rel ease conposition according to
claim1l, wherein the first popul ation of active ingredi ent-containing
particles and tAsewditbel sppstiacddyhireakiliedin thepn| teiepict abtupcd i the€plasma

i ngredi ent-containing particles cor‘rgri se the same active ingredient.
concentration curve will be influenced by the combination of all of these factors just

described. In particular, the lag time between the delivery (and thus also the on-set of action)
of the active ingredient in each component may be controlled by varying the composition and
coating (if present) of each of the components. Thus by variation of the composition of each
component (including the amount and nature of the active ingredient(s)) and by variation of
the lag time, numerous release and plasma profiles may be obtained. Depending on the
duration of the lag time between the release of active ingredient from each component and
the nature of the release from each component (i.e. immediate release, sustained release etc.),
the pulses in the plasma profile may be well separated and clearly defined peaks (c.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).
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according to claiml1l, wherein .the first popul ation of active

i ngredi ent-containing particles contains two or nore active ingredients 8.
+The mul tiparticulate nodified rel ease conposition according to claim1,
wherein the at | east one subsequent popul ation of active

I ngredi ent-containing particles contains two or nore active ingredients. 9.
The nultiparticulate nodified rel ease conposition according to claim1,
wherein the active ingredient conprises ?ybstantially one optically pure
enantioncr or a mxture, racem c or otherw se, of enantioners. 10. The~

mul tiparticulate nodified rel ease conposition according to claim1) wherein
at | east one of the first and subsequent conponents fiuther conprise an
enhancer . 11. Tfg phitrddiddiibdnd e AfliphitRllalcthaifen RREBOSIaRBofCCOr di N
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acti ve i ngrmedified releass componentnthe ynmedigtoselgss comporenheamapsising fitst pagulaorbout
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or mxtures thereof. .
subsequent madified release components may comprise a controlled release coating.

Additionally or alternatively, the second and subsequent modified release components may
comprise 2 modified release matrix material. In operation, administration of such a
multiparticulate modified release composition having, for example, a single modified release
component results in characteristic pulsatile plasma cancentration levels of the active
ingredient in which the immediate release component of the composition gives rise to a first
peak in the plasma profile and the modified release component gives rise to a second peak in
the plasma profile. Embodiments of the invention comprising more than one modified

release component give rise to further peaks in the plasma profile.

Such a plasma profile produced from the administration of a single dosage unit is
advantageous when it is desirable to deliver two (or more) pulses of active ingredient without
the need for administration of two (or more) dosage units. Additionally, in the case of some
disorders it is particularly useful to have such a bimodal plasma profile. For example, a
typical methylphenidate treatment regime consists of administration of two doses of an
immediate reicase dosage formulation given four hours apart. This type of regime has been
found to be therapeutically effective and is widely used. The piasma profile produced by
such 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 pseuda zero order delivery of the active

ingredient do not facilitate this wash out process.
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i ngredi ent-containing particles have different in vitro dissolution

. profiles. 20 May 2003 27 15. The nultiparticulate nodified rel ease
conposition according to claim1, wherein the first conponent is an

| mredi ate rel ease conponent and the at | east one subsequent conponent is a
nodi fied rel ease conponent. 16. The nultipariiculate nodified reieasc
conposition according to claim 15, whic}y in operation rel eases _
substantially all of the active ingredient fromthe first popul ati on of

active ingredient-cgntainihn articles prior t el ease of..the active
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modi fi ed swiheathwse soid uader it radeMadt Fudrapit'c$ andlamwlyvindracétaldicthylamine i n
vuro dissolution profile i us la 1s sugh,that .about 50 to 100 % of
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cont ai ni n bisl SlchSs tRbd: yiietshida; ~ ki i3 jon of the
conposi ti glr?@gtrslblﬁjacbout 30%?&@% % ot tﬁgﬂglgltdia% @ﬁﬁ’éﬁ%‘?kﬁgﬂ?%ed in .
t he subseaqarertlogeogadivn cavboxyimetint istaech| pajy erdiyd alcoled yakraxyethypeaiiulost, esethyd

rel eased between four and ei hoyrs after_ adm nistrat.ion. of the

Compost 1 SIS oK. FeiPd: B P eedased Foporlinken Py in hisgdhe degree of
accordi ng ' 0 [ kelr & | ' Llein
aqucous neacle K sq¥as Bolick G RRAR S vildsaR FPRSbH L #0 plbRle oy

cont ai ned niamiz, heddxypspyipetiulosd, ihydrozfprapylimethyiodiubese spuiyangipymilidgngar t i cl es

is released within four. hours of adgm nistration of tfhe_ conposition
cros;NI ed starc mxcrocrystall?nc 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 anhydride and styrene, ethylene, propylene or
isobutylene, pectin (m. wt. ~30k - 300k), polysaccharides 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 Mandeil C.
Ltd.); hydrophilic polymers such as polysaccharides, methyl cellulose, sodium or calcium
carboxymethy! cellulose, hydroxypropyl methyl cellulose, hydroxypropyl cellulose,
hydroxyethyl cellulose, nitro cellulose, carboxymethyl cellulose, cellulose ethers,
polyethylene oxides (e.g. Polyox®, Union Carbide), methyl ethyl cellulose, ethylhydroxy
ethylcellulose, cellulose acetate, cellulose butyrate, cellulose propionate, gelatin, collagen,
starch, maltodextrin, pullulan, polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl acetate,
glycerol fatty acid esters, polyacrylamide, polyacrylic acid, copolymers of methacrylic acid
or methacrylic acid (e.g. Eudragit®, Rohm and Haas), other acrylic acid derivatives, sorbitan
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t he subsequent popul ati on of active ingredient-containing particles is

rel eased between four and eight hours after adm nistration of the

- conposition. 21. A solid oral dosage formconprising a nultipariiculate
nodi fied rel ease conposition according to claim1l. 22. The solid oral
dosage formaccording to claim2l1 conprising a blend of first and
subsequent active ingredient-containing particles filled into hard gelatin
or soft gelatin capsules. 23. The solid gral dosage formaccording to claim
21, wherein the first and subsequent con‘ﬁgnents are separately and -

i ndependently conpressed into mnj-tablets and filled into hard or soft

gel ati n capstarseraturahgums, fecihing, gegiing plgugicspmmerrapigintsy sndigmcalciym,i m 21,

wherein the first ne i ressed into the firnst |ayer of

mul ti | ayer POSBYTER aﬁ%@%ﬁg‘[&gyle&e@\g‘%m3%@%&5%%%& i S‘r‘r%’oaﬁeaﬁ@{‘f’ Z‘“@%@?‘;&%‘s ed

i nto a subspew eafadaAthéar@bednk Gubt kirthay ferb@RERY and Afixtulditing Blends @ERbf, dOsage -
formaccording to claim2l) wherein the first and subsequent conponents are

i ncor por at etk will tee apgrscidied barithegsrsoniskilldd inethe arft caxeipi@6. suthes pladticdersy al dosage
2T ot - ol duprgE, SalFR g8 Ptk may Deaded s e colits. Sebleastosrp ekt
for “the trokinbleabdyRedaidptiocrac T hinp) S OERAS WA dtind RAICOTCN
patient tolphtiakutes dimethyiphtilate; ethy] phttalyl ethyl glycolgtepglyestin; propylene glycol;

triacetin; citrate; tripropioin; diacetin; dibutyl phthalate; acetyl monoglyceride; polyethylene

D

glycols; castor oil; triethyl citrate; polyhydric 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 phthaiate, di-i-decyl
phthalate, di-n-undecyl phthalate, di-n-tridecyl phthaiate, tri-2tcthylhcxyl 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 material,
any suitable modified release matrix material or suitable combination of modified release
matrix materials may be used. Such materials are known to those skilled in the art. The term
“modified release matrix material” as used herein includes hydrophilic polymers,
hydrophobic polymers and mixtures thereof which are capable of modifying the release of an
active ingredient dispersed therein in vitro or in vivo. Modified release matrix matenials
suitable for the practice of the present invention inciude but are not limited to microcrytalline
cellulose, sodium carboxymethylcellulose, hydoxyalkylceltuloses such as
hydroxypropylmethylcellulose and hydroxypropylcellulose, polyethylene oxide,
alkylcelluloses such as methylcellulose and ethylcellulose, polyethylene glycol,
polyvinylpyrrolidone, cellulose acteate, cellulose acetate butyrate, cellulose acteate phthalate,
cellulose acteate trimellitate, polyvinylacetate phthalate, polyalkylmethacrylates, polyvinyl

acetate and mixture thereof.

A multiparticulate modified release composition according to the present invention

may be incorporated into any suitable dosage form which facilitates release of the active
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mul tiparticulate nodified rel ease conposition according to claim1 in the
preparation of a nedicanent for the treatnment of attention deficit

di sorder. 29. Use of a nultiparticulate nodified rel ease conposition
according to claim13 in the preparation of a nedicanent for the treatnent
of attention deficit disorder. _ 30. The conposition according to claim 3,
wherein the nodified rel ease conponent conprises a pH dependent pol yner
coating that releases a pulse of active {ggredient fromthe nodified _
rel ease conponent following a delay tine. 31. The conposition according to
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Preferably, in operation the composition of the invention and the solid oral dosage
forms containing the composttion release the active ingredient such that substantially all of
the active ingredient contained in the first component is released prior ta release of the active
ingredient from the second component. When the first component comprises an IR
component, for example, it is preferable that release of the active ingredient from the second
component is delayed until substantiaily 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 2 madified release coating and/or a2 modified release matrix

material.

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
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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

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

Coating formulation (iv) (iv) (iv) v) v)
Coating level 10% 15% 20% 10% 125%
(% weight gain)
Time (hr) % Active ingredient released

1 3.5 0.9 1.1 1.3 1.0

2 134 54 29 6.1 2.9

4 47.1 22.5 13.8 42.4 21.2
6 80.0 52.0 36.9 77.5 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 components formulated with coating
solutions given in Table 2

Coating formulation | (vi) (vi) (vi) (vi)y* (vi)) (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 3.9 0.6 3.8 2.1
2 80.6 9.8 0 0.5 52.0 124 14 3.1
4 922 435 10.1 440 85.0 616 437 89
6 939 616 299 802 899 753 724 369
8 943  67.5 484 690 914 796 792 639
10 94.4 - 60.0 - - - 795 734

(the notation “-” indicates no measurement taken; “*” indicates pH of phosphate buffer 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 a2 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 72.2 §1.8

10 76.6 87.0

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

pulsed manner. A first pulse occurs before 1 hour followed by 2 plateau region where the
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release of further amounts of the active ingredient is suppressed. The plateau region is in
turn followed by a second pulse of active ingredient release as indicated by the increase in

drug concentration from 4 hours onward.

Example 2. Multiparticulate madified release composition comtaining methylphenidate.
Multiparticulate modified release methylphenidate compositions according to the

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

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

in Table 5 (a) and (b).

Table 5 (a): 100 mg of IR component is encapsulated with 100 mg of modified
release (MR) component to give a 20 mg dosage strength product

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

Table § (b): 50 mg of IR component is encapsulated with 50 mg of modified
release (MR) component to give a 20 mg dosage strength product.

IR component % (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
In 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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bioavailability of methylphenidate HCI in these compositions relative to Ritalin® (Novartis;
'10 mg dosed twice at a four hour interval). Pharmacokinetic assessment was based on the
plasma levels of methylphenidate measured by blood sampling at regular intervals up to 48

hours after administration. Blood samples were also taken for pre- and post-study screening.

Referring now to Figure 1, the plasma profiles labelled “A” (modified component
comprises IR particles coated with coating Table 2 (viii) at 30 %) and “B” (modified
component comprises IR particles coated with coating Table 2 (vii) at 30 %) correspond to
the plasma concentrations of methylphenidate observed in human volunteers after oral
administration of the multiparticulate modified release compositions prepared according to
Example 1. In both cases the plasma profile is qualitatively similar to the control, typical of
prior art treatments (labelled “Control” in Figure 1), which consists of two doses of Ritalin®
IR given sequentially, four hours apart.

For the multiparticulate modified release composition according to the present

invention prepared according to Example 1 above, the first peak in the plasma profile

_ associated with the immediate release component is similar in terms of c,,, and peak width to
the peak assaciated with the first dose of Ritalin® in the control profile. Profile A shows that
the trough characteristic of the conventional twice daily administration (as exemplified by the
control profile) is mimicked by the composition prepared according to the invention. Profile
B also shows a significant fall off after the initial peak in plasma concentration. For both
multiparticulate modified release compositions, the effect of the modified release companent
is to increase plasma concentrations four hours after administration resulting in a second peak

level. This observed effect again mimics the control.

From Figure 1 it is clear that the multiparticulate modified release compositions
prepared according to the present invention mimic a typical twice daily treatment
(represented by the control) in terms of the plasma profile achieved upon administration.
This in vivo release of methylphenidate from compositions according to the invention was

achieved without any loss in bioavailability compared to Ritalin® dosed twice daily.
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What is claimed is:

1. A muitiparticulate modified 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, 2 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 modified release component comprises particles having a modified release

coating.

5. The multiparticulate modified release composition according to claim 3,

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

6. The multiparticulate modified release composition according to claim 1,
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 multipanticulate modified release composition according to claim 1,
wherein the first population of active ingredient-containing particles 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 more active ingredients.

9. The muitiparticulate 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 1 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 muitiparticulate 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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15.  The multiparticulate modified release composition according to claim 1,
wherein the first component is an immediate release component and the at least one

subsequent component is a modified release component.

16.  The multiparticulate modified release composition according to claim 15,
which in operation releases substantially all of the active ingredient from the first
population of active ingredient-containing particles prior to release of the active

- ingredient from the subsequent population of active ingredient-containing particles.

17. The multiparticulate modified release composition according to claim 1,
wherein the 1n 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 virro dissolution profile in aqueous 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 afier

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 is released within four hours of administration of the composition
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21. A solid oral dosage form comprising a multiparticulate modified release

composition according to claim .

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 claim 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 multilayer tablet and the at least one

subsequent component is compressed into a subsequent layer of the multilayer 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-melit tablet dosage form.

27.  Use of a multiparticulate modified release composition according to
claim 1 in the preparation of a2 medicament for the treatment of a condition which is
characterised by the build up of patient tolerance to the at least one active ingredient

contained in the composition.
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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.



