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Nanoparti cul ate and Controll 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 bacteria
infection. In particular, the present invention
relates to 10 conpositions conprising a cephal ospori n,
for exanpl e cefpodoxinme, or a prodrug thereof, and
nmet 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 relates also to novel dosage forns -
for the controlled delivery of a cephal osporin or

pr odr ug thereof 15 BACKGROUND OF | NVENTI ON Anti biotics
are po bacterla- iIIing s used_to_treat

bact eri an&p&r e ; ntrelleshRedease
There s.currently iy use
et & PTPRfRiPTs @%nﬁp&bﬁng@@whaﬂwm rin
infection. Beta-lactam anti biotics, which are naned
for the beta-lactamring in their chem cal structure,

i nclude the penicilli e or|n and rel ated
conpounds. These agen?iEﬁP iﬁyﬁYﬁg g@ﬁlnst many gran}
positiye, gramnegatiye and anaer obi c organi sns.

bet a- | HEPATEAAT BB reldesdq epprositipas ?“delfl?tg%‘%s fpyjthe Pfe‘feﬂtlon and

| bt Iof BabtoMal fifdchsn. StnpdficHla |thé31fr95%§ﬂ ih kDY retes to

pepti dogl ycans. jn bacterial 25 c wal | s. Because
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aghgiedi, ghd BLhOAY for ﬁlgﬁ}lf_% %@usﬁlg‘ sﬁ&l??!:{ln}{polé BhUn i briddBiment of the
outpatient settin bet a- | act am cephal osporin
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origin. They are structurally an RaFiaco
r e paedseg thercofie penicillins. The cephalosporln ring 30
structure is derived from 7-am nocephal osporani c acid

6 am nopeni ci 1 | 2ﬁ|%’£§i§?§‘?%ﬂkgi§IN%§W§ﬁ Lt ur es
B R —
dutmians tnd dthesmmammals. 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 arc active against many gram-
positive, gram-negative and anacrobic organisms. The beta-lactam antibiotics exert

their effect by interfering with the structural croéslinking of peptidoglycans in bacterial

. cell walls. Becaitse 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 C, an antimicrobial agent of fungal origin. They are
structurally and pharmacologically related to the penicillins. The cephalosporin ring
structure is derived from 7-aminocephalosporanic acid (7-ACA) while the penicillins are
derived from 6-aminopenicillanic acid (6-APA). Both structures contain the basic beta- _
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the penicillins and am nocillins. Substitution of

di fferent 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 cephal osporins were designated first
generation while later, nore extended spectrum
cephal osporins were classified as second generation
cephal osporins. Currently, three generations of
cephal osporins are recogni zed and a fourth has been
proposed. Sign s ,~antly, each newer generation of

c i.ns. _ha reater qgr negati ve ) o
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Pty Lo el RS CD ol 8L LANBLAL TR e
atAHerebipbRIpeamtias shaa thapreexing geadmiimn)doierpi @XRE idldchas

| SR ARG S 1 DR RSANG R Ve R e
{geBymeedsoxyi i no) acet ani do] - 3-

th | -.8- 0x0-5-thi s= | -azabj cycl o _[4.2.0]oct 20
D e CHBPAt % Biod ) el i E A b et s f te oy
Dy 2N DR GResgiten WithaGerdnTBbaGY B 4Rla8Rbors gﬁg_z bg ipiection

The .structural formul a of cefpodoxinme proxetil
Oal'? eeﬂg‘oausﬁfg Ny enf mfechons hefoue duipg apd aesiugenccur s as a

whi t e Gefpoyietimed Hifird Quikedtion 38haldspdrih z@l&ilﬁl‘aﬁ%;é%ﬂgé/doxime proxetil

- i.nsol ybl e .i.n wat er. Cefpodoxine proxeti
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administration to a patient. Cefpodoxime proxetil has the chemical name (RS)-
1(isopropoxycarbonyloxy)ethyl (+H)-(6R,7TR)-7-[2-( 2-amino-4-thiazolyl)-2-
{(Z)methoxyimino}acetamido]-3- methoxymethyl-8-oxo-5-thia-1-azabicyclo [4.2.0Joct-
2-ene-2- carboxylate. Its empirical formula is C2H27N504S; and it has a molecular

weight of 557.6. The structural formula of cefpodoxime proxetil is:




the registered trademark names BANAN(r) (Sankyo Co.
Ltd. of Japan) and VANTIN(r) 5 and ORELOX(T).
(Pharmaci a & Upj ohn Co. of Kal amazoo, M). Cef podoxi ne
proxetil is admnistered orally, either as a
filmcoated tablet or granules for oral suspension.
The recomended dosages vary dependi ng on the type of
i nfection; however, typical adult dosages range from
200 to 800 ng daily. Conventional cefpodoxinme proxetil
tablets are adm nistered two tinmes daily. 10

Cef podoxi ne proxetil has been described in, for-
exanple, U S. Pat. Nos. 6.489,470 for "Process for

t ration, of Cefpodoxjme. Proxeti | . .
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attention of health care workers and contributes to the high cost associated with

treatments involving cephalosporins. 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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for exanple U S. Patent Nos. 5,518,187 and_ 5, 862, 999,
both for "Method of Ginding 5 Phar naceut i'ca

Subst ances;" U.S. Patent No. 5,718,388, for
"Cont i nuous Met hod of Gri ndi ng Pharmaceutica

Subst ances;" and U.S. Patent No. 5,510, 118 for
"Process of Preparing Therapeutic Conpositions
Cont ai ni ng Nanoparticles.” Nanoparticul ate active
agent conpositions are al so described, for exanple, in
U.S. Patent Nos. 5,298,262 for "Use of lonic Cloud . .. .
Point Modifiers to Prevent Particle 10 Aggr egati on
During Sterilization;" 5,302,401 for "Method to Reduce
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qunm%tm 0 r ast. nﬁs ép% H gh Nblecular V\élﬁlc

NON-T ORT & SP’PE%‘P% 113, “GtofisqvenParticle Agstesatiay amhincreass
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igornu .ati.o s of . Oal Gastrointestinal Di agnostic
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VigmeBERdhértied dfWer\E SRRl ﬁfﬁ'gﬁetg]?ék%an Pzﬁné’lzg’ 58% 489 for “Use of
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Stabilizer;” 5,447,710 for “Method for Making Nanoparticulate X-Ray Blood Pool
‘Contrast Agents Using High Molecular Weight Non-ionic Surfactants;” 5,451,393 for “X-
Ray Contrast Compositions Useful in Medical Imaging;” 5,466,440 for “Formulations of

‘Oral Gastrointestinal Diagnostic X-Ray Contrast Agents in Combination with

Pharmaceutically Acceptable Clays;” 5,470,583 for “Method of Preparing Nanoparticle
Compositions Containing Charged Phospholipids to Reduce Aggregation;” 5,472,683 for
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D nmers as X-Ray-Contrast Agents for Bl ood Pool and
Lynphatic Systeém I mging;" 5,518,738 for--~
“Nanoparticul ate NSAI D Formul ations;" 5,521,218 for
"Nanoparticul ate 5 | ododi panmi de Derivatives for Use as
X-Ray Contrast Agents;" 5,525,328 for

“Nanoparticul ate D agnostic D atrizoxy Ester X-Ray
Contrast Agents for Blood Pool and Lynphatic System

| magi ng; " 5,543,133 for "Process of Preparing X-Ray
Contrast Conpositions Containing Nanoparticles;"
5,552,160 for "Surface Modi fi ed NSAID Nanoparticles;"”
5,560,931 for "Formnul ati ons of CbnpoUnds as
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5,622,938 for “Sugar Based Surfactant for Nanocrystals;” 5,628,981 for “Improved
Formulations of Oral Gastrointestinal Diagnostic X-Ray Contrast Agents and Oral
Gastrointestinal Therapeutic Agents;” 5,643,552 for “Nanoparticulate Diagnostic Mixed
Carbonic Anhydrides as X-Ray Contrast Agents for Blood Pool and Lymphatic System
Ima’ging;” 5,718,388 for “Continuous Method of Grinding Pharmaceutical Substances:”
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| mmunodeficiency Virus (H'V) Protease Inhibitors Using
Cellul osic Surface Stabilizers;" 6,068,858 for
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nanoparticulate drugs;” 6,908,626 for “Compositions having a combination of immediate
release and controlled release characteristics;” 6,969,529 for “Nanoparticulate
compositions comprising copolymers of vinyl pyrrolidone and vinyl acetate as surface

stabilizers;” 6,976,647 for “System and Method for Milling Materials;” and 6,991,191 for
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“Nanoparticulate beclomethasone dipropionate compositions;” U.S. Patent Publication

No. 20040033267 for “Nanoparticulate compositions of angiogenesis inhibitors;” U.S.
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"Nanoparticul ate sterol formulations and novel stero
conbi nations;" U S. Patent Publication No. 20040018242

for "Nanoparticulate nystatin formulations;"” U S.

Pat ent Publication No. 20040015134 for "Drug delivery
systens and nethods;" U S. Patent Publication No.
20030232796 for "Nanoparticulate 5 pol ycosano
formul ati ons & novel pol ycosanol conbinations;" U. S
Patent Publication No. 20030215502 for "Fast

di ssol vi ng dosage forns havi ng reduced frlablllty
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CP o Bich NN QD03 0 D Sy i Elpeiader U8, Dot
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Particles 2
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U f f i
I\/lre” hggﬁ[sﬁlo'?b%s SRR i 151@9&%1&95 g?ﬂ§ﬁ§t&?§§8§[} erg%rg%lgqg U.S. Patent

paest f:d ?%@3‘% for “ﬁ‘aﬁmh@q Gempgsitioa sudiHer Baertof 8¢ Antimicrobial Agent;”
BegRus3e f&eﬁﬁ@hﬂ%ﬂgl}‘aﬂﬁ% Uﬁ%l?nlfgmgf LY 91%.2:( EOR W Sinsoluble

practically insolu

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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significant bioavailability can be problematic. Thus,
there is a need in the art for -8 nanoparticul ate

cephal osporin formul ati ons which overconme these and

ot her problens associated with the use of

cephal osporin in the treatnment of bacterial infection.
The present invention satisfies this need. 5 SUMVARY
OF THE | NVENTI ON Hereafter, the term "cephal osporin®
will collectively refer to cephal osporin and prodrugs
thereof. 10 Cephal osporins, such as cefpodoxinme .
proxetil, suffer from poor b|oavallab|I|ty due to the -
fact that they are only slightly soluble in water. The

pr reI nanoparticul ate

rﬁﬁ i %c:ugl%e %&ﬁaﬁ) ongrilﬁtﬁogls & c&qv ARG Itlﬁ@e q%g@bl@ms
b [ a@wateldahtli the yse oﬁSepdielsq:fohh @0ithB @egthidnt offb8ctfi 2 §@&%kion. The

i nventi.on 9 gg %B o a conposition for the
controlted ?5?8 & cephalosporln (hereafter, a
"controlled rel ease 15 cephal osporin” conposition). In

particular, the presRMARVEPTHIINEERTASNIO @
conposition that in operation delivers an active

cephal peRefitrthe Sodd ¥ cGhale§lopne Q/ﬁl é@le&f\fggﬂ%fek toocrepﬁalgsﬁé)lgn and
or derivative thereo in a pulsatil In a

c BrdrtEs difseafanner . The present invention further
relates to solid oral dosage forns containing such a
controlled rel ease conposition. The controll ed

10 1 e easEerbwlogensingi suttsasobipofexing penttilosuffsr ﬁ'bm@bblfblmtiﬁblhty

15

t Bfe %gh@ﬁ@ﬁhﬁt%egq;@ ({Hlf {l%tl# Ié]o?ubcie:e thﬁgal (%S H‘%E‘rlﬁ% ?W EQ’EIH{OH relates

cef podoxi ne proxe
i ivaRpnpprTtioudd ta tagpoaition cd:mprrsmgappmaﬂaspbﬂnaheem;gdﬂspﬂﬁba i ons

C .S C I pori hereafter articul ate
RPN, o L RRIBPREP ol BRESEhtion S ROt g magsition
n ﬁn@lpa:otlir@llddaelease eph @dphslpspbhﬁ (HRddalibsG h €ontBledrklchgast

.ace stabiliz ed on the surface of the
Qe RR R oS SRiiah Th RIS 0F Sreone U RaIGaBa1e f 4 compositon

B pﬂnat ]JH@bﬁﬁtllﬂﬁieﬂlaMﬁ aiictiod E@hﬁlb&j:%nﬁ%@tﬁl@%e@ﬂiﬂbhﬁﬂe%nﬁdeﬁleor a salt
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4 bout F 900 am A preferr dosage form
o?r eﬁéa Vﬁ ?"i Jh aipulsiple oy ing ca%‘%@'és K- H}etm@e@tnnwnyon
phuatherackRish tClill Yrah 8685 RRhEARIRUELR L b &RMP Rolease

ther aspect of the invention is directed

utilized 0
t %?“B%’?é‘n“ﬂ%c@r%]ﬁ‘ic’&ﬁ?”eéd?}ﬁfﬁg FRPRATEonE ofihe inypmipnavill climinate the
NesRe RAddul il Ahe cé‘lﬁ%@doﬁ*ﬁpﬁaﬁ& olab 2 AN FWA §88¢a day.

one surface stabilizer, a ar nace tlca
accept 128 PEsen ipveation ralgiog,alse thEm@imytle@é@ ¢Oemnosmmsmoamnsng

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

A preferred dosage form of the invention is a solid dosage form, although any
pharmaceutically acceptable dosage form can be utilized.

Another aspect of the invention is directed to pharmaceutical compositions
comprising a nanoparticulate cephalosporin particle and at least one surface stabilizer, a

pharmaceutically acceptable carrier, as well as any desired excipients,

9.
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“adm nistration of two or nore IR dosage

-9 Anot her enbodi nent of the invention is directed to
nanoparti cul ate ‘cephal osporin conpositions conprising
one or nore additional conpounds useful in the
treatment of bacterial infection. This invention
further discloses a nethod of making the inventive
nanoparticul ate 5 cephal osporin conposition. Such a
nmet hod conprises contacting the nanoparticul ate

cephal osporin with at | east one surface stabilizer for
a time and under conditions sufficient_to-provide a
stabi |l i zed nanoparticul ate cephal osporin comnposition.
The present invention is also directed to nethods of

treat te
of *bact oy e toft: Sthe Btovion e Ba b aO I E PR geporin
1 Qowpysitiing sqm;pmsmgmﬁpomlota addmoﬂal sompssds hefittimthe Swtﬁent of

n&&ﬁ&%& qggrlse adm nistering to a subject a
erapeu |caPIy effective anount of a nanoparticul ate

cephal Thip aavention@hfilesr disoi@idd @Ggetifd of L&{nERIM inkihtiAdndnBarticulate
nangﬁﬁrtlculate %ﬁﬁﬁjos r|n conpositions of the

i AFEAPPRITILPEPRA brsitied gmaaer portastps e aopartiggate
prgheRtpdrnwa At Mastiont bilteikce E@biais SorlaQink zﬁl‘a%ﬁé}lcbﬁﬂtmns
reI?ase cephalosggrln 15 conposition which in

IGERSRPRVE 3 lllae%a&enaaﬂwm fephalespesn gpinpasitiop.
si M | arhd fedehBnvddtias FRIB rdﬂ%ét&@togﬁéfﬁjd&% %fitr%’aﬁn&ﬁ ?ncludmﬁ but not

rnms give
sHitedhio; B rpatoepiof bageria! infession nsipmthe meved omopaitibwlate

r r .
R R PR S APl Tk, DPABRROK U aRhillering o

i FHbig! etherapenealbeeftepﬁaye aosate a @ﬁo;faamu:iautescegumspom eDier

e ri.se
oo MGl Al St ndnbBl- ALY X Bl Sohodtions ot o
pmﬂgﬂmndﬁﬂgmemm@ﬁwmaqﬂﬂnﬁnnﬂ&aﬁbserved after
adm ni tro on
o 1 v g et B e e SRS RE apPaEspor
C@msmtm wemh durbpeiration @t ddotestal phama Prdtlis sub&idﬁtthns‘i @E@ABe to the

tant. pulsatile sma .
BT A A PP BES e Rt e
tdequiealpelll_r,t i meefelﬁlemsﬁorasmm Rhe6lledirtbaséd 2ohp@Mon Ry be in

exa wash out period provided by the fall off
l%% ?W%%ﬁﬁm concentration of the active between

p eaks (vascritiogil flefeeng BésabOrebitned iCORER hPMihOfard AFLY (IR osage
ducugglor preventing patient tol erance to vari ous

YR Y dgpriegd at prrigdis inseEse bivkplngive Ast ramiisatile plaameprofile.
t1a tids 6RBtd Rhk ﬁlq:hé Flh&RSGrug EHRBMAIBRY dbserved after administration of

each IR dose with troughs (regions of low drug concentration) developing between

consecutive administration time points. Such dosage regimes (and their resultant pulsatile
plasma profiles) have particular pharmacological and therapeutic effects associated with
them. For example, the wash cut period provided by the fall off of the plasma
concentration of the active between peaks has been thought to be a contributing factor in
reducing or preventing patient tolerance to various types of drugs.

The present invention further relates to a controlled release cephalosporin

composition which in operation produces a plasma profile that eliminates the “peaks” and
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conposition whieh in operatlon produces a plasma
profile that elimnates the "peaks" and -10 "troughs"
produced by the admi nistration of two or nore IR
dosage fornms given sequentially if such a profile is
beneficial. This type of profile can be obtained using
a controlled rel ease nechanismthat allows for

conti nuous delivery. Miltiparticulate nodified
controlled rel ease conpositions simlar to those 5

di scl osed herein are disclosed and clained-in the -
United States Patent Nos. 6,228,398 and 6, 730, 325 to
Devane et al; both of which are |ncorporated by

tr ﬁfrgﬁ (’:Fré)h&re@ 'bg &e?ldb’uﬂ%%aﬁlﬁlg o{ {\i\%lro?\rln%?ft: lf Eésgée ta R r%lheélr

0 ﬁf@@?fliﬁlﬁ if fh@h A prodit is denefioiap r This 'drﬁe Of]ﬂ't)ﬁl@k:hlﬁhb stedimaseing a

eratkion
C SBRRE vADSe ml b By R o OB Al rs”
Cc ephal dEurartivplatenmadifiddcoptib el relefse FBMAPEYitiE sithilar to those
1sc]loselili%u§el rrgrn rl;Q %lnoahgr %@J ecet of the SI nYeﬁml on228 398 and
t 0 provi g AE SKEPE 2 clrupee dh C%'H?J’8§W‘f drtentiipse an
s6s0.ans todbévymmtm Q)Sthﬁ@i/lﬁﬂh@&ﬂﬁ@ &ﬁieﬁ Bl réBdnce herein. All of the
tagrageutlc effed; pr oduced t adm ni strati on of
éb@aif tenke & We@@quent ially.

© Anot hert ipbfuebér dbfect S8hd ﬁVﬁﬂﬂ)h %‘pﬂo%dg CorftfoR¥d ARa& com EPT]UOHS
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controll ed rel ease conposition whi ch substanti

r SHI7h 4% oRsrationidativeat e ﬂespaéven@pdmnan@parpaﬂatemphalosponn ina

t phigdiAa8nileP ol conBRAL ARG N of the conposi tion.

Anot her object of the invention is to provide a

cont r ofi\petterobicetefehaiorggon isito pravide awhitedlled rdléass tomposition
p@ﬁfcg @%‘?Bdglfl%lﬁﬁrnlﬁlﬁg ﬂﬁg Pflarlllglg %@d‘i éu%d thér F%etu?lc effects produced by the
@%mms@gtqufmo plsmm@IIBaﬂswe tﬁmm @wah eéqmnrpﬂ_m

adm ni X! nd 20 e active,.

o ocleadiflr BRI BSOS F Pro 2 b oGl e eleast Sopmoggon

p‘é‘hlicb Gubstmnaallytmdmdsad:r eﬂnmms thebdwblbﬁﬁelﬁ b pstienbletanee to a
égﬁ% AAn bt Q forqylate t he dosage in the form of

p Pornu?%?m%ﬁg di f fusi on control | ed

f or rrulﬁatqﬂmn sbjeﬂ:rof delidicntorCiond prolided chariid AlldaS\$omposition in
tlon isto provi de a

th
c on Iffsg 81’ 8’2‘5% a@%ﬁ%ﬁ’ 50 €2 8 cephglospasingcluding 5 5 ng

alanémiﬂﬁﬂlmﬁepcaphﬂospbﬂn as iHIdi@éﬂlﬁhmfbﬁmf@lﬁl' ﬁﬂon@ﬁﬁaﬁhstﬁﬁ&pﬁ{d d Rcond
first of the active'is rel eased

él"f‘h" 2 ﬂ%ﬁ?é&"%’elg{eg}lea?ls 5igased pidly afler &F inffiahdglayqgried in 2

tHis®ddl ehanpdrovi de a pul se of drug rel ease and one or

nore additional ?ortlons of the cephal osporin

Another object of the invention is to formulate the dosage in the form of erodable
formulations, diffusion controlled formulations, or osmotic controlled formulations.
Another object of the invention is to provide a controlled release composition
capable of releasing a cephalosporin, in a bimoda] 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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is rel eased, after a respective lag tine, to provide
addi tional pulses of drug release during & period of
up to twenty-four hours. -11 Another object of the
invention is to provide solid oral dosage forns
conprising a controlled rel ease conposition
conprising a cephal osporin, including nanoparticul ate
cephal osporin. O her objects of the invention include
the provision of a once daily dosage formof 5 an
antibiotic such as cephal osporin which, in operation,
produces a plasma profile substantially simlar to
the plasma profile produced by the adm nistration of

two i ' age for. Lven . sequential ly. .
and a nevhe st 5t BEREABRIR O B BE SR et g o
b&settpliod rel¢ree embmponition cahpriningd cephialbspariadsaging @inbparildigate
ahove; Q &ggts are realized by a controlled rel ease

coﬁ%bS| I'on having a first 10 conponent conprising a
first Ppdpobltitosf tbé ingentdAEdMIRIthpr5¥i6ibn 86a once daily dosage form of
ceghq%gg ori,n an secogg conponent or fornul ation

c SPBYIAT G e BEEBRPBIPLVRED-9R oBtratBpprasessp® Plarma mRfile

| Bghsedigh sit i@ theiphgmR prfilE pBdull bl BR 238&08  tion of two

co o$ent further conprises a nodified release

c Hﬂ@f P EHesE 8peT Crageizen wnensislicenstd mefhed for B grmament of
MBidtdrial FBCAbH Blsed O B AURmistEAbA SVL0Da 85Bbe ﬁlﬁh' very,

the conposition in operation delivers a €ephal osporin

in a 15hgAbrEaetisces ase reebizadibyrouestrotiadnelease Threpgsitms dnting a first

i e oHbhkihZ8 r o F el g delivery. of
cephalnos pgr ?)n I %r E’rfrsﬁ' ggpsugﬁqiag og%%{ilg%ggg%%fagr%%ﬂa%ﬁ?%ﬁ afl(cl)a
atdcand anagent pé@nﬂhmﬁﬁfﬁ%hanqwdﬁ)omdatimmﬂ cephalosporin. The
angafeﬁfeﬁp&}ﬁta%ﬁ? s A o0 dofioatiy gﬂjg.far lig(%xr@g.ses.laﬂgodiﬁed

I NnCreasi ng pat nt conveni ence

- mstsasadonshitednt camprisolg aodlepel coattinr ompelbale pragfxanaliial, or both.

U L] . e 20 limted to rodabl e .
bl oralrs 08t BE ool o Gper i Aoy P blesmapiin
optistilecor comtiviuipwd thashef. or nul ati ons. A portion of the

total dase be.rel eased i medi at el o allowfor
Fop o TR E I Re N RS e pTEHEd iAo Bt cRBbs ptporin
i fioorh Ao kl/bral o RTIbinAe RN teithw SRBESEA! FoqubdiIRR& IS and
outéo Jgr g%l %%eatnent requiring a cephal osporin
eGP BUEY ARSI IdacTey, inpieasing RasienfeApYegfence and
beaiptiticel ThefeeiahRm of EhitfolRE %1&@@%&@3&&&&? Laks, %}?_no be
gonventloqu@cephalpsporln tabl ets and sol ution, iC

pruted iy eigdaple fugnulagigns, idifasion-ceatjolled Joramilativns 4ndepsmotic-

tdRBtARY foradldiRnd. " Aot orUle BAFIKE 'nﬁtly vk h&std Bnediately to
allow for rapid onset of effect. The invention would be useful in improving compliance
aﬁd, therefore, therapeutic outcome for all treatments requiring a cephalosporin, including
but not limited to, the treatment of bacterial infection. This approach would replace
conventional cephalosporin tablets and solution, which are administered two times a day
as adjunctive therapy in the treatment of bacterial infection.

The present invention also relates to a controlled modified release composition for
the controlled release of a cephalosporin. In particular, the present invention relates to a

controlled release composition that, in operation, delivers a cephalosporin, in a pulsatile
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The present invention also relates to a controlled
nmodi fi ed rel ease conposition for the controlled

rel ease of a cephalosporin. In particular, the present
invention relates to a controlled rel ease conposition
that, in operation, delivers a cephalosporin, in a

pul satile -12 or zero order manner, preferably during
a period of up to twenty-four hours. The present
invention further relates to solid oral dosage forns
containing a controlled rel ease conposition.. -
Preferred controlled rel ease fornul ati ons are erodabl e
fornul ati ons, diffusion 5 control l ed formulations and

| I A d
OR0RE SERALAOLL R0 AL PSSR SRR ARAR. e e

r é!ivemmxfuﬁhmmhtm Blsyhd orabdidsoa¥ fhons doﬁﬁirﬂngm&ﬁ&roﬂéd release
ef f ect with the remaining portion of the total dose
r SPERSEY over an extended tine period. The invention

woul d Preferse tettrolitd telaatOfbiiiglaGaHIRld R6U8ledBGuulations, diffusion
thereﬁF%E) therapeutic outcome for all treatnents

r ERIOIPHE R ARS eBt I Fontled dprylabigns. rstcording todlp invention,

t @ pottibR of 1he &tdlRBLe By belidi eQﬁﬁtlﬁﬁa'e@llatelyr}B %ﬁ&\b @d} r%}ﬁ&’ blket S&trect,
fore%rlng general description and th

d8tthiteagmaae ppRion oA thertetal @&@Wkﬂamdwvm eeii@pﬁ@chm@pwod The
apfefof worleRdgeht & 191556‘4?{% I:ngh(tiljﬂ:g Ln® R A0RL mgﬁpaftlc 8n§:ome

i nvention as clainmed J'ect's, ’advant ages,
n&V ell treetpenis esguisingla cophalaspelil cludipp antemt limded topthe treatment of

Skdckdr@fintddidne art fromthe follow ng detailed
description of the 15 invention. DETAI LED DESCRI PTI ON

OF THEBathiEENTe@hng Gendml desatipiibnaind vie, folldveing detailed descnptlon are

sed In t sec |on a
R RO} Do DSl B iR Bl R FB e e Syorche
amdelmon ds cgimetlhEttep bbjedts, allennpas, bhd bdval RaGaR hﬂll ®5 Rkl
PO tlons ent i n |s directed to
o RESHp K %%?Z‘Zedc‘aﬁb%& B B plowipe drtaied descrintion o 88 ¢
smedntias. cephalosporln and preferably cefpodOX|ne. The
conpositions conprise the cephal osporin and

preferably at |east one surface stabilizer adsorbed on
or associated with the surface of the drug. The

cephal ospor iDE PAILES DESAIavTION 6F fent | IWENﬁéNage
particle size of |ess than about 2000 rim 30 As

t aughtastyatddiBovd Bt BR €RphalAPSHiRS aLIEIR thd hiR6knk Boclillfand in
exanpl es bel ow, not every
the claims, will refer collectively to cepha]osporm and prodrugs thereof.

I Nanoparticulate Cephalosporin Compositions

The present invention is directed to nanoparticulate compositions comprising an
antibiotic such as cephalosporin, and preferably cefpodoxime. The compositions
comprise the cephalosporin and preferably at least one surface stabilizer adsorbed on or
assoclated with the surface of the drug. The cephalosporin particles have an effective
average particle size of less than about 2000 nm.

As taught by the ‘684 patent, and as exemplified in the examples below, not every

combination of surface stabilizer and active agent will results in a stable nanoparticulate
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combi nation of .surface stabilizer and active agent

will results in-a stable nanoparticulate '-13

conmposition. It was surprisingly discovered that

stabl e, nanoparticul ate cephal osporin formul ations

can be nmade. Advantages of the nanoparticul ate

cephal osporin, preferably cefpodoxine or a salt or

derivative thereof, fornmulation of the invention

i nclude, but are not limted to: (1) 5 smaller tablet

or other solid dosage formsize; (2) smaller doses of

drug required to obtain the same pharmacol ogi ca

ef fect as conpared to conventional - nicrocrystalline

fornms of a_ cephal osporin; (3) increased

biCYEReSTHoRp I W%Syma@me&wg@@@r g 6teblenrdngpagiiculate cephalosporin

ﬁﬁﬁﬁ@&ﬁ&&&ghbbﬂﬁdefornB of cephal osporin; and (4) an

i ncreased rate of dissolution for the cephal osporin

conposfiTaghgesr thormpapasdculate ecaphalespoiinrmatierably cefpodoxime or a salt
t f hal ospor i

S e e B & e b AN e b

ugBeller rﬁbl%ﬁzj QIhQ;’tSOlemdosmetfhnmmhe (2)aotallvelcagertisugtaefited to obtain

[ i nfection.. The
| ot BRI et sl R e RaPb &G foms of
peephaperiotiy, (3rbpadtd )bld;mallablhw a&&bmp%d ele¢dnvaitionsl microcrystalline

+ BEREBLoepBRERARH ) -k St ypl ol defleied ronb expipeporin

Ocon\m)hitlohﬁ& coﬁlphﬂe& ot doviednfioh n@Erb@sthlfin@forh® o £ARE kdnkd S-

The an be fornmul ated for parental
i ] Jpgag?%ng %‘63‘91“0}1 ¥ SRPBHBIPOTIR CorpRqsiioNs gan berusedin conjunction

Swhlsuﬂnmavhségen@ maémlaﬂ MeNieainfedt bfMActeRalSRieisbn, | T QUi d,
or aerqQsol form _vaginal, nasal, rectal, ocul ar,

| ocal Yi5EVRIEHdnveption Heaipgiud féma%ﬂpéﬁlgylatewan}@énsponn proferably

| e¥fifoaekisle®F Badlt or deH{thﬁrQ %{e'reto@ Q:% kosn% h%?glth one or morg non-
adm ni strations, and erre osage for

ofPxi ﬁéyw%?ﬁlhy@ﬁcqp?b& cgmeimd a%@a@eoxf\@hmes,aqouhmgh r@ﬁmyed to as
M@erghﬁbbﬁl%ﬂs)éa@%ﬁgﬁlame& f(ﬁl 1%981 {n?ercmrf % & qgtbav nous,
I'nC 5] f

utilized. Exenplary soli osage orns
dpisampyseulps, py %Ub@!ltmoui)ab'a@ﬂmlmmpem lmlldslamh:lebsaerosol form,

|@§§1Q19§%a1 RRUAI S ar, EchLI Bowds ogl%%entf %lro r?uca%lslgggmgemal

dosage formcan exanpl e,
flblrﬁPPﬂtOGQﬁhtqrmm@dja(hmhsastmnd,@sdgm lﬂcer m | yophi | i zed

dosag dr ase dosa Xt e

rel eag eIg g%g}é%ggéfigy %fm Bg*h ATepen, 1% Og%gfafe quﬂgh any

mhmcq:mw @t:eptabéé dmsge 2fm &ﬁﬁ)eammtzé’d)lﬁ)@ﬂlpfa@)l' &AidRlosage forms
a,co nat i on thereof. A solid dose

?\gqolllcgebut tF%w {EE eBr SAPes, EFCL&AS lcggpgeﬁ, RvglsEs, pills, or

granules, and the sohd dosage form can be, for example, a fast melt dosage form,
‘controlled release dosage form, lyophilized dosage form, delayed release dosage form,
extended release dosage form, pulsatile release dosage form, mixed immediate release

and controlled release dosage form, or a combination thereof. A solid dose tablet

formulation is preferred.

A, Definitions
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-14 The present invention is described herein using
several definitions, as set forth below and

t hroughout the application. As used herein, "about"
wi || be understood by persons of ordinary skill in the
art and wll vary to sonme extent on the context in
which it is used. If there are uses of the 5 term

whi ch 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 mnus 10% of the
particular term As used hereln with reference to.
particles of a cephal osporin, "stabl'e" means that the

or " aqor aogesby BRI Fsiithed Be HhBIng Sarstlihni D reeciorty
o@ebNhEﬂWMQQﬂmpnhéanman&hy increase in particle size.

10 The t%rggﬁeffg IV, ﬂ erage particle size of |ess
than abSit® & JRdergped] by ReEwRS Ok fdinaryskill in the art

| @ad tvilbO&y af sohi&&x%ﬁﬂhﬂh@&ﬂﬁx’t Ih RRIER it 6 RS, hﬁ\(‘tﬁreaaé he§ of the
bx wei q% ther sui tabl e neasurenent (i.e

‘T‘E’ﬁ%ﬂ i} FrB%tr eﬂétOd”json-b?f qrdigary skillrin S5 o0t ZOEE: qemext in which
\Mi'tﬁiﬁluseﬂﬁ‘aﬁwt’ed'ﬂbﬁieanf@r to KR EPhhus ﬁsﬁ'dfﬁrétp%h B el ! d

flow fractionation, ?on correl ation specFroscopy,

light 48 a%eflélﬂeﬁgthlureéqte@e it pamqigsatﬂa@nphamapbm fxgable” means that
t %Q@Pﬁ%ﬁoﬂ%lés@o%? réfabi a/]fg C§l|,1(1 o lor &n@eeratgﬁltle toThe

term ™ convent’ onal on n par |cu
c EW"@%IB ailraptiviedenaes Or@éphialswgpmanmumﬂyumheamm particle size.

sol ubi ef.fec ticle
si ze oTﬁégﬁgfgmeﬁagﬁlgg%% ?eé]c}%ﬁﬁ%oglﬁ%S%ﬁgﬁg %ﬁ?@ﬂﬂ’ afgused
aberpipencapethatst kestdevi ofehb dephaemspohapmaes haeé het lbyavelght or
a e | ess t han 00. run,
A e kL 51 P PR Bsd e Rnabind dogzan, when
ampasnted byhtak bxarr@&n s&dﬂﬁezﬁkﬂb@ fieDB@E Sradtadtion! ﬂiﬂrt]dilecgn%ﬁﬁon
the dru

S f|c response for whic
R R PR 1 Fwﬁﬁwﬁt o s e BHauss bpiger  those of
|ﬂhmnﬁﬂemi such treatnent. is enphasized that a

therapeutically effectivye annunt of a drug that is
adni nﬁg} F7EY Cf’%"eﬁt“”}ﬁ‘grqu BYR-BanopyHpWae” ‘Peﬁhao%’am meensar

i d&phaidmpem\l\lwhich ROdolubliey sr WeicKk hdsemleruQive Qvérﬁﬁeﬁ:‘a}t geu% Cof

%ﬁon |t|ons/ seases descri bed herein
&g@;@ %@n@@n@r@ﬂw@la& acfikiepgepleas defsiofl erein have an

efffeeiie a\(/@rag‘é‘@#ﬂﬂe bYe 83 halfabsdtiobho ). the art. The
tern1"part|culate" as used herein refers to a state of

mat t erASHEsERF¢E, thephipsg e ﬂ@mp@é&alﬂ»yefquevmﬁ’@éammean the drug
HoS:36 L Ffb@fd‘éé &k @ﬁecifﬁ%hhﬁﬁa%olog‘%ﬂqgspgﬁse%r Dl Se drug is

irrespective
administered in a significant number of subjects in need of such treatment. It is

emphasized that a therapeutically effective amount of a drug 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 1s 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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of their size, shape or nor phol ogy. The term
nultlpartlculate as used herein neans a --15
plurality of discrete, or aggregated, particles,
pel |l ets, beads, granules or m xture thereof
irrespective of their size, shape or norphol ogy. B.
Preferred Characteristics of the Nanoparticulate 5
Cephal osporin Conpositions of the Invention 1.
Increased Bioavailability The nanoparticul ate
cephal osporin, such as cefpodoxine or a salt or
derivative 10 thereof, fornulations of the invention
are proposed to exhibit increased bi oavail ability,

u er doses asg ared to

e O PSSl PO Mok b Erdrbled Dy dereot
Plrrdpertive e5thdin eizé, Bhepe ot ﬁii)rpﬂnbﬁ)@y preferably provides
conposi tions conprising a nanoparticulate 15
cephal gspor ] such as cef podoxine or a salt or
deri vati ve ]f’ﬁ@ir ERgk Charagterigfics ofj the Nangparticulate

phar macoki rethbalospesfn Cemppetionshfithe Byvertion t o manmal i an
subj ects. The desirabl e pharnmacokinetic profile of
the conposili ondneensd Bieaygilabiiophal osporin preferably
includes, but is not [imted to: (1) a Crax for the
cephal B@p‘?ﬂ’ partiqgyiasnceabaespetin,isnch dsaefppiicrgme ond sadt or derivative

[ t 10 i S

grﬁieaaék g%ﬁlyﬁé&?gsgffteﬂrlé @k%ng% 81% ;ﬁ%ﬂggygg {d%{)lt 1n%reasela%1oava11ab1hty,
nanl ieavitssmallendekertae chopared @wtprioncoivertivealsapimlosporin formulations.
cephal osporin, admnistered at the sane dosage;
and/ or (2) ,an AUC far | osporin, when assayed in
t he plaswazgf aiJC ‘WEE?WQﬁ%E@BJect fol | owi ng
adm ni 'ﬂterlmtemﬁm alsdyatferadlypretidésadnpogi@sicmptifiada bdiRparticulate

UCH - n- naﬁ?ﬁartlcula e fornmul ati on_of the sane

i po’rslu a3 CHIRORTUME PR salt or dprivalix heregh, bayjag a desirable

api[k&macoki&)tlcepra'fmmﬁeﬁ bdRinSRREPlo AT AN sVH&N. AR A¥EFHblN

aQWFﬁ F 2 E manmal i_an subj ect fol [ ow ng
Ok gq) Rfﬂ ¢ Oh 4 CPRPPHUAMS CaBPRsinesccphtosporm arefrighly
f @tiudes, A ANMRASI fo- ¢U) ALE, FR B Hepldl AP, thQﬁ as%ﬁ'ﬁ;% in the
d§%1al sporin, adnm nistered at the sane dosage

RanF5HRR A Swhisch llowingr adminigratigs, %ewm@ra@imreatgr than
thecph %ﬂmﬁﬁlﬁiaﬁkﬁiahféula&r BhhhISFRAT Bl @é}} ?T{) oﬁﬁéadmm]stered at

initial_ dose of cephalosporln I'n one
cBRA dosags: e@f%ﬂ Y@ forarrephelaspenin, ahen essmied fothp plasma of a

3Rark iR shGedt 'Tolfbg{ﬂt?%a%ﬁ?lhféﬁat&g 5%1519 pl!éteﬁla%ﬁy gr %tgfg&@g%g AUC for

with a non- nanotg ate 1 on
cepmaiapeiEiculite tatmlation o tesame cefelospuma, atbsiaigeredat Fraxme

%Eagg,r £RkE ES)tahﬂan i@pg (l:'éphalosporin, when assayed in the plasma of a

mammalian subject following administration, that is preferably less than the Ty for a

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-nanoparticulate formulation
of the same cephalosporin, administered at the same dosage, a T, not greater than about

90%, not greater than about 80%, not greater than about 70%, not greater than about 60%,
. . ) _ 1 6 _
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a Ieast about 6000

90% not greater. than about 80% not greater than
about 70% not “greater than about 60% -16 not
greater than about 50% not greater than about 30%
not greater than about 25% not greater than about
20% not greater than about 15% not greater than
about 10% or not greater than about 5% of the Tnax
exhi bited by the non-nanoparticul ate cephal osporin
formulation. 5 In another enbodi nent, the conposition
conprising a nanoparticul ate cephal osporin exhibits
in conparative pharmacokinetic testing with a

non- nanoparticulate fornulation of the sane

cephal Qsppri n, ni stered at .the sane dosage, a Cmax

¢ L RLASARIR a0, B A& o ahpmt 0T potasgn Irbovgut ges, no
| gﬁ@ter ﬂi@ﬁ dbou? Q0% nad ereaRAthiin a1 593 ARVeredter {hﬁﬁ%out ﬂWQ Wr not
4000% | east_ about 500%  at | east about 600%

| S5&ler [¥papoyy '%5%*”ﬂéFtTniwe%%'tblts%mthellen*a@mmavlale@mmalosponn
alberdiul=800% at | east about 1000% at | east about

1100% at | east about 1200% at |east about 1300% at
I east Bypggthen eppipshment, theepsmposiion conlIBB0%a mnopagtioviate

Elosﬂf)@ﬂg)@lmﬂ 1 c@ﬁgﬁraévké%g%g%g 91911{& z%(I:stl g %&1 g—lilxte}é)amculate

or at | east about
eiqmblatl@aome samee qq:phalmmp admumumt z& thteqahmldos;ge,ra @hyax Which is

f Q{l%k QJo'upfb% a@le){&tab@tﬂ (fb Fat ‘la’egb tra?o{[%pé@eat?%ast about 300%, at least

composi ti on conprising a nanopa
c elpmaﬂ(lﬂé’/p@t lepst alidvit (500%, 4t teastabEI6a0%y 1@BEILORCTORYH) 8 1ba3t about

t t f |.at | f the .
LS00 PR RGO BN e bR G
ahZOQMCaWaasC hbout $30805, laelasgt a0 L0028 %6 leat abRa $50084) Qiiteast about

0/u t le 7 about 100% at | east
000 i’z‘ 9?@% éﬁ?fui‘ %8@%,%%91" gtdcpst abapih900% amefer than
aihe [E,@&khxﬁb@iﬁy {BO0%% natopirBasite aammbs off FoAmAdtioheast
about 250% 8'3'? | east about 275%. Ieast about 300%

at | edB¥CIAIBNHET eingment thy °°P&8§$%%%ﬂnswmnmam@w
adephidlospbhiitexlditslif asth a@@%?)hasrgﬁc@kn%c ﬁ%wﬁf?gﬂfm—ﬁéﬂl{ﬁrtmulate

east about 75
Btlatinnedhespme gephplogprsing adnggiperediat fhezawe desogan 80WYhich

ait al 1BABAbAPSEY,, BRAWab} sHOA % %
abgut 950% at easta atgg?’%f%%g%ht%@péaglse%tah&ﬁ%O/’a”eaSt

158k % at 1@@5@03%19%, ahlomvaboat 178a9t leatiobout 20504t least about

?25"/ #Qtast %%9%503/2 Qtploéﬁs? LR S’?S"}qullﬂéaét *Aﬁmﬁ gg%'j/a Xaq legllstt a%out 350%,

yt € non-nanop artlc ate ce ospor
fableatiirbeut 4A0% 3t 1€Ehfelb9¢ta4t5ﬂ%c aﬂdcaseahout moaa‘ it least aout BED%, at

b O 1 % o i on. ar

g%gect glzﬂ)@ 0, que 558)%?‘7%}) ?Ie st agou? 7(1)(9')/ at least about%SH %, at least
about 800%, at Ieast about 850%, at least about 900%, at least about 950%, at least about
1000%, at teast about 1050%, at least about 1100%, at least about 1 150%, or at least
about 1200% greater than the AUC exhibited by the non-nanoparticulate cephalosporin

formulation.

3. The Pharmacokinetic Profiles of the Cephalosporin
Compositions of the Invention are not Affected by the Fed or
Fasted State of the Subject Ingesting the Compositions

=17 -~
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Fasted State of the Subject Ingesting the Conpositions
30 -17 The invention enconpasses cephal osporin
conpositions wherein the pharmacokinetic 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 substanti al
difference in the quantity of drug absorbed or the
rate of drug absorption when the 5 nanoparticul ate
cephal osporin conpositions are admnistered in the f ed
versus the fasted state. For conventi onal :
cephal osporin formul ations, t hevabsorption of the:

cephal ' ncreased .when adm ni stered with

fona. TRravLitop ERompEeset SR UEPRTH Srmen Py bberomtin

c phmmatchmab podibha] tRsq@phdltspher ﬂﬂi]loﬁédbgtﬁﬁxaﬂl? affected by the fed or
The ceﬁhalosporln 10 formul ations og

AR R Suneg et H4REROBHPn e Resmsashaliecson psanta

f differdnad inaRSquah @ WE Br@labhBlie): 8l iite DY B %nghﬁ'{okl%v en the
eve

el i m nat ificantly different absorptio

mﬂ@ﬁpﬁrﬂﬁ'ﬁ?tﬁ quhéPéWWﬁH@P°$@GS &% adowpsieied in e f@s»lersnsgthe fasted
camdi ti ons. Benefits of a dosage form which

substantially elimnates the effect of food include

an |néﬁ%&@@*Fﬂ”@h%?h@?ﬂ@nhﬁ@mmbnmﬁ,&thbmqhmnwﬁmkeqmmuyonn
Sty BEinc I et ne
e R iR B s IR E R By scrved
Witk @RHVGIFWQI ceffrlaspprn figuiations anindesimblai he B@ﬁﬁlosponn

o O o el S8 ol . Py et Bomopiadormapions

- pedusgon pm&ujqbly substantiplgleimgmct sigub fahilpaisfe@ht Aaspad Blels when

ik

. f I h
e R AR U BBP R oME s | Cophal ospor i n

Co rrpoﬁetleﬁim of odoshdecforrh MRAsUIRBNWIS eINERAEY B 8R€of Bod include
Eggmxggen]méus the Fasted _State The invention al so

eNnconpasses 5T STPHaLes, HgHy dirsastie sekiccd epmplianeg a9 tha subject

Zﬁe&:mmn&s]l tblefdlurd thatwhiéyCde Al Riddbd @hbORitPbr Widfut food. This is
méﬁ?mltlon to a subject in a fasted state iIs
bi

A0 B PYoB Uit FvTRRlage Bringpase iethe svedisalicondition for

avlﬁct]hhe&ﬁlg lisbetng (RebchbA Bay P ¥bs&dd ?E e ﬁ)n | 1%%8&19 ok Bl terial
t he cephal osporin conpositions of nvent
\%ﬁ‘@r{ CSRIAHCH L RoPRbleht qomplipreg Vv@rwshatl%@oﬁ:ast ed st at e,

preferably is | ess than about 60%

4. Bioequivalency of Cephalosporin Compositions of the
Invention When Administered in the Fed Versus the Fasted
State

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

The difference 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
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| ess than about 55% |ess than about 40% | ess than
about 45% | essthan about 35% |ess -18 than about
35% | ess than about 30% |ess than about 25% | ess
than about 20% |ess than about 15% | ess than about
10% Il ess than about 5% or |ess than about 3% In one
enbodi nent of the invention, the invention enconpasses
conpositions conprising a nanoparticul ate

cephal osporin, wherein adnm nistration of the
conposition to 5 a subject in a fasted state is

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

X and ALC guidelines given by the U S. Food and
S}FP@ 338%33/% leg%n'thPlb?Poélh%O"/%H@SSélﬁnraéglﬁéﬁ% Iees thar Spp6a0%, less than
I agsttabay esAUSNMbut 10EVEA) thaylagﬁft 5%‘, o ]legs%n%ﬁl)ﬁ%l%.nes'

two products or methods are bioequrvalent the 90%

Conf i dBhE embedimegl of theGpyention, i JBventidn Enexipasses Gatpasitinns
0.8k Singla RRobaFiBatd0 BB Sn Al Sl Gy Ant L9
bicoeg{ui \_/gz]:\ﬁ1 engﬁe’al for r eegﬁg%%%g’ pur%%%ﬁelgﬁngg%%ms%fg% composition to
birGeljedt it Bpicy sthietiskiesuivatentomimimsistion ofteatoaimkitiah iton

ooag et DR RNl el R B 1o, YL A GRS i By e

90B%. Epod @rd Brg A dmisibtraviet wed the Qorf&pblide Bidopch® rdgulatory agency

' [, ut fil.es .of. the Cephal osporjn. Conpositions
DY b e B SE R0 RS
s 0e% CasfideiphamalafCIpfor AURRAAd QF,, S8bbtvakd 880 ot Ny @of,

‘conpositions of the inyention are proposed to have
B T sFiRenLO P

uHEXPECH Bt © 2 AV LT NG (IR iPrEPSsesRaln gow
dbisqivaldnof bérveditwd doinPbialds benGkIrM R3O/ iors Dursuant to

pref era as, faster dissolution generally [eads to
f 4¥PRE S g}@@t gfeliges, the PONEl 1§F AMCGamussibe hetaresahBq fot 25 apd the

| 903% OY ortd e, it 8&ded ®f RrPfd | e and bi oavail ability of
t he cephal osporin, it would be wuseful to increase the

drug's dissolution so that it could attain a |evel

close to 180% PissolatiphBrdfigofithe Cephabrsperin Gompbsitibes of the
i nvention pref ebsgptiorhave a dissolution 25 profile in
which within about 5 mnutes at |east about 20% of the
conposliheinarppagiculgiessplialasporin, sudbtah eefpedusoak orantl opderivhgve

| AV EHT I ] : % or at .|l east ab 40%
of cep h%lgbc? ss%glr}él ‘ﬁfq@%‘ﬁg%ﬁd{’ 7o %{%psos%??tg & 8“/‘55}(%(:%%@ ARt
Sliggphytipeprofilen. Repid diskdutionenfbo ddministesedodctivdrapehiiy prefdratie, as

ﬁésgér?fiﬁg%gﬂrﬁéeglﬁ%oﬁ? }aeggsgto %fbg%%%%elt gézicltiglg %t& gartgag% '05 O%ﬁﬁbﬂ%ty. To
timpraye ivaliselpton profilerpd dickhvA1abilisy of the cephalosporin, it would be
useful to increase the drug’s dissolution so that it could attain a level close to 100%.

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 -



i0

15

20

25

30

30 dissolved within about 10 mnutes. Finally, in

anot her enbodi nent of the invention, -19-preferably
at | east about 70% at |east about 80% at |east about
90% or at |east about 100% of the cephal osporin
conposition is dissolved within about 20 m nutes.

Di ssolution is preferably nmeasured in a nedi um which
is discrimnating. Such a dissolution nmediumwlI
produce two very different dissolution curves for two
products 5 having very different dissolution profiles
in gastric juices; i.e., the dissolution nmediumis
predictive of in vivo dissolution of a conposition. An

e | b medi um i s, an agueous. nmedi um

comon Bk o SR R R 150 D Pl bRt T oot about
0.109% dfithe cRphaduspariratomposiabn ishkssamaimithia bss0 by agngan be
carried.out .by. spectrophotonetry. The rotating blade

met hod %d bﬁP%?ﬁé‘é Rp%ﬁ%ﬁ%%‘a i med i whigh s dhscpminesag - grch a
didssselbtiin raedium Bl Prodindivg RerySi firbt (dissdhin dufes ¥r thd Broducts
Cﬁphalqﬁggg#ﬁ CE#@SSItlons of the Invention An o
addy'tF SHEC 1T tFBn PRI RIS e, hgcirselgtion medium is
C pfIQUOX b vAbH dRs@dMidn it cdRp8&HdnY 3l UEMPRES §%olution medium is
conpositions of the invention is that the ‘conpositions

r @0 AgyseYRediyyp gontyipiag therarfagtins sedivm lavyd sulge g-0250M e

S D&@rAhatidtFoMRAnSRE! & i | '

| ess. tﬁan agout 2 ﬁ?%%g%ge Tfﬁ%ﬂﬁgcﬂfgﬁﬁ%gggﬁﬁphégyi}he

upRipngdada method {Perapsen &hempherioomp omi be usabiopesitre disswhafon.

the invention did not redisperse to a substantially

nanoparticy ate ' Y then the dosage form

may | ose t hqdé be%%@ﬁh%f%&%%é@bﬁ%ﬂ %{; |at i n.g the 20

cephal osporin into a Ranoparth el ar 8 {FéIIPYeé]ln Bsi ze.

This i > anoparticulate.active ent .

co rrpos}i%tl ?%frf}tgo%%gfﬁéﬂet& reocr?*’c]?%c’eg P Ffch aﬁﬁ?@?&"@““s?rzaesagf’r

t Haivatitd thereafgemipositibng dfeh@iaténvion agRM the@posifibns redisperse such
i zes upan

' into the . [ tjcl D
A PR e B B PR s s

- athembbopa? ticdmess Thiliesif G as Wpbe ad@inishidthé @éﬁﬁ&l}ésporin

hi gh surface free .energy of the nanoparticul ate system
DTSR PR Ei PR STt HATSDRTSHO O esantie veempiaye e partcle

Ouigy teh tHe@BLHRE F@ thiy be@e 8RRNGY ML By firh1akias iRt | on

of &ﬂch a g#onerated particles, the bioavailability of
t B HY® Gt AnReArticwale paryigle izgel ow t hat obser ved

\glc: ihvtgim ;l; iéﬁtuﬁéé rhSHRAICEIaR heHR IR coliiEsiRARRALH: KoH! AL Smnall
particle size of the active agent; if the active agent does not redisperse into the small
particle sizes upon administration, then “clumps” or agglomerated active agent particles
" are formed, owing to the extremely high surface free energy of the nanoparticulate system
and the thermodynamic driving force to achieve an overall reduction in free energy. With
the formation of such agglomerated particles, the bicavailability of the dosage form may
fall well below that observed with the liquid dispersion form of the nanoparticulate active
agent.

Moreover, the nanoparticulate cephalosporin compositions of the invention

exhibit dramatic redispersion of the nanoparticulate cephalosporin particles upon

administration to a mammal, such as a human or animal, as demonstrated by
-20-




el ectrol yte solutions can

Moreover, the nanoparticul ate cephal osporin.
conpositions of the invention 30 exhibit dramatic
redi spersion of the nanoparticul ate cephal osporin
particles upon admnistration to a mammal, such as a
human or animal, as denonstrated by -20
reconstitution/redi spersion in a biorel evant aqueous
nmedi a such that the effective average particle size
of the redi spersed cephal osporin particles is |ess
than about 2 microns. Such biorelevant aqueous nedia
can be any aqueous nedia that exhibit the desired '
ionic strength and pH which formthe basis for the

f . Th H
PRI s e S o i R B o e

ppasiictd 0giof dle redigidised OdphalbQiond phiticlel R9ed HIRRALAA D nicrons. Such
gﬁ&g@lorelevant aqueous nedi a can_be, for exanple

want gqugensegdia G de pi pavReusapedigihetsukibi de depimgonie
anytescdh ind L hﬂuch%mb@a% ®asiPfor ﬂle%mb%Eé Hhe ﬁ)@&ﬁ e?%e deig].lred pH

whi ch exhibit the desired pH and 1onic strengt

- r &8l 9nisrséengih phg tepse Blabare reppesentativedf physivlogied ptmdlltms fifund in

| Ahe/kuh@n®bly. CafcH bﬁ)frelfﬂﬁkéﬁﬁp ln%‘al%oc% Be qgrse%%%pfe a% us

Blorelevant pH I's we nown in the art

i flechelytssplatens or prsopHolutiangefsing saima@ﬂ | cgfbhéeyoﬂ aambﬁﬂaann
24 n 1) tog4.0r .5 Ln
o AT ML SR RERLE S LDy sl e h i
t Ib@rdmaotnnecha Isameducang ef hnvomefiidacy 8 the Biphilotpeyia @bsae firk.
streng known.in the art. Fasted state
gastri fgﬂ) Sﬁ;lss “ée I knowR it the ot eE%‘iel’faIBPlealﬁélﬂﬁ stgynacy the pH
Wivinges fras Blgﬂltlyﬁeﬁh Ehah m(lﬁiﬁ ﬂjlplital]y Efeﬁﬂefjthh@d) 1%1’!0'4%'5?3 In the small

.,, Lindahl et a

&%%?F‘g%{?‘s P?‘f&? Fa&ﬁe f’m tﬂ |6d§1dflP icbloa e fRneR iR to 8.
PBiorelewint ibfic YRbHpt B al‘sz ﬁ\veﬂ eloWW FBRe art. PRAEMsaRESistric lkﬂud has an

(4 497- 199 is believed that the pH an
| @?fccs@wéﬁéﬂbﬁ H’é“‘Fé"%gfeds‘;éﬂtWFeéWaﬂ ﬂmﬁréxﬁiealm%mc.s@wgth of

t bsvut 0.0 sPeG fikdabN@ ] CUhafBREiSikbn oﬂ“:lﬁ% qliloﬂgt!h% Stomach and
aﬁgroprlate pH and ionic strength values can

derebindvienandel euen. ¢ B es. 4 HIEH0DHGIT).
aci ds, 1y &leRNGd BASES *p}lseﬁ‘lhtlcﬁuc st(%hgig lo?thgrt st éﬁﬁoﬂh?mom critical

~ conjugate aci d-base pairs

cthri e sprsficrderisnak eonisit. Acm'tdirmbi dypropristeopil otd ioniistiength values
PR Blaired Blr&ifeh mBh¥Ld8S co ﬁatlog?& s%%gg%cu% }.It.ro ng bases, sglts

ar e no
HErele ol eltipln sonjugatmasidibase paicine ewtakatcids and carasphditis salts of

nggéuﬁqmﬁgﬁ%h?gmﬁtﬁ%%gﬁ %&%ganO|Ut'ons rangi ng in

concentrat | ?btabout 0.1 M and
m Xt u r@:preshm‘tﬂfeﬂectﬁdﬁe eadanqnisean be bewtrs abtYindted @b, HOIQBEtions,

ICe S%i?gfnc%n en tg)frkom l%onlé 86{1 to about%oluIEJ and}\la%l |S_KI:Iutlt:Jns ranging in

abou
concentration from about 0.001 to about 0.1 M, and mixtures thereof. For example,

electrolyte solutions can be, but are not limited to, about 0.1 N HCI or less, about 0.01 N
HCl or less, about 0.001 N HCl or less, about 0.1 M NaCl or less, about 0.01 M NaCl or
less, about 0.001 M NaCl or less, and mixtures thereof. Of these electrolyte solutions,
0.01 N HCI and/or 0.1 M NaCl, are most representative of fasted human physiolo gical
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HCl or |ess, about 0.001 N HCl or less, about 0.1 M
NaCl or |ess, about 0.01 M Nad or |ess, .about 0.001
M NaCl or less, and m xtures thereof. O these
electrolyte solutions, 0.01 N HC and/or 0.1 M NaC
are nost representative of fasted human physi ol ogi ca
-21 conditions, owing to the pH and ionic strength
conditions of the proximl gastrointestinal tract.

El ectrol yte concentrations of 0.001 N HCl, 0.01 N HCl,
and 0.1 N HCl correspond to pH 3, pH 2, and pH 1,
respectively. Thus, a 0.01 N HClI solution sinulates

‘typical aci di c conditi ons found in the stomach. A

sol u %I on of provi des a reasonabl e

aypP Q?%?‘Y‘Bﬁ tOotP‘* Pﬁé‘n‘i‘ mrccgtfglﬂ&ﬂéﬁ@éwoemﬁh% PigRignal gasireintestinal
t imoughout the body, including the 5 gastrointestinal
fluids,_ although concentrations higher than 0.1 M nay

be enpElyEelytegonespimiioas ef ¢.oY N BG40 10 E1G 2pH O ¥ 6 correspond
husem 3QH braat U
bases oqir combi r11jI aﬁ%ﬁ?n? %Igr Zﬂ‘% &b @Pﬁwﬁél ﬁ{gltbﬁ Smﬁwdtgssfyplcal
désilicegnditipng Adenndom the semmpehgh hOluilmeﬂdleMﬁﬂHCI ravidest: reasonable
| i 0, odi .
po ellré)g?lﬁirln&a&gﬂigpﬁlsggrﬁgs a tng(ug %ﬁ? or |0&1l gﬁouté%ee# §y’ i’ﬁf}fmmg the
agﬁaﬁbmml fuiia) dlthoughsodienmtiopohigBeithum (ANM @&} 16 difployed to

b / bi carbonate salts +

rﬁ?fegg{}g@@ngﬁﬂgﬁgge gﬂ“ nu(ri,ﬁgag ‘ts of chloride, and

Ci t r i CExearpilaty smlumc&k of stk tagidy, Hasd ot BamiiedtRES hu¥b R RAich exhibit
| n ot her..enbodi nents of the

c um.s

oS RRA e drtoghy BShoc B R PE LR Ho BT Phees of

t hced/phnspMe os (HsedlingPsstseilm Md eslciaMUBRISE chidiias ak&iant ,
e,cg?g% oth r suj.table nedia) have 15 an ef fective

a

gltepsc"i' % i Spdiung; potasgipm) 4nd galeigmyfalingf shlopdp gamkamic| ess

t RadbiakBodatcl QRO+ kadium | Foasitiand addi sg—l%ocg“ AIRHAL, 8RS citric
t han .about, 1700 nm Iess t han about 1600 nm | éss than

atsitieiTats SR ts e divm, getassimm andrgleum sie Oﬁﬁfhloﬂl@s s than

bout 1336@ heas
T o R
e tvensisn (reAlisperaaskin g agieovss bigrel 3@, enany lodss suitabla nedihave
7691%1%8%%' £ é%l@&?@&fggsg O Moot 8860 %H%stﬁ‘?a%% %8900 nm,

% nm ? an g

nm 20 | ess tThan about ess t
nigss thancabautt I§EG nmplgss tharshonin 700 emslessthan zdbuultSOOaﬁﬂO]enmhan

I I
58 0 40083, ALALEY i e 0
divo Uess 180 amp,t 11 &5mm t ez thanlab ot 1m011)mﬂ,rmsslmmmhamo Ao leks than
a%mhtrgd{) % lésetign gbﬂgp ?1 OUtIfr-ﬁg g}a %%3?0 grefxaless than a%out 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 mm, less than about 300 nim, 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 Iﬁeasured 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. z,

the example sections of U.S. Patent No. 6,375,986 for “Solid Dose Nanoparticulate
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ot her appropriate nethods. Such nethods suitable for
nmeasuring effective average 25 particle si'ze are known

to a person of ordinary skill in the art.
Redi spersibility can be tested using any suitable
means known in the art. See e.g., the exanple

sections of U S Patent No. 6,375,986 for "Solid Dose
Nanoparti cul ate -22 Conpositions Conprising a

Synergi stic Conmbination of a Polyneric Surface

Stabilizer and Dioctyl Sodium Sul fosuccinate." 7.

Cephal osporin Conpositions Used in 5 Conjunction with

O her Active Agents The cephal osporin, such as

c odaxi ne_ or a.salt or. derivative thereof,. .
cSTPBSHEPB LTSRS SYRTEHHS bRmpapiondfit plymgrip jurface Stabilizer
C @hPDice6/] ShEuRISulB&Rciaggpounds useful in treating a
bacterial infection, or the cephal osporin conpositions
can be adm nistered in 10 conjunction with such a
compound. Ekanpl{phaosparirCompesitionsd/sedhil ude, but are

not |imted to,ConjwnctionmithfPdier dstiveidgenss ot her

cephal osporins, nacrolides, penicillins, quinolones,

sul f on&ks ¢ebalesparin.shelt asdelpodqanndsa sadirnd derstatiacthekoies.
CooRAAARTL bt GULALRiHRAMRRRR) LonFANIROR! 4 08 cdRpol B uscfu
i nventi1 on provides conpositiofs conprising a

c aptheating pbadterial Bifichion or the efpatlepdriveompositiaichn b administered in

- derij-vative.th f icl | f
bt R e

abimgededother andbiodGsnch & @hibrvegbalospdiims, Shtchdides, pénidings,

cephal osporin rticles. Surface stabilizers

e lﬁ%@f’%ﬁsi %’llitlﬁgaé&a?s érré?tﬁd WEP%@P#%W@H&F'I y adhere
on, or associate with, the surface of the

nanopatt i c Nadopaizplnad GeplaldsporiaClonfposisions?0 but do not
chem cally react with the cephal osporin particles or

It sel frne ipshnki AR O :

surface sl{i%gﬁlggﬁgyégsr% es g E’E‘?%é’ﬁ?’ii ?1?1%‘ é ga)g? fosfof, such as

i lagplt ex degigativiej thirenfeparticlisanp pidsashone sunfegststabilizer.

|
- abROkAG %‘?J?zefsﬁ)?g@a?lgpﬁgiécﬂoﬁ?m%} Hs%%e& legtgggeséﬁgééd}me

20

25
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one or nore nor-tox ysiol ogi’cal Ty acce

ceephglesporin paffigles ntwfacostahibivradspesiallyoks¢feldteraie g ferdly physically
r red iLer T conpositions c be. .
R Gk PR T o

i vt davetrvhemjcailntenctwithobé eaphalosposin paritienedusif, Individually

SHRALPhORL ST AP S Bl St e
dinkbgmnt s or drops), buccal,

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

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

1. = Cephalosporin
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intracisternal._|ntraper|toneal or topical

adm ni stration,“and the I|ike. 30 1. CEphansporln -23
The cephal osporin particles present in the ’
conpositions of the invention can be present in a
crystal Il i ne phase, an anorphous phase, a

sem -crystalline phase, a sem anorphous phase, or

m xtures thereof. The cephal osporins enconpassed by
the invention contain the basic cephal osporin 5 ring
structure, but the conpounds can vary by the
substitution of different side chains on the

cephal osporin ring. An exenplary cephal osporin
enconpassed by the invention is cefpodoxine.

Cef pod &% $rehipspeEs partigles preysnbienthgcamricgitionssof the invention can be
b

DR ERind Blol uh S FbITIAR, BNghi rfalline phase, o
Cedmigarosphis nhessx et iixtinesstherhef. cheni cal 10 nane

(RS)-1 I

o oG PRABSIMER IRy ctidh s 0lah (R gphglosporin
negg Wmt I1Dylt EhS corppubdd drnavaty-tyzthb sm;yn:ﬂm)m{ of. d2ifd¢ro sikle chains on
2-.ene- carboxylate. Its enpirical formula is

Cﬂf gﬁgﬁﬁ it has a nolecular weight of 557.6.

The s Llhﬁl eﬁdémﬂdry Emhﬁhb;ﬁ)rﬁ;enﬁcﬁﬁm&gﬂym ﬁﬁ@légﬁ nighefpﬁdox&nﬁ

~ J.aH N urfa abi lizers i nations.

o Bt By KO G T A il PIOT SRR i B SR bolte,

t lsa;;mmn& it adodidsiSifation S04 pARS:. %e@}wdbklﬁﬁrpioﬁéﬁl 1&@ ﬂfé&:‘ﬂemmal
be e yed in the invention_ in

| PR &P &SOW%&WW%%&M@MQJ&% ﬁm‘éﬂw&&l) 2-
emxﬂuﬁmﬁmn&&emﬁmﬁ@ RIS xJRGh GRS RS- apéakcxrei%r[ﬁ 2 0]oct-

| ow ol ecul ar” wei ght "ol i gomers, natural products, and

sencRaet BRCEYlatey dissmairigakigmaula is Gy EpNIQoSeand if bas|agerdecular
n@@i?%f%ﬁ'?bp'?hgsmﬁmrﬁ % ulac(ﬁtéegﬂﬂgxim@?%xc&l% tterionic
surfactants or conpounds. 24 Representative exanpl es
of surface stabilizers include hydroxypropyl

nmet hyl cel | ul ose (now known as hypronel | ose),

hydr oxypr opyl cehkl ul ose,

2. Surface Stabilizers

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

zwitterionic surfactants or compounds.
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pol yvi nyl pyrrol.idone, sodiumlauryl sulfate,

di octyl sul fosueeci nate, gelatin, casein, Lecithin
(phosphati des), dextran, gum acacia, chol esterol,
tragacanth, stearic acid, 5 benzal konium chl ori de,
cal cium stearate, glycerol nonostearate, cetostearyl
al cohol, cetomacrogol enulsifying wax, sorbitan
esters, pol yoxyethylene al kyl ethers (e.g., nacrogo
et hers such as cetomacrogol 1000), polyoxyethyl ene
castor oil derivatives, polyoxyethylene sorbitan
fatty acid esters (e.g., the cormmercially avail able
Tweens such as e.g., Tween 20(r) and Tween 80(r)- (1Cl-

Special ity Chem cal s)); polyethyl ene cols 10 (e.qg.,
Car bomﬁﬁge@%weﬁ)"a@ﬁ?ﬁ s obwyriaye gabilizsrs @g\n}é hyeyopypropyl

PRSI GBS KO BB AL U dRbopSbhibafibsdl 0Xi de,

phosphat es, car boxynet hyl cel I uf'ose

C aialbmuaylﬁww;ﬂoe%|Spd;m;é@rylssgtfatg,rﬂmqmm@sminh@; gydagin, casein,
hygftﬁﬁ @O%ﬁﬁ&és ldle)?Fa%r %lm Q(!agﬂe JIﬂO?G%%I(H il% g%a%&esteanc amd

noncrys nmagnesi um’a
S btnzelévmummhloeﬂhanbiumtmate bopxol mphostdaead) obtoftE)alcoltel,

Ibut heno
o udipdndich SHURTTREN T Uhatids ROGE PoPRiclifieng i thes (e
t ;damogpj@the?:s?slﬂedsl o@mg]aiczﬁ)gdl 03])) 8 pﬁ}roxyiﬁmbrl%ﬁal?fo‘j ofl @efivatives,
ron n |1 C ar e
BT RE SO bln e et b B OAD Dy Tweens® such
pﬁ)sl O AT e 0P anchweenT&Pr(ml ISped?4l¢ ChemBRAISY:; ﬂ@l}ﬂ:ﬁﬁ/léﬁ% glycols
on ne 9? %ﬁ’ is a tetrafunctional ck
Grsor Cera g aPang Do Litn et ). Rl Ky e stearaies, colloidl

pg nmﬁlcﬁ@@d@ hifhaidea% 18O chie
(éASF VWandgttghCD ofg?kgﬁchaRS|gpaﬁmﬁkgﬁbﬁﬁﬁg&mﬂhﬂﬁ“z

TR e tuigsHlpse, pydroxyetigiulosakypruelinso phtbalate, noncrystalline
mmT l -
C&%lllﬁ%@&ﬂa%ﬂés T éu@&lg(&%th@h%& é?lg@ﬂgﬁh&%ol @), 4

ether sul fonate (Rohm an
Fﬂillfi)i’wtf)tr I?Htﬂ)sph&n@hmimee with ethylene sxide pahforrnadehyde (also
S a ®
HEhASE 931’ pERLBb ot o) Goloramers (o, Plarcmios F6E3 and F108%
| Wach yre @FOC gefchonanof ayl@eroxide@ni propilens cade; poloxammes (e.g.,

S A%WS%@?% i}](n%l? g;l%l@:?am%ﬁ'e ék%(m’r ‘)Jhlgl'(l:r s aqalfraﬁnllc%%n:)l ’bl
@Oﬁbﬁwwrﬁﬂsybqlﬁﬁa@ @&mm@mﬂm o2file @i sthytetie oxide to
am de; n-decyl . ®
B ckis PARE b Chrdyon. S8 S bpingsos®
nl-SO&H@@gﬂF Warldetyt Gappireian)OFiidas X008 aety is an alkyl aryl polyether
(s%ﬁbealtrrcsd t B d 5‘ 653(8{93%%? Jg@%e{qﬂ%;é%ta;g&g]gg % sucrose stearate and
tshirogd diw&md €Crotla fie ¥ yp-isbio lewx@FM &lsl§ also kn Olin-
an N- met £¥}I | ucam ded%ﬁ 5’%1?} Falso known as Olin
PR Bps Y5 Soba Rl iR KR ahrodestas SL40° (Croda,
M@y ayd SASOBCY, WaRRAYY @mﬁﬁﬂz(@@mﬂg%ﬁb(ciﬁ)}m(cmomz
t hi ogl ucopyr anosi de; PEG phosphol i pi
REGtmiroKedakdio), deckG-dhoktytghrcomiddenidead BB glucopyranoside; n-
decyl 3-D-maltopyranoside; n-dodecyl B-D-glucopyranoside; n-dodecyl B-D-maltoside;
heptanoyl-N-methylglucamide; n-heptyl-B-D-glucopyranoside; n-heptyl B-D-
thioglucoside; n-hexyl B-D-glucopyranoside; nonanoyl-N-methylglucamide; n-noyl p-D-
glucopyranoside; octanoyl-N-methylglucamide; n-octyl-B-D-ghicopyranoside; octyl -D-
.25-
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ORI SRR o dibonb B

PEG vitamin A ,PEGvitanmin E, |ysozyne, random

copol yners of wvi-nyl pyrrolidone and vinyl. -acetate,
and the |ike. Exanples of useful cationic surface
stabilizers include, but are not limted to, 5

pol ynmers, biopolynmers, polysaccharides, cellulosics,
al gi nates, phospholi pids, and nonpol yneric conpounds,
such as zwitterionic stabilizers,

pol y- n-nmet hyl pyri di nium ant hryul pyridinium

chl oride, cationic phospholipids, chitosan,

pol yl ysi ne, pol yvinylim dazol e, pol ybrene,
polynethylnethacrylate trimet hyl anmoni unbrom de

br oam_de (PNNWN%Br hexyldes | trimethyl anmoni um
byl BC@p(rpmNg) spholipid, PEG-cholesterol, PEG-cholesterol derivative,

p @’EﬂWlﬁianXr Pﬂ}Jvﬂgﬂ‘]ﬁl ]::‘2 1L PR VAR RO s gg%??i?g?‘llgﬂatﬁle and

di methyl sulfate. CQthér useful cationic st
i mEylasstatepend the bkeaot [inmited to, cationic |ipids,

sul f onE}kﬂp]&%@ﬁ%ﬂ@ﬂH&c &Qﬁc@%ﬁ%ﬁ{]ﬁéﬂdeam% X¥Mimited to,

conpounds, such as stea ani no
chblwmi?mebwlhtémw pdly@@}Chmdm,@e!ﬂlﬁgyshc)sealgmhtampprHMplds and

hl orid
o Pl rerc SOERAY S SOIR sy PR ALt P e RAniom
chrhtbnyuug;rﬂrmm Olliibﬂdi: ca:tm;clphbsfphehﬂslyd chirR) ipdlylyethk or i de,

decyl. di net hyl drox eth n|un1chlor|de ar

PO B PR3 BT EE S Ry B EERA® Ry appomumbromide
Cbl}oﬁﬁdldltel\dMleMCB’f) @aylmg&ﬁmwﬂmﬁﬁbmwtn HﬂMtﬂfdemtblr\]/b?@) and
r's y rrme

J d
TR TR il rammos Gl mAagn At Sigiotisb pple

anmoni Oifer &Bﬁl%dtl@ﬁlc@fabhi’z&mrﬁﬁ]de | e bk o i ARSI WS | cationic lipids,
(ethenoxy%4 amoni um chl ori de or brom de, N-al kyl 20

FERMHD SR JHArEHRBh IR BRI GPIEeundsy Fik 3

(%m% Pt T 08 g s

NEATOTH) et lamww Fhlgiidpepromigenvoernyimethylotibyfleoxyethyl

d _nant byl ety i
’gbﬁlﬁ%l?lliﬁlélg%ﬂﬂ{:?%n%br%éide a&g{ﬁgﬂ&%ﬂﬁnﬂg&ﬁm AELAY ac ATERMAD
ahﬂ@qup$ymwmﬂdm®@a¢m@edﬁhdi 5dmadﬂlw hydroxyethyl ammonium

m(¥1 d,l F[igg]il(!lc or bronnde
sajistye nnlmdhylamnmrhmn yledityd shlphaltealduyyll dmmﬁlm bemayi;ahﬂnpmum

dl\'éh%1 elc(;)g f%]r?reef ﬁ‘ufﬁl Q{ﬁﬁ‘i E m; I@ﬁﬁ@? QllalglrorlllRpl chloride or bromide, N-alkyl
t€y ft@]dﬂn?qﬂh)dlbamﬂhyhmmzy thiaside Ni-alkg] (C th thhﬂ:ﬂlyl-benzyl ammonium

%I?lﬁ,af ﬁ%{%ﬂ Ni M%%ﬂjﬁ%i}%@ de monohydrate dimethyl didecyl

dmdﬁ@ﬁlhlﬂ Ic]ilIBfnﬂEy Nélﬂla)Zl)éhd OBRY) tiseis | RapEPlmettdi @llnk%hmm chloride,
benz§$ealkyl % chloride, lauryl trinmethyl
lammanug Fzg]gl a lg)]é trimethylarmmomum salts and dlalkyl—

dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated

D

alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl amumonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C;s.14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride,
dialkyl benzenealkyl ammonium chloride, lauryl trimethy! ammonium chloride,
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al kyl benzyl nethyl ammoni um chl ori de, al kyl benzyl
di met hyl amonium brom de, Cl2, C15, C17 ‘tri nethyl
amoni um brom des, dodecyl benzyl triethyl amroni um
chloride, poly-diallyldinethylamonium chloride
(DADVAC), di met hyl ammoni um chl ori des,

al kyl di net hyl ammoni um hal ogeni des, tricetyl nethyl
amoni um chl ori de, 5 decyltrinethyl amoni um brom de,
dodecyl tri et hyl anmoni um br om de, :

tetradecyl tri net hyl ammoni um brom de, net hyl
trioctylamoni um chl oride (ALI QUAT 336TM, POLYQUAT
| OTH, tetrabutyl ammoni um broni de, benzyl

rhqynﬁqhyl ammoni um brom de, choline esters (such as
wybuetykapposipgnchlogde, alky! bavar Aaneibyi ammaiime brogéde, Cz,

sicgacyy ﬂﬁﬁﬁwﬂarﬁﬂbﬂﬁﬁl%ﬁnﬁl@@ Qbﬁégflb&ﬁyﬁﬂefﬁ omum chloride,

stea]qytrlm)nlumchlorl de and st eay I moni um
c RPlyrdizlyidimethylpmmepivimdghiriskn(BABMLAE), dimatini] @mmlbe]um chlorides,

i e By RGN G PN i SR 1O
3mewmmﬁ”i?ﬁm:mmmeé}?’m?’%@?ﬁﬁ"é“f ‘“é"m-”es’
Nl e R R PR A B V)

a ﬁ$ 6”7 o3, S’éllfYSQUﬁ'D @ h“’a&hhmwmmmuﬂﬁbraﬁlﬁieab@zyl%ﬁ%ﬂammonium

a )1‘? de ¢ g@ts%tﬂﬁ{s g}ll ?sy ﬂ%cnééfﬁrrrs:,] 2 Sal ) b?%gg@nium chloride,
aztedralllam:mi’gaﬁlohﬂe c@ﬁ;ﬁmﬁml&m a6 H@i@ﬁxﬁhﬁéﬁﬁuﬂ%ﬁ?ﬁh@%‘hlﬂlﬂ?b—

al e 0 ners SucC as 0 I a
dT’tFﬁé{l qﬁﬁ&‘?ﬁ“ﬁ et b iy brogaide of wlwgiehgq ldwq%*wof

pqwatdhmdjfml)my&hﬁdmhamﬁﬁ@l MBS PENIMG,E %Lm@yﬁ@m (Alkaril
eégﬁfr{g,l éﬂcatl onic surface stabilizers and ot her

PaRY) calkyl iy Edisiuppsalis; #ptings zwek asplleylesines, disliglamines,
| Alkaholadalif&Sp cﬁfb‘ﬁxﬁene@lﬁgﬁﬁes b 'd%yfanﬁﬂ&af@?%&waﬁts zﬁld vinyl

Anal ytical and °Biol ogical Eval uation (
1934ne, mmaﬁ%ltsvuclp?%hwghamlaa ﬁ@fmtf) ste@al #mmin geetate, alkylpyridinium

Séé[tf zﬁﬁtaﬂ&ﬁlﬁndagglm 9531! mg‘:ﬁﬁﬂaé I))Il {}ﬁﬁf%: ﬂohﬁl%ks%fts p;b%grilale’d

and J. R"chnon Cationi c Sur
CIatarnary gcrylgmegemeﬂném%bquatem:@polym,pmbly ﬁﬁarqlx[dﬁllylf ace

S&ﬁ@&?bﬁﬁ{oﬁﬂ ﬁ}l&{%& Qr?cﬂpo?y %/l 91ngp r¥p Jriuafj’ lélﬁlongeﬁ and

benzal koni um chl ori Bonrum
platisphgwirum conmpound, an oxon| um corrpound a hal oni um

conpo C. OI‘

oart e oftatBld Sfhofic 2 SRR R afo OFRGHAF tPuic surface

ctadzanscire describii lin hiCuoss andrBotinghr, @ﬁzogmm%btﬁhw Analytical and
ni oun a prlnoar

R Bt e TR MR T B R e

tSerfutranty: RHYRROM CHEWEPINARE] DaOGr, QUan! S1dNaR¥hmond, Cationic

Surfactants: Organic Chemistry, (Marcel Dekker, 1990).

Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium 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

sccondary ammonium compound, a tertiary ammonium compound, and quarternary
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27 ammoni um coppounds of the formula NR R2ZR3R4(+). For
conpounds of the-fornmula NR R2R3R4I+): (|) ‘none of

R -R4 are CH3; (ii) one of R-R4 is CH3; 5 (iii)
three of R-R4 are CH3; (iv) all of R -R4 are CH3i
(v) two of R-R4 are CH3, one of R-R4 is C6H5CH2, and
one of R-R4 is an alkyl chain of seven carbon atons
~or less; (vi) tw of R-R4 are CH3, one of R-R4 is
C6H5CH2, and one of R -R4 is an 10 al kyl chain of

ni net een carbon atons or nore; (vii) two of R-R4 are
CH3 and one of Rl -R4 is the group C6H5(CH2) 11,, where
n>l ; (viii) two of R -R4 are CHS, one of R-R4 is

ﬁg er oat om gﬁ%‘ F et%\‘iign'gl? N(igoﬁgéi F %—“@lm%g‘r?it@s’ g?%?{,fqri??&?la

i NRBHSRLY; and one of R-R4 corrprises at | east one

hal oge (x 4 are CH3, one of R -R4 is
C61- 15@42 %’ﬁamgﬁéké?re BR4  conprises at |east one
- cyclic@hr agjmiﬁ)TR;-@éhs)ClﬂgAD of R -R4 are CH3 and one of
R -R4 j.s. a phen ring or 20 (xii) two of R-R4 are
> CH3 an ")(V\&B'E?f’ éRl" @&Bpurely aliphatic fragnents.

Such cgmpomﬁgg,qglay@@q,but are not limted to,
behenal koni um chl ori de, benzet honi um chl ori de,

cetyl p§? i di WP @hReRe avei G, otretidn tRuiisnrEesGitl cind oné oBR,-Ry is an
-l aur al koni Lgmylgﬁgn%fsq%n&goﬁlah)miogﬁ ;ghloride,

cetrimoni um brom de, cetrinmonium chldride, cethylam ne
25 hydWof | U8R -Re e, by qfé?t;ﬂhnaﬁafhé?}hmm phelef R;-Ry is an

(Quaterniu yum chl ori de

10 (Quat er ni uﬁ%ﬂhadlggﬁé%%%icgﬁb f)iirf?%énzyl anmoni um
chl or i @8] Qe efiRiRy are4)H; a@iamemﬂﬂ;mmefhe EAB@QHNOHT), 2hhere
Quatem um | 8, hectorite, dinethylam noethylchloride
hydrochloride cystei ne hydrochl ori de,
di et hamol) arwonf RiR, BEIEI{g;L&)e o@iReJm lis @fthen, phasphate, R,

di et hanol anmoni.um 3 e et her phosphat e,
compnsesa least 1 heter atom

15 - (x)  two of R;-R4 are CHj, one of R;-Ry is CsHsCH,, and one of R;-Ry4
comprises at least one halogen;
x) two of R;-Ry are CH3, one of Rj-Ry is CsHsCH,, and one of Rj-Ry
comprises at least one cyclic fragment;
(xi)  two of Rj-R4 are CH; and one of R;-R, is a phenyl ring; or
20 7 (x11)  two of Ry-R4 are CH; 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

25  hydrofluoride, chlorailylmethenamine chloride (Quaternium-15), distearyldimoninm
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 ether phosphate_, diethanolammonium POE (3)oley] ether phosphate,
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-28 ... ... e tal |l ow al koni um chl ori de,
di met hyl di oct'adecyl anmoni unbent onite, stearal koni um
chl ori de, dom phen brom de, denatoni um benzoate,

nyri stal koni um chl oride, [laurtrinoniumchloride,

et hyl enedi am ne di hydrochl ori de, guani di ne

~hydrochl oride, pyridoxine HCl, iofetam ne

hydr ochl ori de, megl um ne hydrochl oride, 5

met hyl benzet honi um chl ori de, nyrtrinoni um brom de,
ol eyl trinmoniumchloride, polyquaterniuml,

procai nehydrochl ori de, cocobetai ne, stearal koni um
bentonite, stearal koni unmhectonite, stearyl

trihydroxyet hyl . propyl enedi am ne di hydrofl uori de,
t é“ll%;ﬁﬁlfoﬁlﬁ’ah%%“@hﬂwﬂﬂé@%rﬁféfcwéwwe%/wb@mpm bigdralkonium
aHOAd) BohpBE Bomidk EentdhiAfenSsAD '§t§fk§nﬁﬁx§:h{)o§idi,o

cggnerciall vai | abl e and/or can prepare
t SEHAMGEER! %ﬂ%{féﬁ qthylengdiamine dilptderchlofide, lzsdise hfdaoddloride,

S pARiokiné 13, BfefarkiRONr magqg%,%@%% g(%)if](pﬁd%pt s and

are described in detail in the
Phstpherastionim ehieridsi mytsmonipm brdnside eblgyitiinibhipmbuhldride,

j : r [.Gqal ociation and The. .
FRBAEAD I, FRSEUGRROCEAThhe AS vrone,
Eﬁaar ﬂh@éumhdﬁmnitﬁ,m&gs’l taﬂﬁﬂﬁ)cyehtbjﬂ Qedpﬁzieﬁlaliiulﬂinkégﬂgﬂlﬁﬂﬁ@itﬁg

rence. . r arnmaceuti ca cl pients
Pﬁg?ﬁg%gou | cgrflorcl:cge gs%ef‘?‘%ﬁ%‘gg'&eégvﬁa?lﬁ’é’n{u@ YIREdenvent i on
my alBe sugaqersm_ﬂiza@ mewommiﬁlymva%amn@gﬁ QhiSbe fréfardd sy
agents, |ubricatin ents, suspending agents, )
SHER e b it 7 G Bl B Gt Mg phrmegeuicl
Wedcipiangs aag @rd describled i UeRGN i MSHabS M of PRSI AREN:S ipi o,
an rqégen fx&;@]ents, Such exci pients are known in"the
APlished dgipihely e AmareemighasgeasuiicahAsopiatiennd The Pharmaceutical
NS 6 Gret, Britaif ( OREPHARMMARRUBPreANS000Y, @%%c?[?’%flghﬂ&%gﬁzéd by

exanpl es of binding agents are vari ous ses an
ngﬁgw?inked pol yvi nyl pyrrol i done, microcrystalline
cel lul ose, such as Avicel(r) PH 01 and Avicel(r) PH
02, -ni crocyst abkli?@hiRhhssuBS Exdfpfentd | i Ci fi ed

mcrocrystalline cellulose (ProSolv 25 SMCCTM) .

Sui t alPh@mlabfiticBaBhpositids ik diSe RGN NTerdtiddtn ?%ﬁso%gmblt}s% one or
flowapility of the powder to be conpressef; are

dBITF Bindue agents: Ediinedizents, debricatingrezents, Avspording agen@0Gyeeteners,
{R6ringSHoBAL, ifes@fhves, ITRGRESLUM SIGRT kGt CLpm |
o bonnggt ar{g Sfvatives, HEZ? S kit ée . eg&%ls, ¢t escent agents,
and other excipients. Such excipients are known in the art.

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

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

magnesium stearate, calcium stearate, and silica gel.
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-29 Exanpl es of sweeteners are any natural . or
artificial sweetener, such as sucrose, xylitol,

sodi um saccharin, cyclanate, aspartane, and acsul fane.
Exanpl es of flavoring agents are Magnasweet (r)
(trademark of MAFCO), bubble gumflavor, and fruit

- flavors, and the |like. 5 Exanples of preservatives

are potassium sorbate, nethyl paraben, propyl paraben,
benzoic acid and its salts, other esters of

par ahydr oxybenzoi ¢ acid such as butyl paraben,

al cohol s such as ethyl or benzyl al cohol, phenolic
conmpounds such as phenol, or quarternary conpounds
such a xbeg%aléoniumchloride. Sui tabl e diluents

i ncl ud FEHPER A5 VRS 0b FRCRb Y cetenps, gl as sucrose,

s ughtoRsodidh s#tcBArC Epcintbid, bRrede, laHd ASBIath& 088 les of flavoring

di basi ¢ cal ci um phosphat e, saccharides, and/or

nP&GT s Mapnagirgeto (radgmarkay MOF Q). bebbdngire Savsk, aid [fyéiazors,

| B&d hd@an crocrystal line cellul ose, such as Avicel (r)

PHI 01 and Avicel (r) PH102; |actose such as |actose

monohyBxampdes df prasersativaning grssym sorbat@hsetingpaosteq gropylparaben,
: 0 k | ¢i h hat such as Enc ess ;

manibic sPARTHE S8 Gt SRR PR Broa 65 E TiR b pafaben

Salicolzt wicklaséthgl @gbamyisaléahol, plimolic gligoyndy susishs phié&d, or

p vinyl rrolidgne, corn .stagrch, potato starch
%%Eh%ﬁgFgﬁP“%%&uﬁb ioFT OEFE}@ﬁﬁg?'croscarnellose

sodi unjuiablesifiuerpomtiddshansadutivall haeshblg intaaliRisCsuch RS

nixturez %%frﬁOf' Eéaqglﬁf.of ef fervescent agents are

Py apEtaling cellplgr, Belosw dbasie calrfummbasbate axapcharidgsgang/or

CRiIOBasEng bf e GoreLARA L BrampWs bARIRnRISA M eGnidfol SStalline

include, for exanple, citric, 20 tartaric, malic,

f eRYlosg suchys gy vacel SPRIEQ ind Avigel]’ B 2nlagtosrosugls aslpefose ,

a ' i.6 i {@ arhonat es an

o AR LAR? L8RS Bl iR b Proriield B A2 RETE TG Plosphate

sodh anEmbisaeis8nateitol stahsiodiol a0a6RaAkE) gli@kassi um

bi car hpnat.e,.. nesi.u rbanat e, sodium_ glycine

car bo %g’?%?le EI-SF@%F‘W& 18&1‘%2‘?@%@ er Oéﬂ’af‘%fqulﬁ‘f”l‘ﬁg ryaEplioRgcam
Adtdreli, patatovstdryh, niide)stardhg andR6diHET Harblts NPHREEnHBIRBBRML cross-
of the ef.erves%égt gfuple may be present. 25 4.

NEYB1 AT CPEBPStEchadmonts apdbmiriresibereel e Si ze The

CONP O HxhmPRS oPEIrBednPYRAlsI 2B PR hBE&UPRIARA AL bif Ho@li€ acid
hal gsporin, such as cefpodoxinme or a salt or

ce . . ; (e ..
oeé‘ﬁia\PélbeV’ée pHRsabanatep Spitalle erganipacids include, for cafrhpletditvie,
A @drRQfalic, 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

glycme 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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-ngasurenent t echni

30 particle size of |ess than about 2000 nm(i.e., 2
m crons), |ess than about 1900 nm less -30 than
about 1800 nm |l ess than about 1700 nm |ess than
about 1600 ran, |ess than about 1500 nm |ess than
about 1400 nm |ess than about 1300 run, |ess than
about 1200 nm | ess than about 1100 rim | ess than
about 1000 nm I|ess than about 900 nm |ess than about
800 nm | ess than about 700 nm | ess than about 600
nm |ess than about 500 M, |ess 5 than about 400 nm

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

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

aﬁgut 109 m |.ess than about 75 not, or less tha

B0t Al radeieadbe 0D pp gt iabe oA mmelemdti about
il SH0QEE, Q88 thaRlab&it 1800 ARPEQRKAN3HEut 1786 BRAIRss tB¥h abBR 1200 nm,
ef fective aver age particle size of l ess’ t han about

2bropthamebout 1§08 o dgss thap gbout @D0pm,|less ghanBbont 860 nheless than about
cephah qagg%anrsb@arvbo GhCRsd AN upﬁfotﬂn%ll(%f i aﬁ%baft sb@%ﬁ,rless

than the effective average, anot
s thian absue 49fbrmUess teantabout 3OA nmslebwﬂlmoahmtsZSOnumrﬂ@s than about 200

eLJ‘ﬁ l)ess thaneabbuJ l%ﬁ%mt ﬂ:@@t&x@% g%tuh ?&pr%no,vggs than agtauqr% n11118 gr ess than

when neasure
t d‘@hhﬁ (mma,sas naaswtdisyr 1i lebcmhewnhsth@ds Inlit&oswme oi ¢ther,appropriate

| about 60% at |east about 70% at | east about

80% ét | east about 90% at | east about 95% or at

| east mp‘mnteffb&n%%m@e liticl€ dphal 1aS fehiaBod 2000 Shes iasat that
ctiv avera

| ess th n the eff e,
it e S B st o eh < fous TR U0® ok befogive
nmeragte Gy Waight (& byraasBa suitibleRtisartmeht) Suchak Be: v&aﬁle Rhber,

oparticul ate cephalosporln conposi tion is the
ERHF 01765 Lo gt S0 GROLEBE G0 £e e et BEFBCR Ry the sbove-

Pevtéd ediRsqubal .oty emlﬁ&lnﬂ@ﬁts 610&13 ﬁ])éelﬁfolﬂetft 185 doal! 6@%, at least
vol ume, numnbe

RO 07t Isnsimbant POV 459655 Sbowga ehet s P, et kst about
V@’E‘%Bf 0 %ﬁﬂﬁloﬁﬂ@)ﬁn GERARL H%erﬂaﬂloﬁ,asrlié £1&s tl:raﬁlﬂ'L ’ef@é/tlve average,

y ot hér suitable neasurenent tec
s’tfo esaﬁlas;ab%ﬂa%nm,rﬂ@ﬁ%m I@Omn) 1760 ni@pasc ent ratl on of

Cephalgp ﬁﬁ%és@ntmnt%ﬁ HRGGLEERIHE] FE r%né;gm;mﬁter C%L)ﬁﬂés}égnn

anounts of cephal osporin, such as ce
mpowolbllé thepsrtiolesize Hebavewhich 6% of ﬂ@ ocphaﬂmpmrspartﬁca@a"all by

(é]%gro%he‘f‘ AR, eag\ﬁrglg!a ‘tecmgue fs%crh as bg n,BnilDu%tn of bﬁ:r, e%.).

onents can depen
tﬂmﬂpi»r D198 s &B potplalzo bpiowwhlclsﬁlﬂ%af tael cephilll®sporin particles fall, by

RS i BRGSO S b R .

stablllzer, 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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-31 The concentration of the cephal osporin can vary
from about 99.5%to about 0.001% from about 95%to
about 0.1 % or fromabout 90%to about 0.5% by

wei ght, based on the total conbi ned wei ght of the
cephal osporin and at | east one surface stabilizer,
not including other excipients. 5 The concentration of
the at | east 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 conbined dry wei ght of the

cephal osporin and at | east one surface stabilizer,
not ingludi ng other_excipients. 10 6. Exenplary
Nanopa F&?ﬂcg’e‘@%%@% AlesnorgcaR yary Fapy abput 99.5% to about

Farom@ fioAnsofierser @labeut N, Ak YromehbhadoX] BRbsH: 158X bl weight,
tabl et formul ations are given bel ow. These exanpl es

arPaseop therplshepsppuicd weight of the serdaloppasiniand ahlpast ergradace

butabiii@bh st i QuddbOMhdexcigrenexenpl ary tabl et
formul ati ons of cef podoxinme protexil which can be

util i zéHe senceatipeelibelar lesst etysuifapstabilizer cagyety from about 0.5%
eXERRLA69/0do3p rRLS A 3 €, t i NEhoROEAL .
Py meieht, bTsed loe theFolhednattinedniryeigBorflonephaldépoieand at least one

o) ' rot exi. | t 50 to .ahout 500 Hypronell ose,
U%% a Jﬁ@h%%3%%ngg%%% re llﬁgﬁte Sodi um USP about 1
to about 10 Sucrose, NF about 100 to about 500
Sodi um Lauryl Sulfate, about t bout 4 L e
anohydraté¥ NF%%Egﬁfﬁggngp%ﬁ%ﬁ%“ﬁgﬁ%O XPP%PFvgﬁﬁ}ﬁﬁ“
M crocrystal | i né CE* 8% e about 50 to about 300

Crospovi done, NF about 20 to about 300 Magnesium
St ear abeveraNexeatpbury c&p&lokimeagrotekil BbleBfrhalatiérs2ie given below.

E%EQSVB le)%e{n¥p1£:\sla RS rntltler?cféld ?ot I?mit 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 g/’Kg
Cefpodoxime Protexil about 50 to about 500
Hypromellose, USP about 10 to about 70
Docusate Sodium, 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 0.5 to about 5
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Cef odoxinme Protexil Tablet Fornulation #2 Conponent K
Cef podoxi me Protexil about 100 to about 300 :
Hypronel | ose, USP about 30 to about 50 Docusate
Sodi um USP about 0.5 to about 10 Sucrose, NF about
100 to about 300 Sodium Lauryl Sulfate, NF about |
about 30 Lactose Monohydrate, NF about 100 to about
300 Silicified Mcrocrystalline Cellul ose about 50 to
about 200 Crospovidone, NF about 50 to about 200
Magnesi um-St earate, NF about 0.5 to about 5 Table 3:
Exenpl ary Nanoparticul ate Cefpodoxine Protexil Tabl et
Forrmul ati on #3 Conponent g/ Kg Cef podoxi me Prot exi |
about 200 to about 225 Hypronellose, USP about 42 to
about 46-..Docusate Sodium USP abhout 2 to about 6
Sucrose,| NF about Tably 2: ExgmplaryZ9mopaxsinulate Laur vyl
Sul f at e, | NE_aboti¢fpadoxime Brsexil Teblel Fpnudagiontizohydr atle,
NF about| 200 to &mmapgonpd Silicilffied M cg/Berystalliine
Cel | ul os|eCefpalokinke3otexii about 135 | abpwdpowi abone300NF
about 11 Hymwomdat, USP8 Magnesi umabtn@anad shoul\fo about
0.5 to dhbetusale Sodhah|18SK: Exenpl dragpolNampabsitqol at e
Cef podoxii Serdgs,drexi [ Tabl et For mUT,854tQ00 #faboOIHAONET

to

~—+

g/ Kg Cef

PR DRuryTTSukeeRe] NF abouT

180410 F60H 3¢ 22

Hypr onel

'O Rsc MehotyaRty, NF2 10 ab

Uboidt] 00 to about 300

Silicified Microcrystalline Cellulose

about 50 to about 200

Crospovidone, NF

about 50 to about 200

Magnesium Stearate, NF

about 0.5 to about 5

Table 3: Exemplary Nanoparticulate
Cefpodoxime Protexil Tablet Formulation #3

_ Component 2/’Kg
Cefpodoxime Protexil about 200 to about 225
Hypromellose, USP about 42 to about 46
Docusate Sodium, USP about 2 to about 6
Sucrose, NF about 200 to about 225
Sodium Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF about 200 to about 205
Silicified Microcrystalline Cellulose | about 130 to about 135
Crospovidone, NF about 112 to about 118
Magnesium Stearate, NF about 0.5 to about 3

Table 4: Exemplary Nanoparticulate

Cefpodoxime Protexil Tabl

et Formulation #4

Component

g/Kg

Cefpodoxime Protexil

about 119 to about 224

Hypromellose, USP

about 42 to about 46

Docusate Sodium, USP

about 2 to about 6

Sucrose, NF

about 119 to about 224

Sodium Laury! Sulfate, NF

about 12 to about 18

Lactose Monchydrate, NF

about 119 to about 224

Silicifted Microcrystalline Cellulose

about 129 to about 134

Crospovidone, NF

about 112 to about 118

about 0.5 to about 3

Magnesium Stearate, NF
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Docusat e Sodi um. USP about 2 to about 6 Sucrose, NF
about 119 to about 224 Sodium Lauryl Sul fate, NF

about 12 to about 18 Lactose Moinohydrate, NF about

119 to about 224 Silicified Mcrocrystalline

Cel I ul ose about 129 to about 134 Crospovi done, NF

about 112 to about 118 Magnesium Stearate, NF about

0.5 to about 3 -33 D. Methods of Making

Nanoparti cul at e Cephal osporin Conpositions The
nanoparti cul at e cephal osporin, such as cefpodoxi me or

a salt or derivative thereof, conpositions can be nmade
usi-ng, for exanple, mlling, honbgenization, 5
precipitation, freezing or supercritical fluid

t echni Ques, Msthads g Mefkinzd¥anoppisiculase  ephplpsporin Compositions
Exenpl ary net hods of naki ng nanoparticul ate

co rrp osiThe nmpatiemlﬁie Sqﬂlhlﬂqd)riinmub]ﬂ 8s cefibdoxiptoe Bkalt or derivative

Met ho ki ng_ panopartic ate GO g§ﬁ5|t|ons are.
kg BBt BF SR einechhy Shenels T dymogghzacin.
" I}ﬁcl}ﬁxﬁtl@f ﬁ@éﬂlﬁﬁhf@@pﬁ?&fﬁkﬁl&ﬁﬁ&kblﬁﬁé&@@W@&nﬁls@n Rchniques.
Gﬁ%ent 5 7% 8 for "Continuous Method of

REPE PHAPRGL B SpTOBESSY AR CEBPo iansirs fosepiecinthe ‘684
Neateht, &@&h&ﬁ%f fn@km Nﬁfobﬁﬁcﬂflte %ﬁl%&hﬂﬂs Ex@%fs%gﬁﬁgécﬁﬁllj S.

Subst ances;

BB eI Gp8dR b sbeld of Cridiog Bbarmocsigies Substances;™ U.S. Patent

P & »
U'rx%r ﬂggﬁ%ﬂﬂt foRk geﬁ‘ﬁﬁﬁ&é M\éﬂ‘ida of@r%%fgg Np%%\@ér@é;%{%ﬁ};&?%%? U.S.

10 oPatenidie 562909 foaf" Meﬂahé pﬁﬁna@:ng Bldrmagputica Substtdmc@; ig SaPatent

1

h

20

25

30

GNBV\f Béﬂ\@ﬁ' Ifoi‘ E(EOSM"er)r?m P %BI? Qf‘ B?m?mgtﬁh ae?r‘:?’nza é z?] Cﬁﬁents with

cropreC| pitation o nop ar rna
Ageystad Growsh $odifer?3 Udh Patsior, N<5 55563,,8828 Brf‘Go-MiPropeepitatitin of

AR R SR R AT By e o
of,560,83afor hMicS@mhﬁi;?taBnmngﬁbpﬂpaﬂite Sha@fiac eubba‘BAgBﬁtﬁ EnLs.
N N IR T ——
PHhmphrtMEs ”51 &'/Iﬁteﬁﬁﬁo meHMEW@aOd%TQf?Em%EmbIG Drug

e pi bg%égggﬁa PEaT o5 Rrepating Thsangiticc

aCemﬁqu&ﬁan mfﬂain)mgl N}Eﬁ:@ﬁéﬁﬁﬁéﬁ ‘Bghdny S ke RBCEL4701438 for “Method of
sultangnan art|culate cephal osporin conp05|t|ons

ot "“Bi'EI8 e GAmBRSIaRE Copiawing (haggsH Phopholmidiup Reduce
dﬁg@g@ﬁ%ﬁ Pl loatvhRR Sre spbtshkady idchipelatbddlySPRfeslONS, gel's,
aeros o’Il“hse ‘Tesultant 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 release formulations, mixed immediate release and controlled

release formulations, ezc.

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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oi ntments, creans, controlled rel ease fornul ati ons,
fast nmelt formulations, |yophilized formilations,

tabl ets, capsules, delayed rel ease fornul ations,
extended rel ease 25 fornul ations, pulsatile rel ease
formul ati ons, m xed i nmedi ate rel ease and controll ed
rel ease fornulations, etc. 1. MIling to Cbtain
Nanoparti cul ate Cephal osporin D spersions 30 MIIing
a cephal osporin to obtain a nanoparticul ate di spersion
conprises dispersing the cephal osporin particles in a
liquid dispersion nediumin which the 34 cephal osporin
is poorly soluble, followed by applying mechanica
means in the presence of grinding nedia to reduce the
p&erbatosporiyiy poasky Sphélec@ﬂhwbtbb)pmpiymg ocdhhgcal emansed the presence

eH' ?x‘l‘ﬁdlﬁ({?,em (gée/ l%rr?or ex f:‘. e 312\7c§,|a t%"gl}e c-gr}la%(g{l:)os mn to 1c (FC:SII’CC] effective
eﬁm particldxigeafbk dlsgérylom medl,unmah ite,tﬂmydxemplegwhgte;o kafflower oil,

5k, PR oG B PG Bt

rddnﬁmdnnmdeEEummrthe presence of at |east one

surfac ilizer. Alternatively, cephalosporin
part | oPRLCBBHOBER BHTGIER 2 RSB S o peseats ghagdoast one

Shabict btabiliger aiAltehamdel bé;jhﬁlﬂjs delnRfticd TROMNGStacisd Gith Bfe or
a dilue Qg%ﬂéﬁﬂj be ad to the cep halosgorin/surface

sToH §9 s fEs %thaar PHhgr eerepogndsesycl e dilsit, can be added

PEOEE Séphaldshoh BB 's@ﬂfhz%ﬂm?@mﬁ@fﬁﬁﬁnﬂghﬁrsﬁg redugtion process.
continuously or in a batch node. One of skill in the

aPiseaisiongcanhe arappiaagrodisantinuousirgr iva beish medee t hat
f ol I ovhADof SRt 1h iRt \V&fld 91]1clef1 aﬁtﬂﬁa‘f kt%%hy%@\ﬁw%%ser tﬁgu ?gwmg

to the desired size. In suc n event he part
omilfing neteal] pastirlesimay heagduged toshadeairestisizen dn sskdn |enentt Hize

Péeﬁ'ﬁélbsccﬁ' tﬁ)cf detsﬂgi Jﬁéﬁﬁ'ﬁ?ﬁe ngz{%tgg [Jrkdlqgu(il Hﬁhcz}z.%ctﬁ f the gresent

ecipitation to ate
Congrdont | ons Anot her nmet hod of forming the deS|red
nanoparticul ate cephalosporln 20 conp03|t|on is by
ﬁleOprCl&lt&t% on.

stabl e di spersi %ns %Fm E’o b?/la'g “B%‘i’*‘égs‘HFﬁr% h@@%ﬂ"g’q n

t he presence of re surface stabilizers and

acti v IR ﬁ}opsﬁ* e g 4 POt Fahy e e
composition is by microprecipitation. This is a method of preparing stable dispersions of
poorly soluble active agents in the presence of one or more surface stabilizers and one or
more colloid stability enhancing surface active agents free of any trace toxic solvents or
solubilized heavy metal impurities. Such a method comprises, for example: (1)
dissolving the cephalosporin in a suitable solvent; (2) adding the formulation from 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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sol ubilized heavy netal inpurities. Such a nethod
conprises, for exanple: (1) dissolving the

cephal osporin in a suitable solvent; (2) adding the
formulation fromstep 25 (1) to a solution conprising
at | east one surface stabilizer; and (3) precipitating
the formulation fromstep (2) using an appropriate
non-sol vent. The nmethod can be followed by renoval of
any formed salt, if present, by dialysis or
diafiltration and concentration of the dispersion by
conventional neans. 30 3. Honbgeni zation to -Cbtain
Nanoparti cul at e Cephal osporin Conpositions 35

Exenpl ary honogeni zati on nmet hods of preparing active
agent nanoparticul ate conpositions are described in
U.S. Paresplarxpomegegizationgethédsrof pRrputessticf aghntapaerartigulate
T | [ C
S e L g 3 B RR e EorRRepgrng
c@bﬁmwsgﬁﬁmmiﬁonacbntqm Nimepertidesh Snedi mathod ainipsised

b g ersi o enl atl 0

B Rt B PR BEN D Ui PR ER. b o
dsﬁmﬂceng bt ﬁmp&trmmetodmm’o@glﬁzalmnta ﬁ:ﬂﬁ:e&he‘llﬁamc'fé‘lﬁze of a cephalosporin
C%QQ a%e%% rffeg?@qaaré/tg%%tla Y Cla 3122 :’E ecgeg (?slpprlzrglaasrtllczlgs clalq bE: I1:](3(:E‘luced

prese

Aintseve id thie pedsynce bhﬁ lé‘a@pdhﬂ sOEFRR stabilizRa AlleflaBFelf Ahe RBhalosporin
cont cted. with o g{ nor e surface stabilizers either

DRA TS R PaFIrActergvith queior msre suderrestatilinspsitherdefastenntias

BattHtloH e Olher EthpdABIAAREAs b Qjlhdie aEHhAIRS RARL &Ipﬁﬂf);p%ﬁﬁ/surfacc

stabi lizer composition either before, during, or after
t Yiebiliges eompagition pidisr peloece dwring, oy affseihsisizn sedéqwnkpéocess

MBRpdrAGhstaR e ﬁﬁﬁﬁfa&b&%‘ ébﬁem%usworqn bakEhmsage.

Cryogeni ¢ Met hodol ogies to Cbtain 15 hbnopartlculate
Cephal ospori n Conpositions Another nethod of form ng

t he desir ed- nanGpeogenic Metheddegi¢sb ¥aini n  conposition

i's by spray freNanopgriieniate|GeghaldsoSi Gomidvitipns

t echnol ogy conprises an organic or organoaqueous

sol uti [ i k] i's

nj oot QU pEBIRGHRRBRE R, Bkl hARiLER Sandiolihn
rfiompeg en is by epray Hptzatgsinofliquitk(SEB) Hetlioegpoology sahprisepm organic

f i

B
reayegsiic tiquidys ssch adpiual 108 pgani rThp dropleed of she dopipdusgomgsohution

t ce sol.vent, system OCES

R TR - e A St B BRR A, tos formulatin
pandsira¢iesd CQThah@C@m\{:ﬂfticﬂdsg 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 area. 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 lyophilization or atmospheric

freeze-drying with the resulting nanostructured cephalosporin remaining.
' S -36-



particle norphology. In the isolation step, the
nitrogen and solvent are renoved under 25 conditions
that avoid aggl omeration or ripening of the

cephal osporin particles. As a conpl enentary technol ogy
to SFL, ultra rapid freezing (URF) may al so be used
to created equival ent nanostructured cephal osporin
particles with greatly enhanced surface area. URF
conprises taking a water-m scible, anhydrous, organic,
or organoaqueous sol ution of cephal osporin wth
stabilizers and applying it onto a cryogenic 30
substrate. The solvent is then renoved by nmeans such
as |lyophilization or atnospheric freeze-drying with
the resulting nanostructured cephal osporin remaining.
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met hod of form ng the desired nanoparticul ate

cephal As@bérinicth@iufiasiiig ha désred adopapbalhte cefhalospadin.

Tenpl ate enul si op. creat.es panqQstruct ured

¢ SURRIUIB &1 P o RIAS opoRy THPRUER SR GFoplss Brep@Ictiok
dicgihelobptirin@artiR kg withRbAlrdled patibleisRB disRRufied ARINGHd dikfBution
nmet hod conprises an oil-in-water enmulsion that is
pPeRRImaece- (e methogsompischsn pil-an-waler eplden thakis prapaigs, then

C QRBISHithG ﬂoﬁ%gﬁ&ﬂ@ _@(Llwohﬁbﬁgiﬁ% 2 lc8HatdspirSand BBiliEEs. The
particle size distribution of the cephal osporin

paftirie sige distibytien ¢fdhe cephaogpprin partigles isiadiregsfresulief the size of the

- egMhgion ﬁr@?e?sﬁérﬁﬁ%o BE&iﬂ% with ﬂle%ﬁgaﬂgp#é{ J]%%E%Prox?f]rjc%cagr?g

cephal osp 1 a property which can e

o peitigiledand; optimived pihisqeessss. Fmrthérarons thepughlselecighuse of solvents
S 1 S . .ant. .abilizers shon . .

S FAHAHD b i SRS p W0 S B 51 SR Hpemine

r Bypisaquegtly, tisuobenfaad thayer atehremsaldy ardtthanabilimt ean@trectored

r v, and the stabilized nanostructured 1 .
CEBRAB GronB B IS RPN S e g R P g morpbotosics can
cbpirvhlevsdloy apprqpainteicohtes ofipropéeing goeldtican be achi eved

by appropriate control of processing conditions. E

Met hods of Using the Nanoparticulate Cepbal osporin

Co Lt f L ' 0 The i [
ovi s Wﬁ*ﬁﬁ%%ﬂ'*ﬁ%ﬂﬂ%ﬁ%?%%@%ﬁ ﬁ;gﬂgiai 5bi 11ty of a

provi
LR a1t or

cephal 02 pgrﬁ, oM g%mg%
derivative thereof, in a subject. Such a nethod i
conpr | Sednspaen grovdes anethed pigereasing biepypilability af a cephalosporin,

eb bR G LefSHdRIRLY: 2 Qh1e & &Hm%iﬂﬁéré?ﬁ in a subject. Such a method

comprises orally administering to a subject an effective amount of a composition
comprising a cephalosporin. The cephalosporin composition, in accordance with standard
pharmacokinetic practice, has a bioavailability that is 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
infection. 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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conpri sing a cephal osporin. The cephal osporin
conposi tion, in accordance with standard 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 conventional 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
Gampositive 30 and Gramnegative bacterial strains,
and can be used to treat many types of bacterial,--37
including but not limted to bronchitis, pneunonia,
t dirduding Ryt got lagireditybroaehitn sneumon@stonmﬂfne,cqar s tionsk $ipns
| HiEGHoh 00fin i 48ARNE DB RorRAdol LERRL YaliififEL o0 ect i ons.

he cephal osporin’conpounds o e rnvent1on can be
adm ni $heceplialogporn sepaods oﬁlheamanyxon ommdlmmaﬂeredmammbject

ut , not l. i ted t.0 ct al
ot EenBifiar s hcMldkiC i e o o2 Fel bty
[ ntwa‘lﬂm&ﬂta‘ally ere., smﬂa&eﬁoameﬂm)usculm osmbaitairehd) Mntramstemally,

pulnonary intra nal |. ntraperitonea | ocal ly
QR e R b D bR £ B B rops),
O br sastlccs pr Asal sPfayll &@@sé’iﬁ{eﬁdnﬂ thd thﬁn tRbRt” S4 ke ® e mednSin

used ani mal , . pre erably a_manma

i ﬁ’&‘P’BL aon%e fg‘ﬂﬁaﬁﬁ‘ﬁ%ﬁﬂ 1 ?Jhd‘% pmanmgrgopdpman  Kbq temps paient and
sumbaﬁhmygyugguua@ﬁmﬂaﬁﬁgchangeably 10 Cbnp03|t|ons

sui table for parenteral I njection may conprise

phyS| of- oRgpestiany suitbledprrapnteral injpqtion niy sempgsegthysiologically
RFIHER gén&qguédug&%on%&eﬁgs%lﬁeﬁs dﬁgéﬁgﬁ‘é L RSnsRYns or

enuIS|ons sterile powders f constitution Into
s?@Phwe&@ﬁ?@@m@mpﬁd@@ﬁwrﬂﬁw%mﬁmnn@os@eksmeﬁgﬂeExuwpbes

13 A ﬁ%lzsbl%ﬁﬁg%gﬁf&ftes Iﬁﬁpﬁgﬁﬁ%ﬁ“ Wé]tﬁg&{s c%]th%rs (.%He}i'tg rb%ﬁrents or

pmlwi¢sslnﬂ<‘lpdlog>yfla@n @giay@oﬂmlqulpmtwegly@l giohctjiylend_—@lycol
8 glgg%glg%%d tglg ﬁké) hs%ltlilﬂg %)ixtm%y {I'I(L.I%Q% %?gméz%rf])i E;ﬁsucﬁ 3 plive ve 'oil) and

as olive orl
omgeztabls @M@te&ﬂmhh asetiatl bieateo [Pﬁ@beﬂuamtyomrbefmamminbcy for

t th .
< B0 PTAEL AF almosTAEBis, d aitsof prguied

r pagticle eide inpthe tdse bdigicrstonisuntl ibg tieage oDfurfic@mer si ons,
and by.the use.o sur ctants. The. nanop %rtlcula

t
cephal BGPTSR P OHarhSReP GGNCBAY A A pipeats such

SagiteseRhgd Srefing Sildifithg, MRT didpefkingdaehS] t%lv&ﬁlon%!ﬂ the growth of
di spen ents. Preventlon of the growth
n"r“t"ff%gf”é’é‘%f b ghfuisd by yarnus gnigipcterpl a@é §n%ﬁh}t1$aé agantsy jugh as

aptelatRAs, chidRBatanATFHHNSL, so¥bie Aci@Sand the like. It may also be desirable to

mclude isotonic agents, such as sugars, sodium chloride, and the like. Prolonged

absorption of the injectable pharmaceutical form can be brought about by the use of
agents delaying absorption, such as aluminum 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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par abens, chl oraobutanol, phenol, sorbic acid, and the
like. It may al.so be desirable to include:isotonic
agents, such as sugars, sodiumchloride, and the |ike.
Prol onged absorption of the injectable pharmaceuti cal
form can be brought about by the use of 25 agents

del ayi ng absorption, such as al um num nonost earate and
gelatin. Solid dosage forns for oral administration
include, 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 followi ng: (a) one or nore inert excipients (or
carriers), such as sodiumcitrate or dical cium

pBEYRR ddstose.sycrpse, glasase.gpansitpl pksilicic anifs e) dindersggich as

- -carboxymethyleellutose, a}ignates,séeﬂtﬁ!";?cﬁyvh!l Tiffone> WHefd3S Gnd acacia; (d)
glucose, mannitol, and silicic acid; (c)]bln ers, stch
adUBSemEs e a5 glveerol; (¢ skisintegrptingragenss, sughedsagarmgar, calcium
pQLxﬂSMﬁzﬂéﬂ' Biat’ (ﬁll %Q Sta cﬁyéi%ﬁlftea’cx(daggt ﬁlcc%ﬁ{p?e'x s{]%}ites and sodium
hunect ants, such as gTyce of -ty drsin egrailng
agahesate; £{) gplution ragaiersagah as pahing(y) absarpbion atcelergpas,ahich as

or ' rch | gini,G acid, certai.n conple

Sy A R S B LD Eeog B pa iR T ot and atycero
r .moalbsiem&e; (Qlﬂdh}ﬂ&’ﬁtspﬁfchﬁﬁ kavlin @) badngite ind ¢ ubricants, guch as talc,
accel erators, such as quaternar nmoni um cqnpounds;
L T T L
normbingas teeof. (Ho) cpeled, RS andpiflé) tsdokae!fbris3ng; also comprise
bgg@onlte; and (j) lubricants, such as talc, calcium

sPEAFHEEE Hagnesi um stearate, solid pol yethyl ene

gl ycol BiquiQidkdgBfdraid iy orflbdbnddifiratio@ Inc X b fcch NS B ceptable
For capsules, tablets, and pills, the dosage forns may

aPBBISOBISPIREenS, SHOPSBRiPRse FYTHES: abeltciss. Injagditign syseapbalosporin, the
f pguis df)é&?e IR mAg B ik i @lhehtd gédﬁﬂ@rﬂ? H@ﬁ%ﬁfé%‘, Gith bY water

acceptabl'e enulsions, solutions, suspensions, syrups,
affoPtagrisgivenss, splybiiging peants. pesl emweifieral Bxgyenlary emulsifiers are ethyl

| ﬁlgwoﬂligﬁﬁﬁgﬁaié&ﬁ)ﬂﬁth?ﬂyar%%,r %tﬁﬁ akaﬁtg,tbegzl){l) ?1%0 (%ebrenzyl

conmon uséd I n the art, such as wat’er
sbingesie, or opyismediydol, 2i eptalgeseiwol, dimptigifotsanhide rodls, such as

Ex#iTnleal ¥il, :nﬁinfltio r éor?églmeéiﬂ %}ive gils of ltoci'%ri]oeltﬂd sie SN ero?lpgfycerol
al cohol, etthyl carbbnat &, ethy acété%e, benzy ? ?
aletratydrofurfiamizai¢obbk palyethwenggiyopls) fomeadiyy espdrs of sorbitan, or mixturés
10&58%%5%9@%' éﬁ%%e 1ik%i met hyl f ormam de, oils, such as

cottonseed o1, groundnut oil, corn germoil, olive
0i |, désides sush inertaliiderse sle@npobitiogtanadb Mclude adjuvants, such as

tet.r.ahvdr of urf.uryl al.cohol,. pol yet hyl enegl ycol.s, fatt .
AT B P TS 3PSy wieetepipdy fpygne, and perfuming
sagesisances, and the like.

“Therapeutically effective amount” as used herein with respect to a cephalosporin,
dosage shall mean that dosage that provides the specific pharmacological response for
which a cephalosporin is administered in a significant number of subjecté i need of such
treatment. It is emphasized that ‘therapeutically effective amount,” administered to a

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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20 Besides such jnert diluents, the conposition can
al so include adj.uvants, such as wetting agents,
enmul si fying and suspendi ng agents, sweeteni ng,
flavoring, and perfum ng agents. "Therapeutically
effective anmount” as used herein with respect to a
cephal osporin, dosage shall nean that dosage that
provi des the specific pharmacol ogi cal response for 25
whi ch a cephal osporin is admnistered in a significant
nunber of subjects in need of such treatnent. It is
enphasi zed that "therapeutically effective anount,’
adninistered to a particular subject in a particular
dBstance not ~al ways be effective in treating the

LBESAL &é&a&*q‘l%?é ePSFr'é?f@p measgizd §s PRbIRSPECSLIE Wl%éfﬁ@écq tg drug

_dﬁ@a@gs@ﬁmhggmagggilcalIy effective anount' by those

skilled in the art. It is to be farther understood
that cOprefiosdipay kil vdb aprrecige thapeféectivenmpamts of alcgphalosporin can
| PSEARRERA
 Behancas R0 0L ShpiSpRtay g . LIS B0
ski thﬂﬂnﬁcwtlca@»p@@@t@tl@salm a&termﬁmg/@nanﬁumabdmigedevels ofa
c ed eppiEi
bge?)g%%% C# e ﬁ%}pa}? ?ulgt% SIPE& \T\%o 5 SI'itic Iny % lon rrné%gbx V8 ed to
Sobtainph amnmt efib cqﬁhlloypomctmma&ffeem&ab bbtaﬁSatcEmredaherapquc

Act ual

PhSR L b O e SO T SRR DR RRG T dosse

nyel bmerefanfrelfdepbnﬂoup@b:hag@uammaﬁgmt eﬁﬁct aﬂﬁe Rk fagpdidtation,
|1S e ect,lve to.o n a Si.re t er.ape
r@“ oG of e administercd afp}ﬂf)élaﬂ?ao@ﬁ@?%fﬁ &waﬂ%fefﬁ@am&rﬂ and

adﬂhﬁhﬁ&ﬁatlon The sel ected dosage |evel therefore

depen s on.the desired therapeutic effect, the route
of ad Yol OBROSIH TSR 9BRBRIGh powkieo! suTh Sybwplsipleg thereof

kA &Sﬁ&ﬂoﬁnak% i ety 86ked t it R Andrstb 6 BEWBNAL, that Bt
other factors, Dosage unit conpositions nmay contain

stpesifia Aesantvs! o a%}ijtaﬁﬂ@éﬁs patient pribdepenienop e vagely ghfpcles: the
U§EarldQiepRK 81 P c$1ﬂ@ar%§}cail}\§1 Eal 1 ]%on\é\é { lbeQ@hIH&quééﬁlﬂfgf the
however, "that the ose Tevel for an

pResifie ageat Ol‘wmpefﬁtlom\?mﬂ’bﬁ'ép@n apqsrg'mgwtwwqoewsmn employed;

.ftﬁggéér ﬁo értx{r;lag%lﬁ%ehé(rgﬁle@m g)gg[ug glﬁ%f tf) yatt r?tl {hglt eo‘f‘r

physt ol o response to I eve act 1 vi y of the
Fgautistationgevte obadngivispatgin asiraemd bmyﬁnb,n of He agprecthé ihgation of

| oved; bod
SR SAPRARLL DR DA e
dictomavellikingdn at thomedicaluir®e. of adn1n|strat|on and rate
of excretion of the agent; the duration of

. Controlled Release Cephalosporin Compositions

The effectiveness of pharmaceutical compounds in the prevention and treatment
of disease states depends on a variety of factors including the rate and duration 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 treatnent; - drugs used in conbination or

coi ncidental wi'th the specific agent; and:like 20
factors well known in the nedical arts. Il. Controlled
Rel ease Cephal osporin Conpositions The effectiveness

of pharmaceuti cal conpounds in the prevention and
treatnment 25 of disease states depends on a variety

of factors including the rate and duration of

delivery of the conpound fromthe dosage formto the
pati ent. The conbi nation of delivery rate and

duration exhibited by a given dosage formin a patient
can be described as its in vivo release profile and,
dependi ng on the pharmaceutical conpound o
adrPPrUadYaEyin their phaspagekinstic Bropertio uph o5 hienvedabilitatand mates of
aﬁﬁkogﬂfoﬁtahcpélirﬂﬁlaﬁdﬁ,eﬂl@ RALARERYLd a‘&ﬁ lthe%gs&tgﬁmc#ﬂnq p/'raéhlé B&ome

bl ood plasma, referred to as a plasna profile.

p HBPaTRBeemed to conxider Brgrsigning effeqtiye drugttherigries.

phar magpki.pell ' i Il abili .

ang. 1 ot 52 e PRI LE Tu iy B PRI Al doronsof
pFadfaist andanay helvontimsus orgmisaplea Soatipiood feleasdygofile®include release

[ n consider in designing effectiv
PRI REbEh EREAR S u BE R hatien o Sl e
megntiendusly throdgHdue the @bsinginesvah ackitier 2don@as 0@ fvaridble rate. Pulsatile

rel ease d. be conti.huous, o ul sati].e. Continuoys
 EHEE0E RS Tt Nordt Hal? & et ia s i o one or
quiard phismatutiRBlecodipoiiisQrdidRAE QLML RA] raR BRPSH YIS different time

rel eas conti nyously throughout the dosing interval
ARG FLSF A0 R UAAREEYICPLEOPREIR orgpmbinppm ohplpcompounds, the

I el Rastofle ¥ri d @enl S domt BVQARE hPsbdBited Plasil frb¥idtn a

| east two discrete quantities of one or nore

pPrieRe CERAT Ao BFARSMRGEeY f ardopags deren live differet ealgase profiles,
r b @flcaROFofile SPVIRS dodhdel B 2 \gthT@is]aQ:O HiHSn oiFth% ingﬁ%’ nal

gi ven pharmaceuti cal™ conpound or conbination o
cistptsumeiles andamayt el degosibedd gerferallly af Gnultimyidstén Thioskeges profile of a

¢ ) ) . .
od p\ﬁﬁ%lvt] g!r)]s%?e fPmaf wﬁﬁ:ﬁ%&dhactog%gﬁ nf R4 B glélj arg]g&’? gfor%le may

patient. W WO orf nore conp s of a
hépperibgil ps Erimndal’ ah tseclprse pidfidssof a thive compemsedqsageffbinein

; i C i nat i,on,.of e
b Engf SRR O o ot RS bR SRR R ' Bppotl
gener dithifarde thervatishlesogpalicable Th therrelbasa peofide, dlid dsepciifcdapldsma

%gg,gg B 0B ol e G s R oD W els of

ease pr
'the pegi@bcelitiah corhjrmndedventhe dpfadbm bfacdbn snd may be continuous or

three-c onent dosage.formin _which _each conmponent .
PALSEIeC P PREPER plo@raSaled gkt alaiiy PQGER o Ho-agnd duraton
"whithneditit d'sifglephaha ddcédi@tivtmbaRues PaRRileGRRIng ptdildshfciude
r?Iease raofil e, the associated plasma

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
descnibed as “trimodal.” 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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profile in a patient may exhibit constant or variable
bl ood pl asma concentration |levels of 20 the

phar maceuti cal conmpounds over the duration of action
and may be continuous or pulsatile. Continuous plasna
profiles include plasma profiles of all rates and
duration which exhibit a single plasna concentration
maxi mum Pul satile plasma profiles include plasna
profiles in which at |east two higher bl ood plasna
concentration | evels of pharmaceutical conmpound are
separated by a | ower blood plasnma concentration |evel
and 25 nmay be described generally as "nultinodal."

Pul satile plasma profiles exhibiting two peaks nmay be
dg?c‘flﬁhﬁléiaalégmmeﬁg@é the dgsage Horas pranutmoddal weassgvofiie maggesult in

t BARS 2 RERBoWEBY atfﬁlsaﬂ@?ﬁagﬁlp QRS o{’(& L4 TR A tion BEREALY NI

on, atleastln_part, € pharmacokKl netl1 cs O t'ne
phar mabewe icedpdimsnitbeprdsent meéniide gravitles h endtyaaielafaanmified

. f] f 41 the individual o
Sl L OB L 4 S G,

pp phlisdtde magner.esult in either a continuous or a

‘pul saty_| | asma profile upon adminjstratjon to a .
pat 1 e o ARt Balbodcntine beral pr etioerevdraaipariculst

pmotifidé selasendnifiop@inh bvfhidh@bl@vdf@djiéﬁhzﬁgspoﬁﬁ,! BAS@mple cefpodoxime
cg%gaﬁitlon whi ch delivers a cephal osporin, for
exanp

P 8 SPHBYEY HE S oxetil, in 5 a pulsatile

mannerin yeranbihet dmisydahdie theprtestiiiRAtiod H8viBEL R Miiparticulate
i nventi o rovides a nmultiparticulate nodified
r @P@?I&‘imﬂ% SUPeIHAD (T hieh 4 Brst peshen of asphrlospem forrpxample

- f @ifpoasairTRlpeoxeaf, RAGRYABmmBEAXSphn a(%@in%trﬁt‘?ﬂ dtnﬁ BURYGr more

qﬁgner. I n yet another enbodinent t resen

i FUIRFH RoTsPRN S idkscerhaipgporin aretreleask dafter an Ouitiad dinfei delhy.

r el eagg y6QAPRSH dnbtQinh i iy ihidsQ0p; 9k

cephal 0d porin, for lex%}rp%@ 3 Fég%rgf I%Ig%%%?l Iﬁg&l{#fsos B ?ﬁa?dcfsgge forms
rief encsiauly prisdneadadly pdmipétratigindonipsising theomultipattionse modified
RfeSse cSRHBSESHEIF | the cephal osporin are
refegéédpafter aﬁﬂﬁﬁ%?ﬁgﬁmgﬁﬁe del ay. In yet another
enbodibee anether qrbediarent tha presdrit orvegtion\tirglddes sahildppiahlte

- -dai . i ce-dai l . .
e s L e e T ——

. adm ni strati

matdrfaitisdes Db theeyreakeecribedpteset i on of the present

i nventi 9By o) et, anot her enbodi nent the present

nvent S oot EhesRRenl PPt A ePrORgR 1 Aeliod forthe
IPedvestsm andiop osdtibvf b Backtial thidchien Q@ﬁ}%ﬁsﬁig&ﬁe &fiBIstrAfon of a
cg%haLosp?rln-conLalnng nanoparticles of the type

JETRYI BES" lfscesent invention:

According to one aspect of the present invention, there is provided a
pharmaceutical composition having a first component comprising active ingredient-
containing particles, and at least one subsequent component comprising active ingredient-
containing particles, each subsequent component having a rate and/or duration of release
different from the first component wherein at least one of said components comprises
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. F ollowing oral
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In still another enbodi ment the present invention
provi des a nethod for the 20 prevention and/or
treatment of a bacterial infection conprising the

adm ni stration of a conposition of the present

i nvention. According to one aspect of the present
invention, there is provided a pharnaceutica
conmposition having a first conponent conprising active
i ngredi ent- containing particles, and at |east one
subsequent conponent conprising active ingredient 25
containing particles, each subsequent conponent havi ng
a rate and/or duration of release different fromthe
fi t co onent mhgéeln at | east one of said

VG i cowﬂﬁpp% ‘V"rééﬁﬁ@}%%}% for expienle pﬁm(gmmme proxetil, in
parpms@dﬂe fnandédie LESRNARARANE, MM BPLNG HBVLCI SR iniPa¥te

be coated with a nodified rel ease coating.
Artleash gt Foplalgsperin aribithe Pamenl mre sttivequerisitaiposspifireride a modified

CoatAL Bf &?hzﬁ@sﬁ)hﬁl ﬁ%u@@é/mﬁ&’ﬁm&itsc‘ ﬂljgmp ?1afe Elade hﬁﬁ&%ﬂt serves

matri x eri al | owm n ora
c é?rb%&f’iﬂtﬂilecﬂilsﬁ@if ﬂﬁ;ﬁ@ﬂsbyamwphag d@p@q from ﬁd]mnstraﬂqml tea

&%@%&Weﬁ%ﬂé? Plagx{la J;d?;cen%rag(ljl I%@e]l anﬁ éhneaor}l% o m%s&g%eﬂgent

ment nponent "provi des an |
r @D@mn@ﬁex‘@@phainompoﬂwwaraatmnmhplaﬂmombenmnm levels and/or

on vide a se .0
C e ﬁn %g B%Fal%%%la Sitlg% ‘uee na cence h?‘h"g‘ﬂ“ﬁm E}gtﬁtdgsmg mterval.
r el eas’éhmmbﬁetemeawouﬁ% dndlop tHa:&ﬁd(EfﬁbdtrBEadé mEdix Bhterial cause a

tlo the time fromadmnistration tqg a
r*‘énpee 14 Q'W‘*’% Pl #fe\?éﬂm ERieR dreLbhe M pemlatop of active
amérddi@t-ecﬁﬁnﬂhg paticleSalISBOkRALe of GRIRERERERIRAS Y bibsequent
mnimze e varlatlon in_plasma concentration |evels

RO ons Al v, e EHgOARERS RIS Bibprsarerg dhap rag prpulation of

C afiive Mo lidn@ BorltAihiat phvdibles hid9idd Q%Jdﬁie'drﬂél@{s}% ‘Eﬂlc mﬂi‘ﬁed release
nodi fi ed rel ease coating and/ or the nodif rel ease

nefating andierdhs mpdifigd wieage matpix |n'§1éer{a1 FAESa éﬂme bétween the release
r 6f BA8QIvO inghdMen@Ebin\Be diftB A oPRhtsdsQFLIRE i gérécﬁént—corrtannng

popul ati on of active ingredient-containing particle
aPiltigiete The|dumtian of thessdagiemesyeay hegiadet! smaltefing the composition

SHRFAR WLl ounPARKL Ab4IRDS re@é‘as@ﬁ%tea{legeW/or altering the composition and/or

i ngr edi ent - cont ai ni ng parti ere
pﬁm}lné?f mpdifi¢d relpase mairik ngtesid] wilized Thusithei dugptipaof the lapstime can

e nodified rel ease
g%ﬁ%% gagﬁgﬁgmfé%%Hﬁgggga%ﬂbﬁglease matri x material
c ausePegalsa gletplzn;makpmﬁ/]e prodtded by elieeﬂ@chﬁéﬁeleﬁsetobﬁlpaﬁﬂd»mq)on
t fr de e uIa ons, of ive -
| ngr Iggglraglg’ 1Sc%‘ n tll’?l b Slml{?& tP%Plgg‘? 3 B eé’ﬁ?dé‘{’?dolﬁ' %
tdﬂﬁamstlrzaign of WEBodrnmt/ e ﬂﬁ dvagpd Eﬂmbglfv&i dequidnmiglly, fﬂl%dmodlfied release
o) and/ or the anount of t i ed rel ease
DalpoR 6 st presnl @P’Flﬁlgmewr%‘ﬂfﬁl@fmrhﬂog%wwnng a

cephalosponn.

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 component to hasten the onset of action by minimizing the time
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amount of nodified release matrix material —utilized.
Thus, the duration of the lag tinme can be-designed to
mmc a desired plasna profile. 20 Because the plasnma
profile produced by the nodified rel ease conposition
upon admnistration is substantially simlar to the
pl asma profile produced by the admnistration of two
or nore IR dosage forns given sequentially, the

nodi fied rel ease conposition of the present invention
Is particularly useful for adm nistering a

cephal osporin. 25 According to another aspect of the
present invention, the conposition can be designed to
produce a plasma profile that m nimzes or elimnates
t emadiniptraging 1 atheppertivallicdfrsbrrmleaniaghndestration level, and at least

a%admb Qﬂtﬁ@&i refatddnfnaf® thﬁﬁaﬁrﬁ !hgﬁpﬂlfug%}gﬁef \;Egﬁﬁnfa

dosage forms given sequentia ment s,
t Bencerimyios lavelghroneloub the goging mval\n th an imediate

rel easey, &9&[}(}?10;&%?1&0&296"'1 ?J?EQ] h@r pe%er% tOf a\%%elt gp ba¥‘ter which is

mnimzing th ron1a Wi i st ratd 6n
t hhﬂf‘amtd b)a Heypreskeheatfidisergtd pestidess pelivesn beads oo Qrahﬂb’seirl;espectlve

an one difi rel ease, co nent

ol Bl kB S BBl o (Pt P PP mas 1 hecin means a

Cpluced!:ltbt ofadisopete bﬁwgreg‘afmq;lagi&wdtpdllbl@ wbagd, @ﬁtnhl&& & Yidktures thereof,
rticulate” as used herein refers to a

%mf%ecd}'e ?ﬁﬁ?‘ésr‘zmaé’ﬁof worpRolegy L act eri zed by the

presentiec etmdinsahifdderddacd" & afed Rdih Qh&udéée’cﬁ(ii&ez@.é which is not
granﬂ%es |rrespect|ve of their size, shape

fiogpd wRadese Fertroled (relsases iexigndsd orelease, u%létélm% relegpe and

nmﬁﬂ@dadaﬁéurallty of discrete or aggregated
partlcles pellets, beads, granules, or mxtures

t her eofhe teym g dlelayy as H§3dt Ireein referacto thhagyéodonf time between the
”&fnﬂﬁﬁﬁﬁﬂ% oszJ1 ﬁostagé B hels gﬁ?&m Soiuﬁlgqn %[181{ Bod the
i ncl udes a rel easé whi |s n t 1 iate an

i Tetenseord sheastve mgreé@nﬁeme aderticelat congoent Hleeate,

sustail ﬁl%dteﬁx? I'l fithe® '39 useqqle?e)fr? ?efc—':‘r? |toe fi2 %nneTg&w% %{ release of the

del ay" as used herein refers
b@ﬂW@ agradicat fratndme empenéns of dtic fa)nﬁmsmgna ahd e release of the active

PRPRER A b RS S omeP S & part | cul ar

c onporiduatermifercdable” dGisdhiertia refers tafpriilagdnsashichans) be worn
U508, At e DR R S S et ™
conpodiht iicom “diffisioheonittd] a5 &5 WBEd hdd€in a&tbrs V€formulations which may
spread as the result of their spontaneous movement, for example, from a region of higher
to one of lower concentration.

The term “osmotic controlled” as used herein refers to formulations which may
spread as the result of their movement through a semi-permeable membrane into a
solution of higher concentration that tends to equalize the concentrations of the
formulation on the two sides of the membrane.

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

the active ingredient. Alternatively, the composition may comprise a first component
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I ngredi ent from anot her conponent of the conposition.

The term "erodabl e" as used herein refers to

formul ati ons which nay be worn away, dim nished, or
deteriorated by the action of substances within the

body. 20 The term "diffusion controlled" as used

herein refers to formul ations which nmay spread as the
result of their spontaneous novenent, for exanple,

froma region of higher to one of |ower

concentration. The term"osnotic controlled" as used
herein refers to fornulations which may spread as the
result of their novenent through a sem - perneabl e
menbrane into a 25 sol ution of higher concentration

t F9PEYRRR cophalagpean ppdattlenst ensulksaaveat ¢agrponeft comprising an active
f ordnliat| S : o T .
Ll BT (o p Ry, oftegporin, ora
odirgljcpmpenent confgring anestipt wgretieet alompesictphatospain and at least one

c i - risi onl y. ephal osporin as

¢ R SPRANT Eb Ao Y RSP R B iR e
mengralempy mgebeainfdrp@tted OnphAsnte eoddbonentprties theGicive ingredients are
cephal orin and at, | east. one subsequent conponen

c SRR BRI e el o S mPE AR FE R PhppRoRent of the

Cc ephpdstivpaidyrbeattdnifahied borfocsaghplearbénhahdePEoniolid or a sensitizer
cephal osporin, or a first conponent containi_ng. an
aegffl%mﬁ %@?@&eéﬁ?mw%ﬁf ?}ﬁzsﬁme R BTt meAdy the

| ematailabitity G URSGRIUENTCOMBRAENt conprising a

cephal psporin. Indeed, two or nore active 5

i ngr ed{*&hieE brgip. B TG SPRBFAT EdeTs Iy aocomppeuadayrhich is capable of

C eiFRA¢I8 he WhRRp oA @nd6L hi¥ & al 111G AF &pﬁéiv@fr%red%%ﬂoﬁlgﬁng net

with each other. An active ingredient present I'nm on

c BsBore Ao fihe G in@p apiost. shdrns sdyimen. Enbewnvpdnileds tyy are not

f OhiteX AN dSum @lﬁhi]?ﬁ'&? BGE{; sﬁ%%ﬁ%’# gthlglrs a8 3&Vakb et including
conpound i n anot her” conponent of the conposition, 1h
oelyesridepandddgygeridag notyiadosrfhctivits such apthosdibatape bie prepared by
effa61 .11Q . ' et - enhancer,”

r e?f er g e%lgrfeg? g%ﬁ% gﬁﬁ\a fg\i/tﬁ'leaghd? ?gﬂgg E)cé)% éano?qj;ﬂ]g% Yancin 8rb1tan or

t tlgceapiSatypcicdesteantoghrobiedd¥@inhitiiots, Paghyebprateiminhibiters and the

| e ol ERbDYoREIPLLAG ek odfgnsport across the G
in an animal, such as a RUTaT, %Mhancers i ncl ude but
ar e ndg thos¢ embatimtios mchicinmoleahan dnacéphahepadim-codbdisg

esters, .ethers and derivatives thereof, . i clug%n

Ty Bens SriSich P poteS ok Paedhaintaner GAreingd Predeh Gprgnent may

shecthe sgnctdrdiféeré depending be tRrdegiRddsiRY rebimd. G846 téphglosporin

et hyl ene oxide with a fatty acid, a fatty al cohol, an

d?l‘&%}fltplﬂ glffotfl(rstdzpmé)ogﬁ #1913 §uRspquent components may be any amount
sufficient to produce a therapeutically effective plasma concentration level. The
cephalosporin, when applicable, may be present either in the form of one substantially
optically pure stereoisomer or as a mixture, racemic or otherwise, of two or more

stereoisomers. The cephalosporin is preferably present in the composition in an amount of

from about 0.1 to about 500 mg, preferably in the amount of from about 1 to about 100

- mg. The cephalosporin is preferably present in the first component in an amount of from

about 0.5 to about 60 mg; more preferably the cephalosporin, is present in the first

component in an amount of from about 2.5 to about 30 mg. The cephalosporin is present
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in which nore than one cephal ospori n-cont ai ni ng
conmponent is present, the proportion of cephal osporin
contained in each conponent may 20 be the sane or

di fferent depending on the desired dosing reginme. The
cephal osporin present in the first conmponent and in
subsequent conponents may be any anount sufficient to
produce a therapeutically effective plasna-
concentration level. The cephal osporin, when

applicable, may be present either in the formof one

S UR SbappE coPPORTESiiL an bpoynt réthitsenibwiragren thrse descebed for the
MggliUbSpordedcem ¢ or otherw se, of two or nmore 25

stereol Somers. The cephal osporin is preferably present

i n t he Thotpe stl¢asocharavtcanticafmuthe daifveryfof ame cablﬁ)ﬂﬁsp&qrilfr&rﬂ each of

F SR el SRR ailng e Prme g st mponent

p nms]mhng mumdlfyli@ dniyo$ the@@ﬂpﬁme Biid/bodtingd Imwlhtméaif befpr&Bht. In

t . npre preferabl
c é’ﬁ 181“8“3 ati ?‘ﬁase Pg ﬁ‘ﬁ L Taﬁ’ebefCPP%‘iﬂedX’as %@’rﬂé’rﬂt‘hfi n
alﬂorﬁfﬁmﬁiﬁ) a@ll/of 1he Hin@ﬂﬁ B thé nodifda0eMmt c3RinBBn tHarticles, if such a

alo orin_is present -45 in subsequent conponents
EisRt- WiTReTe fas eps madifipdrripase samponey és riessat fhisarpdified
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subsequent component may be, for example, a time-delayed immediate release

component as just described or, alternatively, a time-delayed sustained release or

extended release component in which the cephalosporin is released in a controlled fashion

- over an extended period of time.

As will be appreciated by those skilled in the art, the exact nature of the plasma
concentration curve will be influenced by the combination of all of these factors just

described. In particular, the lag time between the delivery (and thus also the onset of
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25

dedpmarki Ewgraeuu Siand h ndlwzunyl atrtaldietbglafn@ro Eadﬁ‘lenhﬂm@piowl
%ethylcellulose acetate succinate, shellac; hydrogels and gel-forming materials, such as
carboxyvinyl polymers, sodium alginate, sodium carmellose, calcium carmellose, sodium
carboxymethyl starch, polyvinyl alcohol, hydroxyethyl cellulose, methyl cellulose,
gelatin, starch, and cellulose based cross-linked polymers--in which the degree of
crosslinking is low so as to facilitate adsorption of water and expansion of the polymer
matrix, hydoxypropyl cellulose, hydroxypropyl methylcellulose, polyvinylpyrrolidone,

crosslinked starch, microcrystalline cellulose, chitin, aminoacryl-methacrylate copolymer
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two or. nore dosage units. 15 Any coating nateri al

whi ch nodifies the rel ease of the cephal osporin in the
desi red manner may be used. In particular, coating
materials suitable for use in the practice of the
present invention include but are not limted to

pol ynmer coating materials, such as cellulose acetate
pht hal ate, cellul ose acetate trimal etate, hydroxy
propyl nmethylcellul ose phthal ate, polyvinyl acetate
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lubricants, solvents and the like may be added to the coating. Suitable plasticisers include
for example acetylated monoglycerides; butyl phthalyl butyl glycolate; dibutyl tartrate;
diethyl phthalate; dimethyl phthalate; ethyl phthalyl ethyl glycolate; giycerin; propylene
glycol; triacetin; citrate; tripropioin; diacetin; dibuty! phthalate; acetyl monoglyceride;
polyethylene glycols; castor oil; triethyl citrate; polyhydric alcohols, glycerol, acetate
esters, gylcerol triacetate, acetyl triethyl citrate, dibenzyl phthalate, dihexy] phthalate,
butyl octyl phthalate, diisononyl phthalate, butyl octyl phthalate, dioctyl azelate,
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hydr oxypropyl methyl cellul ose, hydroxypropyl

cel lul ose, hydroxyethyl cellulose, nitro -cellul ose,
car boxynet hyl cellul ose, cellul ose ethers,

pol yet hyl ene oxi des (e.g. Polyox(r), Union Carbide),
met hyl ethyl cellul ose, ethyl hydroxy ethylcellul ose,
cellul ose acetate, 15 cellul ose butyrate, cellul ose
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(optionally with additional excipients) into mini-tablets which may be subsequently filled

into capsules in the appropriate proportions. Another suitable dosage form is that of a
multilayer tablet. In this instance the first component of the modified release composition
may be compressed into one layer, with the second component being subsequently added

as a second layer of the multilayer tablet. The populations of cephalosporin-containing
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release matrix. materials suitable for the practice of
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m crocrystalline cellul ose, sodium
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be i cluded.lg rapidly dissolving dosage forms such
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-—l-east t cephal osporjin conponents: a
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CERE YEPFIP Arodibinsinding aaremseisteoploams peofe dlelgiethiclease profile
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B o PR 68 e 1B LS S e o
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profile produced by the administration of two or more IR dosage forms given
sequentially, or to the plasma profile produced by the administration of separate IR and
modified release dosage forms. Accordingly, the dosage forms of the present invention
can be particularly useful for administering cephalosporin where the maintenance of

pharmacokinetic parameters may be desired but is problematic.
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10 conponent is released rapidly upon adm nistration

to a patient. As used herein, "released rapidly"

i ncludes rel ease profiles in which at | east about 80%

of the active ingredient of a conponent is rel eased

wi thin about an hour after adm nistration, the term

"del ayed release" includes release profiles in which

the active ingredient of a conmponent is released
(rapidly or slowmy) after a tine delay, and the terns
"controlled release” and 15 "extended rel ease" include

rel ease profiles in which at |east about 80% of the
active ingredient contained in a conpenent is

rel eased slowy. The second cephal ospori n conponent of
such ehtgiembadmenl, thelcowpesitiringing the solideriabdogagsffomed congming
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agidabd Shiathaia0f two or nore IR dosage forns given
sequentially, or to the plasma profile produced by the
adm ni Yheaitisolesisgblesiopeinmice patienirielerapgsdiyiirerdding p dasgge regime
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C Lti I t he, cephal, osporin such,t hat
CERH ATy R popinS BSRET SRR R oS Bl e ot e
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continuous manner. These systems include but are not limited to: films with
cephalosporin in a polymer matrix (monolithic devices); cephalosporin contained by the
polymer (reservoir devices); polymeric colloidal particles or microencapsulates
{(microparticles, microspheres or nanoparticles) in the form of reservoir and matrix
devices; cephalosporin contained by a polymer containing a hydrophilic and/or leachable

additive e.g., a second polymer, surfactant or plasticizer, etc. to give a porous device, or a

device in which cephalosporin release may be osmotically controlled (both reservoir and
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release matrix-material. 10 Wien it is desirable to

m nimze patient” tolerance by providing a dosage
regime which facilitates wash-out of a first dose of
t he cephal osporin froma patient's system rel ease of
t he cephal osporin from subsequent conponents may be
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nUSAb@ﬂty&pﬂuﬂb&t lﬁe;chaﬁlnall}rrspbﬁbﬁlkdﬂl e %b-ﬂ@ddﬁ@ﬂ Slqaéor@based,

n e fo servoiJ and t

Bl B ibiond o SHb e RS St PhrBparagit Robm
CPhutmad rWéI@rmd'lly etin@e bf polRa@iEeOhethfAFRRPESDolyREE dré M wn in the
?g a second polymer, surfactant or plasticizer,
e to give a porous device, or a device in which
cephal osporin rel ease nay be osnotically controlled
(bot'h reservoir_and 51 matri x devices); enteric
coat i MEEPBRYMSF ¢ and di ssolve at a suitable pH);

( sol ub gpicalRPbyoaBl & Hbdifed CRYR; ?ﬁteh&’zgpsﬁﬁt% I B iR R IANY

drug. nol ecul es; and _devices where release rate Is
cﬁ‘eﬂf%qelgedls ayPrEhiva iy gpoluney film gy soas Sivptricragapsples Ttrpray/pan
(tRhied B6r¥s)echani sm of the present invention can

control the rate of release of 5 cephalosporin. Wile
some rfBe Nakius fastark that qaelaﬁagéhqthfhmmpmss maxpteadily be apphed to

GORALA Wevicad g RER IR ﬁ% 9 E‘ .
depen d’oés§éctors su?%&%g%% ﬁmwr C ot éﬂ??P Pgﬁsnk
g PlenH)quwsﬂatdﬂlm ¢agtng @adhiony eice)aﬂdt ﬂngnctepthp ohigisd dfypolymer
Hufét be an important consideration in the development of reservoir devices. Modeling
the release characteristics of reservoir devices (and monolithic devices) in which the

transport of the drug is by a solution-diffusion mechanism therefore typically involves a

- solution to Fick's second law (unsteady-state conditions; concentration dependent flux)

for the relevant boundary conditions. When the device contains dissolved active agent,

the rate of release decreases exponentially with time as the concentration (activity) of the

agent (i.e., the driving force for release) within the device decreases (i.e., first order
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Pol ymers used in sustained rel ease coatings. are
necessarily bioconpatible, and i deal l'y bi‘odegr adabl e.
Exanpl es of both naturally occurring polyners such as
10 Aquacoat(r) (FMC Corporation, Food & Pharmaceutica
Products Division, Philadel phia, USA) (ethylcellul ose
nmechanically spheroni sed to sub-m cron sized, aqueous
based, pseudo-I|atex dispersions), and al so synthetic
pol ymers such as the Eudragit(r) (Rohm Pharna
Weiterstadt.) range of poly(acrylate, nethacryl ate)
copol yners are known in the art. 15 Reservoir Devices
A typical approach to nodified release is to '
eli‘]fﬁ aa;gg)uv\l toﬁv eﬁé ﬁxggat@v'ﬁ%gtm?t?ﬁ %rau tu‘t‘agegitslu%]qeelnéoxg then ‘the dnvmg force

mfccrrrdeap $leptconstastnalhp dévicetio ab Rﬂgé‘r‘%ﬁﬁﬁa}ed 2AtetB8vely the
various factors tgat can_affect the diffusion process

SIS FPetss may B deyration contialied.ond 2 dgiieref thesqgare root of
t imeef fects of additives, polynmer functionality (and,
hence,,  si nk- solution FD porosity, filmcasting

condi tTfaﬂ@Oftémpevleaﬁﬁcanéﬁ@%ets i be lsahapesdyfompated tefrec-

n’?&&m@ﬁﬁlﬁﬁ dRROMe RS0 '?xﬁi'u]peecffqﬂé tgﬂeﬂ c%re][ @gmge%}fﬁ W?:H%‘I%& enable

reservol r devices.
c g riremalitugdiup of axf omensie prasiure drbmh el theamct tonforad the pérmeant out
dephERSkt i N Which the 25 transport of the drug is by a
sol ution-diffusion mechanismtherefore typically
i nvol VB effectad H@rﬂ@mdﬁmtd? lon Isa]Sccslel‘lmngitabhw coated in poly(ethylene

( diti tr t den

| PSRRI abd SRS im G P B < T ey repsims

dieagibeen logrstlmwtk THe Bﬂ&aha/ﬁtbahﬁ]bm\/tﬁe ﬁgﬁ&twas ﬂnhﬁ th E& £m@fture of

r ec tia tinme as.the

c%ﬁ%ﬁ thrqo % feéil{li:%g?r% gpaed hé h%&?tc’f(ﬂ?e qoating, ppd osmotic

d]liun‘ipuig KiC1 tramPﬁﬂ thro@ghefAS S oNthih iy [?usi e PR Wa ERFiBR SRSpite
52 releas however, the

oo %éﬁ?g Mot i Sl e s o a%%@ﬁgg Bt Parply vas@ecessary

dﬁ‘or thic Agleds©6LBe KIODkvhichl tﬁﬁﬁ&cﬁj‘ﬁedh:%lﬁfangﬁ&%tdﬁEISJdﬁnEbdteJ Qg
devi ce. i s no Jon er saturated ternati vel

rBplaigshaned pg digk @ierec@mﬁas? spell ab%eo:pwpcbwatewrcaange@hape to an
aobhi@spherded dsQtesilt Jr R BRAMRH S (rRGhat @gzdrogtht'f@%re%ure the change in

Transport properties of coated tab
SHPRERIRHIiES AFsARo mrasyre the foree gonsratdd Aamight be expsctefighe

IRLAS ARcREMARA WithlifGeds BRI EJe1sCPPRGIRERAA M 102 S8 TBYs

earlllg\?flec? water to be imbibed through the hydrated polymer, while the porosity resuiting
from the coating dissolving at higher levels of PEG content (20 to 40%) allow the
pressure to be relieved by the flow of KCL

Methods and equations have been developed, which by monitoring
(independently) the release of two different salts (e.g., KCI and NaCl) allowed the
calculation of the relative magnitudes that both osmotic pumping and trans-pore diffusion
contributed to the release of salt from the tablet. At low PEG levels, osmotic flow was
increased to a greater extent than was trans-pore diffusion due to the generation of only a

low pore number density: at a loading of 20%, both mechanisms contributed

- approximately equally to the release. The build-up of hydrostatic pressure, however,
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‘the internal build-up of an osnotic pressure which

wi Il then act te- force the perneant out of the
tablet. The effect of de-ionized water on salt
containing tablets coated in poly(ethylene 10 glycol)
(PEG -containing silicone elastoner, and also the
effects of water on free filns has been investigated.
The release of salt fromthe tablets was found to be a
m xture of diffusion through water filled pores,
formed by hydration of the coating, and osnotic

punpi ng. KCl transport through fil ns--containing just-
10% PEG was negligible, despite extensive swelling
observed in simlar free filnms, indicating that

pdpgEIstd brasmotisieanmapd pemets pupping: AF bigher loding of RES, the
F&Qte& IBER WaAE Gldkd ﬁﬁim@én& [e@@l% B 3hi%o thfﬂwsdf gﬂt HeRa Fﬂmuﬁh the
tabl ets, shaped as ﬁ were found to swe
d SRSt PEingEnerPasadh ﬁsompang @) i éllp‘@r twadap), traini }alre diffusion was the
SRS, f
hydr (;lSt agl?%se%}erggéﬁgrlﬁe A ci']s}rlrag%peliléaséjmg&an m has %F% beeg |r?f’§ﬁ8d for
mEngTscapenlepraniaingng dwatélmowleg:@mer at ed. As m ght be
expected, the osnotic force decreased with increasing
| evel s of PEG content. The | ower PEG | evels 20 al | owed

_vvater mn&ﬂda‘.hicribé‘m&d(mhfrmmémtehﬁ hydr at ed pol ymer

Iﬁﬁf % éesultln fromt coatin

d| ssol Vi P}g RAMGRLICVIOS HF SOmopi st %fﬁ’ttm@% thegelepwpyot
atilugsy Thivds p@sibBeitcst theh ererelhiilLehsPib fabscatd &Vﬂp@f‘ed K Heservoir
xgthods ﬁgltgﬁuatlons have heen devel oped, which

Ao $f ah¥hersHieRgh highdosags thatsaulgresuiidrom Y rapture of
dih nehidne Db kdsedvBir devicdiChodebeNafd shicith oM th'é Q@tl»%@lgent is

calculatlon of the relative magnitudes that’
oRFTRARS 25 AITRSTHRY ithdn the prbymspmeirx ard thesoare tscpmtly ifft!r{;wéby the

t éblﬁﬂ'i@ssfoﬁ |0?§?&yﬁfer/§1§é hitth @y H? Bist o%tor n@it]dgoﬂep (E)?age release

| evel s, osno | ow was i ncrease
eWPRIties o appnglithicdesives e e dtperidgnl upnn dwesohlbﬂtthef the drug in the

OGRSt Ax Of iPRL ¥asd oﬁt&ﬁﬁmgtﬁx&uﬁms&uﬁ?ﬁﬁ in e i sofition

|'oadi ng of 20% both ani sns ton
apihio dierpartisles porrraitvyrks andtakse ﬂaeeibmay oﬂ‘the nbwokld¢iep gehter

hééc%n@ﬁltaﬁ‘me eﬂﬁ&ﬁﬁ gfthpﬁ%%\/geﬁ)bnd %&id&g 1§ dispersed in

osnobtic In OW and osnb
| hapdlmgsr @fdisPel@:d intke pdiyroeraf edow ﬂdamngasf drog, €0 p03% W/ V) the

f | t .
b WER Je BB b0 Kol BorR BB e R G e b b g ks A
| h;gm:r togalmgs t5an se%om/)mhé telGisomenRgistneill leBinpAGked by the
ase nechani sm has

R e TS TR el P R of e el e B g 107G shch

watigies Sidkvith fi@idcfedre the environment increasing the rate of release of the drug.

It is common to add a plasticizer (e.g., a poly(ethylene glycol)), a surfactant, or
adjuvant (i.e., an ingredient which increases effectiveness), to matrix devices (and
reservoir devices) as a means to enhance the permeability (although, in contrast,
plasticizers may be fugitive, and simply serve to aid film formation and, hence, decrease
permeability - a property normally more desirable in polymer paint coatings). It was
noted that the leaching of PEG increased the permeability of (ethyl cellulose) films

linearly as a function of PEG loading by increasing the porosity, however, the films
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Monol i thic Devices (Matrix Devices) Mnolithic
(matrix) devices are commonly used for controlling the
rel ease of drugs. This is possibly because they are
relatively easy to fabricate conpared to reservoir 10
devi ces, and the danger of an accidental high dosage

that could result fromthe rupture of the nmenbrane of

a reservoir device is not present. In such a device,

the active agent is present as a dispersion within

the polynmer matri x, and they are typically forned by

the conpression of a polyner/drug mxture or by

dissolution or nelting. The dosage release —properties
be. dependent upon the

d
-soF B]’e?hielr IS%S{ ﬁr\éi’%f%g %e‘f’?ﬁé‘lnﬂ DEIPRET Ohrcplvteolt wap n

t hbdmé ﬁaa@fhe reﬁmuanmbfm&%emfetaﬁh@mdd B§ b kdsiit btnt Bective
Kk soluthﬁ)ql g&the artlc e' s pore networ an
Bt EF6§?‘F9‘”5 the REG eachisek Tt wagnevideaatdelrom plots of the
Ekhﬁxmaut/é’lﬁdhnkﬂﬁ‘ g pemaARiakdatay a YinclifiCod tiﬂlfpand fdﬁﬁ@é}ﬁ%&h thickness
on whet her_the dr%@ i s dispersed in ymer® or

di%@ 5FGdepding af RRYpW( Wilpts skmpying o hn¢ay aqialtwgghmbetwughe fae of
t %eW@aﬁ%ﬂ/ﬁncﬁ@&pmgﬂ%\m&ﬂnegeasr &lﬁgﬁﬁ ggFéaqan) s?lutmn—dlffusmn

sol ution-di ffusi on mechani sm
p YRERRNSpArt mghipliggh by a h@mn@gs (Tﬁnlbmnﬂ.mlatl,ontdﬁ ¢he linear

r resence
of RSP TRFAR, Mhine obE £ SR IRHSE i cn MRt 5505
t maggitulg of whichdecressed towaslavetoiveith dectehsing filin fhicktheks fFTHese
t Qﬁm%ﬂ%‘l{l%%ﬂ?s%eré A rbu?%gng)etog?lgge?x%:eg?fgtgp r eijglesgyggl fg;fwstdrl]lgng the
pgdu%( adey bethe exleyimehi)(Jhe fhm&hﬂtﬁc&ﬁh@ﬁlﬁd al§y the 86 WY BRPEG), and
(L1sS1a @Ml N uelglent gb$eases effecti veness)
to mat rix de & e, %"Fhé § 6PnceRElirg gggenggangm the film is
rrbaithng -op. €halfaine mﬁehaswsmhhéahi ¥hdwatki thB@iHg R (ljagltﬂnes No

and si

ontra asti.ci.zers may.be fugitive, 'y
SRR of B T HEEI Tt nowe fabeatirareshised 2 low
pﬁdﬁrﬁﬁ@b«tdefﬁc}ient m&h@ﬁy@&ﬁf bud 1R tHR ay al@PE ?eagﬁébf a%ﬁin% pefheation
pain atings). It was noted
| @’5%%? Rgly S?W‘lﬁﬁﬁ tmsoyhiclsdeweda Slﬂ?‘élaﬁ%%qu ttrye I@g ( et hyl
cel | ul 'ﬂfe&%ffef:ﬂs biRdded 5iiRRfah% oA ShyArdHMBGE) Iﬁﬂng];devp FE%’ ha% beien

| oadi n i ncreasi ng the porosity, howev

’5‘2165?151%5@ ﬁb asthenght thatrsprfagtan may dncr¢ass the dotg rpleaseirate bygiree
t ]B‘tﬁ,mbfeaﬁb%ﬁﬁi{ﬁmsoh ﬁllcf%9§eﬁQBME}%ZTtJOBy(ﬂZgnSprg@e%u&gtgabﬂq?tto ﬁmh €

enhancenent of e| r er nea a resu
t figsoliptipp merlxaeandd@ﬁ peJerniation b Tiemdsst susfmni ldayhihh FoPHS

| o stffiied E{uﬁ‘ djﬁlr(]l P

éﬁ%ﬁ atlve(pernégﬁ%ﬁ¥¢ux gggﬂkhﬁ?mg %m%% SW@PWB#“asme

ofrug,jangé a gamge Hf $mrﬁacten5ts)pt wasedontlladad«thﬁsmpﬁwai wattiiE6T the tablet led

S

rtg l%gi a&La] ggjﬁ)ygvn\éeélﬁ Elttﬁlég H,eg V?gf: ying that ghe release was diffusion,
rather than dlssolutlon 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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perneation and reciprocal filmthickness, as expected
for a (Fickian) solution-diffusion type transport
mechani smin a honogeneous nenbrane. Extrapol ati on of

- the linear regions of the graphs to the tine axis

gave positive intercepts on the tine axis: the
magni t ude of which decreased towards zero with

- decreasing filmthickness. These 10 changing lag tines
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S W? m%’n gr%% ;R,%Sals?ﬁ btg@ e}" JpafriRdynepgicrospheres were

petiphfed by ﬂg;sdlemglﬂﬁz drag‘ mﬂlpatyafea 8 &thaAb1YORiaddilib® RSwAst, thB 8thanol

| . ..Co t f
dﬁﬁiséﬂﬁ%‘?iﬁ?ﬂﬁﬂ? ﬁ?r)?g]gf(\élé‘% g\'ﬁ?ﬁi@g{nr@ﬁﬁm& A suggested use of

the microspheres was as floating drug delivery devices for use in the stomach.

Pendent devices
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5 containing no drug al so exist. Such a device was
constructed fram aqueous Eudragit(r) lattices, and
was found to provide a continuous rel ease by diffusion
of the drug fromthe <core through the shell

Simlarly, a polynmer core containing the drug has been
produced and coated with a shell that was eroded by

gastric fluid. The rate of rel ease of the drug was

f ou NAA tngeabi€ofl bt éHimg/Lhakgd IR sheh o laﬁmgdsfw aff anltiBGpré s,
tin dlffu3|on process through 10 the shell) and
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Biroughian én srkange Eﬂﬁ’é‘rsé%h thatke prdemerdiad erobroslere tEnviksed towtheir
Sk ASRISILE S8 Eaf-éfélg%%%legge%%e cﬂ?%]@ %%réﬁfésod(} i ester

et hanol / di ¢hl or onet containin
Baf-ymer. On pouring into water, an enulsion is forned

| / /
oort | g B ARASCHOIPRLA RN A0 38kt FiNe oen, ymigoized

vhea ecmbnfalrug atpicidy Ddsagé trsmel hpreéxeelppx’e]mmdng “pmdhmdirugls
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g R bBETPleleAGrE B Bt el O cbaplydides
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h gener at.e rti ich, after :
%‘ ??lﬁs?lﬁtg‘ g‘&@?ﬂ? i‘ﬂsﬁw “fwﬁ 6%%&21%&"’%281%\9%%%%3‘1
tblfmrswmﬁﬁtﬁemﬂi‘a deBénd 1RYHEH ISuRRASRL) M&hn@k&seawréahrgr&l
reduced ur.e, thenfllled with water
fty&[ﬂl%ﬁlsdé ersehio e e use plnalwperisrScil bases. Su?‘iﬁblfﬂfoﬂ gswaagamers
JtpunehacfuticARnMMs Bhs alkd H2h He@hQAUS matri x-type
m cr ospheres have al so been descri bed. The matri x-type
m crospheres were 25 prepared by dissolving the drug
and plMiEfiisn et hanol. On addition to water, the
et hanol diffused fromthe enmulsion droplets to | eave
a hi gteyic sestimgs corgist ofpHesensitiea npdantre I ypisellyothe polpmeers are
st [ s H9L
b%ﬁflz%:@&] Qﬁ@ﬁte%?v héeﬁﬁ{h \P&gg'ga&/#)gv e}ﬁ? v@%l% I#gﬁﬁi{ polymers

use 1n the stomac ‘ ent
ignizerahsing S‘aelhngIQSOIMg efjthepalymeaCoatiadsgers thes:faa ble designed

t@fgrﬂa‘ﬁa Ea%lsriq ic grfv rbnm Mo%%nl% OT cﬁ‘)pogeec :‘:ﬂgrlg}egg’l %glg from

t o poly(acry 8 atex . part
thig evinegmenfLor s&;ecsmllpmh ﬁmm’th«z amupp it ladissblve in e mkmllmime

e;m?o%ﬁleh%ftth §etvvhen passed through an ion exchange
resin such t Pn%ehe pol ymer end groups were converted

to their 5 strong acid form could self-catalyze the
rel ee)smogcal yhc%ntq'raﬂgd ‘E)Q/Vicfég/dr olysis of the ester

The osmotic pump is similar to a reservoir device but contains an osmotic agent

(e.g., the active agent in salt form) which acts to imbibe water from the surrounding
medium via a semi-permeable membrane. Such a device, called an elementary osmotic
pump, has been described. Pressure is generated within the device which forces the active

agent out of the device via an orifice of a size designed to minimize solute diffusion,
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l'ink. Drugs have been attached to polyners, and al so
mononmer s have been synthesized wth a pendent drug
attached. Dosage forns have been prepared in which the
drug is bound to a bioconpatible polyner by a |abile
chem cal bond e.g., polyanhydrides 10 prepared froma
substituted anhydride (itself prepared by reacting an
acid chloride with the drug: nethacryloyl chloride

ahile prezergiog itherhugleiup 064 hydrb aticypreie Beadl wAGEHDan W v Eths 88t of

h d Eyd
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pol ymers are carboxylated and interact very little
with water at | ow pH, while at high pH the polyners
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(PCY zlava%w? C;’ es the active
“{}? ¢& HPACaong pYcp R doTampls; ol cqatapidenses, ewl yariepnsose
isplantscardithd kikel on, -57 while preventing the buil d-up of
a hydrostatic pressure head which can have the effect

of decreasing the osnotic pressure and changing the

Memmmgﬁaamﬁdm}@a&%eﬁ%wsﬁoﬁﬁ]g rdﬁﬂéiﬁ&ﬂka' vol ume

of t SVI ce renal hs const ant ere IS an excess
of s&CPYUdigR to angther awpeet of Blewrgsent iventione themis p@vxdbﬁemethod

ffv/ﬂglﬁbgfrlrlzé zgﬁ‘eﬁuigfltr s?gﬁ?lg]g:ﬂ%ﬁé Pﬁ‘m%ﬂ iﬂﬂ%mﬁ{%{ldn c%%dgﬁging (R step of
admlmstermg% therapeutically effective amount of the cephalosporm 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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El ectrically stinmulated rel ease devices Mnolithic
devi ces have been prepared using pol yel ectrol yte gels
whi ch swell when, for exanple, an external electrical
stinmulus is applied causing a change in pH The 10
rel ease may be nodul ated by changes in the applied
current to produce a constant or pulsatile release
profile. Hydrogels |In addition to their use in drug

mat r i Bk foﬂMﬁJ n?%ﬁallrﬁplgd Bl p&@&tdg@s Ge Wé@%g %%htjéﬁefsi otherwise

bi onedi cal |cat|ons such

- Sase-dde t?@ﬁ@é’éﬁedawe a ua@dﬂrgwput ther@*aaruﬂ@ refarsdo tvhater that has

béda unfi@f I;Sp&%mﬁ’é it kl%b%g awgérfﬂi 105%{‘;%%’? § g?c? in lhn%sg;%od that the

Cbnp05|t|ons Acto to anot S ec
prasplastarg fayidlnstiative purhesce oilg, qmd Ghmmianbt he imdrhtbd a2 Esfrioting the

ffe nd/.or
bl b R e B0t T RBAD AR R Fr o
therapeutical |y effective anDunt of the cephal osporin
on of the present invention in solid ora

gosage orm Advantages of the method of the present

&nt red tion, j he dosi ng frequency
M Lﬁaféaﬁwﬂi%ﬂﬁﬂ%@rlm HRRTEISh £ onfaibiag SafRodp Egha T evet
whil e |nta| t he benefits derived froma
pul s aﬁ‘ P’I Wnéﬂdd'fd?‘i‘s@ CORPRSIHoRiapErdipg toghe present
il dhitioh Zd)rﬂ}gisiﬂg%n\lﬁfﬂeaiateqﬂ%ade RoRb&HRHBanA @ MM ddatie R com onent
| evel.s. This  reduced dosing frequency is advantageous
SoRtanRE R RO RePENetiis msprahaciolions. t he  reduction in
dosage frequency nmade possible by the nethod of the

preseat i nu@BRdihieRelhRU @Rt i bute to controlling
health care costs by reducing the anount of tlne spent

ﬁ)r!ol}léti@ﬁ{fgzgpr&fxﬁnW !ﬁﬁl gS(be Itage)?xgé‘g{&t[}ﬂeﬂs lp?etpageﬁ gseo trdné%to any
of the fm@ﬁtonbgwmmghblqmmmnemmmdm solstiat lechen'Ebﬁed onto

[ J t. the Ex
LB DTt pron B T 09 AP gy S T e
at(Fiﬂtb GFRGE (MatteProfdch Ladatledmstaly SJlKe) ifuid HedicSatin® apparatus to form
s are for illustrative

purd%gég%gﬁ fm%RQM&Hgéﬁﬁcﬁ@?mﬁﬁtlnterpreted as
restricting the 5 spirit and breadth of the invention
as defined by the scope of the clains that foll ow
EXAMPLE 1 Mul tiparticul ateABbEBfi ed Rel ease

Conposi ti on Containeitiag réledsp ostaydnest sBrass i |

Amount, % (wiw)

Ingredient () (ii)
Cefpodoxime Proxetil 13.0 13.0
Polyethylene Glycol 6000 0.5 0.5
Polyvinylpyrrolidone 3.5

Purified Water 83.5 - 865

(b) Modified Release Component
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10 A nultipartiscul ate nodified rel ease conposition
according to the present invention conprising an

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

sol ution of cefpodoxime proxetil (50:50 racemc

m xture) is prepared according to any of the

f or mutéihd RRSncHr¥ A1 1c@nt-£ﬁ’1mg%eﬁyed-rljaf%a§gg)%ﬁ%ieg IQ%QJ ?pﬂge% by

solution is then coated onto "nonpar see
teating ingpedigip redpapapariddles px@agaefoas@rdmgtomagame Jai abowuswitiga
Pr ot
POAOEN AL ape iR ST L rhe TRBLERG iy porites
arh eoated tp yptyingllexslsofp t hpproximetlyab 80%eveigis gainasipg ferdxample, a

in@ gﬁi ég Innedlate rel ease conponent sol utions

unt .PP Ingredient (i) (ii) Cefpodoxine
Proxeti | 13 0 13.0 Pol yeThglLEt d ycol 6000 0.5 0.5
30 Pol yvi nyl pywodifiediefwascompomint bdatifgsdiae 83.5 86.5
(b) Modified Rel ease Covmeanet (we)-59 Cef podoxi me
p Dxpeetiédt -conta)nlng)dekayed@ﬁplg?§e qamthhgs 84
pEapase®l by comTi ngz.omagdi asear ejpemse.par ti cl ess g
pRSparsed according to Exanple 1(a) above with a
modibjiedl rel ease coating. solution_as dgtiai Lgd i n. Tabl e
68123 i mredi ate rel ease particles are coatedhto _
v | evel s_up t.0o approxi mately to_30% weight gain
u%ﬁ%&?ﬂ%or exanple, a 5 fluid bed apparat\aﬁgb TABLE 6

b@h_ rel ease component cgating; solutions Anmpunt,

!

D1ethy1- 0.5 0.5 0.6 1.35 06 1.3 1.1 -
phthalate

Triethyl- - - - - - - - 1.25
citrate

Isopropyl 398 331 372 451 338 4435 496 465
alcohol

Acetone 100 8.3 9.3 - 8.4 - - -
Talc’ - 160 59 - 163 - 2.8 225

! 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 Compesition Containing Cefpodoxime Proxetil
~60-



I ngredient (i). (||) (i) (iv) (v) (vi) (vii) (viii)

10 Eudragit(r)".49.7 42.0 47.1 53.2 40.6 -- -- 25.0 RS
12.5 Eudragit(r) -- -- -- -- -- 54,35 46.5 -- S 12.5
Eudragit(r) 25.0 15 L 12.5 Polyvinyl- -- -- -- 0.35
0.3 -- -- pyrrolidone Diethyl- 0.5 0.5 0.6 1.35 0.6

1.3 1.1 -- phthalate 20 Triethyl- 1.25 <citrate

| sopropyl 39.8 33.1 37.2 45.1 33.8 44.35 49.6 46.5

al cohol Acetone 10.0 8.3 9.3 -- 8.4 -- -- -- 25 Talc]

- - 16vifltiparflculate 2odidied relehsScetpodeximbdrSxetiPcompositions acording to

. simultaneously applied during coating for fornulations
the pregest m*fﬁnt{qn%avwg ] lr@mﬂlthe?easqv@plpen@a prsda mpdifiad tsiease

édﬁfﬂ%ﬂéxﬁ‘h@vlﬁgqgm@@fﬁa Féﬂeaﬁe*n%ﬁ Chafediaf 4:€ FI%Eared §c9:ogaﬂ% to the

di ate and del ayed rel ease particleS prepare
E’é@‘dﬁ@nﬁgbqwlmhﬁgﬂ@ﬂl%b) and (b) above are

encapsul ated in size 2 hard gelatin capsules to an
overall 20 ng dosage strength using, for exanple, a
Bosch GKF 4000S encapsul ati on apparatus. The over al
dosage strength of 20 ng cef podoxi ne proxetil was nmade
up of 10 ng fromthe 35 i medi ate rel ease conponent
and 10 ng fromthe nodified rel ease conponent.

EXAMPLE 2 Mul tiparticul ate Mdified Rel ease

Conposi tion Containing Cef podoxi me Proxetil 60
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Mul tiparticul ate nodified rel ease cefpodoxime proxetil
conpositions according to the present invention

havi ng an i nmedi ate rel ease conponent and a nodified
rel ease conponent having a nodified rel ease matri x
material are prepared according to the 5 fornul ations
shown in Table 7(a) and (b). -61 TABLE 7 (a) 100 ny
of IR conponent is encapsulated with 100 ng of

modi fied release (MR) cowBiEerda)to give a 20 ny
dosage 900 @pGifR poagiteht is dachapdulitedSvitiR 00IPMEMified

Cef podoxicivRseKMRY@binponkt to glv%ra%rn‘{é #shgtreffh bidhiage 40
Lactose 45 Povidone 5 104Mgwponponent Cetf podoxi me
Pr oxequcoégoneM crocrytalline cellulose 40 Eudragit(r)
RS 45 cRdbapR®roxetill > TABLE {g(b) 50 ng of IR

conpongifochalBRCcRAANAt €d W iy 50 ng of nodified
rel eaggetoddR) conponent to giye a 20 ng dosage strength

produghyidedd (W w) 20 IR conmpogpent Cefpodoxine Proxeti |
20 Mg eGhysikal | i ne cellulose 50 Lactose 28

Povi defg,odoxime Proxetil 10
Microcrytalline cellulose 40
Eudragite RS 45
Povidone 5

TABLE 7 (b)

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

% (wiw)

IR component

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

Cefpodoxime Proxetil 20
Microcrytalline cellulose 50
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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25 MR conponent..Cef podoxi ne Proxetil 20
Mcrocrytalline ¢ellulose 50 Eudragit(r) ‘S-28
Povidone 2 30 It will be apparent to those skilled in
the art that various nodifications and variations can
be made in the nmethods and conpositions of .the present
i nventions without departing fromthe spirit or scope.
of the invention. Thus, it is intended that the
PYHATHES CLAIMEDIISn cover the nodification and

vari ations of the invention provided they cone 35

Wi t hi A stable asaagticfatel d3phabipemtiashoki@biBorgiidghei r

equi v bents.. -6% VHAT IS CLAIMED | S: 1. A stable |
nanop®r t i AFUHSS °f & FEPRrIGE0G R havieg MhefiscliyerYeRenpRTTidp fige of
(a) prédthad Asufooansemml osporin having an effective
average particle size of |less than about 2000 run;

and (&) at?tleasiope yuicesiphibizse st abilizer. 2. The
conposition of claim1, wherein the cephal osporin is

2ef poTlgxdoiiposifiortofublith 10Wherdithe/@bhl&pbiiels@Blpodokimd B salt or
goqpq%%ilon of claim2, where the cephal osporin is

BTBBYORF R proxetil. 4. The conposition of claim i,

wherei n the cephal osporin particle is selected from

3.he grieuRm@OAséSdfichén Of whert Tk iHaldspRinb 8§odoR e proxetil.
anor phous phase, a sem -crystalline phase, a
s, thereof . 5.

em r phous.. ph .. and mxture .B..The - .
TompolH e BRo SO 2 T, Ve e rep e B oG s g erteom
tha ptaup leensistiag oDf cr?&lﬂlin&;ﬂﬁﬁ@h@ﬁlﬁ@ﬂbh&hs?ﬁﬁie! £488-chyitalline phase,
sel ected, fromthe group consisting of |ess than abou
ﬁﬁﬁﬁmﬂﬂ?hmﬁégéwﬁﬁﬁ%uﬁﬁﬁﬁ#mTwéo nm |ess than about
-1700 nm | ess than about 1600 nm |ess than about
3500 TheicompssitidnidBlaih @ ihetif) Cheltffecttve 2Serh fAphriaiiddite IR0

n | ess t han abouyt O nm |ess than _about 1100 nm
qeghalospRRR Perfitles i%%fée]aﬁ%m fhegzoupicgpsistng of legpibamshout 1998 nm,
Iedsalian AHBEUIS0S AR, IRES tharBisutl 1700 nRDRY thaiPfholM 600 §&S 1ek @M

%bout 800 pn] | ess than about 500 nnl
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 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, liquid dispersions, gels, aerosols, ointments, creams, -
and mixtures thereof;

(b) is formulated into a dosage form selected from the group consisting of
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| ess than about 400 nm |[|ess than about 300 nm | ess

t han about 250 nm |ess than about 200 nm 1ess than
about 100 nm |less than about 75 nm and | ess than

about 50 nm 6. The conposition of claim1, wherein

t he cephal osporin particles have enhanced:

bi oavail ability as conpared to conventi onal

cephal osporin conpositions. 7. The conposition of
c¢rﬂmoﬂtcﬂ_1;eleataénamrlattdne, faso mphi Sorivubitions, Apphitizdddomnillaions] delayed

o B BRI o SRRl Bttty o B R o e

ﬂil)&ﬂéﬂhﬁjedhﬁﬁ ,rel%b Smd @ﬁa&@ﬁfm 18leaRifORMbLSs; o£F €ans,  and

m xtu ées ther is fﬁrnulated into a dosage form

sel ecfhd freQm Fﬁ@o tnd@Psi sting of 63 controlled

rel ease fornulatlons fast melt fornul ati ons,

3 y op HTﬂel CD&A@OSflﬁJﬂ’ﬂﬂcﬁﬁm Anwhereia ltiay@ehposiRbrL@ASBer comprises one or
tlons ethﬁgid rel.ease fornul ations, pulsatile

Psfeef’ Raa GG GHRDT SRR, SR PEb aationl theread. and

controll ed rel ease fornulations; or (c) a conbination

af ( éﬁhe&nnhpé@t)on dfclaihe, wherpiasi ti on of clai m 1 wherein

the c i tion. further conpri ses one or

phar c eu SEP A0SR RIS PEASFIE %W“@h‘f@ms%‘}flﬁé’%ab%?”é%

m@ﬁﬁtt@&lﬂﬂ%ﬂfrblﬁ%&ﬂ@S%Qo aBiR 09 XTRRSfréth ABoR DO% @ htBul 0.5%, by
e % cephal osporin i s present in an anount

| \‘ff&ﬁ@‘ éﬂtﬂ?qqéﬂ ¢ tolfl sATABEATog. 5Pl easead o ety o sufagsm

AMMHer, 915%1&19(11& Qﬂ!ﬂar &cibichas; and from about 90% to about

0. 5% based on the total conbi ned wei ght

of ¢ ébh al 6‘5‘6‘6‘? PRe syFfacetabilizaris Peasent in arFamosnt affeas #houk. 5%

8 Qbouit 99 ooisb, '39 uﬁ‘éﬁ? rofsbioRi £6% 30 atldd) 95, lbg %Eﬁnp, ;ﬂjﬁ‘% %om about

surface stabilizer is present in an anou
%emabeuté%S% by wbight bayod owtheddsl cpmbighd dlyfwmht abeaphalosporin
a%dg%eh‘i? o /ok‘l'gc&?ah%/ ep%ot’)ﬁl:ﬂ!gh% ﬁ?&ﬂexcftﬁ’e out  10%to

about y wel g ‘conbi ned dry

ME|gN@ ofaG@phaMumﬂéﬂﬂmndﬁﬂd at | east one surface
stabilizer, not |nclud|ng ot her excipients; or (c) a
nbi kd
TR lon GRS, (ke B YIRS B o
gf@lmﬁometmg@f e npniowjp siréce stgblbter,aanmommm:rsmfacwtabﬂtza, a cationic
sﬁltfg(!%' a'bﬁﬁér 9*?1@9619951&&%9 t%ﬂﬁ?er atngl% nf urfa s?%%llz%m ¢
surface stapilizer eriont c surtace stapiiizer,

and an ionic surface stabilizer.
‘11, The composition of claim 1, wherein the surface stabilizer is selected from the

 group consisting of cetyl pyridinium chloride, gelatin, casein, phosphatides, dextran,
glycerol, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium chloride,
calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol emulsifying
wax, sorbitan esters, polyoxyethylene alkyl ethers, polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters, polyethylene glycols, dodecyl trimethyl
ammonium bromide, polyoxyethylene stearates, colloidal silicon dioxide, phosphates,

sodium dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celtuloses,
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11. The conposition of claim1l, wherein the surface
stabilizer is selected fromthe group con3|st|ng of
cetyl pyridiniumchloride, gelatin, casein,
phosphati des, dextran, glycerol, gum acaci a,

chol esterol, tragacanth, stearic acid, benzal koni um
chloride, calciumstearate, glycerol nonostearate, -
cetostearyl al cohol, cetonacrogol emulsifying wax,
bynromellnse, ®Sltbexmeth)jd¢eyloboyce3dd;dne mesttaddelliloey lﬂﬁh@;yethylcellulose

. cast qr,,.oi | rivatives,
R R
pmﬂ‘y\amlhminemhghw l]lﬁslllol qmcg&mylpyhbhmte W{ll, 1 ,Si?aﬂfﬁliﬁlﬂélmylbutyi)
ear coll ol aal _sIl]con
%;egx pc?g}m% éﬁ?%’? g%m‘a gxaf a‘%, peligrgmgry poloxamines, a
d&t@ﬁpﬁd&@hdﬂ}ﬂu@ @hdcb}‘lsﬂ&@su@&h&b lﬂ'@lk)héé@ﬁ’@é‘f}éﬁ&gﬂ}éhlfosucmmc acid,

gll ulﬂ?si& ypromel | ose, car boxymnet hyI cel | ul ose
1 Haewlagléfeﬂlﬁw}fem HRtwey ¢figpease stearate and

sulddoRé @xﬂﬁhja@sﬁ—lsﬁmwh@ﬁcﬁcypﬁ?@@%ﬁ&? |dEdaH§3"I-CT@Hcﬂllymmmde, n-

magnesi um al um num silicate, triet handl am ne

ds6¥4 Ry Prajyconyeansisie; ndetyy Bilhaliomymasiosideimedodecyl B-D-

Bihrandia; hOIATES Plp Al bl fraBnST Rl Snepy. o

DaolespyrhmeRie; Iﬁhe;ﬁﬁﬁﬁlg@lﬁo@ﬁ@ﬁﬂbﬁ h IjB~D glucopyranoside; nonanoyl-
di OCtig]Sl“ f osucci nate, dial kyl esters of . sogl um -
oftydelucamides naeyd-D-gergpyrndside: wta@m-Naméhylsiumqumchtyl-

f
Dl opanttl, SR DB A Bl MG TR PR g
Rfé‘calnde;stertN- P@(ﬁhyblgitﬂ:rohimdmvenPE@-@ﬂgﬁlmlA PEG-Vltammg , lysozyme,
D- ran 3 to anosi de;
ol elFRRY EVRS el ind NG mbTol oo bt bobimer  catoni
l(ldbo@mlimJ 4 asipde pollblﬁiﬁtlﬁﬂdgda-chhdfﬁi &b}l’lhﬁbﬂd C‘aﬂ{ﬂiﬁlﬂc alginate, a cationic
uco | iy N .
_“(‘)39@?‘{’%‘? Céﬁ“t?%%‘? aéa“ﬂ%@w% E@dﬂaﬁ?rgf:[’i?iQ?’an osi de;
mmﬁ@yth ethddryirte Mh&hjol@lﬂﬁibt Sain l:lﬁorgl_ﬂ}ﬂ stulrfmiuum compouélds
p%fygw&qy%gg%%%gxﬁ{?@%ﬁb oo anoye ggynl;qe d¥me )H%l?lrt:rz]lte ©
hie Rty Hin@eH Y S@%ﬁﬁﬁﬂﬁbrﬁﬂe USSR coRPGhRRARRGNER! d,

PEG chol esterol , PEG chol esterol derivative,
RSP SHFRPUAGS, prrayloditZashloroethy efhsdungmenium beamidencoconut

: tﬁtﬁ@tﬁﬂéﬂﬁﬁcﬁmﬁﬁ cMbARYd, c&%ﬁﬁﬁﬁﬁeﬁ?ﬁan‘ﬁh@ﬁm BYJn{lﬁ)é QR mahyl

cationic polymer, & cationic mer, a’cati oni
dj ety amnmpaium, cldetideoeicony anethyl d@vdmxs&:ﬂwéammonmm

| bfédé‘z?lﬂg ?}egyl gﬁegg)gh%ﬁﬁ 81 d]@d?{%@ e@rﬁlﬁetﬁ@%&%gyethﬁ ammonium

chlotigerdedyy ﬂmlh&byqrbmeélyt azmmemhlyxlch]mdmbmmidlar Gl tmethyl

h5dtp L TGO hde, 01 dimetit ndmstl Fmer R shlarde o

brbintidd, keydonsudifathe] hydl‘tayétﬂﬁ(awxﬁdmmt:ltlyxﬁdeamemlinldiliﬁlethyl

osphagni um co nds uart ermar a I um
6%{?’831!(&%‘%“’8%‘%\711’0’81“62“ P faeh %wmﬁﬂmmqm auryl
dintetingl denzyLan@enitim chloride, lauryl dimethyl benzyl ammonium bromide, lauryl

dimethyl (ethenoxy), ammonium chloride, lauryl dimethyl (ethenoxy), ammonium

65



f

trimethyl amonium chloride, coconut trimethyl
amoni um broni de, coconut net hyl di hydr oxyet hyl
amoni um chl ori de, coconut nethyl dihydroxyet hyl
amoni um brom de, decyl triethyl ammoni um chloride,
decyl dinethyl hydroxyethyl ammonium chloride, decyl
di met hyl hydroxyet hyl amoni um chl ori de brom de,

Cl12-j 5di met hyl  hydroxyet hyl amroni um chl ori de,

Eromifls RN-atey 16§12 gidrethyitetiy) hmaoninn dhlﬁrﬂbJ mukgie(cm ls)dlmethyl

4 o LR DS LB

booliydeate, dymetlgxl ylidecty’l afiioRiin @mmelmwpadax I,ﬁgld@fhahﬁ 1-

net h n ammoni um chl ori de, [aur
R R CN e R CR I L AR A St AR
(r&ﬂldﬂlgﬂmmt)léura RETGNAiENEy CHThe thyReim dnfid Mits de}'ﬂttﬂbﬁlethyl ammonium

oEBRIg %%‘%@@%ﬁ%@%@%gﬂn e i

fehihdnikB)salk, ey | AR %lﬁﬁhnﬁ Fl’ 88e ldimethyl
N-tetr adecy met h benZyl amroni um c P de
HOROHYG calogde, &Y- F?E?gfwldamtl@d@ﬂnzudmmnum chlodd¢ ahenohydrate, N-

kel dsyl,) diﬁféth@g Bapkly Iﬂétﬂ?hag?ﬁlmn}um Eiﬁ&ﬁc!}‘/ %%@X@e&xﬂbenzyl

anmoni um chl ori de, tr| amoni um

%mm%wnyhlaﬁ% diadkm! bwc@allm mmwuru nlnletxdinj leaspyimtirnethyl

L

QY Arosdde, Cigtilngthy] anmomiim rbrcsmtiés Cglu&i-lkthylbﬁﬁﬂcﬁﬁkﬁn
| di.d di met.h
ey O b B oratleg 'fi%%ﬁilbvﬂza”ﬁws Yy gpmontim
chhviride.i poby- d'(mli}ddhl ; hyﬂﬁﬁlaﬁ;mdﬂimﬁb]iﬁyxhd@élﬂ\é);cﬂIdﬁfﬁétﬁM'amomum
ne ammnl u ori
31“03‘393 il W P RS e et amgogjyg ehloride,
dgadmdarﬂdnyhoxﬁmd mnuae @F%&y}n@k@hylmﬁémhm%fdﬁa& hyl
or e, enz anmoni um
R e ot Bprie, mSTH FocaBIaNR GHoede, CL2
POTIVIRIATY I ommbm&n@m&ﬁ&omﬁ%%éﬂl 'ﬁ%&)ﬁ&laﬁm%mbmlde

g(aom des, Cl{kt rimethyl amoni um briom des]
Fs &SP "cnf“%nét’ll‘*lgﬂlldf‘aﬁﬁ%#k@m\lm ehioBf¢ enapounds, cetyl

pp@dlymﬂll trbrhidle el b i A ORI e, Ciﬁil@er §ag§oi(@§€+¥§9m% ni um

ﬂWi anmoni um__chl ori des,

1”8’@ aligrdamings) MERGPOREY, W&Kﬁaﬁﬂﬁpﬁw@hpmdmem salts; amines,

alggfg)glélﬁ in{rilﬁg?)(ﬂgm@lﬁ IH%HIQLM&%? éarotonated quaternary acrylamides,

mehyla, &?éé@?qewwmmydramd)mtmmctgnm de, met hyl
trioctylammoni um chloride, POLYQUAT I OIM

11.et reRuop @ﬂﬁ&f‘éﬂé’[ﬁuﬁrlo%cﬁﬁ%enz&ﬁ%nsy 'oggh{' I%S?Tgpve A3ts

brom de, "choline esteéers oni
usefud fordhadensimoent @ﬁb@hﬂdbﬂ&gm unds, cetyl

13. The composition of claim 12, wherein the one or more active agents is an

antibiotic, -
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pyri di ni um brom de, cetyl pyridiniumchloride, halide
salts of quaternized polyoxyethylalkyl ani nes,

M RAPCLTM ALKAQUATTM al kyl pyridiniumsalts; anines,
am ne salts, am ne oxides, imde azoliniumsalts,
protonated quaternary acryl am des, nethylated
guaternary polyners, and cationic guar. 12. The
conmposition of claim1, additionally conprising one or
dﬁr e et dome:osigembﬁclaimsleﬁvﬂibrefnahe tdugpotitiemsss mbt @bduce

OSItI of claim 12,
SRS B SN BbsRisn dels e BB Birre wRderind & mpared to
ﬁmmmbxmﬂmmn&GG 14. The conposition of claim1, wherein
t he composition does not produce significantly

ffepent n Iev | s. when adm stere un er
T of %C8n%§%‘§ STetp i (m%h%%ﬂaaf*va&ﬂ eticprotlf @f
ccnmgamsnon isatot mﬁmﬁbﬁltmaﬂfect&mwmb fedton &asfel @faf@iﬁ@'ﬁhﬁ]@&t hfpesting
g $ ile f the conposition is not significantly
¢ etrey 189 the fed or fasted state of a subject
ingesting said conposition. 16. The conposition of
td.ai riflE,compesitimofathit 1 $héréih ia@minddiratidto ARIRMSIokikieA td 0

n a fasted state i.s biopequivalent to
S“&%ﬁ"ﬁ? 205 i&d] S E#’l"("ﬂ‘él"?,lsfﬁﬁ%m%ﬁﬂttoa of the sgmpesition ty a gubject
maededttaee. 17. A nethod of preparing a nanoparticul ate
cephalosporin conprising contacting particles of a
fﬁph ﬁp& ﬂ@' with at | east Pne u face stabj|izer for
i 4° GhRErarng SRERPABITE 28 FPPIAASRHIN 405 RRFHE Compacking
il b iceibhBsorzeiad: RARUNE BurtRBRaSIitdr @8t NN 4 vABer

eff ctlv ave¥H%eﬂ€art|cle S|ze of | ess than about
hearoparticylate erphalospRpa cempositing having an

ef&bmla@eﬁ@erpdﬂnaesﬁ@éﬂqeéa%h%o@m@o Salt or derivative
thereof. 19. The nethod of claim 18, wherein the

eph 0S i,n.is. cef podoxi roxetll 20. The net hod
8" e Fﬁi%%?d &H@%ﬁ‘ BIGRE éf@%?@ﬂemmoge@me or a salt or
drivatte figreofet gri ndi ng, honogeni zation, freezing,
tenpl ate enulsion or precipitation. 21. A nethod for

eat rial_ disease conprising the
? TS RelBe 8ﬁ° e SHB1hF sopbelpapoEn S5 FRodBE s Proetil
conposi tion conpri sing:
20.  The method of claim 17, wherein the contacting comprises grinding, wet grinding,

homogenization, freezing, template emulsion, or precipitation.

21, A method for the treatment of bacterial disease comprising the administration of a
nanoparticulate cephalosporin composition comprising:
(a)  ‘particles of a cephalosporin having an effective average particle size of
less than about 2000 nm; and

) at least one surface stabilizer.

22, The method of claim 21, wherein the cephalosporin is cefpodox:me or a salt or

derivative thereof.
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(a) particles of. a cephal osporin having an effective
average particle size of |ess than about 2000 nm and
(b) at |east one surface stabilizer. 22. The method of
claim 21, wherein the cephal osporin is cefpodoxinme or
a salt or derivative thereof. 67 23. The nethod of
claim 22, wherein the cephal osporin is ‘cefpodoxine
proxetil. 24. The method of claim 21, wherein the

@8f ecThamethvdotdamma whetia thd EphDsspbieis cERPNMIAS PRk,
particles is selected fromthe group consisting of

Pess ?“E‘%ﬁeﬁ agﬁftd 8’8 Wﬁ%rmln&e &{e%tg‘%rl‘gfafggf’? gaﬂfgoo nr?q‘f’ess

ttl:ﬂllalos;mhmphrtﬂ&@@; salevted ﬁ‘éﬁa thé'@ﬁu e tink Qs Ran |a§‘(;ﬁ§ 1900 nm,
ri m es

t 1300
BERaZ At 19858 MM 5% L am it e g 1600 e han
tiban zmam 186 thah Bbout @660 i aeks AR AbGut SR frh Toss |tl?a§%b%1hé}§‘00

about n about 600 rim |ess than about
Bioiehnfn BubiZpf R eolien shont HOP Srclse® hmsbonEOIAAIE00S than
Ahbat SO(Bﬁﬁ 1és8 @anABAUY70E BR, 1BED thzlneé"bﬁuttéﬁgﬂmaggyﬁuan 200t 56@ nm,

jeﬁi an about 100 run, |ess than abouf nm an
855 hent 4095w l@eﬂﬁﬁﬁb%m%redwmnlaé@ﬂﬂéo omislgss than about

SRITERIESS AR 26ATR0D S AnBORBh AN o0 LCARRALBGPAT L
~cont ai ni ng partlcles wher el n the part |c es conprise a
-ggdlféed rf ase coatl or, alternatively or

di t4 B4 VF feéeaﬁ%%ﬂmno of erenisERmopRlationsafsephalosperine h

Edn@lining PArHQN VASrQh Ble paflRlek \é&ﬁ% ris@h 3G eﬁqgi@gélcbét&% or0 2@

subj ect, the conposition ers cep al osporin

%@P@Bﬁly er askitionpity, Ammsdificaviprse malix materid pdshni, ﬁﬂlowmg oral

&5i58% F 1 cbApSHi) %éwgb; A0S0, an

er oggb le fofml éﬂb 8" &"%n%lggﬁgﬁgﬁmge BT AG P8

rilsatilg op Songinueusimrnned. d particl es conprise a nodified-

rel ease coating. 28. A conposition according to claim

25 wherein particles conprise a nodified- rel ease

Aat r ixcamgtositiom hecoRBng t8 ctadm A6 sihtiensargoetildicigis bl elailen

%ﬁmﬁ& %8 wherein said particles are conbined in a
ornulati on that rel eases said cephal osporin by

erosion to the surrounding environment. 30. A

p LN R o L T IR TSR O I Ael S G

r_elease coating.

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 to claim 25 which comprises also an enhancer.
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68 31. A conposition according to claim25 wherein
said particles are contained in a hard gelatin or
soft gelatin capsule. 32. A conposition according to
claim25 wherein said particles are in the form of
mni-tablets. 33. A conposition according to claim?25
in the formof a tablet wherein the particles are
conpressed to forma layer of said tablet. 34. A
conmposition according to claim25 wherein said
rtigl r.e provided i.n. rapi.dl y di ssol vi ng dosage

P m ghmeR oplAsRUng Yo o2 wikery™ e4id Baeies 15 oqtsaipgin
had gelofin ar fofigdelarie ipstlabl et . 36. A conposition
according to claim25 wherein said particles conprise
a pH dependent polymer coating which is effective in
B2| easicogpssitinl sdeorihg €CANA BSPIREN sAd pRliclds ark (e gﬁln%k(
of . Hg to twelve hours. 37. The conposition according
F%F@? §%n 36 wherein said pol yner coating conprises

nmet haeryl ate copol yners. 38. The conposition according
%? ﬁ;?in136_mherein sai d polyner conprises a mxture

RRRSFItion scepnding Frdaima Srie the fenmy it tebletopiwrgimthe paitiales

d@re b@thpressedHol fofh 8 Mycf §F sAgigye a pul se of

cephal osporin foll'omng a tine delay. 39. The
conposition according to claim38 wherein said ratio

IS a ' I i composition accordin
1 CPar oo ekl to i 23N e f rovided i
mpidyshsselvingldasage fomm 69 41. The conposition according
to claim40 wherein said conposition does not produce
significantly different absorption |evels when

Hdnmi i engosition acberdidfgad clim db tri 18 Sormas a FoIRRIsh14:0
-fasting conditions. 42. The conposition according to
cl aim 40 wherein the pharnmacokinetic profile of said
360N Bsiotripositivs adeoidirgy tg Riairh 08 MhkLindbidgatREs BYmbie of 2l
(Brmha ted state of ahsub ect . ingesting said _
CORPTLPPIBIRT copng Yhish it eifeaye in srcasing amylsa gf ecphalpsporin after a
tinkealetrlyinf tiR@o BB Hoats at i on of said

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

pulse of cephalosporin 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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conposition to a subject in a fasted state is

bi oequi val ent to the administration of said

conposition to a subject in a fed state. 44. A

control | ed-rel ease conposition conmprising: (A) a first

conmponent conprising a first population of a )

cephal osporin; and (B) a subsequent -conpoenent

conprising a subsequent popul ati on of cephal ospori n;

said conposition bei ng capabl e of delivering

%fph orin.in a pulsatjile or continuous manner. 45.
"HPB?}“%?;CBP g0 £lgig f prhergin spi pmpesitionidges nat st

pﬁﬂﬁ&%@ﬁiﬁo@hﬂ;ﬂ&iﬁeﬁeﬁf abbdiBtiod 1EVEN RISkl 858 uRer F ed.condjtjons

gﬁalo {ln 46.. A conposition according to ¢ ii

4o fagting qoaditigRsrponent is a time- del ayed

i mredi ate rel ease conponent. 47. A conposition

according to claimd44 wherein said subsequent

o nmpoHissempesiign aceriding tovelaing %urherren@mamom@cmﬁle of

h [

A CRRNE hoPlisf el ATy e IO BB RE 18 SBsntm

ipgesfipg paid W@mstﬁlosubsequent component is a

ti me-del ayed i medi ate rel ease conponent. 70 49. A

conposition according to claim44 wherein said first

Fonpdike wompssitipntaceading e agaama' witeeclh Bie@dmn@lifRAg6n of said

ccording.to claim44

EREBANE o By R BBt R DR Bl pin g s

dGinpogiticowpcabjettdina &elotitedi ng to claim 44 that delivers

cephal osporin in a continuous manner. 52. A

conposition according to claim44 wherein the

- e p hal @spollddireledseionpBatién QA r@ﬁ% @%‘a%‘?%gﬁﬁé}%ﬁﬁ (%ergﬁsmg a

p Eﬂ%tlc Iat fephalo orin
Bt RO BHEHW LA a0 PR 25RbssgueabnatneBens C@Bﬁﬁﬂm&ﬁ ng
sabbéqﬁﬁnsp@ihlaﬁﬁn ar depRAIGPSHA; 'sﬁi"ﬂlcb @sflﬁ&%ein\é%a%gﬁﬁdft e?v

5 thod for

nPOS|t|on according to claim
‘ﬁP@V@ﬁPPBHmHﬁ8¥%ﬁmPW§§ﬂW@ﬁv of osteoporosis
conpr|5|ng adm nistering a therapeutically effective
amount of a conposition according to claim44. 55. A
43t abAeompagper acerdingtte cleimpbwhereraidding comporgnt 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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(a) particles conprising cephal osporin having an
ef fective average particle size of |ess than about
2000 nm and (b) at |east one surface stabilizer,
wherei n upon administration to a mamual the
conposition produces therapeutic results at a dosage
which is less than that of a non-nanoparticul ate
dosage form of the same cephal osporin. 56. A
conposition conprising a cephal osporin, wherein the
conposi tion has: (a) a Crax for the cephal osporin when
485 aydgompositinn asterding toflaim 4awieatin aaid fisst bjrepinent is a time-
fiélh}'/eg‘i\fnﬁﬁdiﬂfé%l%sétc&ﬁﬁn Iy that is greater than the Crax
for” a non-nanoparticulate 71 . ...........
formul ati on of the sane cephal osporin, adm nistered at

es : nAUC for, the ce | osporin
20< oy SR ARRARSod e R4 Bl Gt SR BRI Sl a6E
fretdenwi Ng admi ni stration that is greater than the AUC
for a non- nanoparticulate formul ation of the sane
cephal osporin, adm nistered at the sane dosage; (c) a
Fha fArohpwitvapbairdisg ordidmdiahat dsihay@dphdlosbhén Bl aaefBauous
of a manmmalian subject follow ng adm nistration that
[’8™€%ss than the Tmsx for a non-nanoparticul ate
formul ati on of the sane cephal osporin, adm nistered at

e sane dosage;. or, (d)  any caonbination of (a), (b),

d (él fqmpopglo according to claim 44 wherein the cephalosporin in at least one of

said components is nanoparticulate cephalosporin,

53. A method for the prevention and/or treatment of osteoporosis comprising

administering a therapeutically effective amount of a composition according to claim 25.

54. A method for the prevention and/or treatment of osteoporosis comprising

administering a therapeutically effective amount of a composition according to claim 44.

. 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 @ mammal the composition produces therapeutic
results at a dosage which is less than that of a non-nanoparticulate dosage form of the

- same cephalosporin.

56. A composition comprising a cephalosporin, wherein the composition has:
(a) a Cuax for the cephalosporin when assayed in the plasma of a mammalian

subject following administration that is greater than the Cyyx for a non-nanoparticulate
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formulation of the same cephalosporin, administered at the same dosage;

{(b)  an AUC for the cephalosporin when assayed in the plasma of a
mammalian subject following administration that is greater than the AUC for a non-
nanoparticulate formulation of the same cephalosporin, administered at the same dosage;

(c) @ Tmax for the cephalosporin when assayed in the plasma of a mammalian
subject following administration that is less than the T, 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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