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Nanoparticul ate and Controll ed Rel ease Conpositions
Conpri sing a €ephal osporin 5 FIELD OF | NVENTI ON

The present invention relates to conpositions and
net hods for the prevention and treatnent of bacteri al
infection. In particular, the present invention
relates to 10 conpositions conprising a

cephal osporin, for exanpl e cefpodoxine, or a prodrug
t hereof, and nethods for maki ng and using such a
conposition. In an enbodi nent of the invention, the
cephal osporin, or prodrug thereof, is in
nanoparticulate form The present inventionh relates
al so to novel dosage fornms for the controlled
delivery of a cephal osporin or prodrug thereof 15
BACKGROUND OF I NVENTI ON Anti bi otics are powerful

_ba;:t er iIN-amOy aqridmlmeﬁnd Cr@n:tmgﬁd iRelease
infectyon in nans ot her, mammual s re;are
hundre SR OSHIONS COMPLANS 3 Gephalesporin
20tailored to treat a specific kind of bacteri al

i nfection. Beta-lactam anti biotics, which are naned
for the beta-lactan1ring in their chem cal structure,

i ncl ude the penicil | FAELDQBINVERJIO™Ns and rel at ed
conpounds. These agents are active agai nst many )

gr am Bessiresepianventignrahdesde icompesiiiona aakmetbpds for e nfegention and
BRmbSLA DA Abh PlJlak 318 RL predelBinber

b AL RARb b ERIEARE pretelEhber o Sl
pappdstiogs yapamisingr deplolepoml, (@ssehplewefpbdoxBee aus prodargy

f wel 0 ter.oral .
b R R p S PR b BURCHPE R bRl mrpipgiment o e
owtipmhj aterdelptpon, or prodmg Fleeof)ét im-vhewiaitnlate form. The present

cephal ospari,n anti hiotics ar ro of . .
HERHR JRRRER B Bl B o gt iBuRlaaensoragephatosporin
arrodrug thehiofll agent of fungal origin. They are
structurally and pharmacologically related to the

peni cillins. The ¢¢pRaleSBRD SriviENTION

Antibiotics are powerful bacteria-killing drugs used to treat bacterial infection in
humans and other mammals. There are hundreds of antibiotics currently in use, most
tailored to treat a specific kind of bacterial infection. Beta-lactam antibiotics, which are
naméd for the beta-lactam ring in their chemical structure, include the penicillins,
cephalosporins and related compounds. These agents are active against many gram-
positive, gram-negative and anaerobic organisms. The beta-lactam antibiotics exert
their effect by interfering with the structural crosslinking of peptidoglycans in bacterial
cell walls. Because many of these drugs are well absorbed after oral administration,
they are climcally useful in the outpatient seiting.

The beta-lactam cephalosporin antibiotics are a group of semi-synthetic
derivatives of cephalosporin C, an antimicrobial agent of fungal origin. They are
structurally and pharmacologically related to the penicillins. The cephalosporin ring
structure is derived from 7-aminocephalosporanic acid (7-ACA) while the penicillins are
derived from 6-aminopenicillanic acid (6-APA). Both structures contain the basic beta-
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acid (7-ACA) while the penicillins are deri:ved from
6-am nopenicillanic acid (6-APA). Both structures

contain the basic beta- l|actamring but the
cephal osporin structure allows for nore gram negative
activity than the penicillins and am nocillins.

Substitution of different side chains on the

cephal osporin ring allows for variation in the
spectrumof activity and duration of action.

Cephal osporins are grouped into "generations" by

their antimcrobial properties. 5 The first"
qephaLo§g$rins were designated first generation while
lagfam rng it dhesephalerpant pasture phavefhumors o negatiey ativity than
eheAsehiclllifthndSn SR AR:. %Bﬁft@&dn%fiﬁ&%ﬁki?‘?&%ﬁds%% ‘the
Currently, three generations of cephal osporins are
cehglpsporBdingrigiows fos yatidionas theeperrtupmopi estédty and duration of action.
Si gni § : e tiQ fo .
ceph alt:g@% g):s %hsn > Egeggh %‘{}%a e g%egg%ﬁ%nes g §¥ ﬁ\?g antimicrobial properties.
dhe firsit eepblosrorips wpre rdesigmitddhant deheragoreelath 18gr, more extended

t nversely,..the "older" 10 generatiqons of
g@%ﬁ%‘?é&%’%ﬁsﬁ‘g’mﬁ Hote ‘é%s ’ﬁf@ P %jP%‘?FF §5OSREN P b RPERe Corrently,
thhergenbetidmefeephalggreinshic @8Dgnized and a FoRENRI BEROF bR cd.
g&qugggft%htreat infections in many different parts
S A Do & P E BRPRI LS HEEPhALSPYiTs s Slicttpr B @pgative
antivhibiobial P perBQNBaCHP PRLABROSINBRHG. VEShvBM ) NhEE1HQN
are also used.to prevent infections before, during,
5‘?{‘8‘3&%5&% @Pboéw{)ﬂs PEYSH BRI PEOf I8 vecop prpgethan the "newer”
geReliahd. on cephal osporin antibiotic. Cefpodoxine

proxetil is a prodrug which is biotransforned into
its aCTRIasHeBRyS seddo rewfipfsefings imepiotifferent parts of the body.

|40 Soinfefifrle® Bivb P with Biet £fibiotte ! Qo fiddn R3S ecti
?ﬁg], cheni cal %gr_re (RS) - %??)éogggrs'opoxy@?@%ﬁéﬁ%@&%ﬂ%’ﬁjemw
e plse gred pmpreyert mfectipngbrfors. dirmgj and fyrgurgsy.
{ (2) reedehas¥int¥ i d0] - o _ .
met boxyﬁn@hhglg?%%%%@c E féaz]%%%r)l/%tfhc? Gty Setppdgime proxetil
1@ ppedsgwhich isdidimrsfbumnad, intotits agtiysi métatallite oefpadoainiesipon

L2 . ] X L.ecul ar wei.ght of

D B o o R El R Ber B
I(soprop@etabeoiixyietipd 6XeER| 7TRYCTERH (- asina-vhiatdylh-0-

' . [, . it.is practicallJy.insoluble in

i BN SRR iy i kv o - Saoct
Zasncpa rcarboXylae.dhsggAla‘ﬁéﬂ ﬁmm:ﬂz;‘ ' lceaiéomngLszdarﬂ?t %ag g iﬂﬁ);]&ﬁﬁg

.ade ne (Sanl cyo Co. Ltd of Japan) an
AR RS o 2T B b DR CBRaY AT B PO o o
Kal amazoo, M ). Cefpodoxinme proxetil is adm nistered
orally, either as a fil mcoated tablet or granules
for oral suspepsion. The recommended dosages vary
depending on t types-ef infection; however, typica
adul t dosages {ange from 200 to 800 ng daily.

Conventional cgfpgdopi-me proxetil tablets are

adm ni stered t A RS t%ily.510Cefpodoxine proxeti |
has been descr jed i rty—f-ow Example, U.S_ Pat. Nos.
o . —?\;_< t
% HiHy
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6.489, 470 for "Process for the Preparatlon of
CefpodOX|ne Proxeti| Diastereoisorners", 6,602, 999
for "Anorphous Form of Cefpodoxine Proxetil " , and
6, 639, 068 for "Method of Preparing Hi ghly Pure
Cef podoxi me Proxetil". These patents are hereby
i ncorporated herein by reference. 15Cephal ospori ns,
and prodrugs thereof such cefpodoxi me proxetil, are
of high therapeutic value for the treatnent of
bacterial infections. G ven that cephal osporins, and
prodrugs thereof such as cefpodoxine proxetil,
require oral admnistration two times daily, strict
P tl%@t conpliance is a critical factor in the
EIRedHOXEEhrEE S 8 MhHS 1 Yellopish ppryvderhandtibis ipeactically
|ﬁ§ﬁmﬁéﬁnﬁmywbreover such frequent adm nistration
often requires the 20 attention of health care

wor ke CSTRederies RraspBlmasba asimtineteist ghpasonta desage dorat effered under
thd Reoholof AN HRBh K KO Igmm@ S@oow%f%!;n Sina VIS Fine

nee art or ce sSporin co
thld mh @ (Plarmhiesg lﬁjjﬁhrﬂtm ef Kprambhﬁn;rm RS Sepbad:ete proxetil is
t he_ us

of . cephal ospori n or the treatnment of
BUETRTTEH OF i b gRE 13 cBlEsk OISt A er ofY Rgepy@n. The
AgenimdNaeDRRdek Gatly AeFenTMFRATh tyPOST iRfction; however typical adult
g%no particul ate active agent conpositions, first

&aeFs 1Rge from g0&to 89 mgdalyo Cosvep&gnaé gefpqdokises praguil tablets are

RaineRtertd v @m&akaliy.Cl es consisting of a poorly
sol ubl e therapeutic or diagnostic agent having

adsor b&trodeime proxetdbps beca desraibebin, for pxample, 5% Rah Rid.
%U:f8§ AGE forSpRRLL kA ke Pr%mﬁﬁﬁ" C%ﬂ;oﬁ&zlmg ‘?F(ﬁﬁeﬁﬂf)lasteremsomers

descri be nanoparticul at e conpositions 0
GAIREPD S5 merphous FormiiCediislowinerPateictily, and 6,639,068 for “Method

AR S 6 M PTGy gy

&oxdinthyg8R1900, bot h for "Met hod of Cilndlng 5

Ph Pat
5 gagﬁg%iolsf&lns Sc%g %0%%: %%hermlg' SF]ch d:e%pgta,ninﬁ afor){atzl are of high
Iﬂimmmneuﬂuedaﬂ thStrmmamtcoé bactersah thiddtiGns. RatanthatNephalosporins, and

&5(!]110 %l%elreé)ri]'guc as % 0%6}’?%@5%%@3%%“&% é)gﬂI] gcrlrggnstratlon two times

Itilam pmgt ]iamdﬁt&bﬁpme %en et facOnip Gsi JFiiABE o Bdep hzg%%&%rés 21n
escribe xa Pat ent. Nos

PER e TR A PO SOl FBRGNBopbFRtIs the

Radiitios bEhehOh AGEOGRLY 00 cbhttibings ORI HifH g0l Asdtiated with

5,302,401 for "Method to _Reduce Particle Size Gowth

BEFTSYS (Y8{yHe Sepbalqsporins. 5 hys, dhepets amged in et forephplagiorin
Q&ﬂiﬁ&'ﬁjohé Qhh Ue@Edthe hBseMBd bR} plobREIs RGociated W&k ﬂféﬁ%e of

for "Novel Formulation For Nanoparticul ate X-Ra

BirbBlasrosgs fedintieagtenpeldirestieldntsgiass-gh Mol ecul ar
Wei ght Non-ionic Surfactants;" 5,328,404 for "Method

Bf X- Radkg hfmlRQaMih@Qcﬁ@&A?@it%n@ﬁzﬁ%ﬁlia& Compositions
Propanedi oates; " 5, 336, 507 for

Nanoparticulate active agent compositions, first described in U.S. Patent No.
5,145,684 (“the 684 patent”), are particles consisting of a poorly soluble therapeutic or

diagnostic agent having adsorbed onto the surface thereof a non-crosslinked surface
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15 "Use of Charged Phospholipids to Reduce
Nanopartl cle Aggr egation;" 5,340,564 for

"Formul ati ons Conprising Ain 10-Gto Prevent
Particle Aggregation and Increase Stability;"
5, 346, 702 for "Use of Non-lonic Cloud Point Mdifiers
to Mnimze Nanoparticul ate Aggregati on During
Sterilization;" 5,349,957 for "Preparati on and
Magnetic Properties of Very Small Magnetic- Dextran :
Particles;" 5,352,459 for "Use of 20 Purified Surface
Modi fiers to Prevent Particle Aggregation During
Sterilization " 5,399, 363 and 5, 494, 683, both for

" Surface Mdi fied Anticancer Nanoparti cl es;
sstalehizer gier o paifat dies pritsratbe é!mmﬁﬂ%'@ﬁépmeowmg ahese
Baﬁﬂaﬂ&b@ﬁl as l\/hgnetl c Resonance Enhancenent Agents;
5,429,824 for "Use of Tyloxapol as a Nanoparticul ate
St abi Meshads of malgngnanppartigyate petivis ggent empaisiiongare described in,

i QU
e SV e ol Bt aen, SRR M hinding
%’hmc%@alf&ybstar)ceﬂ’ap S:cb’memdg@ deﬁﬁ@& foi ‘Sivatitupes Metliod of
lpplRg 4 of.,.Or al
Setia F‘ﬁ%ﬁl %%gé%%%t #‘gd Qﬁ Pi’/t I\ﬂurs %@ ?%S*Qntléro?eﬁs of

Cowbiimat hepapewnti¢ ﬁmﬁharmms:@umamajglwanémemsabl e d ays;
5,470 3 for od of Preparin art
Compobataraiuias el iz At ARHERRp dofampte, in U
RetgordeosAG,G9 %26 flonlse &Iéﬂécﬁﬁa pbiaar Modﬂ‘i&ﬁ@@ Bl bt Phidic R

i agnost i ed.Carb . s X- _ .
BsRER Y oyt TSGRy oot BB O B Rt Pagictecie
Gamveth MYiring 3.ybpHaliz206n;P 61318 N@Tlﬂﬂ aRIR W odtrest DoRPBRSs Useful in
% as X— Cont r ast ents for. Bl ood Pool and

a@lngy ﬁsﬁﬁ@l ﬁ@ve ngg_]guo;g%)r%popammﬂate X-Ray Blood
bOGITREES AGEhE UBNBASIIMERE A} erigﬁﬂﬁ@n-m%m%%&a&l&s b @ r328 404

I\lgnopartl cul ate 5 | ododi pam de Derivatives for
for “ie tied o SnRkevlsragingdising; Imdlgatsttgrq;lmcf}’mpanedwates ” 5 336 507 for

“DanaR LS Ph&bﬁol&&% RSkice I\Qn@ﬁaﬁﬁ&@%%%‘%a&lgﬁ X 3&@364 for

Contrast Agents _for Bl ood Pool
| Fraglagons Gomapriing £4inf 19 G tPrswen fa@!ﬁlep\f%mﬂﬁlwﬂﬁllmﬂ}ﬁse

@aﬂﬂl § 35090051 S Qg NoRAb AL E’s'kgﬂ @%ﬂ %B%ﬁeks% ‘;\?m]ﬁ,

160 for "Surface Mdifi nopa
Halmﬂgslztef&ggregramn@umg YerglizgfiorCd ﬁﬁ&ﬁiﬁsfoa@repmnon and

Fa ty %\%? Hegbgvéfggl}@g\ﬁ %%Fﬁgéoft{/aé]l etng%lEa%%gr?b%"rQ‘bse of

Boudyrere: MediSens tabevin Bmﬁmhr&giagaud&blhmmrs:tebrﬂizesdn 2

B PR s R s SR VPl AP e

LHintp&Ri for ‘Ol stet’ InSqlbid NoB3-4gnetid ]H@jigmésaﬂ’laﬂi@h‘es 8d Magnetic

SPOREET BriPee e Apory 5o Ah 4l FOF i aeplpeg Navoparictate

StNAHBPArs 440 7 a e “Dicagiaast Meakilg Naﬂbp@afcb@eéwt Ray BRod Pool

ri des ents for Bl ood Pool and
AR Lt el MRl 58 gD ey PfrcmpisacMBd 0 for “X-
RWIﬁJ@stkoBﬁ%s@QﬁHtﬂﬁzﬁﬂ IR BCHE ITmaBin® ? 3,468 340 R “Formulations of
'Redi spersi bl e Nanoparticulate FilmMatrices Wth

Prbratiomiestios) dyiepmasts X-Ray %m@gmﬁ inCgmbinatipe withj ¢

A heslf: . DRRP

St abi | i zggy, %\Ebéﬂﬂbi&&:l% ecﬂ@gss\%ﬁ)gﬁt& Li %?%daﬁhgﬁampama]e

@@Rﬂ@@ﬁﬁlp@ﬁ@n@ |Q§él)g8¢8h<3mh¢1§ﬂds 15 RE@K e P@Brefaion;” 5,472,683 for
"Formul ati ons 20 of Oral Gastrointestinal Therapeutic

Agents in Conbination wth Pharmaceutically

Acceptable d ays;" 5,587,143 for "Butyl ene

Oxi de- Et hyl ene Oxi de Bl ock Copol ynmers Surfactants as

Stabilizer Coatings for Nanoparticul ate Conpositions;

' 5,591,456 for "M Il ed Naproxen with Hydroxypropyl

Cel lul ose as Dispersion Stabilizer;" 5,593,657 for

"Novel Barium Salt Formul ations Stabilized by

Non-ionic and Anionic Stabilizers;" 25 5,622,938 for
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5,718,919 for "Nanoparticles Containing the

R( - )Enantloner .of |buprofen," 5,747,001 for "Aerosols
Cont ai ni ng Becl onet hasone Nanoparticl e Di spersions,”
5,834,025 for "Reduction of Intravenously
Adm ni stered Nanoparticul ate Formnul ati on | nduced
Adver se Physiol ogi cal Reactions," 6,045, 829
"“Nanocrystal line Formul ati ons of Human 5

| mmunodeficiency Virus (HV) Protease Inhibitors
Using Cellul osic Surface Stabilizers," 6,068, 858 for
"Met hods of Maki ng Nanocrystalline Formnul ati ons of .
Human Innunodeficiency Virus (H'V) Protease
ﬂhlbltors Using Cel lulosic Surface Stabilizers

malilfg a?ea?la%()ﬁ‘jl(‘e%?ﬁg [Carbegrgtydndsseas o Ray Contrast Agents for
m%& AU lydlpBatNoPF RN Enagid; ”1§5§)()%ﬁ f&@ﬂan@ﬁ%ﬁﬁké ]glagnostlc

Dose Form of Nanoparti cul ate roxen

N B S R LA
53 §s ol @N%dﬁgrtm%@@m%ﬁlah@o rGI]gCyZ 141845 Nﬁlllé@amculatc

Protease Inhibitors," bd|IZ d
Ixéipé%mylc Esnvaiivies fg UsanoSRayilaatditdygents] §985,328 for

al%gt%a{ L9 nM?t‘chQ&zE)%r Est sf\la%y ﬁg)t! b?x%ﬂg{)(g%n% for(%BV\ﬁ pool and

and artic gregation-in
Completic tSystas, Ifhagmg;m 588,633 Gor “Pidsess of Ple@EDer{-Ray Caechst

lgoﬁ%gﬁu i3 gﬁg{af e%%@%%&'@l‘ o£e %ﬁg ?5@%{“%{%@&% MedeRl Risarn
Nammttsgasﬁﬁl,ﬁﬁg 930 Iford‘F@naﬁaﬁan aftyCorhinds' asNaddfurifabatd or

R PCP De OO At SRR PaR it e ptrlisne ock

prtbylhdzrz ed St&ﬁde Maameyé foslsldndpmtﬁwk 3960 g Bir € Sulfated Non-ionic

" Bi oad i.ve Nanop ticul ate
%@ﬁ% %8?%’ L}I@maﬂ‘gas g&%ﬂ&ﬁ’f CoatiIby tog Nasgragicls Gemgsitions:”
8,54B43 4681 Rl Bom! If CSﬁl%bﬁchab Nanop@rn@al%teaﬁgpef‘s@({ns in Digestible
Qﬁg thods for Targeting Drug Delivery to the Upper 2

Proffatty S\Gls:™ G 18P vTe Nenpparticpjatg PiagnagticMipmgCarhgaylic

An 28K
o B0y OB 1 B S50 Gt ot g

bﬁ%’éﬁﬂsfpb rdiagoniyt Indetng aRay hertpss et Comdi hatifon of a
RelapBsibe P@H{oﬁﬁﬁ&ﬂeﬁe @Hin' M&:ﬁ&ega\ﬂﬂh P}o?é?chﬁ/é OVl a&ém 5,580,579 for

Sul f osucci nate;" Nanoparti cul a

@Wﬁﬁ@ﬁlﬁq 66@8@@%@@ th@gﬁl,&fmt ﬁhmgé\la@mqr@@wo%mmeﬂ by ngh
Ml "
RgFdh L Ry A DDA 5 o i

NIhddasThimtesofial Theagltic ?x@é'ntﬁ or Cornbhigpiiod vathdhhetaceutically

| 2 I CC 9 8 6 f r
R%%ﬁ%gl e Tla X (F,ﬁ?’] tf 8{ erner’ clgzj%th%lf:ﬂe 1 %Iﬁg)Pléeopolymers
Fefactaste aaﬁtabmom(l?cmhhgd‘or Bireaseicdha CaaipesitiGis] 'c55391,456 for

TGRS i SRR L TR e Wy i 57 o

‘dostiBeiasSaLFdraRtisisatiliza by NonGodd ﬁncﬁAﬂloﬁJe lStablhzers

) and hod for MIIljing Materjals

%g%@tf% Torn “igy B wﬂ%u{%ataaff #owfﬂapgryata @2@%@ fmpyoved
rainhumflomfmalaﬁz@tr&a@mﬁal Dﬁlghtysnb IRCRAPOS A fd¥its and Oral
reference. In additio Pat ent Publicati on No.

GrontstEy Shappeufip Agentsh 6855 foRaNeneserticulate Diagnostic Mixed
MFRRALLyeHb

Publ i cat i on @Sta% %g%g%%%gﬁgenésrﬁ% %ﬁggg{rﬁ% (clz {ﬁm{)hmm System
Imagingf’ S, 7Ft§r3ﬁ% et Copnuous Msthopaf Grindimg Bharmagentieal Mabstances;”
20050238725 for 5"Nanoparticul ate conpositions having

a peptide as a surface stabifizer;" U S. Patent
Publ i cati on No. 20050233001 for "Nanoparticul ate
megestrol formulations;"” U S. Patent Publication No.
20050147664 for "Conpositions conprising antibodies

and nethods of using the sane for targeting
nanoparticul ate active agent delivery;" U S. Patent
Publ i cati on No. 20050063913 for "Novel metaxal one
conp03|t|ons " U S. Patent 10 Publication No.
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trianci nol one. conp03|t|ons " U S. Patent Publlcatlon
No. 20040115134 for "Novel nifedipine conp03|t|ons

U S. Patent Publication No. 20040105889 for "Low
viscosity 25 liquid dosage fornms,"” U S. Patent
Publ i cati on No. 20040105778 for "Gamma irradi ati on of
solid nanoparticul ate active agents;" U S. Patent
Publ i cati on No. 20040101566 for "Novel benzoyl

per oxi de conpositions " U S. Patent Publication No.
20040057905 for "Nanoparticul ate becl onet hasone .
di propi onat e conp03|t|ons " U S Patent Publlcatlon'
No. 20040033267 for hhnoparticulafe conp05|t|ons of -

2gﬂl%%§§6§|s inhibitors;" Patent Publicatio
8 oRaparticls GOR@W&?&P? R Jfnapiioragrof Buproton; 5.747,001 for
f‘ﬂ%ﬁé&l@tbﬁﬁ&r@%ﬂbﬂ%ﬁlas@kﬂaﬁb a?@d]@l)&%rblgﬂss” 5,844 &5 for
Patent Publ i cati on : 20040di8242

“Rathspan of Ietaawgp@mhy%qhawsﬁer«rdom lep@ﬁs Formylgionbpdused Adverse
PpdibI6SLA) ‘N&amns 29@49 @é&‘%ofz Stallif F%‘rﬂ%ﬂhbﬂseg
systens and net hods, ent cation
IngmooBiTes:yf \Girus' (Héﬂb]bfafewedmuhﬂ@s Ysipe CpbolssinBhface Stabilizers;”

OO DR O PRSIy SO A

dingsnddefinignaydéiageHI 6y Protchantihibitore Uising €eflulbgibBiiticy Stabilizers;”

gﬁ§%259¥ gEﬁ ?glgﬁ%m%5| |onsoogg%sﬁéﬁf%@??ﬁe6§§5306ﬁ“

SNed zSobd Pbatfideinad Nanoﬂdrtﬁnlaﬁalﬂ @ﬁbxcﬂﬁ’bﬂ ix ai[){) @ “Neethods of

TP ERe R aE N SREBE g el R BER i B Giedeficiency

Wirlss ([E‘IM) ®rdteatOIiRibilokssas, peNOANTor mﬁmmofs@omammg

os s .havj onb nation of
NPERGE SIYOP IR of PO aPe AaheR dpdsrispiiat sl Grgveh and
PatiertA gBrphiichah NaRopiericl LORPkARMLE 61206,806 for “Use of PEG—
hﬁnopartlculate conposi ti ans conmpri sing copoly
Bervatized Ligids pdPydkss geﬁ&ﬂﬁef\ﬂfwﬁwew%@e &gmﬁeﬁm%e 6,316,029

ﬁrahhﬁlﬁl?y@fﬁntegrym% SéiRi &Rl DES‘AQJ: FGaL 9@7@\@86 P93 $928

for hhnogfrtlculate insulin, U S.

Naprpgistipts CoRosBionsOuBISOR § Hmergiic ﬁ?@mbtrmro%f aficfpmeric
SlRUShLRKL a%ﬁ&ﬁ@&%}%diﬁ%i Sttt #E A 4Thd Biffdhesive

m cr of dics;" U Pat ent Publlcat|on
E@@%Grzslztwomosmpmﬂga‘@@ Cationie SuyigeaPisbiizamst fddk478 for
P t r t .
:%ﬁall ?(QL Gigf]lr Oéj Qi’}% |ﬂﬁg%n%$%%sﬁgﬁoﬁgé§l%§ %E]J%Bellgeﬁyt% tﬁe%pper
aghirilower GastiNmtcsAG0 108536631 PabNo! APRRREH fus" Amparatus for Sanitary
" i dgnanopa i cul at.e ..
BARMAhL MR U bt 080 SOSRS o NSRRI BiipdiiShs Comprising
a Epmrg)sjrcakmdmhaylon of ePelpmeric Ao Senbidizert dhd TRoctyl Sodium

erenc C e 0S| of a.na artic
SRR RERa, ¢ F050s 16 SR nACC e tiopar barsng Amdrphous
gjmmsmﬁd o@@z@?y fdﬁ‘éﬂ;r&lleﬂeﬂd Mamodef&ammhﬁgclgaa&nblss 6,745,962 for
Pat . 4, . iculate osition
T e R it etz SR 1 46 1R Shieod dnds gerggs of
E@OparliRINOeuboT 6 Wb Bif‘c’gfomcﬁrﬁﬁdﬂn\bnﬁla&rﬂ% Rhlbifehi6 S off i Bdiate
Wat er - | nsol ubl e cr ani ¢ Conpounds, " 4,997, 454 for
refoaserigd constollRARalsRc W@Pﬁw G 98$2R 0T Nenepsripslay om
ddﬂﬁ)@hﬂ@ﬁﬁ(}%ﬁﬁﬁ%@&ﬁﬂmeﬁs gfq\;knﬁ %grrgl?(fone Hjxcf Vifivi %@éﬁ!ﬂe ?s surface

Non aggr e orous Particles of Uniform Size
i () et 1oL ISbHED i Ml VBes sl 6991191 for
5,776,496, for "Utrasmall Porous Particles for
Enhanci ng U trasound Back Scgtter." Because
cephal osporins, such as cefpodoxine, are practically
insoluble in water, significant bioavailability can
be problematic Thus, there is a need in the art for
nanoparti cul ate cephal osporin foiniulations which
overcome these and ot her problens associated with the
use of cephal osporin in the treatnent of bacteria
infection. The present invention satisfies this need.
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5SUMVARY OF THE | NVENTI ON Hereafter, the term
"cephal osporin™ will collectively refer to:

cephal osporin and prodrugs thereof 10Cephal ospori ns,
such as cef podoxi ne proxetil, suffer from poor

bi oavail ability due to the fact that they are only
slightly soluble in water. The present discl osure
relates to a nanoparticul ate conposition conprising
cephal ospori n having inproved bioavailability, as
descri bed herein. The present disclosure also relates
to a conposition for the controlled rel ease of a - '
cephal osporin (hereafter a "controlled rel ease R
15cephalospor|n osition). In particular, the

péaggio MS%IH&@W‘@CP IMYlgsalk &f whichawpepstificadly indeaporated by
QpRfatd. an V S
cefpodOX|ﬁgﬁgéhggfﬁgﬁg?ﬁgﬂgg(?§g$§%ﬁﬁpeg??€% #ﬁ gﬁ?ﬂmi
iBflegsphiamopuriitdate Compositionsit V.S ukatent Relrivation Nov@0RT023697¢ for

f S S
conr AR R RTorb AL (8. B BBl 125 PS4 ror
cbhmnnﬁke@mmeheasemmdnpmgapqmmeaoﬁmhﬁeepmﬁﬁﬁmWIJS Patent

e nat e the need. t

PnERCSBSRR st o PR B Bt DraRgefans. Tl paten
tPiuhmmm Nay 20050147667 ke ‘Noapeyitiond |csmbm@nb&hasteea methods of

so t Q_napoparticul ate conposi.tions conprjs
C S p% ﬂ16 OsgtBe for Ear%cijrrgg gg?qpéplcupﬁéiﬁgbeﬁgp?télﬁ{ U S. %atent
CehihatiasNe.r200500639 13 fol @8gvel hb@xASIRBBIpbAiGNE; " AP ¥ ak&e
| gsporin partlcles and at | east

op art I ce
Sdieatin fﬁ% éo@%@aﬂ%{a ar “Deyehepopopidiansai sidraall fraedese oF.S.
PhientFABDRAOA Ne! 295009189 nweaersrdb@%@h&ogﬁaaﬁé@%&%' Pent
particles have an effective aver %F ggﬁ icle size o

FRBROsHRAR " Hob dietent Rytpbication No- 30G50p ediovel gliprzadei s

BémydstRds AU, 2Rieft MH%BNOC %@6@04@39 hﬁ‘l“ﬂap& rghglaofulvm
COﬁpOSltlon conp rlSln ﬁ%e artIC es of

EAPPAEIOEH 0 Phtavﬁ Pﬂ’@h%ﬁﬁfoe 0040258068 fog @‘EWE@}B@
RpAEmAEL fdifRBuibiany &b ?MZEIH%‘Q[QQC&EJB&N %462@3 di’j‘?t ﬁizituld dosage

one surface stabilizer erre
FOMPASHIPNY ¢festableawaenariiiviatd wsive @qne,”dJ § OPaitoht Buiﬂaghmn No.

QWBZZQ@% E)guﬁ%ﬁ%?%ﬁggfg%rﬂagﬁ%%}?ﬁﬁng CC’ gapate 11 gtglﬁlcgnon No.

form can er ehbo

2083 for “Niwd Motcasend fornilatent;8 d.$. Paphaeluiticaish Nval

ns Sin a icul ate
%@gﬁg%log%gor i r(r% %‘nB i3 sea(’%]lgn AT A L p (ﬁ? ilfngdﬂaée@usr f Y Patent
BihiaigidniNve 20048 1 131%885 lfmﬁsmuﬂ dasapy foatCapipding pGRiiid; R U.S. Patent
| ] d exci pi S, . . Anot her
Al Tionafit LB beRe b acuie NP LY Setpabticaton S sibeses fo
‘Pénvepamisutidé &hﬁp(ﬁﬁi@hﬁi’ QBS)Q’E{teﬁt BORRDh Nooﬂﬁ)élg Pﬂ&% fr Pllovel
one or, nore ad {Eg npounds. usefu

PESPHERT <BHBHERSS Dat PRRMGb GHon M 20040 i 55tar aove
HifediphercotipsStichs &8, PRé PabIRhtidRING. DB0AN 858 MBI Mo viscosity
ERNPRAL i S E 5. Patent Publication No. 20040105778 for “Gamma irradiation
of solid nanoparticulate active agents;” U.S. Patent Publication No. 20040101566 for
“Novel benzoyl peroxide compositions;” U.S. Patent Publication No. 20040057905 for
“Nanoparticulate beclomethasone dipropionate compositions;” U.S. Patent Publication

No. 20040033267 for “Nanoparticulate compositions of angiogenesis inhibitors;” U.S,
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5 cephal osporin conposition. Such a nmethod conprises
contacting the nanoparticul ate cephal osporin with at

| east one surface stabilizer for a tinme and under
conditions sufficient to provide a stabilized
nanoparti cul ate cephal osporin conposition. In a
second aspect, there is provided a nethod of
prepari ng a nanoparticul ate cephal osporin conpri sing
contacting particles of a cephalosporin with at | east
one surface 10stabilizer for a tine and under . ‘
conditions sufficient to provide a nanoparticulate |
cephal osporin conp05|t|on havi ng: an ef fective average
particle size of |ess than about 2000 nm

tiFft Puldisatiqn Ne. gg40033208 degy Nr@aaarlrr@la@e%ererfmwatlons and novel

bl ShBhallns® I@§p£l‘1§én@§9c9fcbﬁorfﬁé('2@@40@@8ﬁfsz§x°‘t]¢a\ﬁ§qamcu te
aver age partlcle size of |ess than about 20

(nypatie fqreulstionsid) BeBant RelelicatierNg. .2%400 15134l Drug delivery
B%Q%M&héﬁ ”EU %Qmpﬁﬁlﬁghtﬁltﬁo k) CPf) g\lan%partlculate
O act eri a

conposli t1on e treatnent of a
WCQraeglefnnmdaltms &supwvel riodycasapol apimbewties;’t 0. Sndido #sblehtion

g?(? @bﬁ%ﬁk%ﬁ For %aﬁ %1596’15111 8{)1951[‘;% ﬁ:}e sﬁ E'aqug reEhPc%d %’Ea%ﬁlttynge |EJI.S.

bacteéeria action us
I’hmpﬁlﬂiﬂmaldna‘fce 203085368 far Nengarpokid donipssidostaase thsozyme

here rise

e SUBR T S SR PR BRSSP e Giedgparticutre
rtamppaﬁdns @ﬁhﬁb@neeeﬁbaaémmm (MAlléjtmel@e ﬁmﬁﬁtleﬂ@ 1©K. Patent
t t men apqparticul ate cephal ospor|n
éﬁ*ﬁﬁ 58P Moo v f?fr SSRRROSHToRt haying et iR e diate
trilesse afd coliblldd reRadelRBardbtbristit e U, @R PubblisfioR B! 2030108616
fur, er relates to a control | ed rel ease cephal ospori n

Lo BRPRA S AAIHF B O HORYFOPRITS B Conobmpre el ynyl pamplidone and vinyl

RE&hie |a§m§fé@§§tﬁﬂl‘iﬁe@sl 1. SSPamaﬂt PublitibRo ZROPOASIR for
profile produced e adm nistration of two or nore

| Ragrpagialafegpspling |L¥%~r¥’ﬂ£f@q@éfmcrt&m1§p 29RRO0BLI9R dpr0 dselrcidfor
Ihﬁghtdi%u%?m fs&leén%lg Jsﬁlg%%%ﬁm%&lmﬁﬁ b R rJFRYGiRE 1R, Patent

nanopar culate form fourth aspect, there Is

ﬁ’rlbmaéreraNa 20830028 703clgr | lélrueais}eve@orrp@wt& mnﬂmeHrSsPatglt
%Q%Hbéﬁb %096176%80189* dys h]e%d%eﬂﬁ)%%lallngﬁ%ormggrrlael and U.S.

wherei n the nanoparti cl S conprise a no ‘ease
Eatens Ruyplieation Mot 24018933664 for SAppaialing foo sralhtlaly,wea milling,” describe

?Q)ﬁp%fﬂ%ﬁ%{e?r t?\%sagverﬂ%gﬁ] 3(51%%%%% z@rle speet 1ca{1¥ mcorporated by reference.

HNobg etthgsetréferences describe compositions of a nanoparticulate cephalosporin.
Amorphous small particle compositions are described, for example, in U.S. Patent
Nos. 4,783,484 for “Particulate Composition and Use Thereof as Antimicrobial Agent;”
4,826,689 for “Method for Making Uniformly Sized Particles from Water-Insoluble
Organic Compounds;” 4,997,454 for “Method for Making Uniformly-Sized Particles
From Insoluble Compounds;” 5,741,522 for “Ultrasmall, Non-aggregated Porous
Particles of Uniform Size for Entrapping Gas Bubbles Within and Methods;” and
5,776,496, for “Ultrasmall Porous Particles for Enhancing Ultrasound Back Scatter.”
Because cephalosporins, such as cefpodoxime, are practically insoluble in water,

significant bioavailability can be problematic. Thus, there is a need in the art for
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5 conposition delivers cephalosporin in a pulsatile
or continuous manner. Conventi onal frequent
dosage regines in which an i Mmedi ate rel ease (IR
dosage formis admnistered at periodic intervals
typically give rise to a pulsatile plasma profile. In
this case, a peak in the plasma drug concentration is
observed after adm nistration of each IR dose with
troughs (regjons_of |ow drug concentration)
nanqpaiiiuile erphalospRrEnfoTguistprsevhich prcrsems tiese prd otber nrpbhems
[Nt.s; ' ej l.§ ant
assolel iy BT QAR Rob R T T SRR bar G 1 Ron. The
prespitanvemcioh egisiad thaswkeetiher apeuti ¢ effects associ at ed
with them For exanple, the wash out period provided
by the fall off of the plasma concentration of the
active between %MWBAEOE&H&WTI@H be a
contributing factor in reducing or preventing patient
t oHereafter thatewa caphslosypes’ vall wilegivelylbitneo pephaeporin and
dis&éos e further relates to a controlled rel ease
prodygs ?8@;orin conposi tion which in operation produces
a plasma profile that elimnates the "peaks" and
"troughs" produced by the adm nistration of two or
nmof-ephatosposng sudhoasrasiipiderimesprqresit sudlier froif pen blvamailability

o B BT TEEL SglaBIB L. Bl oy e s
to a Rdrlopidichiiafe @afpokiida ld:Sm?ﬁ!siing @EphaldWbbiin Bafihgd FhhrBi &1
e

. modified controlled release conpositions simlar to
bioaysilgbrits g descaibed hersie | Theamreseat distlosiselalam eelabaiorreepmipesition
' . 28, n 730, 325
B e ey
cephalebmuraricentpesiabn). TAlpartizhilai the pelsent dikcioplideqtlats to AN
this leLd may .al so. be found therein. It is a further
compystiagy thefin OREralieR delRersnsActiys GeRhalosPefitb wheheas cefpodoxime

prox&@HraQhl 8F dEH 898 hercof, in&! fitd & QRS cﬁ@?ﬁ%}l% glanner. The

operation delivers a cephal osporin,
presanbdoplastiie durtizt ecli@s cepiidl ovaslplosage, foims eonpaihisgtsidiea controlled

nmanner or a.gonti nner. Anot her object of the .
releast CURRGSITiANG B EON {535 SAPRRSIRNE O ihe GFevRt drestesiewil
climBORRAS hdddQb ahinG feSHP SeAldspbiY, sBHMCE M xime proxetil, two

_ pharnacol ogi cal and therapeutic effects produced by
timeg ;dayadni ni stration of two or nore IR dosage forns

G RN T N
cephalosporin (hereafter, “nanoparticulate cephalosporin™ particles). The compositions
comprise nanoparticulate cephalosporin particles and at least one surface stabilizer
adsorbed on the surface of the nanoparticles. The nanoparticulate cephalosporin particles
have an effective average particle size of less than about 2,000 nm.

In a first aspect, there is provided a stable nanoparticulate cephalosporin
composition comprising: (a) particles of a cephalosporin having an effective average

particle size of less than about 2000 nm; and (b) at least one surface stabilizer.



15 conposition which substantially reduces or

el imnates the devel opnent of patient tolerance to a

cephal osporin of the conposition. Anot her

obj ect of the present disclosure is to provide a

controlled rel ease conposition in which a first

portion of the active ingredient, i.e., a

cephal osporin, including nanoparticul ate

cephal gsporin, is rel eased i medi ately uFon

addi piekredtdosagedaem b thequessnilipdeurais aghlid esagetipwe although

' ' LS. I S Mol ter_an initial delay
any pAARSELSIAY BeckBRBR B Ikt ol B AR "o ot "o

t he\rpries embodintal OSthe @rdsenttdiscladuraik airectéde slRsagRutifal

the form of erodabl e fornmul ations, diffusion
COMBRTH TS| BWPTEGHERNAPPEHS Ul cepllePPEn paiclegind e least one surface
ulati _ ot o

3 bl oA CROR BRI pr A B FRE excipienss.
conposi tion capable of releasing a cephal osporin, in
a binodal or multi-nmodal manner in which a first
portion of the active is released either inmmediately
or after a delay of a period of tine to provide a
pul se of drug rel ease and one or nore additiona
portions of the cephal osporin is released, after a
respective lag time, to provide additional pul ses of
30 drug release during a period of up to twenty-four
hours. Anot her object of the present disclosure is
to provide solid oral dosage forns conprising a
controll ed rel ease conposition conprising a
cephal osporin, including nanoparticul ate
cephal osporin. O her objects of the present
di scl osure include the provision of a once daily 5
dosage form of an antibiotic such as cephal osporin
whi ch, in operation, produces a plasnma profile
substantially simlar to the plasma profile produced
by the adm nistration of two i nmedi ate rel ease dosage
forms given sequentially and a nethod for the
treatment of bacterial infection based on the
adm ni stration of such a dosage form The above
objects are realized by a controlled rel ease
conmposition having a first 10 conponent conprising a
first population of an antibiotic such as
cephal osporin and a second conponent or fornulation
conprising a second popul ati on of cephal osporin. The
i ngredi ent-containing particles of the second
conmponent further conprises a nodified rel ease
constituent conprising a rel ease coating or rel ease
matrix material, or both. Follow ng oral delivery,
the conposition in operation delivers a cephal osporin
in a
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15pul satil e or continuous manner. In fifth
aspect, there is provided a controll ed-rel ease
conposition conprising: (A a first conponent
conprising a first popul ati on of nanoparticles of a
cephal osporin; and (B) a subsequent conponent
conprising a subsequent popul ati on of nanoparticles
of the cephal osporin; said conposition being capable

of dellverln cephal osporin_in a pul satile 20 or
ﬁ%ﬁw@p of the presentikisclpstitre diretediogmgpparticulate

t [
TP e PSR Pt o
uBmakhwwaQ&mghnﬁam@nfrequentIy t han before and

pr fer ny once- a- gay adm ni stration thereby
i 1

3 IsdpRFe Ritasihed ale%ﬁnen%m@ve mpgoparticulate

15
ceptiid Pt?&?de é(g%%sng%tm%ﬁhl q'ﬁflz ht tgtgﬁﬁls}é@ Hérq%iaf@gféﬁé' Mo}ﬂartlculate

cephalpsperirawitb asleastioht wsifare-stadili zeo fdredirhe amd duatet omslitdng

tic- .contr lJe fornul ati ons ortion of, the
suffigpbio nipyds Al 3@638 Sy g a@ QN YMPOFIERAF o

r api 8sQos&hspEr, ﬁ{efr@ﬁtprov-ﬁﬁﬁi @ hﬁﬁ%ﬁtof%képﬁhﬁé HhgnpRHidiate
be useful in inproving conpliance and, therefore,

cephalpepenpeenniyistig owasting pagiciestof ea;tpi@ﬁnspomthraxt legstaane surface
ed to,

sab P R s mt el O e RBho PR RS myfpgiiac
cephdRighétid @RPhRGRIMAHAVRRAnQFRIt GERRM R TRRT NsikAHH 18dsSthaDsbout

sol ution, which are admnistered two tines a day as
2000Puncti ve therapy in the treatment of bacteri al
i nfection. The present disclosure also rel ates

conls SRl b B BRRR. (P PRASHe bEReBilchlin
havitgen ﬂ[l‘fﬁ?oﬁa tvethgcpatiesizkelf ﬁse ﬂlaﬁtaboa Zﬂﬁﬁtnm) |ah@ (b) at least one

rel ease co 05|t n that, in oper tlon dellvers a
surfieg SRR ESR G SUSE 0L 4 PRIQPA T BRK Ty gRRpition for

met&%ﬁﬁ&ﬁebaﬁa&éﬁﬂ%easeoe“ od of up to twenty-four
hours. The present disclosure further relates to

solid oral dosage fornms containing a controlled
r elbapessan mﬁe\hxsmeoﬁ alspdgteed mnetbndsr off thaatinens fimhisding but not

iR A LIRS B 0Bl
cephhl@kpBHBddn@tsitioAs BREBEADhdréint fS@clen%ﬂﬁ)ﬂE comprise administering to a
subject a therapeutically effective amount of a nanoparticulate cephalosporin. Other
methods of treatment using the nanoparticulate cephalosporin compositions of the
present disclosure are known to those of skill in the art.

The present disclosure further relates to a controlled release cephalosporin
composition which in operation produces a plasma profile substantially similar to the
plasma profile produced by the administration of two or more IR dosage forms given
sequentially. The cephalosporin in the controlled release composition may be in

nanoparticulate form.
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di scl osure, a portion of the total dose may be

rel eased imedi ately to allow for rapid onset of

effect, with the remaining portion of the total dose

rel eased over an extended tine period. The present

di scl osure woul d be useful in inproving conpliance

and, therefore, therapeutic outcone for al

treatments requiring a cephal osporin including but

10not I|n1ted to, the treatnment of bacteria

i nfBEdPWH aspect, theyenis grasiidadin %glgéﬂﬁd~r€tl¢?é¢ eolnposii@vémentising a

ncont ai nin

p@%@ﬁ(gﬁ‘éﬁ@ﬁaﬂ'g?lg? i ﬁgh% rief gg}@fggtﬁ@% rlopGR R Binpse o

modiidell-felede cc&itmg&e, al‘x&ﬁtaltm@ly@if addihbﬁllﬁrah inodlfjedotelease matrix
in

itio difjed-release matrix materia
ma tft““rf’i ﬂfaacfglﬂﬁ“@n&ﬁ’f%l degﬁ?rw@ff theromprogisien ¢ medts then
com%@é'm@)rbﬁelWe?sV&BBélgébo?ﬁqﬁ%rpuiééﬁl%t 82% tiRbu@RLARROr 0Si s,
wher ei n upon oral delivery o e conposition to a
su @ngcntlomhleﬁwnpwsagmgmﬂ i e«iﬁclra&nhﬁh@thie edleast IRy dosage

ul sati.l e ar con us Jmanner sevent h pect
fom:i) K& uiugte g&/ Pé&{ré%f] eryals t)aaflcaél)()gl\ép rqurtgta P&‘iﬁ?’ﬂgrﬂéﬁna profile.
In HEOEHRE,| Spaall imthlei Pl Sk AARAY LAtdeBRaftin 18 oh PN 2P Qﬁﬂlﬁnstﬁﬁgn of

(B) _.a subsequent conponent conprising a subsequent
eachdBfisa tvidrirafehs é}gmn@gﬁl@w drug pondsatraemm) Jevdlopieg bétwaen

cons%&gg\{% d{n%gs %so%ta{ p01 f ggg’r%tg%‘%n f&}?}i‘fﬁggﬁ t?xrﬁjg\fees% tleu%r;)ulsatﬂe

plasma ppafied) ihave pﬁtﬁ@ﬂﬁﬂa@m@éolé@bﬂ\éﬁ& 't}[é:@apéﬁ@@ é‘ffélﬁ@é’srsbé]aﬂe@ with
ul satil e or continuous manner. In an elg
ﬂwﬁh§%€

crampleethg vwagh ﬁﬂbmru@d)rawéechw derfalhofiad theplbana
[ {
conccgtgﬁa Odéfl E):%ép ?c‘ri‘:]@ \E/l%viégﬂ ﬁalgs (Ignvﬂé]Su ehi }Oageng l’ipg‘gﬁug factor in
reduging er pfevbmmg fdtiant alepatice Z@%cms tyRedf (fpsat | east one
su ace st k;zer wherei n upon 25 administration to

FrREsseTt Hiscloswsdarthergplaiss doia cearalied relprsgicrphalespatin s
CoOmpost w ”

12%%%&%%‘2?‘% ?@a%é‘&ﬂeﬁa%‘iﬁé 2 P halraile Pt Biinates the “peaks” and
cephal ospori n. Bot h the foregoing genera
description and the follow ng detailed description
are exenplary and expl anatory and are intended to
provi de further explanation of the invention as
clai med. Ot her objects, advantages, and novel
features will be readily apparent to those skilled
in the art fromthe follow ng detail ed description of
the present disclosure. 5DETAI LED DESCRI PTI ON OF THE
| NVENTI ON As stated above, the term
"cephal osporin”, as used in the present section and
inthe clains, will refer collectively to
cephal osporin and prodrugs thereof
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10 |I. Nanoparticul ate Cephal osporin Conpositions

The present invention is directed to nanoparticul ate

conpositions conprising an antibiotic such as

cephal osporin, and preferably cefpodoxinme. The

conposi tions conprise the cephal osporin and

preferably at | east one surface stabilizer adsorbed
“trogghs 0 protibesklyciha tadohimitradtion é teo of moee Y ddshge fhrmg givEhe

sea IR SRG Ao BR i b TRiel it b B Ohiaed wing o

conthlé@ héleA¥ nhdiBani®B4hRAM ISR fordRdiASE NS fied in the
exanpl es bel ow, not every conbination of” surface

st &biltparteviatn ancatified/eontngded ralgase compesditiansisimidarde divse

; A .at i ti . i Si |
s R RORIED af SRAE o RRE R e iy B i Bl ARG 28 398 anc
6,730 30 BevAR St ERBoE HAHEh arbdVRE RS bPTrefbRAce herein. All of the

nanoparticul at e cephal osparin, preferably cefpodoxine
relevgit prieyactinghis diskd way plya be fepddhereior nul ati on of the

in [ i.ned , . i, tQ:
it & et PEeUOR P Hlendt PR ISR nubd rfegse
compdritidswidds@sopetatidnh glives bicegithidspodh tiadlodib f aasqpaRiculate
phar macol ogi cal. effect as conpared to conventi ona
cepha{ospIE] yis ¢ BNISHHE MAFPFEOTE CORUBRI MBDBor i n;  (3)
in e . bl _  onal
i SPEAR O RF I e RRL LMo SR ROSRREAM, L Co RN NILAD
comportiieaskidh saliseantibllyingsidsubé pirerfnacologieal cep tiadrgepoe effects
conpositions.as conpared to nyentional . .
prodedits the adhministiuioh ¥ o 65 morralRcdavese Grive siva sepspislly
| nARdhct 61980t of AR HreRRALRSIBALE i GPIRA&L § LARDIRARID e
used in conjunction with other active agents useful

compgsiticmewhice atbsemtiaby rdsaicesanriclimingi¢sabe development of pattest

nﬂm%%?%ent i.n %pghon ﬁ%ﬁp in%hudes nanoparticul ate

SHA P ST SROTR PEIS RBIRY P hodoxi me or a salt or
depyiibi Mgedt BEERAIresc@OBREBHrE WS Pk@G&S DESntMIITeD rQBRe OF
nor e nont oxi c physiplo%icaILy acceptable carriers,

compQ#itippah vdicing fitss Bprtioast thepctize ingyedignt, ief. e gepbalpepozis,

. C i i-ti- . . | at e . OI .

nro BB 5T ERTRESL 070 S8 A Al fion an

a second pohiou tod fecitsye irralierdiediasdéd @mpidbnafidr ag @hitial delay period in
| iquid, or aerosol fonn, vaginal, nasal, rectal,

a b HRAl9local (powders, ointnents, or drops), buccal,
o . . . | : _
ApSSLR RSk o BLEAPRSBRER 'y OB gy o o

erodftde forofuldtioes, idiffentn contiodled faoluldicdasagembie oontrolled
forma .hough any 20 pharnaceutical ly acceptabl e dosage
OnnFE%ﬂ?%an be utilized. Exenplary solid dosage forns

| NEhoEEr opst o IR PR&ent 4iRIb&E: 1sQ0 phRRIES SontoRBS WiSke

sachets, lozenges, powders, pills, or granules, and
compadsgionsiapablel sigrarpephalogperinf inra tepadl e mgtifoasial manner in
Whicg%l f{rstdp%%&eoff B Betive is released either immediately or after a delay of a
period of time to provide a pulse of drug release and one or more additional portions of
the cephalosporin is released, after a respective lag time, to provide additional pulses of

drug release during a period of up to twenty-four hours.
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controll ed rel ease dosage form |yophilized dosage
form del ayed rel ease dosage form extended rel ease
dosage form pulsatile rel ease dosage form m xed

i mredi ate rel ease 25 and control |l ed rel ease dosage
form or a conbination thereof A solid dose tabl et
formulation is preferred. A Definitions The
present invention is described herein using severa
definitions, as set forth bel ow and throughout the
appl i cati on. As used herein, "about" wll be
undesics obicpfyol kg Brgpmnt disclopdicisioyprewile polidprahdosage forms

comBilh oot p TRy B R coRBrtifS 2 S ol 1P

nandpatticulatacephalopgiraons of ordinary skill in the art
given the context in which it is used, "about" wl]|_
me £Rbssebiests At e ypsent dissloserguluderbe provisin iy once daaly

dosdB® (5 PCH B Ibiplcheh SEIPHABERAnDIEY b BpaRil phbduces o
plaspamptrofdé eshsthmtialdy siaplar ecthalplagmlpoeftia lpaddacat by the administration
aggl onerate due to interparticle attractive forces or
of tvit Hypeq e r@ﬁ%ﬁ%ﬁﬁ@& G e huen] HY §a7 #mqteedsios ghe treatment
of bakfeHA® irff8dtioh babddas thY BdAYEERMBN BRG] BsdiZPrRl | ess
t han about 2000 nn' as used herein neans that at

| edbt abD&Habiectsrae caspired b poeitrolisd r¢leask esmpasigomhaiinga first

TR TR —
secoldd €6 v e@ritlatib® &(r)]lﬁ?ﬁﬂﬁé 8 secd8d pbRNARSH Stehh@bgborin. The
(0]

. flow fractionati on, on correl ation spectroscopy,

ingredigylirconietingeparnees of bk second cpmpgrent Snthenpemprisss g modified

' L to f L in.the art. Th

rlesp EEHMAEE BB £r 180 oo B st el st or 008

Foll®eiph ak0siplivery, theanapesidhainagieition delivegda t&phalosporin in a
solubilized or which has an effective average

pulsgite Py ¢EINEUSINFIICEr eat er t han about 2000 ran

\STEAELL L S5 P LR L e
a fir2 00Mpoman? Odaprisiega fiest popylatitreo Hiunasetitithef apphhiospdriny and
P TR T VNG T T,
L e e
Or continuous manner.

The present disclosure utilizes the controlled release delivery of cephalosporin
from a solid oral dosage formulation to allow dosage less frequently than before, and
preierably once-a-day administration thereby increasing patient convenience and
compliance. The mechanism of controlled release would preferably utilize, but not be
limited to, erodable formulations, diffusion-controlled formulations and osmotic-
controlled formulations. A portion of the total dose may be released immediately to
allow for rapid onset of effect. The present disclosure would be useful in improving

compliance and, therefore, therapeutic outcome for all treatments requiring a

cephalosporin, including but not limited to, the treatment of bacterial infection. This
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enphasi zed that a therapeutically effective anount of
a drug that is admnistered to a particul ar subject
in a particular instance will not always be effective
in treating the 25 conditions/di seases descri bed
herei n, even though such dosage is deened to be a
therapeutically effective anobunt by those of skill in
the art. The term "particul ate"” as used herein
refers to a state of matter which is characterized by
the presence of discrete particles, pellets, beads or
appigpethwpeld replacosgeasentipaalofephidesporisi taldets shdpauidon, which are

I 3 e term."multiparticulate” as ed . .. .
aam{ROBE Ot Xl R e P L b PRSP pretigrection
parite pressnt dieidsatesalsdRbss toGradnbs @bdified tléRe composition
thereof irrespective of their size, shape or
for tae pyREalisd yelease pf a rephalaspornr epastiwan the pegsentrdisclosure relates
' - in. 1] f the.
to AR £G4 8 oo SERT BB Sh iR TRAR 4 Bl ina
pulsdiile nanoparti cul ate cephal osporin, such as
cef podoxinme or a salt or derivative 10t hereof,
formul ati ons of the invention are proposed to exhibit
i ncreased bioavailability, and require smaller doses
as conpared to prior conventional cephal osporin
formul ations. 2. Inproved Pk Profiles The invention
al so preferably provides conpositions conprising a
nanoparticul ate 15 cephal osporin, such as cef podoxi ne
or a salt or derivative thereof, having a desirable
phar macoki netic profile when adninistered to
manmal i an subj ects. The desirabl e pharmacoki nefic
profile of the conpositions conprising a
cephal osporin preferably includes, but is not limted
to: (1) a Cna, for the cephal osporin, when assayed in
the plasma of a mammal i an subject foll ow ng
adm nistration, that is preferably greater than 20
the C., for a non-nanoparticulate fornul ation of the
same cephal osporin, adm nistered at the same dosage;
and/or (2) an AUC for a cephal osporin, when assayed
in the plasma of a mammal i an subject follow ng
admnistration, that is preferably greater than the
AUC for a non-nanoparticulate fornulation of the sane
cephal osporin, adm nistered at the sanme dosage;
and/or (3) a Tmax for a cephal osporin, when assayed
in the plasma of a 25 manmal i an subject follow ng
adm nistration, that is preferably |less than the Tmax
for a non-nanoparticulate fornul ati on of the sane
cephal osporin, adm nistered at the sanme dosage. The
desi rabl e pharmacoki netic profile, as used herein, is
t he pharnmacokinetic profile neasured after the
initial dose of a cephal osporin. In one enbodinent, a
conmposition conprising a nanoparticul ate
cephal osporin
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30 exhibits in conparative pharnmacokinetic testing

Wi th a non-nanoparticulate fornul ati on of the sane

cephal osporin, adm nistered at the sanme dosage, a Tmn

not greater than about 90% not greater than about

80% not greater than about 70% not greater than

about 60% - 16 - not greater than about 50% not
greater than about 30% not greater than about 25%

not greater than about 20% not greater than about

15% not greater than about 10% or not greater than

O ZGP GTeT JuNBer. preicrablydusrp imetied obyp Wenw-four hours. The present

discldQie TR ?r%lgﬂgg 'tﬂ Q)tlﬁ c%ﬁlpc{b%%%pfg% Qorfte? HT%’p IE)l'nlledl5 reltase

anot her e
com@anm@artlculate cephalosporln ethbItS |n

R BES R SHPR ac oc
oA SR A SO v

disclogast a pdytion oﬂﬁﬁ%tahdosbmtbeabkm%ed&ﬁﬁ%mmly ealbtw adrambid
st abhout 500% ut 600% at
onsef eftecE gt g ot OB oLlb i HoODUGRS O1ee g Extended

t AYl. PROMesdh dlBRBreARAN bd BAGHD in dhptRAR oﬁg&}é}]
me?é 00% atf{lgast aboute 1200% at Ilrelasp about SOO%zangf

therqfemsﬂle@pgtmc q;zt@:@% faatallltesatperddegiring @Q%phaespben stcluding but

not 810+ 87 G Ron o BTy Me66% gr eater than the G

ex b bhikechspyct ! therei®ProvaRdnns ﬁée%f'a%ﬁuﬁﬁ&_h af éb‘?pﬁﬂbéﬁbnn-
formul ation. In yet another enbodinent, th

contigigParialesvieseip ﬁ]il%PﬁfgCIQS PR m@@ﬁa‘ﬂ@elme coating or,
ki net i
L R A R E L

contsiind-relephaboppsition forabaprivsitbhetdal trehitheatsto sﬁ&}@@ﬂﬁls

an AUC which i s@%t | east about 25% at |east about
Whefgab)f}pog-torqﬂéiggyerg e c}ig%osgpm te asHbisHollie compositign delivers

hhBasdrirAiR QWuicha R% C%hhh t 150% at |east about
P 17%@&1 Ilﬂeast éé)out 200 ‘east about 225% at

| ebrsa Sfa’bmhtaslﬂﬁa%erats lbreaslbd aﬂmalsb oR75% fisst cd)xﬁpmien’ahﬁmpnsmg
f 009% ast %out Sg%z | east about 4009%.
a first RaRy até%’o a GrEhyoshorin B)a?o%{% q@e@%omé)@n?%ggwaﬁfaa@
subsRRIGHD pulahieASE c@/:&h@lﬂsp@x@@]ﬁ th@?nalnﬁ%%furéigpéjéonﬁ%ﬂe/&—rééase
9

Ieast about 700 | east about 750% at | east about
comgpovn far the paesentvand/ @50% meant df @alsopabsstwi@odstheatomposition

out. 950 at | east t 10000/ at | east
is cap RS SIS SPthoRert SR R IR or ORI ud tyanfov
11608 cighith @ﬁpeh? @sdre BRRLVIdd20 Q&fbﬁ&ﬁﬁ&}%‘né@a”l@ chiBodia
exhi bited the non-nanoparticul ate cephal osporin
comm@mﬁ ﬁa)mam%fﬁ cogIpTsePisRhdtastokinheving apedetivesivorage particie

e GOPRSAAERRE) 20 EPIBERS 203 LS RLFBbE0 BB en
admihizgessénd 10g mhn@nﬁbﬂieaﬁanipo@llﬂl&n Pbduces therapeutic results at a dosage
which is less than that of a rion-nanoparticulate dosage form of the same cephalosporin.
Both the foregoing general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanation of the

invention as claimed. Other objects, advantages, and novel features will be readily
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The invention enconpasses cephal osporin conpositions
wherei n the pharmacokinetic profile of the
cephal osporin is not substantially affected by the
fed or fasted state of a subject ingesting the
conposition. This neans that there is no substantia
difference in the quantity of drug absorbed or the
rate of drug absorption when the 5 nanoparticul ate
cephal osporin conpositions are adm nistered in the
fed versus the fasted state, . For conventi onal
apparensfia these slled fohenart drdme e follprsinglssinilpd dessripfion plsthe  present
dmc?@&%alosporln may be increased when admi nistered with
This difference in absorption observed with
conventional cephal osporin fornulations is
undesi rabl e. The cephal osporin 10 fornul ati ons of the
i nvention overcone this problem as the cephal osporin
f or mul at I REEALLEICRESCRIPIHONGITHBINENTHONy
elimnate significantly different absorption | evels
whéys stdietd atiost.e¢he tbrmridephadegoas aotxmlrin thet redenstderign and in
andi ti . . . Benefits of a e forn1mh|ch
the 5%, wHERG gl A ER A REoER fRLPogfoes dBaTnc | ude
an increase in subject convenience, thereby

L | DRGEBRAARNEHPLSEhafih EhGARp e SUD] Ect 15 does

not ne to ensu they "are taklng a dose ei t her

i wi.t. ho . cant, i
bt Bl Rl AR osPDled §2Rhs g olrisig ao
antitiediich ag c?hﬁldébd)ﬁh ahl 9reg“éxuglyl R fid@bLigheD @R CohpBSitiBRY
be observe pro on%) i nfections or bacteri al

Comﬁlii-%i’g}h ansk PrplsaRol g ablpest pre @ﬁﬁm aabidizow adsoxéped on or
i i e e

averﬁg’@alﬁﬁde Mee 8ﬂ&sstih&n5&$dt@00($hﬂ1t e The invention aI so
enconpasses provi des a nanoparti.cul ate cephal osporin

255¢ 5HSO5PY theno¥ hratfite prkaprrsamplified inghe exanpes below, not every
com&ﬂgfﬁ)(ﬁ?d)ft od ﬁalﬁhﬁ%%& Ghtivdhond @ﬁ% gﬁétlﬁ“é%ta'bﬁ: I%alnggarflgulate

bi oequi val ent to adm ni stration o e conposi
a subject in a fed state. The difference in
absorption of the cephal osporin conpositions of the

i nvention, when adm nistered in the fed versus the
fasted state, preferably is |ess than about 60% | ess
t han about 55% I|ess than about 40% | ess than about
45% | ess than about 35% |ess than about 35% |ess
t han about 30% I|ess than about 25% | ess than about
20% | ess than about 15% I|ess than about 10% | ess
t han about 5% or |ess than about 3% In one
enbodi nent of the invention, the invention
enconpasses conpositions conprising a nanoparticul ate
cephal osporin, wherein adninistration of the
conposition to 5a subject in a fasted state is

bi oequi val ent to adm nistration of the conposition to
a
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subject in a fed state, in particular as defined by

C. and AUC gui delines given by the U S. Food and Drug
Adm ni stration and the correspondi ng European

regul atory agency (EMEA). Under U.S. FDA guideli nes,
two products or nmethods are bioequivalent if the 90%
Confidence Intervals (Cl) for AUC and coax are

between 0.80 to 1.25 (Tmax 10 measurenents are not

rel evant to bi oequival ence for regul atory purposes).

To show bi oequi val ency between two conpounds or

adm ni stration conditions pursuant to Europe's EMEA.-
gui delines, the 90% Cl for AUC-irust be between- 0. 80

to 1.25 and the 90% Cl for C. nust between 0.70 to
Tompositi@s IDvassutpuisingly diycofdrédibaiglablicheanGpphaligs pephialesporin
gggﬁgﬁ he I nvention The nanoparticul ate

cepha 8%%%9?%9E§%ch as cef podoxine or a salt or

d e r [ vAﬂVan@angtbmﬁanopmnpﬂ&c ba:pdm!ssmhnt preferablyerefpodoxific®r a salt

B GRRRRE dRx Y PrlEAP B SRt oa e i b Lfrmted 740

a.gelmr tabset pt ﬁﬁa’rsahdl eosage;fohastze reyimaet ddst Ot cg@g@qakédmo obtain
et of action and greate

|.eads t fas

e Gads pRamfcaitgical aeqt A ropuR s coeaBnatmirpeprline dorms of a
aqﬂlalagmmaeb aHoidabddybicivaildbdlitg PEAMRRIRAE LdhvehtiondDHlcFbcBRtalline
gsef to I ncrease the drug' s dissolution so that it

af cappalpsposing aag &) aé*ilafsr%aS?fbraiﬁtm"@bssqiﬁ'éonc%wﬁ|06@1§&spwn

eSHRAgIohS ert%rrgytlreﬁ h& cd ¥R AR RLBEGIRAR kR Y ﬁlea;.ame
di ssolution 2 rofile in which within about

rnbalogriat I adisonatbeerbalyspasm CORBOB IR 68N be ‘éﬂqd jinsconjunction
iR SeY five hiknBLREK HTRORAR Sr QJae&{gﬁn e;aM&{!t ion, at

| east about 30% or at | east about
cephalkpapesentinyesfipo 8ie ing hldcsua@pmwewmlmmﬂm@fmsly

] " ' tion
RciloRting drd olfepr By STRRGE HRlcSioBh beind: WA BPlmore non-
joaswgthysiplogicalgOszsepgddditani@igadpvards, of edsdlesabaletti@0Ppelifired to as

E%g ur? %@éﬂ%ﬁ’%?hbﬁ]s ? mltuia-?e% fIO f%ﬁ? % taq lnée %JOV %nin&%¥eﬂous
tnhem;lmlmtqr Sllhcutapccerﬁ)a Dabh@mlaistﬂlmst scﬂhbljd]uﬁ,ﬁﬁ/melakol form,

t .about 90% I t .
SRR RE0 e (e doah B R By Sl . sacistemal,
nhnsmit:meal Wtbjnbn aﬂhﬁﬂﬁtraﬁ@nﬂ;mﬂdlheﬁke Di ssol ution

is preferably, ured. jn. a nedi.um whi.ch i
di sork Mg Hee & oSl frobades farpy although any

ﬂ{aﬁdwé&uda]{l@ adRpiibldidbEagt edtin ddh $6 alilidell OBx&hIING SofiPdosh ¥ forms
%PS 5havij n very di fferent dissolution profiles
8% tare ﬂ?tdvre To,jtablets, capiuleg; sadiisyloreigeireay defripdlls, or

granules, and the solid dosage form can be, for example, a fast melt dosage form,
controlled release dosage form, lyophilized dosage form, delayed release dosage form,
extended release dosage form, pulsatile release dosage form, mixed immediate release
and controlled release dosage form, or a combination thereof. A solid dose tablet

formulation is preferred.

A. Definitions
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predictive of in vivo dissolution of a conposition.

An exenpl ary di'ssol ution mediumis an aqueous mnedi um
contai ning the surfactant sodiumlauryl sulfate at
0.025 M Determ nation of the anmount dissolved can be
carried out by spectrophotonetry. The rotating bl ade
nmet hod ( Eur opean Phannacopoei a) can be used to
neasure dissolution. 10 6. Redi spersibility Profiles
of the Cephal osporin Conpositions of the Invention An
addi tional feature of the cephal osporin, such as

cef podoxinme or a salt or 15derivative thereof
conpositions of the invention i's:that:the
conpositions redi sperse such that the effective

aver age® pEieef Bventonipdeseried derepsipgepest definitions, as set forth

GRPAAATRONIHIuPRE hpflikfnl S | ess than about 2 m crons.
This is significant, as if upon admi nistration the

cephalsapsiierrin 6 st willdwsmddrstppdby peresms poordiday skidkin the art
&4l WiPEry fo stoﬁle%x HP&I tﬁ@ Hgﬁ&t Yo \9 Rﬂqsrﬁse& uif fi’ﬁe?fi fhre uses of the

particle’ size, en t ormnra
ermedhicly araﬁlf)bﬂ@eeb pysone pmrﬁmmryrsgﬂt ih &e%mmnahwmnmxt im which

6 8 2B0APREA ekl L8 RATE LGRS b Gl S e because

nanopar t'1 cul at e FAgent e mposit
f r om tAkesslietdin Witk tdfakmceso paticks mﬂne:epl@u(tspﬁnagﬁﬁme” néans that

e t|ve t. dpes . not r e intqQ the small
B G D R on A R PG AR o Beelorty i 308 k.
aggipmeneamdm&ctbrcueoﬁgmmspapdnmh@elyaﬁ@eefse i RehiclO¥WAJ

to the extrenely high surface free energy of the
nanopi’i‘“ﬁ EY| %?‘38%% "%@’ﬁ? particlg qize qhlepyag ‘11%’8%125’998“‘ as used
Bétcitl Gmk Mach 1446t mhbﬁuec@iﬁamiﬁ)hﬁ Ircegi HlelaQiel wy FEER or

e Wth the formatjon of suc oner at ed
Bgﬂﬁ 7%?‘%‘% mepIEHNG hFa VP RBIe) ﬁ“ﬂbe&fﬂ‘thegléf@%é‘bﬁ'éﬂqu when
bthduratetlyl, fdp ek QNpit, RadimeRa fsnVEdd bt Bt Rhalidd) Yhdlon correlation

di spersion formof the nanoparticul ate active agent.

RescERYERY; lighacatierap shiskiceprifiization prbpbepenbiiques known to those of

GaMmPdkhitons of the invention 30 exhibit dramatic

redi spersion of the nanopartl cul ate cephal osporin

par t i Ehedemy yonvedienyl et fngpinerppadicalatel erdklosmuinhneass a
Bs&hn%ﬁé’ﬁq} sol@\ﬁh&%@ Whichdhe th %yectw% Q/eraﬁ? particle size of

réeconstitution/redi spersion tn a DI Oorel eva agueous

- gistlicathsnaliput 2090 npheN @fopmt:ulvte aemeraggeS pakfinal lmresm h®ve an

tg%,cﬁlbg a% %Rﬁlcggge%e%?aﬁl S 0Bartl cles is less

an a ou m crons evant aqueous nedi a
can bés asey haqineﬁna$hme&j‘ftherhltmhc@1yhffe¢tive taeust? shallatean the drug
onlc stren and ch formthe Pa5|sfor t he

t whi
AR T RS e A R LS
&hmms@tdfﬂ ian eighifiose ntdmaer HTsebj E@@In&ﬁ&ﬂ&f&hth/@eaﬂflent It is

g hsalm%lecp t%atcaa ergge%gca ye ectgv%l'zli?noum of a drug that is adnuanistered to a
particular subject in a particular instance will not always be effective in treating the
conditions/diseases described herein, even though such dosage is deemed to be a
therapeutically effective amount by those of skill in the art.

The term “particulate” as used herein refers to a state of matter which is
characterized by the presence of discrete particles, pellets, beads or granules irrespective

of their size, shape or morphology. The term “multiparticulate” as used herein means a
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t he human body. Such biorel evant aqueous nedi a can
be, for exanpl-e, aqueous electrolyte sol utions or
aqueous solutions of any salt, acid, or base, or a
conbi nation thereof, which exhibit the desired pH and
ionic strength. Such redi spersion in a biorel evant
nmedia is predictive of in vivo efficacy of the

cephal osporin dosage form Biorelevant pHis well
known in the art. For exanple, in the stomach, the pH
ranges fromslightly less than 2 (but typically
greater than 1) up to 4 or 5. In the small intestine
the pH can range from4 to 6, and in the colon it can

ran%e from6 to 8. Biorelevant ionic strength is also
drplitg b discrets, argeergeated, pariicley Pl Eeaglgsaranudes oy ppbgug dlereof
3hedpOilive oﬂhteseﬁe h;haie &%&ﬁsho M while fasted state

i nt esti nal d has an i"oni ¢ strength of about 0. 14.
See e.g., Llndahl et al., "Characterization of Fluids
from Bhe SPrsferzed GharaPtepisticsedl tieNampariiculen and

Worren, " Ph&ephal®Rperin Coa(pbyitiodQFF thePoved@&r) . It i s
believed that the pH and ionic strength of the test

sol ution i & norlaccmsdd Biahvailhhility he specific chem cal
content. Accordingly, appropriate pH and ionic

str en@hchnambarﬁ&ﬂﬂaﬂeﬂhﬁl Siiia) sveh at tefdghinddbie 64Itsr derivative

onbl ) trong.acids, stron ases, s

TRt i ef pr B TRB R Bt Sondieh BB s hioatabiiy,
\Aﬂ(a}eqﬁ@d: dalRNdbseOis BEPRRM kg @bhvEn8dnal Ephaldpbrhh formulations.
nmonoprotic and pol yprotic electrol ytes, etc.
Representati ve electrolyte sol utions can be, but are
not |inited toImurevedfRPyafles ranging in
concemhd abédion hlse Eﬁe@&gﬂ} plovided c b RRBIY cothphishle a%ﬁﬁjopart]culate
NaCl sol utions, ranging I n concentration from about
oTdElpsRABnamish s eefaodoring g anlk prdeaativedhasestt, IRging a desxrable
?rsﬁma&&meal; Sﬁﬁi‘i@%ﬂénead&%%ﬂcﬁ RS G Rhalifr subidkis 24 ge

imted about 0. HC1 or | ess, about O.
gharmaeckineip e@ﬁlmofobelcomlnq@nor@rcorm@ng ab@xdﬁl()&mlmmrﬂat@bly

Q{clddész Bu i8 gé’t%m%g% be %é { ithl: @%}al@%ﬁt wQeangsJayM in the

ere

plagoe pid Iyﬁlemgmbbﬁsﬁoﬂ@ma adinidBiratomg thet is @Ieferhblpxlg@ater than
At SIO|O

Ho Of5E ng&pﬁaﬁﬁﬁﬂa@gag goﬁgﬁheﬁéﬁ on%igagég HGiered at

thersaine domage; @fldfblf’(é) pr AKChfat a g@mhlbsponh,e&slﬁdnm&ayd}& 1a(ﬂlie plasma of a

R, 5 RIFERE5 8 80308 B 20frl b By o

&non-ﬂaampmﬁbulﬁb Yormiibutisn ofthd sfide é\éphlﬁ‘&spsﬂil Lﬁﬂin@ﬁstered at the same

A R

femsaiabi®d;eappleoxinfatmtkuafion, gt is‘iﬂét@raﬁﬁyrl&@ eHah the Ty fora
condi tions found throaghout t he, body, including the 5
BAsTAngPH LY kapop efsthe spmafsablosetmr aftpysreshat the same

Hasgie %@ﬂra@le%th%Nk@&m%l@)ﬁ% AsdaetiATil BE %;amgcokmenc
conditions within the human tract enpl ary
R6filmesered it ha gitiabdqsg gf a W@@QSPQFIHC onbi n at i ons

t her e@fone WRbSHImERN Qﬂrﬁpo'éﬁgn des ﬁs‘r?ln%t “O‘gh‘t 4 halosponn

strength, include but "are not | osp Brie
et phessmmeative shirmacokinggd ieghing pish asei- mnopzmj(:ldfab Girmmlation

gé %n%fce llx'lajl& bxgﬁa ‘adlﬂgl?gtér d thh %/ d%ga%%; S a%)'t tgrseat-'ér than about

fum p tas |uﬁ1an C|un1sa ts
YWh.ohgreater than about 80%, not greater than about 70%, not greater than about 60%,
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aC|d/b|carbonate salts + sodium potassium and

cal ciumsalts-of chloride, and citric acid/citrate

salts + sodium potassium and cal ciumsalts of

chl ori de. I n ot her enbodi nents of the

i nvention, the redispersed cephal osporin particles of
the invention (redi spersed in an agueous,

bi orel evant, or any other suitable nedia) have 15 an
effective average particle size of |ess than about

2000 nm | ess than about 1900 rim | ess than about

1800 nm | ess than about 1700 rim | ess than about

1600 nm |ess than about 1500 nm |ess than about

1400 ri | ess than about 1300 rim I|ess than about
PobgeHiey m‘an eyt 3mmobgerier thaoboutrd0%, agkeredierthansboet 25%, not
LRQR: Eh 2b&s QO%E‘QJ} g@é%&y tha3 900500, b %?‘ea{elp i %g.gg)ooﬁ 09 not
rim | ess than about rim |ess than about

rgrqgfer thag gbauh 4bp cafbbeuTmaﬁ @onl:nmi b thel neg-wandmariicalboireplihGporin

f, s than about 500 rum | ess than about 450 nm
f%@%ﬂ%ﬁgn about 400 run, less than about 350 rim

| ess hfmntlabcmboc&ﬁéhtm cdnqs:sxtbh amnﬁhmng a %Gparumatd: ess
SORRREY ety Blomerava o ARt it Pragparticutat
&hmmlahBﬂ ol s@se é‘@hﬂtﬂpﬁﬁn bayhﬂlmghtad StCtﬁ& taid do@agdPd 00dSvhich is

) C o, 0r Ot h [, opr.i at ds. Such
TLER AL 0 st puc BB Rt SR AL o Isgrb iy 30986, a leas
Bt 100%, ot least 286@ SO0V 1640t @oﬁmosw atqéasoawuﬂwo%, %kk&ét about
Redlsper5|b ility can be tested usin

Slleh S5 baSOR oot g adiet oyt 110Dt ead about

eXFEW)|2€1e88 Gbd NS00, diedst 2Bl 8 BB0NA Ie@st%gghtqg@n"/% Q¥ least about
"Sol i'd Dose Nanqﬁartlculate Conposi ti ons ri’sing

Ehter-gt sest abes B drarat bastabow 1B pt I@aSSabGﬂla 0% greater than
Bleabl,| dxhited@ B HAnBA b opRih D coHal RSHELE
7. Cemﬁ%al ostgo??n C}%onposolpt I ons ﬁsaéﬂa 0?1?1 5@%?‘3%%% on
wi t h' lepisbnoter ppbodigenit e compositipheowppiieg sgpoparticulate
§éfﬁ!?lo§t§)riﬁ ekRBRo HhpRhadt AlrhacBinder ik Y@F 'v&ftﬁ tnlgg-nceiggparnculate
onpositions of the'invention can a J; :
&@mplatl@tef)ﬁihe sagre qephadosponm edmisstersddtuhe sametdomb,l angAl3C which
R%‘P fe%t a%ut '25“%egttﬂe Pabog{ Sd")1 %% gﬁjnﬁ) %%r athast abo 100%, at least
conposi tions tan b ere conj Uheti on
glioinh 1 2% lat least b B 5P, E)kfasl{albe& laﬁ%smdéascmrmmﬂ_s at least about
bibg)ﬁ ag[%astg urtacg:(g%hagltleggtpa? ut%?S%n%t Cj?ag aﬁa&ug@b L}o?latoltezlasggbout 350%,
ﬂémsta‘doht 400%%, gulicsrd hinrue $50%, ik feastabid 680%a ) 1da6 abb@ G 50%, at

ERTRE G kB P a0 e vt 20 ot tens

mnpm% laDlaSst Gl swmg 1eastaBpRILOBPA TId:aBt ab%h@SO%S at least about
podoxi me or @.Fal or derivative ther .
@Pt@ at gt gt 1950 atleath ARous 100X st lepshpbary %Bi% Ph least
SHsbf BOO%Shradiéd thaahs ADKCEHAILRRE Yy Bk %o@-ﬂ&ﬂ{g%@ulgt@ cefMalosporin
SSOCIated with, the surface of the cephal osporin

HP¥ipigmes. Surface stabilizers espeC|aIIy usef ul
herein preferably physically adhere on, or associate

wi th, thessurf%spﬂsrﬁﬂ%mﬂmﬁ éscdf'tﬁ‘éé haio
cephalosporln g Gitif sy of4te A

¥
react with theggg {:@%&S&%é g &tlk"gi% 2 e (lf @osm(]:;sFed or

I ndi vi dual I'y adsor nnlecu
stabilizer are essentially free of internolecular
cross-1inkages
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The present invention also includes cephal osporin
conposi tions together with one or nore nen:toxic
physi ol ogi cal |y acceptable carriers, adjuvants, or
vehicles, collectively 25referred to as carriers. The
conpositions can be fornul ated for parentera
injection (e.qg., intravenous, intranuscular, or
subcut aneous), oral administration in solid, |iquid,
or aerosol form wvaginal, nasal, rectal, ocul ar,

| ocal (powders, ointnments or drops), buccal,

intraci sternal, intraperitoneal, or topi-cal -
adm ni stration, and the like. 301:-Cephal osporin
The cgphal osporin particles present in the

conpos Nt YY1 LngoREapssy eqpbalosposa Roppospioas whereinrthe
ehirifaddlilene Ffblf'i"l’é & th@&pﬁﬂgérp@ﬂg %Sholb Qﬁﬁt@ﬂﬁa@l affected by the fed or
sem -crystalline phasé, a sem anorphous ghase, or

asted stagssoftalyabieasfingesting the comppigion e Phiamespahatisere is no substantial

. i.nVv ' I 3 ,the, basic

A b 1R Rl b RO S e
waropaitiyulath ecphalysparinoigositénsdicd ddarisintered iitlthe thbvehtis (e fasted

g cephal osporin ring. An exenmpl ary

cephal osporin enconpassed by the invention is

cef ppﬂnxbm?ti(ﬁal peptiaboipiein F6raitiohs, itf aa%dﬂjlsmrdmlevﬂab]ﬁlbspoﬂn
i s biotran rmed into its actiyve netabolite, .
by 36 sl R B it it Bt Fis G reabporpton abserved
@ath padenticial @phxedpotin fafulaiensGh efiesiadblel @h@%@m orin

RS)-1 is? r Qpoxy.car bonyl oxy) et hyl (+)-(6R, R);?g[Z-(_
%)_rxg aHéﬂs ] ﬂﬁpg\?a 107 gvescome this problém, as the cephalosporin formulations

Te(tdoe B2 pRAAbIIbURl-AGAAIMIAKRY sidnificantly diff bsorpi

gﬁéhoxynethy%FS-oxo-gaihia-lfggégﬁb§cf;ﬁ?ﬁéfégfggk?dSWhml
Rpteled vedirdekaa cqmparcr e fagg Gondilipost ornul a i s

C211 15060982 g mNAfctPulBAAGH! RGOk o3P o include

The structural fornula of cefpodoxine proxetil is: 5

N 18eregss desubiegtianyveniense, thereby ingiornirigriabieetreemplianveras the subject

ddR3BotQRE] RULLAE Thabh@Philcit? i | is i

_Lnye%tion._LBefuf'sgf %éégﬁ %%%FF@%?gaggf%ﬁh%gﬁxgéThmIS

serpfieppb @s Wib poer sibigetreoinpharica e indepscbn theanalicabtondion for

: 4 r.gani . . )
DHER e Skie pAPERANORAE b8 o VU8 3 Bdonece infstigaper boctera
reoangdbyprer sybjta wompliaactivh a weihglotponini goner s,
natural products, and surfactants. Exenplary surface
stabilizers include nonionic, ionic, anionic,

cati oni c, 4and Bivletjhienlieneyi of CophhidSioRint Gor@posaaine QRS .
Invention When Administered in the Fed Versus the Fasted

.......

State

The invention also encompasses provides a nanoparticulate cephalosporin
composition in which administration of the composition to a subject in a fasted state is
bioequivalent to administration of the composition to a subject in a fed state.

The difference i absorption of the cephalosporin compositions of the invention,
when administered in the fed versus the fasted state, preferably is less than about 60%,
less than about 55%, less than about 40%, less than about 45%, less than about 35%, less
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Representati ve exanpl es of surface stabilizers

i ncl ude hydr oxypropyl nethyl cell ul ose (nom1knomn as
hypronel | ose), hydroxypropyl cel | ul ose,

pol yvi nyl pyrrolidone, sodiumlauryl sulfate,

di octyl sul fosucci nate, gelatin, casein, lecithin
(phosphati des), dextran, gum acaci a, chol esterol,
tragacanth, stearic acid, 5benzal koni um chl ori de,

cal cium stearate, glycerol nonostearate, cetostearyl
al cohol , cetomacrogol enul sifying wax, sorbitan
esters, pol yoxyethylene al kyl ethers (e.g., macrogol. -
et hers such as cetomacrogol 1000), pol yoxyethyl ene
castor oil derivatives, polyoxyethyl ene sorbitan

fthan apowlGiSte, dess e alfat go% ltetsethmmhnmrzslyaﬂdsythawwduamee less than

o ) (r)

Qﬁ%ﬁﬂ%p écesgﬁg{]ab%&ﬁ)/g 1 S-%{%e}l; algglé%/g R V\%’]O)% s 10
(e.g. In @wdnmmnsaam invemiod, B3 A(Vnemm@ummpa@ag birlgsitions
TR0 St S8 ST b o
caa;ulgemym fday:tl cealel mble&guwait wadniimEbttos 6f thel &S Fosition to a

%Q Icellulqﬂr gpronellose ht hal at €,

yﬁ% iSfaffe g oyfas @b Atimsd Re S AR AL gi7dgHes given by the

SU $ IRE)@H end g RAARIrAMRd ﬂ&@oﬁ\!&pﬂﬂ&m@t&@ﬁ&h réég wry agency

3, 3- tetranethylbut phénol

W&i‘*&n Undgritys. By evidilings. d‘éfﬁ y&@u@a pg@e@g%mme@yalm if the

oYY @PAEnce SHBKL QNG forélﬂﬁdc bhd £9N hre YRRV BB fP1 58(8;.;

-~ Pluronics F68(r) and F108(r); Which are bl o

S BBIRBYSAr %ﬂméﬂh‘gﬂﬂéw@mﬁqm@emﬂfow@ﬂyﬂommeﬂe% show
BﬁJe&’nﬁ@d]&ﬂE? %et(h%ergtwo o ¢ ﬁﬁy{oﬂﬂ]ds%r 25 KAQ W’]nsa:ﬁ%sgﬁn

Pol oxam ne 9086, IS a yunctiona

Eurpt 'y AMEA gwd%lms,fthfo?ﬁ% €4 @mﬁﬁ@mummemm 080 to 1.25 and the
M 0 oxi de to ethyl enedi am ne

?ggg%f@g%ﬁﬂ%%ggmgﬁgn§?§¥%g%§ Par si ppany, N.J.));

Tetronic 1508(r) (T- 20 1508) (BASF Wandotte

Cor por ati dn), MissblwtionRraGR{ of the Wephdlospsria Conkpogitions of the

aryl pol yet her Isuintionat e (Rohm and Haas); Crodestas

F-110(r), which is a m xture of sucrose stearate and

S u C r OBle mingtaet@nhteccphilogarih b0l as cefpodoxime or a salt or derivative

SR A SR e
$%@thn @rofilek) Rapidaiieslutsn Stanbfrinistéred 8dide agdA€is)prefaBle, as

RS PO E R 3o b9 fopipvnestobagton asd geatex biasyshelib. To

Liprove thediadfiion Profd hd 18bHEMBIEE of Re MY losporin, it would be
f3 D- Iucopyran05|de ndecyl P-D-maltopyranosi de;

ipciagipasp t‘tg_%p %ngﬁ%@p dlet itgoyld gaiy p level close to 100%.
P D- nﬁietc@ﬁiaﬂﬁ OI'H%EIQ)BQYI)HSN)TII&I ﬂVénQbﬁ'?l%FQrﬁ?y have a dissolution
n- heptyl-13- glucﬁg yranosi de; n-h
poftern U@-lcb FaRingbout fapyds aplegt gbtmt %Q% IOéﬂJQSDHjEQSltlon 1S
AQBRRQY I dﬁiéf‘é&mﬂlgﬂeﬂ& %thane tl(&? X least about 30% or t }cast about
f 3- Dgl ucopyr anosi oct anoy F% ?
Hoet spphatosporih capapypitian osdiske}ved etitin abaatB-mmutes In yet other

én@cqj_ o?sgog%ﬁ%f}o %hgrgér %&S?I;érgsgla{) er | @aztlt l‘i?ét about 50%, at least
4PE@-60P4, abaun 78, REGleasttabmuti80E, oflts@phdiEsporiatd@ibsition is

f r done nd vinyl acetate,
S8R TR B S Y Ry B Beemtien b aisgimion,
stablllzers include, but are not limted to,
5pol yners, biopol yners, poLﬁ acchari des, cellulosics,
al gi nates, phospholipids, and nonpol ynmeric conpounds,
such as zwitterionic stabilizers,
pol y- n-met hyl pyri di ni um anthryul pyridinium
chl oride, cationic phospholipids, chitosan,
pol yl ysi ne, pol yvinylim dazol e, polybrene,
pol ynet hyl met hacryl ate tri nmet hyl anr noni unbr om de
brom de (PMMIMAI 3r), hexyl desyltrinmethyl ammoni um
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O her useful cationic stabilizers include, but are
not limted to,. cationic |ipids, sulfoniurn,
phosphoni um and quartemrmary anmmoni um conpounds, such
as stearyltrimethyl ammoni um chl ori de,

benzyl - di (2-chl oroet hyl ) et hyl anmoni um br om de,
coconut trinmethyl anmmonium chloride or brom de,
coconut rmnet hyl di hydroxyethyl 15 ammoni um chl ori de or
brom de, decyl triethyl amoni um chloride, decyl

di met hyl hydr oxyet hyl anmoni um chl oride or brom de,
Cl12-i sdi net hyl hydroxyet hyl amoni um chl ori de or

brom de, coconut dinmethyl hydroxyethyl anmmoni um
chloride or bromde, nyristyl trinmethyl anmmoni um

s lpapbly el eﬁm abaut 70%atyqastdibaiat 8994, ablest hounHbemirahieast about

Glabardree: c@%]r ?g@.ﬁ&mao@wt sﬁﬁgﬁg lgggaﬁ DE %Y hdes.

amoni um C or brom
(C12 lmsd]l“hﬁt hyordimijy kneasmtmn @nmadhimwhxdb is Mbealkydting. Such a

ﬁ?&é‘lﬂl@a g&}ﬁ/%lﬁﬁl Fﬁ)ﬁﬁ e tw%%ond]%ge 15%5' ﬁ uyes for two products

tetra enzyl annnnlunmc
faviof yety diféerend dmmﬂlh;ph pmfdmyxl gastrivmiiiestNeG hieahssﬁﬂenon medium is

P TN TN T A

ah lsypleoty mammhybﬁmﬂmglmuﬁa&m samdm lauryl suifate at 0 025 M.

?ﬁ%ﬁ%ﬁ#ﬁ LE%/ f:lng(@mgltt) ELIF . g\}g??:g]te fdca?ge out Ib)r( Isprtraggrctl %otometry The
abthtriblsiRahdhdddEatokydnTREBMCU A oln RNEEPTo Béhsure dissolution.
et hoxylated trial kyl ammoni um salt, dial kyl benzene

di al kyl ammoni um chl ori de, N—dldecyldlnethyl anmoni um
chloride, Ntetr rsihilcBroflss abte amoni um

chl ori de nonohyecphplespoxing{ gppesitions pf thedfpwentiopl  1-
napht hyl met hyl ammoni um chl ori de and

dodec{nafersensy fepareafithegerbspwariesber dsdefpodixaink it a salt or

henzaheabicst G@Hxagmomﬁhé valel%ﬁm il ﬁHﬁ}{% anEr#‘ng{)H%lchspersp such

amoni um chl ori de, al kyl benzyl
18t e ietfectiva prayasctperiicle siagi ofgehydispened n@nbmoolmpdﬂl,cles is less

t
odandt Baien TGP nRTORIL e B on e coptosporn
pohgosttioa$ dfthelinrettioy idatmm mduﬁpmsh toor sutigar(tBDMAGparticulate particle

R AR L TR

d@bwqunnmuhyhanmmmnuaw@mnmﬂdkme
dodecyl.trieth
tetra é% :bteﬁ“ %ﬁﬁ?@%ﬁ? EF?HVB AR ‘dignpoﬁglpﬂil!?eneﬁt from the small

particle gt afmemuyﬁhgtdﬁk af thel ﬁct(vﬁlalgﬁﬂﬁa-es%ﬁ%ﬁjsper%%%ﬁaﬂ
[ Qronlde benzyl

tetrabu MonNi
PW“:%F’ﬁ?FI %ﬁ%fﬁ% “B? B, clpmpy .%@g%gwia@d(agwwg% particles

- S8 @riRe, BEhEioshOéxtleallymacidtle ﬁ%@@%@ﬂis%op%culate system

chlorlde st ear al koni um chl ori de conﬁounds (such

Wddhe Pemqdypamio AIKRE Sirole aghigvaim overnligedustiqn iaifies ﬁnqmr With
B kGHiaten of B8 Moidiyerdie PirkRd ﬁféfﬂld%%l%ﬂ&h&%é ﬁi@sﬁge form may

hal i de salts of quaternized pol yoxyethylallcylanines,
foll B hetpm tﬁ?fd}bﬁm@@am%lemﬂ IdispErsioTiem of e r@oPFativplate active
%kgyl pyridiniumsalts; am nes, such as allcylam nes,
I al kyl am nes, all canol am nes,
pol yeenghendpobapapiriadate MMB}wr‘hyﬁbmH@Sﬂm& kef/the inventlon
salts
f P ARG U8 e A DR B BT porBHET R
alokyisiation g mmammblj seal ds a haxmzln atl knitnblnh dBzonktaedtal t
and ami ne oxides; imde azaljghium salts; protonated
guat er nary acrylan1des nmet hyl at ed quat ernary
pol ynmers, such as poly[diallyl dinmethylanmonitun
chloride] and poly-[Nnethyl vinyl pyridinium
chloride]; and cationic guar. Such exenplary cationic
surface stabilizers and other useful cationic surface
20 stabilizers are described in J. Cross and E.
Singer, Cationic Surfactants: Analytical and



Nonpol yi neric surface stabilizers are any

nonpol yneri ¢ conpound, such 25 benzal koni-um chl ori de,

a carboni um conpound, a phosphoni um conpound, an
oxoni um conmpound, a hal oni um conmpound, a cationic
organonetal | i ¢ conpound, a quartemary phosphorous
conpound, a pyridini um conpound, an anilinium
compound, an anunoni um conpound, a hydroxyl ammoni um
conmpound, a primary anmmoni um conpound, a secondary
amoni um conpound, a tertiary ammoni um conpound, and
guartemary ammoni um conpounds of the fornul a T
N12112. 2R3124(+). For conpounds of the fornmula

| VIt 1R2R3R49: none of 121-R4 are CH3; (ii)one
dﬁcorztimti@ldrcﬁ@@i@l m3yLigrelpvant aqueohs iR4did uth dragthClecctive average

A 0 B S S 5 G s

dinkrylevam aquzoef meby em be anp equeatsonsdiothal exbibjt tl@a/de);irédmnic

ey b ich 1 o3RRG AERE ROR G PEfred o1
aind mmfﬁfﬂg e{e those Iﬂ%)ali hmo%pliélsgﬂﬁﬂvelcﬁ%h%@?gefbﬁn ;:&itﬁhtsllﬁ Iﬂ3cl>11)nd in
i b diee S BT R i 8 O SRBEp e

Qﬂk&tr@lfyte%}uﬁénmlmﬁdoﬁﬁﬁ)l@donk 8B&ly salfl Qciﬂe&ﬁfagﬁbﬂﬁ‘fbombmatmn
15(i MD of .121-124 are CH3, .one of 121-Rd is

hich ghibithe desired pHl apg lopisrsenatls Syeh redisrgrsionim a

hﬁér@l@’ﬂﬁlt m(e&)a id pediSve ok %ﬁz%&fﬁéa‘%y GHde cOiMR109foriR dodedd forsh.
C6115CH2, and one of 12 R4 cogprlses at 1east one
cycl i glqrﬁlﬁbq%pﬁ-l is well known in the art. For example, in the stomach, the pH

ranges from slightly less than 2 (but typically greater than 1) up to 4 or 5. In the small
miestine the pH can range from 4 to 6, and in the colon it can range from 6 to 8.
Biorelevant ionic strength is also well known in the art. Fasted state gastric fluid has an
ionic strength of about 0.1M while fasted state intestinal fluid has an ionic strength of
about 0.14. See e.g., Lindahl et al., “Characterization of Fluids from the Stomach and
Proximal Jejunum in Men and Women,” Pharm. Res., 14 (4): 497-502 (1997).

It is believed that the pH and ionic strength of the test solution is more critical
than the speciﬁc chemical content. Accordingly, appropriate pH and ionic strength values
can be obtained through numerous combinations of strong acids, strong bases, salts,
single or multiple conjugate actd-base pairs (i.e., weak acids and corresponding salts of
that acid), monoprotic and polyprotic electrolytes, efc.

Representative electrolyte solutions can be, but are not limited to, HCI solntions,
ranging in concentration from about 0.001 to about 0.1 N, and NaCl solutions, ranging in
concentration from about 0.001 to about 0.1 M, and mixtures thereof. For example,
electrolyte solutions can be, but are not limited to, about 0.1 N HCI or less, about 0.01 N
HC] or less, about 0.001 N HCI or less, about 0.1 M NaCl or less, about 0.01 M NaCl or
less, about 0.001 M NaCl or less, and mixtures thereof. Of these electrolyte solutions,
0.01 N HCI and/or 0.1 M NaCl, are most representative of fasted human physiological
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(xi) two of RL-R4 are CH3 and one of R1-124 is a
phenyl ring; 6r:20(xii) two of 121-R4 are CH3 and two
of RI-R4 are purely aliphatic fragments. =~ Such
conpounds include, but are not limted to,
behenal koni um chl ori de, benzet honi um chl ori de,
cetyl pyridi nium chl ori de, behentrinonium chloride,
| aur al koni um chl ori de, cetal koni um chl ori de,
cetrinoni um brom de, cetrinonium chl ori de,
cet hyl am ne 25 hydrofluoride, chlorallyhnethenam ne
chloride (Quatem um 15), distearyl di nonium chtoride
(Quat emi um 5), dodecyl dinethyl ethylbenzyl anmoni um
chl oride(Quat em unil4), Quatem um 22, Quatem um 26,
Quuditiprsuewih§ tchidag ppbirant eommlaﬁwegth yhrahtiane ef thy bohinp igakerointestinal
g%g{ochlorlde cystei ne hydrochl ori de,
hanol ammoni urn POE (10) ol etyl ether phosphate,
di eth Ei’e@tralmmhd;mitrﬁiﬁﬁs ©80.00 ey T her NH@spldat eN HCl correspond
tal J,qw o [ chlorid i me I . .
SN TG AP = O LG i gipnaates tpical
Qbildﬁ:r dodﬁtloﬁiﬁm'lmhﬁ ihdxtadcle A sdrifioh 610 UM N@@E}ﬁ@\h@es a reasonable
m chl oride, laurtrinmpni umch

ristal.konj
FRYPIRLER G ioh B EpRedpe und ashel Hehe bod. inluding the

RysionaeiaLlimRs, ﬂﬁﬁ)hﬂpéﬂnﬂﬁmﬁﬁ;ns higBEEHAND. MR may be employed to
hydr ochl ori de, gl.ur ni ne hédroc loride, 5

ﬁ@%?&é‘ﬁ?é@lﬂ%?ﬁ%ﬁ‘%meé‘% IH96tt ri noni urn brom de,

ol eyl Eﬁéﬂmﬁ’ylémuﬁgrllscl{f sg18; adRl LA e B dons thereof, which exhibit
pr ocai neng_}/dr ochl ori de, cocobetai ne, stearal koni'um

angriewie streagAL. inetvde berarg oot lisygted foythosphoric
ta&H}BM%{pﬁﬁ(t)f SN soﬁﬁlﬁp%%%&ﬁﬁﬁ ggi ARl by F)Péﬂl&ﬂfe Ctic

rinoni um c hexadecyltri nethy
awﬁ@mt@twadtsmﬁodmm Phiassgun dlcelcsmanlts pfddariday telrbomc
v, 0 b
FODRRAGLA YR IAo AR} PP ingi@lilif sl ERRGfhe gt
s@d@ﬁﬁkzaks+awhmknnmmmphamdaﬁéummdwcﬁehbnpwents and
are d %ﬁﬂlbe n det

Phar maceut i c: ca gep © *he ' Venﬂon mr%lr?dgsr?gae‘jl GPRIPSPOBG Pefigles of
fhwBnvention Phlispeped mt ancz@heoﬁs,slmelatranq lor amycbifidiguitable media) have

Ph arImce %‘%efafgg:lm%?% Sg%te}gﬁgaébgan %ﬁggqp L Fe%;r 8 about 1900 nm,

ieﬁs:mmpﬁifcﬁt g0k, ek eanabait 1 B3R tEE thaltABsTR6® Ui déds than

Phar nace t| cal conpositiaons
o P eyt b G S Iy o Bom O dh et 1200
AR Rshtibagt BIOO RS lesd ihhh gt BEORIS lest thh hisoat D00hm, less than
agent s, suspendl ngly%gents sweet eners, flavor i ng

S9BHB np e ShaPp P AD0 M lepn abggt 450 mep. e e sbout 600 am,
RbSthid ALLAEH0Sm, 8¢S N BBER B0 AR har2B oS0 A s than about

exci pi ents. Such exmg ients are known in the art.

0011 less e abput| 350 gmalsanthan ghoet 109@ms dess than abopi 232 mm, less
{hﬁﬁ 5&%@2@1% AEQUSm BBG 1\5@5{11% f:ﬁ"éb%ﬁ?ﬁ)o dﬁr JPLER afut 75

bi ndi ng agents are vari ous ce es an
enoaydess ithak @bloy G0y, aganpasnred by dighlescatteriog octhpds, alitiostepy, or
Sa, AV V| r
A e LR T R R T
paredlo sty st a:hcbwm@ acpirdou lob selinaBr kBbinvthe art.

Redispersibility can be tested using any suitable means known in the art. See e.g.,

the example sections of U.S. Patent No. 6,375,986 for “Solid Dose Nanoparticulate
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25 SMCCTm) . Suitable lubricants, including

agent s that act on the flowability of the ‘powder to

be conpressed, are colloidal silicon di oxi'de, such as

Aerosil(r) 200, talc, stearic acid, nmagnesium

Stearate, calciumstearate, and silica gel

Exanpl es of sweeteners are any natural or artificial

sweet ener, such as sucrose, xylitol, sodium

saccharin, cyclamate, aspartanme, and acsul f ane.

Exanpl es of flavoring agents are Magnasweet (r)

(trademark of MAFCO), bubble gumflavor, and fruit

flavors, and the |ike. 5Exanples of preservatives are

pot assi um sor bat e, net hyl paraben, propyl paraben,

s emnofigorscGanmarsthe a Synsristis Combhetiorestadtodynadric Surface Stabilizer
5%“% I%X&_ q&&&c a&le”such as butyl paraben,

al cohol’s “such ‘Fﬁ “or benzyl al cohol, phenolic

compounds such as phenol or quartemary conpounds

such as benzal I«Oéphamspmlmcbﬂ@osiﬁbﬂsﬂad%en di l uents

i ncl ude phar maceeljusatonywiacOapiratiee ABaits fillers,

such as 10mi crocrystalline cellul ose, |actose,

di basirke €ph@bspatinRsPRAGodsAfe AR Eaﬂﬂﬁr deAVHliv thereof,

m xtures of any of the foregoing. Exanpl es of

GPPpHHaes phitp ERY@“‘I‘HWB efditiengfly ic?fepr&e [opg, PR cempppmgg useful

AYirédthg b badtdra] Si¥ediod ﬁ%&&bﬁzﬂaspgﬂ%pokﬁ%% b8 WeRinf&red in

| act ose nonohydrate, |actose anhydrous,

PPRRRAFOB Sl sychpcgoppourd. pExamplas of Bich ﬁmpn@sxémp@ds bahare not
BniEl T BRELARbioHROMC A ot garc%&tb aﬂts%aatl de$ ;ﬁ%@g@ﬁl Ly

and gl ucose. 15Suitable disinte ants inel ud
grigsionisnibignproidgyandytlajeyd wpmpmdm@nd tetmeychnesr ch,
potato starch, maize starch, and nodified starches

croscef el ﬁg%gaaﬁ@&ﬂétgteﬁﬁﬁéﬁﬁ%' @&ﬁ}ﬁysxtﬁ;ﬁg' um star ch

gl ycol at e, m xt ures” t hereof Exanpl es of
effer¥esc 1%8? ents are effervescent co es such Las

an or gani ¢ 80%%%3185%?0@%51“5#‘6’ B‘t"é]’ suchas

Gtfpddulinge @ragan :oﬁ daﬁzlfadﬁe thexebf) ﬁaﬁlcléﬂnd%l(m bfic sm‘:lfatzd(fj digbilizer.
ar| mal i ¢ mar i Succi, ni. an

i?q@f g e e PRE D S arRoast pa B et of te

ephblo BRI padiais DEGER QABLESs bepetibiteusefuDherSix PRaTkEbly physically

sqdi um car bonat e, ,&ﬁgluntblcarbonate pot assi um

At st R Ry Birss sidhep@orarigids Fephplosporin particles,

BRI BERmiGAY kdkd) St HeREpHaRERA A aRiclds ob SN @ndwxdually
carbonate and_argi nine carbonate. Alternativel

eipipet molesulgs o the Furkop stblicer aprsentlly fe of frsermolocular cross-
ghif-gtvrescent coupl e may be present. 25

The present invention also includes cephalosporin compositions together with one
or more non-toxic physiologically acceptable carriers, adju\tants, or vehicles, collectively
referred to as carriers. The compositions can be formulated for parenteral injection (e.g.,
intravenous, intramuscular, or subcutaneous), oral administration in solid, liquid, or
aerosol form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), buccal,

intracisternal, intraperitoneal, or topical administration, and the like.

1. Cephalosporin
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4. Nanoparticul ate Cephal osporin Particle Size

The conpositiofis of the invention conprise:

nanoparti cul at e cephal osporin, such as cefpodoxi ne or

a salt or derivative thereof, particles which have an

effective average 30particle size of [ess than about

2000 nm (i.e., 2 mcrons), less than about 1900 nm

| ess than about 1800 urn, |ess than about 1700 nm

| ess than about 1600 urn, |ess than about 1500 nu,

| ess than about 1400 urn, |ess than about 1300 nm

| ess than about 1200 urn, |ess than about 1100 run,

| ess than about 1000 urn, |ess than about 900 nm

| ess than about 800 rm, |ess than about 700 rim

| ess tTharephiosporie @artiglen prebant &1 thix eempxlsisions G0 wrention can be

4

e S b DERRP Biast 0 oty o B Bl e AR R, o

tshammtmms ek, urm;xnhresmetehfan about 100 nm | ess than

about SS than ab ut 50.n as asur e .

oy 11 e Sbledlins GRRmPASLEY Y b B ynlR R Eihatopori

ajpp sOhirattat e chngsundByar ‘aiﬂy bf fhe ctibstititiaw ef different side chains on
article size of |ess than about 2000 ma" it i s neant
d?p%ﬂﬁPon%E%ﬁ 50% of the cephal osporin particles

have aAn I%ﬂérﬁ}blﬁﬂy%eﬁlalc@p&{n ¢RESpasI@T byl thein@édtRe id dGodoxime.
(lor by another suitable

%3?%% ol igh prodrup WRiEH ibentraptffsd inta dfg agtive megabolite,
e SddxhAc) upbPAIMIRRRRIRATD a PR NCéipedok B prbLdmil hﬁttﬁc chemical

when neasured by the above- noted techni

HRe ﬁR%rﬂtﬁﬁ@wwgarbqnyﬂ%)qﬂw éﬂtﬁﬁaﬁR)é{t[Zf(gu o %ﬂm@mlyi)-’z-
EZ;{ 4 eﬁﬁ)x a&%ﬂ&o]@o %eﬂﬁixgﬁ@ﬁ?f -8 @p@gttb@qoé&alﬁéycioe@%tmoct—

t 9 | east "about % Or at | east
25@99% @@frqurybltq: disteaipisqed farmuleds €118k Orawed # hgﬁaw mbl@méar

S j.e., less
SR B Tb O BT L R il

etc. In the present invention, the value for
D50 of a nanoparticul ate cephalosporin conposition is
the particle siyze bel ow whi ch 50% of the
cephal osporin p iclgs=fall, by weight (or by other
sui tabl e measurienent % echni que, such as by vol une,
nunber, etc.). &l npraxly, D90 is the particle size
bel ow whi ch 90% of /t g ~ogporin particles fall
by wei ght (or 5ihe'f”f 1 srgasur enent
t echni que, such as By~ rriynber, etc.).
5. Concentration of Cephalipsfori f~apnd Surface
Stabilizers 25The rel ative affount s™8f cephal osporin,

such as cefpodOX|ne or a salt or derivative
2. Surface Stabilizers

Combinations of more than one surface stabilizers can be used in the invention.
Useful surface stabilizers which can be employed in the invention include, but are not
limited to, known organic and inorganic pharmaceutical excipients. Such excipients
include vartous polymers, low molecular weight oligomers, natural products, and
surfactants. Exemplary surface stabilizers include nonionic, ionic, anionic, cationic, and

zwitterionic surfactants or compounds.
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t hereof, and one or nore surface stabilizers can vary
wi dely. The optimal anmpunt of the individual
conmponent s can depend, for exanple, upon the
particul ar cephal osporin selected, the hydrophilic

I'i pophilic balance (H B), nelting point, and the
surface tension of water solutions of the stabilizer,
etc. The concentration of the cephal osporin
can vary from about 99.5%to about 0.001% from about
95% to about 0.1% or from about 90%to about 0.5%
by wei ght, based on the total conbined wei ght of the
cephal osporin and at | east one surface stabili-zer, -
not including other excipients. 5The concentration of
t he aRelirreaslatimamptefs aﬁmrﬁatahabilim inclade hoaquxyf)mpym

%g, H p@b bout 9993? fro about p ot 0o about
¥ “Psef(“% Hout® PEY T O%%nlfft Yerseyicy %& ght,
bals'eﬂy}pmﬁli‘&bné,&bahmdan‘bl Sﬁﬁ‘ﬁie,dilyct}ﬂa;lﬂhﬁccﬁfatd E\ﬁ?ann casein,
ephal ospari. d at | east on urface stahilizer,

5 B SR RO Bt QO P gloas deid
bapamahitinGiloide, eRiROSEH BB YR %iﬁnbst&ﬁ@b Qktostearyl alcohol,
For mul at i ons Several exenpl ary cef podoxi ne

peiermastpgol eiBisHying Yk FoER P AYcTRROIgRYEhY ens: aby! ethers &2
%iaafag&ee%he@srs%cmcetdﬂa%ﬂ%%m dod) gablfgiy&ﬁ}?eng lRtdFRill dariddives,

respéct, but rather to provid exénpl ary tabl et ©
P@lwmeﬁwieaﬁgorbmancfémpw@)%t%(epﬁ db%mmmma&h a@dﬁblb’éweens such

Wkhi T—@E’eﬂ ﬂ)@tal]& T%&hgzﬂﬁuﬁfspteasmy %@&taagga@gaﬁwm gycols

exerrp ary tab ets can al so conprise a C age
featb] Garbowaze 3AH) zang IRANGC fraert @@hida))eporheﬁﬁwuﬁmeméearates colloidal

L L e
bydiumy medthydsadlulosSRydroxyethylceltulose, hypromellose phthalate, noncrystalline
cellulose, magnesium aluminium silicate, triethanolamine, polyvinyl alcohol (PVA), 4-
(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene oxide and formaldehyde (also
known as tyloxapol, superione, and triton), poloxamers (e.g., Pluronics F68% and F108%,
which are block copolymers of ethylene oxide and propylene oxide); poloxamines (e.g.,
Tetronic 908%, also known as Poloxamine 908®, which is a tetrafunctional block
copolymer derived from sequential addition of propylene oxide and ethylene oxide to
ethylenediamine (BASF Wyandotte Corporation, Parsippany, N.J.)); Tetronic 1508® (T-
1508) (BASF Wyandotte Corporation), Tritons X-200%, which is an alkyl aryl polyether
sulfonate (Rohm and Haas); Crodestas F-1 10%, which is a mixture of sucrose stearate and
sucrose distearate (Croda Inc.); p-isononylphenoxypoly-(glycidol), also known as Olin-
JOG® or Surfactant 10-G® (Olin Chemicals, Stamford, CT); Crodestas SL-40% (Croda,
Inc.); and SASOHCO, which is C1gH37CH2(CON(CH3)-CH2(CHOH)4(CH20H)»

(Eastman Kodak Co.); decanoyl-N-methylglucamide; n-decyl $-D-glucopyranoside; n~

decyl -D-maltopyranoside; n-dodecyl B-D-glucopyranoside; n-dodecyl B-D-maltoside;

heptanoyl-N-methylglucamide; n-heptyl-B-D-glucopyranoside; n-heptyl -D-

thioglucoside; n-hexyl f-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl B-D-

glucopyranoside; octanoyl-N-methylglucamide; n-octyl-3-D-glucopyranoside; octyl B-D-
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about 10 to abhout 70 Docusate Sodi um USP about 1 to
about 10 Sucrose, NF about 100 to about 500 Sodi um
Lauryl Sul fate, NF about 1 to about 40 Lactose
Monohydrate, NF about 50 to about 400 Silicified

M crocrystalline Cellul ose about 50 to about 300

Cr ospovi done, NF about 20 to about 300 Magnesi um
Stearate, NF about 0.5 to about 5 Table 2: Exenplary
Nanoparti cul ate

thioglucopyranoside; PEG-phospholipid, PEG-cholesterol, PEG-cholesterol derivative,
PEG-vitamin A, PEG-vitamin E, lysozyme, random copolymers of vinyl pyrrolidone and
vinyl acetate, and the like.

Examples of useful cationic surface stabilizers include, but are not limited to,
polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABr), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate.

Other useful cationic stabilizers include, but are not limited to, cationic lipads,
sulfonium, phosphonium, and guarternary ammonium compounds, such as
stearyltrimethylasumonium chloride, benzyl-di(2-chloroethyl)ethylammonium bromide,
coconut trimethyl ammonium chloride or bromide, coconut methyl dihydroxyethyl
ammonium chloride or bromide, decy] triethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonium chloride or bromide, C)z.1sdimethyl hydroxyethyl ammonium

chloride or bromide, coconut dimethyl hydroxyethyl ammoniwm chloride or bromide,

| myristyl trimethyl ammonium methyl sulphate, lauryl dimethyl benzyl ammonium

chloride or bromide, lauryl dimethyl (ethenoxy)s ammonium chloride or bromide, N-alkyl
(Ci2.1g)dimethylbenzyl amponium chloride, N-alkyl (Ci4.15)dimethyl-benzyl ammonium
chloride, N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl
ammonium chloride, N-alkyl and (C,2.14) dimethyl 1-napthylmethyl ammonium chlonde,
trimethylammonium halide, alkyl-trimethylammonium salts and dialkyl-
dimethylammontum salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkyibenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C,.,4) dimethyl 1-
naphthylmethyl ammoniom chioride and dodecyldimethylbenzyl ammonium chloride,

dialkyl benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,
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Cef podoxi me Protexil Tablet Formnulation #2 Conponent
g/ Kg Cef podoxime Protexil about 100 to abeut 300
Hypronel | ose, USP about 30 to about 50 Docusate

Sodi um USP about 0.5 to about 10 Sucrose, NF about
100 to about 300 Sodi um Lauryl Sulfate, NF about | to
about 30 Lactose Monohydrate, NF about 100 to about
300 Silicified Mcrocrystalline Cellul ose about 50 to
about 200

alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium bromide, Cjo,
Cys, Cy7 timethyl ammonium bromides, dodecylbenzyl triethyl ammonium chloride,
poly-diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammontum chloride (ALIQUAT
336™), POLYQUAT 10™, tetrabutylammonivem bromide, benzyl trimethylammoninm
bromide, choline esters (such as choline esters of fatty acids), benzalkonium chloride,
stearalkonium chloride compounds (such as stearyltrimonium chioride and Di-
stearyldimonium chloride), cetyl pyridinium bromide or chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL™ and ALKAQUAT™ (Alkaril
Chemical Company), alkyl pyridinium salts; amines, such as alkylamines, dialkylamines,
alkanolamines, polyethylenepolyamines, N,N-dialkylaminoalkyl acrylates, and vinyl
pyndine, amine salts, such as lauryl amine acetate, stearyl amine acetate, alkylpyridinium
salt, and alkylimidazolium salt, and amine oxides; imide azolinium salts; protonated
quaternary acrylamides; methylated quaternary polymers, such as poly[diallyl
dimethylammonium chloride] and poly-[N-methyl vinyl pyridinium chloride}; and
cationtc guar.

Such exemplary cationic surface stabilizers and other useful cationic surface
stabilizers are described in J. Cross and E. Singer, Cationic Surfactants: Analytical and
Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh (Editor), Cationic
Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J. Richmond, Cationic
Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymernic surface stabilizers are any nonpolymeric compound, such
benzalkonium chloride, a carbonium compound, 2 phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinium compound, an ammonium
compound, a hydroxylammonium compound, a primary ammoniam compound, a

secondary ammonium compound, a tertiary ammonium compound, and quarternary
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Crospovi done, NF about 50 to about 200 Magnesium
Stearate, NF about 0.5 to about 5 Table: 3: Exenplary
Nanoparti cul at e Cef podoxi me Protexil|l Tabl et

Formul ati on #3 Conponent '/ Kg Cef podoxi ne Protexil
about 200 to about 225 Hypronell ose, US? about 42 to
about 46 Docusate Sodi um US? about 2 to about 6
Sucrose, NF about 200 to about 225

ammonium compounds of the formula NR;R;R3R4". For compounds of the formula
NR;R;R;R,

(1) none of R;-R4 are CH;;

(1)  one of Ry-Ryis CHs;

(1ii)  three of Ry-R4 are CHj;

(tv)  all of Rj-R, are CHj;

{v) two of R;-R4 are CHj3, one of Rj-Ry is C¢HsCH, and one of Ry-R, is an
alkyl chain of seven carbon atoms or less;

(vi):  two of Rj-R4 are CI;, one of Ry-Ry is C¢HsCH,, and one of R;-Ry is an
alkyl chain of nineteen carbon atoms or more;

(vi)  two of Rj-R4 are CH; and one of R;-Ry is the group CsHs(CHy),, where
n>1;

(viti) two of Ry-Ry4 are CHj, one of R;-Ry is C¢HsCH,, and one of R;-Ry
comprises at least one heteroatom;

(ix)  two of R;-Ry are CHj3, one of Rj-Ry4 is CgHsCH,, and one of Rj-Ry
comprises at least one halogen;

(x) two of R;-R4 are CHj3, one of Ry-Ry is CsHsCH,, and one of R;-Ry
comprises at least one cyclic fragment;

(xi)  two of R;-R4 are CIH; and one of R;-Ry is a phenyl ring; or

(x11) two of R;-R4 are CHj and two of R;-Ry are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkoniam chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkoninm chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium
chloride (Quaternium-3), dodecyl dimethyl ethylbenzyl ammonium chloride{Quaternium-
14), Quaternivm-22, Quaternium-26, Quaternium-18 hectorite,
dimethylaminoethylchloride hydrochloride, cysteine hydrochloride, diethanolammonium

POE (10) oletyl ether phosphate, diethanolammonium POE (3)oleyl ether phosphate,
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Sodi um Lauryl Sul fate, NF about 12 to about 18

Lact ose Monohydrate, NF about 200 to about..205
Silicified Mcrocrystalline Cellul ose about 130 to
about 135 Crospovi done, NF about 112 to about 118
Magnesi um St earate, NF about 0.5 to about 3 Table 4:
Exenpl ary Nanoparti cul ate Cef podoxi ne Protexil Tabl et
Formul ati on #4 Conponent gt Kg Cef podoxi nme Pr ot exi
about 119 to about 224

tallow alkonium chlonde, dimethyl dioctadecylammoniumbentonite, stearalkonium
chloride, domiphen bromide, denatonium benzoate, myristalkonium chloride,
laurtrtmonium chloride, ethylenediamine dihydrochloride, guanidine hydrochloride,
pyridoxine HCI, iofetamine hydrochloride, meglumine hydrochloride,
methylbenzethonium chloride, myrtrimonium bromide, oleyltrimonium chloride,
polyquatemium-1, procainehydrochloride, cocobetaine, stearalkonium bentonite,
stearalkoninmhectonite, stearyl trihydroxyethyl propylenediamine dihydrofluoride,
tallowtrimonium chloride, and hexadecyltrimethyl ammonium bromide.

The surface stabilizers are commercially available and/or can be prepared by
techniques known in the art. Most of these surface stabilizers are known pharmaceutical
excipients and are described in detail in the Handbook of Pharmaceutical Fxcipients,
published jointly by the American Pharmaceutical Association and The Pharmaceutical
Society of Great Britain (The Pharmaceutical Press, 2000), specifically incorporated by

reference.

3. Other Pharmaceutical Excipients

Pharmaceutical compositions according to the invention may also comprise one or
more binding agents, filling agents, lubricating agents, suspending agents, sweeteners,
flavoring agents, preservatives, buffers, wetting agents, disintegrants, effervescent agents,
and other excipients. Such excipients are known in the art.

Examples of filling agents are lactose monohydrate, lactose anhydrous, and
various starches; examples of binding agents are various celluloses and cross-linked
polyvinylpyrrolidone, microcrystalline celiulose, such as Avicel® PH101 and Avicel®
PH102, microcrystalline cellulose, and silicified microcrystalline cellulose (ProSolv
SMCC™).

Suitable lubricants, including agents that act on the flowability of the powder to be
compressed, are colloidal silicon dioxide, such as Aerosil® 200, tale, stearic acid,

magnesium stearate, calcivm stearate, and silica gel.
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30

Hypronel | ose, USP about 42 to about 46 Docusate

Sodi um USP about 2 to about 6 Sucrose, NF about 119
to about 224 Sodium Latnyl Sulfate, NF about 12 to
about 18 Lactose Monohydrate, NF about 119 to about
224 Silicified Mcrocrystalline Cellul ose about 129
to about 134 Crospovidone, NF about 112 to about 118
Magnesi um St earate, NF about 0.5 to about 3

Examples of sweeteners are any natural or artificial sweetener, such as sucrose,
xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame. Examples of flavoring
agents arc Magnasweet® (trademark of MAFCO), bubble gum flavor, and fruit flavors,
and the hke.

Examples of preservatives are potassinm sorbate, methylparaben, propylparaben,
benzoic acid and its salts, other esters of parahydroxybenzoic acid such as butylparaben,
alcohols such as ethyl or benzyl alcohol, phenolic compounds such as phenol, or
quarternary compounds such as benzalkonium chloride.

Suitable diluents include pharmaceutically acceptable inert fillers, such as
microcrystalline cellulose, lactose, dibasic calcium phosphate, saccharides, and/or
mixtures of any of the foregoing. Examples of diluents include microcrystalline
cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose
monohydrate, lactose aphydrous, and Pharmatose® DCL21; dibasic calcium phosphate
such as Emco_mpress®; manmnitol; starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn
starch, potato starch, maize starch, and modified starches, croscarmellose sodium, cross-
povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic acid
and a carbonate or bicarbonate. Suitable organic acids include, for example, citric,
tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts.
Suitable carbonates and bicarbonates include, for example, sodium carbonate, sodium
bicarbonate, potassium carbonate, potassinm bicarbonate, magnesium carbonate, sodium
glycine carbonate, L-lysine carbonate, and arginine carbonate. Alternatively, only the

sodium bicarbonate component of the effervescent couple may be present.

4. Nanoparticulate Cephalosporin Particle Size

The compositions of the invention comprise nanoparticulate cephalosporin, such
as cefpodoxime or a salt or derivative thereof, particles which have an effective average

particle size of less than about 2000 nm (i.e., 2 microns), less than about 1900 nm, less
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D. Met hods of Maki ng Nanoparti cul at e Cephal osporin
Conpositions . The nanoparticul at e cephal ospori n,
such as cefpodoxime or a salt or derivative thereof,
conpositions can be made using, for exanple, nilling,
honogeni zati on, 5Sprecipitation, freezing or
supercritical fluid techniques, or tenplate enul sion
techni ques. Exenpl ary net hods of maki ng
nanoparticul ate conpositions are described in the
' 684 patent. Methods of maki ng nanoparticul ate
conposi tions are al so described in U S. Patent No.
5,518,187 for "Method of Ginding Pharnaceutica
Subst ances;" U. S. Patent No. 5,718,388 for
Hegabowd 8Usnmudessdbrngbod 7HY pmglemfhrmabeniuk608 ai, less than about
a 9 d
?Py@@ﬁﬁ NESShan about- 1466 e &gsilhad\%ouﬁl 386 fim ?e% @‘ﬁ{ eg)aF(Pfﬂt'(BB

of Ginding Pharmaceutic st ances;
IS than glgmy 8D ning dess @@nwb@ﬂd@@(émn,ﬂﬂisahan@hom@OO nm, less than about

SO L5 OIS o (L P

th@o-ahbut ﬁdpmaplr:spzl that abont 390 mzlarlmpﬂ:aﬁ ialmuk 280enm, less than about 200

SRS LS ol SRR o

hhmm ﬁ@fnﬁll :csuh@tu&ecPhgali gfﬁ&@&ttehﬁghleﬁ@w ffcroscbbysor dther appropriate
h&?t No. 5,543,133 for "Process of Preparing X-Ray
Aast Conpositions Containing Nanoparticles;" U S.

Pat enBy Na efﬁctﬁ%%v@r%@e particle Mg bﬂ%s%anﬁ%&ﬂ@bﬂ@ﬂm&t%@mt that
Nanoparticles;" U S, Patent No. 5,510,118 fo

atﬁ?%&%% obihc prrbalosRastn PRHisles haYR 4 Reriednpersfiless than the effective

Sandeai B we hbinet §able ddsubénng, BAUHER by Noume, number,
5,470, 583 "Met hod of Preparing hbnoparglc e

5§ iles I%lﬁg a‘z%lﬁ 2000 90 avg EPORITL sish diliep mgasurad by the above-
ﬁ%ﬁgdlfeang&eégﬂrow&n%dmaﬂs bt 8 IﬁMaf_lrthﬁ aﬁsagf&b%ﬁf S Al fe¥st

i ncor porated by ref erence. resu
henb etk ier kot BpHahdspsbationt AWhpblsist aberg 95%, or at least about
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for o
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or mul at i

| satile 0 | ate
PERTLO Rl SR PR SR A s DO e, ).
Smiﬂlaﬂj( i it the @amlemj&aﬁmpawmbn %%bﬁm@eﬂhﬁb@m@aﬂmles fall, by
ﬁg %tog%isowkg a cep Iosgorln to obtain
BRSSPl e PR R pouc a5t g8 R e e te).
cephal osporin particles in a liquid dispersion medium
in which she -Céfcentration of Cephalosporin and Surface Stabilizers
The relative amounts of cephalosporin, such as cefpodoxime or a salt or derivative
thereof, and one or more surface stabilizers can vary widely. The optimal amount of the
mdividual components can depend, for example, upon the particular cephalosporin

selected, the hydrophilic lipophilic balance (HL.B), melting point, and the surface tension

of water solutions of the stabilizer, etc.
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cephal osporin is poorly soluble, followed by applying
mechani cal nmeans in the presence of grinding nedia to
reduce the particle size of the cephal osporin to the
desired effective average particle size. The
di spersi on nedi um can be, for exanple, water,

saffl ower oil, ethanol, t-butanol, glycerin,
pol yet hyl ene glycol (PEG, hexane, or glycol. A
preferred 5 dispersion nediumis water. The

cephal osporin particles can be reduced in size in the
presence of at |east one surface stabili zer.
Al ternatively, cephal osporin particles can be
contacted with one or nore surface stabilizers after
at t ri flibeponcentrpipn ebihkp senbdlesposinenn sayy oo 4baeirit9, 5% trpbpet
A%, i3 418 BRIBIBSAY 198 63 Hoh AR Bui0IDNo b 6810.5%, by weight,
conposition during the si'ze reduction process. 1
Diasgdemgheoiatal cambiee weightfod tewesalospmin and etishsy onr surfaca

. . of skill in the art would
Sﬁdgggg@%gn%hﬁdé?g ?t{]er%glp 58% he case t hat , follow ng
m | | i Ae conotntakibn phthe holkas omeyrfhe sabdireedntvarytfi@n about 0.5%

esir | fE I N suc event.. .4.he particl f the = o
TEBED HOE oaypt Lafde SVERO Al GBE bty fo % abotfos s,
myagglme;asﬁimohm@ tbfale&ﬁﬁl lﬁinéd’ﬂt’oé mﬁig;lﬂgf tﬁ@q@h@g@ﬁﬁﬁ bikBdtileBt one
t o bt ai n. Nangpartj cul ate al osporin nposi ti ons
ﬁﬁ%?ﬁé?$ﬁ%?hﬂﬁl%ﬁm$?ﬁ ﬂ@“?ﬁgnﬁesired nanoparti cul at e
cephal osporin 20 conposition is by
m croprecipitation. This is a_nethod of preparin
st abl e di sger siformplary Nopyrieylate( efradexipe c%‘éﬁggali’lﬁt
the presence ofF9smAONSpre” surface stabilizers and
one or nore colloid stability enhancing surface

act i Veevag Bdinpl4rg CePbdckite proB&R tdbPt FGmBRLVA HrS ¢iQkn below.
sol ubilized heavy netal inpurities. Such a nethod

COfi5ieramRics 4 poldiapgddo limhthqelais ix pygesprel. but rather to provide
GO SN ftmiuhtiBnSe c‘é%@li@xh%@ bRl wHich) caf 86 LBl Rthe
formulation fromstep 25(1) to a solution conprising
ethogy ek the e ignf §ueh aemplary tablets camelsq gymprise a coating agent.
precipitating the formulation fromstep (2) using an

gppr opri alt € Pon' ﬁgpl\éqm]@i‘gxeﬂ : aﬁ%ﬁ Ialﬁﬁtﬂlal't’é:‘ fofowe

y remgval of @RodoXHEProiétif Tatile FrfidElton 42Y,

di al ysifs—or—h Ao ifofibhT ad cgneent ratrpnof —the

H H Iy s durr: Wiy ~aral nmand 201 L Nni—7at 1

i sper St REIETLT Onal _eang. A03ptoIgegrat an
:HI I\Oﬂ.ll IJ Ul U-SEJ at © \/C'JIlal \aﬁ(ﬁ{u\in IIC I1 ZDI L9 ) .\JI

Exenpl aeyPHonbgen 2aton—rethodg B AP EROPhY active

agent 1 e yodimny, LUSP about 'l to about 10
Sucrose, NF _ about 100 to about 500
Sodium Lauryl Sulfate, NF about 1 to about 40
Lactose Monohydrate, NF about 50 to about 400
Silicified Microcrystalline Cellulose | about 50 to about 300
Crospovidone, NF about 20 to about 300
Magnesium Stearate, NF about 0.5 to about 5
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conpositions are described in U S. Patent No.
5,510, 118, for:"Process of Preparing Therapeutic
Conposi tions Contai ni ng Nanoparticles."” Such a nethod
conprises 5 dispersing particles of a cephal osporin
in a liquid dispersion nmedium followed by subjecting
t he di spersion to honobgeni zation to reduce the
particle size of a cephal osponn to the desired
effective average particle size. The cephal osporin
particles can be reduced in size in the presence of
at |l east one surface stabilizer. Alternatively, the
cephal osporin particles can be contacted with one or
nore surface stabilizers either before or after 10
attrition. O her conpounds, such_as a diluent, can be
added tp t he ceplbtshoExemsury Naepattaduldte zer
conposi ti on ei Chippdiine Peetetill Tabigt Farmahtiar#2 he si ze
reductipn proceSSompdmRper si ons can be magwlgact ur ed
cont i NnUpO&hydoRfmd ProRxPdat ch node. | fhokd NOISIBSRL 300

Vet hodol ggiedclidie, @¥rAI N I5Nanopar dvokidcab 8bout 50
CEpha|OSB&£&£eS&ﬂBﬁSUSP0nS dﬁ@ﬁi@rﬁ&ﬁﬁh@oq of
form n_g M&?osﬁ%li‘ red nanopart icul a&bgu‘[cl% @5& lpﬂﬁj._”
Compos! X Siuh PVl SURAYNE" €221 NG AL Bl G0t =F
lo: 3t Itg 'e{(': 0S¢ Wo,gb’lpyc'ﬁ"ate ?\ am —or abu 100 - aboul (0
i nj ect e ﬁ%}{ig{f&h‘%@ﬁ talline | (;“ijﬁqsg . apout 50 1p abgut 20U

A \Y A\ B | I3 LI { [] UI AA N A 1 "UI d
iy oo Crogoyidape NI O X ¢ %@%&%ﬁa@ﬂﬁ(m o
freeze BYAENFISTAREING ant t o niaew;0rato about 5

crystallization and particle growth, thus fornul ating
nanost ructured cephal osporin particles. Depending on
the choji ce of solhabla3:sxemepiazyMianepadticytiteg

condi tijons, _t Heefpedmpae Preotexibiablceliraiwdaiivoni3n
particlies can hdveposenyi ng_partijcl e nor piiBlgogy. In
t he i sol Géfpaloxsicdpotekihe ni t r ogen ahoa 280 kvt 20Se

r enoved liydenclRsedis® t | ons t hat |aboidi2agghbouds at i on
or ri penbagsné Sédnem aegthal ospor i n Jpaitd 16 laBsut 6 As
a conpl esRpls@NF t echnol ogy to SHlabow 200 @ iR 205
fr eezi NsJdiR)adfRSuth@ONPE USEd [TBomNneal sehue iRl Val ent
nanost UGk ikEMorSRAAO NFOT 1 N par|tiychi©so W fdduddat 1Y
enhancedify] e Pieretirfstalline CelfatJIPT| Do B IHufi3s
“ﬂter"ﬁahgﬁbﬁocﬁﬂﬁ arous, Urgd'e& mﬁﬁzﬂi&ﬁﬂ [QUETUS
sol uti 'Mh’gne§iﬁr[ﬁ %a%’a?éJNF N l!nbla% tid,_sﬁtg',@soﬁgh

appl Yi ofto—a—ct yugcnl €—~U—st
sol vent |s then renoved by neans such as

| yophi | ji-zati-en—ot at nesphericfreeze-drying—w-th-the
resul tijng nano ¢ 1@ eBE%?fa’I%g‘ﬁB Feufate i i ng. -
36 - H. ' (i Lablet Fermulation #4

o

Component g/Kg
Cefpodoxime Protexil about 119 to about 224
Hypromellose, USP about 42 to about 46
Docusate Sodium, USP about 2 to about 6
Sucrose, NF about 119 to about 224
Sodmm Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF about 119 to about 224
Silicified Microcrystalline Cellulose | about 129 to about 134
Crospovidone, NF about 112 to about 113
Magnesium Stearate, NF about 0.5 to about 3
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Nanoparti cul ate Cephal osporin Conpositions 5Another
met hod of formi ng the desired nanoparticulate
cephal osporin conposition is by tenplate enul sion.
Tenpl at e enul si on creates nanostructured
cephal osporin particles with controlled particle size
di stribution and rapid dissolution performnce. The
nmet hod conprises an oil-in-water emulsion that is
prepared, then swelled with a non-aqueous sol ution
conprising the cephal osporin and stabilizers. The
10particle size distribution of the cephal osporin
particles is a direct result of the size of the
emul sion droplets prior to |oading with the
cephallbs poMethaismi dfadting Nwinipahtiadate Gephdodporin Gongpusitions
optim zed in this process. Furthernore, through
sel ectied nisPaiculirt ¥ p@Id s habLdthdRk Rne GHULR bPRrivative
stability is achieved with no or suppressed Ostwald
riheesf FraRPosiie &f Mmage ving lysrymple, rallinanbanareenation,
rR88BYiedon, 3R h6r s%bﬁ‘@x‘itlidalzﬁlgd %Hﬁﬁﬁésy%tt&{)ﬁgte LRhulsion techniques.
cephal osporin particles are recovered. Various
degmalanspethpds qf arakingl negonagicplats wgipestiommrddesadinl dvibd ‘684

' [ e ngditjons. ..

g e e LS
CatepbNp 15, Dirds! 83 flort “PMethathod iirindmg POarhivecttioslctubstames;” U.S. Patent
ovi nmet.had of Ji.ner Lng,.bigavail abi | ity of g

e RSSO hufls OB AR A Ragei Shaties® s,
dRatent/b.i /8621998 fedMethad of Geinkljng Pharmfauahical SwBétheds;” U.S. Patent

L ral.l y..adm ni steri to a.spubject an | ,
IR BepTE Brati PP e diaet bt oaistie g sl Agents wit
caphdlGrsptrModifidle (48RP T, 562,880 TROTiot M@Roprédipitation of
cordaq&g ﬁ%th staq@ard 251gharnacokinetic practice,
ORATRTURES BRI T Aerdt Witk Captt BrasaboMidatigrey U-S. Patent No.
301034 Qi BlicepREipitalda bt N3 faaicfRteaharmBROMcalh%ns;” U S.
reater, or about 10% greater than a conventi onal o
BITAENO SpiPilA3 RIS REses of hicparing X-Ray Copigast Gamppesittons fentaining

Mfanbhetidiyensi PhRed ™. 5384 2o foPNibBod sERLIRAL sBble Drug
bacterial infection. The 001505|t|ons are effective

Algaerisicles Y Sakntani St 2aH. bIS Teothirocseehlvensiing Theraguand
gogg?ﬁﬁn%%;dﬁ%%lg%fg?ﬁ %Léltc%t?’lr’ g%@ﬁzs;ﬁﬁgmw 5990,§§§f%r Efiethod of
Preparing Nanoparticle Compositions Containing Charged Phospholipids to Reduce
Aggregation,” all of which are specifically incorporated by reference.

The resultant nanoparticulate cephalosporin compositions or dispersions can be
utilized m solid or liquid dosage formulations, such as liquid dispersions, gels, aerosols,
ointments, creams, contiolled release formulations, fast melt formulations, lyophilized
formulations, tablets, capsules, delayed release formulations, extended release

formulations, pulsatile release formulations, mixed immediate release and controlled

refease formulations, efc.

| 8 Milling to Obtain Nanoparticulate Cephalosporin Dispersions

Milling a cephalosporin to obtain a nanoparticalate dispersion comprises
dispersing the cephalosporin particles in a liquid dispersion medium in which the
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including but not limted to bronchitis, pneunonia,
tonsillitis, ear infections, sinus infections, skin

i nfections, gonorrhea, and urinary tract infections.
The cephal osporin conpounds of the invention can be
adm nistered to a subject via any conventional neans
i ncluding, but not limted to, orally, rectally,

ocul arly, b5otically, parenterally (e.g., intravenous,
i ntramuscul ar, or subcutaneous), intracisternally,
pul monary, intravaginally, intraperitoneally, locally
(e.g., powders, ointnments or drops), or as a bucca
or nasal spray. As used herein, the term "subject”
used to nmean an ani mal, preferably a mamal

icqﬂialoﬁj}m*g; 1apd5nﬂyasmhrbie fudiowhd bpapplyiemedhaniBal pedah eitthaidsence

30 PR Pp Rt PR R et effctive
batsdeqlab@icatd Wﬁ@@%ﬁﬁ'ﬂ%dﬁﬁﬂaﬂb@ RALQMPE, Fhter, safflower oil,

ueous uti,ons i spersi suspensi ons or
SR ol alyoebprbe B! {0 i oF jitglo preforred
Hﬁb@gﬁhﬁﬁ&hﬁ“gﬁhﬁgtab|e sol uti ons or dispersions.
Exanpl es of suitable aqueous and nonaqueous carriers,
di | uehbacepbglpsperin gartigles Gaarficasdised weizadt thy Prasgnse of at least one
§1§I|f%ﬁ9 QhabiliRQ! )&%aﬁ%l? W}Jﬁf&ﬂ(&r}ﬂéﬁh es can be contacted with one or
pol yet hyl ene-gl ycol, ['ycerol, and t 1 ke),
197 wiiage wbliasricaficr Wieitwof Othes gerpayings, emqhsas adilettasn be added
¥

B ooy AR S L SR 5 S ISRy
Expnpsions cinbetthulsairaf coatlmt!mlb’ ngms'lhatchamdeeci thin, by
t he of ,th UI rii si.ze

e BRSO R RS LA M g
Mngl,amo gihpamded mapbmmlltatl ﬁsi;he tesired oing ds |sualmm$vafaythe

ain. adi.uvant s suc S pt erv n
ReBRef S B b Y Dot dufleR b REkie & or he presen
vement | on of the growt h of mcroorgani snms can be
ensured by various antibacterial and antifunga
agents, ch as. parabens, chl orobutanol, pheno
corbi ¢ acid, adyenpatanda Ohtpin Napopaitisulats Ciemlialasperin
to include |sot(;5’ﬁﬁ‘li‘,"s U8Rt s, such as sugars, sodium
chloride, and the |ike. Prolonged absorptlon of the

i nj ectavhe mathadpf feming the desirednanoparyentae seRbAOSRIBBL
aﬁnﬁdﬁﬁoﬁ%)%w%r&%ﬁﬁ&l dedi ¥ iaRek RSP F)%!lr@fg’ Sta%ws&%mns of

al um num nonost earate and gel ati n. i d dosage forns
pesrly splybleagtiyeangents in theg ﬁrqswr» abiene o morea%uefaﬁ’oitahﬂwsm@d one or

E@re &ﬁ@ﬁ%ﬁ%ﬁr&y Elﬁﬁh(%:@ surf%bt]: Ji&we 9&%@5&% of Qrﬁqragé ﬂﬁ&U Sfvents or

I n such soli osa e forns, active adent Is
sdhibiasd bogviyrmedal lmea%meSo Suchyf m@th@d Fomririses, Fug exqnaple:ofie

@iES mﬁrﬁe hlz @gﬂ’htalogﬁ%nﬂbgg 1§abieosr01\/% 6?}?) E(ﬁ&?x)lg thi gt?'n?:gl%f)n from step

Cltrate or crurn
(jl) teexsoduthercempgsiopatdeast one surface stabilizer; and (3) precipitating the

formulation from step (2) using an appropriate non-solvent. The method can be followed
by removal of any formed salt, if present, by dialysis or diafiltration and concentration of

the dispersion by conventional means.

3. Homogenization to Obtain
Nanoparticulate Cephalosporin Compositions
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starches, |actose, sucrose, glucose, mannitol, and
silicic acid;~ (.c) binders, such as Co

car boxynet hyl cel | ul ose, alignates, gelatin,

pol yvi nyl pyrrol i done, sucrose, and acacia; (d)

humect ants, such as glycerol; (e) disintegrating
agents, such as agar-agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain conplex
silicates, and sodi um 5carbonate; (1) solution
retarders, such as paraffin; (g) absorption

accel erators, such as quaternary anmoni um conpounds;
(h) wetting agents, such as cetyl al cohol and

gl ycerol nonostearate; (i) adsorbents, such as kaolin
and bentonite; and (j) lubricants, such as talc,

c aI ci Bxangtlewn hamegcnmgmesﬂeﬂmﬂqumh@ acsiod hgzknt nanoparticulate

et.hyl en cpl I f )
OGS R Ep bl s At Ro SSoeatis P Bl prarine
ﬂ'hﬁaphﬁlﬁagfemb&ﬁﬂiﬁﬁxs Km:)dtdaﬁidl@Né‘aﬁiﬁmf klse” ?Sﬁ)clbhl frle @0l B@mprises
ui osage. fornms for oral
3%?&%%%?%# 3 Cﬁ%ﬁw@%g’? FRegFqnmetiuafplieyysd by
B cEhOMS disprbish tORSnoBHEMRIISH WiBece BY pMBSle sBOGf a cephalosponn
el xirs. In addition to a cephal osporin, the liquid
ab@%\a@lrﬁ FHRSURRY CEASRBATUSIS Sigse r’fIle WIQ@}emogn e@ﬁﬁlﬁway be reduced

HSEAL ih thelP@eclof aBlUAR oRSsuNBLEtatflize Pt gﬁé'maﬁﬁlﬂ: yelﬂct: Sephalosporin
sol ubilizing agents, and enulsifiers.

BAiiPles ¢ dE sonjpciodsy ity pre1B anere Masface F@'@b?%fp%helabf@@‘h ot after
Gt CRdP QoAb SmaS s as3GRIBL: |
benzyl. benzoate, propfﬁeneg ycgﬁgg?&%dgﬁﬁéﬁgﬁl0&%%%FMﬁmm
@tﬁbrbmybmmsrmmeuber befdrg dugng lor after tloet sizsedwedoroprbgess.

il r Vi I astor oil,
an g&gfég%%g%o nIanﬁ{% t%%eg%op?% L%II(S in %a Clh ({d%yl al cohol
polyethyleneglycols fatty acid esters of sorbitan,
or m xtureds of Qrjeseiccvibtiodologies toaDbkaidhe || ke.
20Besi des suchNanepdrtidulattoépthaldsperic Copssitionan can
al so include adjuvants, such as wetting agents,
Pt Ao AR FHSRERARDG. BIFALS po UGS B0 iporin
¢ohlesitipe Lstbycspiabzﬁee:flﬁgnim Niquid (RRLNL Thlasechﬁﬂ@gyltemhibs an organic

RS e SO GORRD BB Ak by o

ghegenaiohBgiehhs HQHH ait®gerd. OrheZfopiis 6hthecBABoAS B&ltidh
S admnjstered in a S|?g1nifil§1ant nupber. of subj ects

PP haletf U S GER" LreaimenerysPRton aRg ptsls grywih djus formulating
ndnb@f@Reddt depilidspordt fE6¢1EY DRRUAL on thedRdicY FLEH8H sBerfand

parti_cul ar subject In a particular instance will not
BIPGRasias epadiopg élifi WOI?W“I‘I‘%%?‘M‘I@‘O%HQQH Apibiglss eag have varying

}gﬁt%ﬁé nbgAoldey. elnrihe ﬁgﬁﬁoﬂ agnek éﬁ@g Qﬂ?%%ni ate %ﬁﬂr@@uxﬂier

therapéutically effective anmount y those ski
qqndltlﬁas thptiavoidagglemerstipe of ppeningrof @Iméplwcwefmmmdes

ceph q!{soas&ﬂfglé}nengﬁys %gﬁﬁ)l@'yqo SF i, @ﬁ{ %aggi?{c%%]l:g% ﬁ?%ﬁgﬁzﬁéalso be

nmeasured as oral dosages, or w

lllsed@l aseatesl equivelgniedostrubfugwid:ephalosporin 1@meéclesfwitdy gleatlareyhanced
I Iy h ff. |ve appunts_of a

cep %gagyfﬁﬁﬂq% %&E@é g%ﬁ%ﬁ% enblrICdFImgmn%oéan

ngan@ntpieoI}eadlutmn pﬂa:e@hiloxpmm IWIthVStEé[lECJS wodagpdyinsit extb ateryogenic

t bl
SB#) 3 ? hf’ 8(?1%%1“ C mg%gtgg%x%‘e%rg é}sl agilyogﬁthzanon or atmospheric

frecze—drymg with the resultmg nanostrctured cephalosporin remaining.
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cephal osporin in the nanoparticul ate conpositions of
the invention may be varied to obtain an anount of a
cephal osporin that is effective to obtain a desired
t herapeutic response for a particular conposition and
met hod of adm nistration. The sel ected dosage | evel
t heref ore depends upon the desired therapeutic
effect, the route of adm nistration, 10 the potency
of the adm ni stered cephal osporin, the desired
duration of treatnent, and other factors. Dosage unit
conpositions may contain such anounts of such
subnul ti pl es thereof as may be used to nmake up the
daily dose. It will be understood, however, that the
specific dose level for any particular patient wll
depend upos a VEhiRion Méthbaabgesto GREInl5 type and
degree of the oidophAiculite PRYEAINDOBM A mPRTRANSE tO

be achi eved; activity of the specific agent or
CONPORAnbihe m&hRd %ﬁinm% IR R8RQAIhh&aARERIeTMalosporin
conposi tion enpl oyed; the age, body weight, genera
lsempesitiondaRy teampipteigranlsion. Tepaplatgemalston crgates pagpstrptured

- r . . N

STl P Al Rl OB Ble ARG, S Bl BFrab s Gliion
redormmpen. ; Thd meghodisouyirisas ap oiti-rwater omulsion dlwit isgiretereiathen

i t speci fi : - k-
bl o PRIl 3P0 oSt By d icrs. The
Ganphixl sos PotribntiGo ofibs t¢phalospofinganikcies ¢t dieniessultaff the size of the

phar macguti.cal. Gco unds,.ipn th revention, angd.
EpRlsiRopless i 1 fading sy s cebalipana Piskew Yiih sy be
@bntfclled afidoptiittaddh bds prbeess. af@thatitorelthidtigloseleated use of solvents
delivery of the compound f.rom the dosage fo tq,the.

B Fiersy bR rREY DAty Shatess e pvald Hpening,
@UB@hﬁ@ﬂy,&w%M%lE&dbyag&d@ a1d vé@_&ﬁtﬂ&_efsﬁbiﬂikdi:crhaﬂoshuctured
pati ent can | escribed as .its in vivo rel ease .
GrRbRlosReTiRATtCls SEATRT G On VRIS ATRIARTERTR }?ae%ﬁe%%laﬁ%es can
B Bl 87 Bfpropiatd coaffoRTpRsde it onliitibnsd CcOncent rati on

and duration of the pharmaceutical 30 conpound in the

bl ood plasma, referred to as a plasma profile. As
pharmaceutical - 40 - C ounds vary in their

phar ricoki Yetheds pf Yiing f]]fegg_ap‘_’é’ﬁ't‘ﬁ""&?tﬁi oavail ability,

and rat es ofPhalaspeniy Compasitony ofithe Inveption ¢ he el ease
profile and the resultant plasma profile becone

i npor Thainvaltienprivsles @ meded iofl excraasinglbioapilptritjtyef h eethalpeporin,
dr therapies. The release profiles of d e for

e PRI ot of SorRRSe BERM S pRlosE STRPEmRLE®
cahgpase omligadmipisieing 6nd subjousn efecivd aatunt & a composition

Cont i. nuous | ease profi] es include rel ease ofil es
S Grllogort., M cahSap R s st op i sl #H standard
pRIPALUKEEtL frabRleCRBQAGDIGQBAbIIUP UBL 3 abbiit GUB Qe er! dbBut 40%

dosing,interval at eit a constant_qr vari able i
prester, Apt St e et -Q@%%ﬂ% SEatont| Qerepist fbag g conventional
@@gﬁk¢ﬁgﬁnma$%@mﬁﬁLat | east two discrete quantities of
one or nore pharnaceuti cal conpounds are rel eased at

di f f eFesompasiiansf dregprveniian agivssial ig fhe trqatrpent of HoetgHals |

EREciBRY TR M5iboRiRaETRE Slckc 2L gt RITP MR RE(nER BPbARGE A positive
of such compounds, the release profile for a given
dasGra-pepnychagiesalrsirgms.tapd g beswsod lodreetmpinaiypes of bacterial,
profile in a patient. Wien two or nore conponents of

a dosage form have different rel ease profiles,
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the release profile of the dosage formas a whole is

a conbi nation -of the |nd|V|duaI rel ease profiles and

may be described generally as "nultinodal " The

rel ease profile of a 15 two-conponent dosage formin

whi ch each conmponent has a different rel ease profile

may described as "binodal," and the rel ease profile

of a three-conponent dosage formin which each

conmponent has a different rel ease profile may

descri bed as "trinodal ." Simlar to the

vari abl es applicable to the release profile, the

associ ated plasma profile in a patient may.exhibit:.

constant or variable blood plasma concentration

lisohadisg loft n2Qirtie] tp hamoacs lphélﬁﬁﬁma;‘ ampitlitizpenr infedtiohd) €inus

d tion of. action an e. conti nupus or

iR R i s DS S e BERF R P ude pl asma

prof i Ires lc@)ﬂlalaiﬂonhabﬁﬁoﬂﬂﬁi ofié aive@idbn\wih Btlflacﬁﬂ]hiisf%}édl téa sub_] ect

sin asma, concent n maxi mum Pulsatile plas
ﬂof?fmcg VR, BRETs) %%WEH PHIOF Litehiopre in regtellve aesfarly,

toﬁ@aﬂﬂrl %@fterﬁlﬁ@% Qh@ir@ﬁolﬁ ORESRCAbY, @f‘sﬂb@t\‘t@ﬁe%ugf intracisternally,

phar maceuti cal npound are separated by a | ower

BrERpa %ﬁﬁ‘%ﬁ&éﬁ‘?’?ﬁf’?%ﬁ@ﬂ%@é@ﬂy&(ﬁa PGV dais; ofments or drops),
descs hied ISRET Gy msemr&,h rmgéhn b @j&:ﬁﬁ; hée t&lln@;m

profiles exhibiting two peaks may escrlbe
ﬂbm%dmfemblm@ i einplodhng Iaélgmelxw nﬂnthungnt Hhe@npfemnt and

nodal " Dependi ng on, at
) g%§ %Eédtiﬁ% ﬁ&ﬁghﬁ%ﬁ P 9

part colcinetics of the
p h ar nﬁemmalt@fais S@@ﬂbbzfunmentﬂaﬂ igeettbni mnytdompdsspigfeiofogicmly

I fil es of .. the indiv
ap g ﬁ g?(fwu§ oglg%nglageo?ls Sorfti ops, d1 rs%lsd a}lSpens]u)ég
pmufs:dne, an&ytenbsmmiens lﬁoremtolnﬁl‘tutmmmntstenm_&cmble &olutions or

BH;'P%-%%?S eExpamp?cs of gultgﬁlg laglﬁ% %%%Fa{‘uhi&s&?%&% {htluen%, solvents, or
weiuelast inclodipg awiclashapolypblyolp ﬁfrﬁpy@éhb@?ﬁ)l,lmyeﬁhy&dw-glycol

e oRR AmE RE P bl P Dieet e eSS arga pliw i and

E@d‘ﬁfﬁﬂe organic estdrfisueh ab éthﬂﬂﬂéaﬁe IPr&ED ﬂdidﬁ? Bin Eehﬁalﬁ!élﬁl‘é@;ﬂ'&r
|nve tion provides a nultlggrtlculate nodi fi ed

s &Y dshse el ¢ ratngppiichis iesithipdpydhe mainfmancs o Bicirpuired

pﬁﬁc@mm fic 625 ROIRNIrIBnPLRNS the uselol sidfABlsl NUous
manner. | n yet another enbodi ment the present

i nvenT]Feo‘F?nBIP%\‘/‘f“é"é%“‘é’hﬁﬁ*HOPB SPIPSifions @ay @lspreniaip gdjuvants such
EEHERASENE WRADI Eﬁ&&‘ifﬁﬁ’g \am &Qpas&g 130 PrdvieREorff 1R growth of

cephal osporin, for exanple cefpodoxi me proxetil,
PYGTROTE RS 9B BF atlfeﬂmﬁ hyperowawibicirriebanidentibmeal opents such as

Bﬁ‘ﬁﬁen§ Léhﬁ)?&ﬂﬁ%t)l ﬁﬂéntol 9&% ccéfcldt &ﬁ?ﬂl@allpﬁlgf? EISQP(?&e%zrable to

rel eased after an i1 ni't
mqblﬂh eptopithhaditrenth atShegqmtr, @scmlm Chlnuéqa ahdthe rblﬂ(aVPlelged

f‘pqlmq E)Péhe ﬂ'xgéc@f%?e h%ﬁﬂ?cetlt?crahf%% %fug Qé brx?élrt a]it) utt 83? thg: %ISEL I

mnistration co
ﬂgadtsfdelagmg absorption, such as alummum monostearate and gelatin.

Solid dosage forms for oral administration include, but are not limited to,
capsules, tablets, pills, powders, and granules. In such solid dosage forms, the active
agent is admixed with at least one of the following: (a) one or more inert excipients (or

carriers), such as sodium citrate or dicalcium phosphate; (b) fillers or extenders, such as

-38-



10

15

20

25

15 rel ease conposition of the present invention.

hi yet anothetr “enbodi nent the present invention

provi des a nultlpartlcualte modi fi ed rel ease
conposition in which the particles conprise

cephal ospori n-cont ai ni ng nanoparticles of the type
descri bed above. In still another enbodi nent
the present invention provides a nethod for the 20
prevention and/or treatnent of a bacterial infection
conprising the adm nistration of a conposition of the
present invention. Accordi ng to one aspect of
the present invention, there is provided a

phar maceuti cal composition having a first conponent
ctaghes, daotgye aotiove glungseemhmitbl enhtibéinhad (petritdecd, @sh as

gﬁ) %gmétﬁ qulI ég%ta?gzaze%q a%rg H‘ﬁmbgfr%ohgf)% sucggg%and acacia; {d)

émhsaqme,mncmm@remmt(eMMm grafing Bfefts anck ol agaagat, icaldivaf
r e |£e a %ﬁ)g{afb%f Oel’ rg%{il(t&(:agr&?%;z %lhg}ew(‘fsgcr | 0 nggnp? r)](t Sll\ll\(gteers eaI]] & m

&&@bﬁtaigabmﬂoﬁ:&%@r@ Isikch a@@ﬁﬁafﬂ-ﬂ €8 absbyion accelerators, such as
cephal osporin-contai ni.ng particles may be coated Wit

th
4 PO SEPRBLE (G <UAp AR pARpet alcobol and glycero

astiotteRRB] (YadsdrBéhtS SRMAL RENN dnd befi Sl (pqulﬁﬁaﬁth Gh&Sas tale,
nprise a nndlfled rel ease matrix eri al

P IEB UG5 PSSR FRAY, S golyBiplos ey, iy ey s,
CE PiRalRs RRfebh Fdr Qépsﬁ?é@ R8s, G PRLaN AR &Y fgﬁﬁ‘st Ihily alk(pco%pnse
ul satil e manner. In one enbodi ment, the f
BﬁﬁaﬁﬁﬁwmbrOV|des an i medi ate rel ease of
cepha i . .
o%g;ﬁ?igfos : gv 5 fgxe?rlgga%fﬂ}& é)ff érgt:ggg g?&l’ﬁ]@(t,eutlcally acceptable
@ #inespltions, SuSpensumh SETVpS) dndrelmis, Int iditiomteal cgthelosporin, the

e . t h t of
50988 SOTROIEDS e Bl SRR Ry g v
ar 'DthElTSab’@ulB,l soh:lbﬂ;zugfagem iaué epphladion. Eaaoplatyreaivlfiicrs are ethyl
and._the .one 0 re su conponent
6L o SRt AP RSER wORRIED R
bexmoaata,tp‘ra;tyle:uﬁglbrml,el $bﬁljﬁﬂneg1fdm,ldﬁhahilfoamam1de oils, such as
ut,i cal ective pl.asma concentyatjo
PSR St SPMEPE AR PV P O A rerespsselh glvcerol

mahycm@fuﬂ‘ﬁﬂ*l sitoHo @oathyfcneglydodd, Gas Qcidrbteds b §o¥bi@fhl & mixtures
» between the rel ease of the active

O lag i
Pﬁ%ﬁ?&? ICESy @Eﬁ X¢irst popul ation of active

| NQr eBésaMt sechRhett diludBisPAE bdikpRBioR Bsh ANENEIBICRHR aRE, such as
the active ingredient from subsequent popul ations of

Welting asenfiy PrpbEY R sl uspeniing apats Peseianingyflaosngiod perfuming
idrap. one popul ation of active ingredient-containing
particles provide a nodified rel ease, the nodified

r el eadderpattioply elfestive amoumt s dised heebin with ssspectytn # eghalosporin,
B B A R B A R PRI DBphELRERS) el o
which etckpheloisprgmes a@nms@mm lalamgug%pmmnﬂvblecsf subfjpes in need of such

d b | t
ERLLR Sl bG8 30 SR R %YL G0
paligds eulyoatin mgaranddmnstaict: @il ngt alvegs beo ﬁﬁﬁ@:ﬁwé 1ncm:atmg the
nd/ o of nodi.fi rel.ease. eri
BB RS, 2 W8 pi SGREF e s Mooy ettctive
deaingrgdhdse skilled & the gesit md bp @ fhigBureRidoll €hat ZHBAGHHR

the plasma profile produced by the nodified rel ease
conposi tion upon 39
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adm nistration is substantially simlar to the plasna
profile produced by the adm nistration of. tmo or nore
| R dosage forms given sequentially, the nodified
rel ease conposition of the present invention is
particularly useful for adm nistering a
cephal osporin. 25According to another aspect of the
present invention, the conposition can be designed to
produce a plasma profile that mnimzes or elimnates
the variations in plasm concentration |evels
associated wth the admnistration of two or nore IR
dosage forns given sequentially. In such enbodi nents,
the conposition may be provided with an i nmedi ate
dedapesgee, copaydewamtinstapcéramieamradine omhdesngasf oragth referdnge to drug
. L, fromadmnistration to a
ghgrg%éuggggﬁﬁg%égfective pl asma concentration |evel,
and aOnd dﬁsﬂmﬂxﬂ@Wllfabﬁtddﬂ@lMEﬁ%@@ﬂ}ﬂﬂﬁﬂlﬂ ofta@ephalosporin can

tai.n ,a ther ctlve
RN APt RO SR (e sueT Bl R Thsteapoinforms exist
ThﬁmhﬁmﬁMmﬁnymmquﬂéaﬂtaﬁmUSQﬁomﬁgﬁnm meﬁar&mﬁglamhofa
state of. matter which is 5 characteri zed
SR Erriiin gy Panapar gl ko iap SHons S I A e osuHLbAaried to

Slﬁtaxlﬂléh Qfoluitlo® § Rehhlovsortf thithedffechi 28 obBANEsiéd therapeutlc
phol.ogy. The term"multjparticul ate" as used

F?é?‘éﬁs?lquré aﬁﬂ?c‘élawompgﬁmw angt maﬁh%mdgma%ﬁa&@@r Ehprclegted dosage

RaEIth&GLBR deplds 8hpch thPBAGR FHRYcEShecOthe Fduid S @hinistration,
thereof, irrespective of their size, shape or

th PpisaFRfythe administered cophalasperin, thm@*flfqdéamﬁlem plisqatmens, and
s hekein includes a rel ease which is not 10

I mredi ate and includes controlled rel ease, extended

r el ealdesagsunit ipesitipes e ntatisugh kayents ofshelpspbmultiples thereof
Jhe [ I I t

L b B ool A I S B b i e
ﬂ@m@pdoﬂﬁ¢w$ﬂmgn!haﬁodnpmsmﬂmohdqﬁmdhmnmnmamwkéﬁwamd the
e e BRS S8 ENB S DO SERSRE o M Byt iy g
W@(ﬂc lagfme nmcmq:foansn taplohal; thevpedifd aveain ot bmnlfoeiuemsmpb&ed

{ ve | gred romo onent
B i B SRR B ST i LR R Heatpecet ot
:i(hmmsﬁ:[tmhhﬁﬁtem ﬁmﬁﬁ@tﬁﬂl@t ahdn ﬁt&@mﬁsﬂldﬂ «IMhe agent; the fh@tion of
ern1 ero abl e" used herein refers: o f ornul ati ons
&5 Wsf i natin of ﬁ?lgﬂ%al &&SE’F‘? ¢ agenty and like
faytofsrwemsbmrmm%nsddmmmes wi t hin the body. 20 The
term"di ffusion controll ed" as used herein refers to
formul ati ons which nmay spread as the result of their
APONt@HRAVIRG TRYASEOEphal Rpofd TR RsitibhoM @ regi on of
hlgher to one of | ower concentration. The term
"osnmotic controll ed" as used herein refers to

f or muhgteiloettyengss efpheapacspiicsherraroundrein thesuievenign ok dicptment
Ms%gs%@btés tﬂ%ﬁéﬁgpoﬁa §§{9ty E’Ff‘a&ﬁé%&ucﬁ'ﬁ]é ?a@@add%&nﬂn 6P

sol ution of g er concentration th t ends
&djuertyiof therchmpewddem patdosizs fan toltle fagentullhe mmblmmon &

ée\ﬁg%@ Ir‘rg[g ﬁmpém*gtn)% qulgg&?ﬁ)? a 1ine do%gée df\éﬁ'? ag%a?glllt'e{:% 8e idlcribed

conponent nay ane or
as its in vivo release profile and, depending on the pharmaceutical compound

administered, will be associated with a concentration and duration of the pharmacentical

compound in the blood plasma, referred to as a plasma profile. As pharmaceutical
-40 -
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exanpl e, the conposition nmay conpri se conponents
conpri sing only: a cephal osporin as the active
ingredient. Alternatively, the conposition my
conprise a first component conprising a

cephal osporin and at | east one subsequent conponent
conprising an active ingredient other than

cephal osporin suitable for coadm nistration with
cephal osporin, or a first conponent containing an
active ingredient other than cephal osporin and at

| east one subsequent conponent conprising a

cephal osporin. Indeed, two or nore active 5

i ngredients may be incorporated into the sane
compmmdmrarmﬁneﬂr pbarae¢dkimtic pypedicents aabieawdatphty] hideates of

ent r ent 1n._o
Aol Ao BB et Pott g e e BT g Beome
ﬁmporemaﬂahaqts an:oﬁﬂdmmc&rs@mg}wfmd/emmaeﬁss tizer

conpo n another_co ent of e C osition, in

o dbr therelen PohEnG GruRarrss b f%inﬁré.r%{&e%ﬂdemons of
ed1éR€ bnd LY BOdontidkeAS otisifshtiRe [(@infinudub €:1428¢ ProfiRE BRAEAE Felease
ref?rs to.a conmpound ich is capabl e of enhancing

FRétlesin a&*}m&mﬂ Pfaﬁmetﬁr gurapleaBpepsp! efmpayndids raleased
b&%@&h%&%&ﬁ @{mfoglﬂg lﬂa&{zaltai @i%pQE&nsﬁﬁf&%néﬂT@m@ Pulsatile

in an animal, such as human. Enhancers i ncl ude but

sleasq profijes ppciudg T%’I@asﬁﬁ@ﬂ%% Which at lgest {wdiseeie qaaptities of one or

BREES @mﬁb@aﬁc&%ﬂ@gwéﬁég&sﬂh&&&&@famslan&@wl}ep&ffemm time
ycerides and triglycerid non-1oni c surfactants

gr 5. d%prtamos'eéelt wmmwnhqaéccpnmad eticampirasion ebsich ntgnpounds the

gﬂ{l%+ Il gfﬂ zggvéﬂ (gc%?%:l i{mg}rl] %%F§g+e§8 éll? g{sg 15%? gfagnqp bfileda

egicat. ; Wyt gohiromee RAg®nenth pba dongs, fole §hwechifferattedlease profiles,

‘.b?r} E ! oroZilee %‘f?lslt Hc%aflgelt égié éisa zg \(wjv B‘fg’%gh%&fm 11%&10%1 W?lglﬁ m%o (iual

tdiane pofiles emimhpb@dn‘scmbed(gaﬁmlly asgmmbtip@En (The gelease profile of a

resent r rt n of .cephal ospori onta ned
CHTUST Hﬁ‘gﬁgﬁfg Eg’i?’ é‘ PHLC Ay P?%F%‘He case P“’g‘e may
d@pﬂmﬂl a3 JbmaivdaltTeandelss lfeﬁ%eq:@(sﬁlfﬁ of & thgderdmpdhant dosage form in
orin se in the firgt component and in
SR e et b Lersy s 2y e RBE ARk CFHdAL o
pr odugitilar fohBs apRbles saplitiblefofltRe teleis: }ﬁbﬂ]% rﬂie assomated plasma
concentration |evel. The cep halosgorln

B9 ip ametient ay exhibihponstant orapipfls blopd plemg %ﬂnﬁ%qaﬂ%rh!@veis of

Y REARRAELALAN RABOIRIR bl tIRUFRai QI 8RB ANE fnaf be @&ﬁﬁuous or
m Xt ure racem C Or Other\Mse of two or nore 25

BYletioi Continyays plasma peiitesliesdysislarmagrofilesof el mty‘» and duration

RERA eflibik B sihbe 'Pé%ﬁ'i@ eSidehiRftioh %a%ﬂmﬂ'ﬁmf‘ﬁlgat@g thn QUfsclude
.1 to about 8 ng, preferably in the ann rom

n‘b@mrt profiles inawligh atierst . higlive bived hlakos pencemratign levels of

gﬁr?gg%{eﬁg#ay ?cﬂﬁﬁﬁlﬁggre s a&%@d l%; 4 Ef\w? ngg(? ﬁ%ﬁ%a J:(ﬂlcg'fl]ratlon level and

pa)eb@dfabmlgcdtgmer@lbm&hn@pmdah” Hudsatile plemb prorl'ﬁlets leghibiting two

ﬁg%ﬁp%n\ggé df]:sF' d S?Qg%m%d?lg J%lgsrrr}l? Iprgf'l fes exl%blgnggu b%lf)%aks may be

dogieden t‘tsxmoﬁala‘n Dapmim‘g om :ithearst mlpmt,l th¢ pliaaxﬂg@kmbﬁ)cs of the
t.hose desgr I bed er $% é{ o ent . les of
lfaHBa"PE FRLEERNEYspeRgsAdp the OF%ﬁ‘* TS a5dhsr e’&f‘setﬂ'i‘éﬁ o
cephal osporin from each of the conmponents may be

varied by nodifying the conposition of each

conponent, 5 including nndla%lng any of the

exci pi ents and/ or coati ngs ich may be present. In
particul ar, the rel ease of the cephal osporin may be
controll ed by changing the conposition and/or the

anount of the nodified rel ease coating on the

particles, if such a coating is present. |If nore than
one nodified rel ease conponent is present, the

nodi fied rel ease coating for each of these conponents
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15 any anount .that is sufficient to yield the desired
time | ag bet wéen conponents. The lag tine
and/or time delay for the rel ease of the

cephal osporin from each conponent may al so be varied
by nodi fying the conposition of each of the
conponents, including nodifying any excipients and
coatings which may be present. For exanple, the first
conmponent may be an i mredi ate rel ease conponent
wherein the cephal osporin is 20 rel eased i medi ately
upon admnistration. Alternatively, the first
component may be, for exanple, a tine-delayed

i mredi ate rel ease conponent in which the
Mhallvmlspi@pmpon&tsr dltieakegedorns banilti@bdaf rdiéhsé piBfile may result in

rhéera C th&lﬁ]ésn ra;alillﬁgﬁﬁé)ﬁﬂser a t‘eupapd@ﬁml a&ggﬁgglgtosagg:a%gg
ti me- dedmyatbodimeRciha bRsée ixﬁeﬁﬁmqem@aer}ﬁulﬁﬁmme modified
gscrlbed or, alte Eatlveué, a tine-del ayed sust ai ned
FRFASS SUMRRsItion WM EdS # erbalegrosignien revmpls sefRadpeipepraxeti], in
appRakiosRARdrm i s rel eased in a controlled fashion

over an extended period of tinme. As will be
appr el Sflegothsr auphodincak the pesgent invienéoneprpvidestagneiparticulate

RRkHI8 rQfast B&n]ms%%lﬁ@fﬁetﬁp%% Qg#ﬂﬂgﬂ Weioﬁ%ia!mp € cefpodoxime

i nfl uenced by the conbi na ese ors
prpsetilgascontipgus pmangsar t i cul ar, the lag time between

the dﬁll ﬁeygfo\t'heg @IBQOJIHIQTE QSGL!EV&]% h_lé) 1 €S E?]ci:ltu {pra Ollc}%gtg

t he cephal osporin 1 n each conpone con
b@dﬁﬁﬂyﬂﬁgeGm%WBUNPGBWhmbHﬁ&mQonmabfmgm@ﬂquhﬁSBﬂh%mpk

fﬁp&ﬂ&ﬂn ro{elpf iE gc% nnmed;at {['y ltpOH 61 Var | a%l'{)mogldgc{%fggpore

osition O eac comnponen
aﬁpaeqmammoemoﬁ of the ca:ha]omnmragsneléaeﬂtaﬁsﬁ a)n viile | tﬁl)(e de]ay.

var| i.Q NUNEer ous release
"as YS?%”P%“ emﬁ%@fﬂ%m B RSB RS RETTODRIGEKES %?g arfﬂ flpfgee forms

ﬁm pade-diily of ttibeddiBgdiiiniErltioh vafprisilans AluRpatic@hteiRificd
c%phalos otin 1{10meach conponent and the nature of
THEST QPR et R Bres B PBYBor i n from each conponent
(i . e.Iniysvendibet Enbeliges the presShtdhRREoN ﬁb@ﬁ&ﬁl ﬁhﬁlpﬁmcﬁalﬂ‘é‘
57% qz(ﬁﬁeflle may be continuous (i.e., having a

¥ 3‘ 5§ SRPSIEP™ Buvkish the gattigles poraprise kephaleamasingqqntaining
idMBpRLASIOT (S 9hd dRcHRM aBSeel | separated and clearly
deflned when the |ag tinme is long) 10 or
superf ﬁ%‘i@@%ﬂ@{ gukodimgnidhe presegt inygpaion prayides g methed forghe
Iﬁﬁ%han and/or treatmbEREofRd lﬁé@ﬁal%ﬂéﬁo‘n%oﬁ%ﬂ giH% fd aﬁﬁaﬂﬁ&ugiﬁ?rhof a

adm ni stration of a single dosage onpri si ng
©BPETEPYR pldhe pesehEvprtidsent i nvention is advant ageous
uhen Adeoldned8Shi 4B of fhe Bftsink Bvehiih BlerdRRE, N 58S OF
active ingredient " wt e nee or adfimi€t fati on
lﬁlﬁmliiweutwﬁl Crmpesmies h:gmlgmﬁltssc;onilﬁm cmnmsmmacm ﬁgieﬂient—

é@Efaﬁ%] %lr(]i#g ?eagtrrg)yg gu%e %L]attcgﬁlﬁglgegl? ?(!I‘IERI Sg}g actlve Ingrechent-
(@D@mln@mﬁmj@r ¢agh sutsequemh:lompbmfnt hiséng Hratdddfof dGhitiGEofRélease

reesent i nvention incl limted to

‘Bﬁﬁe‘ﬁeﬁ?"%@‘a TG HEYIEPY egein e e S Ghmatab Sompases
cpﬂiaﬂmbaﬁmcormﬂnhigl lbﬁ;ﬁéleiaCHie&Eﬁ?aldspcﬁf&l &in@dﬁn E18May be

ro ul ose. p at e n acetate
oBHER Mt ot Rt R it chis® oabyiube sambowmsrin
chinaimen g%:ﬁl‘tﬁ:ldsl RESTcotPsd 4 REENBY feldaidhAdk tn(a'ie)naﬁ%oﬂ'%n&
poly acrylic acid and poly acrylate and nethacryl ate
copol yners such as those so under the tradenmark
Eudragit(r) S and L, ponV|ﬁg acet al di et hyl am no

acet ate, hydroxypropyl nethylcellul ose acetate
succi nate, shellac; hydrogels and gel -form ng
materials, such as carboxyvinyl polyners, sodium

al gi nate, sodium carnell ose, cal cium carnell ose,

sodi um 25car boxynet hyl starch, polyvinyl alcohol,

hydr oxyet hyl cellul ose, nethyl cellul ose,
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gelatin, starch, and cellul ose based cross-1inked

pol ynmers--in mhlch the degree of crosslinking is | ow

so as to facilitate adsorption of water and expansi on

of the polymer matrix, hydoxypropyl cellul ose,

hydr oxypr opyl nethylcellulose ponV|nyIpyrroI|done

crosslinked starch, mcrocrystalline cellul ose,

chitin, am noacryl-nethacryl ate copol yner

(Eudragit(r) RS-PM Rohm & Haas), pullulan, collagen,

casein, agar, gum arabic, sodium carboxynet hyl

cellul ose, (swellable hydrophilic polyners)

pol y( hydr oxyal kyl methacrylate) (nol. wt.

- 5k- 5, 000k), pol yvinyl pyrrolidone (nmol. w.

drbken%@@a@ommmw deivanc cplialepdmn, ydragek s¢quzrt¢ixym pryketil, in
X?sﬂfr%lle i %rggx} g%elneo%coglf e%l)%ﬁe J{lrﬁ %odm‘%:{lefnt r0v1 es an nnmed15ate

adﬂubyﬁamQMOﬁmﬂahmﬂ&m@nhwdnmdem@aﬂmshwmqnﬂmnemhwﬁemmp&ﬁai

TR T M0 TN (R SO————

k@hayaa thd dinag&ﬁ"aﬂiidm byah@iniiging ik tgweaﬁom pOhinaEaNbBigiades,

éc%@ 5&7‘%’%%\5 lﬁlag gﬁ{%zféll)‘tgag‘gPiﬂ Vel @d\é%? Qs guore subsequent

@bﬁﬁ&&h& s6fve ROInEIn12E A vasihRsSh pRKES caREMMIBY leval aaba
and poly N-vinyl-2-pyrrolidone, sodiumstarch 10

graiRign étﬂéerfpéu'gcaﬂzﬁ fdtva BlasTa cqnggRiFgon inepghput dhe dosing jnterval

hydr ophi anglﬁe@hmgé Soabie RS RO YAAEERRL RS rix Hl%mxi cause a
cell ul ose, sodiumor ca C|umcarboxymetld%clréjt cel l'ul ose,

ﬁ%&ﬂ%‘i(ww yeinapRof theaotiye mgredient/igem shedirefpppulation of active
%?éré:di‘én@ %@ntaxhﬁﬁg g)gll)i:?éf%ts Qﬂ& th ?Al{;a‘g{a Pfgtge At h'g%géﬁ?énlt Hl;ng%ﬁbsequent

car boxynet hyl ¢ ul ose, ) ,
popylaticny bErrdveoigtdien{-eontainiPy parosies. Wheninore tlmrcme gepulation of

g@”@é{; S(LQ’M—'CO %P_Leﬂ"é,j p%%%ieﬁs&%%(%gyrgﬁnﬁéyd r%fegéétﬁxf% qlélf%ﬁ Telease

ace rat
POOIPE @n‘ﬂmethe geﬂéi'e'd mqeleas@ hlaggengters4l azmsbs, a laghtne deteteen the release
I a olldon al.cohol
BHP1V1HQ| ate 1thcer5Fp? §¥§8a0| sT%?gmnthmnmmg

pmiﬁy]as; r m@dwamp off dleyelag yilmec may belyaried po Iayesmrgah@éomposmon

methacrylic acid or.nmethacrylic acid (e.. Eudr a

PR g 86 S IR ol A G s G Hdon ancor

afbitiofimodfice Fdeast ﬁiaﬂfxahatghbmitﬂlﬁeﬁ CTHul ] tAS durfixat dfihe lag time can
| gi nates, a nat e, . sodi um cal ci um

g%gﬁ%%?&ﬁ??ﬁmﬁﬁg?ﬂﬁgé%“mﬁP B¥-ene gl ycol al gi nate,

agar , BaddseQbdplasiie Profk pRé@RbChy e mdified k&S toriRBlion upon

tragacanth carrageens, quar, xanthan, scleroglucan

AR ERR 8 subsiatig Pevgarin deabmagrafjlg progysed by the
aRRMAEhEdES tY of PerdIR! ®R4beThinlsl BnisBulR&IB! the modified release
exci pi ents such as plasticisers, lubricanfs, solvents
serEPasHien|of fhe Preggntieveatierel PRBiCRIARY wshtl forgdmisteriisiac
RiAslolfdrmers include for exanple acetylated
monogl'ycerides; butyl phthalyl butyl glycolate,
di but f¢cordipg toamethe:z@m@pﬁwe P{Sih‘tlﬂi aiventen, thie rerpgsition can be

I
9&&%@? A nﬁodlﬁg 'a§ as&t'gggﬁgié% (%4%81@; I?es rﬂ% eé,ﬁseiane in
laan:ecomezntdnbmtwbls p*sbhaﬂeawh ﬂm@dmyrhsmnm of twoemndne IR dosage
Poqng gltvh lsee 0§ L%hﬁ 1 sub}é n)}Coé ! ofn%s acetog gglgé{ IélP%f)e prov1ded with
@}yim}ﬂfdi)dte teldasec@ingioBentad Risydn the drgétlvy hetivintbly ahi®imizing the time
di benzyl phthal ate, dihexyl phthal ate, butyl octyl
phthal ate, diisononyl phthal gte, butyl octyl
pht hal ate, dioctyl azelate, ‘epoxidised tallate,
triisoctyl trinmellitate, diethylhexyl phthalate,
di -n-octyl phthalate, di-ioctyl phthalate, di-i-decyl
pht hal ate, di-n-undecyl phthal ate, di-n-tridecyl
pht hal ate, tri-2- ethylhexyl trinmellitate,
di - 2- et hyl hexyl adi pate, di-2-ethyl hexyl sebacate,
di - 2- et hyl hexyl azel ate, dibutyl sebacate. 5Wen the
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15et hyl cel | ul gse, pol yet hyl ene gl ycol, ‘

pol yvi nyl pyrrolidone, cellulose acteate, cellul ose
acetate butyrate, cellul ose acteate phthal ate,

cellul ose acteate trinellitate, polyvinylacetate

pht hal at e, pol yal kyl net hacryl ates, pol yvinyl acetate
and m xture thereof A nodified rel ease
conmposition according to the present invention may be
i ncorporated into any suitabl e dosage form which
facilitates rel ease of the active 20 ingredient in a
pul satil e manner. I n one enbodi nent, the dosage form
conprises a blend of different popul ations of active
i ngredi ent-containing particles which make up the
ifromealin@hetratioh e s ehetdpeluticaBy efbetiitd gasnidonaderation level, and at least

conpo the blend being .filled int i t.abl e

G BRREEN Flsrs Corsp RS GPALEY ¢ MEBPSHeHTE s fatma
Abhehtiaion YekythrdudBowl ifcf RE@P Intérbsli vi dual  popul atl ons
of active ingredient-contalining particles may

conpr &8% & 5PATBHRE n 4P |Upedniberyma arl e B Stads p‘P%tﬁ’f Sybich is

lcRArc e Al b? ak ﬁtes?enwbmsc&@y phfciey PERAY BRLdsYor gtdnhRY irrespective
into capsules I n t he appropri ate ﬁl‘o ort| ons. Anot her

shitheyze, d@@egémoarhdqgs’ Tbﬁaterrefne wattciipiy @ vicddicerin means a
bﬂmhl?j/ of hi9StRRE S grbga% yﬁagtfécl%g f%-{%eﬂé Ofordldfes) %&hﬁ?& thereof,

rel ease conp05|t on resse ‘imto one

wirgsheotive oktbeivside, shansonewphobighig subsequent |y added as

a Sec?ﬂéj te!r@ny mﬁi‘le(i] t}?ezﬁyl t'ié lug‘yde b r%ﬁbingl'ﬁﬂes-rg% lease whlch 1s not

populatlons cepha osporln-con?alnlng rercle

wainﬁdlgte umdt meludesngosidlicdnrelhse hatendade netla':asm myuned release and

aa ger be included in rapidly dissolving dosage

F RIS sudﬁ as an effervescent dosage formor a

fast - Ted terd dsiageddaf ms dsed bereinenivadiontatperibhef time between the
ﬁjtlonfc rises at | east two ce ha|0f orin

ESRBITARTSOT & dPHes o PO Mo RIS Al e gign and the

adleaiDb RhS athive digenlicnt @phal SRk BofipdhefmBaestt s. 1 n

such enbodi the first cep al ospor.i n Lconpone ent of

the cOMpbEPt agﬂl%ﬁéw{ Birpin Zolgstp </ tirge DpRjeEm §ig release of the

RELRE |Ih§‘§dléﬂi GhdaeloRg cnpdrichest thé cvhipEsRichURE B kdldkd ¥f the active
all of the cephal osporin contained in the first
BgFRdisREiem jagotpen compapent ahibe FYmRASHINadi ni strati on of

the dmeadel 96 dmbleh @b 8RAYerefrAR e 18 fulAbhEKhidh fhfBe wom
del ay. (del ayed rel ease %ﬁ or released slowy over

2V dinpigishrdeorsdptas the pgtionoh aibsepiea Modindhe brdy.
cont aj et MifGor Ldnibidk? a6 QLR YRR refe?s tﬁ?&ﬁmgns which may

rapidly upon admnistration to a patient.
proead ag the'rpsufteod Sy spapitioys mpyretent éer qxeﬂnelasﬁzom n oefglldnea” higher

{dbd@%fﬁﬁmﬁ&nkgﬁ&&oﬁbOUt 80% of the active ingredient

a conponent I's released within about an hour after
ad m nilstterat ‘i‘ccm,otlt bantiodedi 45 deddeheediin refédremdetmulatobsidbsh may

%p%a%%? ?he r‘[:s%it of Hieir &ovvedr}]leﬁﬂh}ou& a?getn!tlvpeenhena%feengiém rgnquto%
solutlon of }ngher concentration that tends to equalize the concentrations of the
formulation on the two sides of the membrane.

The active ingredients in each component may be the same or different. For
example, the composition may comprise components comprising only a cephalosporin as

the active ingredient. Alternatively, the composition may comprise a first component

- 44 -
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rel eased (rapidly or slowy) after a tinme delay, and
the terns "controlled rel ease" and 15"extended

rel ease” include release profiles in which at |east
about 80% of the active ingredient contained in a
conmponent is released slowy. The second
cephal osporin conponent of such enbodi nent nay al so
exhibit a variety of release profiles including an

i mredi ate rel ease profile, a delayed rel ease profile
or a controlled release profile. In one such

enbodi nent, the second cephal osporin 20 conponent
exhibits a del ayed rel ease profile in which the
cephal osporin of the conponent is released after a
tdomprisieg ayephalospon'n aidh et Ipdsasmesupseqiidnt eonppomcinicethpliying fieactive

adm (ﬂ%rﬁ On oﬁjald a’g é;ﬂlé%ﬁt}inf‘ﬁﬁ%gfi%%}gst rggliggjé cephalosporin, or a

d‘emainpmr ¢damﬁﬂgmmmt/e anebdiadnt biBaIhanaRphai@gdbdd 8@ at least one
ease cgphalos ori.n co gent.caﬂgbe substantial ly
SRR G0 RORE 5 %BW@%Q%% PiRCEN IS B BymerRactive

agiredibmsd haf bedinc@borkied 16 HIBhMe b&nsts Adeheh MR 1 MBRdients are
sequentially, or to the plasnma profile produced by

CRRPaLH Witk Each otish /3% a“’é’é‘b%‘ﬂﬁ’@@n e 9BYFRRogent of the
[BMBEF R NIRS ARG LR PBicdATCRT Blanile/ an EAHEnIP §@rgﬁ)u§19 E)f@ sensitizer
of the present invention can be particularly useful
Compardiimpother comgpenephdtersipamonitionh ét erdeHe mpdifiithenance
BloaPNALITRAFGKhAS dufic Qﬁ‘éc@ﬁﬁlie%f s may be desired but is
pr obl emat’i c. I n one enbodi nent, the
conpo$# viedrereird thetterns tinhahcor” agfer @Sag@nmﬂnwlnch is capable of
. [

SO RS AT O3S 0 B A
transpait perdssi the Gh%immﬂhnzimmpbwmmzm Eﬂiaa&seﬁiclpde lout atemot

0 SPQ infro ast
ﬁ1§1&t§§§ ({1 Eal? e%i 1 ft ?t?rg,te €55 n%lgﬁlgﬂ}ra%ggw?m%fegmludmg
alyctiides ambmgb'ntndeS, rHo@fiosix &n‘ﬁicants istich =8 tiprsefhat @lnlbe pidpaded by

SR BRI TR e By Ryhd TN Froreh 5a AR g Lepbian o

klyecrobfaivah@s paer ytodhrdnkeP4 5B iGKHERE) Podlyddpfotdde @ihibitors and the

Iea ed. Rel ease of the cephal osporin horn the at
EE Bﬁﬁmg%@§ﬁ8cﬁaﬁﬁ%ﬁﬁ%?wﬁ%?“%e del ayed as detail ed

abov elnlijlost REbUEIReDE iRwARH infor@flak 64REEISPEA-B@Saining
and/or a nodified release matri x materi a 10When |t

FRMRRREPISBeRsnt, &qﬁrﬂmﬂ%ofﬁsﬂrwoqwewé@ pfgh component may
Bé Mitissth o6 AffSlesABEerldf R JBhMNsHE dRG: ik diAt eﬁle@m
of a first dose o the ce halosporln fioma pa
BRreqnb i the Brspepsgpopentiapg lm@gmn@g BOEPIRERIS BlaY $O b@aem
GATREASH DA tpgape%h@af@%ﬂéawe plg&ggb&@hﬁﬁiokm@i hrpOf
the cephal osporin contarrned in the first conponent
prpbalpgnenng wheagpplitablznmay be priasent elthenipdhbe forh iof omt subsagially
I first

g} B0 S R6i: RS R TR, KO EERP IR Mol bitle

gy@ommerﬁ T he gephalvispdime pteferaléj/ p@sat mfthtt -h:&nposmon in an amount of

subs 0 of, th
BRSBTS GETREB P bl o about 0
nhgl a“yechphaibsmnp & prefdrabfy ;&Esehﬁasﬁe fabauinpbr@t Beirasount of from

ft n rati on of t co ition, In anothe
Rt R G2 a8 oS SESRBRGEpUR i Tt i e bt
SR AR &in SHGIROHLMGE aBdut 2360 e8P 9S gl Dk d ha105ponn 18 present
substantially, if not conpletely, delayed a

period of 20 at | east about &@ur hour s after
admi ni stration of the conposition.
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As descri bed hereinbel ow, the present invention also

i ncl udes various types of nodified rel ease systens by
whi ch cephal osporin may be delivered in either a

pul satil e or continuous manner. These systens incl ude
but are not Iimted to: filnms with cephalosporinin a
pol ymer matrix (nonolithic devices); cephal osporin
cont ai ned by the 25 polymer (reservoir devices);

pol ynmeric colloidal particles or mcroencapsul ates
(mcroparticles, mcrospheres or nanoparticles) in

the formof reservoir and matrix devices;

cephal osporin contai ned by a polymer containing a.

hydr ophi lic and/or |eachable additive e.g., a second

[0 kytsequenisiofipamdn@iih a@ hmphastiihgd d@flar rétges to Bo@ide&riBed for the
Bprous devi ce, or a device in which cephal osporin
8W§ﬁg@mﬁﬁ9 be osnotically controlled (both reservoir
and it Gin% rél@é 618%ActerRdsab} the aeaaxewmhe(degﬁmgs@@h@framach of
dj ssolve at a suitable pH); (soluble) polyners with
(ROSPRIRIRENS Mabs WaKe AY BOdHEnE ﬂlfrcﬁgipﬂ%'ll |eagh cogppgnent,
qﬁawcﬁs%smmﬁaﬁg JI@Io@%%xelekﬁtslaﬁd/spwaﬁﬁgslv@ﬁcw Iﬁééehtyxn

he osnotic punp del i very nechani’smof
mﬂ@@@m therrelesieiob ﬂle@awha&ﬁmmbmax bmcmavléeddfy qherhge@stbe of
ﬁ)ﬁ@#ﬁﬂn%%? {2 -am¥ihd o R ATT IR AN S BB \g‘ {&Jr&ﬁés,elf such a
sporin at a constant rate, other vary’as
aomngot presenb if mpneghadepe neidiftpd aeledsa cegpegiestug pregemt, the modified
g%g &%tng? o?%ints (51?{1/&39 Q?rgﬁo%gntg %&? bgrﬂr: sgmle g]?feﬁgfa glmlpagly,
smhsh qufﬁltd lrtfléaeaMacnmated thg manﬂunm(ﬁgsmdmgd release matrix

co i.dea degr.adab] e, anpl es of
boat? na.m% eas f the 8‘"[1{: ﬂr}gireéée% 8}%/’%@ gnt?gs‘?{)%g]ef oxggj an% amount of
Aq:ldﬂitdaél(ez[s)s n{aﬁiﬁlﬁeﬁﬂ @fiitddoThe moditleBrefagy d&ﬁ]%&i)ﬁl&l present, in

ucts Division, Philadelphia, th Il ul ose
ARt S Cah® s POER R S iy S B cach
pasiealar @agdten. |”Bfe&1>!0(iiﬁéﬂﬂere5§e@651}ng ity he P or, ﬁ)}’daizmﬁimpbnent, in
pol yners such s t he Eﬂg Relun Phar ma,
%B?@?HB&{IS)W LRy stelh e e%@ﬁﬂnét%g HEFRAETPIRSPIS)

COpO| YHELLS titk@nd/0PMRe Hflaf 1@ iR rbleasd Bf e SEINREForiRGYInt &% h
A typical approach to nodified release i's to

EPTERTSEY Bl ecarRehbrmefidvias g cempesitimp! cechpf theggmpgonents,

GRhRlng Mbdif)idy By BAIMERE afd dJRifEs vARAE mby-§e present. For example, the
m crocapsul'es or spray/pan coated cores). 20The

{isst pomonRRiaRayTbe apimmegiale ralesss compeRentivhdreis itherrephadusperin is
f@é/as&ﬁﬁgﬁéd:i/at@f ﬁgxgdjﬁgst}zﬂloﬁ eﬁl‘?ﬁfrﬂfﬂfv%la dtﬁ(¥ hisf a(fng;foy g?t 'mag be, for

the effects o L1 ves, polyner nhction
breamarde, adimekdedayed tlmuﬁﬂli}iH)el?ﬂ@'F ewnpopentfin winch dﬁqeplgﬂosz)onn is
Pe?&géc{)§ug£{§nt13ﬁ i 1)(5 e%ﬂjci:pz 'atelsl gﬁer ah[P I C el:%f RS eXon an;

e an ortant consideration devel opnen
efbse@earopoipPnaeNAY BS, forl\dxdmblenagnmhdelaﬁdeam&:dlate release

ARG iR iR o RN TR Ryt il g
extamled kdl@Re chinfifonsitan wiizh hlanicphalbperiefo¢leasty i Lahlrylled fashion
i nvol ves soI%flon to Fick's second | aw

?ﬂ?g?gﬁﬁv?g AW ti ons; concentration dependent

f 1 ux) A§ @fll b pprecia@agthdze @}ﬂﬂam tBDA iHel QRS naMRQIT el Basma
devi ce contai ns,  di ssol ved active, ag ent the rate of

FCERELop eEy e R BliBhehty Gp Fvﬂmtwnﬂf A obibieserfactors just
8QBARAL IrAlaktRi1al, 36 T lil¥ beffcch IR REED (abdl tfis alsd BR onset of
driving force for rel ease) within the devi ce

decreases (i.e., first orde[46
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rel ease). If, however, the active agent is in a
saturated suspension, then the driving force for
rel ease is kept constant until the device’is no
| onger saturated. Alternatively the release-rate
ki netics may be desorption controlled, and a function
of the square root of tinme. 5Transport properties of
coated tablets, nay be enhanced conpared tofl ee-
pol ymer films, due to the enclosed nature of the
tabl et core (pernmeant) which may enable the interna
bui l d-up of an osnotic pressure which will then act .
to force the pernmeant out of the tablet. The effect
of de-ionized water on salt containing tablets coated
iantlcpx) Iof](hetcbgﬂa}a,nlmﬁhan ghcheompofeREa)y bocinabNéd iy Birfihchoe

st omer o the effects of water free . .
P PR 2afinR () Queriutieach Ao srattengns Aol rpponf te
tcbmpbsa:mrﬁiﬁamﬂpemﬁ (ih€udifg tie Ashntraad @iradidf tHesik 6
thr%ﬁ%ﬁ gL filled Eﬁres formed by hydration of
(HECLBHE) g PuiTTYSHBY E 148 iRsy AY KL reichtspe plasma profiles may
B B GRA fhdpamdigOst @k amaaoﬂ SSthe O WrRBEWRS %Q&E&sg bPine,
despite extensive swe observed in simlar free
Pwh%@qu%fr%ﬁf}%om@ﬂenb@%d%@ pajurgg 5 th sddesse af the gephplgsporin

t
o oA PE RN S Bt plagr profile
dazibs confimeus @onbaving ssirgl¢ mppmgm) oopilsasidy »waztheqh therplaks in the
f

pUARAF AR, beAl PRl ind PO UA R, WABHHL 1 kel tone
onsupkapeosed tva digng (e grmlams:htt g mgwlmrt) he for c e
gener ecte €:9s0P, t|c
decr egéeegasm% Ihrghg ?Oe‘%gffdﬁég(p gjve m]m PR ?‘)Sﬁ%lg“t
komprisitFAGe bevpisgiod Of telpoasexd xmhmn i adxbatagmms b&dn it is desirable

AR oy O it e R R et ont BB G dfinisation of

bayahﬁm@mOBQEnmantent (20 to 40% allow the pressure

to be.relieved flo ods

o unt ABF S0k Babal el BOORL O S EhOLe RERHPGeRAdn be
(tshde pRAGE Mdy e ubdielr Rlgase, htidgWBatehidl{ Quemt feakd & the
ée.g.,fﬁgl and NaCl) al]| owed the 25 calculatlon of

RenGe e Ri%geh‘dﬁYﬁnfl%l peluge byt arongt higdtsd fo rolyusrspHEe apnderials,
bcBRS chR e dd;e‘tefwgmﬁﬂa@ QR RUCEEetOmhBBe! BYRASSHr&fy]

salt fromthe tablet At | ow PEG | evel s, osnotlc 1 ow

wstdylcsivlesspbihajags, polyriaskasetais phbalate pamopiasndhasmriipor e
%ﬂoi)a@r%cﬂ Hethb& s‘bﬂﬁurﬂ@ﬂﬁé agdeﬁﬁrpﬁmﬁﬁgb RS AR IP BB acrylic

density: at a | oadi ng of ot h mechani sms

@f‘éﬁa tmd Y edylasppré icthaelale egolmiess Stl@ asikose epld amder thEhe
?ﬁde WP gi 5t %Birx{(?mgf ﬁ%ﬁi&ﬁ&hglé}ﬁ%\g{&% e hﬂ&%ﬁ@@é&ﬁ’

osnntlc |nf oW, snot | ¢ punpi ng
m@@dlcn@dosyfac:@a@suqcmteh stebtlat, bpkdrbgdlyandas]- frmmmgpxm’rm such as
@EF?(HJ N Ij%(}?%’l&g %néﬂl}n p%QHf}té lchY%.l]%C ?é%%lés f c1um camasllPse sodium
tdnbmdymmﬂityl $tmahi|pogr)vmyl alasis Mdmxybt}ﬁyﬂ uslhﬂm;e vm&hylhellulose

rel.e nDt ic rel ease
SRy SO g PR P Sl R iR Biisatre at
aosliaking igor swai eriadhbisabdersines witkh ahd éxphisidaafideqslymer
tgll'c\l/gitx,r f'ly)EIO)[()}?p\(’(l)p(r:y (S:glluiose, hydroxypropyl methylcellulose, polyvinylpyrrolidone,

crosslinked starch, microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer
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Monol i thic (matrix) devices are commonly used for
controlling the rel ease of drugs. This is-.possibly
because they are relatively easy to fabricate

“conpared to reservoir 10 devices, and the danger of

an accidental high dosage that could result fromthe
rupture of the nenbrane of a reservoir device is not
present. In such a device, the active agent is

present as a dispersion within the polynmer matrix,

and they are typically formed by the conpression of a

pol ymer/drug m xture or by dissolution or nelting.

The dosage rel ease properties of. nmonolithic devices

may be dependent upon the solubility of the drug in
(Fairdgt® RH-PMeR ol t&r Hxasy mpullulan, tchHﬂ@Bl,S:asem‘f agmr @usarabic, sodium

PRk bARIGS (aeablehy bohilS pSes Sotdlin SR tGT, »

mfeﬂiabﬁﬂan@t(mr kot (45@-5a)(mkp@b@vme1pp1emdohnanb1me 10k-360k), anjonic

neabJ ependent on e
@a@gw&w@%@%@a YV ﬂgghabﬁfpﬁ% g¥ agrialg aﬁﬂf@gl ?ﬁW%]ﬁBle
&ﬁktﬁfmﬁaFéfehd k@%ﬂyﬁ@dﬂyﬂ g8tuRfse, d6pymér of RalloMhydridt hfd

drug w Il be rel eased a sol ution-diffusion

AR RS fitee; momﬁeﬂeafw@ﬁ% cB%> PRUdEPL WAL ~35- 3IG?PIQhecflysacch:mdes
|s&@dl's Ags. dcRcih q‘:allagfzﬂ’t}a@m)antht Rgink gl'l(ﬁ@ﬁg pBEAGIRMSRs VP()ll)l’ox

be conpllca e resence of ca%;tles f or med

ek iphes @i a6l ot. 1IABk SEUIGCASKeRS asmiile Pyt dieses of
5919@111&91\/ blroks(ﬁﬁkéd ];le\}ﬁﬁ);l Qlct)ll.ldil Lk {)dl? flil %@qa%?goﬁgmgﬁdmln% starch

inCfeasing the rate of release o
ghiceloivrtog Emkadﬁ’ Edyard Mandplk €1 Ltde; hydrophilispolyiesrssprlene
, ant (1
e T T ey
dgdxpxae)sowhmdthzﬁcallem \‘milmxm&myt eﬁ?il)llcms, hydmepatisy] cellulose, nitro
rlfx‘ﬁ‘ré% ica.rzbg?; € {r/‘ie Cgﬁl!lll Lt Xfill(.lii 056 Qgg p‘olyeﬁ-nlyfeger:] o{ﬁes (F & Pol\éox
uniqmctmaat inethy ka1 clsmme etmémrdeca@eﬂgmenﬂam beltu}ose adtate,

BBty P TR a2k Rl
Pﬂ?ﬁﬁﬁ%@%hﬁtﬁmaﬁﬂﬁ&ﬂﬁ lalcohl, wily it Bydtate; @hcelobmey a&d le4trs,

I 'inear|l functign of PEG | oadi ng,.by .incre
PSSP R RS Pk CoPRTET Fh e BT if Heit Ot Mo aci
bag. Hudragk?, mﬁﬁatdnasiaaQO&th@eEmllh héil derivadivds! SmsRA Ete®] natural
electrolyte. It was deduced that the enhancenent of

£91Bs. feci hinprpaein, plgipatgsamyaonia lgiwgles sogium, pricims pRlgsSiE
Ql%ﬁlﬁf%@%ﬁoﬂy[bnﬁ BiyekNBSHat6. %@ﬁe%cf@(uﬂsr&ﬁcfﬁ@rﬂbﬁﬁ &2thit 1ocust bean,
is was evidenced Tromplots of the cumulative
pegasuihcamaggansy gary papthap,selgroghican andaeixivgns apd blepdietherpef. As
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possi bl e nechanlsns (i) increased solubilization,
(ii) inmproved:” wettability to the 20di ssolution
nmedia, and (iii) pore formation as a result of
surfactant | eaching. For the system studied
(Eudragit(r) RL 100 and RS 100 pl asticised by
sorbitol, flurbiprofen as the drug, and a range of
surfactants) it was concluded that inproved wetting
of the tablet led to only a partial inprovenent in
drug release (inplying that the rel ease was

di ffusion, rather than dissolution, controlled),

al though the effect was greater for Eudragit(r) RS
than 25 Eudragit(r) RL, while the greatest influence
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A neans of attaching a range of drugs such as
anal gesi cs and-anti depressants, etc., by’ means of an
ester linkage to poly(acrylate) ester |atex particles
prepared by aqueous emnul sion pol ynerization has been
devel oped. These lattices, when passed through an ion
exchange resin such that the pol ynmer end groups were
converted to their 5strong acid form could
self-catal yze the rel ease of the drug by hydrolysis
of the ester I|ink. Drugs have been attached to
pol yners, and al so nononers have been synthesi zed
with a pendent drug attached. Dosage forns have been
prepared in which the drug is bound to a
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component exhibits a delayed release profile in which the cephalosporin of the
component is released after a time delay.

'The plasma profile produced by the administration of dosage forms of the present
mvention which comprise an immediate release cephalosporin component and at least one
modified release cephalosporin component can be substantially similar to the plasma
profile produced by the administration of two or more IR dosage forms given
sequentially, or to the plasma profile produced by the administration of separate IR and
modified release dosage forms. Accordingly, the dosage forms of the present invention
can be particularly useful for administering cephalosporin where the maintenance of

pharmacokinetic parameters may be desired but is problematic.
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whil e preventing the build-up of a hydrostatic
pressure head whi ch can have the effect of  decreasing
the osnotic pressure and changi ng the di mensi ons of
the device. Wiile the internal volune of the device
remai ns constant, and there is an excess of solid or
saturated solution in the device, then the rel ease
rate remai ns constant delivering a 5 volume equal to
the vol une of solvent uptake. Electrically stinulated
rel ease devices Mnolithic devices have been prepared
usi ng pol yel ectrol yte gels which swell when, for
exanpl e, an external electrical stimulus is applied
causing a change in pH The 10 rel ease may be

nodul &t @ embodinaing ds: dompbﬁﬁomplﬂlﬁwlid oral ddﬁshgd forms containing

roduce ul sati rel ease pr
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ﬁ@&@@&h&kQ&n8§éthe present invention in solid ora

dosage form Advantages of the nethod of the present
i nvenWben itiihddsuaide & mwduiet pavieni tnlerdnee bjombriding nelgsren cogime
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palﬁasmﬁ thecq;aﬂlaissmnﬁ 5ropT m)sdqeer.m corepanhts atay ibg delayed until
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eal.th care rkers on th adn1n|strat|on of
ﬁcfrﬂagte y, delayed fgra nepad plat leas aﬁautéygﬁnfﬂlrég eradministration of the

BeAFRNbLAYBSandiRr YWEb@RhelYihVRIGH ofWBhIRTS a{m&%ﬁﬁequem
stated. The term "purified water" as used t hr oughout
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Is to be understood that the exanpleées are for

i |1 ushy dasented harepbslow, twipyeseny ey eatien Al ingdudds sarious types of
MD&EER fc@éa@cgsﬁénfs %?Whﬁ&xtéeﬂl&l(;sg&n may be delivered in either a pulsatile or

continuous manner. These systems include but are not limited to: films with
cephalosporin in a polymer matrix {(monolithic devices); cephalosporin contained by the
polymer (reservoir devices); polymeric colloidal particles or microencapsulates
(microparticles, microspheres or nanoparticles) in the form of reservoir and matrix
devices; cephalosporin contained by a polymer containing a hydrophilic and/or leachable
additive e.g., a second polymer, surfactant or plasticizer, etc. to give a porous device, or a

device in which cephalosporin release may be osmotically controlled (both reservoir and
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5 spirit and breadth of the invention as defined by
the scope of the clains that foll ow EXAMPLE 1

Miul tiparticul ate Mdified Rel ease Cbnp03|t|on
Cont ai ni ng Cef podoxi me Proxetil 10 A

mul tiparticulate nodified rel ease conposition
according to the present invention conprising an

i mredi ate rel ease conponent and a nodified rel ease
conponent contai ni ng cef podoxi ne proxetil is prepared
as follows. 15(a)l nmedi ate Rel ease Conponent. A

sol ution of cefpodoxime proxetil (50:50 racemc

m xture) is prepared according to any of 'the

formul ations given in Table 5. The nethyl pheni date
et (i!e@ft:ei;)Seﬂté‘r'&j‘boﬁﬁﬂngiﬂmﬁﬁEl@ ambdipalveiat a ae@bls pliy (soluble)

Ievel of Xi nmat el % i d ain

g s i NS Bt g O imblest st (o sk ahgrericlease
kdtélis,coht@dl ka8 I @imicAlS) e k), icdshetk p‘zmgil ng apparatus to
formthe |R particles of the immedi ate rel ease

conp ongndeliverxmpaetanisn fhibg prset vrRE SR BRRShs rate of release of
sQipulok Wn(e%m%‘f@cﬁérﬁ&ﬁ%’lﬁﬂéﬁe géiimfé 335 constant rate,

Cef podoxi me proxetil| -containing delayed rel ease
pretsivell ¢aryas @ fycsipn pdme genepdipg ﬂ*@faPWfﬁesﬂFla{‘Sé?hﬁ%l%se

Q@Jckﬁtfdn%ﬁ (%BH%H ro?Qdcﬂﬁ\‘?é)J%@hﬂ% 1&&1@?8@0&#&@) above

rel ease coat’in as detail ed
| n Taml@n@s uﬂﬂ@en|smmdapbase@b@tagearpmqsmblmpanble and

FEfobA b L A RS B
an%aqomt@ YEMCTABhération, Food & Pharmaceutical Products Division, Philadelphia,
USA) (ethylcelhulose mechanically spheronised to sub-micron sized, aqueous based,
pseudo-latex dispersions), and also synthetic polymers such as the Eudragit® (Rohm
Pharma, Weiterstadt.) range of poly(acrylate, methacrylate) copolymers are known in the

art.

Reservoir Devices

A typical approach to modified release is to encapsulate or contain the drug
entirely (e.g., as a core), within a polymer film or coat (i.e., microcapsules or spray/pan
coated cores).

The various factors that can affect the diffusion process may readily be applied to
reservoir devices (e.g., the effects of additives, polymer functionality (and, hence, sink-
solution pH) porosity, film casting condittons, etc.) and, hence, the choice of polymer
must be an important consideration in the development of reservoir devices. Modeling
the release characteristics of reservoir devices (and monolithic devices) in which the
transport of the drug is by a solution-diffusion mechanism therefore typically involves a

solution to Fick's second law (unsteady-state conditions; concentration dependent flux)

for the relevant boundary conditions. When the device contains dissolved active agent,
the rate of release decreases exponentially with time as the concentration (activity) of the

agent (i.e., the driving force for release} within the device decreases (i.¢., first order
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Modi fied rel ease conponent coating sol utions Amount,
% (Ww Ingredient (i) (ii) (iii) (iv) (w)y=(vi) (vii)
(viii) Eudragit(r) 49.7 42.0 47.1 53.2 40.6

release). If, however, the active agent is in a saturated suspension, then the driving force
for release is kept constant until the device is no longer saturated. Alternatively the
release-rate kinetics may be desorption controlled, and a function of the square root of
time.

‘Transport properties of coated tablets, may be enhanced compared to free-
polymer films, due to the enclosed nature of the tablet core (permeant) which may enable
the mternal build-up of an osmotic pressure which will then act to force the permeant out
of the tablet.

The effect of de-ionized water on salt containing tablets coated in poly(ethylene
glycol)} (PEG)-containing silicone elastomer, and also the effects of water on free films
has been investigated. The release of salt from the tablets was found to be a mixture of
diffusion through water filled pores, formed by hydration of the coating, and osmotic
pumping. KCI transport through films containing just 10% PEG was negligible, despite
extensive swelling observed in similar free films, indicating that porosity was necessary
for the release of the KCI which then occurred by trans-pore diffusion. Coated salt
tablets, shaped as disks, were found to swell in de-ionized water and change shape to an
oblate spheroid as a result of the build-up of internal hydrostatic pressure: the change in
shape providing a means to measure the force generated. As might be expected, the
osmotic force decreased with increasing levels of PEG content. The lower PEG levels
allowed water to be imbibed through the hydrated polymer, while the porosity resulting
from the coating dissolving at higher levels of PEG content (20 to 40%) allow the
pressure to be relieved by the flow of KClL.

Methods and equations have been developed, which by monitoring
(independently) the release of two different salts (e.g., KCl and NaCl) allowed the
calculation of the relative magnitudes that both osmotic pumping and trans-pore diffusion
contributed to the release of salt from the tablet. At low PEG levels, osmotic flow was
increased to a greater extent than was trans-pore diffusion due to the generation of only a
low pore number density: at a loading of 20%, both mechanisms contributed

approximately equally to the release. The build-up of hydrostatic pressure, however,
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-- 25.0 RS 12.5 Eudragit(r)

decreased the osmotic inflow, and osmotic pumping. At higher loadings of PEG, the
hydrated film was more porous and less resistant to outflow of salt. Hence, although the
osmotic pumping increased (compared to the lower loading), trans-pore diffusion was the
dominant release mechanism. An osmotic release mechanism has also been reported for

microcapsules containing a water soluble core.

Monolithic Devices (Matrix Devices)

Monolithic (matrix) devices are commonly used for controlling the release of
drugs. This is possibly because they are relatively easy to fabricate compared to reservoir
devices, and the danger of an accidental high dosage that could result from the rupture of
the membrane of a reservoir device is not present. In such a device, the active agent is
present as a dispersion within the polymer matrix, and they are typically formed by the
compression of a polymer/drug mixture or by dissolution or melting. The dosage release
properties of monolithic 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 solution
within the particle's pore network, and also the tortuosity of the network (to a greater
extent than the permeability of the film), dependent on whether the drug is dispersed in
the polymer or dissolved in the polymer. For low loadings of drug, (0 to 5% W/V) the
drug will be released by a solution-diffusion mechanism (in the absence of pores). At
higher loadings (5 to 10% W/V), the release mechanism will be complicated by the
presence of cavities formed near the surface of the device as the drug is lost: such
cavities fill with fluid from the environment increasing the rate of release of the drug.

It is common to add a plasticizer {(e.g., a poly(ethylene glycol)), a surfactant, or
adjuvant (i.e., an ingredient which increases effectiveness), to matrix devices (and
reservoir devices) as a means to enhance the permeability (although, in contrast,
plasticizers may be fugitive, and simply serve to aid film formation and, hence, decrease
permeability - a property normally more desirable in polymer paint coatings). It was
noted that the leaching of PEG increased the permeability of (ethyl cellulose) films

linearly as a function of PEG loading by increasing the porosity, however, the films
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retained their barrier properties, not permitting the transport of electrolyte. It was
deduced that the enhancement of their permeability was as a result of the effective
decrease in thickness caused by the PEG leaching. This was evidenced from plots of the
cumulative permeant flux per unit area as a function of time and film reciprocél thickness
at a PEG loading of 50% W/W: plots showing a lincar relationship between the rate of
permeation and reciprocal film thickness, as expected for a (Fickian) solution-diffusion
type transport mechanism in a homogeneous membrane. Extrapolation of the linear
regtons of the graphs to the time axis gave positive intercepis on the time axis: the
magnitude of which decreased towards zero with decreasing film thickness. These
changing lag times were attributed to the occurrence of two diffusional flows during the
carly stages of the experiment (the flow of the drug and also the flow of the PEG), and
also to the more usual lag time during which the concentration of permeant in the film is
building-up. Caffeine, when used as a permeant, showed negative lag times. No
explanation of this was forthcoming, but it was noted that caffcine exhibited a low
partition coefficient in the system, and that this was also a feature of aniline permeation
through polyethylene films which showed a similar negative time lag.

The effects of added surfactants on (hydrophobic) matrix devices has been
mvestigated. It was thought that surfactant may increase the drug release rate by three
possible mechanisms: (i) increased solubilization, (ii) improved "wettability' to the
dissolution media, and (iii) pore formation as a result of surfactant leaching. For the
system studied (Fudragit® RL 100 and RS 100 plasticised by sorbitol, flurbiprofen as the
drug, and a range of surfactants) it was concluded that improved wetting of the tablet led
to only a partial improvement in drug release (implying that the release was diffusion,
rather than dissolution, controlled), although the effect was greater for Fudragit® RS than
Eudragit® RL, while the greatest influence on release was by those surfactants that were
more soluble due to the formation of disruptions in the matrix allowing the dissolution
medium access to within the matrix. This is of obvious relevance to a study of latex films
which might be suitable for pharmaceutical coatings, due to the ease with which a

polymer latex may be prepared with surfactant as opposed to surfactant-free. Differences
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were found between the two polymers with only the Eudragit® RS showing interactions
between the anionic/cationic surfactant and drug. This was ascribed to the differing levels
of quaternary ammonium ions on the polymer.

Composite devices consisting of a polymer/drug matrix coated in a polymer
containing no drug also exist. Such a device was constructed from aqueous Eudragit®
lattices, and was found to provide a continuous release by diffusion of the drug from the
core through the shell. Similarly, a polymer core containing the drug has been produced
and coated with a shell that was eroded by gastric fluid. The rate of release of the drug
was found to be relatively linear (a function of the rate limiting diffusion process through
the shell) and inversely proportional to the shell thickness, whereas the release from the

core alone was found to decrease with time.

Microspheres

Methods for the preparation of hollow microspheres have been described.
Hollow microspheres were formed by preparing a solution of ethanol/dichloromethane
contatning the drug and polymer. On pouring into water, an emulsion is formed
containing the dispersed polymer/drug/solvent particles, by a coacervation-type process
from which the ethanol rap&dly diffused precipitating polymer at the surface of the
droplet to give a hard-shelled particle enclosing the drug dissolved in the
dichloromethane. A gas phase of dichloromethane was then generated within the particle
which, after diffusing through the shell, was observed to bubble to the surface of the
aqueous phase. The hollow sphere, at reduced pressure, then filled with water which
could be removed by a period of drying. No drug was found in the water. Highly porous
matrix-type microspheres have also been described. The matrix-type microspheres were
prepared by dissolving the drug and polymer in ethanol. On addition to water, the ethanol
diffused from the emulsion droplets to leave a highly porous particle. A suggested use of

the microspheres was as floating drug delivery devices for use in the stomach,

Pendent devices
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A means of attaching a range of drugs such as analgesics and antidepressants,
etc., by means of an ester linkage to poly(acrylate) ester latex particles prepared by
aqueous emulsion polymerization has been developed. These lattices, when passed
through an ion exchange resin such that the polymer end groups were converted to their
strong acid form, could self-catalyze the release of the drug by hydrolysis of the ester
link.

Drugs have been attached to polymers, and also monomers have been synthesized
with a pendent drug attached. Dosage forms have been prepared in which the drug is
bound to a biocompatible polymer by a labile chemical bond e.g., polyanhydrides
prepared from a substituted anhydride (itself prepared by reacting an acid chloride with
the drug: methacryloyl chloride and the sodium salt of methoxy; benzoic acid) wére used
to form a matrix with a second polymer (Eudragit® RL) which released the drug on
hydrolysis in gastric fluid. The use of polymeric Schiff bases suitable for use as carriers

of phanmaceutical amines has also been described.

Enteric films

Enteric coatings consist of pH sensitive polymers. Typically the polymers are
carboxylated and interact very little with water at low pH, while at high pH the polyniers
ionize causing swelling or dissolving of the polymer. Coatings can therefore be designed
to remain intact in the acidic environment of the stomach, protecting either the drug from
this environment or the stomach from the drug, but to dissolve in the more alkaline

environment of the iniestine.

Osmotically controlled devices

The osmotic pump is similar to a reservoir device but contains an osmotic agent
(e.g., the active agent in salt form) which acts to imbibe water from the surrounding
medium via a semi-permeable membrane. Such a device, called an elementary osmotic
pump, has been described. Pressure is generated within the device which forces the active

agent out of the device via an orifice of a size designed to minimize solute diffusion,
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while preventing the build-up of a hydrostatic pressure head which can have the effect of
decreasing the osmotic pressure and changing the dimensions of the device. While the
internal volume of the device remains constant, and there is an excess of solid or
saturated solution in the device, then the release rate remains constant delivering a

volume equal to the volume of solvent uptake.

Electrically stimulated release devices

Monolithic devices have been prepared using polyelectrolyte gels which swell
when, for cxample, an external electrical stimulus is applied causing a change in pH. The
release may be modulated by changes in the applied current to produce a constant or

pulsatile release profile.

Hydrogels
In addition to their use in drug matrices, hydrogels find use in a number of
biomedical applications such as, for example, soft contact lenses, and various soft

implants, and the like.

Methods of Using Medified Release Cephalosporin Compositions

According to another aspect of the present invention, there is provided a method
for treating a patient suffering from pain and/or inflammation comprising the step of
administering a therapeutically effective amount of the cephalosporin composition of the
present invention in solid oral dosage form. Advantages of the method of the present
invention include a reduction in the dosing frequency required by conventional multiple
IR dosage regimes while still maintaining the benefits derived from a pulsatile plasma
profile or climinating or minimizing the variations in plasma concentration levels. This
reduced dosing frequency is advantageous in terms of patient compliance and the
reduction in dosage frequency made possible by the method of the present invention
would contribute to controlling health care costs by reducing the amount of time spent by

health care workers on the administration of drugs.
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In the following examples, all percentages are weight by weight unless otherwise
stated. The term "purified water" as used throughout the Examples refers to water that has
been purified by passing it through a water filtration system. It is to be understood that the
examples are for illustrative purposes only, and should not be interpreted as restricting the

spirit and breadth of the invention as defined by the scope of the claims that follow.

EXAMPLE 1
Multiparticulate Modified Release Composition Containing Cefpodoxime Proxetil

A multiparticulate modified release composition according to the present
invention comprising an immediate release component and a modified release component

containing cefpodoxime proxetil is prepared as follows.

(a) Immediate Release Component.

A solution of cefpodoxime proxetil (50:50 racemic mixture) is prepared according to any
of the formulations given in Table 5. The methylphenidate solution is then coated onto
nonpareil seeds to a level of approximately 16.9% solids weight gain using, for example,
a Glatt GPCG3 (Glatt, Protech Ltd., Leicester, UK) fluid bed coating apparatus to form

the IR particles of the immediate release component.

TABLE 5 :
Immediate release component solutions
Amount, % (w/w)

Ingredient (i) (i1)
Cefpodoxime Proxetil 13.0 13.0
Polyethylene Glycol 6000 0.5 0.5
Polyvinylpyrrolidone 3.5

Purified Water 83.5 86.5

(b) Modified Release Component
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Tal ¢ is sinultaneously applied during coating for
formulations in colunm (i), (iv) and (vi).. (c)
Encapsul ati on of | medi ate and Del ayed Rel ease
Particles. 30 The i medi ate and del ayed rel ease
particles prepared according to Exanple 1(a) and (b)
above are encapsulated in size 2 hard gelatin
capsules to an overall 20 ng dosage strength usi ng,
for Ie a Bosch GKE 4 capsul tion
appa$ FogPfaIngd g’*lae%te "éﬁ’g‘taﬁl asprpgpred by
cé‘aﬁfx@ﬂﬁiﬁéﬁuﬁ@ r@éa@%ﬁiﬂz&leé@%a@%cdﬂ@in%to H:RmdPle f(apzmow@uﬁé

i nedi ate rel ease conponent and 1 fromthe

medidied Feéf’&s‘? %qagragsg) HWERES Helailed -Yablep, |::l" hg immediate release particles
aYlebdib ORI 184es M'ab ﬁ%nﬁ?él%%@%@&?lﬁ%‘aﬁﬂ Wik, for example, a

Cbntalnlng fpodOX|ne Proxeti| -

fiwdibed prperafusul at e nodi fi ed release cefpodndne proxet i
conposi tions accordi ng tqyﬁﬁgg@resent |nvent|on__
havi ng an '”“ﬁﬂhﬂ%ﬁr&&&@&ﬁﬁxﬁ &R@Q g,.a nmodified

rel ease corrponent avl rel ease mat ri x

, d nulat ons
g%%ﬂn o e ;g%nzgﬁ o .,‘TA%OO“ 2 G
u

onent |s encaps ate mnt of no Pled
(MR) conponent to give a 20 S

eﬁl h product % (w w) rr%,go L
Eudragite -- - -- -- - 25.0
L1i2.5
Polyvinyl- -- -- -- 035 03 - -
pyrrolidone
Diethyl- 0.5 05 06 135 06 1.3 1.1 -
phthalate
Trethyl- - -- - - -~ - - 1.25
citrate
Isopropyl 39.8 331 372 451 338 4435 49.6 46.5
alcohol
Acetone 100 83 93 - 84 - - -
Talc! - 16.0 5.9 - 163 - 28 225
! Talc is simultaneously applied during coating for formulations in
column (i), (iv) and (vi).

(c) Encapsulation of Immediate and Delayed Release Particles.

The immediate and delayed release particles prepared according to Example 1(a)
and (b) above are encapsulated in size 2 hard gelatin capsules to an overall 20 mg dosage
strength using, for example, a Bosch GKF 40008 encapsulation apparatus. The overall

dosage strength of 20 mg cefpodoxime proxetil was made up of 10 mg from the

immediate release component and 10 mg from the modified release component.

EXAMPLE 2

Multiparticulate Modified Release Composition Containing Cefpodoxime Proxetil
- 60 -



I R conponent ,Cef podoxi me Proxetil 10 Mcrocrytalline
cel lul ose 40 Lactose 45 Povi done 5 MR conponent

Cef podoxi ne Proxetil 10 Mcrocrytalline cellul ose 40
Eudragit(r) RS

Multiparticulate modified release cefpodoxime proxetil compositions according to
the present invention having an immediate release component and a modified release
component having a modified release matrix material are prepared according to the

5 formulations shown in Table 7(a) and (b).
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45 Povidone 5+ 50 ng of IR conponent release (MR)
conponent TABLE 7 (b) is encapsul ated wi th:50 ng of
nodi fied to give a 20 ng dosage strength product. %
(ww IR conponent Cef podoxi ne Proxetil 20

M crocrystalline cellul ose 50 Lactose 28 Povi done 2

TABLE 7 (a)
100 mg of IR component is encapsulated with 100 mg of modified
release {(MR) component to give a 20 mg dosage strength product

% (wiw)

IR component

Cefpodoxime Proxetil 10
Microcrytalline cellulose 40
Lactose 45
Povidone 5
MR component

Cefpodoxime Proxetil 10
Microcrytalline cellulose 40
Eudragite RS 45
Povidone 5

TABLE 7 (b)

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

% (wiw)

IR component

Cefpodoxime Proxetil 20
Microcrystalline cellulose 50
Lactose 28
Povidone 2
MR component

Cefpodoxime Proxetil 20
Microcrytalline cellulose 50
Eudragit® S 28
Povidone 2

1t will be apparent to those skilled in the art that various modifications and
variations can be made in the methods and compositions of the present inventions without
departing from the spirit or scope of the invention. Thus, it is intended that the present
invention cover the modification and variations of the invention provided they come

within the scope of the appended claims and their equivalents.
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0 of the invention. Thus, it is intended that
tﬁvxﬁ%fgigﬂf\W| on cover the nodification and
variations of the inventjon provided they come 35

t hi rﬁf‘ﬂie LeprEiycrRrhalomesin qetpasiten pemprivinet hei r
equi v@)ent garticlédare g %%lg 81%&8%5151@;%& eh@c)ﬁvgg&zclge particle size of
(21. O?f:'sé2 &gﬂhoﬁgt{og nm; and

(b)  at least one surface stabilizer.

2. The composition of claim 1, wherein the cephalosporin is cefpodoxime or a salt or

derivative thereof.
3. The composition of claim 2, where the cephalosporin is cefpodoxime proxetil.

4. The composition of ¢laim 1, wherein the cephalosporin particle is selected i?rom
the group consisting of a crystalline phase, an amorphous phase, a semi-czy.stalline phase,
a semiamorphous phase, and mixtures thereof.

5. The composition of claim 1, wherein the effective average particle size of the
cephalosporin particles is selected from the group consisting of less than about 1900 om,
less than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than about 1200
nm, less than about 1100 nm, less than about 1000 nm, less than about 900 rm, less than
about 800 nm, less than about 700 nm, less than about 600 nm, less than about 500 nm,
less than about 400 nm, less than about 300 nm, less than about 250 nm, less than about
200 nm, less than about 100 nm, less than about 75 nm, and less than about 50 nm.

6. The composition of claim 1, wherein the cephalosporin particles have enhanced

bioavailability as compared to conventional cephalosporin compositions,

7. The composition of claim I, wherein the composition:
(2) is formulated into a dosage form selected from the group consisting of oral
tablets, capsules, sachets, solutions, liquid disperéions, gels, aerosols, ointments, creams, N
and mixtures thereof: , '
' (b) is formulated into a dosage form selected from the: group consisting of
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claiml1, erein,.the itiaqn: ..
and at least oné surtace stabilizer, St 80%'11& it excipients; or

(¢)  acombination of (a) and (b).

10. The composition of claim 1, whereiﬁ the surface stabilizer is selected from the
group consisting of a nonionic surface stabilizer, an anionic surface stabilizer, a cationic

surface stabilizer, a zwitterionic surface stabilizer, and an ionic surface stabilizer.

11.  The composition of claim 1, wherein ﬂie surface stabilizer is selected from the
group consisting of éetyl pyridinium chloride, gelatin, casein, phosphatides, dextran,
glycerol, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride, calcium
stearate, glycerol rﬁonostearate, cetostearyl alcohol, cetorhacrogol emulsifying wax,
sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters, polye‘rhylene glycols, dodecyl trimethyl
ammonium bromide, polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
sodium dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celluloses,
hypromellose, carboxymethylcellulose sodium, methyleellulose, hydroxyethylceltulose,
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19. The nethod of claim 18, wherein the cephal osporin
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effegﬁ(}%l ti o% F) y,% ?(lféslb %@Pg?sdg matri x material,
such t hat, follomnng or al dellvery of the conp05|tion

cSARSE B SRR b oot B SRR o

(hmﬁgg@q%&ﬁpn according to claim25 wherein said
popul ation is an erodable fornulation. 27. A
conposi tion accordlng to cla|n125 wherein said

19 Eo0ob ok ef SBhS B AR b Sl ERE S et
conprise a nodified-release matrix material. 29. A

conposi tion acqordin to claim27 or 28 wherej.n said
20. par 'émeélsochcp eclaipnb), whgreimthg cppipghngatogRisehending. a%d o s

han I ing
erind e bR AT85 A BEPRI S B ob A D,
whi ch conprises al so an enhancer

21. Use of’

(a) particles of a cephalosporin having an effective average particle size of

ot

less than about 2000 nm; and
(b)  at least one surface stabilizer, in the manufacture of a nanoparticulate

cephalosporin composition for the treatment of a bacterial disease.

22.  The use of ¢laim 21, wherein the cephalosporin is cefpodoxime or a salt or

derivative thereof.
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31. A conposition according to claim25 wherein said
particles are contained in a hard gelatin or soft
gelatin capsule. 32. A conposition according to
claim25 wherein said particles are in the form of
mni-tablets. 33. A conposition according to claim
25 in the formof a tablet wherein the particles are
conpressed to forma |layer of said tablet. 34. A
23C 0PI dst 8Nclage 02 Al igeih thcdephatv orinkesedpadoxhelproxetil.
particles are provided in a rapidly dissol ving dosage
form EEPS|t|on ac ordlng to ch*nLZS é&{the
2% or rﬁh@ruseoi? %lélm | Whereip g ¢ cit CCHES ARTAZG AT TEHOT the
3 .
oo R e PR Ar L LB EP IRt 1900
lessehanzbioniy] 800puth, dessafiancabohal WO paor, iless dfanesbout 160fheu] désayhan

3Pl 1S SR Do S BT D oot 130

mﬁ%ﬂé%z&%oﬂﬁmq{mf 1845 @h FOPBLY MO Sum, 138 thahMBout 900 nm, less than
onposi tion according to claim36 wherein said

 abpa Ylvom, domrirsout (i s tbin sourltiyhave thafmgabout 500 o,
o R PuBIS A2 Gy SRRE ATt BRh G L] o

209 %hﬁ)l’ess ﬂa?aﬂ abditel (OHR,A8ds thA b CT th r@ldﬂ@ss&ha&i 5[603850 nm.
wherein said ratio is apprOX|nater 1:1. 40. The

conp05|t|on according to claim25 wherein sai
25 eeptfap@@vélﬁdﬁelp@emmaﬁaﬁwmrm% @PeRaHon o Alﬁnopﬂﬁgﬁles of

RIRA R TEAE AR st A A0 s ol e .

altaﬂneﬁwely bﬂmidlt@()mllly, Mﬁ@ﬂlf@dﬂﬂﬁ&ﬁhﬁtﬁﬁ it sﬁehithat followmg oral

condi tions as conp are%1 1Lastlng cgbﬂ%ﬁlons
delm*éyeéwﬁdgmnoeﬁoa&aﬁ & CUPRGSH eiSééFl?Mq% orin in a
pug%%r Iﬂ?héﬁ¥@£8fl|e of said conposition is not

‘signi |can ected by the fed or fasted state of
a subj ect |ngest|ng sald conp03|t|on 43. The

conp05|t|on accor

26 PR PR GG oLt 8 LT I O 10 b Qatipeisemcrpdgble
folnfsiifs, State is bloeqU|vaIent to the adm nistration

of said conposition to a subject in a fed state. 44.

A controll ed-rel ease conposition conprising: (A a

flrst co nent C n ' . o

h an (‘)Ab%(}r{lﬁl;gt)gll lof aceor, g %S%ovgliler%}l B g %%Jé%&éas%gm%hse amodified-
reléateeBggnt conponent conpr|S|ng a subsequent

popul ation of nanoparticles of the cephal osporin;

sai d conposition being capabl e of delivering

28 cep I}\A'lsoqgoﬁ‘gﬂtl c@or%ir%Utl g'itulnl B V%er iR %ﬁfz}i’é‘g\%g%l?ﬁ@§ Inodified-

Ion a tOC&Im el n sal

rd&h&%ﬁﬁﬁﬂﬁmﬁﬁﬁnt all ows for the i medi at e-rel ease of
cephal ospori n.

29. A composition according to claim 27 or 28 wherein said particles are combined in

a formulation that releases said cephalosporin by erosion to the surrounding environment.

30. A composition according to claim 25 which comprises also an enhancer.
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46. A conposition according to claim44 wherein said

first conponent is a tine-delayed i medi ate rel ease

conmponent. 47. A conposition according to claim44

wherei n sai d subsequent conponent conprises a

nodi fi ed-rel ease coating or, alternatively or
additionally, a nodified-release matrix material.

48. L LOB; | ' i RfcQloRtafiddn a
1. ooy SRR ko R R6F AL 29 whirdh PLILAR ISRt RoRe
hard @llfRs¢ s6figplatie odpsule. 49. A conposition according to

claim44 wherein said first conponent is a

ti me-del ayed i medi ate rel ease conponent. 50. A

co hid k I etd sdidd phrtidRb hieih $he form of
32'cegﬁgﬁgé%g?Fﬁgﬁﬁﬁgggﬁf%g??Fgﬁﬁgnner.g&gl. A
minB@abjeesi ti on according to claim44 that delivers

cephal osporin in a continuous manner. 52. A

conmposition according to claim44 wherein the
33. CeRhabASRAdNActRIRL tb BB 29 MetiRffosRbh b eheristheparticles

nanoparti cul ate cephal osporin. 53. Use of a
me@mmmmsmdUHbuﬁadepMQf%@®@£kﬁ-containing particles

wherein the particles conprise a nodified-rel ease

coating or, alternatively or additionally, a
34, MO E&rﬁﬁositﬂn%@&ﬁdfﬁ?tté EDir b &ftictdin baid phreicteaaref aotidedin a

of a controlled-release conmposition for the
rapidlyelissatvingdosagt/ forms r eat nent of osteoporosi s, wherein

upon oral delivery of the conposition to a subject,
the conposition delivers cephalosporin in a pulsatile
35. OF ACefthposuinsacomdngrio clahd 25 s éheafbrrf Af a fast-melttablet.

conmponent conprising a first popul ation of a

cephal osporin; and (B) a subsequent conponent :

36. SOPLLRbAHidh SLRIRAUEBirk 98 WRIiR G0 baRRRBBLABAK! 4 EI-

i n“the manufacture”of a controlled-rel ease )
dep&@enOsilitharcohtg whieh i effcetive anreloasihp e pulse af maphalogporin after
- _osteoporqgsis, wherein the conposition is capabl e of

afﬁ@%ﬂ@%ﬁ?i%ﬁﬁkﬁﬂﬁﬁﬂhﬂ&ﬁbrin in a pulsatile or continuous
manner. 55. A stable nanoparticul ate conposition

conpri si ng: (a) particles conprising . .
37. cefilielcomyposition haveiding wrelaiff HewhereinpawhpedEnerpoatigg gomprises

ize of 1ess than about 2000 nm and (b) at
‘ndﬁ fIEGRBONY I Pace stabili zer, “wher ei n upon
adm nistration to a -mammual the conposition produces
therapeutic results at a dosage which is |ess than
38. t hatheabmmosition accaniiag toi cdaimad Whersigald R g coppLses a

. sane,.cephal orin. 56.A ¢o .t [ ient t
oo BEEFE S B e RO R A S i
achieve a pulse of cephalosporin following a time delay.

39. | The composition according to élajm 38 wherein said ratio is approximately 1:1.

40.  The composition according to claim 25 wherein said cephalosporin is in

nanoparticulate form.
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(a)a C. for the cephal osporin when assayed in the
pl asma of a mammalian subject follow ng

adm nistration that is greater than the C. for a
nonnanoparticul ate formulation of the sane
cephal osporin adm nistered at the sane dosage,

(b) an AUC for a cephal osporin, when assayed in the

ol asmm . . P : : =
41 B PP poufi SRR Ak o S B8 il R h R Empgeifion does o
prod0edigiitioaaly tdiffere At absbrption leyeisovhenfadtrimstsrdander fod conditions
cephal osporin, adm nistered at the sane dosage;
as cqrepared tp fagtige cOR@EBDhal osporin when assayed in the
pl asma of a mammalian subject follow ng
administration that is less than the T., for a
42. nofhaesopmsitidnciskaklng tochaitaidi wirergh thenghasmagokinetic profile of
cephal ospori n,.

said COMPATHPIES hTes ﬁg{a gngpr% szE %5%8 b?{%lé Eaﬁﬁ% ?%gidds%ggfa sr.%}ect

ingesting said composition.

43.  The composition according to claim 40 wherein the administration of said
_ composition to a subject in a fasted state is bidequivaient to the administration of said

composition to a subject in a fed state.

.44, A controlled-release compositioﬁ comprising: (A) a first component comprising a
first population of nanoparticles of a cephalosporin; and (B) a subsequent component
comprising a subsequent pdpulation of nanoparticles. of the cephalosporin; said
composition being capable of delivering cephalosporin in a pulsatiie or continuous

manuer.

45. A composition according to claim 44 wherein said first component allows for the

immediate-release of cephalosporin.

46. A composition according to claim 44 wherein said first component 1s a time-

delayed immediate release component.

47. A composition according to claim 44 wherein said subsequent component
comprises a modified-release coating or, alternatively or additionally, a modified-release

matrix material.

48. A composition according to claim 44 wherein said subsequent component is a

time-delayed immediate release component.

70



49. A composition according to claim 44 wherein said first component is a time-

delayed immediate release component.

. 50. A composition according to claim 44 that delivers cephalosporin in a pulsatile

manncr.

51. A composition according to claim 44 that delivers cephalosporin in a continuous

manner,

52. . A composition according to claim 44 wherein the cephalosporin in at least one of

said components is nanoparticulate cephalosporin.

53.  Use of a population of cephalosporin-containing particles wherein the particles
comprise a modified-release coating or, alternatively or additionally, a modified-release
matrix material in the manufacture of a controlled-release composition for the prevention
and/or treatment of osteoporosis, wherein upon oral delivery of the composition to a

subject, the composition delivers cephalosporin in a pulsatile or continuous manner.

54.  Use of (A) a first component comprising a first population of a cephalosporin; -
‘and (B) a subsequent component comprising a subsequent population of cephalosporin in
the manufacturenof a controlled-release composition for the prevention and/or treatment
of osteoporosis, wherein the composition is capable of delivering cephalosporin in a

pulsatile or continuous manner.

55.  Astable hanoparticulate composition comprising:

(a)  particles comprising cephalosporin having an effective average particle
size of less than about 2000 nm; and

(b)  atleast one surface stabilizer,

wherein upon administration to a mammal the composition produces therapeutic

results at a dosage which is less than that of a non-nanoparticulate dosage form of the
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same cephalosporin.

56. A composition according to claim 1, wherein the composition has:
(a) a Cnax for the cephalosporin when assayed in the plasma of a

mammalian subject following administration that is greater than the Cyax for a non-

nanoparticulate
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formulation of the same cephalosporin administered at the same dosage,

(b) an AUC for a cephalosporin, when assayed in the plasma of a mammalian
subject following administration, that is greater than the AUC for a non- '
nanoparticulate formulation of the same cephalosporin, administered at the same
dosage; 7

(c) a Tmax for the cephalosporin when assayed. in the plasma of a mammalian
subject following administration that is less than the Tmax for a non-nanoparticulate
formulation of the same cephalosporin, administered at the same dosage; or

(d) any combination of (a), (b), and (c).
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