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prevention and treatnent of organ transplant rejection
and aut oi mune di seases such as psoriasis, rheunatoid
arthritis, and other rel ated di seases and net hods for
maki ng and using the conposition. The conposition
conpri ses cyclosporlne The cycl osporine may exist in
nanoparti cul at _ ing an
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imunity and, to a greater extent, cell-nedi ated
reactions such as al | ograft rejection,




del ayed hypersensitivity, experinental allergic
encephal onyelitis, Freund's adjuvant arthritis, and
wanredet11689r sus host di sease in many ani nal specPes/US206/a13637
variety of organs. It has been used post-allogenic
organ transplant to reduce the activity of the
patient's imune systemto |ower the risk of organ
rejection in the case of transplants of skin, heart,
ki dney, |ung, pancreas, bone marrow and snal
i ntestine. Apart fromtransplant nedicine, cyclosporine
is also used in treating psoriasis and rheumatoid
arthritis and rel ated di seases, although only in
severe cases, and has been investigated for use in

t r eaBPHistivghyeoedndain tha isimiatie lagtaso Fiag byt thetcepkalptpoin
taken | BugORbHAGh 88 RO COIAGL A ome NBE &itlns and
recently, "cycl'dsporrne hds Been used’successtulrtyin

t r eakhi@chBhd. Substitetidd 6f dif@rdnt oide ¢hsiak oh itecepBhlobpdtin ring
Experimental evidence suggests that the effectiveness

of c§vesivsviaratiensindhe spasirypeed activity Aad fuspéips obpetion.

i nhibition of imunoconpetent |ynphocytes in the GO -

Gi - f the cell le. T-1ynphoeyt o
3 et or entCaTlSPaiE Eturkl i et ey BY 1S il Shigrgpiat
t ar ggfopeick NDMOrst BhIoSpRRIsBS SR desi8hatedBYst %EE&&Q&] while

suppressed. Cycl osporine al so inhibits |ynphokine
pr odlagari mareaerdendsd speciruiom e¢nhdlasgoring wetealtasified agisecond
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(al so known as cycl osporin is:The drug is sold by
Nov a#gainst gnereorganisnisranging Aivos aSANDIangNETehiceneim-positive and

NEORAL(r). NE L. nd SANDI MVUNE(r). .differ in.that.
NECRA T cabES PRtk SR BB A bt AL yetsth Pl b Bains
SANDb MBI Fekistane SHESb I DRE B uVIide A SRSkillin-resistant
corticosteroids is recomended. Generic cycl osporine
28r ug8ataeriibsén/lpredduced by conpani es such as
Sangstat, Abbott Laboratories and Gengraf. A topica
enmul si on of cyclosporine for treating
keratoconjunctivitis sicca has been nmarketed under the
trade nane RESTASI S(r). The absorption of cycl osporine
fromthe gastrointestinal tract2is inconplete and

vari abl e. Peak concentrations (Crax ) in blood and

pl asma are achi eved at about 3.5 hours. Crax and area
under the plasma or bl ood concentration/tine



curve (AUC) increase with the adm nistered dose; for
bl ood the relationship is curvilinear (parabolic)
woebosaaoso® and 1400 ng. Cnax i s approxi matel y BCD/US2006/013637
ng/ ni L/ ng of dose for plasma and 2.7-1 .4 ng/niL/ng of
dose for blood (for Iowto high doses). Conpared to an
i ntravenous infusion, the absolute bioavailability of
the oral solution is approxi mately 30% based upon the
results in 2 patients. Cyclosporine is distributed
| argely outside the blood volune. In blood the
distribution is concentration dependent. Approxi mately
33% 47%is in plasma, 4% 9% in | ynphocytes, 5@612@6in

granul ocytes, and 41%58% in erythrocytes. At hig
concent r dt¢lsprenemivoxipiyskechisridee aReyipted GIARN- PI IS offered under
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problems “of stability, drug bioavail

var i eithlai hyleculat weipht of622.1 ht The gatdtwanl fomlmahl o feGFIRYGE is:
I n addition, because cyclosporine is practically
insoluble in water, conventional cyclosporine tablets
di ssolve the drug in potentially toxic cosolvents, for
exanpl e, propylene glycol. The daily dose of

cycl osporine nust be given in two dIVIdedhe% s Mand
shoul d be adm ni stered on a consisst en Uf wh,t h
regard to tine of day and in refatpggg I Thuge - k0

there is a need in the art for |cyél orifne
conmposi ti ons whi ch over comeltesy 'gbnnblens
associated with their uf&\THe pﬁesgnf |nvent|on t hen
el ates to a conposition for the controlled rel ease of
a cyclosporine. The present invention also relates to
a nanoparticul ate formul ati on of cycl ospori ne having

i nproved GOFPEVEIik akitidetty palbRRlpwameRhité, RyRBdlifdpakhé& or mass.
relates to a conposition for the control I'ed release of
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15N asdhubls & iMaker Oand ﬂ}aaldéﬂ?%{s@ﬁibl@ﬁ{(ﬁeﬂh&ﬂ&heﬁanner or
an i medi ate rel ease nanoparticul ate conposition with
i mproved bloavallablllty The present invention

further relabes beysolld RLapiosagel P, SORLA MM ered

such a cont e or
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stabilizer. The '684 patent does not describe
nanoparticul ate conpositions of cyclosporines. Methods
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No. 5,510,1 18 for "Process of Preparing Therapeutic
Conposi tions Contai ning Nanoparticles."

wolanwpaesor cul at e conpositions are al so descri bedT/uSem6/013637
exanple, in U S Patent Nos. 5,298,262 for "Use of
lonic Coud Point Mddifiers to Prevent Particle
Aggregation During Sterilization;" 5,302,401 for
“"Met hod to Reduce Particle Size G owh During
Lyophilization;" 5,318,767 for "X-Ray Contrast
Conposi tions Useful in Medical |Imaging;" 5,326,552 for
“Novel Fornul ation For Nanoparticul ate X-Ray Bl ood
Pool Contrast Agents Using Hi gh Ml ecul ar Wi ght
Non-ionic Surfactants;" 5,328,404 for "Method of X-Ray
| maginagfitiss Pergprreftn ahscess, PrasyrgdlaryPeibipanigilit eae bronchitis,
5,336,507 for_"lUse of ar ged,Phosphol i pi ds. to Reduce.
anoB TR SsesR P Eon e g nE OB sk s b e
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and I ncrease Stability;" 5,346,702 for "Use of -
Non- ingiaiieriae gufectei nterivs aineatis daeryNEydtitiszieordeolum, tarsadenitis,
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MagNBrafia MBI RB& rRals, IFstRsichtn MY R bBalresNaVeBsiella sp.,
Enhancenent Agents;" 5,429,824 for "Use of Tyl oxapo
18s afreipobactei sl Sarearft sibi Pordeus;sp., Blagenalicompiganii, Providencia

" Met hod,f or I ng, Nanopartjcul ate X-Ray Bl god.Poq

Cont PSP Rt e ORI SR RET Gatisr i Rt MG ot
Sur f BeheRils sp. @x80ding3-ebaklla KRBy addPEdAGHibacterium acnes.
Conpositions Useful in Medical |Inmaging;" 5,466,440 for

"Formul ati ons of Oral Gastrointestinal Diagnhostic

X-Ray Contrast Agents in ination.wthe, . .
Phar racout PR PG Dsb 2 FECR AT BRI B bigh thgppentic value

15Met ke dhofredinemastibagteNanpietiohs.| 6ivepthaidephaldsporins such as
Cont ai ni ng Charqed Phosphol i pi ds to Reduce _ )

Aggr edearican pivosl aquigggak askminigiabion thrpe timgs daily, strict patient
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Syst @tantippgf heplth wrewerkezgandeontnpepterthe bighsgost agspgiged with

or [ - f " NanQpakrt i cul . .
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Agenhéed in thebatbfos 28phdddspoNaroppobitiont #hechldvagd@sd these and other
Di atri zoxy Ester X-Ray Contrast Agents for Bl ood Poo
and Piphisastasgocsyed withithaysawf cephalgegm®ring foxf the trepinarné 6§
of Pre [ Contrast Conpositions Containing
Nano‘%%?%u{a?: F]g%&(l%%é 552,160 for "Surface Modified NSAI D
Nanoparticles;" 5,560,931 for "Formul ati ons of
Conpounds_as Nanoparticul ate D spersions in Digestible
26 | s or Pehetpressat wyention B, relgesttga comgloyisioryipethe controlled

Bl oc [S.as. Sun . ifiers f.o .

Nanoiriy & dRhibeRs: 1) BEFisI o Bidel Shusntioppelaes to o
Bl octorkepaton it idpbacibadeliags oh ablivd dphaleg@drin) @scH 4
Nanoparticl e Conpositions;" 5,571,536 for

" For ¢Rftapenopy osil ovaHisdhergst, ar a Ralselerariie glcanant zero order
Di spersions in Digestible Qls or Fatty Acids;"
5,573,749 for "Nanoparticul ate 2 agnostic M xed

Car boxylic Anydrides as XRay



Contrast Agents for Bl ood Pool and Lynphatic System

| mgi ng; " 5,573, 750for "Di agnostic |nmagi ng X-Ray
waQanieriaetn7 Agent s; " 5,573, 783 for "Redi spersi bl eCT/US2006/013637

Nanoparticulate Film Matrices Wth Protective

Overcoats;" 5,580,579 for "Sitespecific Adhesion

Wthin the G Tract Using Nanoparticles Stabilized by

H gh Mol ecul ar Wi ght, Linear Poly(ethylene Oxide)

Pol yners; " 5,585,108 for "Fornmul ati ons of Oral

Gastroi ntestinal Therapeutic Agents in Conbination

wi th Pharmaceutically Acceptable O ays;" 5,587,143 for

"Butyl ene Oxi de- Et hyl ene Oxi de Bl ock Copol yners

Surfactants as Stabilizer Coatings for Nanoparticul ate

Conpisisase Biggner. g hsgresenipiny gptiompupthegreigies ioxsekid wral Hlosage

Hydr .0 ilizer;

5 5o s sop et BB ReARRE EhBe B o

Stabilized by Non-ionic and Anionic Stabilizers;"

5,622,938 for Based Surfactant for

NanoEWQIHPél‘IOPS(%QEI%EVVEN FIOMr oved For mul ati ons of
al Gastrointestinal D agnostic X-Ray Cont rast Agent s

and Oral Gastrointestinal Therapeutic Agents;

5, 643, 552THeqslasniiapofidy 4ss6¢iht Gvit t’h@ﬁﬂﬁﬁﬂl@trzmo&&ffa drug

Carboni ¢ Anhydrides as X-Ray Contrast Agents for Bl ood

Pool comRpUnd AR desaylededh 4 rm@qaﬁbe profle/ 1n gyhadgpylegs of high

Phar. ica
Su bs% ﬁ%@gﬁ QINE‘EO%%]%ETS? f oreO’Irs W) p‘glrtl{ﬂao & ncég{r?téon tr?l‘éghs are
the d¥sepviedantpulsatile bfileiontARian two pedlidsimbPBe H&¥cribed as
" Aerogsol s Contai ni ng Becl onet hasone Nanoparticle

19§ spdimpeas; Simslagy42 epmpesiiion meridesepe forar which produces such a
Intr \ e r L LIl a n

| R DR P bERRARE B Bl RO T B0

" Nanephylet@drin. ne For mul ati ons of Human

I mmunodeficiency Virus (HV) Protease |Inhibitors Using
CeI | ul osic Surface Stabili zers "6, 068 858 for

" Met hods ng)g] N
Human | m’réi}Ino |ﬂ§?gn %\/d %5% @S%S ase lﬁ?‘%‘lﬁt{e cr)?lgase
1 EJS | N@RCébdage Ggircis Sdﬁ‘fn&@l@reﬂt aakpehbdle ﬁﬁtﬁrvaf& tipizaldy Bivicd Fise to a
"I nj ect abl e Formul ati ons. of Nanoparticul ate Naproxen;

6, 168550k platma Reafjlsdpithis patse 2 petlrindhe iatgaires eQleghiEation is
Napr
Ui iy R R alidl of SR TRARSE it GO 4RI B Bow arug
I mmdﬁftramlbﬁhd@x/emldm@bétbdlebﬁ chliset@dgeadniihisithfi® Sine points.
6 264 gzqz for "Nebulized Aergsols Containing
tdosage epigiss (andbihsirregitagtpwsaile elfasmmcrﬁig@ have
or P.

26 o TR S KT il it derifle SHEbis Gt R RAMGR or
PEGdﬁemp\]mttheZ\eathmm péﬁo@@r@tﬂefdageth&fﬂbbfﬂof ﬂ[eSplﬁsiﬁa
Nanoparti cul at? osi tions; 316, 029 for "Rapidl
Di siRPegrRtiPRgT B¢ Vebaqweeaea@@ Ir2g PRgn ﬂ)@ushteosbg@ ributing

Sol
synargr SR SRR BB Bl R SRR LS Srfes
Stabilizer and Di octyl Sodi um Sul fosucci nate; "
6,428,814 for "Bioadhesive Nangparticul ate
2%onposi t MEHEPHEGH AL roedifish |centselfqdd@1@a@ GPMPgsitions similar to

6 4%&0 §7<§?cfcl)<?§eg} ?gg{ JTlrre]:g%‘f%l@seM {i Jclzuf?l@(‘fi ju rh?%%l%ﬁjstﬁt% Patent
and/Nos. 6228139Gasd KH303RSttb MRlvardd &Qtl botHbf wfhichvdiib GdvogsRated
specifically incorporated by reference. In addition,

U.S. Patent Application No. 20020012675 Al 5publi shed

on January 31, 2002, for "Controll ed Rel ease
Nanoparti cul ate Conpositions, -s5descri bes

nanoparticul ate conpositions, and is specifically

i ncorporated by reference. Anorphous small particle
conpositions are described, for exanple, in U S.




Patent Nos. 4,783,484 for "Particul ate Conposition and
Use Thereof as Antim crobial Agent;" 4,826,689 for
woObdchieagof or Maki ng Uni formy Sized Particl es PCODMIS2006/013637
Wat er - I nsol ubl e Organi ¢ Conpounds; " 4,997, 454 for
"Met hod for Making Uniformy-Sized Particles From
I nsol ubl e Conpounds; " 5,741,522 for "U trasmall
Non- aggr egat ed Porous Particles of Uniform Size for
Ent r appi ng Gas Bubbles Wthin and Methods;" and
5,776,496, for "Utrasmall Porous Particles for
Enhanci ng U trasound Back Scatter." Because
cycl osporine is practically insoluble in water,
significant bioavailability can beePEOQQe ticC. heﬁef d
i s &ynefetenica hergin. A of the relayamb RFET &1 h S B98P Retoun
fornul ati ons which overcone this and ot her problens
assm%?gPed with the use of cyclosporine in the
prevention and treatnent of organ transpl antrejection
and aut oi mune di seases_such_as psorijasis, rheunatoid

art hri ti dcceidinady.rikis apabigctaf thegugieatnvepflonfodrayfic a

% nvent &iﬁ?@?@;a{e%%c%eh pél%as@ %;3 odifien Rb&affHe h Be\!&ﬁlds@& in,

heﬁ?ﬂ t'0 a nanoparticulate cycl osporine
CONRR&fetdbBN cdfeapehb givok i e atsalb thaesf, whihtineperatibn praghiges 2
transpl ant rejection and autoinnugg di seases gucg asy
psomilassiasprofilfeiuhaieniialyaympar to 1€ PAsPadyA gffuged §y the
di seases, A IesEd | EmPERRANEquNENY.I on
fur taﬁgpnlrsgf%g?ne@st%) %gg?ljragﬁﬁigg%ée‘%easg con‘p%si tli lg%
conprising such a nanoparticul ate cycl ospori ne.
DESCRI PTI. ON OF THE | NVENTI ON The presen& i nvention ;
19el ates tloisa ehepdiest efitheiBvEBIopde PR %H}’tht‘ffaﬁlﬂﬂa ©
cyclosporin M08 WA o &Rl halosporin,
mandBe el isest G ERGE WA AR oRR1vers 3 cophelosp
one grefckate cofeaptinkiprexilagsonbighieroof, ithepslsatilagenotr. t he
cycl osporine particles. The nanoparticul ate

cycl osporine particles have an effective average

particl e Sl ffe Ubid? 3P mbRALAMBRY tolr BB AT MipltRIRiAhodified
A preferre osaée ormof the invention is a solid
190s agRab®tdmpafitidiowich anystattallyacienits thelphprmawoiqgies aad
dosage formcan be utilized. Another. aspect of th
v eerpA e et P RN AR BT CAIHE S gSLF IR gRsaee
COMpPLI Si ticul ate cycl osporine particles and
at I°g§§%%ﬁ@%§ f@g%gﬁstabilizer, a pharmaceutically
acceptable carrier, as well as any desired excipients.
Anot her aspect of thg invent{on IS directed.to a

nanopar t i ARTREEOtISRE 0B RIS PIFaT RYRREY 1t RTOSS 7 ﬁ’éﬂtg%? rticulate
l,TPr OV ki ' 0 it Aia P IRRICESHot Qiminates the
280nv%ﬁ?ﬁ%ﬁggkgggﬁﬁgggﬁ#ﬁé 1ornulatigng.Amother
enmbodévispmet of patidnn waerhh@ntoi ascephalespath, posferably cefcapene
nanoparticul ate cycl ospori ne cqonposition conprising

one BWOﬁﬁpéaé@&ﬂ??%ﬁéﬁ%g%ﬁﬂﬁﬂﬁﬁgg%sefuI in the

prevention and treatnent of organ transplant rejection

and aut oi mmune di seases such as psoriasis, rheumatoid
arthriti sAnather etijberof el iavedioni is tmpreyiderhingltipatisuiatemodified
further discloses a t hod. of making the inventive
Hanopease comReELey & g{ﬁﬁgﬁ firat Ia%ﬂﬁ%Q? iy Fsﬁ’:all‘§88ﬂ“ Sy released

met had SOy \?\f &cﬁt%xf’s@xraﬁ&g ahd'8 sBYRARREH LK tBE Gctive ingredient
cycl osporine th at least one surface stabilizer for

a ti iEreaseduagaily eberdintinviabdelay perdodcinta bioqdebwiagRera
stabilized nanoparticul ate cycl ospori ne conposition.

The present invention is also directed to nethods of

treatment including but not limted to, the prevention
and treatnment of organ transplant rejection and




aut oi nmune di seases such as psoriasis, rheumatoid

arthritis, and other rel ated di seases using the novel
waanmwpaedor cul at e cycl ospori ne conposition di scPOs82006/013637

herei n. Such nethods conprise admnistering to a

subject a therapeutically effective anount of a

nanoparticul ate cycl ospori ne. O her nethods of

treatment using the nanoparticul ate conpositions of

the invention are known to those of skill in the art.

The present invention further relates to a controlled

rel ease conposition conprising a cyclosporine or a

nanoparti cul ate cycl osporine which in operation

produces a plasma profile substantially simlar to the

pl asna pronether ghied vé st prgsanh vadnomissb fatnindatedhe domge forms

or i late rel e (IR d forms given )

O B Bl e A e 8RR R L

whi ¢ borifblleR fe9s@gigorstm defivadit Bhit g8 brdRe FsRdhn%or 12 to 24

intervals typically give rise to a pulsatile plasm

profh?@$4n this case, a peak in the plasma drug
ncentration is observed after adm nistration of each

I'R dose with troughs (regions of |ow drug

concent r alh@hdr SHYAR 0P BiNEVERINEE B FRVRRGULLNSarticulat i

adninistration_f?ne points. Such d%gage regiﬁ%s“?éh%nmdﬁmd

t hei felgase gpmpetitiputanabld of rpleasinga peptfaldspedin imw dimodal or multi-

partj r. pharmacol ogi.cal and erapeutic. effects

ass oi_élﬁglfﬂg.aa wit 1§ ‘fvﬁéchhaglﬁ—rgfp(gﬁ%ﬁ E],e atcﬁ?ée {Rsteassst SIHF i od

pr ovingigedikigly featferlaldelyftié td HBviRleaS s LH H%@% I’Jl@eﬁb 3hd one or

of the active agent between peaks has been thought to

I9e amesmadditinmal pertioas pbtheiagtiveawatlegsedreaph efiert tespective lag

pat i rance.to yard ou es of drugs. The

pr esgﬁ% t{s ﬁ%/oglﬁ(%l K lt?%ﬂarﬂlélﬁesrciﬁéﬁggé‘?aée‘a control |l ed

rel ease conposition conprising cyclosporine or a

nanoparticul ate cyclosporine which in operation
pr oduces 4ngheibiech pbthel ivventian ieto provaesslid hel dpsake frms

and " s" oduced by th dm ni strati.on of _.two or
o e P S DR P o i
1pr of inkentios. beneficial. This type of profile can be

obtai ned using a controlled rel ease nechani smt hat
allows for "zero-order" delivery. Miultiparticul ate

dified l. iti iml t
Those di STOLIgEPLhEERaRaf SERGE o Stnctid arich chy dosase
t he foRhtofd cSplalespoRatsath ad\QFeapend BRoRA 1A if olgé)l%tig’@ﬁ

to Devane et al; both of which are incorporate
r ef diefesss A@fasme. prafile sybstanféallyetimilanto the pasmamprofile produced

hi pel 0 f.ound.therein., It is a further
2boj e Eptp Rl RS RO R Guptsiee v
r el eegeentialipasd binfethofos frehtinddP 6F BAdi&ihl LS Bastd on the
cycl osporine or_a nanoparticul ate cyclosporine in a

pul Sapfipistratigmelsush aglogagedounder nanner. Anot her

object of the invention is to provide a controlled

rel ease conposition which substantially mmcs the
phardETAIDEDCE ESTURIPITON o THEEN veiNsrigeduced by the
adm ni stration of two or nore IR dosage forns given
23equential ly. Another object of the inventionis to
provi de olql: | ease .conposi.tion ich..

subst ant ?g? ?g&feeé(}; %gss Er%rrgaefzfa i Pf&tn@él“?ﬁ ICB%%WQMFCIG?SG
pat icefipotitibe haviag atfirsticomyfinesRAuRRifY a first population of
nanoparti cul.ate cycl ospori ne Present In the

C onﬁ@g};ath)s(gﬁym particles, preferably cefcapene pivoxil and salts thereof and a

-7 -



Anot her object of the invention is to provide a

controll ed rel ease conposition in which a first
weantei1ae8onf t he conposition, i.e., a cycl ospor PAE/US20068/013637

nanoparticul ate cycl osporine, is released i medi ately

upon adm ni stration and a second portion of the active

ingredient is released rapidly after an initial delay

period in a binodal nmanner. Anot her object of the

invention is to fornmulate the dosage in the formof an

erodable fornul ation, a diffusion controlled

formul ation, or an osnotic controlled fornul ation.

Anot her object of the invention is to provide a

controll ed rel ease conposition capabl e of releasing a

cycl 6%?685 COIBPYRCNA CORRBPAL fiseeAngdtropelation o eenhagspprnn garticles,

bi nmo [ er. i n..whic fir portion

of "t pereragly Semps Rt biy i A Sl et RS ang e

a debantaihinggpatticl@y efithel secdnp ebmPosdnt Afdihatedl WAR & nidiified
one or nore additional portions of the cyclosporine or

a nalftisar coatineatierpby dy vopididonaly, dieswesen] pelaionsof
€S p@{p&%fé@g&rﬁgcéﬂtﬁﬁ n§tp%11|%’lgs\éﬁgt$e€god1{qéljis%§g:{?&{hgcs%l&fse matrix

drug ase durlng1 perio

hour matrial. Fetlowhjgeshl @dliviehe thaWweRids@ibn i operalbR WbBers the
solid oral dosage fornms conprising a controlled
reIéﬁ?@a@QWﬁ5§W@H6H“ﬁ%%ﬁﬁﬁ@@hg a cycl osporine or a
nanoparticul ate cycl osporine. O her objects of the

i nvention include provision of a once daily dosage
form of dneyctfeapdembedidiend the RPN HiciIAB I dified release
cycl osporine which, in operation, produces a plasna

187 of §arePasitipatod Hes piergnt dnventien cemprises apfirsserampoment Which is an
Pr odiifiichibY R AAMBLSLY ation of two i mmedi ate

rel ease dosage Form grven sequentially and a nethod
for prevention and treatnent of organ transpl ant
rejection, and autoi mmune di seases such as psoriasis,

r heumat oi ‘drearqdiiied redeasa peptierapplipd fathe dedindqmpuaktibaséd

on t ]y ] . sage.form T boye

o PRI UL, UG TR SRR DISERSm ne
18 onpforst papwiutioa\if agtee ddphalosE@Peenhing PARINS 74 tBe release of
flrst.pogplﬂglon of ac QlosFor[ne or a o

nandis4v¢ fem e ée@gﬁélpé@]é'éﬂplﬁ el a¢iivg cgphdlesporinenostaining particles.
sub ; t.Qr | ation conprisi

su bgsgg%gﬂ > tgg glltﬁggrfci%oorﬁolpf)%}lg}c 663%%8Firrhagr1n.?na erlarfgn 81e second

nangeanlation bAadiveyweble pgorineontbiting particles causes a lag time
i ngr.edi ent - contai ning_particles of the subsequent

compSHETR theFalerse of vabialosperin fraptiheifisst noenletio of
e e R T

matrix materi al,
c onmsessindi pppulation p€ petiviedng@dichy ediaiding a0 The @uftiod of the
nani$att|cul te cyclosporine, in a pulsatile or zero

or dét8 WRR Y beryagied by adisting Hieaippinesition;anilios she amount of the

con : . Lver cl ospor.i ne a

S S R R R e e R T A,

f or mddifiecdoreldase matronmeesiapetiliRdSThisg HeaRldtiort §@Re lag time can
2$ef$r§,.and ref erab) y. once-a-day adm nistration,

ncP& §$ﬁﬂxﬁgﬂF@ﬁPa Rigehplasaepeide.conpl i ance. The
mechani sm of controlled rel ease woul d preferably
utilize, but not be limted to, an erodable

f or mul at Bevapsatheipldsusi mofikonbaedddasd the kuigt-iianatRsbdfed
osnotic contral.led formu] ati on. Aportion of the total

dosEIFASy CBRPPY[ieaNRen pefStAtien ys substantialy finvilar topthd plasma
onset of effect. The invention would be useful in

i mproving conpliance and, thergfore, therapeutic

outconme for all treatnments requiring a cyclosporine or

a



nanoparticul ate cycl osporine, including but not

limted to, the prevention and treatnent of organ
wonremssipésant rej ecti on and aut oi mune di seases BATWSaA®6/013637

psoriasis, rheumatoid arthritis, and other related

di seases. Thi s approach woul d repl ace conventi ona

cycl osporine tablets and sol ution, which are

adm nistered two tinmes a day as adjunctive therapy in

the prevention and treatnent of organ transpl ant

rej ection and autoi nmune di seases such as psori asis,

rheumatoid arthritis, and other related di seases. The

present invention also relates to a controlled

nodi fied rel ease conposition for the controll ed

r el 98l f’o@fOQH%WdeB éfmifEsteation Qféwopamqr@ IR dpsage forms given

cycl sent_inve

41 o BROAG sAmBE conl dRe TSR bR E G S presen
operiavemtionais pyticaBPgnissfl Gr aAniARRPIAL cbphI@p8rin, particul arly
cyclosporine, in a pulsatile or zero order manner,

pr ef ieameye BPKHGT Sﬁéﬁhe@@f@f wblcmatlmtﬁolpm@@n malyher s.
}'h € aﬁ%ﬁ%ﬁﬁttmﬂp )fﬁ{gtlﬁlﬂﬂﬁglltj’ ( Elligl Ak nIPch F' al eg'lfa%ﬁ% ecéglé)osmon 1sI therefore

dos orns contai ni

co n'pmhfahﬂagébus Hoefedniagl of eiihingilingdhd 8&vRAAndn® BFyﬂttfﬁn't flerance
are erodable fornulations, diffusion control

f or rigIthe pEHS ingredisaistthe cemnesiéom.ed for mul at | ons

According to the invention, a portion of the total

dose may be rel eased innediately to allow for rapid

onset of IrhfpeeferredeinBodiieent 6 Hréek@nPRkEAiIM, Bfc dchife
total dose rel eased over an extended tine period. The

19 nv PRI ASRABIR 8 celsappnemiToXihor ansttdhensgl anshipe icampesition in
t herQ%fepe[tl‘:(\)n cfeh%r?@l?euééfga % %1] fog %%lghe { E?Ig? gemofal or pulsatile

requrring a Cycl osporil a na

cyclmaper.i S1Ehlart!b|rrqﬁ>lsiﬂ@n Balbp&ratioh brodueék 4 Plasii ﬁl\(ﬁﬂé Waich
and treatnment of organ transplant rejection and

aut GRhHaRTk T Rise Yiab plFingd bydbe sesyiential aminsirasion of two IR
t Both th
For disste & £ T ddChn { € RbF b RGP aEmPR! Pattiy

1sletai |l ed description are exenplary and expl anatory and
are intended to provide further explanation of the
i nventi o §’TQ§P%11'| 1ﬁ’é%ﬂ“°&ﬂ@m@bﬁdé%§<§ld ereldoseag fosms gnthprising
nov%][%ﬁﬁ | apparent to those
skille Sacgé?ljtd nﬁt}grtr{l?eﬁlg’ tYCH ow ng detail ed
descrlptlon of the invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON | . Nanopartlculate Cycl ospori ne
Conposi t itBRETePRY ipyadiondurtheraneyides ? Bﬂewqdét,ftt@d’flmg)a patient
2013NBALEALHbA

he con‘po%?%) @o%b%g%?%%%t%gl L@HEF%SE ér/{gl eralbpy

pr efcefcapdng inmhb@tSd sabint@ereuf, fcaﬁa@nsinghhé hdrﬁfms’ﬂﬁtﬁ@ﬁ lbed on
t he surface@g{ t he drug The c cIoaggrlne particl es

havéheé?Peé‘le fif“é“é{@émgét oferr 1lid) arakdosagpformenf @ qephalosporin

b
Sa??% Ie S|§é&mé4 l'es shghgﬂ§§ é%%Ct o%%ﬁﬁﬁ%e#¥mﬂg

nmeanefcupeats pavoxibarsd sakQberebs. Wﬂ%aﬁl&gés &f 186 pheaMt ifvention include
art ﬁle size of | ess than about that anount. As

B\ the dosipg freguanstirequared byscoaxeniisinal mgliple R Hesage
ex ag@%u%%s bahe 111 ntgl\ﬁ?ﬂ%th{% %@%ﬂghler?\p d? ffr?rﬁ %&)fuistaﬁbei plasma

sta lzer an resu

nanppeile. This ﬁddacérbdm@@ fre@iency ts ARENtERENS 1S bk Yof patient
dlscove{ed that stable, nanoparticulate cyclosporine

f or FRIPBERRSELO have ormalnsion Advish mag ds admipisiered at reduced
nanoparticul ate cycl osporine formnul ation of the
i nvention 9.
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i nclude, but are not limted to: (1) smaller tablet or

ot her solid dosage formsize; (2) smaller doses of
wdnrog/meai red to obtain the sanme pharnacol ogi ear/us2006/013637

ef fect asconpared to conventional mcrocrystalline

forms of cyclosporine; (3) increased bioavailability

as conpared to conventional mcrocrystalline forns of

cycl osporine; (4) inproved pharnacokinetic profiles;

(5) an increased rate of dissolution for the

cycl osporine conpositions as conpared to conventiona

m crocrystalline forns of the sanme cycl osporine; and

(6) the cycl osporine conpositions can be used in

conjunction wth other active agents useful in the

pr evEequeaay.akhe redeciiondn dosdzedragaancyr madpbessible by witliziog the

and ol mmune di seases such, as psoriasi.s, rhe toid .
ot nb TR RS RERE Rl i EeulBe L3 tor FEUTRY Fedicing
| nvemkiagibuat 60t 6peil S RaIMABAB I Irk&Y bAkke £MEInRSRAGH BB drugs.
conposition together with one or nore non-toxic
physi ol ogi cally acceptable carriers, adjuvants, or

ehi cl es,~col |l egtively referred t.o carriers,. The .
\éonposi t i%hﬁg “EanP c‘_f‘%?enﬁf Efeél‘j‘elrf&f“ r%%‘fsetﬂ taaglta%? Af E@P?rowhwh 1
(€. OcharddbdriRAY HYAHS pres e dedT ARGt @partiBles SpEMEH! BERIWS branules
oral admnistration in solid, liquid, or aerosol form
vagi ingppectiyg af theiradzea hapsoumznrphologwn| Thiepoma Bmstiparticulate” as

oi nt .or_drops uceal , intracisternal,

"t r NS p ey R Propag i B8 st i SR ol Pl beads,
|'i kegradulps 6f iixteids desesreif@pdbtRb of iRl I¥EBhdRL S a

solid dosage form although any pharnaceutically
18cceapeabplogyosage form can be utilized. Exenplary

solid dosage forms include, but are not limted to,

tabl ets, capsul es, sachets, |ozenges, powders, pills,

or granulBg. tef ombligied ebieshed s ag HR&M WAR r&Bectltfthe coating
exanple, a fast nelt dosage form controlled rel ease

dos &ecoringrinaleyighpr vieddd anp stige comsexty meatsapkedse whishdenot
dos tended, rel ease dosage fo ul satil e
S S N R TR

1s ontrelhéceshd ®llgrdecdasage form or a conbination

thereof. A solid dose tablet fornmulation is preferred.

A. Preferred Characteristics of the Nanoparticul ate

Cycl ospoki ] iitions of .the.lnventignl, |ncreased
B aval | ABETES RS OaRO T en deip B e Bbsbprite oFtime
f or raghaédnomingibistrtiBon BF BRicoMPobilioR AP BEedlchse S Bghi bi t
i ncreased bioavailability, and require smaller doses
as cSRpPHmeringPisisrably csrpRens mikexiloy @ sel glagreofe from a particular
2§§rq% lhons- 2. Dissolution Profiles of the
cl osporiné Conposition of the Invention 10 The
nanoparticul ate cycl ospori ne conposition of the

invention is proposed to have an unexpectedly dramatic
di ssol ut 186 tegprptlpg Emelap pepddieseipirefiersda the time between delivery of

adm,pi I o1 ] ent i referabl.e. as. faster

i oot SorRaRSpBL i GUOImichel iThERGral: SRR pe,
and cgpledbdspiorin] priablgefdapane pFi ok TR a1t tigeof, from another
di ssolution profile and bioavailability of the

22yclo8pensite it woul d be useful to increase the 15
drug's dissolution so that it could attain a |evel
close to 100% The cycl ospori ne conposition of the
invention preferably have a dissolution profile in
whi ch within about 5 mnutes at |east about 20% of the
conposition is dissolved. In other enbodi nents of the
i nvention, at |east about 30% or about 20 40% of the
cycl osporine conposition is diggolved within about 5
m nutes. In yet other enbodi nents of the invention,
preferably at |east 40% about 50% about



60% about 70% or about 80% of the cycl osporine

conposition is dissolved within about 10 m nutes.
woioml11¢807i n anot her enbodi nent of the inventi 8aT/US2006/013637

preferably at |east about 70% about 80% about 90%

or about 100% of the 25 cycl osporine conposition is

di ssolved within 20 mnutes. Dissolution is preferably

nmeasured in a nmediumwhich is discrimnating. Such a

di ssolution mediumw Il produce two very different

di ssol ution curves fortwo products having very

different dissolution profiles in gastric juices;

i.e., the dissolution nediumis predictive of in vivo

di ssol uti on of a congosition. An exenpl ary di ssol ution

nedi um i sIRgnteEyuetdablee as uraddisreinirelersgotirany aiignscvzigh may be
sodi | 3 SH: e ; termnatjon of the
mouorL e iRl g ectict g ¥y FERGIOT TR Wilkh he
specbodphot onetry. The rotating bl ade nethod (European
Phar macopoei a) can be used to neasure dissolution. 3.

Redi spersability of the Cycl ospori ne Conpositions of

he | nvengi EtiQ a f the .
Syet ospor saRaaBfid g ol e Rerehoter o, fmpfagions
conpasichirpdy speidspeths eésu&lb@hhdiﬁ%ionfdﬁ@oﬁ h6edrhaf, for example,
average particle size of the redi spersed cyclosporine

par t fremexsregion fdyshas 4o oapeiower forgepthiatiom di anet er .
This is significant, as if upon adm nistration the
cycl osporine conpositions of the invention did not

redi sper sehet tera “8sthsti@fddtllel” AanEdetdif vfats@o Sorathlations
then the dosage formmay | ose the benefits afforded by
1Por nivhighimgy seadcische spsuktioh dhaimevementibisaek psamineemeable
si ze 1.S,.1:S, he rticulat. ctiv ent ;.
comp Sl S is AR AARRR b CefRlif B Lol BPGRpe e
t he asickmeatge Bf thd forrhbRtias bh Viee AELHlesREe BRinbrane.
di sperse into the small particle sizes upon
adm ni stration, them "clunps" or agglonerated active
agent pary.c . oW t enel .

hi gh sur f’lgﬂc? e C? ?8 g{%ﬁéel%tgg %}a C}f #erg ﬁoa{lr? gtr){ﬁlllra? ibgélltlé\ aénes%rs ltéf%ent'
1and Fhreexhhgldyadynpositiot mhayi dignprive GefirsDcotgpin@iEcciifaining
overal | reduction in free energy. Wth the fornul ation_
of stRlPrPSBYPIREH & edak draread) wig %@ l§ecasid saWIonensiTa goraprise a
t he r: . . 0 served. W .
the TeORPE R b op B AL SRR ot dftapies.

act i Indealj@nd or hforeudtére iagledibntnip b incbiRrated anb e same
the redi spersed cycl osporine particles of the
i nvefRmRANCpYBeicacti e mavedienie pregempatiblecyih echeothgr. A drug

ess ! t 0] i.n di .
e e N
t harby foudxaidplé) anrenhiess céhpourrioaul sehSB2erdBmpoRss it Addther

about 1400 n | ess than about 1300 nm | ess than
AboLAOTRRIENth the GaEPRFIHFR. b STer 1 dHinthe biavailiRity or
abo . t 900 nm | ess than about
SOOW%E%B e§2§¥cg§§§§6%@£9@ﬁ8ﬁﬁﬁ"|ess t han about 600
nm |ess than about 500 nm | ess than about 400 nm

| ess than about 300 n | ess than about 250 nm |ess
28han abou}s usg@ hf?ﬁﬁmalt]@%rle

Th §Rhans e trefesptormsompaad vrish is

apourPhl° shrhichEaR GEAR AN allor MenBiabiRGol dfiive

m criagediznt bp provhditls @ Ma0fyored@od¥BhIGUE in 4a animal, such as a
Cycl osporine Used in Conjunction with O her Active
Ageritvanap, Enbgncerssipeiuia bucaapet limited tomedivan chaje ftiygaeids;
can additionally conprise one or nore conpounds usef ul
in the prevention and treatnentijof organ transpl ant

rej ection and autoi nmune di seases such as psori asis,
rheumat oi d



arthritis, and other related diseases, or the

cycl osporine conposition can be admnistered in
woamjeuner on with such a conpound. Exanpl es of Pewais2006/013637

compounds include, but are not limted to

corticosteroids, anthralin, calcipotriene, coal tar,

siaclic acid, steroids, tazarotene, nethotrexate, ora

retinoids, nonsteroidal anti-inflammtory drugs,

azul fidine, corticosteroids, gold, and

hydr oxychor oqui ne. B. Nanoparticul ate Cycl ospori ne

Conposition The invention provides a conposition

conpri sing cyclosporine particles and at | east one

surface stabilizer. The surface stabilizers preferably

are dltsopvherd, Whers epd desvrtivas Bubredtt including dyedrzies and

t he | osporine .particles. Surfac

st ab i1 EHABE BBy faRne Heh & o bpesangigpropared by

phystdaatihy eBJRAE Bx1A8.wilH a OB LS, blRohdINEn §H{gfﬂ9 ol or a

of the nanoparticul ate cycl ospori ne particies, but do

not &NbBiercer glycerebiatty wicidestdrpcyigdiromp Prd A éntpbitars cP-es

roigself. lndivi.dually.adsorbed nol ecul.es of the

30 ¢ BSERpigf i foHEpnd WIRR A mRpiREar BYo O morE of these

i nt esg@akecul ar cross-linkages. The present invention

al so 1 ncludes a cycl ospori ne conposition together with

one or nore non-toxic physiologically acceptable

carriers,~adjuvants, .or vehicles, col]leciively .

referred 1§ ﬂggp%lgropioé?ﬂ%q P %1_0 %%?F?fjf’@ﬁfyc capgne pivoxil or a

f or mjahetof, @bnadle@nh @hdé cdmp&icht Ry b8 1k same or different

i ntravenous, intranuscul ar, ‘or subcutaneous), ora

18dni depsodiagionrthe desiiedidosingirggiin, Toe cegirabmspbrif ar present in the

o1 nt Tabe Bt shE b 5eR5H Shinegtita abf Aeunt sufficient o elicit

i Nt r apRFdpeaneadspoie. TROb&HRIAIHHR IR pARbI&NEk: he t

like. 1. Surf ace Stabil i %lr_s ghe _ choingégpof a ’suar}% ace o

st abtifhies & thedprna of gre sthstantialdy psticadly-puré erizatiomedor as a

requyj ext ensi ve .experi ntation tqo.realjze a. .
dosi PEERS RSB AR, SEPRHgRr e SppdEmprin is preferably
16NV eptesedn i § céthp@Gti@eint £h drH6ur T Bfons D NG5 Iﬁg,%fgfe)‘aﬂlg At the

e nude.

nanoparticul ate cycl ospori ne conpositions can
Co et o6 &roat 1 40P eng. heephahespetin fisorefesatdp ipkdsewtrin dlamfirst

be u i he inventienp. ful surface stabilizers

oni RPN Em P of RopE St mdi o R Pk e

ar e dephalospBringds beselt19'\We BsBadthforfnd id APLAGM: ©f from 2.5-30
phar maceuti cal excipients. Such excipients include

var i B&sTisotephelesporinoiw presieatcinl the subsiquint odthpammetsin an amount
at elg and,surfactants. rface stapilizers
200 i SR e R A R R e Ml St
zwitterionic surfactants. Representative exanpl es of
surface stabilizers include hydroxypropyl
net hyl cellihgtHecerelsasacharesterisiss figythe delivary e)f the cephalosporin,

hydr |l ul ose ol yyinyl pyrrolidone, sodi um

PR AP KetEent B B Rl et Gk g components
casahdy bé eaiddtiynmbaifas E hi@d gSositiceNt daBh cofPFN A ARt Rding
chol esterol, tragacanth, stearic acid, benzal koni um

22 hl redEing apcpilife sxeinieatsegr agaiiegsy whichwrystegmesne, In

cet | al cohol .. cet gnacr.ogol enul si fyi X,.

sor Gy At BRI o BB AR B P st P cf@igine the

Mac reogplosieivh @hd/os telndsurt 8F H1BR6 @GRl rdfAR)coatin g on the particles,
pol yoxyet hyl ene castor oil derivatives,

pol ybsigharipptng isquessint. dhnfont than aoe dnaskitiet eldase gomporeat is
commercially avail abl e Tweens(r) such as e.g., Tween
20(r) and Tween 80(r) (1 C Specigality Chem cals));

pol yet hyl ene gl ycols (e.g., Carbowaxs 3550(r) and
934(r) (Union Carbide)), polyoxyethyl ene stearates,
col l oi dal silicon dioxide, phosphates,



car boxymet hyl cel | ul ose cal ci um carboxynet hyl cel | ul ose

sodi um net hyl cel | ul ose, hydroxyethyl cel | ul ose,
wayppiearedol ose pht hal at e, noncrystal li ne cel | ul B6®US2006/013637

magnesi um al um nium silicate, triethanol am ne,

pol yvi nyl al cohol (PVA),

4-(1,1,3,3-tetranet hyl butyl)-phenol polyner with

et hyl ene oxi de and fornmal dehyde (al so known as

tyl oxapol, superione, and triton), poloxamers (e.g.,

Pl uronics F68(r) and F108(r), which are bl ock

copol yners of ethyl ene oxide and propyl ene oxi de);

pol oxam nes (e.g., Tetronic 908(r), also known as

Pol oxam ne 908(r), which is a tetrafunctional bl ock

c opoPigaet, the mi ¢ relpese eepiimgtipneachddithésegomponents may be the

propyl ene i de d.et.hyl ene oxi to et.hyl enedi.am ne
RS S B N Bl 08 e O A

Tet r BRiuichWIB(rhddifred $618dse (AR ny¥taridl Ofcl @ sE0F BeladlivOmbredient
Tritons X-200(r), which is an al kyl aryl polyether

sul foaxbe comsplindanutheshsice aoi oneyntael rrodified elyasewritgh
éissflgg%regi:aglrlt?l&%fgdiﬂ% ﬁ'g)_%%e%tr%fie%get ceoa?iﬂg n?agl reopsr(fe:sent, in each

P- i sesipuHeRt) i exy BRAbnt(tHANS kEi¥icient &) PieldAOWBsiAY ddidytime for
10Er) or Surfactant 10-Gr) (OHn Chemicals, Stanford,

CT) ; cachpdeirudas cempooent) Thomodeied misale coatidg 8AYMYGDeset, in each

RN e e

n- delsativelr EbBpai@Ryr anosi de; n-decyl
b- D- mal t opyr anosi de; n-dodecyl b-Dgl ucopyranosi de;
18- dodecyl b-D-nmal t osi de; hept anoyl - N-net hyl gl ucami de;

nheptyl - Q- l.uco nasi de: .n-heptyl .

b- D-t hi og’ﬁ"l? (E%g KL (plynd:eﬁaé/ %ﬂ“e g‘ir[ﬁg? {Fj%’ﬁ% P4 s Geghelosporin,
nonagmesdrailly defchydr@! ¢l 618 sal-thetbf, from each component may also
b- D- gl ucopyranosi de; octanoyl - N-neth I?Iucan1 e;

n- oclfcwar@d@.ygpg@@yg élm)(g:imsﬁmqﬂeac h of the components, including

b- Dt hi . ranqgsi de: .PEG-phosphol i pi.d,
B et ——
1PEG fiist édthporfent falbéiahamintediate ta16R8 ¥bBpohdi H¥rein the

copol ymers of vinyl pyrrolidone and vinyl acetate, and
t he ¢ephelosporamisirelsasstl wryaedirtelyagnamradmisistritiens Alternatively, the

tabi | j ' de, but . limted.t | :
b1 opirb AhErEdd e Rl b Bade el peln e
phosqongldnghidis, wisiokl tHotpRALY §RYinCis ¢6163eH RESstartia@l idSs’ entirety

zwitterionic stabi!izers,ﬁﬁgly-nnethylpyridinlum
ant HEyRedigpl afieniadime felay.i lde, seeend esmironshibmpn bei for example, a

hi t I L.yvinylimdazol ol ybrene, ..

2601 AEFRSIRG HhRhRE e RE YT AR fiseBRice Shatively, o
br orirde-deRYSd MRBined Ry Seeitbided Telehdd @mpdnettth which the
brom de (HDVAB), and pol yvinyl pyrrolidone-2-

di metenyalasnonpat Kglpased thaceyiralied fashien pyer asuaxtended period of
Clhq%ngseful cationic stabilizers include, but are not
limted to, cationic lipids, sulfonium phosphonium

and quarternary amoni um conpounds, such as

stearyl trinmethyl amoni um chl ori de,

Zhenzyl - difs2vdhreorrmsediated by Hydsamkibler dmfhsrashitlreexagioerswnstof the

tri ' | or i Qry. brom.de, coconut. met.hyl
oy iDL RPN VIR Piredh G s Shipligf B M or
t ri ahévelfacrongostusaitodr Indeartiel@ gy thela ity between the delivery
hydr ox hyl ammoni um chl ori de or brom de, Cl2-

et
A s e s GeEphAf Aafimrafihe ceakiseriivin tachreomponent
coconut di net hyl hydroxyet hyl amoni um chl ori de or
brom de, nyristyl trinmethyl aogoni um nethyl sul phate,
 auryl di nmethyl benzyl ammoni um chl oride or brom de,
| auryl di nmethyl (ethenoxy)4 amoni um chl oride or
brom de, N-al kyl (Q 2-



18) di net hyl benzyl ammoni um chl ori de, N-al kyl
(C14- 1s) di net hyl - benzyl anmoni um chl ori de,
wokbestmesdecyl i dmret hyl benzyl anmmoni um chl ori de PCT/US2006/013637
nonohydr ate, dinmethyl didecyl ammoni um chlori de,
N-al kyl and (Cl12-14) dinethyl 1-napthyl methyl anmmoni um
chloride, trinmethylamoni um hali de,
al kyl -tri met hyl anmoni um salts and
di al kyl - di met hyl am”moni um salts, lauryl trinethyl
amoni um chl ori de, ethoxyl ated
al kyam doal kyl di al kyl anmoni um salt and/ or an
et hoxylated trial kyl ammoni um salt, dial kyl benzene
di al kyl amtmoni um chl ori de, N—dldecyldlnethyl anmmoni um
chl ompyée Cﬁntr@iqddzyeta}mgr’m hqmb@mtzqn arahmﬁngu faf present) of each

ihhggﬂﬁgy?nﬁg?% gﬁr‘m%}??’ Jﬁ{l%%?%ﬁ tﬁg cQmy e LSS DN component

dodeGidI6diAR iy e ihd 2R bERe Gt @F in%ﬁedléﬂt@b)kdﬂd by variation

benzeneal kyl anmmoni um chl oride, lauryl trinethyl
anmmot; therlaghfioe. renerasaplasenznd plasmanpiofdatmay beobtained.

5" ca el schiHEion ShoRF o i SRR TRy Sy

tri eédibhblo@;b’ﬂfﬁﬂﬁélﬂ\ ¢abh @binP6nent and the nature of the release of the
pol y-di al | 'yl di met hyl anmoni um chl ori de ( DADMAC),

di rreétrﬁl}vllotmﬁmmeaﬂi edinpenage§i.e. anmyﬁm dage, shstomied pelease etc.),

32'03 EE: I5€3 H}yﬁth Iﬁ;%gﬂ}é L})r{;]nﬁt Cﬁ%a}age we s%%%t%!i %B(ii g:Fe’arly defined
dodegaak$ (6. gt\b'blérﬂﬂ'ﬁ%g tikfke Wl@ﬂ%ﬂ@r the pulses mre]ly Ibe superimposed to a
y

tetradecyl tri met hyl ammoni um bromi de,

1r i odagydealeren it whee Hledag dene(iABR@UAT 336(tm)), POLYQUAT
10(tm, tetrabutyl ammoni um brom de, benzyl

trimet hyl ammoni um broni de, choline esters (such as

chol i ne dggtbgirsfetd batbbiinkgit s m&wﬂid@w% Hbdeidakicdss

st ear al koni um chl ori de conpounds (such as

st eatoprnositippricaendéns terthe presert iyentionhas i imiediafe release
?12: |o n%x)nie{ltcaent | lgz?é él?elnrlrl]ilcz)el@?eg @%s%scggliﬁﬂ%gﬁgﬁeqﬁrﬂedéate release
151 RARYohy{onesht @iﬁbr&;@&?ﬁﬁ-f@bﬁﬁlaﬁéﬁ kpgdtlveGh@etieal containing

Co any) alk I pyrldlnlun1salts am nes, such as

al kyl?aa'%‘i peand dieanadifiedrighense Camkammlﬁamm@‘ssmg second and

pol yﬁ%%?ée%lggt a{? g)lu}l/a%fynp oF aCtN& gre 1el con alﬁoal K ICI%% ng second

acr am ne sa

| au raﬂd sabbdi@emcabdified rélbﬁ@fc)binpaﬁbrﬁg nﬂ@z&ioﬂ{phse a controlled
aIkyIFyrldlnlun1saIt and al kyl i m dazoliumsalt, and

ani ri§leasq epagingi Afldisonalby @rrﬁltPﬁﬂaélé(leb’s thegﬂe@@mﬁmdewbsequent
ogvat Gr Maky Irg%rag)é ac?ﬂlﬁ%ggnt 'ﬂfﬂﬁ{h b Lt %g aqllilc%l 5] 961%3%]9 n¥atrdx material.

such as po r un1c

pol yin[dieratiohyddmvinixydatipy of @Lhdhl mniﬂbmlbﬁﬂaie, médigied release
cationic %uar Such exenpl ary cationic surface

st abiompesiiondigyings Farexaspla, p siwle wafdicdueleageecomponent results
st at{hlchgl%gt%rl acP‘glg%ctﬁg Ip%s]glla c%nge tr(;{181§§%%fadofﬁhe ?pr}l%?osporm

Cati‘onic 1l ogl ca
Evalpraferabily Cfanmak plihkdﬂedfr,a sk@QHgreofin dMithBhe Rakiedbe release
Editor), Cationic Surfactants: Physical Chem stry

% VarcOaoneridithe 1YYRYSitiomaives riFg ’@rﬁ'rﬁﬁél peaésam.tbﬁpkasma profile

Sur f ttﬁlé]}n%dlfgd ﬂ-:'age %?g%ﬂq%h{ Wes( el 1.%64 se@gllf&(g&fk 1111%%) %lasma
Nonpol yneric sur ace s rs are any nonpol yimeri

conprufid, Esbolirhans af the anvumtioh kompteinganaratenddémodified

conpound a phosgﬁonlun1co ound, an _oxoni um conpound,

a hdFlsaTe sateRARSBLEIS Tise iafurdsT Beaks g fhsrilesma prefile.

compound, a quarternary phosphorous conpound, a

pyri di ni um conpound, an anili nilgm conmpound, an

amoni um conpound, a hydr oxyl amoni um conpound, a

pri mary anmmoni um conpound, a secondary anmoni um

conmpound, a tertiary ammoni um conpound, and

quarternary amoni um conpounds of the fornmula

NR1R2R3R4




(+). For conpounds of the fornmula NRIR2ZR3R4 : (i) none
of RI-R4 are CH3; (iii) three OR 1-R4 are CH3; (iv)
wabkboe@é’o1- R4 are CH3; (v) two OOR 1-R4 are CHBCT@IS2006/013637
OR-R4 is CGH5CH2, and one OR 1-R4 is an al kyl chain
of seven carbon atons or less; (vi) two OR 1-R4 are
CH3, one ORpR 4 is C6H5CH2, and one O R -R 4 is an
al kyl chain of nineteen carbon atons or nore; (vii)
two OR 1-R4 are CH3 and one O'R1-R4 is the group
C6H5(CH2) n, where n>|;(viii)two OFRL-R are CH3, one
ORL-Ris C6H5CH2, and one OFR1-R4 conprises at |east
one heteroatom (ix) two OQRL-R4 are CH3, one ORl-R4
is C6H5CH2, and one OFR1-R4 conprises at |east one
hal ogen; (x) two of R1I-R4 are CH3, OnC O Rl-R4 s

C6H5CH2, and .one of ~R4 co L ses, at .| east one .

oot et SR P R 3RS SR snee

Of R1d&4gt snid isPdiRaNiagedudGiheéit {(desirativg GEIREr Rio 2618n&eP pulses
and two OFR1-R4 are purely aluphatlp.frqgnents. Such
conpoilariiye ingediget, wihheut dheneedtfor admindstration of two (or more)

ehepal koni.um,chl.ori de,. henzet hani um.chl orj.de,., . )
3oty S B Rty o YR R Bt R Pt reparticutarty
| aur adek@nb uavEalcard slthodsBSIadkPPioR. Gk @k hififle, a typical cefcapene
cetrinmoni um brom de, cetrinonium chloride,” cethyl am ne

hy dr BivPxib hydrechletide trahtimentessiion smsiss ofhdminggration of three

aterai pm 15) , ..dj st earyl di nopi hl or.i de .
( Quat R IR EheqialeS GA R rt ok fous e ot This
chl ofypdef f3gahehhd béBnlbind (6 Befipemichlly Réehifd Md@widely
26, Quaternium 18 hectorite,

18i newsed! Apbrevequsiy mhntdrriedethigyisy dopinonti efgatieytstoliraree is an

hydr ochl ori.de, di et hanol an I um P 10). ol. et her

phosERATS LR T At Ur OB Caparey Sr B! tRaifiénts 1

phospibatievedtiBt thrab oM WEIRhAIProsle BEWELME two peak plasma
e

di oct adecyl ammoni unbent oni te, stearal koni um chl ori de,
doni gRentitions teadvaeisaewsiinnedremeche devalgpmentaifipatienim

chl or.i Laurtr.i.moni um chloride, , e | epedi am.ne .

di hy%_;eg%h 65’3’@ PégéYldlgn@aanP%?Orﬁf;?fﬁ%S?‘&&‘ﬁ Pgﬁféc?SF"aBW‘i gk Prug
1610 , ddletst Siens Wiidh pedVis k&6 ordee Ok E§€uﬂ8 zero order delivery of the
hydrochl ori de, nethyl benzet honi um chl ori de,

myr t §ifsapanepiverid s det fasiliggtetthis yash ont piokessi de,
pol yquat er ni um 1, procai nehydrochl ori de, cocobet ai ne,
st ear al koni um bentoni te, stearal koni umhectonite,

stearyl tArdyhadtiay yeitérydl which modifies the release of the cephalosporin,
propyl enedi am nedi hydrof | uori de, tallowtrinonium

chl orekseably pefcpnsng pavail of anssitihereafrim thieulesivechmianiecr mapebe
f t ahi | | : i al | i | abl d/
28 B BRI B I Sl o B B pactig of e

of tihesriosundladebsitabbi B@lted & FolReNEoRA MIRESMS | s5dh as
exci pients and are described in detail inthe Handbook

of PieHElese acrtate ahthelate. seBnlose aqptaie trithalgtatm hmtfoxylpyorte

Aner | ical socl ati.on, and, The .

A S FBEGGH S b RSP igronio methacrye
PharoopoBuidre @lchRik @sse s3R08der 8RELhd BAkk BFullAGRTPPVARSGnd
by reference. 2. O her Pharmaceutical Excipients The

y NI
2»haredily peslic eeitsad ipphbieralateomd methaaylareecapolaners guch as
nmay tﬁ&s%osold under the Trade Mark Eudragite S and L, polyvinyl

acetaldiethylamino acetate, hydroxypropyl methylcellulose acetate succinate,

shellac; hydrogels and gel-forming materials, such as carboxyvinyl polymers,

-15-



conprise one or nore binding agents, filling agents,

| ubricating agents, suspendi ng agents, sweeteners,
wobhensanosoy agents, preservatives, buffers, wetPCTIES2006/013637

agents, disintegrants, effervescent agents, and ot her

exci pients. Such excipients are known in the art.

Exanples of filling agents are | actose nonohydrate,

| act ose anhydrous, and various starches; exanples of

bi ndi ng agents are various cellul oses and crosslinked

pol yvi nyl pyrrolidone, mcrocrystalline cellul ose, such

as Avicel(r) PHA and Avicel (r) PHL02,

m crocrystalline cellulose, and silicified

m crocrystalline cellulose (ProSolv SMCC(tn)).

Sui t sisliem|alginateasoidgym icmm@wsng:a&gmntcsnnﬁhise,a&adim t he

flowabjlit f. the b ress

col | Stbsr SR LSHeRTRY Gt Sischol BV Reraa Tl eltiBep, methy!

tal CeelRlIGRS g&aﬁl@'s@arcmﬂﬂ%%llﬁﬂ%éﬁﬁéﬂ Bt Rs-1IREE b iners--in which
stearate, and silica gel.Exanples of sweeteners are

any fhetdegede dicresstinking isllowssoesst te riagilitasy astsorpsios 06 maser, and

N TN A
Vagnaswsaddilosk! ﬁcﬁ?ﬁﬂ?ﬁo?m@ﬁd{)\ﬂ%’: g@sshrﬁéé@ Q{a?clﬂ WReEdcRM1tine

and frui't flavors, and Exanpl es of
pr esmlhmsevelytmr aampoaca“sbmthasodatatcepolmhgﬁxphagbﬁﬁM RS-PM,

2; ? 2 ‘Q ggqﬁg}a ﬁ@% Igglb %E%I%ta%ag %utggarat?lc hsodlum

but'y bﬁﬁéﬂhﬁ&hy%e@lﬁﬂﬁk S(S\%Hﬁﬁ’bléﬁy@ﬂbbﬂ 11c‘ii’olﬁﬁé}%ylgoly(hydroxyalkyl
al cohol , ‘phenol i ¢ conpounds such henol

I§uar mthaamatcbmouh ddosu k-580M0ken pa]ykmyilpyncﬂidbm (dewt.

Suita i ncl.ude har al | e .

i ner B??‘i fﬂelf g%i‘z&’i‘m&%‘: ?ﬁ“k Bop éﬁ?geii% p@&"l“tﬂ 6‘%@ Jhavmg a
| act pseacciitb asiduatal SldabRIAZANALE o ﬁ%ﬁ%fﬁo@?ﬁlethyl cellulose,
and/or m xtures of any of the fore90|ng Exanpl es ~of

di | ueartodytens|od denler enbxﬂ’ryictmkilsmena; ethyiﬁrmspromlsmh oas

ot BRBHSREHANE: St totad A UbE gD iR farides Sicf S agar,
1Bhar gakRs Riraya, @anéantlﬁha%% End B! ISBB/ RAGLSEPSHBR RAM.

Enconp ress "* ‘'mannitol; starch; sorbitol; sucrosé; and
glu cp@yethssl@nt: alsides Giswht dgluaﬂu 0@ ki Hedide Alqug]ﬁed:}:yRTM acrylate

crossl, nked rrolidaon n. of at.o
St ar RHRSES sBRl ooty st kg SolaRa alcohor BRf 5o -
cr osiah MR yRsEdsRs] sbdunChASh ﬁ%la@@(@g E@%tmmr Eaward
gl ycol ate, and m xtures thereof Exanpl es o

ef f eMpadelbht Lidgls rhvdroavhélceidlmwgwelnas p@mmoe@rmshnatbyl

n or .d and a. carb nate or r bgnat e
B ARG G SRR e PRte Ry Aubg B Sivprany) methy!
t ar t gdlhGose "B drbxy Jj‘r@ﬂ)’@'ilrcleHuloé’éj InRdfoxyethGTEdlifose@io cellulose,
al ginic aci ds and anhydrides and acid salts. Suitable

car besb@esnehd c@ilub)s@muul@se pthetsupelyethylene paidos ég-2.

car CE BRIy Bttt Ear B Y RS e .

sodi HYIBEHEAbES cEMIBRRkRe, leehmawsu@@w @BAI8se propionate,
anda&glnlne car bonat e. Alternatively, only the sodi um

2Bi cag @iﬁatcell@gﬂmpetn@ht m@ftocﬂeh@nefmélma@sp@lwnwbpmehdm

be pr sent artlcu te ori.ne Particle

S 2P R T RGBS AR RURESFR, polSaiylamide,
nanopAyidrolid i€, yp6lyRsRe6f Hﬁtlﬂ@fy‘lﬂc%%or"iﬁétﬁ%rbﬁé’ Scigle.g.
effective averag particle size of |ess than about

2000Evhpgit. RTAL., Rehmi anddiads),iothatiaanBicercid debstivéssorbitan esters,
about 1900 nm I|ess than about 1800 nm |ess than

about 1700 nm | ess than about 14600 nm | ess than

about 1500 nm | ess



t han about 1400 nm | ess than about 1300 nm |ess than

about 1200 nm | ess than about 1100 nm | ess than
wahoost11d000 nm | ess t han about 900 nm | ess t RramWusbwon13637

800 nm | ess than about 700 nm | ess than about 600

nm |ess than about 500 nm | ess than about 400 nm

| ess than about 300 nm | ess than about 250 nm | ess

t han about 200 nm |ess than about 150 nm |ess than

about 100 nm |ess than about 75 nm or |ess than

about 50 nm as neasured by light-scattering nethods,

m croscopy, or other appropriate nethods. By "an

effective average particle size of less than" a

speci fied amount, it is neant that at |east 50% of the

cycl naipd ignmsplgeithios.aechim\adginatps rammoma glgieatefsofdiags calcium,

th bout 2000 [ ' ter,,1900 1800 .
et o PR AR P SR s PR AP B A B alch as arabic
Pr ef riraba Mociat béSAShg ARAM caiPbeed) QUhr, R0UhamscRRYHcan and

95% of the cycl osporine particles have a particle size.
of | eexturdsandbiendstiheseet He willdeagpreciated by thepsrsohshilled in the

bout . 2000 . i di 1900. 1800 7
0o bt rotibill et TR Ehbrso RO aRrR T (B g fia be
Nanop@iddite Whatutiay CHARBRS PRI ERIPBSidE 36t dxdnipMacetylated

particle size bel ow which 50% of the cycl osporine
par t inoneglya¢ridesputykplthaly! Bitw glsedlgte; ddOtyl $artrhig; diethyl

ti ' I ich 90% t I [ )
P PSR Ape Ry oA B n iy ARG & Berin:
Cycl pap9lenB @1y tShEdac sitate RiprbgRis dlitetihediBhiyY Shthalate;
anounts of cycl osporine and one or nore surfaceée

1t aba¢etlanenagdyrevideypalyeibylgne Fiyeolspedstraloilatrintimt! ciifate;he

i ndi vidual .c onents can depen for, ex le,. upon, . .
o Bt SPRRDE iR A ERRE Mlers: 1B R Gisy Ryl ariethy!
|'i pogiliiatd, @iteak Anheh A4t Bihexy® bhihAbtd) Butill oc@'ﬂ?ht‘h_ﬁf&_‘ce, diisononyl
surface tension of water solutions of the stabilizer,

et c. Phithelateo hewhpetal Plathalete, divetyd pe¢latopenaxidisasiiallatar tyiisoctyl

aboul 1S it b AR ot oo G Rihalate, -

wei ghilecyd pEgdlats) di-Aeurddetdlphannde - WrieetphfalitB Eri-2-
cycl osporine and at | east one surface stabilizer, not

i ncl eliyhgxpttnarcllinte gi-swthylherybadibricedit3-athythexpl sebpeate, di-2-

at |l east _one surface.stabiljzer can vary from about
0. son 3 sRir ol 386 FihISbout 5. 0o to about 99, 9%
or from about 10%to about 99.5% by weight, based on
the total conbined dry wei ght of the cycl osporine and
at | east When g madidicd relbisei compongrstcoptgisetit mpdoidgdaielease
xcipients, . 5. . Exenplah articul ate cl. ar i
bl DeER Paisrial 755 SR pLRRRTE S A B R R e

t abl @dmbiantiod af modFiedrelege\BMriRehAV¥tiald RRFDAKBITHIRE materials
are not intended to limt the clains in any respect,

but gkrerntte thseskidled ax ErepiraMreterpl Enodibedutlease onpirinf
cycl A i an ilized in. the t.hods, of
e ARl 18 LB ERehB b s okl PR otymers

CoNpidS\iauee didrods vagieR hreSabHRPE B dRFlfABE release of
COVPOSI TI ONS. COMPRI SI NG A CEPHALOSPORIN FOR THE

2P REATEAPS YT iy, PRAETRBRY gfcapRFEpIFPEN oF BRI ttereq iztispersaiNtherein

The pr 1 D j tes to..a nav t.hod for .

tr ea{ﬂi \ﬁt;fg %‘g H gleﬁgMo(aghgderlef%ase mafrix materials sgﬁabrie %lor fRE practice of
the present invention include but are not limited to microcrytalline cellulose,

sodium carboxymethylcellulose, hydoxyalkylcelluloses such as
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suffering froma bacterial infection. In particular,

the present invention relates to a novel dosage form
woéanostihesocont rol | ed delivery of a cephal ospori RCTRIS2(06/013637

as cefcapene pivoxil or a salt thereof. BACKGROUND OF

| NVENTI ON Anti biotics are powerful bacteria-killing

drugs used to treat bacterial infection in humans and

ot her mamual s. There are hundreds of antibiotics

currently in use, nost tailored to treat a specific

ki nd of bacterial infection. Beta-lactam antibiotics,

whi ch are naned for the beta-lactamring in their

chem cal structure, include the penicillins,

cephal osporins and rel ated conpounds. These agents are

act i halresgairestimetircedivtnse pod hyiwayprgpricakdgass, pelysHylene

anaer ohi c ,,0r, hsns. The b -l.act am anti bi gti.cs exer

e Pog AU s mg e AT bRE b, POFetnytene
cr osglvtalkpalgviallentideng cknabse ddleRaGeBulodd adedtt butyrate,
wal | s. Because many of these drugs are well absorbed

af t esellgtask aglgntchshalaiei eshulospagicate driwelliiteapdlyvipglesethte

i.n t ut pat,i ent. setti The. cephal orjn.

Sor on SRRk es Wity FEINRSRRERH Byprehgrent
derivatives of cephal osporin C, an antim crobial agent

of fungal origin. They are structurally and )

phar macolbgiud@pariicelateanedificdral¢nse sempesitipn aecording to the
cephal osporin.rin tructure i.s derived f.rom .

7- anb SRR NEN Heb BPy Hed P Bt iR aRy Wiz Prge form which
peni ficdlitdtBSrebdaSe 8Mhic\i@Hvé pfeReh A PORMIRIthddRt CTygkdAly, the
(6-APA) . Both structures contain the basic beta-|actam

1pi ngdesage e wey he k bipdrafnibe difigeent pepelptionssoffasphatpsperin-
gram negative activity than the.penicil|ins an .

o R ing STV el bR G PRl el At modified

t he Gppbataspsicnts, HeWer] baMs fifled intdhigdbl®Bapstles k@ich as hard
spectrum of activity and durati on of action.

Ce phetl sofiasiqtinscanpeleyy /dtaseativiett, dthe' éineant indovidualipppulatipns of
anti %591?irg<!tlie QR Ling Sari & Ay B Cngfs’r%a'eas(l%%‘ ly with
wer e desi ghaté [ret éé)nera?io whi T eP et e Phdie Y ™!

18Xt eqligsbriapecdipieMsy Ritd alifis@blets$hiok tryBexibbdqueatiRsilled into
second %eneratlon cephal osporins. Currently, three
geneta@filons the appiohebesperqrtens Anothes ggitible dosgd ferm is that of
fourth b oposed. Signifi.cantl e newer. ..

oenet Bl FRECRERRERbon s AR ot G PBluoen SR AN Gorqpice
ant i mbgified iréleaderdRPokitids rhdidbe Edifpressed ettotee layer, with the
generation. Conversely, the "ol der" generations of

cephicorhermprnenhbeing sebseaverilyaddpdas ¢ pecond daper afthe
e RS TAEBR RIS PRIBHPABH AR F R ki
bodyup theepnpbsitisn BE tHamsedionafayfirthe b RichalRHiiR k45 d1§sS .
Sone_cephal osporins given by injection are also used

t o plisspdving dpsagetipamssusbfag eb effgivesegt desage grmper a fast-melt
surg i ke ot her cephal osporins, cefcapene is a
cepH%%é%%%?#h whi ch denonstrates its bacteri al

activity by inhibiting synthesis of the bacterial cel

wal | . Cef capene exhi bits a broad spectrum of
2ant i bact diegompesitiniaceerding toithe inverfignepmprises at least two

. . . ‘ -1 obi q : o
m ¢ Lfo%%%?}?h? gp C%Pglgg)lrsg&llg-k Ji%\?/l{go%égﬁglgg] whlac%g [ (e)gilbfgeﬁgnt in vitro

gra I've a nm nega Cteri a. C
al sadissoution f@adfildeact erial activity agai nst
penicillin-resistant Streptococcuspneunoni ae and
anpicillin-resistant
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Haenophi | us i nfl uezae. Cef capene pivoxil hydrochl ori de,
abbreviated CFPN-PI, is offered under the registered
wonremaresok FLOMOX(r) by Shionogi & Co., Ltd. oPCTAaS2006/013637
CFPN-PI has the chem cal nane
2, 2- D net hyl propanoyl oxynet hyl (6R, 7R)-7-
~[(2)-2-(2-am not hi azol -4-yl ) pent - 2- enyl am no] - 3- car abm
oyl oxymet hyl - 8- oxo-
5-thi a-I-azabi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e
nmonohydr ochori de nonohydrate. CFPN-PI has the
nol ecul ar fornmula C23H29NSOBS2 -HC -H2O with a
nol ecul ar wei ght of 622.1 1. The structural formula of
CFPN-PI is: CFPN-PI is a white to pale ) )
yel | owi shPrgfrratdy, leroygltaapnithﬂecqym@romf theugwention mgtm solid
fain%mlﬁhara terist and has a blt er ta

o 1 rabFYREE R ShhRRE R o At RP Piedd BE oot Porin

met hak@drabl§RefdapeeypiSHiLol £sdlinthetddfneth tRMY dbstah@1ty 31 of the
soluble in water, and practically insoluble in diethyl

et heeephAlqsyfpmc eontaiged in hedageonipoasrNs Filedsed ppouto release of -
tered or

S DR PR BRTR T U 15O tapShehR Ve foe I8 ihmogsn

of Ciithbidesiaf TR@WMpohentdfyrRRAMBIe, /fid frefdtBBIb $hdthelBase of the

before neals. CFPN-PI is hydro ysed Into its active

rret amh«abépor@efr@mpiéﬁ éecoapl@ﬁn@bgmtpm d@iﬁydgg/uréﬁts@bmrélaﬂlw all the

a i VOX

tr et LERaPH L R ORPREST B Bretreldonif dbABGre'ol e
su peééphﬁlo@bor%kﬁﬂm thE 86don@tonheBent Sidybd ddISFdd RMetailed above by
Iynphangltls chroni c pyoderma, secondary 'infections
10n t thawsa o bumdsﬁembbaswwmalandm adeoditied ral¢ase matrix material.
periproctic abscess, pharyngol aryngitis, tonisilitis,
acute bronchitis, pneunnnia secondary infections in
chr oni ¢ IR prafeibly diBans asdeskybIStth imﬁlmlze atient tolerance by
pyel onephritis, urethritis, cervicitis, Fecystltls
chol preniding a dpsage fegimei whieh &cilitates msbpuh@f 3 firse doseoo,
ut er| nexi ti oo ctltls hor 's
tar saen zlﬁl%? P &r ra%f‘ (%f QP wf) |O§ ar?edlg %erégsfl hus P tpagent
1Ber i gakem, arlelehieS&l-tﬂe béﬁlﬂaﬁﬁ}i’@ﬁm 0m e skERdWdhiposientds delayed
gnathitis. Bacterial strains known to be susceptible
to cmtdépbﬁ@tmﬂmkh qf th¢1 esnhglosperin centainpdin thiefirstegpmnenent has
Sta Q S [ u C

pgl QERESS adPrurthiat AGRY G%C%lfi gf’( le F[a Rogﬁ gﬁ%ﬁzﬁeﬁ alosporin

, i'SSeria gonorr O aE

C at afeldaged fombRe figdticohipanéhis bédrt d164188 o R patient's system. In
Kl ebsiella sp., Eneterobacter sp., Serratia s

Por t @ pecfesped eppdiment, releass of the qephﬁpmﬂrweih@méﬁg gecond

ARCTRR i LSRS08 RO AL SRR SHRGF P pe s

bi Vi @dlayedrfdr Epemdmf fdedseaboimtwe Metrs 8P AdhBSfftioR DS the
such as cefcapene pivoxil are of high therapeutic

val ugompasitiafe treat ment of bacterial infections. G ven
t hat cephal osporins such as cefcapene pivoxil require
oral administration three times daily, strict patient

conpl i anckhd @phalospdrinGeleatest the diup frbg thé §dc0a6 YoMbonent of the
cephal opsorins in treating bacterial infections.

2Rbr eRPRPOSIQICR OPEEGQB AY subsirntirldy. ibretoampietely, delayad fos a
the re [ ntrlb tes

o Rl UteR feadl adE P 160 bR ARY BB BT
cephah@mpmmnaﬁosﬂ@hoﬁqmgﬁﬁﬁapene pivoxil. Thus, there
is a need in the art for cephal osporin conpositions
whi ch overcone these and ot her probl ens associ at ed
with the use of cephal osporins for the treatnent of
bacterial infections. The presgpt invention then,
relates to a conposition for the controlled



rel ease of cephal osporins. In particular, the present

invention relates to a conposition that in operation
wdebioviaes®7 an acti ve cephal osporin, such as cef eapaiseoo6/013637

pivoxil or salts thereof, in a pulsatile or in a

constant zero orderrel ease manner. The present

invention further relates to solid oral dosage forns

cont ai ni ng such a controlled rel ease conposition.

DESCRI PTI ON OF THE | NVENTI ON The pl asna profile

associated with the adm nistration of a drug conmpound

may be described as a "pulsatile profile” in which

pul ses of high cephal osporin concentrati on,

interspersed with | ow concentration troughs, are

obser vedAsMeguibed thietein, ghotiverticomchidas vayiquadypssat songlled

be described as "bhi. al".. Simlarl . conposi L 110n:0r

. B9 st WO UH b AstES TR b A P aT fppl IS

admi ny ' ledbbtOar€ %81 Bhited RuIFSRE Wit thadaig in a

of €ﬁ%§%%gﬁgﬁg§%§§?§?“%%ﬁbgﬁtiona| frequent dosage ®

r egipobanérmathix moanlithimdsyices) thedmgsentairry aydbagelymsy m

is admnistered at periodig i,ntervals typicall L.yes

i sqrepgaga At PRVBIcHE rRIpHBr Lo it PhrEdeatails

peak; &ﬁ)ﬁbﬁ RAdsPth 1S fORS Of MBervoir and

aftgghggh?ﬁfg%ggg?% hggsgggh Rﬁdosg with troughs.

(r eghairis deficknwirag veptaived by & patinesycot@ining pihidropbiligeag/or

consecutjve admnistration tine points, Such. e
¢ og A A § SEMT ARG SREr D! i e or S o give
Pr of &) deRNREE oPRBEV Sk hith ﬁ{é@ﬁ? Eélgzis@&ha}al%josmotically

t herapeutic ef?ects associ ated w them For exampl e,
10 he 'vastolledt(bpiariesuiver anvd thettixhdevides);featariceoptings @Eqmse and

pl aspa concent rat.i on. o active between

beerfl1#R 2 59333.8 Pg{){;{ﬁﬂt‘-‘gfe% Bpfy%eri; act' roYa%gnr% Etéipa;i%d

or pé&\ﬂgﬂlf B REfb R, dePlcBs ARER reRadAatedid Tohtydles] @fnamically:
drugs. Multiparticulate nodified controlled rel ease
conpes ite @ntipunimr t o t hose di scl osed herein are

di scl osed and clained in the United States Patent Nos.

e e L
LD e e B, e e e o on

i Nvemmsiant tate reovorder) potherdstwifarary et Bwstianaf timed

or ef GpeniiyBoar eape TRy diene e nE SRR AR oty o
o1y PR RATRRERUGRE (S p BRI Cced by the

adm nistration of two or nore IR dosage forns given
sequent i dtdlymeistused inesutairtederleatsi eatings are mecgspardit i on

to provide mul ti.particul at dified,release
@omwpemaﬁ%i o] ilcally &é?%ﬁr@ﬁg@a xpRipldspf BotTnaturally
ceph ﬁﬁﬁg | £agaNEe QUrPestibn,Food &al t
ther@%:, [ ﬁgygﬁ#§%§§?§A-u%ﬁ%r_ Am%gﬁg? oé'%c;)of t he
i NvePhdroncéwichbPydouts MaviaiomPhilgseirthia 4 Sh e(ctydidviage
rel ease conposition whjich substantially mnics t

phar Wﬁ%@ﬂ“&){?ﬁé’ épﬁ%lrﬁam%@ Sbaicrn %‘F‘?@@ﬂgeoﬁlrs ?8536163 85‘%}(} °-

the pgm &&ﬁﬁéﬁﬁ)?@h&ﬁs& W Rkic PRl R @sRaRe Baarmgit”

gi ven seq tra Anot’her obj ect of the present
J5nv e(R3tmm Pharntay Weiterstadt.)aamgel dfipody(eérylatatecthanylpied d
rel ease_ conposiiion mhich substantially reduces or

el i nFoRAlwReIs RES KRRV At of patient tolerance to a
cephal osporin, preferably cefcapene
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pivoxil or a salt thereof, of the conposition. Another
object of the invention is to provide a
waoubdeipesoti cul ate nodi fi ed rel ease conpositi onPCI/UAN06/13637
a first portion of a cephal osporin is rel eased
i mredi ately upon adm ni stration and a second portion
of the active ingredient is released rapidly after an
initial delay period in a binodal manner. Anot her
obj ect of the present invention is to fornmulate the
dosage forns as erodable fornul ati ons, diffusion
controlled fornul ati ons, and osnotic controll ed
formul ati ons and deliver the drug in a zero order
fashion for 12 to 24 hours. Another object of the
I NVeRlekéivoirSDédcedy Ovi de a nmul tiparticul ate nodified
rel ease conposition capable of releasing a
cephal osporin in a binodal or nmulti nodal manner in
whi ch a firgpicplappronshdd cemeligd reloeseiis ta erjcapsidaieor t her
i mredi af el r after del thnme.£.0 provide )
o ar e fae i e B Bal bR LhsiheEa Ty BLETo
the gelinieodpsuleebegsedpanedual drés)a respective |ag
time to provide additional pulses of drug rel ease.
Anot her object of the invention is to provide solid
dral dosabee Yaiavs fadonsrthaticay affeehithe digEastanqupegse may

difi | it f ' i on.
& neresiiy bEeEPRT BHENTRVEARTSR (ofic BECHS B pdFeor
oncepegidey fERsRAL A, Hende, GRIDANRFROSH P p6iésiy, F8m

cef capene pivoxil which, in operation, produces a
pl as Aestipgebndigions pta pand, hetop, dierphpige of polymeer phust haan

profile produced by the. admi nistrati.on of .two.

P et R Sl BGpe e iyt o Peloatdisery and
A MeMRRITHRY tht r884seRAkraeleriPRGI TRy diNd8GédsFindased on
the admi ni stration of such a dosage form TAI LED

DESCRIoRTlithi¢ d¥viqasirin wirieNthapmspert £ theedivbjieky 8 salugion-
real i,zed. by a.,nultipartd cul ate.nodifi ed rel.ease.. ,,
oo SEfS R DR BN ERLIRERN S8 shRHER R Figtes
firSkedond Wva (iiPeadl-sehd B dsiR! Edhcbritidhl ®pendent flux) for
preferably cefcapene pivoxil and salts thereof and

as ec thedeleyapidmanday sepditionn gVhensihe slgicp sputamsidissobyed

hal | ' f er abl i f
BE7 BB o SR At R o HTRLY 35 e as the

i Ngr eshcRAkEERT QARG dTaké Aehegeahe HHeingEBARGOERIREEENT
are coated with a nodified rel ease coatin%.
Al t eiithin theldgvise daergpses digafirsy ordenecleaseb Al howgueratlicon

of cephal ospori.n-cont ai ni N rti.cl furth

conpPTSeu B s 7o e matfige VS gptingioree or

Fol | esiédRe ikt comdtint§reto ok die) GRITPRS HéViisind 1oR&fat i on
delivers the cephal osporin in a pulsatile manner. In a

B ef satpsgede nblbernativaly thereleasetraiqeineticsunait e desgrmtioad
rele sjtkon..of resent, icnyvention conprises
a fi?é@nggﬂg%ﬁ£%bnwlg%ﬁ%ﬁgsgwng?ot&ﬁnglrelease
conponent. The nodified rel ease coating applied to the

second p%h@ﬁdrﬁﬁroﬁfertﬁ@l@h@ée@&pﬁbieﬂ;, B tHednBandeduses a
lag time between the rel ease of active fromthe first

popuFempard ¢¢ frgepolyena dgmal dwpo thaensdosedinaiupgof the tablet

S SR e R e R
PRIt pfdsQfie which Wal thén abhie fBfce $RNE@nRhnttouiod e teblet.
release matrix nmaterial in the second
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popul ati on of active cephal osporin contai ni ng
particles causes a lag tine between the rel ease of
woeplsaliegeporin fromthe first popul ati on of PCT/US2006/013637
cephal osporin-containing particles and the rel ease of
active ingredient fromthe second popul ati on of active
i ngredi ent containing particles. The duration of the
lag time nay be varied by altering the composition
and/ or the amount of the nodified rel ease coating
and/or altering the conposition and/or anount of
nodi fied rel ease matrix material utilized. Thus, the
duration of the lag tinme can be designed to mmnic a
desi red pl asma ProfLIe. Because the plasma profile
pr oduced Hie affpst aidaippised wWeter ar salheatitiineg tallesaseted in

PP A A AR R BB B By AP s e
adm effssty etwaer Of feWBilas hAlBRn ifl 0568 TH ERa 8 YeAlt

sequentiall%, the nultiparticulate controlled release
conpemtthe ibists wae fndde be ajimivane pbdiffusionghtaugh Iveatéry

f i ni stering. | i ticul arl
dof clled Boraf I RO R BB B Bhetke abpink
t ol exaneendpBy theouph FiHne Bhthmdlg julini 0% PHJ WRghtdiubat

modi fied rel ease conposition is therefore advantageous
f or qespiiepxignoyre swelling ebsegvadhie stteilai fogenfelnts, ofdiqeéing éndt

tolerance to the active ingredient in the conmposition.
1 SPEPER Pl Eah ok ne RS EBs Rk R

t he WetiaepSRIELASROCHReH SalERbRAD SR eRIaY @Xdkl, WreFound
salt thereof and the conposition in operation delivers

1phe tesweHjedeiopisgdsaterand shangetshapetiofan ablate isphadiall asar

e Y Debinde o
P od UL S FBBAR o 3 Gftefhal GIREH= L, Beae B PRt cs
t hatshapé pioveind) nidafs REMLARE Rl 'REY Eér%h&@d.!@i‘might byo

IR doses as, for instance, in a typical antibiotic
t r etierted.rtbe peratic e deceensed Withveereasing kvels ofPBG des

sol i I e rns_C risin CONposi § 1 on
ccoraag TR BRE PR oI SR N AR R Gl hen e
15 ur tHieratpd poliyeRs; whilge thsbrodityt feSdtih @ Goth MRS
suffering froma bacterial infection utilizing a

cephlissobpes ptrhigherdeealnef BEG spotepe@ tpit0iniallowed thesal t
th iSing .t dmi ni t] f
t her S BTR AL AR BT BRI 5 2 ol i & ora

dosage form of a cephal osporin to provide a pul sed or
bi nodal  dedthyd 3hdWqubtiéhsIRRB BEGSRAEidped PVELRHID! Y

cef capene pivoxil or a salt thereof. Advantagés of the
pr egeefitaringd independendyLidie releareoif tyo differdgsia g (eg, KCI

24 ¢ o RGN RIS e BT R I Bl e hiefacsduit ol
f 1 orosthopil Ipgatpid Lard teei¥Epdpé Bfffusfon chRrbut&OYGRE rdosk 3¢

frequency i s advantageous in terns of patient
conphrit &ivsethedallaly dtdow EEGleaels cosmaticdlowmps rereased to a

adm nj st e t._reducedfrequepcy. The reduction i

oo ey eiine oy FEHESRAEPURESp Qe MG etaln o onty
pr esdoiv gony ikbardeneiy:tht a IUHADS Boh ik ditchadshgal th
care costs by reducing the anmount of tinme spent by

2healcentribiicd appraxdnstebhequaly seltherelsaseatTho hudd-ugrafgs .

The " i.cul " as.used rein refers to.a

st athgﬁ{)ogl artfgi E éesrS &#\lé\hﬁé‘ﬁe‘f%’ %eﬁéeﬁﬁeé{]tgf’ © @8{1‘6?%[% Bfesence
of dimetiepempaiyl iA¢hather RRUIGS of PREAGR 1R/drdE@RYh Sfas
irrespective of their size, shape or norphol ogy. The

t er AROTABPIOUS AR4 lese refistant 4 ouilow dfialii Hememaakhaugh the
plurality of discrete or aggregated particles,

pel l ets, beads, granules or m xtures thereof,
irrespective of their size, shape or




nor phol ogy. The term "nodi fied rel ease” as used herein
Wth respect to the coating or coating material or
wagew/1180any ot her context, means rel ease whi CRCTAISBWE/013637
i mredi ate rel ease and is taken to enconpass controll ed
rel ease, sustained release and del ayed rel ease. The
term"tinme delay" as used herein refers to the
duration of time between adm nistration of the
conposition and the rel ease of the cephal osporin,
preferably cefcapene privoxil or a salt thereof, from
a particular conponent. The term"lag tine" as used
herein refers to the tinme between delivery of the
cephal osporin fromone conponent and the subsequent
del i YEmgiicgungRipf acaessod {(sommpret ©rthb low adbabmgntrans-pore
privextl.or a salt thereof, from another conponent. The
ternﬁ%%?%ﬁggﬁgﬁeggmgggﬁﬁﬁﬁwgpwc BRER PG“PBgEﬂQﬁFFonS
Whi Ciiedfaisheh¥D4180 BYRYreptkdd B 8H8HcaRtld bRimEAL GhtdY
the action of substances within the ‘body. The term

" di ffokahlesoreont r ol | ed" as used herein refers to
formul ati ons which nay spread as the result of their

po neaus novemne f.or. exanple, froma region of
gi gﬁgﬁ’“f’gﬂﬁﬁiﬁ’é’fcefg%m{hﬁ’é’ﬁf ation. The term
"osnotic controll ed' as used herein refers to

fornmul at iMHﬁolYi!ﬁi'cC(Hlaf%% Mf&?g%eﬁg)sﬁgﬁgoﬂﬁ%s{ C(?‘Iamtgg%if the

novenent through a serfi perne rane I n

sol uddvanes dér dringrolingatbe cdedse aff dorgst Tt id posdibly because
equqbize th§ c%§centr%%'ons of the fornul ation _on the
two 'SPUEY TSPUWRY AN ARecasiempatsd e restgraitid@riees; apd
eachneRNPABEME daRYer BE ah BEcidaRR lﬁéh ngagg kil tEoulE Lsult

exaqgge, a conposition nmay conprrse a-first conponent
1¢ ontfzemithgruptdre ap dreempinbouk lof areseradt devidee Ireafch adice

t he second conponent may &o rise a. second active,
| ngr BEAEITC YR ER PO et GEriPa Bt the FOSHBF TR Fignand
t herspgy ﬁ%-tyﬂai@ﬁilgeﬂ)rmte%%%e OBhre8Gdn ¥fa F&g\/\ﬁ%ﬁ/’dﬁ% mixtEre

be |ncon§orate into the same componen
act iardyi digpobdionrir snedtieg. dtheplsads releasd propadies of enolithic

drug, conpound present in one copponent of the

comSSRER 8IS hey Bt bt SOTIBY B b hecieatdh e pahymer
1#nhanR&aeik oF IRRRY Bske OF pBrodS B?dtltikgs,efhe“sgmﬂ'i’tgqn 't}%. ther

conmponent of the conposition, 1n order to nodify the

bi o@ehitioabyithinyhegparti¢le’s ppeutdte o, hed tlsothd toetudsitygof the
conmpound, As used herejn, the term. enhancer" refers
o BeRBs i Eilce AIeG Biap U RerB LT he

abs @epéident andhemepineana iahijdded iR fth@ﬁbl?lgkf eﬁecgsesoge]d

i ngredient by pronoting nhet transport across t
i n anthepalaber. Soc bvabadings vl drughhenie s/ Vnhk dee Wilt

re,not, |linited .medi.um chain fatty gcids; salts,
2t el iR e Rion fahenametin M Raisaion gores)
gl yoaniiges 1@&&%«5 @b Y ORI WIHGS :thOReasO BleehaHh 3Tt S
such as those that can be prepared by reacting
et hgpemécard B tha prgsence af tavibes firmed hedrttlye sirboholf thean

| kyl ph . bi t . gl | fart id
oot SRR eiui Bl s el ST R gy Ehmabei
| nhiehVfk@irerRnfkrbdithgd fhs @ate 3P o1 B L HiRSaAL, two or nore
of these agents.

25 It is common to add a plasticiser (eg, a poly(ethylene glycol)), or

surfactant, or adjuvant (ie, an ingredient which increases effectiveness),

-23 -



The proportion of the cephal osporin, preferably

cef capene pivoxil or a salt thereof, contained in each
woanpanesot may be the same or different dependPamy/usmoc/013637

t he desired dosing reginme. The cephal osporin is

present in the first conponent and in the second

conponent in any anount sufficient to elicit a

t herapeutic response. The cephal osporin, when

appl i cable, may be present either in the formof one

substantially optically pure enantionmer or as a

m xture, racem c or otherw se, of enantioners. The

cephal osporin is preferably present in a conposition

in an anount of from0.1-500 ny, preferably in the

amouptmafixfdeoived (ahdGesegvoiaphiedsp spo rieans © grheh@rthbl y

present in the first conmponent in an a ugg_of fngm

0. 5-Bemgabilinpiadthpngl:, & getgast, wéasegﬁ?rdp&ng% gitive, @n

pres - n L

D Sl ek 44 K GOTRRAAR, hih B APRLEbeRicabIRY o
subsggpeaty ncomiynaotesicsitatda impulynier painhcontings)i b wasr
range to that described for the first conponenﬁ. The
Bi menqted thas thedmasharg &FHES peled to increfse e neyegbiaty Ahe
cep ' | ' j b a salt
Chor GaR e e b o L P i Y e by
nmodi ihyteaging e paroRos hbivenerpthediiais retainednkdit barriec| udi ng
nodi fyi ng, any of the excipients or coatings igh Hay
be mreg@%@sa niof PRERitting ihe fransnost gfelectobyteslt was deduce

e : . .
compe BEEhbh AR BOEHE M B BRI s
100at ¢ffigtion detreagedn tthickess cidsed bg thaPEGdtadhing. This was

present. If nore than one npdified re] ease conponent

i spr@durd rem @leip af thesympdatvgfermeant ity nebPoik 4t a5e

t hes . L, f . 0
Si'm TACTgT Or Rk ST EebRERATRaRS i BER Rling 9f2%%,e
i ncl wgWamplett showingi o liredr reddtmaskiprbetween thatrae bhbermeation

rel ease of the active ingredient y be.control.led by
t he @dieeipregst igRdhinkness. %%&ap?qt%gw?@@ nSrﬁ?‘PPQn'

198t efieRkiohtibd &ﬁ%goﬁ'ﬁ?ecﬁ%b&! ifd Ho%c%%ﬁ@m&%ﬂqﬁ%n&ay be
present, 1n ‘eac omponent, in any anount that 1Is

suf f Extrapoiation ofithe Hnédneegless ofetle dedphy td theairoaxie gate

parti cul ar, conponent. The nodjfied rel ease cpatin y
be presdiéte infeeepleop B HBRnEHE: the wagﬂw%‘ﬁl@wﬁﬁs@e&%?
suf fi.Gi ' [ j : :
corpona e g A i nles oI NE RR es
of twerecatpivatasipdahé occupreatesizbloyditfesiongdivevpdurong the or
a salt thereof, fromeach cogponent may, al so be varie
By noEbtYRseg of fe SHTHBEMt ﬁ%ﬁgw o dit 5@/% ?I_Pfialso the'flow &
COMPARSIHC), ahd'lt ) 11 e vl 1l K dBL RlIREH theand
coat | ngs Ich may be present. For exanple, the first
conpameattratay dfepeameantinethedile is dluddse-wo adieset when

wherein the cephal gsporin i s rel eased i di at el pon
ad Fea % AEBREE § ?Vﬁatnie%tm?, lag Hanep; ) SRR Ry
be, 8! rRiRORlR:, bt kIR nERIAKALaHUIR Exhltftchi 8168 fhrtition
component 1 n ch the cephal osporin 1s rel ease

28 ubstafificiaht iy thersystest, apdtthatehiy wasrasoi safeetuye af alina
time delay. The secqnd, co ent y,be, .for exanple,
ati I?Fémd’é\}{%fy&HO‘FMM@G%&EB%W@@BWSHta S&gﬁ?fdﬁgatwe
descgi,peg, or, alternatively, a time-delayed sustained
rel ease of extended rel ease conponent in which the

cephal osporin is released in a controlled fashion over
an extended period of tine.
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As will be appreciated by those skilled in the art,
the exact nature of the plasma concentration curve
waizbde/besor nf | uenced by the conbi nation of all 8€THISE®E/013637
factors just described. In particular, the lag tine
bet ween the delivery (and thus also the on-set of
action) of the cephal osporin in each conponent nay be
controlled by varying the conposition and coating (if
present) of each of the conmponents. Thus by variation
of the conposition of each conponent (including the
anount and nature of the active ingredient(s)) and by
variation of the lag time, nunmerous rel ease and pl asna
profiles may be obtai ned. Depending on the duration of
the | ag tTheeffetwefnidedsuntaitans en (ydrdishobiy) madtcs devices
fronggﬁfh conpqnent and the nature of the rel ease of
t he 951 dRYestigdetn b wan thoyghiohaluriactagt maysmcease dhe

rel e : [ : . L he Rt kn the

Lo RN S S e

def i sudabipesion, (i6). ighprovedriwtiabiligtot thadissslution gyedin; ahdhe
puIst may be superinposed to_a de%ree (e.g.. in when
the {EhPetefarmaiiongsarpsuli of sirseiapblcaghing i dheriystem ¢ he
Ul i : ® /e s b
e s o e T R
r el eBmebipoifpoaetiie dungl aat alredst ofonefacndis) itethsreoheladed
conponent, the inmedi ate rel ease conponent conpri sing

a fitmet myypusdyetmes thgtaplesladigoal @ partiabimpprement i

part | . . i.fi e,

Corpe s B R el B b PR BRI e 1 ve
liongr éidicdutions eoh@dliddglengh teasfecTvas grandoratiragit® RS
subsequent. npdi fied rel ease conponents may conprise a
cont P%_@ér%géq ddlseVibhtheng catagi dnilyearg opyelgpse was by those
al t erpali el that WE& rﬁ&%%ﬁglb%]&%Qﬁg ?1 iogta‘fl 'd{iérgé{ions'
rel ease conponents nay conprise a nodified release

mat r intheradagrix allowing the disadlidon madim asdessedol withiafthsuch
a nulti;pgftipulaﬁe nodi fi ed releaée ﬁonposition

havi W8 diisek ghpPeousTesigretomiPey ehlafe) lmsevhich

0 I [ 1 ar i sti LlLe. ma
S onoam be FERMYL R BaBIRIAEL A LORAE, B RAL SRR
cef capehe pilyaxi latearmay baptephifed veidf surfactanh bcbpridsed to

i medi at e rel ease _conponent _of the conposition gives,
ris esueglczﬁnf-%egf‘ﬁ}f@mqeﬁ “@ﬁ%f%péioﬁweﬁpgff? feo BPlmeRRer With
modi £ . .

Py S SR RETHOREIE i ing b3 <ol fte AEERRRRGAL
conpsurfaictagt and drugh@hisoves asadbddi tedhe diffesing leabipahent
2give rise to further, peaks in _the plasma profile.Such

pl SEEDHY AVPENINLIRNE 88 the RAVERe adni ni stration of a

singl e dosage unit is advantageous when it is

desi r abl [ i .
mar cdi et TRE i viog Wbl g TP R bR A ot LodtBl n
(or apolgined os@gmingumd drughdsh dxiianshdhya dévicd higs easguctkd
bact eri al infﬁgt'on@)it is particularly useful to have
suchFemEianeens Eysiragihelaticess prdwasfung fa giieczeraoidgprelense
cef g V% ' r Qi

consy or o the oI AL Brbb PR SRy, o
2ismreghlpmer cat eastindos thgeiri@hmibeehippodigied cout fcoated kidsr s

apart, This type of regime has been found to _be

t her %58 atS}*Eléiﬂ{ag iaf emdefl by thngasrac rdelThe raje gf rolgase of
prev, . s
ol er Suped VEFThnale be o MG AR T He18h P e B e
wi t hdiffesion perespihvonghl theichell) raad timesnéedy ptdpottionabtd theed
that the trough in the plasma _pgofile between the two
peak plasma concentrations is advantageous in reducing
t he devel opnent of patient




tol erance by providing a period of wash out of the

cef capene pivoxil. Drug delivery systens which provide

woenw/100sder or pseudo zero order delivery of tReET/US2006/013637

cef capene pivoxil do not facilitate this wash out
process. Any coating material which nodifies the

rel ease of the cephal osporin, preferably cefcapene
pivoxil of a salt thereof, in the desired manner my
be used. In particular, coating materials suitable for
use in the practice of the invention include but are
not limted to polyner coating materials, such as
cellul ose acetate phthal ate, cellul ose acetate
trimal etate, hydroxy propyl nethylcellul ose phthal ate,
pol yshehlythichness avberphy thalrélbsse feomtind coreelionacraglfatmel to
copol yners S%Qh as those sold under the Trade Mark
Eudr ST easRMUD tl_¢-and RL, poly acrylic acid and poly
acrylate and nmet hacryl ate copol yners such as those
sol d Trade Mark Eudragite S and L, polyvinyl
acetgﬁgﬁgpﬁ§ggnino acet ate, hydroxypropyl

net hyl cel | ul ose acetate succi nate, shellac; hydrogels
and gel - fiemoagforahéepicphiaition d¢ oSy GACROYSIENY |

ol ymers, sodi um al gi nate, sodi um carnel |l ose, cal cium

giar neémicsalallogpyl] with the dugdperspr in t}mwr?reﬁéryll,\ﬂnﬁwﬂso
AR S T S

pol ya@eibéd) ThB ingibrdspéngds @t € phafdassdissokting thesdri@'ahd 0
as to facilitate adsorption of water and eﬁgansion of
t he PRIVipsen sthanol,On additiey B wipler, thepthgnelsdiffused from the
hydr P t I |yvi nyl pyrrolidone,
cros%ﬁ%ﬁ&@d%éggﬁgﬁ¥&§§gﬁ%@?gg?gﬁﬁﬁﬁéh%%IIulose,

chitin, am noacryl-nethacryl ate copol yner

10Eudr agi tTHETHM110RSmRYbsgResverbld@i®ed BUbrepdratl; a solution of
col I agen, casein, agar, gum arabic, sodium .
car bethyraiidishloreanethpeseontgising| tha Brug anddiodyhen. Qs pouring

pol y ( | methacryl.ate W .
Dol ey Bl oo IERTRY O FhoorRa

. abopdlymtHdHgRo0/dh) partibiedByCa adtteBatibRMY e eE0 IR,
polyvgg%ghalcohol having a | ow acetate residual, a

swel W artherglda gpodsplvenider bamobiyere tandly deifpsedose,

opo E.S,: ' ' ren i

SPROLUIRAR pIOkE & ADOUALIR AP BIES R SRR
k- 30farkile epoloyingthdafigddissauainaiie dloromehaha, At this
karaya, tragacanth, algins and guar, polyacryl am des,
Pol yeRiniRTIgas persgef Wiahieremeitiane 8vas genipted veighn the pagticle
k-5, k S hesters
of potigr der SHARISEE B GRS 3 PRL B Epusth SR B
Nvi ngtirfacg optheraguesianshass Athietiol1s tvasph breg htue dh @depreésu,
Expl otab. RTM ; Edward Mandell C. Ltd.); hydrophilic
280! yiken dillsd srithawateb Whicls eqid bg samoyask yy2 periad off yig.

sodi ' t uyl .

nyr Oy s T, S SIS L dbed i 840 8 i gpicrospheres
cel | whoseflodingdrdeuy aélivery devites fos ase ini thé etoaglchul ose,
car boxynet hyl cellul ose, cellul ose ethers,

pol yet hyl ene oxi des (e.g. Polyox.RTM, Union Carbide),
met hfendenfideviees | ul ose, et hyl hydroxy et hyl cel | ul ose,
cellul ose acetate, cellul ose butyrate, cellul ose

pr opi onat el ati.n,,collagen tarch, maltopdextrin,
Ul Tl an, & BSRGY S Tecp iR ap R RS Fok FymeEesn ord
280! yaitiapredda@isabR,, b &k Olf ah 3btey 1iMEigd t6& pbBA forylate) ester
pol yacryl am de, pol yacrylic acid, copolynhers é¥

met hacrylic acid or nethacryliggacid (e.qg.
Eudragit. RTM, Rohm and Haas), other acrylic acid

derivatives, sorbitan esters,natural guns, |ecithins,
pectin, alginates, anmonia al gi nate, sodium cal cium



pot assi um al gi nates, propyl ene glycol alginate, agar,

and guns such as arabic, karaya, |ocust bean,
wonre@aaeesot h, carrageens, guar, Xxanthan, scl erogCuaamo6/013637

and m xtures and bl ends thereof. As will be

appreci ated by the person skilled in the art,

exci pients such as plasticisers, lubricants, solvents

and the like may be added to the coating. Suitable

pl asticisers include for exanple acetyl ated

nonogl yceri des; butyl phthalyl butyl glycol ate;

di butyl tartrate; diethyl phthalate; dinethyl

pht hal ate; ethyl phthalyl ethyl glycolate; glycerin;

propyl ene glycol; triacetin; citrate; tripropioin;

di ac}atdxrpartnhlbmplyeparp& by albja¢®is eaﬂﬂ:hyﬂl pobynegizyter hakheen

pol y l ene gly ast or triethyl citrate;

pol y‘%}’(‘]’ qoed ks ot Usces gyﬁ% BRI ﬂge%gla%wé'sﬂtxgh@ge resin

gyl c L L zyl
oY1 EEEAlo R8N ALPePERRAL yEFd BBl kSl B0
dii sﬁmnmplul@'bdzlﬂahtalyee theitejdase of the dohg hahate]lysiH atthy|
azel ate, epoxidised tallate, triisoctyl trinellitate,
di et $§™H®ky| pht hal ate, di-n-octyl phthal ate,

di -i-octyl phthalate, dii- decyl phthalate,

i o etnerey ot ar i b hRE g o fers ave

adi pbﬁeﬁ sydlheﬁzﬁi With hepeyitiert elpae attahedli Fid-resdabioh fréxy have
aze te, dlbutg sebacate. Wien the nodified rel ease
PR AtePaisAheiE ewn gopagsi frayin which ke drigns koundto a

t
% cibBmpitic BUERDLE aTtld Hethic A nR3 e IRy prdes,
lnatrpmpmnﬂémmmhsmnmynabmug@ﬁde$ﬂmﬂfmmpaéday$a&nﬁghﬁomn
to those skllle%éln the art. The term "nodif

r el e3d chigpe withdhe frugr mehacpdey qhlprdeand by ﬁ‘%ﬂégm salt of
hydr.apfi, %/ %61%1%’ Eﬁq\lﬁf‘WﬁMEQ W%g{gxlca ﬁ%%ﬁ@gﬁ ]@%ngnd

m xtures there are ca ying the

reIqaﬂgnmﬁ(ﬁhﬂm&ald&bpwhmhrﬂma&ﬂﬁh@&ugg&f@gh&@@w@mg@mnb

t thereof, dispersed thereln |n vitro or in

O v ol Pt ol s S bR oRALORPlaILGr wisias GpiHers F
he f n include but are

%ot Iﬁ %Béegl%tcgl arﬁlgg%%sﬁ%?eh?égﬁq gl ose, sodium

car boxynet hyl cel | ul ose, hydoxyal kyl cel | ul oses such

ashyBntexiepfilagy | net hyl cel | ul ose and

hydr oxypr opyl cel | ul ose, pol yethyl ene oxi de,

al kyl cel l.ul oses such as_net hyl cel | ul ose and .

et hyl cel IHAteréecoahBEs eansist eﬁﬁlylgsﬁy%ve polymers. Typically the
pol vy, WA I

0L MRS R S HASEORBLF LS e 36 o

cel lowosié, \amm at Bigh pihbk lpolyah&s mﬁieywu@mgasmnaige or
hthalate pal yal kyl net hacryl at es, vi nyl acetate
28nd Hselyipg of H@rmbfmerACﬁamgswntth@e oa@é e ApdgHadeg remain
rel ion
ey 128 OIS 80 R5505EL AR LA BERSTHL

whi adruf d@ioint tHisiéwarohledbsiethe istontiehdedmh Vige dringy, det ﬁﬁt in
a pulsatlle manner . Typically, the dosage form nmay be
a bldHswIeyinthemgrg ¢ lé?léﬂfﬁ enysipument ofrthe gftestine.
cephalosporlncontalnlng particles which make up the
nnqg the nodi fi ed rel ease conponents,

g %@ ﬁogst?mfelﬁ Fto suitable capsul es, such as

hard or soft gelatin capsules. Alternatively, the

di fferent individual populations of active ingredient
contai ning particles my be conpressed (optionally

wi th additional excipients) inte mni-tablets which
may be subsequently filled into capsules in the
appropriate proportions. Another suitable dosage form
is that of a nultilayer tablet. In this instance the

first conponent of the multiparticulate



nodi fied rel ease conposition may be conpressed into

one | ayer, with the second conponent bei ng
weubsagqesent | y added as a second | ayer of the neCriUS2006/013637

tabl et. The popul ati ons of cephal osporin-contai ni ng

particles making up the conposition of the invention

may further be included in rapidly dissolving dosage

forms such as an effervescent dosage formor a

fast-nmelt dosage form The conposition according to

the invention conprises at |east two popul ati ons of

cephal osporin-contai ning particles which have

different in vitro dissolution profiles.Preferably, in

operation the conposition of the invention and the

sol i d or arhapwage fuorms sooildrdb ri megprvdie dedinpbst dontins an

rel ease the cephal ospaorin, preferabl ef capene

st R A R o B v

of  t{8res GRAAHIIBRIRYIRS MRS Jid aﬂie&lhgpeﬁ?% le GRARARRN!

e cephal osporin

is released prior to release of t 0s rom
t he Sedondevicapalhehthe 'deenttdyeshiatistpuagryias daén

PR Rel Prest e dr BaEned within (6 SIRIce sgrh Foressdht  he
secongdive AERANRIAbS e dielca%efatBlifite Q%E}z%;ﬁe%%lglﬁdt@”

t he cephalosporin in the IR conponent
r el eagethiscRelvaddfision, mhilsepeadmsigahe bulld-amotfhe second

T P
r el oG uididd dhaBin® th@bimdMRIds Q@ﬁlﬁlﬁ{eﬂ&g{?{ e Y0EL)] g’ih'rillgt .

desirtable to mnimze patient tolera y provi
1805 athe intepiahreolmhieaf thadévicd mrmsmsvaaktaot)tnd these fsianst
dose of cephal.osporjn, preferably cefcapene pjvoxil or
2 saPeerTaral (gled splioakin tbe Spuiee ity Measlsasearie he
cephahRsRAnStaht RRvERRS 8 96RME SRAPRNERY oluSy st RY&S
unt i | substan?ially al% of the cephalosgéﬁ?n contafned
i n tumake.rst conponent has been rel eased, and further
del ayed until at |east a portion of the cephal osporin
rel ed.f on11h% first conponent has been cl eared

i SEu §t‘*€v'£§“é‘ﬁ‘i’ :

fr onieRl HCE preferred embodi ment,
rel ease of the cephal osporin fromthe second conponent

197 the companihicQyidis ARRI Rl Hrssec i AN i
not conplete y,lcgie%lvacység fo@eg%ge ra?ebd 0 ég@%lgg% ytaek%gj
t wo ‘migigh swall¢dwhew fonexstme,i amrexodrnalideatiegd einuhgrvasThe
cephal asporin rel ease of drug fromithe second
corrpaé’ﬁgﬁ > GPsipga Cgaﬁl&folginﬂf- Elﬁleirﬁlee«fﬁeqoam Bmmodulated, by the
subs@ih, didike alphishfie SRAW fbaley, del ayed for a period
of at Ieég%la%gg?sfour %ouﬂ§? preferably about four
hours, after adm nistration of the conposition.As
desdidydmagelser ein, the invention includes various types

of controlled rel ease systens by which the active drug

may be delivered_ in a pulsatile manner. These systens
29 ncl ude, Hhifroslelinge upe 1 & wembey:ofiomedigalianpliertions. iy
in a4p I J ; b thi [ ; r.ug
contaifrﬁ%l ;ht é&%%f§ﬁgﬁﬁ%¥%gg%9g$¥C%@%%@%%%%E%d
pol waeibue 'soft! ihpilaas, epay ti cl es or m croencapsul at es
(mcroparticles, mcrospheres or nanoparticles) in the
formof reservoir and matri x devi ces; drug contai ned
by a pol yner containing a hydrophilic and/or |eachable
additive r..surfactant .

" e BYSRHH B T SRS ROk o by wsia s

pl asti ci ser, or
2% n witherividehseateld. (therteing a5gi ey Aer"as méd ablghout the Examples
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"controlled (both reservoir and matrix devices);

enteric coatings (ionise and dissolve at a suitable
woBaee/1iesor ubl e) pol ynmers with (coval ently) att achnas2006/013637

"pendant’ drug nol ecul es; devices where rel ease rate

is controlled dynam cally: eg, the osnotic punp. The

delivery nmechanismof the invention will control the

rate of release of the drug. Wile some nechani snms

will release the drug at a constant rate (zero order),

others will vary as a function of tine dependi ng on

factors such as changi ng concentration gradi ents or

additive leaching |leading to porosity, etc. Polyners

used in sustained rel ease coatings are necessarily

bi ocuf@ate blagr tikthas tedl purifledadegissida bl rovgkanpitesfilifation

both naturally occurrin ol ymers such as Aquacoat (r)

( FMCSXsHipdt a&’tpmunﬁ%@og tﬁﬁéﬁ%@éﬁnl% ane foy Blypgiegtive purposes

Di vi sj@n ' is I -

roonEhpeat ool O R A ot S B pgRGand goopg of e

bas ethvepis@idoldafiged 16l Sheacspestthe chnds eas Glkynt het i c

pol ymers such as the Eudragit(r) (Rohm Pharma,

Weiterstadt.) range of poly(acrylate, nethacrylate)

copo [ re known in the art.Reservoir Devices A

typi§§?B§§%?Jach to controlled release is to

encapsul ate or contain the drug entirely (eg, as a

coreégawﬂth[n a polynmer filmor coat (ie .

m cr Yidpparticulate MefiiedReleass empesitien Contaming Cefrapene

factgp%xg jcan affect the diffusion process may

readi Iy "be applied to reservoir devices (eg, the

®f fects of additives, polynmer functionality {and,

hence, sink-saolution pH porosity, filmcastin

condi t i ond myiparficalate mpdified reless @WO&@OWO%&W@P the

must 1 . iLde i. i .

I T L R

char sgdé¢ase csinposend coriteBerigy cdfcapday pb@sil (BOis podpated d3i follows.

devices) in which the transport of the drug is by a

sol utiondi ffusi on mechanismtherefore typically

izNvo i rck'.s second | aw

]Funsp§§§§g§%§%gkg%%%¢?P§H§$nboncentration dependent

flux) for the relevant boundary conditions. Wen the

devi ce contains _dissolved, active agent, the rate of

r el eAselyard sebarenginert Hl (3000 fareptigigiyre) ppprepared

For oaphihg B b A ¥ fochiul ok ¥ AR Yot £ IHdferlfiphtalte
firstolotictess thel emse) ontd honaeikvesds td héevat bf mprageantely $6.9%
in a saturated suspensjon, then the

; he drivi f f
el esplidsiveighl saitviag. i e ao%grﬁlgéf\fr? R&l%tg %?%sw°£@-,
1 .| i | -
} nopeleBE U BLE Coarfle! ApARMIA(S Rimh Ife FREDEATES L

of t hemsdjaterreleasotonpporientre. Transport properties of
coated tablets, nmay be enhanced conpared to
free-polyner filnms, due to the enclosed nature of the
tabl et core (pernmeant) which may enable the interna
bui |l d-up of an osnmotic pressure which will then act to
force the pernmeant out of the tablet.The effect of

dei oni sed water on salt containing tablets coated in

-29 -



pol y(et hyl ene glycol) (PEG-containing silicone

el astonmer, and also the effects of water on free filns
wbaasoshieesn7i nvesti gated. The rel ease of salt frearwiseo06/013637

tablets was found to be a m xture of diffusion through

water filled pores, formed by hydration of the

coating, and osnotic punping. KO transport through

films containing just 10% PEG was negligi ble, despite

extensive swelling observed in simlar free filns,

i ndi cating that porosity was necessary for the rel ease

of the KO which then occurred by 'trans-pore

di ffusion.' Coated salt tablets, shaped as disks, were

found to swell in deionised water and change shape to

an obl ate spheroid as a resuflfABafE t he buil d-up of

i nt ernal hydrostat%c ressure: the change.in shape

providing a means t 8 HERULERHETPPETEPO D er at ed. As

m ght be expected, the osnotAsoder ce gegrepsed W th

increasi&g | evel s of PEG content. The |ower PEG | evels

al | oned W&¥EE¥E ™ o be i mbi bed Phrough t B hydr at ed

gol yner ; cyipesd Pibbrgl BOT OSi t yi3reesul tings fhrom the

coati ng dissolvggﬁ at hi gher |evels of PEG content (20

to 409 HydwbareiHecohpesur e0-f0 be relli%eved by the
flow of IHvinyRirhedsnand equad i ons have been

devel oped, which by nonitoring (independently) the

rel ease BifieddValerf f erent sal®e {eg, K8-Sand Nad)

all oned the calculation of the relative nmagnitudes
that both osnotic punping and trans-pore diffusion
1600nt (b)) Middifled Releche: Cehpasat of salt fromthe tablet. At
| ow PEG | evel s, osnotic flow was increased to a
greater extent than was trans-pore diffusion due to

the gene rCfaéf%agJo'%ag g%’?ﬁl%{e@h&%%iﬁgé %eﬁ?ig? gé&?agg %EH}CYGS 2L pfepared

| oadi ng o ani sms-con

apprigxcoming liynediss tejedse phrtieles preasal actbrliblid Bxaiplefl (a)
hydrqstati.c pressure, however, decreased the osnotic
i nf | ZRAVE AAth H@Rdificd tpigas sogtingsolutigmas detailest ingkablg 2. The

15EG, irﬂ:rﬂ&li!&% %l@és%g)laftulgg EWQ%P%Q& E(éﬁ%&?l%éﬁ?ﬂ%ﬂ% Ec? gpproximately to

resistant to outflow of sa

t he a9 twedghp gaini using, far easpie, adhripbeedpp@atuhie | ower

| oadi ng), trans-pore diffusion was the dom nant

rel ease mechanism An osnotic rel ease nmechani sm has

al so been reported for m crocapsul es containing a

wat er sol ubl e core. Monolithic Devices (Mtrix

Devi ces) Monolithic (matrix) devices are possibly the
nost conmon of the devices for controlling the rel ease
of drugs. This is possibly because they are relatively
easy to fabricate, conpared to reservoir devices, and
there is not the danger of an accidental high dosage
that could result fromthe rupture of the menbrane of
a reservoir device. In such a device the active agent
IS present as a dispersion within the polyner matri x,
and they are typically forned by the conpression of a
pol ymer/drug m xture or by dissolution or nelting. The
dosage rel ease properties of nonolithic devices may be
dependent upon the solubility of the drug in the
polymer matrix or, in the case of porous matrixes, the
solubility in the sink
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solution within the particle's pore network, and al so

the tortuosity of the network (to a greater extent
woheos/1t6897 per reabi ity of the film, dependent POWUS2006/013637

whet her the drug is dispersed in the polyner or

di ssolved in the polyner. For |ow |oadings of drag, (O

to 5% WYV) the drag will be released by a

sol ution-diffusion nmechanism (in the absence of

pores). At higher loadings (5 to 10% WYV), the rel ease

mechanismw || be conplicated by the presence of

cavities forned near the surface of the device as the

drag is lost: such cavities fill with fluid fromthe

environment increasing the rate of release of the

drug. It is conmmon to add a PABBEi2ci ser (eg, a

pol y(et hyl ene gl ycol.)), pr sur act uvant

(ie, an .ngred.eﬁﬁmﬁﬁ%%ﬁgﬁﬁ€P8£9§? ‘PP@%%P%%ﬁess) to

matri x deV|ces (and reservahdung@y(w/esd) as a neans to

enhan t he pernea |I|t (alt h, ip, contrast

plast ?E?lnay be }ugl e( g %gjonQ setle (Hqj §iD)

§i | m frapsBti®on andgo hengeo deqrease pgogeability - aso

property normally nore desirable in polyner paint

coatiﬁﬁg 21t was noted that the | eaching of PEG acted

to i nggaseet he pernmeahility of (ethyl celdqdsosg)s -

films linearly as a function of PEG | oadi ng by

i ncrea&skiZiy the porosity, however, the filns retained

thelrEgg&g1@5 properties, not pernitthg the tnapsport

of electrolyte. It was deduced that the enhancement of
Pheir Iprmeability was as a result of the effective

decre | 9.t hi ckness caused_ by ¢ PES | eaching. This

was e\?)l%ﬁlviéig fromplots of the curru?atfg\glae per meant fl ux

per umytroliddoea as a function of tinme and film

recipr | thlckn at PEG | o ng,@f 5p% W/

pl ots 12?1%% eq:iar 92I atli:t)l%onsﬁokI5 bgt%weeg!t heVYr ate

of pemﬂ&mh&nn and reci procal f|In1th|ckness as

xpecbg or a (Fickian) solutiondiffusion type 195

rans chanismin a honngeneous menbrane. )

Extramﬁhwilon of the I|near regions of the graphs to

the tine axjs gave ve jntercepts ont i

axi s: J{WEP gnitud gﬂlcﬁ7&ec?g§sé§j§oﬁﬁggsagg$o465
wi th degh&asi ng f|In1th|ckness. These changi ng | ag
tinmes were attributeg to_the occurreng of two

di ff udi6aF flows H infﬁ3the9'3earl'y st 'ges of the

sgxperipxpnit (the fl oypofsdhe druggszand al spgt hes 49 ow
of the PEG), and also to the nore usual lag tine

dur i ng THlsiig simukeeewhcamiphiyring Céftm@ef%@éﬁ‘ﬁla‘i‘cﬁlsffhe film
IS bU|&ﬁ&ﬂgly@V)gﬁR@§lne when used as a perneant,
showed nega Ive |a imes. No explanation of this was
forthcom ng, but it was noted that caffeine exhibited

i othERcapsbl Ol BETpinefefind PeiE RERRER B v ougr

7gol yet hyl ene fil ms which showed a simlar negative
time |ag. The effects of added surfactants on
( hy dflephebedipternat deleydé veleass phriclesawppared aenordjag éiExample

rel eg(glg x?(g{bg B?\t/et %%r h& aﬁgﬁ@%eﬁl 18%}%5?11015%3 %ﬁ% 19 (%Pljgsruﬁje% to an overall

i ncreg o%@émfdnﬁﬁlaish@ ) for( dxlainpldTRIBVEH GKF 4000S encapsulation
mettabllltﬁ‘to t he di ssolution nedia, and (iii) pore

hg overslldosage siengtcif20tmy cafshpeng. pivail HEE was

f or napatatus
system

-31 -



studied (Eudragit(r) RL 100 and RS 100 pl astici sed by
sorbitol, Flurbiprofen as the drug, and a range of
weoeundeaatsant s) it was concl uded that inproved weCriusgnoeni13637
the tablet led to only a partial inprovenent in drug
rel ease (inplying that the rel ease was diffusion,
rat her than dissolution, controlled), although the
effect was greater for Eudragit(r)RS than Eudragit*
RL, whilst the greatest influence on rel ease was by
those surfactants that were nore sol uble due to the
formation of 'disruptions' in the matrix allow ng the
di ssol ution medi um access to within the matrix. This
is of obvious relevance to a study of latex filns
whi cimadé ghof be ngufrerabheinhmedipteacleasecimpalentaat 1hgg, from the
due to ﬁQ@Aease Wi th which a polyner |atex may be
pr epBPEHCditelfasE FOMRAEN: as opposed to surfact ant -
free. Differences were found between the two pol yners
- with only the Eudragit(r) RS show ng interactions
bet WBEAMPEBEZni oni ¢/ cati oni ¢ surfactant and drug. This
s ascribed to the differing | evels of quaternary
nmoni um i ons on the pol ynmer. Conposite devices

CONShAfitipSrtRiulfte AAbYIHRA/FEIL e @irﬁt;&%iﬁ&?t%ﬂtdiﬂir% Cefcapene
pol ymer contal ning no drug al so exist. Such a device
was BivosilHEL ed from aqueous Eudragit(r) latices, and
was found to give zero order release by diffusion of
the drug fromthe core through the shell. Simlarly, a
pol ymer . i ni . .
bt Coat o e A R P Rl I <Bfhpositions

1§ast adcordingiiodthe Phesentaneendionhelmgse iofmediate deloggewamponent and

found tq. relatively linear (a functipon of the rate
| § PG Gt eatE e B e e et are
| NVep8BArdd REQRInE O AR fohRulaNESNGokwr RITEINESE) @) eas
the rel ease fromthe core alone was found to decreéase
with time. Mcrospheres Methods for the preparation of
hol | ow m crospheres ('mcro ') with the drug

di spersed in the sphere's sﬁgﬁkg%gﬁh al so highly

1por ous mat 10xmE YPER cintgonsy idnespsfatet erimS00 AGAS njodifesde

been descrihed. The m crosponges re prepared b
di ssol vi ng “t‘ti e&‘}dﬂgcmnm%&?a#ﬁena%amsver@i’h product

addition to water, the ethanol diffused fromthe
enul sion droplets to I eave a _highly porous particle.
The hol | ow m crospheres were’f /Ned by preparing a
sol ution of c&hparad / di chl oro- met hane contai ning the
drug and polymer. On_pouring into water, this forned
28n emul si &5feRedierAGEhe di spetQed
pol yner / divigroslatieRtce@abdel Cl €s, hy a coacervation-type
process, fromwhich the ethanol (a good solvent for
t he pol ynéagtoseapi dly diffused préZipitating pol ymer at
the surfaegyigf,et he droplet to give a hard-shelled
particle enclosing the drug, dissolved in the
di chl or omMhegrepongt t hi s point, a gas phase of

ichloro rated within the particle
2\?/’lxhich, a??%?gﬂﬁ? usf%éﬁﬁhrough t%@ shel I, was observed
t o bubbl e Micotdyallgiercthdeseof t he d@ueous phase. The

hoIIOM/sp%g&ggtﬁﬁmﬁﬁgyced pressupg,

Povidone 5
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then filled with water, which could be renoved by a
period of drying. (No drug was found in the water.) A
woeugpasesed use of the m crospheres was as fl oaPCnESe06gi3637
delivery devices for use in the stomach. Pendent
devi ces A neans of attaching a range of drugs such as
anal gesi cs and anti depressants, etc., by neans of an
ester linkage to poly(acrylate) esterlatex particles
prepared by aqueous enul sion pol ynerization has been
devel oped. These | atices when passed through an ion
exchange resin such that the polynmer end groups were
converted to their strong acid formcould
"self-catalyse' the rel ease of the drug by hydrolysis
of the ester link. Drugs haUtaBh&esn(battached to
pol yners, a I rs have n hesjzed .wth
a pendent d?ﬁaﬁgﬁ?%gﬁgﬁgE?H%mFQ %@f% w%ﬁ%%%gﬁgvggggéo
prepar ed t helease (MR) daspgentftogive ai20 ndhdoshgetsirengli pigdicg.
bound to a bioconpati bl e polyyzr/gy a labile chem ca
bond eg, pol yanhydrides prepal 4 "r om a substituted
anhydri de IRidosgbiienpr epared by reacting an acid
chloride w,th the .drug. methacrylqyl chloride and the
sodiun1sa|eﬂ@?“ﬁé?ﬂﬁieH%%nzoic a 8d) were used to form
a matrix wiichcayse@arrepedeymer (Bpdragit RL) which
rel eased the drug on hydrolysis in gastric fluid. The
use of pol¥H8FFc Schiff bases sui?Pable for use as
carriers afovpldas maceuti cal am nesohas al so been
described. Enteric filns Enteric coatings consist of
Y¥H sensi t iNB cpowpgaeBt s. Typically the polyners are
car boxyl ateg.ppg piigr@et (swel | hovery little with
water at |ow pH whilst at high pH the polyners ionise
causi ng swWéicrqenygalligr ceiplosol vi ng 6P t he pol ymer .
Coat i ngs %? gf ore be designg@ to remain intact in
t he acidic environment of the stomach (protecting
ei ther theoglidage fromthis environgent or the stomach
fromthe drug), but to dissolve in the nore al kaline
nvi ronment of the intestine. Gsnotically controlled
devi cesThe osnotic punp is simlar to a reservoir
devi ce but contains an osnotic agent (eg, the active
agent i n Kkalill bk @appgremirtodhosackilet an iheirbhatvedrious fmatifications

t he suyroundin diumvia a senm - perneable ne ane.
Suchai HEIATERS Siry wadt e Sl yoBeRvtPE: pLiPIent
has heemidRSFifldRedepdRifs SUREE Spol Bxeﬁcﬁ)tp%%f\ffﬁet iﬂ'véhtfdﬁ? Thus, it

devi ce which forces the active agent out of the device
2Pi a mrntenddd thet thefpresest inverdmsi cgmectht madifidatios @and ohtittions of

di ffysi.on, ,.whil st. venting .the build-up. of a .

nyar B0 peRad Rl ARE Ayt Hisoppeobp apbenged claims and
decrgﬁﬁkﬁgh@nﬁhpsﬁotic pressure and changi ng the

di mensi ons {vol une} of the device). Wilst the

i nternal volunme of the device remains constant, and

there is an excess of solid (saturated solution) in

the device, then the rel ease rate renai ns const ant
delivering a volunme equal to the volunme of sol vent

upt ake.
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Electrically stinulated rel ease devices Mnolithic
devi ces have been prepared using polyelectrolyte gels
wohbwhiessel | ed when, for exanple, an external PCT/US2006/013637
el ectrical stimulus was applied, causing a change in
pH. The rel ease could be nodul ated, by the current,
giving a pulsatile release profile. Hydrogels
Hydrogel s find a use in a nunber of bionedica
applications, in addition to their use in drug
matrices (eg, soft contact |enses, and various 'soft’
inplants, etc.) In the foll ow ng exanpl es al
percent ages are wei ght by wei ght unl ess otherw se
WHAT IS €LATMED IS-m "purified water"” as used throughout
the Exanplesrefers to water that has been purified by
passing it through a water filtration system It is to
be understood that the exanples are for illustrative
L. A confreflpderelegse gntibiogicospasitian comprisingrapfiest papalation of
restricting.the Lrit and scope of the jnventj.on, .as .
cephalfiirisopfhing baBBIES tnd filei e sEbesbient Bogation of EEphalosporin-
: | . .
contai AR MR e BB LMo i AP Byst gopulation s
substamiidily pacdatetllaati ehevabdegaent RiRdatorconePhaldspbrin-containing particles
according to the present invention conprising an
further gareprisase meflfissiorelansp onating andltarmmtiviely edadditienaldy, a modified

conponen nt ai nj ng.cef cape Lyoxil HA i repar ed
releaseBAREY Plgial Sk hrlede soBiie o bl lodtipe eesdelinery fo a subject
: ] f [, VOXH] : racemc, ..
delivert e b fpof i BARE TR Rl bre oyt bfoRflobfBF A fisarile manner.
formul ations given in Table 1. The nethyl pheni date
solution is then coated onto nonpareil seeds to a
2. Thecentrblled relpamemonnmisition abcladmslgiwlseinesaghtegalssposinrig cefcapene
. .for exanple,.a Gatt GPC& (datt, Protech Ltd.,
prOX‘k@i%@?ﬁ’rpe,re K) fluid bed coating apparatus to formthe
IR particles of the i medi ate rel ease conponent. TABLE
1 Immedi ate rel ease conponent sol uti ons Amount, %
3. The e%igﬁositmr&@bﬁﬁh € L1d kM9eg i iate-
oI o fihg d()31 lyagrgl)Z,ggl%ég@igfﬂg@ g?gﬁ’%dlatfg cdmpfses immediate
releaseRmirtivies phe yhe sitisdquentopuRiticnf ¢ermpivesenodiBicd-BeaSe phiticles.
Modi fi ed Rel ease Conponent Cef capene pivoxil HC
cont ai ni ng del ayed rel ease particles are prepared by

coating.inmmedi at e releas rti.cl.es.prepared accordin
4. TherepatioArordting fo AR ¢ Whexeifi e gt PRPEZUED COMATINGS
e e R e Fo A ST By Sire e SpBh tpleit i85 Ration is an
erodabbpforoxiatiteel y t o 30% wei ght gain using, for exanple, a

fluid bed apparatus. TABLE 2 Modified rel ease conponent

coati ng sol utions

5. The composition according to claim 2, wherein the formulation comprising the

subsequent population is a diffusion controlled formulation.

6. The composition according to claim 2, wherein the formulation comprising the

subsequent population is an osmotic controlled formulation.
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Amount, % (ww) Ingredient (i) (ii) (iii) (iv) (v)
(vi) (vii) (viii) Eudragit(r) 49.7 42.0 47.1 53.2 40.6
WO 2006230807 RS 12. 5 Eudragit(r) 54.35 46.5 - S 1PCH/US2006/013637
Eudragit (r) 25.0 L 12.5 Polyvinyl 0.35 0.3
pyrrolidone Diethyl- 0.5 0.5 0.6 1.35 0.6 1.3 1.1
pht hal ate Triethyl- 1.25 citrate Isopropyl 39.8 33.1
37.2 45.1 33.8 44.35 49.6 46.5 al cohol Acetone 10.0
8.39.3- 8.4 Talc 116.05.9 - 16.3 - 2.8 2.25 1 Talc
is sinmultaneously applied during coating for
formul ations in_colum, (i), (iv) and (vi).géc) )
7. Theperapesition @eeording iondaim fe Whsteibdhaoghired wlase particles have a
d.fFl'art'cIes. The i medi ate and del ayed rel ease particles
modilig gﬁgﬁgﬁcﬁﬁgﬁ?ding to Exanple 1(a) and (b) above are
encapsul ated in size 2 hard gelatin capsules to an
overall 20 ng dosage strength using, for exanple, a
8. The3emaposiibn 4066 irgntwaglainh 31 wdieran plae atodsfied tedeayeqraaditles comprise a
__dosage strength of 20 ng cefcapene pivoxil HCO wasnmade
modifigg-refeas®maiyix nmieidle i nmedi ate rel ease conponent and
10 ng fromthe nodified rel ease conponent. EXAMPLE 2
Mul tiparticul ate Modified Rel ease Conposition
9. TheC&g‘hﬁbﬁggﬂs E‘F LGAReNG: Sitixih shid m]%%(ﬁ%ﬁédsg g)lafﬁ(ﬂes are combined
nodifred release cefcapéne pi voxi conpositions
in fornAg8Q6A tG rERaidiSald esapedaPIOBLil O shld vihdrgo Ry eFosRsH, @iffusion or
rel ease conmponent and a nodified rel ease conmponent
osmosisdwithg sarrouodihgedvirehsese matri x material are prepared
according to the fornul ati ons shown in Table 5(a) and
(b). TABLE 5 (a) 100 ng of IR component is

0. TSRS e 0 TRy S o AP0 g subscamens
populatidh¥WfudiecOmaieltan(@haaegne Pivoxil HA 10
M crocrytalli'he cellul ose 40 Lactose 45

11. The composition according to claim 10, wherein the amount of active ingredient

contained in each of the first and subsequent populations is from about 0.1 mg to about 1 g.

12. The composition according to claim 11, wherein the first and subsequent populations

have different in vitro dissolution profiles.
13. The composition according to claim 12, which in operation releases substantially all of
the cefcapene pivoxil from the first population prior to release of the antibiotic from the

subsequent population.

14. The dosage form according to claim 13 comprising a blend of the particles of each of

the first and subsequent populations contained in a hard gelatin or soft gelatin capsule.
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Povi done 5 MR conponent Cefcapene Pivoxil HO 10

M crocrytalline cellulose 40 Eudragit .RTM RS 45
weavicdaess7 5TABLE 5 (b) 50 ng of | R conmponent i BCT/US2006/013637

encapsul ated with 50 ng of nodified rel ease (MR

conmponent to give a 20 ng dosage strength product %

(ww IR conponent Cefcapene Pivoxil HO 20

M crocrystalline cellul ose 50 Lactose 28 Povi done 2 MR

conmponent Cefcapene Pivoxil HC 20 Mcrocrytalline

cellul ose 50 Eudragit (r) S 28 Povidone 2 It will be

apparent to those skilled in the art that various
15. Thesigsege rmpaccoadimavaclaim bhswhensibthernaguclen of gach of the

t hods. and .co Si.ti of resent inventions . .
populafipis GrindBh S5 1 o P TAOLHS cafiihs PASEI Lo A pifire of the mini-
tablets) Nvention. Thus, it is intended that the present

i nvention cover the nodification and variations of the
i nvention provided they come within the scope of the
appended clainms and their equival ents. WHAT | S CLAI MED .
16. Thegtosage foropacqostlingdorcddiond?, 1arthe Bome o€ acowtpdayer itaret comprising a
co ising a first popul ation . of .. .
first layggﬁfr&o gﬁeﬁ_ gqﬁeg mey@(lt)gl; §qlE}}@§ecg‘rﬁprgqln}r)§ag%n18W§ of the first
o X .
populal?Jg}rP ?Iﬁﬂ YaBtheR ?&@er ?)trt{'c?ﬁlg%ss‘éﬁ %Fﬁbfb%ﬁrédrﬂ&ﬂp{%%g@%ﬁ Otfﬁlele

cles, wh cep osporin con
gﬂmeqﬁ@ﬂ%kmmgﬁuhﬁtion is substantially uncoated, and the
subsequent popul ati on of cephal ospori n-contai ni ng
particles further conprises a nodified release coating
dditionally, a dified rel ease

17. Thiglosie %?@%é%@&éw%lﬁhl 6,t\ﬁb§r@a}£)@s’q[ﬁ?§r ad pepsegyFpigpopulations
ofcetide %Y S 4af S deBE P HERAE B IFLR R-FRRAR 8RR Ry isotving

dosageBfier. 2. The controlled rel ease conposition of claim
1, wherein said cephal osporin is cefcapene pivoxil or
a salt thereof. 3. The conposition according to claim
2, wherein the fjrst paopul ati on caonpri ses

18. Thedesasatareaesdingdpdlaimes’ gompreng gdadquelittablet.
popul ati on conpri ses nodified-rel ease particles. 4.
The conposition according to claim2, wherein the

o B S S

therapepoipallpkefieotivs amouat oflabbapbeitivnl Rcoating o clbihg 2.
conposition according to claim2, wherein the
formul ati on conprising the subsequent population is a

20. ThgIcfoirypsols%?oncgcnctorrgljnlg%g cia(%rrnny,l v%flclar%ﬂi the modified-release particles comprise

a pH-dependent polymer coating which is effective in releasing a pulse of the active

ingredient following a time delay.

21. The composition according to claim 20, wherein the polymer coating comprises

methacrylate copolymers.

22. The composition according to claim 21, wherein the polymer coating comprises a
mixture of methacrylate and ammonio methacrylate copolymers in a ratio sufficient to

achieve a pulse of the active ingredient following a time delay.
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6. The conposition according to claim2, wherein the
formul ati on conprising the subsequent population is an
wognwtiilesocont rol  ed fornul ation. 7. The conposi PCOWS2006/013637
according to claim 3, wherein the nodified rel ease
particles have a nodified-rel ease coating. 8. The
conposition according to claim3, wherein the nodified
rel ease particles conprise a nodified-rel ease nmatrix
material. 9. The conpositions of claim7 or 8 wherein
said nodified rel ease particles are conbined in
formul ati on that rel eases said cefcapene pivoxil or
salt thereof by erosion, diffusion or osnpbsis to the
. - ' . : S . .
23. TREEGAHOGH CROA AT My 22 wiREERAP RN bORREERNH8 ammonio
Indha@y@g@@ggagq@gﬁmgaﬂlons further conprises an enhancer
11. The conposition according to claim 10, wherein the
anount of active ingredient contained in each of the
first and subsequent populations is from about 0.1ny
to about 1 g. 12. The conposition according to claim
11, wherein the first and subsequent popul ati ons have
different in vitro dissolution profiles. 13. The
conmposition according to claim 12, which in operation
rel eases substantially all of the cefcapene pivoxi
fromthe first population prior to release of the
antibiotic fromthe subsequent popul ation. 14. The
dosage form according to claim 13 conprising a bl end
of the particles of each of the first and subsequent
popul ati ons contained in a hard gelatin or soft
gel atin capsul e. 15. The dosage form according to claim
14, wherein the particles of each of the popul ations
are in the formof mni-tablets and the capsule
contains a mxture of the mnitablets. 16. The dosage
formaccording to claim13, in the formof a
mul tilayer tablet conprising a first |ayer of
conpressed cefapene pivoxil or salt thereof-containing
particles of the first popul ation and another |ayer of
conpressed anti biotic-containing particles of the
subsequent popul ation. 17. The dosage form accordi ng
to claim 16, wherein the first and subsequent
popul ati ons of cefcapene pivoxil or salt
t hereof -containing particles are provided in a rapidly
di ssol ving dosage form 18. The dosage form accordi ng
to claim17, conprising a fast-nelt tablet. 19. A
method for the treatnment of bacterial infection
conprising adm nistering a therapeutically effective
amount of a conposition according to claim2. 20. The
conposition according to claim2, wherein the
nodi fi ed-rel ease particles conprise a pH dependent
pol ynmer coating which is effective in releasing a
pul se of the active ingredient followng a tinme del ay.
21. The conposition according to claim20, wherein the
pol ymer coating conprises nethacryl ate copol yners. 22.
The conposition according to claim 21, wherein the
pol ynmer coating conprises a mxture of nethacrylate
and ammoni o net hacryl ate copolyners in a ratio
sufficient to achieve a pul se of the active ingredi ent
following a tinme delay.23. The conposition according
to claim22, wherein the ratio of nmethacrylate to
ammoni o net hacryl ate copolyners is 1:1.
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