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Nanoparticul ate and Control |l ed Rel ease Conpositions
Conprising a Cephal 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 net hods 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 invention rel ates
al so to novel dosage fornms for the controlled
delivery of a cephal osporin or prodrug thereof. 15
BACKGRQUND OF | NVENTI ON Anti biotics are

pover f UN B0 ulatlleulaﬁe andS(lanctn(DlledaRelease
bact e aI |nfec.|o humans. and ot fiﬁ

Ther o mpsrtiess: Camprisgca: Ccophalasperin
nost 20ta|Iored to treat a specific kind of bacteri al
infection. Beta-lactam antibiotics, which are naned
for the beta-lactan1rin% in their chem cal structure,
i ncl ude the penicil | i FHELRQ@BANVENIIOMs and rel ated
conpounds. These agents are active agai nst nany

gr am pesPresepeinvegtigpy gleigato cpapasidons ﬁa‘gmﬁpé‘s for @amreymon and

E@&n%ﬁ@cﬁbhé&ia@ﬁ@c%ﬁh bt@ééﬁ&m&&ﬁé% eg&?in';,e(g{ofﬁagtg?%

interfering w uctura ross
pappgstivgs gaepisingr dsplatlesppat, fmmplemfpbéoxuﬁamatpmdmg
r ft 0

URRE b biaB8: Ak kDo Wb sRRIRPHBG R 1 of itpogiment of the
owemzmn; ‘ént:elﬂleloqunig or prodrug Theesoliiat m- ﬂaacqia&imlate form. The present

ti . .
ﬁﬁ,&l&aon rglg QAL %IQO an eolef: {/(g tsag\(/az'% ofeforc télg %lgci)gelhﬁle]é,of 3 ﬁephalosponn
wnhnmmgﬂmhmal agent of fungal or|g|n. They are
structurally and pharmacologically related to the

penicillins. The cephal ospori B riRE - TroN

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 clinically useful in the outpatient setting.

The beta-lactam cephalosporin antibiotics are a group of semi-synthetic
derivatives of cephalosporin €, 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-ammopenicillanic acid {(6-APA). Both structures contain the basic beta-
-1-
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acid (7-ACA) while the penicillins are dérived from
6- ami nopenicillanic acid (6-APA). Both stiuctures

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~

qe hal os oghns wer e deS|gnated first generation while
%ﬁ%é’i’ eSepRtierpar patcture mleephamessan negaies activity than
Qh@;ﬁa%i&lhﬁﬂarﬁ%rﬁﬁﬁﬂﬁgs g%ﬂaftaﬁdn%dﬁ?&aﬁkfaé PR3 the
Currently, three generations of osporlns are
F%&PW%OEZS faypridionas tméewﬁpnupf@s@dty and duration of action.
Slgnltkﬁﬁ Q

cephal 0% p(qﬁs#’%“sm%gegé} (é gt%{et? g%ﬁg{%ﬁ%%s 2%/ melr antimicrobial properties.
e it é‘mblbiomonm vpeerdesigmatediianst gdnaamrewlmh lmgr more extended

e ratlons
R PR AT el s P lsper Lo VR Baplie. Cimenty,
ﬂhmmhenﬁmewecpha@qmmaImmgmzed and a foR{INRds@BROPrbPSsed.
%ﬁ%¢ﬁ§ tgmtreatfggg | ns in many different parts
Yo nody " MFREVEAE SR S PHASPETRRS BioriRT GPmatREative

amfrhiorobtal pﬁ)perﬁes'ltﬁaxcmp bﬁicétﬁﬂ@ Edridfatifh. VEShvRMely Nihe edIHan
ent infections before, during,

ar e: \)
geng %19 ?Iu °§§1?aé°§}’ ns%&grﬁgw?wopgveacqvmag@than the "newer"

gaReitiahd. on cephalosporln anti biotic. Cefpodoxine

proxet.i | % rodrug which is biotransformed into

its aCTANGLSRATIS B IUse ﬁ@é‘rlﬁ%&%%%%mewfferem parts of the body.
Y e Sk i o8 Bive with Bck Blbiotice! PRA0X %Eild

the cheni cal nane (RS)- 1(|§Bpropoxyc rbo ﬁ rﬂﬁﬁ@eamm

freplsp gpedimproyasantoctions brfow. duringzandylter surgers,
{(2) nes mnae i0Q
met hox fisJrr(géh 1 W?ﬁ?@? - gazig ¥ 18131/3 nbufnlf E egﬁo‘imflme proxetil
@ ondé%wbw wyﬁoan@ infotits agtiysi mitatadlite, Q'tff'pmoalmesupon

[ h Sl 6.
GRABHRA 0 SR A B
Keppronosyicabompilasyaathyl (b)s(ﬁ&'éR)a%[Qa( mtne-zt-ma;zelbd)m sh

EEs B S ISELL B Dh ST 2

%@@ﬁ@ﬁmﬂmxﬁmmfhemmywmﬂdemmﬂhs(EGQhNKBS§ﬁquEﬂemmﬂ&mhr

”é*@ﬁ%&wg@z%ﬁqar%% oA Bk immz00, |

Cef podoxi me proxetil is adn1n|stered oral ly,
elther as a filmcoated tablet or granules for ora
suspensi on. The recommended dosages vary dependi ng on
the type of in ti ong~however, typical adult dosages
range from 200{to 80Q ng daily. Conventiona
cef podoxi me proxetj | Aahkl ets are adm nistered two
tinmes daily. ;
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10Cef podoxi ne proxetil has been described in, for
exanple, U S.Pat. Nos. 6.489,470 for "Process for
the Preparation of Cefpodoxiine Proxetil

Di ast ereoi soners”, 6,602,999 for "Anorphous Form of
Cef podoxi me Proxetil", and 6,639,068 for "Method of
Preparing H ghly Pure Cefpodoxi nme Proxetil". These
patents are hereby incorporated herein by reference.
15Cephal osporins, and prodrugs thereof such

cef podoxi ne proxetil, are of high therapeutic val ue
for the treatnent of bacterial infections. G ven that
cephalosporins and prodrugs thereof such as

C OdOXInE xetil, require oral adm nistration two
(?‘?Fﬁ@oalgﬁ RO %Jf pcRts a5 A hdf fo yellaprsh aawder and it wprachieally
fiaghdle inRvaidie ef ficacy of cephal opsorins in treating
bacterjal infections. Mreover, such frequent

admi niCStRodeTIBN PePeRr M draRistersd appartefiaedosigs fort offered under
hedleh ﬁte%fﬁd%ﬁk%ﬁe%ﬁl NARS gSaHﬁ eéo tL‘Pd OE ﬁpgf%)gamd NTINe

assoClated wth treatnents i orins.

Bhnd ORRLICB{® (P}sarraactme&djpwhri(he oﬁKhlafn@too(,‘ Mlh abe@p&f}dnﬁe proxetil is
C osi tion ch ov rconme se and ot her probl ens
SRR b Tl ts S ER e B Pt e drefugmqgsion. The
trécainieRided @fsafd oligIdeindinglondhd QpSof ﬁfea@tﬁk B5WaIRA typical adult

g%gardln ﬁﬁﬁlve ﬁﬁFnt hhnopartlculate 05|t|ons
ages range KpfR JHG b 500 Aredadly a Convrationgd At @mgwrw%sabiets are

Emﬁ@ﬁggg@amd@@guhﬂ U.S. Patent No. 5,145,684 ("the
'684 patent"), are partlcles consi sting of a poorly

sol ub fPPH@?%\‘B Birpd har basnlgaraibed w. by erammia . hidat. Nos.
adoube @or@pﬁ)@ests & tﬁ@ﬁl‘%ﬁ&@h&nhﬁr(fégfodgx]ﬂlg %ﬂeﬁﬁﬁia&t@éggomers

surface stabilizer tent does not

G9ePPHEriamephons E@nmf&@mﬁpmmetﬂw “piind 6,639,068 for “Method
3 P}Q: *112' Pure Ce OMHE%XQII” n?rl%!s tents are hereby mcorporated

nanopartlc e e agent corpositions
dessurlivetdranpe. for exanple, U. S. Patent Nos 5, 518, 187

T R
Bherap8yt88& ucffor tht Gemtemiod bactdvizt hr.ﬁcbhofls @nvﬂdlhﬁlg:ephalospoﬁns, and
T T TN TN
@ml";p eisict patinst cGmpliaics isngerianidpasit ih @easticacy of cephalopsorins in

g q:.gmfé ?)6%tanal'! fg:g%c ag:ég[\élgm\? € ntE}l %gé?%gts édtrﬂlglgt?an%gl eoftglll rseaulres the
attention of health care workers and contributes to the high cost associated with
treatments involving ccphalosporins. Thus, there is a need in the art for cephalosporin
compositions which overcome these and other problems associated with the use of

cephalosporins for the treatment of bacterial infections.

B. Background Regarding Active Agent Nanoparticulate Compositions

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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Pat ent Nos. 5,298,262 for "Use of lonic O oud Point
Modifiers to Prevent Particle 10 Aggregation During
Sterilization," 5,302,401 for "Method to Reduce
Particle Size G owh During Lyophilization;"

5,318,767 for "X-Ray Contrast Conpositions Useful in
Medi cal | nmaging," 5,326,552 for "Novel Fornulation

For Nanoparticul ate X-Ray Bl ood Pool Contrast Agents

Usi ng Hi gh Mol ecul ar Weight Non-ionic Surfactants,"
5,328,404 for "Method of X-Ray I magi ng Using
| odi nated Aromatic Propanedi oates," 5, 336,507 for 15
"Use of Charged Phosphol i pi ds to Reduce Nanoparticl e
Aggr.egat.i.on 5, 340, 564 "Fornul atj ons Conpri sing
P01y %Sﬂaé%gqes padcpive PABRRIGHEIESAmBppons of
lcopia@Rp&inSt abi lity," 5,346,702 for "Use of Non-lonic
Cloud Point Mdjifiers to Mnimze Nanoparticul ate

Aggr ediathads oDRplAg nagoaM Pyt pely agent caguensgREs firgdescribed in,

"B SRAPR! USNPABL NGRS R f
Magnet Fc Dextran Partﬁ:g fegg aﬁ@@%@ﬁ 9@8 b% g‘? M Use oflfGrﬁj(Slmg

Fﬁ’aﬁwap@alc&ﬁubﬁ@@%w $.iPeient No ﬂléﬁéﬁtfopﬁmmmws Method of
bi i iy 3
e R o T
Iﬂaﬁrmpw Therdrestic Comp@itios EOﬁtamlﬂg\IMQparhch1 ubl e

Non- i ti
Reg onanc g%%ﬁfgﬁcghgﬁgen g%ﬁ\tp%r o g% a%%soé%ic%tbg‘? for gegmgle, in U.S.
Pylentdagrob,298262 fNaﬁds,ra:tfﬂmmmCEm& P&inelfotifizsIto Prevemt P4rtié k0

b R T S R R T S g

Koo thdnirdg $1yblﬁh§liiaaﬁﬁ 8 5,318,768 Blor SYRFyWonirXet Rayhpo@iiddsagtful in

N T T

KoRRapnfsad Wgaﬁtﬁ Ué@g High MalcCREPWRAhi R6n-Wnld Burfactants;” 5,328,404

ph@ Acceptabl e C ays," 5,470,583 f”
FeMraost Xk p%‘?"%gﬁ’é ﬁ%*ﬂ%tﬁ%ﬂ@%lﬁﬁwaﬁ‘?ws 5,336,507 for

Qosd Fi(Thia d@H&EH& £hereh 'I“thﬁgaxﬁ(@e ” 534
e gn 683 fore I c%%gn 0,564 for

at
bR r L mariine bl o ReeH el AserogaRoayand Increase
§ﬁﬁﬂ1[)a’5§ 34‘%@@1& tQde OQMQQOIBQ @louﬁ'}’@ﬂt-m}é {6 MY RS

| magi ng; for "Nanoparticul ate D agnostic
Bﬁmwa@t%m%ga@mpm Steiglémtien:T 58459 Bolr Fyetaratiod and

Mé tP'r(ﬁae]%@ bEE %II'M& eﬁ‘lt %%?%a%ﬁ%{tgcggsé’25135%fg9 ffor “Use of

noparti cul at e Al D Fo
Puglivd prarta¢ecMpdifiersso Prssiod iPpriniedeezBeniioaDunirgsS térdizatifsre”
t L
e Db SRR e MBI Situe p0 Bt A Hberptaponeris
i:é%lt,‘i%sfbr ‘Ayetat Biséloble Bloodda@emt Man@nw erh:aIeis as Biugiiedion

R Ponahidn (VEHe SRS h o Rettdp el e Nancphricuat

Stals 525 60141701 0 F@UMeatied fvoldhking NaiNpAHDueToORay Bldesol’

60, 931 for "FO l,at i ons .qf Qupds as
QoA ined Toh M Eplar st NoR g Steits 5 49,398 for X
Rt ContAed ChaipositiodbBschid8n MrdicalRalayiak Rl 26 246BkR G‘Formulations of
@ogggﬁymars as Surface Modi fiers for Nanoparticles;
tpiestigy! Diagnosti SR s oniresth Agomst BkoneaRsio it
Bfrhachi@ially ﬁ%ce%ﬁa%m (tlh?r 5 Q;ﬂﬂ583rfgls“l\f/l&ﬁo Qg Shfoparticle

Cbnp05|t|ons For mul ati ons of
ComasiingsC @gam@a&@a@d 8m8ah@1pm8§9 Bedice diggiogation;” 5,472,683 for
Digestible Ols or Fatty Acids;" 5,573,749 for
"Nanoparticul ate Di agnostic-mixed Carboxylic 15
Anydri des as X-Ray Contrast Agents for Bl ood Pool and
Lynphatic System I magi ng; " 5,573,750 for "Diagnostic
I magi ng X-Ray Contrast Agents;" 5,573,783 for

"Redi spersi bl e Nanoparticulate Film Matrices Wth
Protective Overcoats;" 5,580,579 for "Site-specific
Adhesi on Wthin the A Tract Using Nanoparticles
Stabilized by H gh Ml ecul ar Véight, Llnear
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20 of Oral Gastrointestinal Therapeutic Agents in
Conbi nati on mnth Phar maceutically 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
Nanoparti cul ate Conpositions;" 5,591,456 for "M 1| ed
Naproxen with Hydroxypropyl Cellul ose as D spersion
Stabilizer;" 5,593,657 for "Novel Barium Salt
Forrmul ati ons Stabilized by Non-ionic and Anionic
Stabilizers;" 25 5,622,938 for "Sugar Based
Surfactant for Nanocrystals;" 5,628,981 for "I nproved
Formul ati ons of Oral Gastrointestinal Di agnostic

XN&? cé&g]lﬂl ﬁé@?g%cn}/ls@gg%? A%idt“r ‘%f;(}r%égg% ggrm agh ggents for

Dilegires! 4k IMmedeiCRYsRANIkagMpYSI500009 faS NinbiAYticulate Diagnostic
&ﬁﬂ_rast Agents for Bl ood Pool and Lynphat|c System

g 75 < Ray Gopgrag degepts forBged Penl vkl wetbabe System Imaging;”
@5‘1 RYBO e %%ﬁ&%ﬂﬁie%ﬂ%&%ﬁ%r” 5,58,21%80:3 mnﬁf)r%ftlcu]ate

Nanopartlcles Cont ai ni n )Enantloner of

he
Lesigdivamids Derigativey fcad&se%% Raqé?%rmts‘\mf 3535488 for
Bﬁ
N o T LT
Namb@nctﬁy@tglmdmmgf 431133 for[“Robgcse df PripaingeX-Ray Contrast

g L e e S B

Faotmeastes] HHN0IBd s “Beimgat(aah bCespanEusiNameparticulate

AR ] B B0 A8 o

ymdem Suiréioe WModifies fof Na)paRicbds £a8s559)4a8 fdii“B@Ffed Non-ionic

RS SR G55 Exubet B et o

5 561 iﬁprﬁﬁ)rﬁlﬁfanorN@ﬂ@ﬂiﬂodndgas BlafParicafate Dispersions in Digestible
A(r:%A ate roxep 6,221,400 for "Methods of

H\&HW% QBPQSH%MIXed Carboxylic

Eﬁfrdﬂﬂeaéé poli <) Qfonﬁhﬂﬁﬂ@eﬂtﬁmﬂ SRS Posl ﬁﬂq}&m\ﬂhﬁﬁtsSﬁiéhl\ﬂnagmg,
Pr ot ease Inh|b|tors 264,922 for "Nebulized

Pefb &S fer Blagnostis h@ag%%ﬁamoeﬁ@t Beapr 39 Ghes3 for

RApeIBR rﬁ@foparwanme@amfxqamﬁ’ésemmo@&ng B9dBdatsF Q%579 for
and Particle AggNe gation in Nanoparticle

Coteppegitic AdkesiongVistp tedsl Fraet UsingdNanppapideettatibizcd b dligh

(v 0 I O t ons
ié’é’%%? ﬁlogﬁg ﬁ]@sﬁpo?%@gl; he 95‘?"8 p&@'@fg BaRE 1 64 k@t Bormulati
of QehGastpintdstiep] Sheraprule Agems ya@@ﬂﬁomp w:@ PYABn:@8@ichiy

RSO B e o SR LT PIREL LR

Siroiahis 28 Btabilideroatingsl foSyenapantiSulbfe Eugositiatse’; 5,591,456 for

S 0y Bl A O RS g isfaiygp s 5503, 657 for

6‘}@3118@18'1 $0r Forﬁinhhbnsfﬁlﬁihhzeﬁlﬂyll\?on 1614 32d ABidnit (Stablhzers

t Del i very, r 20
Sk oF b cer o e aet IRaerriters S G st o
Erb8R @85 vl Gaepmreaﬂms DighosBand-R&y Gonlbbt Addnlsiahg Otal
903_for "Nanoparticulate
Brepei<Siinh hesRie Serios &) AdopRe ! NEXEHEP AR o Mixed
EabomeAhBydBuES a@QﬁR@ﬁ abhtrdsZ & erﬁé"@r BlRa Yl an@diMPhatic System

Sul fosucci nate; " 6,656,504 for "Nanoparticul ate
IevsRipasioef 1888 @mﬁpp@mgs Mehog kb Geindipe Persparautienl Substances;”
6, 742,734 for "Systemand Method for MI1ing
Nhterials;" 6, 745,962 for 255 “Small Scale MII and
Met hod Thereof" 6,811,767 for "Liquid dropl et
aerosol s of nanoparticul ate drugs;" 6,908,626 for
"Conposi tions having a conbination of imredi ate

rel ease and controlled rel ease characteristics;"

6, 969, 529 for "Nanoparticul ate conpositions

conpri sing copolynmers of vinyl pyrrolidone and vinyl
acetate as surface stabilizers;" 6,976,647 for
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"Method of Usi.ng a Small Scale MI1I;" all._of which
are specifically incorporated by reference. In
addition, U S. Patent Publication No. 20020012675 Al,
for "Controll ed Rel ease Nanoparticul ate Conpositions;
U S. Patent Publication No. 20050276974 for
“Nanoparticul ate Fibrate Fornul ations;" U. S. Patent
Publ i cati on No. 20050238725 for 5 "Nanoparticul ate
conpositions having a peptide as a surface
stabilizer;" U S. Patent Publication No. 20050233001 . .
for "Nanoparticul ate negestrol fornulatlons " U S "
Pat ent Publication No. 20050147664 for Cbnp05|t|ons"

ri ant i bodi es and ds of using the s
%%Pﬁ Nﬁ@ﬂpﬁﬁﬁf?ﬁ plABiReh g&ﬁl}%ﬂ%@ﬁ&ﬂﬁ@%’éﬁ Y001 for
UA&OS&@CBﬂEHlE%@dCE&I@UﬁEanan ©628dr3i0hOF 5 3 MO8 for
met axal one conposi tions;' Pat ent 10 Publicati on

hBed‘?B%@@H%VP?O‘fSB?A@%!Féqfe‘%lﬂﬁ?@émﬂiﬂ@ﬁ soppulaiondudiged pdverse
;pg?ﬁ@?ggﬁ Reaééog»s ” BAhSRE9 RuBbLG AN NI ABRSARHEAL

stabili zed nanopar ticulate acti ve agent
daryaedefirigrry: Vi (BIV ) Roente Ipbitors Bsing feNlosic Surface Stabilizers;”

R0BER%H 4 121l NS ShARIEL e 1SBARARLL | Pnan U S

Pat ent Publication No.
dminyeedeticigiay \GorsgbEY )t Rrotesse Inkjbi@ors Paing mellﬂu:bd: Baiditck Stabilizers;”
f'?,‘ki53 %?%{b?iﬁ%%&ﬁﬁ@hﬁ%?&%t%?g%' Cllélllglg:t I%tejlé X, L 53438566 for

2564 02b80b% Homm ‘of Naqmpadlodmwg@rmp’cfszzﬂ ;400 Sord'Mestiodbbe
t ent

t
SERRE B\ o 5tins5 58058 P ipoistogh spRbemtimapgdetcicncy
Vituo QYA Prdt@iserthittiiontSs, 264,923, foPNbalizeRUthds6 BIGoR RN

QRIS RRIHRrr MS3 3590 BT bRt crowan

Canple N ggtc@Msondn maﬁaiahﬁﬂe (f?&hpdﬁitidnh ng,2M8Res foklGie o PES-
at.ent %gPPUbllc ti gn No. 20040156895 for "Sol i d”

GE¥Eet Pk 4 ﬁ%ﬂ? ahizess for Nagepartigylate Compesfons;” 6,316,029

R bRugiak TR0 tiks ﬁlzdmmésa P8l BWQMM ké‘soﬁd Dose
Pat ent . Publ i cati on . 20040 56872 for "Novel

Neprpatiicniale %ﬂﬁ’é‘é‘P?ﬁ (opraprsing asSynpepisiin Combiatienef adiplyesric

26940541925 40 'Dlom\g?alﬂnﬁl{ S@halanes MQ%J “H?&%heswe
U S. Patent Publication No. 20040115134 for "Novel

Negopartisilats Commpeispas avdng Cagogic Susfaem$taliliterd; 6,683 loH/8Nor
QM%@%@& Q433 i—fﬁ‘%y *Dﬁ&ﬁoc’dst%r I\%éting ?6%%?%&%%0 fthe Upper

forms: Pat ént Publication
ﬂ@éﬂﬁiﬁwer Gmoamsgml dract 5% Pak hb»pé,ﬁsz 2841 fat 'BAppetatusdor Sanitary
- Pai.e ld 101566
A T

Philer ggitci (Gambiimtio OME@@?IB%SWG Stdhﬁmfmmﬁ iDdedtd tSedium
PRI S SOBl ER RBomp s Ao
Ciddosppanct’l €213 footRyasmtand Metadd f&ﬂ@hlﬁg@l&ﬁ&mls 76, 745 962 for

NG R T apr Mt ek 2 b4 by o CPighe 2094903320
1&&3 epLticulaeiin pat 6 90&626 for SCor@isaidhs Rilg Wﬂbﬂﬁhﬁp@f immediate
040018242 t 'Nanoparticul ate g%sta

lspinPd el folgons SRR rESep gy O g Remoparticlate
&Q%ﬁﬁﬂ@lﬁje%ﬂl f6ihe coYougndebt MR

Pat ent y b%l %\ﬁg%n B %Bﬂ%l?gggg%mﬁiyl%&ﬁeg§surface
stabilizspFar® ?’@.ﬁ“&tf@r “fé;Yﬁ@tweé%ﬁﬁlmd feoMitlinaMatsrials:g apd §.891,191 for
pol ycosanol conbinations,” U S. Patent Publication
No. 20030215502 for "Fast dissolving dosage forns
havi ng reduced friability," U S. Patent Publication
No. 20030185869 for "Nanoparticul ate conpositions
havi ng | ysozynme as a surface stabilizer," U S. Patent
Publ i cati on No. 20030181411 for "Nanoparticul ate
conmpositions of mtogen-activated protein (MAP)
ki nase inhibitors,” U S. Patent 10 Publication No.
20030137067 for "Conpositions having a conbi nati on of
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Anor phous snmal | particle conpositions are described,
for exanple, in U S. Patent Nos. 4,783,484 .for
"Particul ate Conposition and Use Thereof as
Antim crobial Agent," 4,826,689 for "Mthod for
Making Uniformy Sized Particles from VWater-Insol uble
Organi ¢ Conpounds, " 4,997,454 for "Method for Making
Uni form y-Si zed Particles 25 From I nsol ubl e
Compounds, " 5,741,522 for "Utrasmall, Non-aggregated
Porous Particles of Uniform Size for Entrapping Gas
Bubbl es Wthin and Methods," and 5, 776, 496, for
"Utrasnall Por ous Particles for Enhancing U trasound~- "
E; ck Scatter. Because cephal osporins, such as
Pegplilsmg aaﬁﬂéaﬂp?rcé‘&tM@ai 3o whieh arp becifisaliysinearporated by
&Bfefdn&:olrlh abiB&Y 1.$ ahient b1 CARLRE, PHEIDD PIFHS AG- foThéS'nmued
there is a need in the art for nanopartlcfﬁ
dEsitas Yapempitiguipts ﬁ?mpamb@m Wi Btens Peblostion Nnez@estmmm for
¢ B .
cie\aﬁglaggcg%lﬁl ni %Sft%%gm?{rl%gt \r?IEE?P até%?ghﬁ{%amn fo- 20050238725 for
Ngmmlateﬂ@elppmewmavmga@npnde rs 8 sirfast btelsilizdn”d). B acknt

é?@p%ﬁys pOT | E&:Q:%N?/ o]IQTN"é’é’?ﬁ“\‘?é‘F“ﬁ eré?%ro E’B‘hu}atmm} U8 Patent

d’gpnuatmyor E@f)Sa m:ﬂépn M‘@mpbhmmmﬁmwﬁﬂbsawnh MSethods of
gthaesS r a? a{z} suffer C{ﬁhom Roor

b| ‘oavaiTa §e afea?t‘f PVG A55Rt CHEY a S Jatept

S’hblgiahbxyNs cﬂoob:b(ms-m foRtRével ﬂ;hﬁxm&s@ﬂipogih&&l”qs S rFatent

i culate conpositign co
CE A S e PSR P or G ramior B s tyon L e baser U,
(F@t&ﬁtrmﬂbﬁdmhﬁ DI P0OSBORI 6PT RS EGE ﬂbﬁ%@ﬁa{osmﬁkﬁgce Eakv%tagén
to a conpgsition for the controlled rel ease of

CUBRREI Lo Petvar blication No. 200500112 éas ™ MV@’a@@lZlde

LoepRhRNY S PO, iPRicn CIRIBRALSoh NI 26050004985 Fdr SN0 41 oribddilvin
present disclosure relates to a conposition gﬁat I'n

spBRosttions Het- iPolepisPublication iNpe 20040768 o Nanopstishlates
wpirRaseXiRIRbReld. PREn@PuBildio? Nodﬁ04(\;{?§8|7¥'ﬁfos“ R ﬂqgl?({ (%osage

in a pulsatile or in a continuous manner
ERIERASBODY @f stableesparedulatesrtiveaglsi dU . Sr Bdtend Bald@etlchldﬁ o5

7 SQRAHEIIHER Q)rs‘Nﬁltfb ARt BLib S %n%?]%ﬁ%r%gr@ gsf’ 9 Elubhcatlon No.

control |l ed rel ease conpositions 0O
H0YeREE8E3 boriNpYel Potigdspms ﬁqamdaiidme,” rUaSzd’atent hdm:mo&tmr
SPROL ch .as .cef e
ﬁ(?)rq}g g@g??hﬁl Qf?m{plasmﬁxﬂs and meeg)é)gitfgr 1 t?réa?si, ef‘Jaét ggtent
Bubdigaticn Nraﬁ@fp@rl 56896 Ifat‘tSohd) dpagd fmm&;mﬁmglpsllﬂgn :” U.S. Patent

N L5p0 art | at e
FARI 30010 IS ERTE lop ST ISPl N oo 872 o
dovoaiesudidk achﬁpc&ﬁmhaf’ OB‘.p(PEiteﬁt mlt;aﬂbh@&; aoukodd1obe ﬁ>$¥°Nove1
ane sulqu ace stabil J@n{s ﬁ%’d ﬁr bed_on the surface
e R AN R SR
Ip&ﬂi'phlﬁﬂ @mpbeenhsaTU 8f If';ﬁéiit PYBlicAN& E&@OWIUB@Q@O}S‘*L%% Ricosity
es than aboyt 2.000 urn In a first as ect there is

; ey aYiSe Paigridphlicatien Nat 04RURAT Slop G apma irradiation

of solid nanopartlculate 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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conposi tion conprising: (a) particles of a

cephal ospori n- having an effective average-particle
size of |ess than about 2000 nm and (b) at |east one
surface stabilizer. A preferred dosage form of
the present disclosure is a solid dosage form

al t hough any pharmaceutically acceptabl e dosage form
can be utilized. Anot her enbodi ment of the
present disclosure is directed to pharmaceutica
conpositions conprising a nanoparticul ate

cephal osporin particle and at |east one surface =~
Sstabilizer, a pharnaceutically aCceptab{e'Carrler e

S an desired excip
T m‘ﬁ?“"é‘f ¢ REO{9PEEQA o] ﬁ@ew&ﬁw@tq gergh fi"@%‘ilétdmﬁ and novel

NAREIRBMbinatidALE.S RG] PSFIRAMch 190 MBeRIoh smsfopmaﬂ)aﬂl&ﬂm
one or nore addjtional conpounds usef ul

tpeatindonpuigtionsa dy-&r Pasgnt Pallicationotio. 2?%05915,11 3§cfplo sﬁme delivery
s§§tgﬁ§§ncﬂhéﬁéc@5’ a3 s Sp Ak B&ﬂxc%m{% hO8s 62997 9'6'1"818 alni{fanlculate

nanoparticul ate 5 cephal osporin composition.
mebiseuneldoprilaioss &owvelalssgsanplecombinepanst’ 16.5) Betent Publication
ce t »
BP0k, ) 0 8T
Fanbbibliczed Nva A¢3at $5860 fat & amamtmhka&pmmpnsmons havmg lysozyme

SRR 2 2o RRR RS P By e
compositiing gf mﬂnga%tlm?mgkmlgoﬁai ffﬁ?;h?isg’ag) Isr Il’dfe;rt] ;
bl NG RaPE ol for B meontts s bt oapbinsfion of et

nelaspatd ¢mubmeﬁmm@aa@hw” URTPashit Bhcdtidy NaJ20800108616
ffective. ayera artlcle Size of less_than about
Jo10 8 apgRarticilatc qophng ‘f‘ﬂ‘i‘srct‘jl’m%ﬁ‘é&f‘ol’oﬁ’i‘&?%oﬁ \dny) pyrgelifiege and vinyl

tab@atbl sEsudhie dailiRart UG Fzﬁtexﬁﬁ’u@luﬁﬁcﬁhﬁb %@%dg@ng ng
an effectjve averggs artlc e size of |ess than about
1@

256’6?"%’[“' f7d ateat Pelisationdp: ARRO0ZT34R fer “Mathod for
I htthSu SR fsasé sife aasnm@eaq@fnm SUhRESEERMl QSRRLH N

conposition for the treatnent of a bacterial disease.

?H@lﬁﬁ?l@s]&ﬁtma?’%%&fﬂé“m@g drlbwragysiens Samebodast HedBaterft
e ABN0.1 20650190 7% BLésRRE, Anﬁ%eftﬁ%q tﬁfmlﬂrlkelnﬁtﬁr?ﬁg TR .

of bacterial infection using th
Raeidablisation Mec2d pRraioes o F‘AnpanUnqaﬁ)s panitarysved mgltihg 8 dekcribe

gﬁ{o'ﬁbﬁculﬁg 9&1@%&8 Q§m8(95[11ﬁ)0rns 3 ﬁ‘g gﬂe@lf&:gl%; lan(g‘p(t)l’gteg by reference.

None of these references 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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20 subject a therapeutically effective anount of a
nanoparti cul ate cephal osporin. O her nethods of
treatment using the nanoparticul ate cephal osporin
conpositions of the present disclosure are known to
those of skill in the art. The present disclosure
further relates to a controlled rel ease cephal osporin
conmposition which in operation produces a plasm
profile substantially simlar to the 25 plasna

nangpaghiqulate prrvdloseeriniprmplatiaunivhich ovenchon these anbotber problems

f ' ' e ially. The . .. .
essog T e B0 br Serf SR AR B or bl dnterion e
presemtintaition safepdiis haedl ate form In a fourth aspect,
there is provided a controll ed-rel ease conposition

conprising a popul ation of nanoparticl es of
cephal osporin Wﬁ@M@ﬂﬂﬂﬂh@Fh YEXTEINconpri se a
nodi fi ed-rel ease coating or, alternatively or
addieréadias lthe/term “oapdiafospatinebdlas@esthtely veferad e¢phalosporin and
uch. that, following oral delivery of the conposition
S h?ﬁ%%ect, the 5 conposition delivers
cephal osporin in a pulsatile or continuous manner.
Conventional frequent dosage reginmes in which an
i masdhalosporias, sadeay deR)oddaagproketilnmifier v prics beraedilatility

eriadic ipterval s typical ‘give ri to a | satile
aue e Bt i oty s ol Gk b o itad e Rotates
toa Hidb@aﬁﬁﬁﬁ%ﬁdi@dsﬁf&nk&n@k%ﬁlg\é@ﬂeﬂt’ﬁsﬁ)ﬁﬁn ﬁ&kﬂ]&g ir3prodbd ON
. of each IR dose with troughs (regions of Tow drug
bioagy lbEHY ragtdessaibed bersin pl hepprosenidisplogioe glon sdatas toaecomposition

1] ti.on ki ne ints. ~Such dosage reqi mes (and
for (B PEA R R ! EFURsPloty e R P P G
cephphspdrint] @inpobidionn calmagictadr, %o frdsbardReisiicGeRidse6 kS
associated with them For exanple, the wash out )
compesiesthat g pPeraton felivess Fmaqtive eephyfosperdn shehsareetpodoxime

prox%ﬁl&%%&{aﬁ?g idgrgva?ifve e fCH av%&@géﬁgg a&%ﬁ&&gﬁemﬁsﬁ The

pro

a contributi In reduci ng or
pres@t éselusieduplxrirelates tosdidaraleddsagafarmoumtdiyipgSuch a controlied

drugs. 15Th resen isclosure further relates to a |,
releags ARRRPSRT. ?Qf%e%gf’@%gw SRR B LR P il
limRRRSBE b BRLAMNGSS: & I%ﬁﬁﬂ@s BERId .
e. t he "peaks" and "rtrgug s" groduégg}gagb%%(@“ﬂé%&g&hwo
timegagdini stration of two or nore | R dosage forms given

seguenti al 4f such a gr?file gﬁgb neficial. This ..

t y pa° BESP SPeloag ariatss BB eanmepalisr il ordutittions pagprising
cephblRkRATA hERGASN SiobRBtulatel RPBalbHori6 @ PhrtiBMOL SThe compositions

delivery. Miltiparticulate nodified controlled
compigeaasepasarhds cenbalispeiimparticles and fideast snaliustacostebilizer

S Y A AR, L v
havehatdifeofivervietize paiciawias plieattash Hout 2060 arce herein.

Al of the relevant prior art in this field may al so
belly Histaspeels Were 1s provided a stable nanopariiculate 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.



It is a further object of the present disclosure to
provi de controll ed rel ease conpositions which in
operation delivers a cephal osporin, including
nanoparticul ate 10 cephal osporin, in a pulsatile

mariner or a continuous manner. Anot her object of the
present disclosure is to provide a controlled rel ease
conposition which substantially mmcs the

phar macol ogi cal and therapeutic effects produced by

t het prgfrrredshosagei form of thewoesent distlesurRisdowiddofage ferm, although

|V ntiall ot her obj ect .of the present
any g%las“rgrfqg SLEJI’%élEX & Btaﬁlreo@g%%eqﬁm& 8??11‘ E%Pﬁﬂéz(fdr el ease 15
conadict e@BodicafoSiHb praBht ddd dbufesd Ui8Ste®io [HakHhaaties
t he devel opnent of patient tolerance to a

compaPHISTORBF IS G napRBartpHpls sephadesporin particlyrrodiag keast one surface
' . kScl asure | 0 Qvide a.
5 sabfiGE S find 08B E SEQr S At Sh e Gycpicns.
portion of the active ingredient, i.e., a
cephal osporin, including nanoparticul ate
cephal osporin, is released i medi ately upon
adm ni stration and 20a second portion of the active
ingredient is released rapidly after an initial delay
period in a binodal manner. Anot her obj ect of
the present disclosure is to fornulate the dosage in
the formof erodable fornulations, diffusion
controll ed formul ati ons, or osnotic controlled
formul ati ons. 25Anot her object of the present
di sclosure is to provide a controlled rel ease
conposition capable of releasing a cephal osporin, in
a binodal or multi-nmodal manner in which a first
portion of the active is released either imediately
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 cephalosporin is released, after a
respective lag tinme, 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
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conprising a controlled 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 formof an antibiotic such as cephal osporin
whi ch, in operation, produces a plasm profile
substantially simlar to the plasma profile produced
by the administration of two i edi ate rel ease dosage
f oyrotigr vehodiogoeef tha pregentntisciosmest ik ditedted totapoparticulate
treatnment of .bacterial. infection b s§g

. th .
cep bR lPRL CyrapSiS LB OaE 858 BT pipds useful in the

treat@ltne6f Sacttiial méakibged by a controlled rel ease
conposition having a first 10 conponent conprising a

fi Adis diespeues fugherotisdesces prndghert olonaljeg thggnventive nanoparticulate
. i n-.an n . f ation
cor RO LSS ESIRS, QPR il M
cephaligp@th @ith aceitansisadadeatdbiliiee $oref tithdénd@tientonditions
conponent, further conprises_a nodified rel easg
sufigisRsto| Rt @ EBRIPS PapPartkefabac@helgmarisg oppopiéeBas e
n‘a . - -
£ it & 0B B, Rt B ded Ph B pRBtin 2 ph Bkt
cephalvsporirbcqubrisirig domtagting patticlus@fa coplaieporin with at ldast one surface

fifth aspect, there is provided a controlled-rel ease
Sfab@amfégﬁ _PFWDG &qg?ri Splgiohy i\‘_)‘é'lﬁlefl’f mmﬂeé% chuﬁﬂe
cepht rﬁr§é(ﬁﬂp(_ﬁitfdnrkﬁﬁrin%%@fﬁtcﬁ@@aﬁ‘}ag@%ﬁ% ik Ch88ssQharfabout
cephal osporin; and (B) a subsequent conponent

200cempri si ng a subsequent popul ati on of nanoparticles
of the cephal osporin; said conposition being capable

of .. del,i. vierin ephal ospprin in a pulsatile.20 or .
ol T M EEPE R RAEREh i o BLpalHee St FnPitogporin
havihden effevive bl @dgd pdreas eideiflase hanobotenbehas aad (1) at I8 one
a solid oral dosage foinulation to allow dosage | ess

surfaee gighiizer yo the appnyiacsie of apanqpagicalaibraphalasroriL eayposition for
ﬂwtﬁggﬁﬁﬁ%f%B&ﬁ&ﬂﬂﬁ%ﬁ&%@y i ncreasi ng patient conveni ence
an

conpl i ance. e mechani sm of controlled rel ease
woul d preferably utilize, but not be 25limted to,
er dbapteserft drisnlokarteiioalso doedtedigi mathodndfiicdatreeht including but not
. foilnulations d osnotic- controlled fornul ations. A
limitg ko, i (e o7 Bieepal dp e EiopLye i e SPU SBRORIRANTEL ol y
cephbRsprl iAWk RksitfoP i cloB&Eherbih, $hbR fetholPBoRp$RSminisiering to a
di scl osure woul d be useful in inproving conpliance

subjeshdl therdnsuatadlyeslechier apeuntiof aganemuicuiate ceghhlosporin. Other
treatents requifing a ce | osporin,.including b
methipiTB tpEey R b BhdPat EhiTs S3PlpaRrin Carstibd ol e
presehib iBclog@ hedetbwidid thodee@isREEInGRMENt | onal
ceﬁgalosporin tabl ets and solution, which are
ad

hprsset disclogredthes relatgayo asontujlisd atlease cephalespyrin n
com}g(Jgﬁjoﬁlr\ﬁﬁEm(gpeﬁtiog%%cﬁ{c'e?Lt pﬁa!gk%%tréﬁg 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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The present disclosure also relates to a controlled

nodi fi ed rel ease conposition for the controlled

rel ease of a cephal osporin. In particular, the

present disclosure relates 5to a controlled rel ease

conposition that, in operation, delivers a

cephal osporin, in a pulsatile or zero order manner,

preferably during a period of up to twenty-four

hours. The present disclosure further relates to

sollp ¢ fowrdh aspoetatperefis pryidedra eintioHgd-selezsatompdgition comprising a

.ease co sitien. .Preferred controlled rel ease .

pop i EhGER ErFRRERSloh o nalore Tl SherF G ResopagieRes Epgirise 2
modbE@itdlenké eshting ofLHIREAE0E y dP ddAHORAIYS 2 G AR se matrix

formul ati ons. According to the present disclosure, a

Y

materilt sugh thet, fohewingroml dgbvery whtheeonmetisian dela suhjedi the el y
. . ' | fect,..wth the
comp b MU ocp RRLBPATE S oflsple' Sibasoblmelferover an
exCandeationknecquent didagelieginisds eviickohssiedrasiiite raledsk IR losage
useful. in inproving. conpliance and, therefore

form werappigiered 2 pereestie infegyals EYPieAls aTbriteso padfehierasmna profile.

_ | T ! S _
i L A R e
eachdRpdst withitemughi gregivoy ofilesy dring cosenohticn) depslbgiby betwebn
T R AT —
plas%g?ﬁfﬁlé‘é)ih\éeé Marﬁﬁulﬁld}ﬁﬂaﬁh@%%i}fal ad @i‘i&i‘%ﬁegﬁé efi&1€236ciated with

rix material i he manufacture o
theng drarreshinply, the|veasb eutparisdgirovided by thetfhkk offrod iergliusoma

and/.or tteatnen f osteoporosis, 15 wherein upon .
concG i RiaciiGEITRE pefrest BiTiaaer erantobehs b b f edtiBig factor in
reduCige pidveihhedtied elokeraR B fallk AR pEsiof dAuggul satil e or

conti nuous manner. In a seventh aspect, there is

pr 6VF Begent Késclpsaredtirthemyrelgtesite & contmsdmelntsesopliniosporiy

 § ' f al os i n: and. " »
comfed A RER LU R RbaRes ERIRLEIRBR A SR e peaks ang

popul ati on of cephal osporin in the manufacture of a

control |l ed-rel ease
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30

20conposition for the prevention and/or treatnent of
ost eoporosi s, wherein the conposition is capabl e of
del i vering cephal osporin in a pulsatile or continuous
manner. I n an eighth aspect, there is provided a
st abl e nanoparticul ate conposition conprising: (a)
particles conprising cephal osporin having an

“trogflise ptddveedbeths gdmbstidtioh e $iva er flord HSSosfaE@fbrﬁnb Qitlen
200Q nm and (b] at least one surface_stabilizer,

sequRERLl; 1h suRighprogieda bemslictal atl pisiyReootprdissan be phtained using a
Lid I : at a dosage
con R e e LA DR ML ™ Pt e
dodadapdratilateafiodified sartmlled plicdse spapoditions similarBothose

. I he, for.egoi ener al . description d the fol]lown
disc é?da]ilqr%%éf‘e‘%g?lgﬁ%i CHRCL i |l§¥5¢3§%es§’>@&%#g§o%§&398 and
6,73t@ nds a5 Bel MM dE holtCofRIIAVE S8 ihéHif)&ﬁ{ed %?géi%&%&é B&eRf All of the

he i nvention as clained. Orher objec advant ages,
relewantipmenast infthistiigkemanalsb bbdourgatiedein. apparent to those

ki l.l [ f t |1 qw .detai | ed
dedidt F BT oGR={Homp S gl Suredd e SciBpnfiptease
comp¥stitanls Rii M Ipefdtfon! dINFA b @phalosporin Afcladiak 88naRRIRlate

t he tern1"0ﬁfhalosporin", as used in the present
cephglosporih ima gulsatile meeneprgasconfipyiousiednser.col | ectivel y to

ce rJ d I hereof 1

TR B PRk R BABR LIS P Einlile ppongplicd release
compdritiqar whieh ubstareiatly afimis tBé peeinatolbgicaiand fiadripeutt affects

conposi tigns conprising an antibiotic such as )
prodg s pamiHstration obFue af mers/ Redesase fppmsgiversequentially.

co It ] ' 3 '

or PO} b0E of APE LR ARQLEREROIRER) Rolflicd relposs
compasiiom Whiak solsstatiatly vedubed dreliminitecihe dbvdldyendtt o patkne

cephal osporin particles have an effective average

rel.c
tolergngeitp @jcgpliglospo FO%El?sCOﬂPgﬁltlaﬁout 2000 nm

Another object of the present disclosure 1s to provide a controlled release
composition in which a first portion of the active ingredient, i.e., a cephalosporin,
including nanoparticulate cephalosporin, is released immediately upon administration and
a second portion of the active ingredient is released rapidly after an initial delay period in
a bimodal manner.

Another object of the present disclosure is to formulate the dosage in the form of
erodable formulations, diffusion controlled formulations, or osmotic controlled
formulations.

Another object of the present disclosure is to provide a controlled release
composition capable of releasing a cephalosporin, in a bimodal or multi-modal manner in
which a first portion of the active 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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As taught by the '684 patent, and as exenplified in

t he exanpl es bel ow, not every conbi nation of surface

stabilizer and active agent will results in a stable

nanoparticul ate conposition. It was surprisingly

di scovered that stable, nanoparticul ate cephal osporin

formul ati ons can be nade. Advant ages of the

nanoparti cul at e cephal osporin, preferably cefpodoxine

or a salt or derivative thereof, fornulation of the

invention include, but are not limted to: (1)

5s raother objatt oftthoprestri disclosiluk ds Wgsagde fdidorsl dsagd Dyms
required t.a obtai.n the.sa

comBiSipe S caftBlRE afieatt ohroson shiatiSae § souBiramin ghgpding

nandPafticORiy/ &phibipgid or ms of a cephal osporin; (3)
i ncreased bioavailability as coqgared to conventiona
m 6t opiset o ifrepesatrdisoloswe prdudsd popiovisiamef g atice daily
ased rate of | 559 on _far,.t.he cep hal os in
dosage‘f’ rgls(iﬁc'ffalnoarr]lgg %IC Sus Céaaﬂ%lgspoggvvg}ﬂ%h > O peT at10n pPodruces a

plastih F¢filE Ysisaintihine sﬁrﬁfaﬁﬁo 0F pldiaprcitle btbduealsy BsRAHifstration
I n, addition, the cephalosporln composi tions can be

of tpsigamediate 57IPsE GoPAss TREhEIBeThEsueRially énc g arftkod fop fhy treatment
of bé.c'fbrfab ﬁlfé&ﬁﬁtb%‘éat 011OEhF gﬁﬁhﬁgt+a%|8n e glﬁ:?lt \ (?og%ge formt o The

resent I nventi on al so I ncl udes nanopar
c eWha blespabjaets gre efodivabbya caftpddd xéleme @omposiaibit horing a first

derivative. thereof, conposjtions. together with one or
compgfieat ?ﬂﬁ*&rb%gcaﬁw rtoaf Wﬂ&ﬁl@@ﬁﬁ%ﬂé ceabal?@f)gn and a

secoRA LMt o%ﬁi{ﬁﬁh%ﬁ @ém | onéggédoﬁg E}ﬁ? 5 rru 2 egﬁé?o:%%nn The

15carriers e conp05| can
mgrqadaanenmaﬁammg moticlon oi( the gecond wompommo igthei m:mpmas:s auwha@lified
ut aneous i adn1n|str§t|on in soli

releals? aqﬂsg? CRt conuyr c%@g Q5 fe eaﬁgggz'mx F’@Wﬁ} or both.
Foll®ik dFal dbReay, the Q&ﬂﬁésﬁmorpinrﬂpeﬁﬁbﬁ delNerés Qéiﬁl)alospé&ﬁfﬁ&l

intracisternal, intraperitoneal, or topical
Pubﬁdﬁph@ﬁﬁm@@HﬁnQHEand the |ike. A preferred dosage

vention osage_for. . .
o T e VN BinepVate fordnk S -JRRR i il copgrising: )
a firdt @6iip SRt Bempridihg & €ilst poyeanbras Mnamopdrelcldo688eeph@loBBorin; and
include, but are not |imted to, tablets, capsules,
(B) asyibpraposnt qo&w@ﬁ%w}i’é\ﬁﬂ‘érﬂssubﬁqw@ POBFla@‘Plaﬁfﬂlaélé)PafHﬁ]@S of the

crr i SRS o SRRt B3

or cdn;anuxtuslmmdr dosage form del ayed rel ease dosage for m
ended re] ease do age form | satil e rel ease
d oi%gfe?%lﬁ E%Sdﬁ?‘%?dﬂﬁ ¢ gpmirqlléfacléase sgiiyery of cephalosporin
from%hﬁ Qkdl %Gsdﬁélﬁﬂﬁﬁa@%@%&m&%ﬂ%ﬁ b adkh PBrore, g_nd

hereof A solid dose tablet for on is preferre
preferably 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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A . Definitions The present invention is
descri bed herein using several definitions, as set

forth bel ow and throughout the application. As
used herein, "about" will be understood by persons of
ordinary skill in the art and will vary to sone

extent on the context in which it is used. If there
are uses of the 5 termwhich are not clear to persons
of ordinary skill in the art given the context in
which it is used, "about” will nmean up to plus or
appmaciusodid¥emicet doavasioneedphalosprim tablets and sdélatiors echich are

herein with reference to. particles. of a . .
admeaf}ﬁ%ﬁ SERHFISH 2 2y 3 J@@%@&ﬁ%ﬂ%@ﬁh? HeatEephef bysison| nfection.
ParTihe Gh&ent st £Ei@DbY dohR68eH Rb&HRH release composition
aggl onerate due to interparticle attractive forces or
for the hentwillsd relgrsa of n soplsilasppricr bagzati¢ularpthetpresert dsdesure relates

10The term "effect.j.ve ayerage particle siz f |ess
to a ptiblet ] Foss GpBTHON 4ot dh APvratiat felfistn g Semalosperins n a
pugwgast 50% of the cephal osporin particles have a size,
by wei ght or other suitable nmeasurenent (i.e.,
vol une, nunber, etc.), of |ess than about 2000 nm
when neasured by, for exanple, sedinentation field
flow fractionation, photon correl ati on spectroscopy,
| ight scattering, disk centrifugation, and other
techni ques known to those of 15skill in the art. The
tent "conventional" or "non-nanoparticul ate"
cephal osporin neans cephal osporin which is
sol ubilized or which has an effective average
particle size of greater than about 2000 nm
Nanoparticul ate active agents as defnmed herein have
an effective average particle size of |ess than about
2000 nm 20As used herein, the phrase "therapeutically
effective amount” shall mean the drug dosage that
provi des the specific pharnmacol ogi cal response for
which the drug is admnistered in a significant
nunber of subjects in need of such treatnent. It is
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 anmount by those of skill in
the art.
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The tent "particul ate" as used herein refers to a
state of matter which is characterized by the
presence of discrete particles, pellets, beads or
granul es irrespective of their size, shape or
nmor phol ogy. The term "nul tiparticul ate" as used
herein neans a plurality of discrete, or aggregated,
particles, pellets, beads, granules or mxture
t hereof irrespective of their size, shape or
nor phol ogy. B. Preferred Characteristics of the
or zdda nojrantanoer pteferdiy ploahg 8 period oDanjpdsieniveliosr ndurs.h€he present

s D B L B Bl s ggnroted s

cqmggﬁﬁggoxine or a salt or derivative 10thereof, o
ornmul ations of the invention are proposed to exhibit

i nErafersestcopiroHedirdlenise firmplations ateegedabls formilréensddidiision

a ared to prior.conventional .cephal osporin
coniffiihipriiaives AaPormiHRoRS PRt A e i g present
disciebwe, Ppefies abihy t&hrDIdd @FaytRBREsddliSNTdRRdIP td SldVgf@ rapid

nanoparticul ate 15 cephal osporin, such as cef podoxi ne

onsehpf gffagh|withpthe grpaipig npstiemelrthe fotalkleys redpasediensr prpriended

‘ ) i g i ni .
time O FR bRl BBty Sl R A LBLRRER cofpliance and,
thergioref thempeitid diecanafiesilttteansertorguirdigagephalosporin including but
cephal osporin preferably.includes, but is not limted
“0t44¥“’*f)éﬁt%?“¥%¥O%h%mEE%HgFﬂgﬁbrin, when assayed in
t hﬁq zP!siQﬁf%P&ft, tﬁemgrfﬂﬂv‘i&ﬁ Tﬁé‘ﬁ’deecgta fog{lfaﬂéﬁ\ﬁ Bfcephalosporin-
adm ni stration, that 1s preferabl reater than
contaihmg@arteckesfwlicrain nibnparticiop evmpisel canedifiod-neibsst icoatingf or,

the sane hal ospori.n, .adm ni stered at . the sane
el aBaoT AHOR Y 3o aHDRbE TR Tapoas SR EL B enggrye of
cont@SAY&E6ask RokpsiRbA BN ObreeTRATERN R RSB 6 osteoporosis,
follow ng admnistration, that is preferably greater
whenehaponieal Alglvéryof shaemmprsitispde @isubiett ticfcomposinon delivets
o l}pe sane cgﬁhﬁg£?%ylﬂ1Oadninggtered at the sane
q’88§%65¥nﬁﬁ’58 (3) y %%IFé?mQ‘Cephalosporin, when
askay @dehth abht,hé@s iBpohided 25 WRMIBA) Afirss UBh6itent comprising

followm ng adm nistration, that is preferably |ess
a firgt papulatien of 2 eephalgsprsiL ABth Ops TIDEHUSHIECONBOREALLOTGRSHE 2

| . .
L L
comprsEithnhfer thieprevieatibin endibaitcammnokt ofekicopqo b, wieerdin alsiontposition

. after é e Lniti%! dose of a cephal osporin.
15 capable of delivering cephalosporin in a pulsatile or continuous manner.

In an eighth aspect, there is provided a stable nanoparticulate composition
comprising: (a) particles comprising cephalosporin having an effective average particle
size of less than about 2000 nm; and (b) at least one surface stabilizer, wherein upon
administration to a mammal the composition produces therapeutic results at a dosage
which 1s less than that of a non-nanoparticulate dosage form of the same cephalosporin.

Both the foregoing general description and the foliowing 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

-13 -
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I n one enbodi nent, a conposition conprising a
nanoparti cul ate cephal osporin 30 exhibits in
conpar ati ve pharnacokinetic testing with a
non- nanoparticul ate fornul ati on of the sane
cephal osporin, adm nistered at the sanme dosage, a T.
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%
appanertt tgthwat iliehorthakodton? 0% fohowing detiled desvaptiamolithe present
disclzlyg%/? not greater than about 10% or not greater than
gt 5% of the To exhibited by the
non- nanoparticul ate cephal osporin formul ation. 5In
anot her enbodi nent, the conposition conprising a
nanoparti cul at e cephal osporin exhibits in conparative
phannac o PEEAIEEDERESARIRITHONONCPHEANIENTION at e
formul ati on of the same cephal osporin, adm ni stered
at Asheispamveabagem ‘@cfhalospbtie) ab Ssedtin ligagtseabsdetion and in
50% at_| east_ about 100% at | east about 200% at
the qlaigst wilbis{ar coiedavelyt tojcepllosppBn andpodsugsithqreefst  about
500% at | east about 600% at |east about 700% at
l e t 09 t l.east abqut 900% at | east
. ab@ﬁaﬁmﬁgﬁ%&ga]tg?o epé%%) PYBY Oﬂ%&o“sat | east about
1200% at | east. aboyut 1300% at |east about . 1400% at
| eggi‘ PSR IVEBEE84S ‘gfeciteéég QWC%W@P%SFW“@ &SEprising an
.lﬁgg” 0, Pg.!”; 0, t "
ant 1900%%03}83{% 2Rspd i B &%?%?%628%@&% “BiipodiiBiH
compuse-the peppalaspanin sadeprefpitdy aslpant ione fwfarals@biloar adsnrbgéton or

anot.he nmbodi nent he nposi tion.conprising a .
assof AR S R U8 181 e BE BP0 =D BRFTGley pve i effecive
averSQMAGAL kive oPa¢ TREAb&ItIODD G esting with a

non- nanoparticul ate fornul ati on of the sane

ceplidtusbpby the, 68t natants eed axgexgmplified Q’f\tﬁ'é exugplgebelaw, not every
Whi i 1. % . 50%.
com s Bk PR AR eSO PR e

about 125% at | east about 150% at | east about 175%
at | east about 200% at |east about 225% at | east
about 250% at | east about 275% at | east about 300%
at | east about 350% 20 at |east about 400% at | east
about 450% at | east about 500% at |east about 550%
at | east about 600% at |east about 750% at | east
about 700% at | east about 750% at |east about 800%
at | east about 850% at |east about 900% at | east
about 950% at |east about 1000% at |east about
1050% at | east about 1100% at | east about 1150% or
at | east about 1200% greater than the AUC exhi bited
by the non-nanoparticul ate cephal osporin

25formul ation. 3. The Pharmacokinetic Profiles of the
Cephal osporin Conpositions of the Invention are not
Affected by the Fed or Fasted State of the Subject

I ngesting the Conpositions

-13a-
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30 The invention enconpasses cephal osporin
conposi ti ons wherein the pharnmacokinetic -profile of
t he 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 ona
cephal osporin fornul ati ons, the absorption of the ..
cephal osporin nmay be increased-when adni ni-st.ered with
food. This difference in absorption observed with
conpesmicno riahamginiaingbfﬂﬁﬂcb%récﬂhmﬂtzﬁiei anwphsiculate cephalosporin
&%%§hrable g cephal osporin 10 fornul ati ons of the
i hven O%ngyg F&6fre this problem as the cephal osporin
f or NuAdvineixss ﬁﬁﬂuﬁﬁopafmﬂﬂﬁé e¢phbloYposinPsit Afblyaddfjbdoxime or a salt

I, M nate SI |c§ntlgtg|fferent absorptlon | evel s
ST AR et elpveLiop it g Toxmttfo: (1
GRAIH: bR Sr other solid d&apefokh §lz@f(2?sxfi’£§9@§se§ & dﬁlé’%hﬁ’lped to obtain
substantlall¥ elimnates the effect of food include
e spme phamacqlegical pifed o5 compedite peyentiqal misyocrystalline forms of a
e b & ot SRl el ot Baline
e obsepiflpsronn; andd#). antipgr Sasﬁféra@ o rdﬂSS@lGTa@ﬂ for e cophalpsporin

I [ |
o SRR AR AR IELRRREN B RLERL
perhalosporine th additéon, thp cethologmutinicofpetiiionsanbe ad ulecrqnﬁinctlon
j ce with a

e BBl A B B L B LR por
ConpoElietfirenest iofentitne albmm}mﬂemnWmmbuMmaphﬂbgmﬁﬂ, préferably

Eeq% Oglgne\@,rass 516 . Fas] tﬁe S Ote OThe |tn>g/ ti Oﬁiooal SO e non-
enconpasses proviaes AROpartRoglPat e SH6F PR
%icqﬁyﬁ@bﬁibhl%obfpwﬂh @iﬂmﬁﬁi m:ljillvaits’ at veicie célhseuvely referred to as
on to.a subj asted state is
PORS  F O S o P R TN GBS  Bvepees
mtrﬁmbsoﬁm dr Butdufafé€busy, dtaBadministration i €olfl, fifi88 &7 GErobdM form,

abso pt| n of the cephal ospori.n conp03|t|ons of .the
I A I A ]

ﬁlﬁsﬁ@ﬂon%ﬂa&ﬁoplﬁilaﬁﬁir&hfaﬁoﬁssaﬂcﬁﬁ§hﬁehan about 60% | ess
t han about 55% 1|ess than about 40% |ess than about

45% A prederyer Sqsagp dppm q)fgh){) mygdign is a solid dosage form, although any

pharmaceutically acceptable dosage form can be utilized. Exemplary solid dosage forms
mclude, but are not linited to, tablets, capsules, sachets, lozenges, powders, pills, 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.

Al Pefinitions
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t han about 35% |ess than about 30% |ess than about

25% | ess than-about 20% |ess than about - 15% | ess

t han about 10% | ess than about 5% or |ess than

about 3% In one enbodi ment of the invention,

the invention enconpasses conpositions conprising a

nanoparti cul ate cephal osporin, wherein adm nistration

of the conposition to 5 a subject in a fasted state

i's bioequivalent to adm nistration of the conposition

to a subject in a fed state, in particular as defined

by cam and AUC gui delines given by the U:'S. Food and

Drug Adm nistration and the correspondi ng European

regul atory agency (EMEA). Under U.S. FDA gui delines,

two prbgbEsE syvermnipdescried hpetarsiiasar esdefifitiorreasg@oforth

Bapty HEREE ILEEYByTichh) o ADC and Gm ax are

bet ween 0. to 1.25 max 10 neasurenents are not

r el evaswseddielsiig é gy avditcenfiastoodigupatcns yf gdimposkl)in the art
- 1O Iyal enc tween 1wo..co u or

a (rln%r}?i%t g)tsl%g% e\égerr{gtlﬁfl gg‘gm%xu }nsﬁ%l\éﬁ“tl%‘?%%r gg%‘r%arﬁﬁﬁd the

germdehicings pot dier @08érohs bDordibhiE skillsih theearhdtanakecdhiddin which

to 1.25.and,.the 90% Cl for Cnax st. petween 0.70 to
1 5587 580 ST e St om Sior TR PV TR A 5By |
Conpoais bbadnsredd with eeftrav@né paticldNer NRPRDDHbIIE thtahl€” means that

glgephfa}%j?ssgori n, .%uccp as cef %?Oﬁi ne or a salt or

rICR A T PP 10 105 ARRSET A O HCCBIR G R deg ppertei R tar e
RHtOPOHER alt@cihaBrodd exIRGWaE kponthnosily iferéfle tH SERILiLON
profiles. Rapid dissolution of an adm nistered active
agent Th&tepr eftEchy werags prigle size gl lesdhan abent 28R epajep ysed

heRHSméAs {1a64t2asPILLT 8E cMhibQdria PIrtiRleE BA&'a size, by weight or
bi oavai |l ability. To inprove the dissolution profile

Sther Priable mepamsment (i.cqfvolums, Bapiesl eiis)p of less, than abapt 100 b, when
WRGGMd B0 dr REARAS G edi i i hdti
A oSS Sl B3R Bob Bsion
ERFEIOSPRY, daki sedttering diskesntrifugatipn, efidethiy tychingwes known to those of
diifisohdtiion 25 profile in which within about 5
m nutes at | east about 20% of the conposition is
di ssolketdrm {'qpnpeiionald pb'oghmentpsrtghlatef @ephalospririnomeanat

- 30%.9r+.: I t . 40% of ) i
e R it Mhed MBI Sverre pocilg oo ot

osporin conp ni1s disso

' pienigt thgn ationt 300 mot. anopadtiodataeetive agéntd nadefinadindrdi®Ngve an

ef.er abl at .| east out 409% | east about 50% at
PAEREE Ak B3 B0t e Toomiet 2bout 8006 of

t he caphwlaspby ihe phowpOhérhparticdlly cBctilie as@binte §hall théinthe drug

bout .10 m.nutes Fi.nal]y, in another enbodi nent of .
IR081 ST 5 e phifingt oS L Hrbponst By eI drpe is
h@nigtstcadidh b s@0Micadtnb@®asd! sabjedit indBU oNucitredt@AS! It is

about. 100% of t he cephal osporin conposition is
arpglgaaizvggtag,a @ﬁpﬁeug%&ef‘@etl\% amﬁ)pgtsqfr;%mg that is administered 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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Di ssolution is preferably neasured in a nedi um which
is discrimnating. Such a dissolution mediumwill
produce two very different dissolution curves for two
products 5having very different dissolution profiles
in gastric juices; i.e., the dissolution nmediumis
predictive of in vivo dissolution of a conposition.
An exenpl ary dissolution mediumis an aqueous nedi um
contai ning the surfactant sodiumlauryl sulfate at
0.025 M Determ nation of the anpunt dissolved can be
carried out by spectrophotonetry. The rotating bl ade
nmet hod ( Eur opean Phar macopoei a) can be used to
measure di ssolution. 10 6. Redispersibility Profiles
dlﬂurﬁlﬁ»ﬁ oQdigthett.ox pegregat€h ppislcs, ipolis, béads fagariutes en ibowre Aereof
r ft hal osporin, such as
E%]Q’g?%r%lgg?ﬁg sfia Ornjﬁﬂlﬁﬁ%&ri vati ve thereof,
conp05|t| ons of the invention is that the
conpo$i t i obeeferect CharaersdcivftthaNakdparidiiaet i ve
aver age paCeplal@psiia € oaipositions efthe Deleatioh
cephal osporin particles is | ess than about 2 m crons.
This is signifilaardasedBioh¥aikipibity adn ni stration the
cephal osporin conpositions of the invention did not

redi speé¢ Sfopaicul st Beihankhainl dchanQpRidbkialél Rt @alt or derivative
particle size, then the dosage formmy |lose th

st founalptioss gie By epinAsE &fppwgd forf‘éh@eremwb@ewrlmm

lahd RqRird FIRAIESH AhBaRBlid f{ﬁdr%mweﬁ@onair évpﬁamsi)oﬁﬁ‘ G Btions.
nanopartl cul ate active agen conposli tions benefit

fromthe snmall particle size of the active agent; if
t he acti ve-agedmproeed PloProfidesi sperse into the smal |

par ti
e e L
%@l@ép@mt sughes selpidghinm nrfazele of ¢eeleateweh€g90foﬁavma desnable

gﬁﬁ%@!{l&r}ﬂﬁy %ﬁ)ﬁ a%ggn%gtel%ﬁ (ijo fn%hg]r Sglgjc ¥tsn a"tﬂula desy ble

riving |eve an overa
ehamggokingfic thﬁlfﬁeoiftbﬂr et posttions commhmgg gb;ﬂmﬁasme@referably
av P14t the dos
PR byl R By T ol oot B B 500 e
glasipe pBd mamfvaiia wbjethidllowing paninumﬁcai, €haai tpraferablg @rdater than

N T R e A —
tediapasaigandbr 2hen ARITORAL tiphbloglotin Cxelﬁﬁﬁas@wpﬁﬂ tRe plasma of a

a}r?tﬁrlﬁi 1%1? g’u&?ﬁphﬁ gg%%ag;%%lpg}gtﬂtéag 1 2 r?an‘ggl grea%el?l?hanaﬂ?e XUC for
a non-nanoparticulate formulation of the same cephalosporin, administered at the same
dosage; and/or (3} a Tyax for a cephalosporin, when assayed in the plasma of a
mammalian subject following administration, that is preferably less than the T fora
non-nanoparticulate formulation of the same cephalosporin, administered at the same
dosage. The desirable pharmacokinetic profile, as used herein, is the pharmacokinetic
profile measured after the initial dose of a cephalosporin.

In one embodiment, a composition comprising a nanoparticulate cephalosporin

exhibits in comparative pharmacokinetic testing with a non-nancoparticulate formulation
of the same cephalosporin, administered at the same dosage, a Ty, nOt greater than about

90%, not greater than about 80%, not greater than about 70%, not greater than about 60%,
-16 -
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reconstitution/redi spersion in a biorel evant aqueous
medi a such that the effective average partlcle si ze

of the redi spersed cephal osporin particles is |ess

than about 2 m crons. Such biorel evant aqueous nedi a
can be any aqueous nedia that exhibit the desired

ionic strength and pH, which formthe basis for the

bi orel evance of the nedia. The desired pH 5and ionic
strength are those that are representative of
physi ol ogi cal conditions found in the human body.

Such bi orel evant agueous nedi a can be, for exanpl e,
aqueous el ectrolyte solutions or aqueous sol utions of
any salt, acid, or base, or a conbination thereof,

wief grhatendhatibout 186, desgreaer this eﬂmdt J0Oh inot gtatenlgatdnboﬁmh’o, not
RSP AL bR 2R, o AR W AR T8 e Bl g o T orno
@m:atee kheavi abdut ¥4 ofshaiB).) clbilsind by I’fhetd@ﬁ nafidparticOlate@piAkdsBorin
N Ee stomach, the pH ranges fromslightly | ess than
éb yplcally greater than 1) up to 4 or 5. In the

s rral | T anoetet étikodiient ht Eatfipdstiod @ohpi@ieth hddofarticile | N
Ionﬁgh@can range from6 to 8. Biorelevant ionic

él’ A [$ ) SRBPRTaMplR s okngliclesting pi iy agipngergRarticulate
g@ﬁuldu@n b Wk dar@SepAdlodpoRh CadilikiRRAY Et tad M&ag@ A .. which is

while fasted state intestinal fluid has an ionic

&t feash @l?q*l’t %o driget aboutd 00%eat leaspabout J09¢m AY least abgut 300%, at least
abdia ﬁ@@%e({t iadtbhon 5@6%F$t%£§ab%{1%05/ &t iéispg%ﬁ 7@9/5:1 at. lzast about

Proxi mal  Jejunumin Men and Wone har m
BY%. & depstmboutGP8B7at least about 1000%, o e vt 0¥ Ineabont

ﬁfb(ﬁ/n CAt 24 'aﬁou? tl% )gtatf' leQ%E a‘)g'tﬁ 1&8@%, %Pela %)8.1'? 1550%“,9& Rast about

critical than e specific ch em ¢al con

Ae05.cit tegit pbow p RS R ek keass abdit A RED%.omiatlest almugl Y0Vagrassr than
be ou in qns of

SR me BN 0P e A SRRl SRR OB B BRE ¢ i o

c o n j u@ateeamdled elbacshmpna; the caémpceut;on\memimsang dﬁalﬁﬁai'tlculate

S%Jirh BT OO i d E}tss ?Jlrcéﬁ%ygxfgnteh acoglznétlcr{o E &d Iﬁ]fngg F}g}éopartmulate
ﬁjrmolamdn yi the mietﬂepmpcﬂm aﬁﬁuuh&tt:d art& saﬁie dobde 1 AAWO which

HCl . sol pti ran conc on from about
6 i3 e B 0B LR B b B RGOt eas
slgne Hﬂ% at le@sﬂ abdud lIfS(ﬂZb Qitlleabt DOt 176%a0kHst Aokt Mov@Reast about

2%#? £s t ﬁ,For ex%gple el ectralyte sol uti ons

o e 4P POt oS AP B 0% i i5tAPoBt J00R¢, pgeasgpbout 350%,
hiasst ab%bm{fo%) aﬂ@ash’aﬂ?ﬁldfgﬂ’%,' R 585t aBARYHOR); &%sthbﬁ%%S@%, at

| ess, about or |ess, about 0.01 M Nad

1668 ok RO, 1 OTORNKES. e EAbent S o asuplesat 750% at leas
SRl 8004, at¥eadt BEHE 38096t QL 0ELEutSBhIL 41903 abgth)]SO?‘ g‘aét about

and/or 6.1 M NaCl, are npbst representative of
aﬁﬁ‘}ﬂé plsiup B304, at leesh dbauit HHEY, abdierry abayt § H®Yp leir atriehst

L1 P08 SOALNAARIAbICCOSHE

P e YA U ARt B%ﬁ’é’ o 51?%%"@1"““13% cephalosporin

wlape at i ons of 0.001 N HCL, 0.01 N HCI and 0.1 N
HC1 correspond to pH 3, pH 2, and pH 1, respectively.
Thus, a 0301 ho 9k Ut acidic
condi ti ond’ foDH;;l aco HEHwa%H ?2? ‘gPOBnQﬁ#w
NaCl provi des 3st§ sﬁ? %E%'{;ﬂ%?% i BY {thefed or
strength condi {10 dP¢ o :) i Yypositions
including the 5 gastr0|ntest|nal f|UIdS although

concentrations higher than 0 1 M nmay be enpl oyed to
sinulate fed conditions withj,n the human G tract.
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Exenpl ary solutions of salts, acids, bases or

conbi nati ons thereof, which exhibit the desired pH
and ionic strength, include but are not limted to
phosphori c aci d/ phosphate salts + sodi um potassium
and calciumsalts of chloride, acetic 10 acid/ acetate
salts + sodium potassium and cal cium salts of

chlori de, carbonic acid/bicarbonate salts + sodi um
pot assi um and cal ciumsalts of chloride, and citric
acid/citrate salts + sodium potassium and cal ci um
salts of chloride. I n ot her ernbodi ments--of the
i nvention, the redi spersed cephalosporin particles of "
the invention (redispersed in an agueous,

bi or eTbé mventiop enemmypasseh eaphalososiplcempedicny wheem thS an

' ticle size of .| es h abou
SRR AR 2L b B B e
1860 stutg oflacgbjetthagesadpohit cami@Bition The ssakddm ti©lstno substantial

0on ess t.ha bout 1500 | ess than about
HBEin hEFRo AT R bE0G fied e P iothen the
b2ePamicuiaieesshaldaparineddiposifidRrommihReediin 810 faPRius the fasted
1000 nm | ess than about 900 nm | ess than about 800
ARl 1 ess than about 700 nm |ess than about 650 nm
| ess réannaaskal 6§haliPoriéFotn@istiohs) W ABQHE oot hd Wbhalosporin
| ess than about 500 nm | ess than about 450 nm |ess
PRYAC 5EGEedAden afninigasd wHA foodp diis difgenemin shsemptiomelserved
ahna 'ébm%ggoﬂ&m:etphﬁ&ﬁ)obﬁ %h}ﬁl gigHﬁs i %ﬁde@ﬂbl&. efir c%lﬁ!bs?z%%xm

nm

200 nm | ess than about ) ess than about
Farmplapierscof thedpveation pversmahisgrobias o thyarphalnsperibmutations

ﬁeﬁu&@ﬁ%ﬁﬁgblpﬁuﬂsk&hslff&%i%ﬁé l;l E?ﬁﬁ%%?ﬁ%ﬂ%&%%%ﬁ% Fééréls when

or other appfopriate he _ s sul'ta
pdspinseae Hoderfedas eopmiaed tafastiegengBioparti cl e size are

knowngt o r ' WMlLin the art. :
o oser o oPR15aRe ML bkaRilt cibibele ik of ood nchude
prempsakenpwbidchcanveniance, th8ely megasing dubjeetcamplignce, as the subject
' f t ent . 6,375,986 .for "Solid e .
RS b & sufnguna By Bl e Qo RhF Sty wichourSod 45 i
SgmBeagit, s with Goordriuhjatt compbinca aRalcysaey ineheSuédi@e Sondition for
LWizer. and Dioctyl Sodium Sulfosuccinate." | .
h R bl s B P HRS miy B OReEiRe e P i o bacterial
drirg resBtaner foApddreebjég edhipliance with TReptaRphainospor i n,
such as cef podoxine or a salt or derivative thereof,
conpositions of the invention can additionally

Conpri se ane OBidERaRaRAGPSIUNGhaldSFiril CoRpbdiGaisiof the?
bacterial infection, or the cephal osporin

conposi tions cliveptomdhenAdmingtered injthe Fed Vrrs thsFasted
wi th such a cogpeund. Exanpl es of such conpounds

i nclude, but are not limted to, other antibiotics
such as ot her cephal osporins, macrolides,

peni cibeipvsstionplsorraremeasses Prividss ampehpsrtignidtercephatosporin

SRIPBAHAH R wiBdh dnG k@G ok ﬁl%%omgomqg %rshﬁj E45P1 Bisted state is
Cephal osporin Conpositions

broequivalent to administration of the composition to a subject in a fed state.
The difference in 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

- 18-
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- conposli t1ons of

15The i nvention provides conpositions conprising a
cephal ospori n;.:such as cef podoxi me or a salt or
derivative thereof, particles and at |east one
surface stabilizer. The surface stabilizers
preferably are adsorbed on, or associated with, the
surface of the cephal osporin particles. Surface
stabilizers especially useful herein preferably
physi cal |y adhere on, or associate with, the surface
of the nanoparticul ate cephal osporin particles, 20
but do not chemcally react with the cephal osporin
particles or itself. Individually adsorbed nol ecul es
of the surface stabilizer are essentially free of
ithenesbowt| 3684 leas than eiss: BONKlagakan about 25%, TREthRk B5R020%, less than

BTNl R il Lot B Rofo o or By Brbitout 1411y

accephpdleenbadindar 6f thatlveRA] the uﬁénﬁbﬁféhé‘dnﬁﬁsses compositions
col l ectively 25r?ferred to as carriers. The

COMPOTTE T BHOPEHR He TRt Bt asla%wa?ra@f the composition to

laRIgEdt 10N fabRd State i& OEANGMY B> adnldhibARUS %P‘hl@ 'E:om smon 0a
subcutaneous oral admnistration in solid

Stbierd o5 stlsy i Pafiiylanas definad by Crax aed ALUC @edﬂlafrs glven by the
g #ood RAVBRES IR RERALRd He c%r@:{bﬁ)xdm%ﬂ&%g%an regulatory agency

intracisternal, intraperitoneal
SBMEN)-sUrder Lo Fdth auidélmeb.itwe pregodss @elpﬁabeSiFmMWI}ulvalent if the

-ﬂ?% (%%BH@HCQ %R&(JAIQ ﬁ (grllﬁJ@ andEES %%tbe{u%e}l B %0 to 1 25 gl‘ ‘max

i nvent | on €an present
@W@Fqﬂsr?ée mtaslevanaw lmmmwhbu@ fp:hagldatoqz purposes) To show

u1&é{1(¥1%% ﬁgtweg etvupo c%%]epbunds e C I8 ﬁﬁtéc?nucz)ﬁgps%?ursugm to

ures
Empcrp P=L% STETY gl!u;ieltd&e then086 CIl ﬁﬂ AdfDinaktrbetbeveB@BIR0 to 1.25 and the

6@£Q§| §$ﬁ@mus 993gﬁyg%y but the conpounds can

di fferent side chains on
the cephalosporln ring. An exenpl ary

cephal ospai n ®isonbios Peolfileyoftthe Oefiﬂzﬂbﬁpbﬂﬁ (l‘oinposxtlons of the
cef podoxi me. Cghypaéexi me proxetil iIs a prodrug which
is biotransfornmed into its active netabolite,

cef poni@xiai@partiRRit: @GRAINIpSHA,3MEHOL ceBodold@b beNalt or derivative
has the chem cal 10 nane

PdOXIﬂE til
PR SO TiB BLE BB aEB 0P BRY 1o Taye Empaylly dramati

disdIition ﬂ)ﬂl&l ®Rapidyilssolétion of an administered active agent is preferable, as
%g?)net oxylrnlno}acetan1do]-3-
18559 tien ggreradly dsads & feptpronset £F agtjonyed erepigr Bodjadattility. To

SRy Cand S EBNLY e LRt wgyape
gl ot ipgreesq thel dregp figsodution se difap 8 goudil n‘ealpadmlek dléseits 10026
The cephalosporin compositions of the invention preferably have a dissolution

profile in which within about 5 minutes at least about 20% of the composition is
dissolved. In other embodiments of the invention, at least about 30% or at least about
40% of cephalosporin composition is dissolved within about 5 minutes. In yet other
embodiments of the invention, preferably at least about 40%, at least about 50%, at least
about 60%, about 70%, or at least about 80% of the cephalosporin composition is

dissolved within about 10 minutes. Finally, in another embodiment of the invention,

-19-
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2.Surface Stabilizers Conbi nations of nore than
one surface stabilizers can be used in the:-invention.
Useful surface stabilizers which can be enployed in
the invention include, but are not 20 limted to,
known organi c and i norgani c pharmaceutica
exci pients. Such excipients include various polyners,
| ow nmol ecul ar wei ght ol igomers, natural products, and
surfactants. Exenplary surface stabilizers include
noni oni ¢, ionic, anionic, cationic, and zwitterionic
surfactants or conpounds. Representati ve
exanpl es of surface stabilizers include hydroxypropyl
nmet hyl cel | ul ose (now known as h)pronel | ose),
hy@fﬁ:@hly pF lopst hewit W@%o@é@aswoyl\ﬂ% laplpast abaud 86, orsiokthu about

g, ulfo uc
R R b Rpolh BT RIRERLE e b o
chol eﬁmomtmn is Iptﬁ@faabiﬂ mte,asus‘ttﬁa ralrmedanm ohich bsecnmilrﬂ]ﬁmg UBtch a
o r al ci rate cer nonost ear at e,
b aEmo it BB S PYER Crvol BT Sirig i products
davibi tra’g difdran ﬂzsscﬂﬁxh(qumyfﬂbdfh)ﬂ gedific plidey|; €A Sokifordmedium is

ethers such cet omacrogol 1000),
;?6?%&9 B HY P! AoprQERoR ot GisgIplary dissolution medium is
PA lay oM ehBItaREntaRid thadirfadhhitoditmda R $i BIde GE0.G25 Mt he
comTerC| al Ig avai | abl e Tweens8 such as e.g., Tween

g gog( fisrolgdeen By pajedcnt Ry erecygphotometry. The

RethiRt H1¥deSRE A (KaRIpSanFhafiBacBpociAYRAPINRES to3nRfre 3o lution.
9348 (Union Car b| de)), pol yoxyet hyl ene stear at es,

col l oidal silicon dioxide, phosphates,

car boxymethyl ¢ dRedispersibilityl Ryiofiles of the

car boxynet hyl cdl4phialeseorimgpmppsitieasiof tieelnvertinne

hydr oxyet hyl cel | ul ose, hypronel | ose phthal ate,

noncr poagditionat fe@@kﬂt Qﬂ tbseephﬂagloésj sueh @8 agfpiodoximme or a salt or

uritafo Bl LERRANRIETH AE Bl B! 8GN hioh Mperse such
¢hahthe effectiyx ﬂtﬁ&’amﬁob?r s af dlpyreldisgeaded Oeltibﬁlokmmm’paﬂﬁles is less

I u i.on d tri.ton), .. . )
SR PP T RSBy R mscmipirmion s copplogrorn
cqrpmsyums of thé mt:ﬂttydneimbmﬂxédjﬁ)eﬁa o pubgyhiae nadpa@Lulate particle

9088 I .
G ST E s iy Bre e nili e B gl
cahaloypoein mi:eﬁlnﬂﬁ@aftfcﬁlﬁkﬁfﬁﬂ:W’Hiiew addi ti on of
pr operene oxi de and etlﬁ%/tl ene oxide to et hyI enedi am ne

( BASF ¥y BRGE PR EPHBIALF Bifive BEFY FoypRAtifionfbepehh from the small

paticloBize ofithO 8&ive hpentQf o A8l ve(aBARHoMWIRPHQLsh&se into the small
Corporation), Tritons X-2008, which is an al kyl aryl

B@P?‘ét‘sﬁ%“r“@ﬁ P@IBW%”‘(IR%“QH@P%%EIO@P@EF@%%@ agent particles

e ¥d@Rd, Mﬁlh% B ths eAreflel Mﬁl? stﬁfacc)? HEE QR By @R AhSpantiate system

sucrose distearate CTO a

pd %W@ﬂwdﬁn@%ﬁyﬁw;ﬁore@rwh@m an ovgraligedustiomindeee energy. With
e lrh 8P Qo PHIARELARA pd oD ggq((%r@a,ggﬁm( §§Osgﬁ% form may

Stanford, CIT); odest a
gﬂmﬂc@low\ﬁﬁmbsqtrge@ith the liquid dispersion form of the nanoparticulate active
%gg‘?CHz(CO\I( CH3) - CH2( CHOH) 4( C112011) 2 25 ( East man

ak Co ); decanoyl - N-net hyl gl ucani de;
n- decMdkdvdD-the nowpyticulas Icctﬂl;alonp:tem)domposnmns of the invention
1)&101)01t amixtg:p%(ﬁl%)?:g%c:)r? oef then xéaql%gaergé/u}gte ceph logp%%g %graﬁgl%g {Jlgoen’
!itElphﬁl‘nﬂ;oh-tnNa iyl g;hclc@m led@jan or animal, as demonstrated by
n- heptyl - f 3- D- gl ucopyr anosi dg; n- heptyl
13- Dt hi ogl ucosi de; n-hexyl f3-D- gl ucopyranosi de;
nonanoyl - N- net hyl gl ucam de; n-noyl
f 3- DgJucopyr anosi de; oct anoyl - N- net hyl gl ucam de;
n-octyl-13- D gl ucopyranosi de; octyl 13-D
t hi ogl ucopyr anosi de; PEG phosphol i pi d,
PEG chol esterol, PEG chol esterol derivative,
PEG vitamn A, PEGvitamn E, |ysozynme, random



Exanpl es of useful cationic surface stabilizers

i nclude, but are not limted to, 5polyners;

bi opol yners, pol ysaccharides, cellul osics, alginates,
phosphol i pi ds, and nonpol yneri c conpounds, such as
zwitterionic stabilizers, poly-n-nethyl pyridinium

ant hryul pyridiniumchloride, cationic phospholipids,

chi tosan, polylysine, polyvinylimdazole, polybrene,

pol ynet hyl met hacryl ate tri net hyl anmoni unbr omi de

brom de (PMMIMA13r), hexyl desyltrinmethylanunoni um

brom de (HDMAB), and 10 o
pol yvi nyl pyrrol i done- 2-di et hyl am noet hyl

nmet hacryl ate di methyl sulfate. O her usef ul
cra@dnehitim'omaimdrsiitzreina tiorelewohe aquzuts media svoh tHai thie effective average
SFaatrtkc egs:,lrzgerclf It}§J ddc’is e?slélzii fc%n afé)s X (,j-ﬁh grztflc}c Oli]sggsrpﬂlan about 2 microns. Such
Qﬁ@aleydﬂt aqmﬁstmécﬁammeum squeoiis rd@lia that exhibit the desired jonic

bsﬁnﬁ%%‘ ﬁ'gd (“ﬁr‘ﬁﬁg oet h f%% él rg}%F }%E&%E&Fﬁ@gﬂ]@t %ggesued pH

it horlic diehytn aw@te Imalt @&;&m&mum@&ma &l @6nd1t10ns found in
bron1de dec%qC trlethyl amoni um chl or |

, de
anhodyy el PRse RYANT aameoRi AT B faéewpiﬁ Eﬂﬁeﬂ‘és
Qie%tr])@ﬂ:’ SOREON or A HoAX YR HRL o AR WERRACH ald, Bfa Qmbination

brom de, coconut di et hyl hydroxyethyi amoni um
dhgrent; waickhexhihighe desiredpHiand janicsiiengib. hyphchuiedisparsion in a
rﬂ@&@mtanmlem @stp%dlém royL &M@h&%& P&l %yghaﬁsgg@ﬁydaggge form.

loride or bromde, lauryl dinethyl (‘ethenoxy
amm n Benwlevﬁnbrﬂ @ew‘zﬂlﬂbwmn the artNFaf mekom the stomach the pH

(B TR SRR o AT G0 A1 10 o e s

Nhtesitne Mandm iﬁlwhbfétmzﬁy bnchmﬂmwlnn ictdnopigtdiom 6 to 8.

r;gE%?nt %tmd:‘ {rgjgrzrﬁ };fso dNel ne h >r/1|1n Q‘nﬁ ap? cﬁ%e&% §'«rsg'ic fluid has an

amm@streugﬁl ofi blont 0.éM wmiienliatthyhaammmmmﬂuai had @p ionic strength of
al k t.riJret hy]l apmoni um.salts and S :

A SHE oy REHAD AN Ay Gy Ser 2 o iy g iy Stomach and
ammnaluajruﬁdnh ﬁrmﬁandamﬁjew”medn.z&s. 14 (4): 497-502 (1997).

al I cyam dlal mmoni um sal £ and/ or .an

et hox I‘%‘? %{Iﬂi‘ c’ﬁ ﬂ‘%fﬂﬁlﬁ isiﬁ?ﬂ t%he gt Ry bl Apangrtical
(ﬂhaiﬂﬂffydpaﬁfm Eliet{itat Bt d & ccobidglg epptoptinge phynd aH®MeHHh values
chl oride, Ntetradecyl di nethyl benzyl ampni um

EPH Bt SRR RO SR EousgoR) WP?@fé sqope aﬁﬁdﬁépﬁ% bages, salts,

tc’ﬂ)zﬂul’fﬁ:‘id’ﬁbh L@B@E@&H%&&ﬂh‘lf@ (d 8vedR Ecids and corresponding salts of
dlnethy benzgﬁﬁannnnlun1chlor|de di al kyl
0

%‘é%eﬁlpk‘gﬂro%rﬁ% RPYYRIOER ElseTRletes, lefeur yI t ri met hyl
amro anéffl:s“émaf%é A&rolydd SNREOZN beMBrlt BN no IR tUr@-ICI solutions,

chloride, al kyl benzyl di nethyl amoni um brom de,
@pging@ soncejtption frpmmtahgit O bt B4 dhripedkaCl solutions, ranging in

SR P A S 0 050 o o

dlentmlﬁy Isolamms qiniba, bhil aos natdnited itk pbadit frd thIAICA miessi, alrout 0.01 N
g@l 8?%% ?1}10 M ﬁ%dllor E%g méc]!)u& 2%%&@09 ﬂl;sogﬁo%‘FO_O?M NaCl or

m_

anmoni um
thos] ebgnit 010D EMMI&GIHTMSB L Ipxvotnded éhereof. Of these electrolyte solutions,

D AR B A SA S5 T el

10Tm tetrabutylannonlun1bron1de benzyl

tri met hyl anmmoni um brom de, choline esters (such as
choline esters of fatty acids), benzal koni um

chl ori de, stearal koni um chl ofide conpounds (such as
stearyltrinmoniumchloride and Di - 10 stearyl di noni um
chloride), cetyl pyridiniumbromde or chloride,
hal i de salts of quatem zed pol yoxyet hyl al kyl am nes,
M RAPOLTM and ALKAQUATTm (Al karil Chenical Conpany),
al kyl pyridiniumsalts; am nes, such as al kyl am nes,
di al kyl am nes, all mol am nes, pol yet hyl enepol yani nes,



10

15

20

25

15 salt, and al kylim dazoliumsalt, and am ne oxides;

i m de azolini am:salts; protonated quaternary

acryl am des; nethyl ated quaternary polynmers, such as

pol y[ di al | y1 di met hyl ammoni um chl ori de] and

pol y-[ N-nmet hyl vinyl pyridiniumchloride]; 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 Biol ogica

Eval uati on (Marcel Dekker, 1994); P. and D Rubi ngh
(Editor), Cationic Surfactants: Physical Chenistry
(Marcel Dekker, 1991); and J. Richnond, Cationic
Sunditictsaovmg thg phi apd @renitshgi cofdilims ef thBgkikenal gastrointestinal
%ggp). Nonpol yneric surface stabilizers are any

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

a car [itmirolyteconpatimibns af @HOBNHTY @ NEGIpaHd),. 1 BHCI correspond

X Of L. co d, a hal onium co , ,a.cationic
O B R PR, Cauay- 4 by a ity RSB g sical
aoidpaishditions fod ity sisthaeBNMPREion 3N0. &M NuOI ptivides a reasonable
ound, ap_ ammoni um conpound, a _hydr oxyl ammoni um

CBRISERIOn 81 B 1o SFeBHh G GHAR Srge tenebavidercis eingiuding the

FTRR I SITIRAUAouSh dREdHATidn MR LMD § mﬁ%ﬂ B em@ABGed to
quarternary  anmoni um conpounds of the fornula
RISPRBRE congiipnscrifh ths dyman Gf Hactf or nul a NRARZR3RA( +) :

i n . i - i 43 -
), TRl B A5 B ek 35y Rl By, 8 o
thazlesirsd) pH gpsl igiric RrenRih, inchideh@, argpas lipfite®lo phRgphiosic

%F%}%hat@ Q:ﬂtsqns%ldglgné E&Eﬁﬁﬁnﬁ SoPiclnk Xehts 8?8{15}1(%‘: acifiy €N

r bon "at ons or _
acid/acetate salts + soditm, potassium and calcium salts of chloride, carbonic

actd/bicarbonate salts + sodium, potassium and calcium salts of chloride, and citric
acid/citrate salts + sodium, potassium and calcium salts of chloride.

In other embodiments of the invention, the redispersed cephalosporin particles of
the mvention (redispersed in an aqueous, biorelevant, or any other suitable media) have
an effective average particle size of less than about 2000 nm, less than about 1900 nm,
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 nm, less than

~ about 800 nm, less thant about 700 nm, less than about 650 nm, less than about 600 nm,

less than about 550 nm, less than about 500 nm, less than about 450 nm, less than about
400 nm, less than about 350 nm, less than about 300 nm, less than about 250 nm, less
than about 200 nm, less than about 150 nm, less than about 100 nm, less than about 75
nm, or less than about 50 nm, as measured by light-scattering methods, microscopy, or
other appropriate methods. Such methods suitable for measuring effective average
particle size are known to a person of ordinary skill in the 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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(vi) two of Rl -R4 are CH3, one of R4-R4 is C6HSO112,

and one of 124-124 is an 10al kyl chai n of: ni net een

carbon atons or nore; (vii) two of Rl-1t4 are CH3 and

one of RI-Rl is the group C6H5(Cl112)11, where n>1,

(viii) two of 121-124 are CH3, one of R1-124 is

C6115CH2, and one of Rl-R4 conprises at |east one

het eroatom 15(ix) two of R1-114 are CH3, one of

R1-124 is C6H5CH2, and one of R1-R4 conprises at

| east one hal ogen; (x) two of Rl1-R4 are CH3, one of

R1-1t4 is C6H5CH2, and one of R1-R4 conprises at

| east one cyclic fragnment; (xi) two of

R1-R4 are CH3 and one of R1-R4 is a phenyl ring; or

Fofaposilions/@ongirisRE-aFY ezt CRambivdtienws adfolyRieriREuea@ Stabilizer
| I phatd ¢ fragnents. Such conpounds

?%% ﬁ%@?bgﬁ &?@bﬁg:ﬁ it ed t o, behenal koni um

chl ori de, benzethonium chloride, cetyl pyridinium

chl ori de, mhehenté¢phamsparin Chinposidens Wsed il koni um

chl ori de, cet alGafjunktioahvity Oty Ax6VE Agaits um br om de,

cetrinonium chloride, cethylam ne 25 hydrofl uori de,

chl or @hd yphabApRAABubieasdtiRdb e ORM Bl dEAValiog thereof,

di stearyl di poni um chl ori de (ﬁ?aterniun}S), dodecyl

GPRRISHIPDS 8t o IYSRUAA ca8 AdBRYMFHY COPRIISE QBS PLALE CATRIHPES usclul

QB W BhAdial (MLBH THr WB 2Fhal SpiEBntPot itiBnd 186 bO hdrhBistered in

di net hyl anmi noet hyl chl ori de” hydrochl ori de, cysteine

RYraYRsEAn Bith gech afoseand | s ghfpEopp@ndpinglugs, but are not

I8l (D DRSPBbRticHieh Q@Mé&%sﬂ&ﬁﬁ%ég&)é&k,ﬁ%ﬂicﬁm? r

phosphate, tallow al koniurn chlorlée, I met hy

diipeloagesyonamidas anduelated spmpounds, and wickoyglinan chl ori de,

dom phen brom de, denatoni um benzoate, nyristal koni um

chl oripde, Lf i dipdk Wb RN Yol edi am ne

dihydrochl&?ﬁ?e, guan?%?nebﬁégﬁg%ﬁﬁ%gyﬁgg pyri doxi ne

HC1, %ﬁfetamine hydrochl or.i de rn?nglunir1:§9aF . h

hydr oChi ‘ST THEE PEVIHE? RSFFRSEIOBE M TIRE AFFigAlagRorin., such as

pafpddoix MDNGranal bodérlativothaybt, partiEled ahaclzh bhélQuface stabilizer.

DB AR S s R o e savbrbed Sn o assbeiatcd SR e Sirfie of the

cephalosporin particles. Surface stabilizers especially useful herein preferably physically

adhere on, or associate with, the surface of the nanoparticulate cephalosporin particles,
but do not chemically react with the cephalosporin particles or itself. Individually
adsorbed molecules of the surface stabilizer are essentially free of intermolecular cross-
hnkages.

The present invention also includes cephalosporin compositions together with one
or more non-toxic physiologically acceptable carriers, adju‘fants, 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
acrosol form, vaginal, nasal, rectal, ocular, local (powders, ointments or drops), buccal,

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

1. Cephalosporin

23 -
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st ear al koni umhectonite, stearyl trihydroxyethyl
propyl enedi am e di hydrof | uoride, tallowttinoni um
chl oride, and hexadecyl tri met hyl anmmoni um brom de.
The surface stabilizers are commercially avail abl e
and/ or can be prepared by 10 techni ques known in the
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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
Iimited to, known organic and inorganic pharmaceutical excipients. Such excipients
mclude various polymers, low molecular weight oligomers, natural products, and
surfactants. Exemplary surface stabilizers include nonionic, ionic, apionic, cationic, and

zwitterionic surfactants or compounds.
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By "an effectlve average particle size of less than
about 2000 nm” is nmeant that 10at |east 50% of the
cephal osporin partlcles have a particle size of |ess
than the effective average, by weight (or by another
sui t abl e nmeasurenent, such as by vol une, nunber,
etc.), i.e., less than about 2000 tun, 1900 nm 1800
nm etc when neasured by the above- noted techni ques.
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ary Nanoparticul at'e Ce podoxi me Pr ot exi |
qhdpride; N-tetradecylidmethylbenzyl ammonium chloride monohydrate, dimethyl didecyl

ammonium chloride, N-alkyl and (C)2.14) dimethy! 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts and dialkyl-
dimethylammonium salts, lauryl trimethy! ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialky} ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C2.14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl amnmonium chloride,

dialkyl benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride,
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Formul ati ons Several exenpl ary cef podoxi ne
protexil tablet fornulations are given bel'ow. These
exanples are not intended to limt the clains in any
respect, but rather to provide 15 exenplary tabl et
fornul ati ons of cefpodoxime protexil which can be
utilized in the nethods of the invention. Such

exenpl ary tablets can al so conprise a coating agent.
Tabl e 1. Exenplary Nanoparti cul at e Cef podoxi ne
Protexil| Tablet Fornul ati on #1 Conponent g/ Kg

Cef podoxi ne Protexil about 50 to about 500
Hypronel | ose, USP about 10 to about 70 Docusate

Sodi um USP about 1 to about 10 Sucrose, NF about 100
tatky ooyt nfs0Q1 Soskbtumnlchloridh, aBull batzel dilEthyl ammonium bromide, C)»,

Css, Cy7 trimethyl ammonium bromides, dodecylbenzyl triethyl ammonium chloride,
poly-diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecylirmmethylammonium bromide, methy! trioctylammonium chioride (ALIQUAT
336™), POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters (such as choline esters of fatty acids), benzalkonium chloride,
stearalkonium chloride compounds (such as stearyltrimonium chloride and Di-
stearyldimonium chloride), cetyl pyridintum 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
pyridine, amine salts, such as lauryl amine acetate, stearyl amine acetate, alkylpyridinium
salt, and alkylimidazolivuin salt, and amine oxides; imide azolinium salts; protonated
quaternary acrylamides; methylated quaternary polymers, such as poly[diallyl
dimethylammonium chloride] and poly-[N-methy! vinyl pyridinium chloride]; and
cationic 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 Fvaluation (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).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such
benzalkomum chloride, a carbonium compound, a 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 ammonium compound, a

secondary ammonium compound, a tertiary ammonium compound, and quarternary
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about 1 to about 40 Lactose Mnohydrate, NF about 50
to about 400 Silicified Mcrocrystalline:Gellul ose
about 50 to about 300 Crospovidone, NF about 20 to
about 300 Magnesium Stearate, NF about 0.5 to about 5
Tabl e 2: Exenpl ary Nanoparti cul at e Cef podoxi ne
Protexil Tablet Formul ati on #2 Conponent g/ Kg

Cef podoxi me Protexil about 100 to about 300

ammonium compounds of the formula NR,R;R3R,'”. For compounds of the formula
NR;R,R3R,:

1) none of R;-R, are CHs;

(i1) one of Ry-Ry 1s CHj;

(m)  three of Rj-Ry are CHz;

(iv)  all of R;-R, are CHj;

{v) two of Rj-Ry are CH3, one of Rj-Ry is CgHsCH,, and one of Rj-Ry is an
alkyl chain of seven carbon atoms or less;

(vi)- two of Ry-R4 are CH3, one of Rj-R, is CgHsCH,, and one of R;-R, is an
alkyl chain of nineteen carbon atoms or more;

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

(viti) two of R;-R4 are CH;, one of Rj-R, is Cgl1sCH,, and one of R;-Ry
comprises at least one heteroatom;

(ix) two of R;-R4 are CH;, one of Rj-Ry is CHsCI,, and one of Ri-Ry
comprises at least one halogen;

(x) two of R)-R4 are CHj3, one of R1-Ry 1s CHsCH,, and one of Rj-Ry
comprises at least one cyclic fragment;

(xi)  two of Ry-Ry4 are CHj3 and one of R;-Ry is a phenyl ring; or

(xi1)  two of Rj-Rs are CHj3 and two of R-Ry are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,
benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium
chloride (Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium chloride{(Quaternium-
14}, Quaternium-22, Quaternium-26, Quaternium-18 hectorite,
dimethylaminoethylchloride hydrochloride, cysteine hydrochloride, diethanolammonium
POE (10) oletyl cther phosphate, diethanolammonium POE (3)oleyl ether phosphate,
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Hypronel | ose, USP about 30 to about 50 Docusate

Sodi um USP about 0.5 to about 10 Sucrose,. NE about
100 to about 300 Sodium Lauryl Sulfate, NF about 1 to
about 30 Lactose Monohydrate, NF about 100 to about
300 Silicified Mcrocrystalline Cellul ose about 50 to
about 200 Crospovi done, NF about 50 to about 200
Magnesi um St earate, NF about 0.5 to about 5

tallow alkonium chloride, dimethyl dioctadecylammoniumbentonite, stearalkonium
chloride, domiphen bromide, denatonium benzoate, myristalkonium chloride,
laurtrimonium chloride, ethylenediamine dihydrochloride, guanidine hydrochloride,
pyridoxine HCI, iofetamine hydrochloride, meglumine hydrochloride,
methylbenzethonium chloride, myrtrimoniuvm bromide, oleyltrimonium chloride,
polyquatemium-1, procainehydrochloride, cocobetaine, stearalkonium bentonite,
stearalkoniumhectonite, stearyl trihydroxyethy! 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 Excipients,
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, sweceteners,
flavoring agents, preservatives, buffers, wetling agents, disintegrants, effervescent agents,
and other excipients. Such excipients are known in the art.

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

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

magnesium stearate, calcinm stearate, and silica gel.
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Tabl e 3: Exenplary Nanoparticul ate Cef podoxi me
Protexil Tablet Formulation #3 Conponent

Cef podoxi rne Protexil about 200 to about 225
Hypronel | ose, USP about 42 to about 46 Docusate

Sodi um USP about 2 to about 6 Sucrose, NF about 200
to about 225 Sodi um Lauryl Sulfate, NF about 12 to
about 18 Lactose Monohydrate, NF

Examples of sweeteners are any natural or artificial sweetener, such as sucrose,
xylhitol, sodium saccharin, eyclamate, aspartame, and acsulfame. Examples of flavoring
agents are Magnaswect” (trademark of MAFCO), bubble gum flavor, and fruit flavors,
and the like.

Examples of preservatives are potassium 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 7
monohydrate, lactose anhydrous, and Pharmatose® DCL21; dibasic calcium phosphate
such as Emcompress®; mannitol; 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, potassium 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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about 200 to about 205 Silicified Mcrocrystalline
Cel I ul ose about. 130 to about 135 Crospovi done, NF
about 112 to about 118 Magnesi um Stearate;, NF about
0.5 to about 3 Table 4: Exenplary Nanoparticul ate
Cef podoxi ne Protexil Tablet Formulation #4 Conponent
gt Kg Cef podoxi nme Protexil about 119 to about 224
Hypromel | ose, USP about 42 to about 46

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 nm, 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 150 nim, less than about 100 nm, less than about 75 nm, or less than
about 50 nm, as measured by light-scattering methods, microscopy, or other appropriate
methods.

By “an effective average particle size of less than about 2000 nm” it is meant that
at least 50% of the cephalosporin particles have a particle size of less than the effective
average, by weight (or by another snitable measurement, such as by volume, number,
etc.), i.e., less than about 2000 nm, 1900 nm, 1800 nm, etc., when measured by the above-
noted techniques. In other embodiments of the invention, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least about 95%, or at least about
99% of the cephalosporin particles have a particle size of less than the effective average,
i.e., less than about 2000 nm, 1900 nm, 1800 nm, 1700 nm, etc.

In the present invention, the value for D50 of a nanoparticulate cephalosporin
composition 1s the particle size below which 50% of the cephalosporin particles fall, by
weight (or by other suitable measurement technique, such as by volume, number, etc.).
Similarly, D90 is the particle size below which 90% of the cephalosporin particles fall, by

weight (or by other suitable measurement technique, such as by volume, number, etc.).

5. Concentration 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
individual components can depend, for example, upon the particular cephalosporin
selected, the hydrophilic lipophilic balance (HLB), melting point, and the surface tension

of water solutions of the stabilizer, efc.
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Docusat e Sodi um USP about 2 to about 6 Sucrose, NF
about 119 to about 224 Sodi um Lany! Sulfate, NE about
12 to about 18 Lactose Monohydrate, NF about 119 to
about 224 Silicified Mcrocrystalline Cellul ose about
129 to about 134 Crospovi done, NF about 112 to about
118 Magnesium Stearate, NF about 0.5 to about 3

D. Met hods of Maki ng Nanoparti cul ate Cephal osporin
Conposi tions

The concentration of the cephalosporin 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 weight,
based on the total combined weight of the cephalosporin and at least one surface
stabilizer, not including other excipients.

The concentration of the at least one surface stabilizer can vary from about 0.5%
to about 99.999%, from about 5.0% to about 99.9%, or from about 10% to about 99.5%,
by weight, based on the total combined dry weight of the cephalosporin and at least one

surface stabilizer, not including other excipients.

6. Exemplary Nanoparticulate Cefpodoxime Protexil Tablet
Formulations

Several exemplary cefpodoxime protexil tablet formulations are given below.
These examples are not intended to limit the claims in any respect, but rather to provide
exemplary tablet formulations of cefpodoxime protexil which can be utilized in the

methods of the invention. Such exemplary tablets can also comprise a coating agent.

Table 1: Exemplary Nanoparticulate
Cefpodoxime Protexil Tablet Formulation #1
Component o/Kg
Cefpodoxime Protexil about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodiom, USP about 1 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 (.5 to about 5
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The nanoparticul ate cephal osporin, such as
cef podoxi me or.a salt or derivative thereof,
conpositions can be made using, for exanple, mlling,
honogeni zati on, 5Sprecipitation, freezing or
supercritical fluid techniques, or tenplate enul sion
techni ques. Exenpl ary net hods of making
nanoparticul ate conpositions are described in the
'684 patent. Methods of maki ng nanoparticul ate
conpositions are also described in U S. Patent No.
5,518,187 for "Method of Ginding Pharnmaceuti cal
Subst ances;" U. S. Patent No. 5,718,388 for
"Conti nuous Method of Ginding Pharmaceuti cal
Substances;" U.S. 10 Patent No. 5,862,999 for "Mthod
of Ginding Phar rMeabdt2:i EaémBabsNamgasiculdde S. Pat ent
No. 5, 665, 331 €efpod&ximIPebepil ¥ablei Fernohdatiad #2
Nanoparti cul at e Ghapsmacut i cal Agents w t;%g ystal
G owt h MoglhbdoRinse Protdxid. Pat ent Noabohn 1004e 8850t SG0
" Co- M cf api6mkitisk aigon of Nanopar fhoitHAb &bout 50
Bhgr mFa)c ERbduse S68mHT @SW rh U yStilpold @Md hbyedlo! T er's
. S. PargnitesNayy o, 560, 932 0T M 51 0PfiRG) MdFidP™ ©
nanopar f il 5 TIARCREL T cal AG50Le1 10 ahout 30
Lactose Monphydrate, NE | © . "~ Fabout 100 fe dbau -’fQO" .
Contras W gtﬁtlull\%l Ilcﬁflllllu I\IG.IIU_ 0 .
Pat ent NILCIBNENICTOTRSRIIDC CRllIgss of ADPu) AFﬁé’ (?"'té—%(—abl—
Drug Na ] b . nt %Rutﬁf?tﬂ‘?'bﬂwf W £ or
"Proces nem&%@& Nfer apeut i.rabp}#tr%@iﬂbpﬁr%
Cont ai ni ng Nanoparticles;" and U S. Patent No.
5,470,583 for "Method of Preparing Nanoparticle
Conposi t i ons Contlabld FigEGheplgedNapstinelitpi ds t o
Reduce 20 Aggr€efppdaxime PaotexibTabliel Edromistiapci fical | y
i ncor por at ed by GCefimmente. The r esgigant
nanopar t Cefpddakmechrpteail ospor i N combost 200 ensbont 225
di sper s| Bpsomdsgdidrt i | i zed i n sjadboak 4rio hbapuiiel dosajge
f or mul at Desasate SatilimasSP i qui d di Sp@bsi20Babo@el S,
aer osol [ssucfisfitNent's, creans, contiho@d00dh iRLERSE
f or mul AT JaRsEn LiGSISulalcl NEOT Ul at[i B 121y Rk 14 Zed
for mul tna%%emﬁa;ﬁ}ase NGEPSUTES, | A6 E06% JuFaBe
fornul & od Ii e 23BLTEb ) TeoE135
puI satif @r L wa%g PUI o dl.l ons, 'Hbéﬁ%l?'t'd'ﬂ)%hf‘h%
rel eas A09.G nt tézjirz{ ,E\Hi el-ease fu Liﬂasﬁg Om3clu

9)

7N

8

c
OGRS

1. M”Ii"g o—Btath I\lanGpai’Lqul LC Cepra uopuuln'
Di spersions 30MIling a cephal osporin to obtain a
nanopar teulate—di-spersi-on—conprises di spersi-ng-the
cephal gsporin a ?Pt‘i"esE ‘i’i“f’é"‘fﬂl‘&fiﬂ“&aﬂ?‘%‘&é? sj on medijum
in whidh the efpodoxime Protexil Tablet Formulation #4
Component gKg
Cefpodoxime Protexil about 119 to about 224
Hypromellose, USP about 42 to about 46
Docusate Sodmn, USP about 2 to about 6
Sucrose, NF about 119 to about 224
Sodium 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 118
Magnesium Stearate, NF about 0.5 to about 3
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- 34 - cephalosporin is poorly soluble, followed by
appl yi ng nechdnical neans in the presence. of grinding
nmedia to reduce the particle size of the

cephal osporin to the desired effective average

particle size. The dispersion nmediumcan be, for
exanpl e, water, safflower oil, ethanol, t-butanol,

gl ycerin, polyethylene glycol (PEG, hexane, or

glycol. A preferred 5 dispersion nmediumis water.

The cephal osporin particles can be reduced in size in
the presence of at |east one surface.stabilizer.

Al ternatively, cephal osporin particles can be

contacted with one or nore surface stabilizers after

at tri th.on. Mathets of dgking Nsnopariddulas Caphhilbipefin, Cadgvsiions
added to the cephal osporin/surface stabilizer
CONPOSyipk in@RpAHLhIRG ERRIEHER, SRAUSLIPRIRIRCESSal dderivative
Di spersi ons can be manufactured continuously or in a
Dheres! saseResitions can be @ade wing Kol ckarhplerhidlings horwepghidation,

St [ o : . t | i N :
IRASBLAR SR o GBI b A St
desinpldy witheds dfmakingmanepagicehte, coripesipanstarcdessitedl it the ‘684

' | 7.e : eparated and .used in the . .
Jilnl B E N SR AR B PSS s Beidifostopain s
tRate@bNa.i 5 181183 harr M ethd datt & riGd ipp PhaspoéitinaCabiasks; T OIS Patent

ﬁogﬁ gfﬁ %,gg%forr] g(q Ing%\%d\g"%tﬂ‘?c} (ta#jl&?rgcﬁ S h%gng:%gt?c%ﬁglgst%éeg} ’%.S_

rﬁa&n?]ﬁb.eﬁ;gqll%mfd)ro‘w[eﬂ;ﬂﬂicﬁ'Gr;lﬁadﬂ;g rrthtaﬂg%de‘ﬁfcalmheﬁa{ckmu.s_ Patent
a | sper.si ons of poorly ubl e active agents in
ﬁ?e 9&5@3 Shivz G- VirreispibHeiow of Nepspauics pieghermasp aicapygents with
nestAIGroWheV6difibef d). S trakint NbYys, 6620883 @b oSMict Ak & ipitation of
tive_ﬁggnts free of any trace toxic solvents or

O R e HERasr e Acithstik Crysid Grasyib Mogdifirs heb. Patent No.
GIE B3 &t “Mi@bpr8&piatoR of NidopdhR8RlMiIhAGndcBRical Agents;” U.S.
ce&halo%forln in _a suitabl e solvent; (2) addi ng_t he o
FateriNaty 3a- 187 & Brospss pEPrepaning X Rep CantrashCempqsitions fgntaining

Nanb$RdllesoNE. SSHILAGR. §58P1 10 R i
fgcipit%ﬁing tﬁe forﬁhlétf%% ﬁf?ﬁgg?ggk??fgﬁ?Pﬁéhgﬁ

proiales ) Rokpiens Neeh6 10, fefoniirises ofdiertaang Shirapwetic
I@énfb@ﬂﬁéfr@'(?o%ai[g{lg/lﬁt : MRdicsabha uid PBE&WS;M&X??; for, <Method of

dialysis or di it i on ‘and concentration’o
dreppapsNuowphriicle divwmnsitiorsdlontresing Ch8 6]l Mospgbpidz et Ra@ince

h%g%!}t%n?’ all of which are specifically incorporated by reference.

"The resultant nanoparticulate cephalosporin compositions or dispersions can be
utilized in 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 relcase formulations, mixed immediate release and controlled

release formulations, efc.

1. Milling to Obtain Nanoparticulate Cephalosporin Dispersions

Milling a cephalosporin to obtain a nanoparticulate dispersion comprises
dispersing the cephalosporin particles in a liquid dispersion medium in which the
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Nanoparticul ate Cephal osporin Conpositions Exenplary
honmogeni zat i on ‘et hods of preparing active agent
nanopartlculate conp05|t|ons are described in U S
Patent No. 5,510, 118, for "Process of Preparing

Ther apeuti c Conpositions Containing Nanoparticles.”
Such a nethod conprises 5 dispersing particles of a
cephal osporin in a liquid dispersion nmedium followed
by subjecting the dispersion to honogeni zation to
reduce the particle size of a cephalosporin to the
desired effective average particle size. The

cephal osporin particles can be reduced in size in the. .
presence of at |east one surface stabilizer.

Akﬂlﬁfoﬁﬁinm&byoﬂytdﬁ&b@ﬂﬂlﬁhe& ppapplyipamhtdhahes mans Pehe presence

ted ne or e surface ablllze s et
GEPuRENGedl e OikS s ot O P SRR e St Tectve

agerdpediaktit®ddize. 0B dRPerddd attdiugh dab®e, for example water safflower oil,
cgphalosporln/surface stabi | i zer_conposition either

gRycos pab ey lepnhgyey! HFGetrrens. ohelyrdc dgucfemred

BispRSios nRRmfRAVa0e manuf actured continuously or in a
batch _node. 4. Cryogeni c Met hodol ogies to Cbtain

15Nanbpasephlotpatia patiphasasdsardusedin size 1 e gresence of at least one
h
AReih %bﬁ%ér QQteﬁlfauingf %ﬂglotsg&gﬁﬁ%cgﬁga#@@&ﬁ%c{eh Wh%‘i]g or

cepha osporln conmp 05|t|on | reezin
moqmsl@faeml)ﬂlzemf?r pierethomo ke coroppnils eschan adrlg%um cen ber added

t ri
O SEORASS AR A0l HERLSLERIRL G Do o
Pisgpenisbns sanche raaaulfacqmctbmtmuougle o7 detmtcdhqueet s of t h e
¢ ephabg 2 BP srkllp 1{&?' ur% \Iavolﬂd WhEE4S r at er (\al;l\;a%é ﬁ]taﬁ cglowmg

mnimzeé crys PrORTER par
fmzhlmgj,l et alhgamamsﬁy btmtedm&d tccﬁp ﬂalueds pod. i In sficﬂfetnl evki@Sthe

n e choi ge of s system an
BBt ot e ik AL 5 Rl it FLBF BRES of the presen
aepitinospori n partlcles can have varying particle
nmor phol ogy. In the isolation step, the nitrogen and
sol vent are rennved upder 25 caonditions that avoid
aggl omer at¥ on dreipiinntg Qtaip Nanopiyicniate,Gephalosporin
particl es. Compositiogs, 1| enent ary t echnol ogy t o
SFL, uItra rapid freezing (URF) may al so be used to
cr eat 28PtRY mﬂ%dém foriUpHISE Aerdied PayPREpHatr 63balospprin

Bhdsiof s B hitr@h&@lita¥io NHANG %Qnélwdfc@%ﬁ:pﬁ'ifgastab%spersmns of

conpri ses taking a water-m scible ydr ous
PR P Biblegictive aggpie itjilie Brrsense PLietces more %@m@slp?@m and one or

%I&oﬁ%ﬁ@'ta‘bilﬁf E:ﬁla?élﬂg Qf?f&lcé/ écft‘i% hienfH2 8%@; RIS soﬁzgnts or

substrate. The sol vent hen Tenbve nmeans suc
sodutiilyzed iedviy 2petalomponiticst ﬁ@@m@ptﬂl@d fanaises, Ghrykargplod ﬁlh

LR IS HE Lo daRRSh b UGN EELEEP 3 . 8RRk RorhRIRLA DS step
(1) to a solution comprising at least 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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-36- 5. Emul sion Methodol ogies to Obtain
Nanoparti cul at e Cephal ospori n Conpositi ons-5Anot her
nmet hod of forming the desired nanoparticulate

cephal osporin conposition is by tenplate enul sion.
Tenpl ate enul si on creates nanostructured

cephal osporin particles with controlled particle size
di stribution and rapid dissolution performance. 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 |loading with the

c ephaEossry homopeniqadoi yethodCsT pegpanieactionhgedt hapdpaniclate

tinmzed in this,pr S. r re, .Lhrou )
T PR ET i ET R  —
Thabpdutit }Co@gﬂﬁdﬂs@bﬂfﬂaiﬂﬂhﬁ ﬁaxn@mfmmeﬁ? mm&gﬁ ﬁ@tdm@@bmalis@s
' [ . Subsequently, the solvent and water are
F‘% o g,gmaﬁas ?fr?gceg%a&%%m Hep hbdshetqn fpedium gloliowed by

GiEpaih O B8R AispBrs A k4 hSthEnBhFor 18 FQMES BE parMale 521 §f 2 cephalosporin
%ﬁghalos orin particles norphol ogi es can be achieved

P . ) ) act
& Ppired eilective avsmeeprrtisie sico d ke siphgloor peitislgs can be reduced
& dRLA Qbnddd Napg lieAdt A fertRREA)! ' i
Coqpos?gﬁgnsm%$ﬁgﬁ%£$§3enti%%&%%ﬁ# é§@%vqnf§6§§g&ﬁ&ﬂﬁxﬁm
pIrBdiees by cortadierhwih ongermeers surfich pokilizirs cither bafgre of after
I r ef. 0X| _ I '
R TR ooy Rut2osSRLRBHUL T8 s R chprBlpsporinisurtce
siaipthrdr serspasitedinleytherdhefone, slueng, ng afiay tiee sachpdctiormprocess.

' copposition conprising a
?&%%gﬁg%%%?g%¥&%ﬁ§&%%b0316§B%¥Pﬁm€bﬁ%%§W¥%bn, in
accordance with standard

4, Cryogenic Methodologies to Obtain
Nanoparticulate Cephalosporin Compositions

Another method of forming the desired nanoparticulate cephalosporin
composition is by spray freezing into lquid (SFL). This technology comprises an organic
or organoaqueous solution of cephalosporin with stabilizers, which is injected into a
cryogenic liquid, such as liquid nitrogen. The droplets of the cephalosporin solution
freeze at a rate sufficient to minimize crystallization and particle growth, thus formulating
nanostructured cephalosporin particles. Depending on the choice of solvent system and
processing conditions, the nanoparticulate cephalosporin particles can have varying
particle morphology. In the isolation step, the nitrogen and solvent are removed under
conditions that avoid agglomeration or ripening of the cephalosporin particles.

As a complementary technology to SFL, ultra rapid freezing (URF) may also be
used to created equivalent nanostructured cephalosporin particles with greatly enhanced
surface arca. URF comprises taking a water-miscible, anhydrous, organic, or
organoaqueous solution of cephalosporin with stabilizers and applying it onto a cryogenic
substrate. The solvent is then removed by means such as tyophilization or atmospheric

freeze-drying with the resulting nanostructured cephalosporin remaining.
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25 phannacoki netic practice, has a bioavailability
that is about:50% greater, about 40% greater, about
30% greater, about 20% greater, or about 10% greater
than a conventi onal cephal osporin dosage form
The conpositions of the invention are useful in the
treatnment of bacterial infection. The conpositions
are effective against a broad spectrum of both
Gram positive 30 and G am negative bacterial strains,
and can be used to treat many types of bacterial,
including but not limted to bronchitis, pneunoni a,
tonsillitis, ear infections, sinus infections, skin
i nfections, gonorrhea, and urinary tract infections.
The cephal osporin conpounds of the invention can be
adm ni stergd t mﬁuﬁm;ﬁgﬂm%@glw oament i onal neans
i ncluding, but NgfophittulRe Cephal@dpdtin)GoniREitRhl V.
ocul arly, 50t|cally, parenterally (e.g., intravenous,
| Nt r apS G Althodbf @Mgm%%@mwﬂhmﬁte&% benn
pul monary, intravaginall intraperitoneally, locally
(Cemgositiqngsbe fegplaig sawEian sT@nplaﬁe@p@)swn@rea@g nanq@tmg@md
US%HE%QA A Hcls r? \é\%ll cﬁéﬁ&lé& e?:lec;basb% hﬁsﬁrl’tﬁﬁl% MF ﬁ%ssol'uﬁon
ipadbrdinery Themathod C@mpnsmah lsprlarrwam emubmnshqg a;tprqmtedaﬂndn
ég/?it] %gv(né on ag]agdgﬁgg(élﬁlg I?{;Oﬁ:{l}%g?]%qgé (%r;gha 0580 sttabohzers The
phlysle@ﬁmg}lSQﬁUhyn afctbe pephblogposingaitickes aﬂubﬂulSreoﬂt of the size of the
ue sol. ut | di. rsi suspensi on
SHUREPSRPeC R e Bins IR e g o PLE BREE T HE B be
Icﬁﬁtﬂ)lBﬂ eiid dreiniinidds tiddprecsal Blrthefisorethidhgpel@icdnse of solvents

s of suitab ueous ang nonaqueous. carriers,.
i T guhlineBbiny & BERF S0t T SR PPl FpSding
Shil%%@ﬁﬂnﬂly,pﬁé DY ehit iﬂlmﬁﬁﬁ%ﬂ @?Q@ioyé‘(f) land thg sttalﬁlhsz nlf,ns)structured
pol.y ene-gl yco gl ycer o n e |ike
§Eﬁh@§ﬂ? ?ﬁsé‘gefF‘FPéfFré"Sf av@g*éﬁa*&?(@l)‘amm defeppraologics can
Ok botevell b} apdR6prialy &ﬁﬁ@iﬂf@r&fegﬁ{y ®n@8b@r s such as
ethyl oleate. Proper fluidity can be maintained, for
exanpl e, by the use of a coating such as IeC|th|n by
t he |ntenanc§ of _the r U|red particle size in t he
case Of di¥steds gfsing the gicylate of syrfactants.
The nano pa??ﬂh&?lﬂsﬁ?ré“ Cappasi g?ﬁ)‘i'f the BYRREA t i ons may

al so contain adjuvants such 20 as preserving,

wet t i flgg; ineeniibs pfoyidega nzthad dif mea@hm@oagﬂﬁﬁiﬁty ofa cephalosporin,
P n of the cr or

SRS B Dnhe S e op i lale FLEbO B SRR BER oo
agemisss oy idmaisiseang bmmb;mhmmmmmt qﬁhﬁfbﬁiposmon

sorbic acid, .and .t g It .na algo he deig' %1 dard
Bt PGP Ge- egceen alospgrin FOrROSIGRAP a000kiagpq yith standar
phireaddthctiapelcidachdsiakoaviil Hilan gaelis about 50% greater, about 40%

greater, about 30% greater, about 20% greater, or about 10% greater than a conventional
cephalosporin dosage form.

The compositions of the invention are useful in the treatment of bacterial
mfection. The compositions are effective against a broad spectrum of both Gram-positive

and Gram-negative bacterial strains, and can be used to treat many types of bacterial,
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absorption of the injectable pharmaceutical form can
be brought abotit by the use of 25 agents del aying
absorption, such as al um num nonost earate and
gelatin. Solid dosage forns for oral adm nistration
i nclude, but are not limted to, capsules, tablets,
pills, powders, and granules. In such solid dosage
fornms, the active agent is adm xed with at | east one
of the following: (a) one or nore inert excipients
(or carriers), such as sodiumcitrate or dicalcium
phosphate; (b) fillers or extenders, such as
starches, |actose, sucrose, glucose, mannitol,. and..
silicic acid; (c) binders, such as

dafrlbtﬁng/hlﬂmbyllim'ﬁéd e} [bﬂmemtiafpiugnﬁhebﬁ torglitaf éan infections, sinus

Vi n i done and acacjia; (d)
%?1 Exnéﬁ%%mé?nﬁﬁ% %ﬁ%?%ﬁratlng
ag ent She sthioaﬁmagampagﬂs of Bd Iuﬁzlehtiﬂntoaﬁ B@ﬁtﬂﬁlﬁ;ste%attah Qubject
, .certain conpl e

or._tapi oca .starch, %hg aci
ST P PR B e BRI PBTRS ] o) oxlp.aestgly, oeularly,

roit ATyd BhrdntertlE (b ASnPAeAbds] MiraktocuBD SO Lbkiit@ikous), intracisternally,
accel erators, ;such as quaternary annonlunlconpounds

PHimepapt invgvagially sntragatongdllye edlly (gigc GRWfiers @iptments or drops),
G ¥ELHRcal P BQS%I gat/fs suskd ﬁeragstﬂé RENSub F]e%'t"‘qg ustd t&&%ﬂ i

and bentonite; l'ubricants, suc
@afngdl, mwfgleb'arﬂatlfenmﬁa@ﬁleéma mhymen prmas-hugsh a'he texms patient and

RELYE LY e RSedhi e Rhea@di um | auryl sul fate, or

m Xt ures thereof. r capsules, tablets, and pills,
t he dEGsagesifiens ﬁmtabtqﬁoaﬂ)egmt@ehpjepw m:iy ctmfpheqr phygiologically

[ 18
R L G S e T
enmlswne,rwd ssnlemomims ;forsremneummmsto sgeyiflcLipfectabie dolutlons or

Xirs. % a orin, the J|
b0t Jre iRy iRk R lof RRR ai amBn Ry, sovens, o
urslﬁd[ea; ﬁnclfuhmg asrate,r, Shaabl, ﬁﬁlyﬁlﬁ(;&bpﬂdﬁne@ly&ﬂ,r pobihaddik Sslycol,
| sifiers.

sol ubj gent and e Exenplary |

3fisra) g e PoSE Ry oS rar, BB By B o and

eijmdblsﬁ’gﬁﬁ@ adi@s sieh I@ybmﬁeﬂéa@é Bropg ﬂawh% aiumfiehﬁ&mtamed lfor
uty ene co

nz benzoat | ycol
%%{ﬁﬁyf“&mﬁﬁﬁf %(P E ugg pug a§ Rhig<by tBe mainaapee of erequ:red

gmum@ﬁuﬁn ok kasee@ﬂﬁp@ﬁm Md by Bt LR Qhkactag@St Or O |,
and sesane oil, glycerol, tetrahydrofurfuryl alcoho

PO' ye%‘””é‘ﬂ@a@‘%’%? gephplggRopin §ETEOSHIGNG ey glso SeRiajR adiiyants such
pB . Bk, Sorte, &Iﬁﬁ§@yﬂzéj sd aﬁ% %é’éi’nst B8eehtfdr of the growth of

si des such i nert | uent's, e conmposition can
all%orgﬁemm@né’a jeuvageby, vaeewnabaqmai imdgnafeeal ggents, such as

?Meﬁk f&xlo@&u%i%h g uF@&‘bﬁ%cﬁg%EHﬁe HRYEEHED LI be desirable to

l'avoring, and M ng agents
wthide aotonic agenmts, ysu@h‘ dseugdry sodimpighlotida snd ﬂ'Jedlkb,ePEi[qmged

‘éﬁsg{imgg égﬁgﬁ?% Q%b‘file pé&%&?%egéﬁﬂfo ’calg&?‘?‘ gr%ugh% out by Qise of
mtfatsnhlagmggbmncmespb asdufmomum 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
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25 which a cephal osporin is admnistered in a
signi ficant number of subjects in need of such
treatnent. It is enphasized that 'therapeutically
effective anount,' adm nistered to a particul ar
subject in a particular instance will not always be
effective in treating the di seases descri bed herein,
even t hough such dosage is deened a 'therapeutically
effective amount' by those skilled in the art. It is
to be further understood that cephal osporin dosages
are, in particular instances, neasured as ora
dosages, or with reference to drug | evels as neasured

i n bl ood. One of ordinary skill will appreciate
tstaaches fléctest] speroserglimo s, whnmdtol; epxhalics pad; (n) aderd) guch as
%%b%&%%ﬁﬁ%ﬂl@&é{f@%ﬁ%%sr %!ga iél;?(gsl%(vblg%l}e) Al%%ﬁéf' sﬂcr}oég,ua{ng acacia; (d)
fpiumenmme,whbl?:al glyceaﬁ;xlepdiabdegafﬁ@ igenﬁ,l.:».illelﬁ as APfr-4an @ﬁl@ﬁlm

orm Act osage | evel s.of .a cephal ogporin in the_
BB o ey ClBAoHE oL SRR T iy pim
\catbbdle;t(0) soltiah RetRders) RBSHHs pdaffa; CORBAMERAEdlerktBRL subB as
effective to obtain a desired therapeutic response
fAGPCRAUY AR CPYTR COBBHTIS (BN BHtngRECHE: MeRasgrtyl alcohol and glycerol

asbmo Bt A4 AH) QABorbdiE sifhl a8 Kh@afh 40 DaAEniteE NI (HIMNGIGEO sEch as talc
depends upon the desired therapeutic effect, the

cRiE Braragpasnetasiedate, sbd phlyebpleanglycads, sadiem lauryl sulfate,
JFMLLRE Blefdr CERRABRPALIAS, shi1daRE Ao SRR IIIIQ)paIQJ comprise
treatnment, and other factors. sage untt

buHpengasewRs may contain such anmounts of such

submuy {4 . . k the
daiIyLIoséﬁéﬁ#qﬁﬁﬁﬁgkgabn efg§%%§%gﬁ%@éggFgu#@g#ﬂfﬁ%mmbh
spalsionscolytses, busyealsiohssyapy apd elixicu laasdditamiie atephblobporin, the

vari ety of tors: the 15 fype and
300 QPR S ks SRR T bRy L Sy s warer
beothatsoberts, solubilizingtagen$, atd emslsdiersf iFxeiaplentenaisifiers are ethyl

si.tion | oyed; the ecific ent r
SEIRISHAR B S S R RBR R
heebsth, preenegincoldi, Bbugicnt dpcopatimenylfornbide] 6IB, fith as
SRR b el e e b S b6, e e,
tetrabydieini frytl5lugtol, Yo Bathy RnEgyidl) Bty ABid Rbte QF Ritbid@Nb3hixtures
wh%h t he specif] ent; and |ike 20 factors well
RbGis seistanges. ayibe Bke-arts. H Control l ed Rel ease

CephaBasfRe khdh ik HRRhE] @O SorfRRiBeh fcﬁm&dfiﬁaﬁl%@acﬁ(}fvams, such as

>

phar maceuti cal conpounds in the prevention an )
VFEAE ass. omuisityigg aubispepding agene puerianingn lavoyiae.iand perfuming
g&n&actors including the rate and duration of

elivery of the conpound fromthe dosage formto the
pat i erfherapprgicalbneifastivd @poust” agab¢dtwrsin wath gespestito a cephalosporin,
B4R QM nfRXR R § (BrideS e R ol di
pa;?int can E@_J§%%$¥%Zﬁ_é§ ifégﬁﬁﬁngo %%F%g%geqmnﬁﬂhr
Whisk 2 cephalpgporihap edministgrahin talvgngfantmaobet ifcabjeadompoehal such
adm ni.s ' e i wi.th a concentrati.qgn
Pl Lt b O AERRRL B D S AL
particular subject in a particular instance will not always be effective in treating the
diseases described herein, even though such dosage is deemed a ‘therapeutically effective

amount’ by those skilled in the art. It is to be further understood that cephalosporin
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30 conpound in the blood plasna, referred to as a

pl asma profile.’ As pharmaceutical - 40 - “tonpounds

vary in their phannacokinetic properties such as

bi oavail ability, and rates of absorption and

elimnation, the release profile and the resultant

pl asma profile becone inportant el enents to consider

in designing effective drug therapies. The rel ease

profiles of dosage fornms may exhibit different rates

and durations of 5 release and may be conti nuous or

pul satile. Continuous release profiles include

rel ease profiles in which a quantity of one or nore

phar maceuti cal conpounds is rel eased continuously

dpsagesiio in parhalaiasitanges, meesuved| as atal dosapesy orawittorérant to drug

lLabl.e Pul satile rel ease profiles include

%%F%ggglpro#fﬁégm?h whi ch at |east two discrete

quant ©hé¢ efprdiharyskillovilimppecipaiarafetive eaburcosfacepiddosporin can

?g 8ol Sl selend 1.ﬂactandi f(; erent r zt es. and/lpr over, di ff e%)ent -
L R 1= = el AV (R R R OE0 OF SR B (T oxist

?rplmmmieﬁmfallygﬁbceﬁtalsl? 641t eqap oty fdte. mh&as&agm@édéd a
or iven _dosage formgives.rise.to an_assocj at e,
SePhaRePOE o IoE @anabacicBlald PORR: of 15 "BYe iR ey be varied to
6BHR AN fbEntQF 2 detARARG T BT HBEyolobREPNesire] Ba8Feutic
rOfilﬁgh the release profile of the _dosage formas a

Brse fog 2 palighBT Fratnosiion and Methpdhefi adpémigiratip| Ehgsslected dosage

R 8ifthd rE reRPer B YipHiethe @8&H-h BRFhpBARSRL] the 2Sute of administration,
"mul tinodal." The release profile of a 15

thidoteard tedmipisisird cephaiasperinaicdssited dhrationpbiratment god

e fhfgent rel ease profile may described as

"bi nodal ," and the release profile of a

t hr e eDessgenErPmPPsitiapaniosaraimsugh popudaesuctosmborelsiples thereof
[ r - RLOTH [

Al R SRR A L) RABERER 1058t e

spitic dadsl level forahe parttWaryatipn ofill Hepend hponasewietyalf fgtors: the

fi [ jent . exhi bit constant. or
BREAIRIBFE b S ceffu ATRLEbATRISSRE R FRUEE Rynh of e
pleaifiragmitn @alpositing emplbsed) Versptdific gian@abor commkitias tinployed;
n be .continuous.or pul satil Cont | nuous asnma
B0 Sl PP Feig s HENE soR et Rl e it BpedeRe
almitatirgivnyotielof adminktiation, ahdigleco ek @siith dfahcphtt it ideRtion of

ximum_ PRul satil.e pl.asna profiles include pl.asnma _
R B Fh et i e AR o PG M o e ditas and ke
facioseniiabivain te\weddscabirtsphar maceut i cal conpound are
separated by a | ower bl ood plasma concentration |evel
and 25 nmay be described generally as "nultinodal."
Rul satddueuiel %f@s@(:@;lfﬂél(%%oﬁﬁ ldioBigotifignd WO peaks may be
descri bed as "binodal" and plasna profiles exhibiting
three_peaks may be described as "trinodal " Depending
on, aktherclgaivengss ghpharmpqeatiqaheqprounis in dte rievepfion dpd treatment
meggelgﬁws lagRinaS BITR QM4 of fa&lhllg%%dj& R IARAEHRLM

as well as the release profiles of

delivery of the compound from the dosage form to the patient. The combination of
delivery rate and duration exhibited by a given dosage form in a patient can be described
as its in vivo release profile and, depending on the pharmaceutical compound
administered, will be associated with a concentration and duration of the pharmaceutical

compound in the blood plasma, referred to as a plasma profile. As pharmaceutical
~40 -
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the individual. conponents of the dosage form a
mul ti nodal release profile may result ineither a
continuous or a pulsatile plasma profile upon

adm nistration to a patient. I n one enbodi nent
the present invention provides a nultiparticul ate
nodi fi ed rel ease conposition which delivers a

cephal osporin, for exanpl e cefpodoxine proxetil, in
5a pul satil e manner. In still another

enbodi nent the present invention provides a

mul tiparticulate nodified rel ease conposition which
delivers a cephal osporin, for exanpl e cefpodoxi ne
proxetil, in a continuous manner. |In yet another
etnbnpdtimle marytixhélefp mhmnmtol&imtie mrdpemepmmh iagl Bida@ilability, and rates of

t i ti
Tl 5 3 P S S B S PAT t Bfreme
aﬁ®QQQDMmmanpmamﬁmd&1nuengﬁﬂgﬁﬁaﬁmddmmaﬂaaheéy upon

adn1ng§ﬁ tion e or_nore su §¥quent portions of

the c BEHIPY sped Temasganeshiyt differpngirpipsandidupations of

GelbaY and may be cdnﬁnﬂcﬁﬁs 0P PR EIHAREERN ast ﬁ%f R& @AMk release
i nvention prOV|des sol1d oral dosage fornms for

SrdEesdambirharavemity ef enrg arynote pAOAteP Bt epmRAYRRT i &9leaged
bRy BRfuhéd h@t&sﬁg Hhebibyche éémf gLERBAL &%HQ&& Fh® Pulsatile

of the present invention. In yet anot
EFterse prodites mohisle gelease profilepvia mibichat lsash Weldiscrete quantmes of one or

\%Hiré gmdeﬁﬁﬁll Ecﬁnﬁ&ghg &k geléa@é@aﬁ%ﬁ‘fe?&%?&'ah&fapodep different ime

the particl'es conprise cephal osporin-contal ning
Aamep arariasy grs’elophamécepwé cofepemi pechnaivmgien of such compounds, the
h ent. i pvent i on
et bR BRn B M et DR GaR R R R P B in s
patecat. néhen oo ax nbuc tenpakents of £d¢sagnfoon pve diffargnitrblease profiles,

n I Stre i O ac ositi ho of the present . .. .
A Tu 2t oo BB R bBlgat epmimRiog L paividua
ire‘]@asﬂprioﬁlts aﬁdl:]lﬁnﬁbe Sespl?hwdl gdﬁeﬂ"al@ PlfafolBs®ldl T dak release profile of a
osition, havi.ng a first conponent conprisin
R PR oRHBE T B Vs SR %@F@ﬁ]@%;ﬂ dhictrosrpssprpile may
deseribaibs éﬂlhiﬁﬂhl mﬂnﬁmemhsmame o$h BEecdinipéBent dosage form in
i edi.ent - ont articles, each subsequent
gﬁ»ﬁmﬂ%ﬁm}?&wﬁ asp ¢ 'gfﬁ@%?rp 7 may descbed as Baaal.
d| f f esigfibr foltBeRdriaBict hﬁ;ﬁfbam@fmﬁ@ﬂlﬁasé/ﬁﬁﬁl%l the AdsodifBSplasma

of sai d conponents conp
%ﬁpagﬁ%erqt Aayg Sﬁ]ifﬁ]it ﬁ@]}g@nbcgﬁapelﬂ@glooqiﬁ]ésma concentration levels of

ﬁﬁ@hﬁhﬁ@&{ﬁw%ﬁg&hﬁb BUAGhPRlrhtiom! o@ﬁctmmﬁn@ ﬁlaf; Bat&Hinkbdshr
a nodified rel ease coating. Alternatively

Befets- drratipyous plasme epsHdisosget masn@@mqu‘:aﬂfm{:} e andelugagion
GBYh OB b §iﬁgl@ pfﬁgﬁ'a Ebintfl RIS iRL " Pl?ﬁsdmé ]ﬁcrién?aj prefiles include

Fol | om ng oral
plasma profiles in which at least two higher blood plasma concentration levels of

pharmaceutical compound are separated by a lower blood plasma concentration level and
may be described generally as “multimodal.” Pulsatile plasma profiles exhibiting two
peaks may be described as “bimodal” and plasma profiles exhibiting three peaks may be
described as “tnmodal.” Depending on, at least in part, the pharmacokinetics of the

pharmaceutical compounds included in the dosage form as well as the release profiles of
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delivery, the conposition delivers a cephal osporin,

for exanpl e cefpodoxime proxetil, in a pulsatile

manner. | n one enbodi ment, the first conponent

provi des an i mmedi ate rel ease of cephal osporin and

the one or nore subsequent conponents provide a

nodi fi ed rel ease of cephal osporin. In such

enbodi ments, the inmedi ate rel ease conponent serves 5

to hasten the onset of action by mnimzing the tine

fromadmnistration to a therapeutically effective

pl asma concentration |evel, and the one or nore

subsequent conponents serve to mnimze the variation

in plasma concentration | evels and/or maintain a

theemdpyelvel caipbyenef df dlet dosgpcibas RBMAGNGEN kdld@kd Hdfle may result in

tt 9%9%8%&1t98-d02i5% hnterv . The nodified rel ease

COAtiTng ARGroY A MG HE R FTaATHET BRPORpRIFtaoR 0 apatignt.

caus e leortG:nibadintennibe bethe aivehtis freH&RSmMipd-RSIAChbYiGed

i% redient.frg&ggﬂf_first egfulation of active o

TG AP BPRI08 AYPATHICHE D A FeialogRs T T e mleqcdediexipr proxeiil in

tlpalsaglt madndrngr edi ent from subsequent popul ati ons of

activgh%pgredient-containing particles. Were nore

t han I 3nptherrmbetingmt the prosentingriéan mpvidesemmeliprirtiglate

BRIl 88asP b ARioR WIRS deli h Ihd -

rel ease coatin%ggﬁ%/or f%gaﬁ%g?%%g%§¥g%é§§gﬂﬂgﬁéfaﬁmkmnne

REpRell W2 contiveys mameg ti ne bet ween the rel ease 150f

t he agty j I f . diff n opul.atio

e e R S e

ahedierl arlease camposigion agwhichre dirstpyrtior of acdpbalodppria) foLéxanple
i1l r. the: unt of .the nodified

kIRt AN il R mi SR e or more

abd¢aventerions ofthe papialbimedinraed eksed mbtr indnitial thid @lay.

utili us dyration of the |ag tinme can be

oo o i P e G R n & Ol pOFiobt g G e forms
fon enqzt-deslymr pricd-ildily agmadstesion bymprina e inbitparic@hRasRlified
&REPQ&%}iOH ug% adm ni stration is substantially

ST T ar FeEUPh BT BEE BYETo e produced by the

adn ringtrabibenembodinnt Ge piaest ihRnBOSROGIdEOS MBIHGAYERIte
sqgﬁqﬂtaall , _the nDdltle&%relgase conposi tion of the
BPELERTCIARR mPeEHOR © ek the ppdicley corarisg cephglosporin-containing
wEoparicEaititndyse dRaitRi@spRr i n. 25Accordi ng to anot her
aspect of the present invention, the conposition can

be delriharptics sHpetitew the MFwEshY Rtion pravidehamethod for the

P Vn b 881 @ fireSthie mtlﬁ&eﬁﬂgn%afdn%bbgﬂﬁﬁ%ﬁle RbRE Rration of a
concentration | evels associated with t
QEWPHISH Plibe BigseHt inpomtiosr nore | R dosage forns given
Sequech@idgio ohdaspis Br @1@?&:@& SllkRion] e GOPRORLS 4 ON

may be provided wth an inmediate release conponent
RhamMisgetEal composierhavofe afiisi @mpoyentoomiphiishiggtivhi@gtediznt-
bhARRAEIAL LAl r utically effectjive .
Plasms congéﬁ?@é¥?%%%ﬁ%9§%§§%ﬁﬁgg?°?%%%%m%ﬁ8%ﬁ%ﬁ%?P%Bﬁﬂ“"
cpelawaepacitigsorein tubseumsl cotnpbnena hivies eupedint oalinition of release
LG PR AT B SRS SMER bWk SReT bl e OmBEnents comiprses
cephalosporin-containing particles. The cephalosporin-containing particles may be

coated with a modified release coating. Alternatively or additionally, the cephalosporin-

containing particles may comprise a modified release matrix material. Following oral
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The term "particul ate" as used herein refers to a

state of matter which is 5 characterized by the

presence of discrete particles, pellets, beads or

granul es irrespective of their size, shape or

nmor phol ogy. The term "nul tiparticul ate" as used

herein neans a plurality of discrete or aggregated

particles, pellets, beads, granules, or m xtures

t hereof, irrespective of their size, shape or

nmor phol ogy. The term "nodified rel ease" as

used herein includes a release which is not

10i mredi ate and includes controlled rel ease, extended

rel ease, sustained rel ease and del ayed rel ease.

Tebvarprthe canmpositige ﬁdWEFSaECGDQé@PhHJII éprexpmple cefpodoxideproxetil, in
| t] het d |strat|ono

PRt Borhl Ty B SREMMAR, GNP B ie PrfrPiggte

trblease ef eghelogforinhed Ehatomv er intugrselohequint cﬁdmmsnalts provide a modified

onent there 5The. term "l time" as
184 L BhoREREr B ush PRES et S bt et cofbgn G serves
ttdil Basmtﬂle/ﬁ]sbﬂgTaeﬁbrﬁﬁztmﬁlﬁ@mnglﬂ&: RO @Bkhindfratitieto a
rel ease of the active ingredient

osj.ti.on_and t
hemmensi K éffe“é‘a’ﬁﬁg’ﬁ‘@ﬁ fonsentpaian Lyl g the g or more subggggent
cBPfdneRfsQeR ke mirdsizd HRO N8t i pla8ihs ESockrAiBh IMERLADAS
whi ch nay be worn away, dimnm nished, or deteriorated

BRPIRtHE dbarRsHIGHTY & {fpdive plsma Gpmomntration Bireghigut thexdpsipg énterval.
t er m Teé fb#$i-0 Pel@a@@&faghé Qﬂl/oﬁﬁ’e H%cﬁﬁechx%[e%k&n&ﬁf( ﬁfaﬁentapcause a

formul ati ons_which may sSpread as the result of their

dsdirabrseE hotdsean! the ativejngradieat fromdhe fastrmguletmorrﬁf active
m&&@&t 1OnRRfm t Igg)fart g:%ﬁd e ?é’i%ﬂ% 5%& Q8ive grresdmtngﬁgm sﬁlgs@]uent

osnotic con as used hereinre
fperlﬁ%noalﬁ pmeMgcﬂdlm&yﬂrsqanlea gartisles. Yéharemotetthapfong lpepulation of

b t
Edl&? ﬁ Eur% p%%ﬁ%l:ee ﬁ)‘fg\;% 01%11(? 1ﬁ§c[')% e%sﬂegﬂe?%o%ﬂd rglease
emg |az<é/01t the Hmdxfmé m¢lesmt o rodtetidl eadfser sk} Gtve batween thkeclease
1 Th L di
té)ﬁ‘g]ﬁ %}:tgv% 1%%eedxf;nq%rorrrne%b d{q’ erent gclgpgﬂa%i?ms d%/ t?afé{]e%ﬁgrehlg%}rcon‘gammg

e’s
eam’nlpk eThet dveatoanyd dﬁ:sd lag nimeBwhayg benparied dy @bﬂmnmo&lposmon

h
RPN SRS S22 i e S sner

ambyitios modiffel] fdtase SAPRNRMELal utilized. Thus, the duration of the lag time can

be designed to mimic a desired plasma profile.

Because the plasma profile produced by the modified release composition upon
administration is substantially similar to the plasma profile produced by the
administration of two or more IR dosage forms given sequentially, the modified release
composition of the present invention is particularly useful for administering a
cephalosporin. '

According to another aspect of the present invention, the composition can be
designed to produce a plasma profile that minimizes or eliminates the variations in
plasma concentration levels associated with the administration of two or more IR dosage
forms given sequentially. In such embodiments, the composition may be provided with

an immediate release compounent to hasten the onset of action by minimizing the time
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conprising a cephal osporin and at | east one

subsequent conponent conprising an active_ingredi ent

ot her than cephal osporin suitable for

coadm nistration with cephal osporin, or a first

conmponent contai ning an active ingredient other than

cephal osporin and at | east one subsequent conponent

conprising a cephal osporin. |Indeed, two or nore

active 5 ingredients may be incorporated into the

same conponent when the active ingredients are

conpati ble with each other. An active ingredi ent

present in one conmponent of the conposition nay be

acconpani ed by, for exanple, an enhancer conpound or

drogemBinibiszeion ¢ apecipduticall peffiichied plaaip@nesiiratidn letd, and at least

congﬁgjtio? in order to nmodify the bi@?v iLabHIity

SPe PRAVSHEIPECBrROBERt (¢ kst @ TeReeYcally HisP BT TPl He

cefidaniraidh aneEhrougRd R kg doding ig@hgound whi ch is capabl e

of en?ﬁncing"the bsor tiqg and/ or_ bi oavailability of

an act Y &TThgPBRFEHE" BY PrOREEMEEHEL ot # afpof tmatfer which is

ABArRAE el By Bleprenddlofollici@d pariidIed) peictd bBAYRA granules irrespective

Enhancers iInclude but are not limted to nmedium chain

phther siei Hhape gnprogphology oFlae tegn fapulipariguldisr jay ysed\hsgein means a

| h . e L . .

e R B R Ly iures thoreo,

praspestiselofiein §z¢. shapciongoatalpieene oxide with a fatty

aci d, ty  al: n, al 0 a roi.t .

or gl 5@%&%” f%ﬁlgg(gg%%asgsta gru ;gé/dcg‘%}g%hirngﬁgesﬂé‘gle " hich s not

imingdate g, intlugks copraledi rleasehidiendads redende,t fistaincl exclease and

' res of two or nore of these agents. In those

gﬁ%%%%ﬁéﬁ?s in which nore than one

cephallosponi"naeoddai’ nis nged barpionefets tosthprpesahtf titwhédetween the
oportion of cephal osporin.contained.i.n each . i

RARPSE oCy STRE IR 8 B Pegrmparlinh SfEfcnurmign and he

cibeabhief thesitive thgek@Sdnn Gomagianiulal bemmephtahasqor i n

present in the first copponent_ and |n.subsequent

Dol etn S 5 iy SShBRE TEEPrD hLipe PEAFD B celease of the

yrdgﬂre ametﬁfm dtdny ofé Eﬁhﬁpdn\éﬁt <ﬁ1| @8 eg?p@nmrangam eileab&¥Lthe active

The cephal ospori n, en plicable, may be present

BEEHEp gﬁhﬁﬂﬁﬁ?wmpa?%ﬂﬁ@% EHRRASHOPal |y optical |y

pur e Pieab@PtFOIBIc” A5 ud hdrelH stk 16 forirte@BhSwRiEh may be worn
ot herwi se, of two or nbre 25 stereoisoners, The

REph dimyRishad; of deterioratsdhyalbe getionof Brbstanges ppiidin the body.

CONMPOBelth A diffusih HFRYMA" A6 ulel ABBNREs 8 fImiuitidROWhich may
500 ng, preferably in the amount of from about Ito _
gherdas tgoeswy of thee spapineouspoydrent, forsranple Ay a preemerithigher
ok Be1okef StncSARBARENt i n an anount of from about 0.5
to about 60 ng; nore preferably the cephal osporin, is
pr es el temm dseofit paytroledipe messtheiam eeferatodomiulaions whivh may
RO B2 01 AP BB TG RNALOSROR o BRI RN
I'n su%sequent conponents 1n an anodnt W thrA Simtar
soduigpe sl hightrivos@nttesor thigaehds or equhkizefthe sthcanmpanefithe
%he ti. e rgl ase ch?racteristics for the delivery of
ulation on the Two sides of the membran
fie Cephal 0sporin-rromeach of the conponents may be

var i ethelaytivendgsegicms id &eh canpashihorbeahe @aehor different. For

co nent, 5 including nmodifying any of .the .
SRHPI: B L RO B A S PR OBRn SES g bihepblpporin as
Rahdtve gaddierdt NB1HERLEASE tiRfcohPBsit@PRA @3ReLkE B il Yoddonent
control l ed by changing the conposition and/or the

amount of the nodified rel eage coating on the

particles, if such a coating 1s present. |If nore than
one nodified rel ease conponent is present, the

nodi fied rel ease coating for each of these conponents
may be the sane or different. Simlarly,
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10 when nodified release is facilitated by the
inclusion of a nodified rel ease matrix material,

rel ease of the active ingredient nay be controlled by
t he choi ce and anmount of nodified release matrix
material utilized The nodified rel ease coating may be
present, in each conponent, in any anount that is
sufficient to yield the desired delay tinme for each
particul ar conponent. The nodified rel ease coating
may be preset, in each conponent, in 15 any anount
that is sufficient to yield the desired tine |ag

bet ween conponents. The.lag tine and/or line
del ay for the rel ease of the cephal osporin from each
cmmpnsmgm céphylogiosio abé avatst ek doyscaahit Eythpugeditt@mprising an active

on.of each of. the.co nts, i.nc
TS B eTBmBEH O DAL RIS PR g plasporin, ora
ﬁﬁﬁ&@ﬂboneﬁﬂ&on&%ﬁﬂ@&;ﬁactﬁzh thgddieat oi@TRaNLPRal riDghdai feast one
[ di ate rel ease cq onen% wher.ei n the cephal osporin

|
i SEOSS UL OMPOBENT CHHRRTAE AFSP %Fﬁ%mnaam A7 FYOupY TBRFC active

Aﬁér&h&ﬂé in¥Eby/incdrpérafel b Q0RO BEAEoIBYWIRE thd Rfive ingredients are
exanp a time-del ayed i nmedi ate rel ease conmponent

CH“WHI’&%Wtﬂh gk oish wgfffaw Herediepirasatn oag erpamentarf thy
IcBmbbsticthiy i abcdpmiiaal Sfoy cAhifAL af eﬁﬂaﬁ&r d&hf¥md H@ sensitizer

second and subsequent conmponent ray be, for exanple
&ompprnd de prpjiece C‘Prﬁ?ﬁé@ﬂ%ﬁféh‘? WmpesEon emrdﬁretﬂ magify fthes t
QQﬁﬁ&kBQQyQHhmg§h (hﬁgk%f a time-del ayed sustai ned

rel ease or ed rel ease conponent in which the
cephalegpsdrhiersidi, Sherteltne asbahcer] refersdma rohpaadd hshiioepable of
SHEcBR uPEL SRR DALk B bt TFor o odleberfi by grgmoting ne
mamlvpe agpsst therT amaanmalmnh ast ngumnc Buhagcans inklubebut are not

US{GH ?21321%(? %am atty agz Its,lns% u? gs ers fqlilgerﬁ fg‘é dlep}:ragwsse %(téﬁ {n%luding
@bemﬂkkambﬂ&b@aﬁ&shhMSOmb@mﬁkhﬁm@mﬂﬁkﬂﬁﬁeﬂﬁﬁ&mwﬁbn@ﬁmdby

the C | 0s in.in _each,conpo na control |l ed
5? SRt oY Pk Ay dedeh ﬁ@g'efwﬁhfﬂﬂé gihtoybitan or
gfycaanfattpﬁcm Btere OpARE B450TBitddy, Vatdoptdt@R ndlibiloBeind the
ggnpo i tion E each cog&gnent@&%ncluding t he anount
O AAMIFRCHPT PRET AT UGB ent (s)) and by
var i atd tBéke @nbbHigrch@n Whidh mdieHIBH OtsScepRiI@RSEn-86thining
pl asma profiles may 5 be obtained. Depending on the

REIPBRCES BIesquhdh RIGPRTifRo TS PRISROI e TSI ed 4R gach Lomppnent may

gemaabxaemlffaeﬁﬂ&m@a@hmnqga@éaﬁe@aosm%gﬁe mtc%}el&fmm

the rel ease of the cephal osporin fromeach conponent

preset iy therfiest earepanentaad & subspgpert erEpenshis g bepry Jmounke

RirBSER t@f)l%tiﬁéeea ﬂ&%péﬁﬁcﬁgmﬁe&%nﬁ W&fa C nce 19&1“6'11@ cP The

single maxi munm) or pulsatile i I C e pea sin

téphalobresinpwirmebplicableaipa be preent gépamahfe@na flowd sehsthnpially
fc'a ggte msmglno a@g IIJHQT?J t J‘ag‘gla;n %I’ O?l Ig)]?elgf A0 0]‘ mMore
perl ose egree 'S

ghxgplst)mers The ceﬂHa@sMraslﬁarqﬁwrdﬂy besqnt od:he: e:dn}fdsmmiﬂ'ml amount of

t t th
A e e
nige he bcphslosjmsn ik ferdbty hedenvidthe ﬁﬁt @inpiine indidl aS@INI0If from

redient wthqut the need for adm nistratjon
et 8 AR R Bl ok el soiin rigeat et
véhghentaelhd agsunk befréglaBag e 5ab abdig 36 ﬁ@hﬂ%ﬁﬂd‘lb@ohﬁ‘ is present
the desired manner nmay be used. In particula
coating materials suitable f use in the practice of
the present invention includ€ but are not limted to
pol ynmer coating materials, such as cellul ose acetate
pht hal ate, cellul ose acetate trimaletate, hydroxy
propyl nethyl cellul ose phthal ate, polyvinyl acetate
pht hal at e, ammoni o nmet hacryl ate 20 copol yners such as
those sold under the trademark Eudragit(r) RS and RL
poly acrylic acid and poly acrylate and nethacryl ate
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trademark Eudragit(r) S and L, polyvinyl
acet al di et hyl am no acetate, hydroxypropyl
met hyl cel | ul ose acetate succi nate, shellac; hydrogels
and gel-form ng materials, such as carboxyvinyl
pol ymers, sodium al gi nate, sodi um cannel | ose, cal ci um
carnel | ose, sodi um 25car boxynet hyl starch, polyvinyl
al cohol , hydroxyethyl cellul ose, nethyl cellul ose,
gelatin, starch, and cellul ose based cross-1inked
pol yners--in which the degree of crosslinking is |ow
so as to facilitate adsorption of water and expansion
of the polyner matrix, hydoxypropyl cellul ose, ..
hydr oxypr opyl nethyl cel | ul ose, pol yvinyl pyrrolidone,
cm estsbiRkednpbidtin alhebOSWShbdihilnGagek kith6&lescribed for the
itin, am noaciyl-nethacryl ate copol yner
Eﬁd?ﬁﬁ????) RS-PM Rohm & Haas), pullulan, collagen,
c asei IThe @R hrelet BhaiARishies B5OM: ABNCAS &qw%hmﬂpom from each of
cel lul ose, (swellabl e hydrophilic polyners
0BT SROPRPAFTHSARAY RS Yaried by atadifyme dye qopppsition of cach component,
15&u<ﬁn%919!ﬁ}ym§£ly%\f'tﬁbyéx9i¥lfeﬁ%|a'n@/gp @oa(l% whu\M may léti present. E

- 10k ani oni ¢ and cationic fogel s, polyviny

dagsHbr ﬂh‘»‘ervleﬁ?g of theppphadaspenemp e by maplleddaymmglmhe

I, (0]
copg {;ﬁoen?isn ﬂ{e Iq%tcdg ﬁ%qggﬁgée(h%k &Sclto%}tlrfﬂ (ﬁl%be zﬁtl(fles if such a
p:p@tmg] ippuesant. If rggllgljhzynl cgn gmdgﬁ;dtrp]nasé nmhponmt 1s present the modlﬁed
rgigi(se %Q&Q{ﬁ% ’forpng:}y ese S“n%nl%gn b%%heasg or Fird enfe‘ Si 11ar1y,
Karaya agacan S guar.c Hor yacr yITah gd
l'%?dley mo(drf)ed peib@seislfydnma&d @yithtescl(wml of a/vhod1ﬁed release matrix

Ok K | at
FRUSELTUP S S GoTRE ek s R BB TR shoiosamdamppntof
anlli fpeall ryledNe yiaorys m&eﬁg/l rukitibdddOemodified teivasd @eGiy théy be present, in

9‘3‘?%6%&%% ”f) g]llwl?lgﬁ é’ﬂ@% %:lf C%g'},@r : %g a?esgrlgg gel%tluﬁg, %or each

(p&iﬂctiﬂaﬂ&ﬂlpoﬁéiﬁl THO 6 difecll 1@leb® coaiaauH BRIpANLL, GRdabMERSment, in
cellulose hydroxypropyl

dr oxypr.opyl
éél’ PP tha ﬁyk&l%g ét"ﬁ";‘fl the|degireg digic Ing botpecaspmpprsats.
car bo’ﬂﬁé‘ﬁlg Wile g @} tithe Sﬁay £ iUt RER o8 HRREShalosporin from each
polyeth ene oxi des é ... Pol yox(r), Union r bi de),
éfpﬁwlscnlél Yatied lém‘)é’tfl‘lw FPERYsiteanAf cecd) of dhesgmponents,
%ﬁdﬁ@ﬁ@dl%@ﬂ&%xmﬂéﬁt@ lalldjcl:dﬁﬁﬁgsmﬂlyﬂ' ﬂllfbe ?r@éehy F&S&ample the

propi onate, gel atin, | agen, “starch odextrin,

(i CRInpgnentyBaY a@ym!rwhﬂtedle e@l@ﬁ@mpfa@mwhmm thel qsphabdsporin is
gég{:eﬁét\é% % i eg% ,ﬁ}t) p d)g/Jé%lr tfah J&%%%ﬁ S%?rsrte rg(glﬁpofnent may be, for
resoiple aytinieededayied iromedrate lﬂd@ﬁsy l?fpmpfalclltdn Malcg the cephaIOSponn is

gg%é%gétuﬁ)ét!éasﬂaﬂggyﬁ e?\ﬁﬁqu@ﬁ%dslatgl& gﬁér aat?mé/ r%;ér {i"ﬁe second and

bldlseqlhnmmppm imay baligi mxatpk, a mm@la]aaechhgmeﬂmteemlease

S e D 0L L A3 S S0

bama¢dnﬂﬁmecuﬁmdmmannwmmagmaa@hhoqnﬂﬁﬁa@eﬁ£6na@uﬁnnﬂkdﬁmhmn
xanthaqf(%ﬁlero can and m xtures and bl ends
PHE B GFCPRE PRI ¥ appr eci at ed by the person skilled

i Nt has it be HpfdcRidlyIhdsd chilladinth@gt, e k86t Sature of the plasma
| ubricants, solvents and the |ike may be added to the

EOSERIFGon eyrve wHI B istlucnced by §°’i‘1l3l‘€l“lﬂﬂlé)f 7B pf bgserfpgiers just
asetivddalrfsrilane ghy Iég G @R iweel thelde mﬂ%{:?a!nﬂ kinRYLsY khe onset of
glycolate di butyl fartrate; 25 diet pht hal at e;

di met hyl phthal ate; ethyl ph%$alyl ethyl gl ycol at e;

gl ycerin; propylene glycol; friacetin; citrate;
tripropioin; diacetin; dibutyl phthal ate; acetyl

nonogl yceri de; pol yethylene glycols; castor oil
triethyl citrate; polyhydric alcohols, glycerol,
acetate esters, gylcerol triacetate, acetyl triethyl
citrate, dibenzyl phthal ate, dihexyl phthal ate, butyl
octyl phthal ate, diisononyl phthal ate, butyl octyl
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material, any suitable nodified release matrix
material or suitable conbination of nodified rel ease
matrix materials may be used. Such nmaterials are
known to those skilled in the art. The term "nodifi ed
rel ease matrix material" as used herein includes
hydr ophili ¢ pol yners, hydrophobic pol yners and

m xtures thereof which are capable of 10 nodifying
the rel ease of a cephal osporin dispersed therein in
vitro or in vivo. Mdified release matrix materials
suitable for the practice of the present invention
include but are not |limted to microcrystalline
cel l ul ose, sodi um car boxynet hyl cel | ul ose,

huytitm} yhitbk ytigelospirmsie sachuwolmpasent may be controlled by varying the

d t |
’3%%%{8}%@@%@%}%@3@3 ?focﬂﬂéb(?fﬁgff COPOBSIS éﬂlus by vanation of the
&bﬁvbsﬁﬁiﬂ dfleadeBnpufidht Asclidhiibl @Blolitt 208 8ataRA T the aciive

15et hyl II ose pol yl ene gl ycol
?{;%/Hﬁéﬁ }SV?IB%S‘HE 0%1@‘8 Fﬁg&%"s 8 E’P‘é%f?@aseééfi Plapmg profiles may

&6 eb@ined. MEpkidhEon HEHhuliassr RCheahR etlRbR8lease of the
cellul ose acteate trinellitate, polyvinylacetate
SFRIESRATE, frq5e PArhICRPRP St #nscthepanire of the eelcase aljthe gebplgsperin
%ﬂ] ol LathFonkhY € Hamediate reiea%e Rk eI 825 the plasma rofile

onposition according to the present invention Be
mwéne geRtaews (-at bavange sngle mptimugy onpdsatiby :mvmmlnhe peaks in the
DAELL ket 508yl BEL B 100 0 o
coMpriimpesed tdy dapried. gdwhefneh@hg tipspustatt).ons of act ive
: nmgr;S?ié ; @LSII? o}g‘é@é‘:%an% %) Vmétl%%fm 0# a smgﬁe dosage unit
compusngdthe pommmh @i themmsmg Irivehh@rhs adntantageuu& alhkeit is desirable

L TN R T Y Y I ——

oh)aahmmdoﬁ@gnmd:ent contalnlng partlcles may be

conpr essed .25 1t diti |p|ent

into %FO"*P&%F&%&% Wﬁ%ﬂ%ﬁ@%@e &3 ﬁf‘? alpsoriadn S
Hesired aapsdthes be Rsddn B RPERPS dodlig: Iﬁit@;ﬁm JuitamIS forABOInNEY

sui tabl e dosage formi|s thgt of a multilayer tablet.
PR e TEEaHBVePHER 1 1idE DR SRR SR )10 RSB E@ipterials,

eh@a SE I IREBEEt¢ HIARal B YecIEo&RPhR 1SRl ByRHE JJ @%@
with the second conponent being subsequently d as

gethyicgiglosephthalag pelingingh Acetaie i afeawmow@mry ate

Wn%ré QB aPho &SRB IAIHISPAE IiiaARL BdMAE RPAIRICHES acrylic
¢| up the conposition of the invention my
g P#ég

olpecrylpieland axsthaerylatasioppymgrssuel asithase dold ag@er the
RS f
PRl S VRO SR A R oo
vethplysiulpsrcganpuicget, sellie ésdrogmashﬁhmmgomtemals such as
ERIRQVE fg@o@gg@rz shflmSER E@%g&@%lcﬁe%&%ﬁ%m%g&e 08, sodium
carboxymethyl starch polyvinyl alcohol, hydroxyethyl cellulose, methyl cellulose,

gelatin, starch, and cellulose based cross-linked polymers?—m which the degree of
crosslinking is low so as to facilitate adsorption of water and expansion of the polymer
matrix, hydoxypropyl cellulose, hydroxypropyl methyleeltulose, polyvinylpyrrolidone,

crosslinked starch, microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer
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5 conponents. |In such enbodi nent, the first

cephal osporin conponent of the conposition-nmay
exhibit a variety of release profiles including
profiles in which substantially all of the

cephal osporin contained in the first conponent is

rel eased rapidly upon adm nistration of the dosage
form released rapidly but after a tine del ay

(del ayed rel ease), or released slowy over tine. In
one such enbodi nent, the cephal osporin contained in
the first 10 conponent is released rapidly upon

adm nistration to a patient. As used herein,

"rel eased rapidly" includes release profiles in which
&Eudr@g tRabEUR0BO% Hhad),lpalleled, |cu}k1g|emg:amh @r, Qfm arabic, sodium

h
SRR it RSl il Bo S p e Ad Rkl o
Ih&:lﬁ&i bl. hve. ot 0 n edli. enbk-84 amionic
gﬁg@r(?sl r eISNeSk o gﬁme1§OWWI gt‘te grk a .
t’a@i%v ogld PP lﬁ@p %‘PW@&@W%F@ ah a spellabls
Iﬁ%ﬁlﬁ{td%g‘arraﬁh sas&gmieﬂ@h BiRIdsE|cBpneE 6f nhR& anfydMak 6hu

at | east about 80% of the active |Ingredient contained
.Swe@&wqéﬂml@wr%ﬁseh%&n%|Psww(m0 Fé- s¥9kaREK), polysaccharides

Q@o@;%' ?&P&E&:Q k%PJ}PQ&%Q&an aléﬁ!@ Qn@éﬂ&?%%&]&laﬁ%’cs 31{0?}%)(

exhi b vari éty o [ edse profil £ I icl udi ng

il)ﬁlnfetéyla@feom@ls émsk W;ﬁrdf)i)k é 000k ddquaiieer rast et eolpjmelfS4 ¢1esters of

B BaBnLE b S ARRSLOKT L oy MO4R08- B4 odum s
e}uhqﬂbiet(sgaﬁwtaiy eBdwaﬁémelpﬁondl)ehmdmpMm@hlm such as

SRR AP S A RSPl SHERE AT,

a}zﬂmxbrpsdprymmm afludes ag@oﬁmmmrl ofiluldse hydesgatity! cellulose, nitro

| ®
OO hap PSRy MRl St PRS2 S Bb B e oo™
m@mldapﬂnaihplsqmrl celhdoepandintdregrilytchulbsst, esilul @t hoetate,

si,m to th asma. 25 file prod
e by Sed BeifesE B Riehisti, SIREES R s, uiian,
;saguaﬁtpyabh&one,opoljmn)n hﬁomlwngﬂ adetdte pgpicodULad abiyl esters,

the a nin stratl n se ate I R.and. nodifi ed
&@513 g‘F 99@5 fsr?é methagpylic agd gpmepaplie acid

g mhma@&% RSk alnamag)l SMerGRRy1ib Bci@ dérkivaGsasdrMianeSit- & natural
for adn1n|ster|nP cephal ospori n where the mai nt enance
4

Sims; feithing R tHe @a}?&ragﬁ%%% Yeingls, Wdivge 3leiag, prigssug
RicRBles PR ytene glarcol algihdle, Qigﬁ' SQEHYBM as abdbR:, karaya, locust bean,
n

conmposi tion and the solid oral dosage forms

Eegecanthicageachrs. sewpesihengalorglueasmdimsiusssnd blsagrahereof. As
S 4 ?etcm?eldhy? drn! ¥i1R4 bn AL adk f&mgm; AR isers,

contained I n I rst corrponent I s rel eased prior to
hléhé@@escdfemmdéhqdﬁ@hwﬁ@mddedtp dhierrontive. Switablegdastiopes include

S CRIAIE o RER 400 8 PRSI 6N e

deﬂwﬁéehadﬁfte tdirectbplpihetiabep @ﬂlmplﬁhadmmhhbglactoldtemcenm@ropylene

nmpopent, .i s_del ung i tantial
glﬁgoqt L p%e 5 S%%r ’t‘ﬁpmﬁlotuh %Yalc%lnc [Oiltbu L{Faﬁ?]tg Sac tg IHXno gllycende
payaerdad. chitelseaser ofl; mhmyh@@&talmsmmncmlécmem glb@nﬂl acetate

sy Bl RESRE SrOLoA irat PereieBbebi hgs! phbiiite,
Rigl @yl phifimgic] diBOndrgl SRRl YctBh@klM, dioctyl azelate,
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10When it is desirable to mnimze patient tol erance
by providing a.dosage reginme which facilitates
wash-out of a first dose of the cephal osporin froma
patient's system release of the cephal osporin from
subsequent conponents may be del ayed unti |
substantially all of the cephal osporin contained in
the first conponent has been rel eased, and further

del ayed until at |least a portion the cephal osporin
rel eased fromthe first 15 conponent has been cl eared
fromthe patient's system In one enbodi nent, rel ease
of the cephal osporin from subsequent conmponents of
the conmposition is substantially, if not conpletely,

da?bﬁmgh thPite, ¥iB&IY198mPitad, dle@BRlexARAIKhIateNDi-A10MY Sphthalate, di-i-

ter admnistration of the conposition. |In another

exbdphthalpfe, ditidecyl phidalate. @fﬂ-%iﬁﬁdwb@ﬁéﬁq ¢i-nirigpsy! phibalate, to-2-

%&%%Qﬂ%eﬁl@i@ Qf‘@ Qﬁl?llﬁgyltaﬁﬁ)aféoﬁplo@thﬁtﬂ)&m ée%acate di-2-ethylhexyl
substantially, it conpl etely, delayed for

peelpedliftylzcbagete] east about four hours after
adm n. éﬁ%& H04ifla Ilten:gse c%ﬁ%gﬁéntt k nssas a mo 1ﬁA§’ release matrix
e ow, SO

descri erern rese I'nvention a

imedériadl @8y watable uw)dt@q{dersle@k mmk fnatedaloe bwtable cslylbmeﬁml dfy
halo orin del.i ed |n el t-her )

e S PR T

bl thearteTImottemi tmodifel felzadel thateix wiateial aphel bsporindudes a

e
Peddyfy it ieRhdeqifdabphaRispiriil dspenkd te@iio RAANG Fh atve SModificd

mggs]g g{;ﬁ{%%}gt%: 3 %%ﬁglfr: ?%ﬁ?peﬁgfgt?ch:g @12 g}%g%é Er{vgrlltleo?z)mélude but are

Qﬁf)ﬁlﬁh&ﬁtﬁ Qdié DG QaNiaE BgRliRY, sadiBal cmkyrﬁ&m«%umoga a
hydrophlllc and/or | eachable additive e.g., a second

fomyalkylegiasstsush ps Bydrsyreapyopesiyilcellglose anflo give a

BYHRRHroSYdeRBlosD @1%@9&&&@ allcE&EPRRh SRk Rellulose and
rel ease may be osnoti cal é control | ed (both reservoir

&ilcelilese; polyrsiplenssfycok ne Ipyalidongseiivlowsiasispiccccnlgse

dESe wﬁm@é cAtufthdk aapalt@pmlate (c:%ﬁulﬂH:Q:l agaeate %I}{Hﬁfaﬁe mofmnyzacetate

(coval ent | yz attached pendant drug nol ecul es;
abthrlgtespi pibharglgtes, pabeinys acetatt @dmquiywa@ﬁ cal ly:

€. 9., ALNGIASITRIchE BH! s;t;cﬂ‘fcc?rﬁl & pRRGR Vet n%a}l]{l:
rate o

present I nvention cah contro rel ease
Sncogpirddosioany muitabiei doeags donn which &mlsfmss relichse orf tHeeate

e g@é ?Srp Ot I {) ?etma%n%rgrhsltt)aenémﬁoa&lm ntq%or )sage Oﬁn comp1¥ses a blend

unc pendi hg on
ohanﬁ@rengpcqmlanemtdf attivenngredcitenhingrg padidics whehl mske hp rig:

STREARS cti%eR LB bt fjeoss peamprnb R AR 5 ilda into

l@mmbmmpctujldaj ﬁch &tthrd ckeskil g‘yélaﬁh osisglea dadatraivdhx aligdi fsremif

both n currln nmers such . as 1
B bt S PR E Com e R Y FeppEsed
E’élmdﬂmysm@l aauﬁioﬁm exBBieh@ﬂﬁlmiﬁ{abmmélﬁﬁlﬁyb@ﬁibkédﬂu@xﬁ@ filled

mechani cal | y spheroni sed to sub-m cron sized, aqueo
BHQ eapsul 5%@&%%%%@%@@%&@?0%@% sHiblgdetree méfhabof a

RRNARE BbRY R tASinkthce @r@fn@géoh( herkt BPRMBAARY Release composition
Wi t er st adt . % range of %(acr yl ate, nethacryl ate)
S8

aWP bE gorapres @tq(mqr{w% e ggcond q_cgnponent being subsequently added
as a second layer of the multilayer tablet. The populations of cephalosporin-containing

_49 -



10

15

20

25

Reservoir Devices A typical approach to

nodi fied rel ease is to encapsul ate or contain the

drug entirely (e.g., as a core), within a polymer

filmor coat (Le., mcrocapsuks or spray/pan coated

cores). 20The various factors that can affect the

di ffusion process may readily be applied to reservoir

devices (e.g., the effects of additives, polyner

functionality (and, hence, sink-solution pH)

porosity, filmcasting conditions, etc.) and, hence,

the choice of polyner nust be an inportant

consi deration in the devel opment of reservoir

devi ces. Modeling the rel ease characteristics of

nssékv0wkmgQVMﬁs®n@aﬁdmthh¢hWthndmvmmﬁsjbémmMﬁﬁﬁhnqmﬂy
% %15?1 ¢ dbd rg]gs?%s sgcfh atshe Ly c do%él Fo or If elt dosage form.

SEEOIT g SOGER fUDS Soeh S aR gL e TR P aps foumy TR

[ nvoI Wres:leaenﬂmkhﬂdnq tthet O@mipbEHOIBcEGRRECht ﬂ@w two cephalosporin
unst ea y ondi.tions; conaentratlon dependen

PR Gy BT PbGTaHb HBoREA P anh o P AL OB Fephplosporin

demp@@n&omﬁ fichemBbdimehty 8¢ fmbeplﬁloa;gﬁmtcomb&eenf &ttﬁe &mposition
rel eass decreas s expo ;ptlall with tinme, as

CEHGREH SPGTD DL P Y CoRoRHIOS RREEs it fvhish sugsfpgtaly allofte

@ephatd3forinonRide@lin the FRRSShpNchilh RidaBey rﬁ&ﬁéﬂ'fy%ﬁon administration of
decreases (i.e., first order release) however,

irpedosaeifomn. ageased rapidhyrbul aliena it @f‘éﬁﬁd@@@ﬂgﬂeﬁe) phislpased
tsﬂ)%rl)d&lre\‘ RGPS ESulPEmbRERAR Qhd (Z%:hﬁgﬁyoﬁf? @c?ﬂtzﬁﬂéd 1H %e' ﬁxst

device is no | onger saturat Al't er nati vel

F@‘IHE%IB’E"- i sileased mpidlyowporagmines teerip gtoetent.c Hh byed Ihbr@dlp “released
; d n

pro F}g . {nll:’fglgés or %sg gr& gstﬂg g}lﬁgc::ilgﬁ [egatab(gl(; SEéﬁahrB‘l;‘ The%gﬁ% Jﬁgr%lgnt ofa
competreats raeabecowithip ebontren hduirlafier, addunastta(uon Hiee teme Idrdieydd

s Gor
e Mo hads ik Pl SO Rich R RRA ke ctidh o IO
wil¢dsed (rgndinot slvwlyh eﬂerea tilﬂaedq!wc amiah¢ temjtt “cohtrdlled release” and

b kS S il B PR S Loyt 3% o v cgpye

(ﬁ&ﬁﬁaﬁ@mﬂamﬁnﬁgc&mpmmﬂnEnﬂ&ﬁ&iﬂﬂ@w and al so the
effec t free filns _ha i nvesti .
The- r FestcenfiRlalfPort Gmeneni LB BegoReeR A P Bt o

bLERY @fpréﬁlésf iHslu@ifg b in@ughatvpdl@te profile£lddIfied Selease profile

f or med Hg dration of the coating, and osnotic
BUNIHG! agePAAE o One odipgpg thesvseondisephylgspasin

d6p G ABBItDL Bt IhEdREBase BRI InGviB B8 SiphRlospiah b g
observed in simlar free films, indicating that

BOPRASERLS (kasedediesa g dalayf or t he rel ease of the KC
whi chriaRnRGRIEE ﬁg)dgyedtbg&lﬂéacﬁxgﬁﬁtrgiowo@ 368 fo@@&ﬁﬁe %resent

salt tablets, shaped as disks, were found To swel
thaetion;which ompsis m@mﬁm@e@mhaﬂ@mﬁn oivhpenent and at least one

ﬁn@ﬁﬁi‘é@ hgea@éc h£18 08%1%(2 'ble guﬂé&nﬁziﬂa} Sﬂ’Ll?Jl’V@gl Rlasma

hydrostatic res ange In s provi
W@ﬁﬁsﬂwbwnébsmmedmhmmﬁﬁwnmﬁfgem@nzuqﬁﬁdeﬂgeﬁb@ﬁngmma

FATEFARY o R4 Rl G0
mbﬁub’mé t:laaad éﬂ’sageofotlﬂs i Adebtidl, hha)dngigetﬂﬁ@sh))fdfeqir&dnt invention

coa pamc igﬁ% 8y 1&% %f'{lﬁ%?%ﬁ E@%ﬁpgglgfvfh (ré]‘ec%ﬁf‘tgﬁzlme of

ﬁ}%nﬁdmkéﬁ% pahth@ws g bpdesedbat i robendagiki eved by the
fl ow of KCl
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Met hods and equations have been devel oped, which by
moni toring (i'ndependently) the rel ease of: two
different salts (e.g., KCl and NaCl) al | ovied the 25
cal cul ation of the relatlve magni t udes that both
osnoti c punping and trans-pore diffusion contributed
to the release of salt fromthe tablet. At | ow PEG

| evel s, osnmotic flow was increased to a greater
extent than was trans-pore diffusion due to the
generation of only a | ow pore nunber density: at a

| oadi ng of 20% both nechani sns contri buted
approximately equally to the rel ease. ..The buil d-up of
hydrostatic pressure, however, decreased the osnotic
i nf | oW or@rechbodinexdnt, chepuomposition add thi gihid ord] dedpafpsmoOEontaining

ated fil mwas. nore mos
Clontrantioy Gt B bepiTexn oo il Su iy e e ephalosporin
@Sﬁtﬁhhb@mphﬂﬁtsﬂ@)mpﬁﬁé]ﬁaﬁﬁﬁa{ed PAPEto @eledsd of 1he céMdREporin from the
din 2 ns- porewg, si.on was the dom nant
Ha % %Fﬁ GEPRPeTin b@ﬁﬁ? fipst PINRORER CREPHSEH AR IR fRponent,

Q’J)r%@larﬁﬁl@ Nit [s§REELBE th [‘elésm)ﬂfl@ BRYRAN HORLBE 188t dhe second
wat er so] ubl'e core. Monolithi vices (Matrix

PEPPEEEY is delayed unghrhstagtiplly all FPé’tqub@}OSE@W iBdle I omponent has

‘B@éﬂ?@fé!ﬁs}éd u ﬁ@QaJlef ﬂ&%@ﬁﬁaﬂiskéﬂgﬁ&ﬁ thelof ie@ﬁ%ﬁe QJCOIQ{ &)gxﬁaonent may
his is possibly because are rel atively easy t

ba delpyedtas det@mﬂaqbe'de bxothe e%?rf\mmdaﬁqyl rélew@e@mgamﬂqrhenodlﬁed
gg&ggﬁhgglﬁgm%90|dental hi gh dosage that could result
fromthe rupture of the nenbrane of a reservoir
devi c¥heg itnodesprigds grminithize gaieht taledews beprovidagaciosage regime
te I n th|n
B o RO 28 B U s P ot B stem,
cedqrqsc elthe oephalbsmripdkymmbé«d;nexg compdnenis nery beylelayed until

SRR e TS S0 5GBS S

ami fulthén cte;ayed uritli@t Bhdg pbmoh e c&ﬁhapxﬁbmxrclemt} fioXa 1B ﬁrst

in the case of Q tri.xes, the solubility in th

S RROTERIIEE P R Homm 18 PRSTES ol I e et PR lego! the
a&:;ﬁl@lohﬂiﬁntfﬂﬁﬁ $BS¢duynt@bmphenRer Werdsmpbatich ig E‘lg)@iaﬁlﬁacljly, if not
ext , .dependent

n ge per a |I|t of the film
{Yh% ayfef] do of gl 3l 'éb E‘O't“ﬁ aftydipistragpn of
dérﬁ;&@itibﬁd T dhokiee elﬁ%d{ﬁ@ﬁt thgﬁ’ﬂeajs@éi‘f depRAbsPESn Qém @ﬁﬂéaquem
(0O to 5% WAI) the drug w || be rel eased by
CUTRANERA ofithe P%P%Hl%% Haraially; i n?q?em@&eéh éle-labﬁrd for a period of
RAERBAbonfouRbund L8 hahRRGh RS R dotipbOpyW ), the

rel ease mechanismw || be conplicated by the presence
of cals tlerélsbﬂldéxerférdJel@@a rhetm@e@umfea@@l At inpladageviiqus typss of
PR b W GRS Kb e e o
¢imigguous manner} tThr:® Sofstmtmmctude bietdreanap lizsted Gi: fibms Wigh g. |

r_adj uvant
?Epﬁgﬂ}éﬁ)%}l hlyji g&glggll Xl?t?ikv\,?gl)nb oqllﬂiig ?évgtg g%{%hfxl% Cqmm contams:d by the
paymest (resxrvdm‘dewoees;) (p@hyheric 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, ete. to give a porous device, or a

device in which cephalosporin release may be osmotically controlled (both reservoir and
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25 reservoir devices) as a neans to enhance the
perneability (al though, in contrast, plasticizers may
be fugitive, and sinply serve to aid filmformation
and, hence, decrease perneability - a property
normal |y nore desirable in polymer paint coatings).

It was noted that the | eaching of PEG increased the
perneability of (ethyl cellulose) filnms linearly as a
function of PEG | oading by increasing the porosity,
however, the filns retained their bather properties,
not permtting the transport of electrolyte. It was.
deduced that the enhancenment of their perneability
was as a result of the effective decrease in

itk deies)c attattcoayindgsipnREde habdikiong at 7 RiigbM@$); (soluble)

evj dence. rompl ots of the cynul ati ve permeant fl ux
B e ety B o Rk g g el 3 Figces wher Telease
rR€ isofE@led UhhHI0AES ¢ 2., @fc BmBEUmgAdi ng of 50% W W

plots_showi ng a |inear relationship between the rate

of pelMedRivE mfTlTER PhhE PEICTH IIVRTHT R ARYR! thygate of release of
QMBRLSHinl Whikk sOfleGidcAiMisnSOlMtrbefe difhhléSh R ok ¥ Péastant rate,
transport nmechanismin a honogeneous nenbrane

pthersal vatviasd fesiction ef timp defrendiag pw fastost suglhes dhepging t o
bbifchidn 28 | bl N elche tine

axi s: t%g%nggﬁ%?ﬁggﬁgfg%ﬂ%gﬁugggggggégmggﬁ%rds zero

wi t h Bedpmer ghadgnispstamedriclehiseostingT ke secesGiribhbingimmgiblagnd

: : ri I

SR BT ERAARES ol R GEE pRngbit it o

éapartTERVMC( Cdrporiationy Fobd &RhatnasguimakPradises Diisioh| Bhiladéiphia,

S T S R R S S S

bseuteHaneg-digpersGatf, ehdialso whdriitipagnas sechpe theehidtagit® (R6hm
owe ative |lag. tinmes. No explanation.of this was.

PR B A G Bt i Y St gk e the

artl ow 15 partition coefficient in the system and

that this was also a feature of aniline perneation

t hrough pol yethylene filnms which showed a simlar

negat R¥eridirPeviad: The effects of added
surfactants on (hydrophobic) matri x devi ces has been

i nvestitgAtReEPPrIChiR ot st gHtast Hide cncapslits aifentagyhe drug
LEEISRSL, dshecot) UgithiRla§R BBk BItE 0Pbat (LS BiROSH i sr spray/pan
mechani sms: (i) increased solubilization, (ii)
PARAdSPED- wet tability' to the 20 dissol ution nedia,
and (thd variBQ BetbR R ChPRRS 18 dirfSish pro2bssTik fr@z&fil? BE applied to
| eaching. For the system studied (Eudragit(r) R 1d?
ERVRSIDEs (1 asthic effsdgionddiigesh pelpmer fuhetiopalgy Gindnhease, sink-

- dr .
G e o PR, 3 2RaRRhodb DAL PR ol Wi opqigmes
ontyean papdriaal cansidemtienarthe develdpment oé fesarseir (l¢vigek \Wodgling

t rel ease was diffusio at her, .t han .. .

£ Bheeh O RO Py AN RS A paggin e
gaspdres! thedrufisdsagsdiftion-dRBudi dyvamedhbnib difedefode (typicaBl involves a

U5 B B, g S35 B3P

foo tFatlevit BlundirgTcopditi s When tHeeleWBd Edn¥aim di@vived@adiRe agent,
i ssol utjon di um access_ to.wthin the matri x. This
g ralg 032'}6{??%9 CreRteR GHrRERtady &“gﬂttw & qongeaiatiqn (aghvity) of the
hfe MMing AkiviRe St TdRé1BasE Wit teMB Gt BdcfedlesGOA Arftdeder
ue to the ease with which a polyner |atex nmay be
prepared with surfactant as gfposed to
surfactant-free. Differences™ were found between the
two polyners with only the Eudragit(r) RS show ng
i nteractions between the anionic/cationic surfactant
and drug. This was ascribed to the differing levels
of quaternary ammoni umions on the polymer. Conposite
devi ces consisting of a polyner/drug matrix coated in
a pol yner '
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5 containing no drug also exist. Such a device was
constructed from aqueous Eudragit(r) |attices, and
was found to provide a continuous rel ease by

di ffusion of the drug fromthe core through the shel
Simlarly, 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
limting diffusion process through 10 the shell) and
i nversely proportional to the shell thickness,
whereas the rel ease fromthe core alone was found to
decrease with tine. Mcrospheres Methods for the
pelepa). #t horeved, teaktiamgehics aspherasd hapasibeahen the driving force

55252 B B SRR SH LS el Rl

eeladsairaie Rigetid3 nagbd Gestiplidn@oytiSiled, 40d aff@nttion gf the k@uare root of
water, an enulsion is formed containing the dispersed
%mer/drug/ sol vent particles, by a

coac em&gioerpﬁpea@es RIF 66R&StahiE QA BeChdrdded &IrhiRRQ to free-

ra |d|¥ i ffused preC| itating polymer at the surface
Hpsofede thegngloged nptwe ptihe pblef ee (permgagp)avhich may enable

%@ﬁiapﬁuﬁinﬁ) e gsrgétﬁ,sﬁleéé%q wWikcH AR ﬂ?&} act to force the permeant out

di chl oronet hane. A gas ‘phase of di chl oronet hane S

hibs Wpdster ated within the partlcle which, after

di ff u@‘h@&fetcmf%ég &%ﬁ&&%ﬂ salt §%¥&§w%ﬁp%mpﬁ§éthylm

to the surface aqueous
shieb éPE(atconeummﬂxqwe skslpmer, ambaisof the bfé@twfmtmn éuee films

Wgs! t?e?n ggu%a@(? THe 1R aesg 0? ﬁlgfﬁ(ﬁ‘lg [laieQaQ)ltgs wgs hx?cgto be a mlx of

oun ‘he "wa orous nm
rhffusms [ﬂheu@swdt@\fdled Ipsmsh‘emmchteégﬂrahendof ﬂlfheoatmg, and osmotic

mat ri x e n1 crpspheres re .25
B BRRLE T P  GACEE  phie, dpie
adidisiveawelling ‘«)meeved 1111 henilat fr@mﬁ]lmsdjnﬂjfchtﬁgdhzft pOfsi®as necessary

oot 4 BB AR Gyt R G b e AL BB o i
chblegs, slepéd/ardyske evdre ﬁﬁmﬂ @ swidBnide-iddhed sia]gafrgﬁmehﬁgm;ﬁﬁu to an
e o0 rugs suc

es .A neans o chin
d@“ﬁﬁ@ﬂ?ﬁg&é PraregHbe @p sisimal Ty dgpsgati PESUE Sifchgpee in
gpe ploelding NKaws td lﬁeeié@}eytﬁéifbﬁ*dél @h@hte@ A Ghigh@bo%pected, the
part]cles prepared by aqueous enul sion polynmerization

sreotisdinie deofeapesiorich merragiae lexels pLREG cofiai Thigdewer PEG levels
hvaldGhitd o b%b%@fmg@,eﬁe ﬁya}aea myﬁleatnmb &eq}%}&é{%smnng

endtgeroups were conver dto their strong acid form

wating daohnsead higher keﬂea%%%fsoqtm (Zrtag0%y allow the
ﬁaégéwme%a@tredtﬂ}%eﬁ&e (hf Drugs have been
attached to pol yners, also nmononer s have been

synt rMSﬂiz@(ﬁnweqwhanma daen dvelgpal, which &g mobosrge
{iﬁ’(fegé'b 1@%@ ﬂ&:éq'gﬂ%ﬂ% eo%gvg{ nge}é?beS %{%t 1 g)dlik%dl)sal el ﬂ]

npat | e chemc Bond
elqplatiop of t,hametigtdzleumnad):s phae petheskntblmpmmmﬂaﬂtuahupcﬁel diffusion

i t,sel f .prepar r
GBS tirh o SR Bl STEY M R P baramemaes
wodbssticagratef exmt ﬁﬁxyvab enZopde adiugipn Wed 10 thiS@fleration 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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to forma matrix with a second pol ymer (Eudragit(r)
RL) which rel eased the drug on hydrolysis in gastric
fluid. The use of polyneric Schiff bases suitable for
use as carriers of pharmaceutical am nes has al so
been described. 15 Enteric filns Enteric

coati ngs consist of pH sensitive polyners. Typically
the pol yners are carboxylated and interact very
little with water at |low pH, while at high pH the

pol yners ionize causing swelling or dissolving of the
pol ynmer. Coatings can therefore be designed 20 to
remain intact in the acidic environnent of the
stomach, protecting either the drug fromthis

elevtieised (RIvsmofic inflew sindme@biid hafpihd et Midhes Iobcuﬁgsto@ PEG, the
qwasolv in the nore al kaline environnment of

WaeRHBE PUREs Apd i Tttty %glﬂwc‘éfssalilmée although the

@SiBiid FurliiPint@al (dohiparddQo thelOSENYRlidy) IR%E-H6c Bttusion was the
contains an osnotic agent (e.g., the active agent in

Sdogminappielgpse AgcRNIR 1A psenqtigiselpase weekanishy pgaisp deen reported for
sﬂ%%@w&)ﬂ%ﬁwm&ﬂeﬁs&ﬁ@mm per meabl e menbr ane.

Such a devi ce, l ed an elenentary osnotic punp, has
been descri bed. Pressure is generated within the
devi Chiglific DOVIEGTMalEy Belikyg agent out of the
device via an orl ce o A st ze designed to mnim ze

sol ut Mogpkithigdinetnix) dewides ereprosvmnily mgd fdreoﬂu:illhtg thprebfaseaof
gﬁgoﬁﬁsats gSssH)rlf ﬁgégus% th Sl%ge IC atwgi %gsr}]/ ato %1 % gt!ﬁq cg(frﬁ%midﬁtg TEeServoir

ecrea ress n
db\neﬂssarxdrthe dnhg-trrnef anl escideatal High Idesatgh that ¢uluét ra@llt figh theBupture of
Hwnl d%xg e renal S. conséant 3 hhs%e IS, an
exc eas Bt BoITES” %’%F‘a paPLpresat ViEhdhehslyagent is

plemt b e dispdrdas eithiatie: goeﬁﬂtrriﬁatﬁﬂ gd didl afkalpivakifhehed bY the
volune.e ng volune ol vent upt ake
BT Ee Py BB e NP aghoiiag The dosnge reease

Mopediict bif Gorbliti€ &sideaiRy Be épcRi&R apEthe SdiGlity of the drug in the
E yélglectrolyte gel s which swell for exagf
}RRRE TR BeCAtech Posops PRaiTies.ithe S&b’;?ﬂlt‘éﬂl thargfak privtion

GABAGRe piRlEk poid RethBrld, SAEASEHEREBS LTI RbSTH B a preater
changes in the ap I|ed current to produce a constant

S)Fterﬁ Ahe pegnﬁ@ﬂg.aggthﬁ figp), [dgpendent on whether the drag is dispersed in
the polymer or dissolved in the polymer. For low loadings of drug, (0 to 5% W/V) the

drmg 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.
1t 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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Hydr ogel s In addition to their use in drug
matri ces, hydrogels find use in a nunber :of 15

bi omedi cal applications such as, for exanple, soft
contact |enses, and various soft i npl ants, and the

i ke. Methods of Using Mdified Rel ease Cephal osporin
Conposi tions According to anot her aspect of the
present invention, there is provided a method 20 for
treating a patient suffering from pain and/or

i nflammati on conprising the step of adm nistering a
therapeutically effective anbunt of the cephal osporin
conposition of the present inventionin.solid oral . .
dosage form Advantages of the nmethod of the present

i mtamad th@ir banel pebgcraiey, edtpahhﬁtingi the trlhspaosf adgtblyeg hangy

ui r nventlo e lit dosage.regjnes
FRARCh T [ RS PP eir FRsaRliB s a0 Rt PF B ve
piablsa?efelm euqmmas rBus2d bp the fAiEGE cauhingl Thik Rat £Vigen@éd from plots of the
m n th|$%F§he variations in plasna concentration
Cupufave aif it eI GETr A e AT @ ddelpaReiaged daickness
iafa PEGTSaddg dTSOYEWY WE PIORshi 2 dcartrElfidnSgty %Et’w@éh t!h@ rate of
dosage frequency nade possi ble by the nethod of

;S’F’é’%f‘é‘ﬂtm L aripToGH BkiEkiseh s Pytied fpa &%ﬁlfmawptuﬁgn—dlfﬁ:smn
k@l thals o Be B RS 1Py h&%j%fﬁédﬁg n{eﬂﬁrﬁ%ﬁ&ghéd dT%he ]me?r

spent by health care workers on the admhistration o
draiRys.of the graphs 1q e ige afis I eitontiive kegrpiptsson the fime axis: the

AR RAE S i R iiRled tttwa?a/s MR) DM géépéaSﬁg ﬁg]t | %k\ﬁ“es%e’lhetse

stated The term"purified water” as u rougho
tch@lngdPﬁ)W@SS wgf: @ftbutes! pahesrccuteice hiisvosetmiqal ﬂtfwseiilnng the

QXI’])P&EQ'%IS lagth x e (?Iheaﬂo f A rt‘? ‘Iﬂlsoo ‘El %\2\/&?%&3 Il]g(}), and

is to be un erstoo e exa Sres are
ialsp trsthe atore esuplinp e sumirg yhickatha cemputrationof pértcant in the film is

[ t as restri the 5. s it and bread

SIERRLE ChrfR WASIEF I Iobb% ol ek B RN

tenzitmaﬁoh bHthis Wtcﬁmingwbﬂltm \p&rﬁoltdduhzabﬁ‘fd\,ﬁwdxﬂﬂbetdd a low
ease on_. Cont [ oxetil

0 1L e Eraox .
BB ot P ST PRt R B8 o el permeation
dﬂmghq:otyeﬂmeae Gahehvhigh bloovied@ sphis abiative @B 1dgon

o R T SRS e
Rivestizhiel. It Sapthopat et asfat@hd @Wbincrease 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 (Eudragit® 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 dissotution, controlled), although the effect was greater for Eudragit® 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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15(a) | medi at e Rel ease Conponent. A solution of

cef podoxi ne proxetil (50:50 racem c mxtui€) is
prepared according to any of the fornmulations given
in Table 5. The nethyl phenidate solution is then
coated onto nonpareil seeds to a |evel of

approxi mately 16. 9% sol i ds wei ght gain using, for
exanple 20 a d att GPC& (d att, Protech Ltd.

L bed t aratus,to. form
1RO By e the blth S v iR B A BB RS el fifpocons
chBszfﬁe aﬁzbmmcah@smﬁbmﬁd dmgpnﬁﬁms Bofbdit®ths ddferinp Jevels

dified Rel e. Co Cef podoxi e
gqﬁ&g#ﬁYam§8ﬁ$§1WP%§P§' 8rrelease particles are

pr epab@godiy dededsi cﬁﬁsmﬂig’aﬂa pélgmépl@ametrRabitbS hlaaspdymer
repared accordin nple 1(a) above wi.th
E%‘P'Flﬁ 88 Ipug absg s o‘%}tﬂ? ﬁ@e"é"ﬁl"[ﬁs |°%‘F§'T3%‘e‘!j@?falaﬂ‘éﬁd’“§ Rudragit”

latiddeh, e wad fnd PRVAL 8 chRinBRISIPAL E* GH&SioRbLhE gﬁ{g%m the
to var ing level's up to approximtely to 30% weig
copgithoyy thgshellg Slr@&aag‘pql polymerspre fogtaiping thedae awseen produced

alPEfed %g{bd?ghé% fft vad GBRA b5 UMANARY. BRALE B8r AR g
venguad jodstrelativaly Jigear (3 fonarippef (he irgig lnitingdiffision process through

ﬂfl:(gﬁé'iﬂ A ntvélrse‘,lf} %ro%%?tlogaﬁg tirk sRelt t?ucﬂlgesg Whefea® thg 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
containing 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 rapidly 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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RS 12.5 Eudragit(r)54.35 46.5 S 12.5 Eudragit(r)25.0
15L12. 5 Pol yvi-nyl -0.35 0.3 pyrrolidone -

Di et hyl -0.50.50.61.35 0.61.31.1 phthal ate
20Triethyl-1.25 citrate |Isopropyl 39.8 33.137.2 45.1
33.8 44.35 49.646.5 al cohol Acetonel0O.0 8.39. 38. 4--
25Tal ¢c] 16.0 5.9--16.32.82.25 1 Talc is sinultaneously
applied during coating for forrmulations in colum

(i), A(rilé/ s &Y a%éﬁllﬁg 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 methoxsi benzoic acid} were 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 pharmaceutical 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 polymers
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 intestine.

Osmotically confrolled devices

The osmotic pump is similar to a reservoir device but contains an osmotic agent
(¢.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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(c) Encapsul ation of |Inmmedi ate and Del ayed Rel ease
Particles. 30-The inmedi 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 using,
for exanple, a Bosch G CF 4000S encapsul ation
apparatus. The overall dosage strength of 20 ny

f podoxi raxeti | de up o 0 frogmthe 35
06 B o Pae S o SRR hriious by R pifave theeffeet of
demelisinip glek dselodapR ey mﬁ&ﬁﬂigingEMel gsblans of the device. While the

, ' HIA ¢
i%ﬁl\/ljl %I%%&%&?%gﬁg/%dwl y Islesggg&tf q%ﬁ ?hesq)lgpar? gzﬁlgcelv.soor% solid or
sdvbtatell Babiidriiu hidd RviveTthéd 86 rdl@kEAREeREhPOARMh R ivering a
proxetil conpositions according to the present
volHms sayabp tH%\WIH’@e shsalyarbentalice r el ease conponent and a
nodi fi ed rel ease conmponent having a nodified rel ease

matrix material are prepared according to the 5
f or ifleatricathe stineatediralegsendesicgy a) and (b). TABLE 7

(2) HBfor it HEORRR B hd Phid D8

(2 ORI Sl RNy SAERTAALBLER 2 i
whers fyfexamplerrgtehteprad clactticalsmiing 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 Modified 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 eliminating 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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I R conponent Cef podoxi me Proxetil 10 Mcrocrytalline
cel lul ose 40 Lactose 45 Povi done 5 MR component
Cef podoxi ne Proxetil 10 Mcrocrytalline cellul ose 40

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
mvention 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 particlesrof 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 35

Purified Water 83.5 86.5

(b) Modified Release Component
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Eudragit(r) RS 45 Povidone 5 50 ng of | R conponent
rel ease (MR) conponent TABLE 7 (b) is encapsul ated
with 50 ng of nodified to give a 20 ng dosage
strength product. % (ww IR conmponent Cef podoxi ne
Proxetil 20 Mcrocrystalline cellulose 50 Lactose 28

Cefpodoxime proxetil -containing delayed release particles are prepared by
coating immediate release particles prepared according to Example 1(a) above with a
modified release coating solution as detailed in Table 6. The immediate release particles

are coated to varying levels up to approximately to 30% weight gain using, for example, a

fluid bed apparatus.
TABLE 6
Modified release component coating solutions
Amount, % (w/w)
Ingredient (i) )y (i) @Gv) O (vi)  (vii) (vii)
Eudragit® 497 420 471 532 406 -- - 25.0
RS 12.5
Eudragit® - - -- - - 5435 46.5 -
S12.5
Eudragite -- - - - - - 250
L1125
Polyvinyl- - - - 035 03 - -
pyrrolidone
Diethyl- 0.5 05 06 135 06 13 1.1 -
phthalate
Triethyl- -- -- — - - - - 1.25
citrate
Isopropyl 368 331 372 451 33.8 4435 496 46.5
alcohol
Acetone 10.0 8.3 93 - 8.4 - - -
Talc! - 16.0 59 - 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 -



Povi done 2 MR conponent Cef podoxi ne Proxetil 20

M crocrytal line-cellul ose 50 Eudragit(r) S 28
Povidone 2 30 It will be apparent to those skilled in
the art that various nodifications and

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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vari ations can: be made in the nethods and

conposi tions «©f' the present inventions wt-hout
departing fromthe spirit or scope of the invention,
Thus, it is intended that the present invention cover
the modification and variations of the invention
provi ded they cone 35 within the scope of the
appended cl aims and their equivalehT§' Dat e of

recei pt: 21 May 2007 (2 ) PCT/ 1052006/ 018835
Ztcg'ga'ﬁéiot? fI cﬁépé =¥ 1s '%hM%Dm % |

e 9575 bl § ﬁs&g SPereh e
ceph ri h conposition | SI ng: (a) particles
of a %B ﬁborl n. havi ng a ef fective average
parti CTEpXefil st han %@out 2000 nm and (b) at
| east r“?ea‘i?g“]gfeabl | i zer’, 2. The conposition of

cl a| ere| n the cephal éépm nis ce doxinme or a
sal t 8?’1‘18’%9“ vative thereof. 3.The conposition of
cl ai M8 COMPVIERL t he cephal osporin is cef podoxi ne
pr ox &tgfod ogmelgoxeiimosi tion 18f claim 1, wherein the

haYlisssbrangssielipeq ép ted f
cep Eudi}gﬁ@}{seﬁ‘é e is sélected from

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.

% (w/w)

IR component

Cefpodoxime Proxetil 20
Microcrystalline cellulose 50
Lactose 28
Povidone 2
MR component

Cefpodoxime Proxetil 20
Microcrytalline cellulose 50
Eudragite S 28

Povidone 2

It 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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the group consisting of a crystalline phase, an
anmor phous phase, a Statiof pacgjatt 2 M@0 HRHE2007) PCT/US2006/018835

sem anor phous phase, and m xtures thereof. 5. The

FERITP oSl it PNEQf Gk ey, wherein the effective average
particle size of the cephal ospori nAftamey Pbest Ns P 31,598 PCT

sel ected fromthe group consi $xpress Mhil LawENo. EAMO1aDEB0 US

1 : t han about 1800 nm | ess than about
1%{1%%}}1@] about 1600 nm | ess than about
1500 r 0, 1I ess than about 1400 nm |ess than about
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1100 way | 164611 candt i3 o eftb &R ut.
‘900 urn Igés:rﬁctg(@n caboutp()%%o nmﬁl ess féﬁ%%%gg%ﬁ@e%eo(’f
nm Ié?ﬁﬂiaﬁﬁ%“é (imgerd nm | ess than about 500 nm.

| ess (#an atiestond RfabdtabiiRes t han about 300 urn, Iess
t han about 250 urn, |ess than about 200 run, |ess

than gho . ess _than, about 75 .nm and | ess

t han _aboﬁ%mégﬁﬁﬁ&c&qaew%c{ie%@gf’ &]‘61351’8@(‘:? Ofime o & salt or
vd?@Yaé'iVﬁthemf-cephal osporin particles have enhanced

bi oavail ability as conpared to conventi onal

GephalRs@poRi&PsRATh b] Wi igipn of .
claim 1, V\hﬁgr ein the c’on‘p%st?%‘f%n: 05%%‘)55}'3%%?%?%%@&&@.
i,nt 0 | ected fromthe group consisting

dosage.form se C 3
of orgife ‘i%’?%?%f{ 0@% Ly vehsreindhe erphalospern parfiakis selécted dioch
iegpepsonising GEd GrystAltfeQhk.Sn aRlofhBR Ynsse, £ :
gis%gjgl%gsht he?ﬁieof' 3)is fornul a{i%d [ ntsg’ agcgg%%ﬁ?eg?hrﬁg’
selected fre ﬁefﬁé’d S isting of 63 <controlled
rel ease formulations, fast nmelt formulations,
By o p i Heicemgositénmrn blaimi rdereitldhecefedtiveal &ascarticle size of the

i ease formul at) ons, .
CephuleB id Bl o SRS foh T80 Coffiine hledt hinsbent dp00 am,
& Banabowt{§0% wmi less thap dbque] 198 s, fesw thatl adbitdH6) nid)Test BhA

SRDI 508 inORsQfarl y T Qsition -0
claim 1?111:,\/\%; ej nﬁ%uhtgﬁ@o%)éeg? @?%%%Pﬁrﬁpﬁa?“’ %ﬁfﬁ%ﬁa&% 1200

eslé thap about bH¥mam Wbﬂtﬂﬂ%@,ﬂm thae aBouE POD 16K Uess than
4311800 i, LeS thih AHBHT06 A 108 el G660 nrm, Tess than about 500 1,
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 1, wherein the composition:
(a) is formulated into a dosage form selected from the group consisting of oral
tablets, capsules, sachets, solutions, Hqud 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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9. The conposition of claim1, wherein: (a) the
cephal osporin is present in an anount consisting of
from about 99.5%to about 0.001% from about 95%to
about 0.1% and from about 90%to about 0.5% by

wei ght, based on the total conbined wei ght of

cephal osporin and at | east one surface stabilizer,

contRfMed rd16d st FrR R1oRE fa s ped Plogftiations, Lyophilize) foaﬁmlﬁaﬁ:t delayed
one surface stabilizer is present jn_an anount

f
reledse ctbmalltﬁwns, exSesledrelmsufornglagouypratile redense ferprigtions, and

T

@?lnegc&ﬁmmﬁmﬂﬁﬂ@p&mp@@halosporln and at | east one
surface stabilizer, not including other excipients;
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8. © ogﬁgg ?dn{ﬁ (%nczo?lfof%:laﬂnnf Ygﬁ?{h%'cﬂmggﬁn&yﬂrﬁﬁﬁcomprlses one or
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significantly different absorption |evels when

adm ni stered under fed as conpared to fasting

condi tions. 15.The conposition of claim1, wherein

the pharmacokinetic profile of the conposition is not

significantly affected by the fed or fasted state of

a subject ingesting said conposition. 16. The

conposition of claim1l1, wherein adm nistration of the

conposition to a subject in a fasted state is .
hyploinetione phatiztatt, Honcadniliiestidbseo maghesiume abonpwwistlicets. t o

_a subject in.a fed state.. 17. A h [
wiethpma AR nelid KR PIS VT TP £ e B aRE TR FsD-
phelgﬁp{)l r e?%itﬁ%ﬂf}r]&ﬁ%%ﬁ%ﬂn&l&&ﬁﬂe,%ldx@ﬁ&i's; @bRxamines, a

ace stabilizer for a tinme and under conditions |
chargef pHosplenipid, digutyiwil fsuerinn disdletiesters af sodiwp raliesygepicmeid,

sodi g IRGE b A R LY BUUGThALEe e TR T b fesfaRhEnd
sucrké‘é&%iﬁée{}at%,hﬁié%ﬁ@ﬁ‘)ﬂ]ﬁﬁb}]%ﬁ?@(ﬁbf—t@y&&&ﬁl&%@aﬁdﬁ-l\bmeﬂly@lhdanﬂdie; n-

erivative thereo he net hod of claim 18, wherein

decyfl B?r)]{gahprb?jmlspgjdé; ?%dwyblb%mb&pwq@id@xwm@cﬂzbﬂh e
netnod, o i ‘ i
R T o S S bR 80t
e at e. i . i Dt i ) e
- e oG e SOl T AERL Rl ALl 0 Rl pyfhosads?
nonz(ﬁl\gff-ﬁgﬁetﬁ?!glﬂcﬁhﬁde% haﬁ)ypﬁ-n-gmo,]ﬁﬁmSahp otta@BO0MN-nm  and

at |east one surface stabilizer, in the .
methyaglutanitier eoctl-A-Mrghopeyraiasideaceykphthieg peopyrpnoside;

osonR b B SShERL A RuasbL palaflve i
vitarfff ROS90f iviBm@ EalyS&yinedfandom copolymers of vinyl acetate and vinyl
pyrrolidone, a cationic polymer, a cationic biopolymer, a catiohic polysacchande, a
cationic cellulosic, a cationic alginate, a cationic nonpolymeric compound, a cationic
phospholipid, cationic lipids, polymethylmethacrylate trimethylammonium brémide,
suifoniuin compounds, polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate
dimethyl sulfate, hexadecyltrimethyl ammonium bromide, phosphonium compounds; |
qﬁarternary ammonium compounds, benzyl-di(2-chloroethyl)ethylammonium bromide,
coconut trimethyl ammonium chloride, coconut trimethyl ammonium bromide, coconut
methyl dihydroxyethyl ammonium chloride, coconut methyl dihydroxyethyl ammonium
bromide, decyl triethyl ammonium chloride, decyl dimethyl hydroxyethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammonium chloride bromide, C12.1 sdimethyl
hydroxyethyl ammonium chloride, Cy2.1sdimethyl hydroxyethyl ammonium chloride
bromide, coconut dimethyl hydroxyethyl ammonium chloride, coconut dimethyl
hydroxyethyl ammonium bromide, myristyl trimethyl ammonium methyl sulphate, lauryl
dimethyl benzyl ammonium chloride, lauryl dimethyl benzyl ammonium bromide, lauryl
dimethyl (ethenoxy)s ammonium chloride, lauryl dimethyl (ethenoxy), ammonium
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derivative thereof 23. The nethod of claim 22,
wherein the cephal osporin is cefpodoxi ne proxetil.
24. The nethod of claim 21, wherein the effective
average particle size of the cephal osporin particles
is selected fromthe group consisting of |ess than
about 1900 nm | ess than about 1800 nm | ess than
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conposition according to claim25 wherein said

brorpides, (i esnatiorhprisseniem rhp@nfdﬁe dlodeayihensd toethyi avgmoniag,

chlogpppsa LA rmopgyn ST [ ADMALCL BB dfb i
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POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium bromide,

choline esters, benzalkonium chloride, stearalkonium chloride compounds, cetyl
| pyridinium bromide, cetyl pyridinium chloride, halide salts of quaternized
polyoxyethylalkylamines, MIRAPOL™, ALKAQUAT™, alkyl pyridinium salts;
amines, amine salts, amine oxides, imide azolinium salts, protonatéd quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

12. The compdsition of claim 1, additionally comprising one or more active agents

useful for the treatment of bacterial infection.

13.  The composition of claim 12, wherein the one or more active agents is an

antibiotic.
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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 conpasition acgcor a| m
14. 25 Ths copposigipmphelaim { a’bheé‘ilnml??s{tw&%ﬁﬁglﬂqt@lr Gr e

sigf R0 SRt Bt P cl B Fhp bR b SR fod sorfhared 0

fastmgrcbndaheﬁs are provided in a rapidly dissolving dosage
form 35. A conposition according to claim25 in the
formof a fast-nelt tablet. 36. A conposition
acg WRSLR I SRLAaRARidckie hastile 8Mdel se

5. ﬁgbﬁ% gﬂlgbﬁ%lwpr coalﬁltﬁr:eg which is effective in

compeklaals isnopt sigpificamlyofiTac el the frolrdrfasidd date af ¢ e angepting
of six .to twelve hours. 37. The conposition

sald CORROREIAR t o cl ai m 36 wherein said pol ymer coating
conpri ses nethacrylate copol yners. 38. The
conposition according to claim36 wherein said

16. pol§wepmposifion séeaim 'memi@ agmiteitayign of thercompagition to a
T T R S L

in ad&] aye. 39. The conposi t| on according to claim 38
wherein said ratio is approximately 1:1. 40. The
conmposition according to claim25 wherein.said
cep al Qi N IS, r

81568} : onpregcor%{fﬁ%?ogﬁgﬂlc a}é & h@ V\ﬁ)efnﬁ i rlségg cof[t@@tmg
partﬁﬂ?dmﬂ' sickplailospogs wihitat Rasicine euﬁ'a@mtafhllamn forya tohhd fret emder
absorption | evel s when adni ni stered under fed

congifpe THEEHENtAe PEvisA RAgOPBLF YAk cRBhAloRATE PYRROSItigpphaving an
o] BA0 wherein the
effeé?‘%r g@?g’%‘n cl%fd}? S?gﬁb%fa%sgfd@gonpom tion is not.
significantly affected by the fed or fasted state of

205@12%516{[&% nngSSt | b Wéle{egl ;Fﬁt?%b&ﬁg} %’)otdﬁgl?ne or a salt or

deri rﬂa g@tion of said conposition to a subject in a
asted state is bioequivalent to the adm ni stratlon
of sald conposition to a subject in a fed state
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nanoparticles of a cephal osporin; and (B) a
subsequent conponent conprising a subseguent
20. poﬂﬂieam’fbtvd Qﬁclmmﬂp aﬂlﬂe@r b coptacting GEBHEEbHBlRG et

b f d
gﬂn@’é‘ﬁd% o) %%Ia Olil egg%g’l eélglrﬂglg 811@] ﬂré[ 1gaq'llgmanner .

21. Use of:

(a) particles of a cephalosporin having an effective average particle size of

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 claim 21, wherein the cephalosporin is cefpodoxime or a salt or

derivative thereof.
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45. A conposition according to claim44 wherein said

first conponent allows for the i medi ate-rel ease of

cephal osporin. 46. A conposition according to claim

44 wherein said first conponent is a tine-del ayed

i mredi ate rel ease conponent. 47. A conposition

according to claim44 wherein said subsequent

co [ﬁqnﬁm S whefTREhE ek ;
23. al {F@?%O\% y or S%élg;ﬁ?l ona © , agﬁh(%g?%ice% -rglﬁggﬁgoxem'

matrix material. 48. A conposition according to

claima4 erei.n sai d subse t conponent. js.a
24. ¢ o et T, HDE e Sdehs S GREn particle3irt of e
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less dunpbaerit80 nB0 lesAthanmpost 1708 mma tess thah afoetd 660 ammiess than
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nm, k2P HRAL ABRANR00 bifh, Res§ Hah iaBH@US 00BAN BSSs thaBAbous 900 nm, less than
conposition according to claim44 wherein the

abous 8 amo dyse tian abeutFi00inem dess ke Bputilansdpgshrsrabous 300 nm,
less %ﬁ%ﬁg&t%@ﬁ li')'g?tlegsé glﬁagllha- l()l?t%rﬂnq 'lests ?I:I)’an alﬂ%ﬁt %0 {h, less than about

sporin-coftaining particles
200 WRE et thah BBoRA0D nf, &8s GRNAbLSET Samiveld fdse thanedbeasH nm.
coating or, alternatively or additionally, a -
nodi fi ed-rel ease natrix material in the manufacture
of ,a Led- Sk 1 . :
25. o AFsEPLEPL GRS b PO ARl AHbpLBNich B nancparticls of
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ition iver ri n il
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. i | L
el DERE LR & Pl A forBRMIOR UL RS bephalosporin fna
pulsagtdapr caitingoss mabeequent popul ation of cephal osporin
in the manufacture of a controlled-rel ease
conposition for the prevention and/or treatnent of
26. 0SWEQRMRMioR acd8ing !t clalif 26 WHRRS §4i@PopHatediia bh erodfible
del 1 vering cephal oSporin in a pulsatile or continuous
formrmatiosr.  55. A stabl e nanoparticul ate conposition
conprising: (a)particles conprising cephal osporin
havi ng an effective average particle size of |ess
27. t haeoakpRufiod A8&brEMB ito aRfin 0F Qdierdieaisd patieles usihpae a modified-
stabilizer,: wherein upon administration to a
releaseppriingt he conposition produces therapeutic results
~at a dosage which is less than that of a
non- nanoparticul ate dosage form of the
. 28. A composition according to claim 25 wherein particles comprise a modified-

release matrix material.

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 io claim 25 which comprises also an enhancer.
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same cephal osporin. 56. A conposition according to
claim1l, wherein the conposition has: (a)a Cm
ax for the cephal osporin when assayed in the plasnma
of a mammalian subject follow ng administration that
is greater than the Cmax for a nonnanoparticul ate -
fornulation of the sanme cephal osporin adm nistered at

Z?%g%?osﬂ%%%ggq};ﬁmﬁ to claint 8% wHrdh é:tﬁg%tcfl ?&m@les are conta:med ina

assayed I n asma of

hmd@@ﬁﬂﬂck%ﬁﬁguhnﬁeﬂmﬁblIomnng adntnlstratlon that is
greater than the AUC for a nonnanoparticul ate
formul ati on of the same cephal osporin, adm nistered

30, At &ﬁnoéﬁor | %Q%Qﬁg to clatm 5 fhkerén ;tﬁ@ﬁarttefes Hé% the form of

cep en assaye in the plasma of
mini@ablesd. i an subj ect follow ng adm nistration that is

| ess than the Truax for a non-nanoparticul ate

formul ati on of the same cephal osporin, adm nistered

33. at A Ek?ggiﬁ%n%@&gﬁg t@€laim 25 in theddrnBYa CBIEDwhaieithe Particles

are compressed to form a layer of said tablet.

34. . A composition according to claim 25 wherein said particles are provided in a

rapidly dissolving dosage form.

35. A composition according to claim 25 in the form of a fast-melt tablet.

36. A composition according to claim 25 wherein said particles comprise a pH-
dependent polymer coating which is effective in releasing a pulse of cephalosporin after

a time delay of six to twelve hours.

37.  The composition according to claim 36 wherein said polymer coating comprises

methacrylate copolymers.

38.  The composition according to claim 36 wherein said polymer comprises a
mixture of methacrylate and ammonio methacrylate copolymers in a ratio sufficient to
achieve a ptﬂse of cephalbsporin following a time delay. '

39.  The composition according to claim 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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41.  The composition according to claim 40 wherein said composition does not
produce significantly different absorption levels when administered under fed conditions

as compared to fasting conditions.

42.  The composition according to claim 40 wherein the pharmacokinetic profile of
said composition is not significantly affected by the fed or fasted state of a subject

ingesting said composition.

43.  The composition according to claim 40 wherein the administration of said
composition to a subject in a fasted state is bioequivalent to the administration of said

composition to a subject in a fed state.

44. A controlled-release compositioh comprising: (A) a first component comprising a
first population of nanoparticles of a cephalosporin; and (B) a subsequent component
comprising a subsequent population of nanopa_ﬂ:icles. of the cephalosporin; said
composition being capable of delivering cephalosporin in a pulsatile or continuous

manner.

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 is 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.
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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

mananecr.

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 cephatosporin in
the manufacture of a controlled-release composition for the prevention and/or treatment
of osteoporosis, therein the composition is capable of delivering cephalosporin in a

pulsatile or continuous manner.

55. A stable nanoparticulate 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 Cpax for the cephalosporin when assayed in the plasma ofa |
mammalian subject following administration that is greater than the Cpa 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 anon-
nanoparticulate formulation of the same cephalosporin, administered at the same
dosage; ‘

(c) a Tmax for the cephalosporin when assayed in the plasma of a mammalian
subject following administration that is less than the Trax 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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