Nanoparticul ate -and Control | ed Rel ease Conpositions
Conpri si ng Cephal asporin FI ELD OF | NVENTI ON The
present invention relates to conpositions that are
~useful for the prevention and treatnent of bacteri al
infections. In particular, the present invention
relates to conpositions conprising a cephal osporin,
for exanple; cefdinir, or a salt, derivative,
prodrug, or polynorph thereof. In one aspect of the
I nvention, the conmposition is in nanoparticulate form
and conprises also at | east one surface stabilizer. In
anot her aspect, the present invention relates to
novel dosage forns for the controlled delivery of a
cephal osporin, for exanple, cefdinir or a salt,
derivative, prodrug, or polynorph thereof, and to
nmet hods_ for the prevention and treatnent of bacterial
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manmal s. There are hundreds of antibiotics currently
in use, nost 5 tailored to treat a specific kind of
bacterial infection. Beta-lactam antibiotics, which
are naned for the beta-lactamring in their chem ca
structure, include the penicillin, cephalosporins and
rel ated conpounds. These agents are active agai nst
many gram positive, gramnegative and anaerobic
organi sns. The bet a- t anti biotics exert their
effect by interfer ?Fr}g% GE]IFW@N:%IH%t ural crosslinking
of peptidoglycans in bacterial cell 10 walls. Because
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Substitution of different side chains on the

cephal osporin




ring allows for variation in the spectrumof activity
and duration of ~action. 20 Cephal osporins are grouped
into "generations” by their antimcrobial properties.
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. Significantly, each newer generation of
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ring-allows for variation in the spectrum of activity and duration of action.

20 Cephalosporins are grouped into "generations" by their antimicrobial properties.
The first cephalosporins were désignéted first generation while later, more extende;d
spectrum cephalosporins were claésfﬁed as second generation cephalosporins. Currently,
three generations of cephalqspon'ns are recognized and a fourth has been proposed.
Significantly, each newer generation of cephalosporins has greater gram negative

25  antimicrobial properties than the preceding generation. Conversely, the "older” |

generattons of cephalosporins have greater gram positive coverage than the "newer"
_generations.



Co., Ltd. of Japan. Both OWI CEF(r) and CEFZON(r) are

indicated for the treatnment of various bacteri al

infections. Cefdinir is admnistered orally as a

capsule or oral suspension and is given two to three

times daily. 20 Cefdinir is described, for exanple, in

U S. Pat. Nos. 6,093, 814; 6, 350,869; 6,369, 050; and

6, 423, 341. These patents are hereby incorporated by

reference herein. Cephal osporins have high
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Cefdinir is described, for example, in U.S. Pat. Nos. 6,093,814; 6,350,869:
6,369,050; and 6,423,341. These patents are hereby incorporated by reference herein.

Cephalosporins have high therapeutic value for the treatment of patients suffenng
25 from bacterial infection. However, given the need to take cephalosponns such as cefdinir
two or three times a day, strict patient compliance is a critical factor in the efficacy of

cephalosporins in the treatment of bacterial infection. Moreover, such frequent
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conprise one or .nore additional active ingredients

useful in the prevention and treatnent of a bacteri al
infection and/or one or nore pharnaceutically

accept abl e exci pients. The adm nistration of the
nanoparticul ate conposition to a subject in a fed or
fasted state may be bi oequi val ent and may exhi bit

sim | ar pharnmacoki netics. 25 The present invention

alsp relates to nodified rel ease conposition having a
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The present invention also relates to modified release composition having a first

component comprising a first population of active ingredient—containing particles and at
least one subsequent component comprising a subsequent population of active ingredient-
containing particles, wherein each component has a different rate and/or duration of

release and wherein at least one of said components comprises a cephalosporin, for

~ example cefdinir or a salt, derivative, prodrug, or polymorph thereof, The particles of at
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"rel eased rapidly" .includes rel ease profiles in which
at | east about 80%of the active 20 |ngred|ent of a
conponent. of the dosage formis released wi thin about
an hour after admnistration, the term "del ayed
rel ease” includes release profiles in which the active
i ngredi ent of a conponent of the dosage formis
rel eased (rapidly or slowy) after a time delay, and
the terns "controlled rel ease” and "extended rel ease"
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The Sgcond component of the modified release composition may also exhibit a
variety of release profiles mcluding an immediate release profile, a delayed release profile
or a controlled release profile. In one embodiment, the secoﬁd component exhibits a
delayed release profile in which the active ingredient of the component is released after a

time delay. In another embodiment, the second component exhibits a controlled release
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action by mnimzing the tine fromadm nistration to a
therapeutically effective plasma 20 concentration

| evel, and the one or nore subsequent conponents serve

to mnimze the wvariation in plasma concentration

| evel s and/or maintain a therapeutically effective

pl asma concentration throughout the dosing interval.

In one such enbodi nent, the active ingredient in the
first conponent is released rapidly and the active
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first component is released rapidly and the active ingredient in the secondrcompon‘ent is
released over a period of about 12 hours after administration. In still another such
embodiment, the active ingredient in the first component is released rapidly and the active

ingredient in the second component is released over a period of about 24 hours after
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Upon adm ni stration, such a conposition produces a

pl asma profile which substantially mmcs that
obt ai ned by the sequential admnistration of two IR
doses of cephal osporin in accordance with a typica
treatnment regimen. 20 According to another aspect of
the present i'nvention, the conposition can be
designed to produce a plasma profile that mnimzes or
elimnates the variations in plasm concentration
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19 "é’ég‘gﬁ“ ligtian. SpRhfompgsitien ar@ﬁltqemal@mlmﬁ@rwhwmsubmnauy

smmlibslﬁht ebtbiadd bRk
rel e%?led j mmd?zt el‘ge@te %%B&MIS% tlJn:bZ&L th‘dose% OF?epﬁaIOSP"“nm

ArFOERRce wite prisal Wegindn. t he total dose is rel ease
after a lag tine or over a period of tine up to about
24 hours. The present invention is also directed to a
met hodeeordingiRiangther aseasbpiht prosdnbingentibh, the bpasisitionRan be

R B -for. exa e cefdinir_ or._ a
Bl aalt i uéegsﬂm‘!‘ EYBB%:‘%}% mm‘m%"&"&%‘lﬂ"ﬂﬁmf% Vargtiongsin. p

25

30

salt, derivativ
Wﬁwn@@%@@éé@lﬁt Hreocgtt@ipwvittf the adthiaitratigh 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
from administration to a therapeutically effective plasma concentration level, and at least
one modified release component to maintain a therapeutically effective plasma
concentration level throughout the dosing interval. The cephalosponn for example
cefdinir or a salt, derivative, prodrug, or polymorph thereof, may be contained in

nanoparticulate particles which comprise also at least one surface stabilizer.
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nanoparticul ate particles conprising the cephal osporin
wth at | east one surface stabilizer for a period of
time and under conditions sufficient to provide a
stabilized nanoparticul ate conposition conprising
cephal osporin. 20 The present invention further
relates to nmethods of treatnent including but not
limted to, the prevention and treatnent of a
bacterial infection. Such nmethods conprise the step

of adm Mbdifiet ieRgsd dbnﬁ;oﬁﬂ@is%ﬁﬁﬂa@ td ﬁ%&ﬂﬂ&%b&ﬁ‘&{ﬂx are dlsclosed and
ef fective appunt of osition for exanple

narBsH i Ge Patied %%Wﬁgétﬁtt - GHHAIB e 6, 7@%@2@@@8@@1

for exanple 25 cefdinir or a salt, derivative,

prodru%%ﬁor pol ynmor ph t her eof . The conposi tions and

dosage ‘HOPIREERS fﬂ"f’ﬁf@nml@selmes torﬂpeagelfmmm&le d@ef i cdrpositions of
r e n

| R b o Bl SRS AR Ao P At el form

c @ﬁgﬂpnang:éle arvdifietl heleast oomposttiog of e papesttinvenGt. CIORB Qgsage
orin, for exanp

et e rin 0_cephal os
f#wr(xﬁ frilllg i 1rze at%rs 2 afhpied %’Pg"\'}’i Elaﬁb‘f”@df %310%?0nH@]1%thons
t laed emotic comaillad fargiubatgbns @h sich@ib68inteqss, hi Bedd H@éé‘%@ﬁtbfﬁ@d in

r nent of a bacterial infection. This
rhe ‘f""“ tfocrghm?y “Sl‘?éseg IhY BRI coBENRES BEIRSF.i In oags@ge

f Bmh’ﬁduniﬁhj zC;ISbr&f:ﬁof&ﬁHﬁo&'I 868 Edleadtd |1ﬁ1hﬁhi§te¥¥ JH@EO\Q 2! rypxd onset of
ﬁﬁ;thﬁ or egoi ng %gneral description
f SEFORPhE e aerardee ot Be &itlidptd iprelenseafies adogetinpt emoyermayptriod of

eﬁﬁbapm@bmﬁnﬂugre i ntended to provide further
expl anation of the invention as clainmd. Oher

" obj ects, advantages, and novel features wll be

readi Ihe prEIi Elﬁ/@;ltld:HQS EIQ@&i?ecféﬁ' tJ) L?n%ﬂi;])ﬁ otf h %5:21%%1 n%%o%a@zc&late

fO||OMAng detail ed description o
PR e ‘DESEWB‘FIC@&aGSPGﬁHEfdr RkAEhle @ﬂdiﬁh@r p s&lg dertvative,

(R0, 0P oty BRI P Skt i AR Y st
d}éﬁ?ﬂaﬂﬁﬂatﬂfaﬁ@i%omeﬁnm@p eﬂ:flhalogmbmlmth anldakt dpe surface stablhzer
Lf&daeﬁe%}b@ oehiRy aﬂ?ﬁﬁﬁglnc%ngxfu & dina en¥ fo eprg\sﬂ? zég?blr ;Fd\mpqﬂqmculate

vary to sone extent -
icpupasitipyedmprifing ¢rphaospoenuses of t he

The present invention further relates to methods of treatment including but not
limited to, the prevention and treatment of a bacterial infection. Such methods comprise
the step of administering to a subject a therapeutically éffective amount of a composition,
for example, a nanoparticulate composition comprising cephalosporin, for example

cefdinir or a salt, derivative, prodrug, or polymorph thereof.

The compositions and dosage forms of the present invention are useful in reducing
the required dosing frequency thereby ncreasing patient convenience and improving
patient compliance and, therefore, the therapeutic outcome for all treatments requiring
cephalosporin, for example cefdinir or a salt, derivative, prodrug, or polymorph thereof,

including but not limited to, the prevention and treatment of a bacterjal mfection. This

-8-



termwhich are not clear to persons of ordinary skill

in the art given the context in which it is used,

"about” will mean up to plus or mnus 10% of the
particular term 10 As used herein, "therapeutically
effective anmount” neans the dosage that provides the
speci fi c pharmacol ogi cal response for which the active
agent is admnistered in a significant nunber of

subjects in need of the relevant treatnment. It is
emFRBESIchedn rdplice eonverttenalpeplidl@pbliy dRhfeq6iny ﬁrhi%HQ}é“al'dm%stered
th%nﬁ%ﬂé%?mﬂ%ﬁ t that is admnistered to a particular

15 subject I1n & particular instance will not always be
effective in treating the conditions described

herein, e nfthough such dosage is deened to be a

t her ape%?ti{glgl PLrers emeral descapinarmnd By follvsirg dftaikMidedcribtion are
5t hexcatplary A8l d5REtNOLEH Bre in i " refers to a

state of matl o mﬂ? cﬁ&_i&g l%tﬁwé}egé‘fgfﬁgjgg”@ff pfyngifpy of the

pr BLETeR ayflatgied c Pierobients, rdtaetagey edd weivel, feli@aslsilDbe readily

gr pphieRSo t | f ir..size, . shape qr .
né?ghqlogJ#éigﬁﬁgg%MﬁggéF%?%p§ﬁQW%%ﬂq?Egﬁﬁ?%mﬂﬁ%ﬁﬁ§ a
pllBY&RPPR-y of discrete, or aggregated, particles,
pel l ets, beads, granules or m xture thereof
irrespective of their size, shape or 25 norphol ogy. A
conmposition conprising a nultiparticulate is described
herein as a "nmultiparticulate conposition.” As used
herein, "nanoparticulate" refers to a nultiparticulate
in which the effective average particle size of the
particles therein is |less than about 2000 nun (2 30
mcrons) in dianmeter. A conposition conprising a
nanoparticul ate is described herein as a
"“hanoparticul ate conposition.” -10 43 As used herein,
"effective average particle size" to describe a

mul tiparticulate (e.g., a nanoparticul ate) nmeans that
at | east 50% of the particles thereof are of a

speci fied size. Accordingly, "effective average
particle size of ‘| ess than about 2000 rimin 5

di aneter” nmeans that at |east 50% of the particles
therein are | ess than about 2000 nmin dianmeter. As
used herein, "D50" refers to the particle size bel ow
whi ch 50% of the particles '



inamultiparticulate fall. Simlarly, "D90" refers to
the particle size bel ow which 90% of 10 the particles

inanultiparticulate fall. As used herein with
reference to stable particles, "stable" refers to, but
isnot limted to, one or nore of the follow ng

paraneters: (1) the particles do not appreciably
floccul ate or agglonerate due to interparticle
attractive forces or otherwise significantly 15
i ncrease i n pPRETACLEDDESCRMETON OB THRINVRRTREXS cal
structure of the particles is not altered over tine,
such as by conversion from an anorphous phase to a
CrySt al THepeesBi @bRatidnd} d cal

abl e; a% or (4) wh er%taﬁﬁegng%ﬁ%e mgreél‘é F?)'ﬁagsgttg?nh
be W o7k} thropghoupthe aprlisetiong step at or above t he

snelting point of the particles in the preparation of

10

15

the nanoparticles of the present invention. 20 As
used hévwaped hﬂq@@éﬂboyt’\mﬂlléze usdﬂmbécﬂnﬂfewgns <5ﬁfr@h§ytsﬂllan the art

- dr, ter.of ]ess than
abou t‘"ﬂ?,%ﬁé@%ﬁ% T oD i er Hgraed If thets arviuggs of the
ab@mwmch arg hotl cJeaoto pefsﬁﬁsﬁoftdﬂ(ﬁﬂa@ BKltin the BB/en (120Xt in which

r. - nodi fied rel ease” includes a rel ease
V\E‘u JEﬂﬁs‘?ﬂf’{% W‘B‘Eﬁ“ﬂ’é" RS or s |t of the mertisplpriarm.

rel ease, extended rel ease, sustained rel ease and
delayeg IE e “ﬁs used herein, "tine delay"” refers
to t he pEF BEes: ufigally s &ectivR amownd ringansttheddsene thykt provides

dths amlﬁcqﬂiﬁﬂnfa@@lbélbﬁ Ir@gohdd o GRATRPSE LdtQD a%JrLt IsA8ministered in a
inveption he. 30, release of the a :

i Hef ?ﬁ“&?ﬂm F ubjepts it peed Phthe G@W@oweqatmemhejt @@ﬁnpha%dlﬂmta
uhexdpdiEit iy fecthvdgnd f tie %
Legse ofy t ﬁet act Fglg%f%%(r}?%a o t% Fom oneStQ%& Y\Ean%aﬁ{icu?ar
Hdn 8 B dRtipgtnea wl mﬁelwaefp éas@ec@fre toheeating tilw eonditions
Id%gfrfb@dl Bétin, &
i vE@fHo@é}Péu@ H%s%gy}g éd t3 fbe 55’1 I%Jllﬁg;fiﬁ)b?@ectwe

5 As used hereln ero ers to

- \Aoupt bydhosp ef skl theary,  di ni ni shed, or deteri orat ed

20

25

30

by the action of substances within the body. As used

herein, "diffusion controlled" refers to fornul ations

whi chARHsed gresn (pagticulatdigetesso hbtamfofhia&éﬁwlﬁaois cRdi@@¢ied by
of hi her to.one

ﬁﬁ &@&k a, re
b e L e S e At R e
8@?F?UmWe@ﬂ%Defers to fornul ati ons which may spread as

As used herein, “multiparticulate” means a plurality of discrete, or aggregated,

- particles, pellets, beads, granules or mixture thereof urespective of their size, shape or

morphology. A composition comprising a multiparticulate is described herein as a

“multiparticulate composition.”

As used herein, “nanoparticulate” refers to a multiparticulate in which the
effective average particle size of the particles therein is less than about 2000 om (2
microns) in diameter. A composition comprising a nanoparticulate is described herein as

a “nanoparticulate composition.”

-10-



the result of their novenent through a sem -perneable
menbrane into a solution of higher concentration that
tends to equalize the concentrations of the
formulation on the 15 two sides of the nenbrane. As
used herein, "cefdinir" refers to either a single
substantially optically pure enantioner of cefdinir
or to a mxture, racem c or otherw se, of enantioners
of cefdinir. 20 The cephal osporin conpositions of the
i nvention are useful in the treatnent of bacteri al

i nfecti dic t . not i bronchitis,
m ddl e gg?sehﬂ llg}cjillf |ég%§m & mﬁerﬁ ‘il? %'ZC I%H?FPII"P(WEIHPE‘“‘C“IMG

pn@gﬁmmaaomsmthﬁet }Irrwhmcﬂlat@lﬂ East&[l% oF lﬂiel'l}al'tll&ﬂe@ Chek P are of B Specified

cogpos ns, o I nvention are usefu ainst a

oy S A oty TROERE PEE S ot tbam gy 0DV am in

5 batitreetbidl nians tith a0 gafshY96Tithd pard@UhdrOn 2210 BhAERE SHD nm in
eQidernls 25 St aphyl ococcus aureus, Streptococcus

é%?é?rae St rept ococcus pneunoni ae, Streptococcus

pyogenes Moraxel la catarrhalis, Escherichia coli
Citrobacter_ diversus, KIebS|eIIa pneunoni ae,
Hae o p i 1UER fremin, ((DRY: asferHadhophtidluszoziar which§0%ar the particles
Nex 5§ﬁ[ﬁp@m@gﬁ&%ﬂ heeRG y,Pﬁ)@Q’L CI)'Sb%%e ) Ir%écq?e szgqq?%??dw which 90% of

Proteus mrabilis, Peptostrep ococcus

10 phs\Ragtichrsiima spltipagiculg fall.- - -~ - - - - -

15 -

20

25

30

Nanoparti cul ate Conpositions Cbnpr|5|ng CEphansporln
The present invention provides a nanoparticulate
conmposst e hwnpml&sneﬁegema rdt stableartiods] Gmbeo ﬁfmnls sce bulifhot

I le cefdinir or a sal
PR, SRR e ot B0 B SR B SRirpi | HEPuBIE deniptprpeciably
afloqeulatetor epgomemfeaine tesihvelpakticZedtiraciod AReYs bl LR significantly
wer e flrst Pat ent ﬁb

_ L scribed in U S
585% éé‘gh‘"‘o'{] SRGPAFY Y @? CREYFSALStrus Gt ot thepasiales ip neigltered
aover des,cntlbathyalos@rdion fré@bn eﬁﬁa.gsab& ghé%zegpo 2 Eg&éﬁ{ne PRRe; 3) the

P88 honmallZ e sng Buih e thepcimenioiensins o tomubice

80 853tih5 Stepat GABoviGRe m2itidd gmgiegf thei%ﬁ%ﬁiséig %’156 ep%l?a%0§ 6fhe

319447“7%% fél 451,393: 5, 46
X3 eRISeH gentions 18 738° 5 521, 218: 5, 525, 328:
5,543, 133; 5,552, 160; 5,565, 188: 5, 569, 448:

5,571,536; .5, 573, 749; 5,573, 750; 5,573, 783; 5,580, 579;

5. 5857 B heteing Spooglyyvates sejghle 4B@?Y rafors 0Ba ¢S that has a solubility in

5a623¢ 1938 hartatBRB098gn1, 2o #3n 3Bt 26 mEASh, RS hadabon1 A Dhal, or

less than about 1 mg/ml.

As used herein, "modified release” includes a release which is not lmmedlate and

mcludes controlled release, extended release, sustained release and delayed release.
As used herein, "time delay” refers to the period of time between the

administration of a dosage form comprising the composition of the invention and the

release of the active ingredient from a particular component thereof.
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5,747,001; 5, 834,025; 6,045,829; 6,068, 858; 6,153, 225;
6, 165, 506; 6,221,400; 6, 264,922; 6,267,989;

6, 270, 806; 6, 316, 029; 6, 375,986; 6,428,814; 6,431, 478;
6, 432, 381; 6,582,285; 15 6,592,903; 6, 656, 504;

6, 742, 734; 6, 745, 962; 6,811, 767; 6, 908, 626; 6, 969, 529;
6,976,647; and 6,991,191; and U. S. Patent Publication
Nos. 20020012675; 20050276974; 20050238725;
20050233001; 20050147664; 20050063913; 20050042177;

2005003468%d herd@ 0800334024 228
20040258757: 3r0040%'9038 5%8%%q%‘34gg‘965“§€ed2% ﬁ‘i active
20845158509 oBOENPPEBE PDthe 200AGIbEIRS the 20640 4hd 3dive ingredicnt

2084230588 Loma 20 778:. 20040101566: 20040057905
20040033267?m§0040‘8‘§§%‘%g“p°i‘88‘2:0018242 20040015134

20030232796; 20030215502; 20030185869 20030181411;

. 5200301 2003 30095928; 20030087308;
200300%‘53’8%‘1 he, B‘f‘%ﬁ% %W%l?ssw gihgray be worn away,
2a@m@:®aecs@4detmmammaamnlof@afstah@sewﬁmegw ons are
descri bed, for exanple, in U S Patent Nos.

4,783, 484; 4,826,689; 4,997,454; 5,741,522; 5,776, 496.
25 As_ab adcaderbo VATl iBeCabAGH YR RAIRHOR IS Say spread as

si,ze O particles in the nanopartlcu
c g}?ﬂ Ssg{lttofgw i 5P°%°‘b?@%‘@ﬁlen‘i frir examme fios 4 g®nohhigher to one of

10 aboutk caROQmGen (i . €., 2 nicrons) in dianeter. In
enbodi nents of the present invention, the effective
average particle size may be, for exanple, less than

about I t 1800.n ess 3 t han
about %%%8(1 lrafmr:nm ‘foé@g&{‘ﬁdﬁnéﬁ flrfg Bmﬂnﬁboqsé‘g’é TPy spread as

aihe gasu 1 gbibeinmoveneans throrgh aabmupennl:ﬂﬂ@mﬁﬂﬁbraheﬁlﬁ) d Mﬂlon of

c X b t 1200
2%%’1& ﬁg%rérﬁi%}l tﬂ ?t%gdﬁ[ tQ % 0 g%ﬁ?tra&%gsootj qlqﬁsonplggtgm on the

15 (twasidshofthe pe@brage, Iess than about 800 rim |ess than
- about 700 nm less than about 600 rim |ess than
about 500 rim less than about 400 rim |ess than
about A3@eedrhereit, Esefdinhrarefab aiditheEDsindieRubbiBtiily baR: g%

%Qﬁmlﬂmer J)f%%ﬁiuhp tg ??rggttllﬁg;rsaggpl{: :oréng@ler%fsﬂs}ngﬁ;aggmaoggg Qi cpfdinir.

ess than a
-in diameter, 5 as measured by light-scattering

29 Metho Scopy, OF ot her appropriate nethods.
The nglz op. a?‘gsg ?éﬁ‘f:?é?’??sc‘?f e Isntigh prgtuseiyl ip the treatment of

baro;glahinfacnm p’ﬂ:aﬁlﬁ}g tﬁlﬂn@flﬁﬁﬁ:ﬁ%’%mn@fﬁﬁ§ @nid@e ear infections,

ﬁﬁg%lqué 9*1 hase, . a seni_ anor phous phase, or 'a
s’ Ot Phobmeita, sl wesHonsoand skovinfetidoor The

@n@okxﬁbn%tﬁdﬁn@@ﬁ@ﬂ @refugéfm hlﬁﬁ'a Hr@a% S gc;ﬂjﬁ?b rgrﬂ-posl?ve and

¢ﬁ%$05|thg of, the present |nvent|on
AN Ftﬁﬁ%glicl“ﬁ’élglbpt ot lipwtgd top Gaphdsoccus epzdermzs

25  Staphylococcus aureus, Streptococcus algalctiae, Streptococcus preumoniae,
Streptococcus pyogenes, Moraxella catarrhalis, Escherichia coli, Citrobacter diversus,
Klebsiella pneumoniae, Haemophilus influenzae, Haemophilus parainfluenzae, Neisseria

gonorrhoeae, Propionobacterium acnes, Proteus mirabilis, Peptostreptococcus sp., and
Providencia sp.
30
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smal | er doses of the cephal osporin, for exanple
cefdinir or a salt, derivative, prodrug, or. polynorph
t hereof, as conpared to prior conventional,

non- nanoparticul ate conpositions which conprise
cephal osporin. In one enbodi nent of the invention, the
nanoparticul ate 15 conposition of the present

i nvention has a bioavailability that is about 50%
greater than cephal osporin, for exanple cefdinir or a

salt, oBamiopattiontate CoR@bsiGonOCoRPHKAD mphg.t;&%{nqgf
adn1n|stered in a conventional dosage form |In other

enbodi ments, the nanoparticulate conposition of the

P esentTHerpV@&ttimn r8yillsQANRb i s abo
\Y gllg eat e, about 30% great erIL ‘%%Jtcy"ﬁs’?/? o C%lgﬂ}smg particles
1o

EpRsset(RAA Cﬁ&ﬁh&?@@p&r exemiflocefdixa nfpdt mltceefrddaﬁver prodrug,
OrorgQlyshof tﬁerecﬁeﬁﬂd\fﬂ AMEast BEL s%g g)hlhzg oJ%ng@%hc‘#ﬁ? m

thereof, admnistered in a conven
THE™MR aﬂw Mer%fixﬁfadeecnbedrpn@st P ﬁtﬁntl’]ﬁ‘y 5a4568h a%@loﬁarticulate active

d profile. a

{ Sy g RAL HRGRLDEL LG 1nDhoP Riarintt YD Paenudiormp 28202

sibi084P1; STHE, 785 Sciesisoal, :ez&;m)ar srawkomlem@gﬂé 9fitk @opfs 349,957;
Imte

t t ;
RS s B S B SR B s oy 5 881,453, 51 40
séJ4t70 586k 544\72.68346 SODRO@trsugs 738; p,sr% 1\l 118 szb5 ﬁ%feﬁ ?&’:{ f33“"9"592 160;
a nmal | an su ec
B R hb gtsﬁg’??@%ﬁﬁﬁe?ﬁ%r%%ﬁyﬁgf ST 780,58 5,585,108, |
'd@ ,587,b43; 5,481, 85078, 59@9@615{&9@38{5 iRldgyey &{%rs%ﬁ 4 919862?%%”? 718,919;
articulate co OSI on,
3?%1;\%@%@%5”6@%? T &68:88; %158, 25% CobOAIROBE5, 2251 4110N6,064,922;
of, 267,938} 6, §70;Izmlrﬁ:] g, tataem,, 6,22;25@6’% 1428 rSIE%I %ﬁ?&&)ﬁ?gﬁ%ﬁszz 285;
ﬁ}o%?né S?fdiﬂ“n‘i” %%%% Bri41-Aed 6;851 lgﬁéﬁé\oabnq 69969;529;6 976,647;
tdﬁalﬁ 991 141 tah&U/SUEatfs&rPubﬁ@an%ﬁ s CRBNR 9@7‘3%@09%9% ered
?@Hﬁ%ﬁ'fS 05osa e by a non- nanoparticut _ ’
FfPotl %3& Bk 208501476640 20G5606308 124D SERDT I 7 2005003 1691
2yasuol
m %:é%e%o%g?tbgg?w 20@40‘2‘%@53 2 4%5%{7;%’ %8?%2@63@?2%040208833
?rﬁ PI4AR 20087186895 B0046MFGRT 22O 41D2 B L0OM 11 Si3k: 20940105889;
@k
PO g@agwgk é’zrolbﬁﬁ%gdl%sg% 98 7Bots,he ogé@éz%o Q@“@owog 20040018242;
%Q;ﬁogw 200232 W23 APSVL; 290301 85359@90@0’9@@1 wezmbs. @1f3 7067;
Avso e R Dol gBy Sl Msods ABRBRdaS a5 o LIRS 20550012675;

present |nVen |o

anq@@om&@gp Wawpipes small f)ﬂflcl@)ﬁ@ﬂ'fkhﬂmﬁ@&r@ Id@échb&i][, for®xample, in
TR by SRR PO TR L
90% of the Tmax for the sane cephal osporin delivered

at t I}S sgé%g%bov%s %g ffg%we average particle 31ze of the partlcles i the
nanoparticulate composition of the present invention is less than about 2000 nm (i.e., 2
microns) in diameter. In embodiments of the present invention, the effective average
particle size may be, for example, less than about 1900 nm, less than about 1800 nm, less
than about 1700 nm, less than about 1600 1un, less than about 1500 nm, less than about
1400 nm, less than about 1300 nm, less than about 1200 nm, less than about 1100 nm,
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25

non-nanoparticul ate conposition. In other enbodi nents
of the present invention, the nanoparticulate
conmposition of the present invention may exhibit, for
exanple, a T. for cephal osporin, for exanple cefdinir
or a salt, derivative, prodrug, or polynorph thereof,
contained therein which is not greater than about 80%
not greater than about 70% not 15 greater than about
60% not greater than about 50% not, greater than
ag{fﬁﬂ thgrdiputl§PO nus keset than dtioarv0ahm) les? Bi¥a ab& S5 £ than about
t 9 r eat t han out 15% not

ar o R 2 L850, 1% g 5 B iy et howt400538, s
of thathaboTrAdR nfrg st then Slewe250CeRNak ARAALLR 266 Hn‘,’EEsenﬂm?ébout 150
tt}gm§%snﬁ1 do}gagﬁ%(%mg non-nanoparticul ate conposi tion.

In one endoth fssithp abpyid s AT lepsibaatmut §F nm in diameter,
C e Inwhswsqityi Light-WaREHRSSANRS P 0_of the
mamal i an guigj ect, is | es(gg’tdt]wgﬂogg%gﬁ%r%zﬂg?g DABSte gethods.
hours after adm nistration. In other enbodi nents of

t he i NYRWan : al ospar.i.n i.s less than
about 6 hou%%nléﬁggﬂ?ﬁ%ﬁg%%ﬁ%?mf rﬂgsg?l ne phasg ap gmprphous
aBott a4 MbtRy salling ghase, kanmbdpoerph@s Ipbase Sor al gisGird hddof

about 2 hours, less than about 1 hour, or less than

about 30 minutes after administration. 25 In an
enbodilfredditiert otaliewmederentmalinyeiit dofige SrAGNAPRE hifophatate

CORRRStiL he. present. invention exhibits, for
ex an‘pl§lc'g%’Ii gﬂﬁ%rfg?lglﬁvg%lﬁﬂ §?‘HE‘E’0‘P‘F fsed Bloaglabiliiveand requires

cataliprdosesonf theeeplail dsporthe THNEREME cof iAW WSalt Uori |

t q};n%?]g &%Qf ai ned t herei.n V\h?ﬂch is at Igdst{lg‘ﬁﬂc‘)’%’@é&&’or
0% 0f 't he ¢ T STURRAIE (@ RAY CBpmErmdpopinnersttiovteadmpbsitions

tclsamprisosabEofpyria. I ABBARRALIreh Bl EuER 'I}P&?a'ﬁéﬁag@cmm

Icgmg(t_)sri]negm%t odi ments of the present invention,

nanbpar ti cut at & RgRyaER hass bitaveilbilisy Betistabeut e¥itgraurer than

wehalosjinirtnj for eXMiple€XAdMr 8r a SalCderfvak in.. for

gé‘?g%lte% efdinir or a saI”t‘, deeri'vé‘{ei’ge, fglﬁ’?’%?o%l}zhereoﬁ

pol yrof phieeregonal dasgec iopn oo her ehbedimentshthe harioparéitulate

Feaptsitiahofithe RO iVenti3ARt 2 BRI BRRY 88300, about

?&’90/ at | eaég about 4‘900/(;?l at | Sg‘gg'/ a%tg%?éogg%%’ Bigpiter, about
€ gg%ea 5h3beute d%r abgut || @%ereates dun cageMspain, fdreashplabafiihir or

-BONYderdbtiteg lole} 13%{,}91% h . t 1000%. a

L east aboutﬁ?%‘g% lﬂgt Ieatst@rre %%g%?&f%g%t%n agpryeg; 2 dosage

aBBut 1300% at |east about 1400% at |east about

1500% at 5 | east about 1600% at |east about 1700%

at | east about 1800% or at |east about 1900% greater

t han ThfBanchtricylefe compositamenayeiodiospdssirabld ohirnas Aheat

phdTRe SANE n- nanopartjicul ate conposition.
pfn an ents)%g(? ?rdéﬁ%ftﬂ? Engnaé degesierepi/@drmapmalian subject. The

desirbls phamecdlinetic porfjost the edie@bitioh ehcludes, but is not limited to: (Da
Cunax for cephalosporin, for example cefdinir or a salt, derivative, prodrug, or polymorph
thereof, when assayed in the plasma of a mammalian subject following administration
that is preferably greater than the Cmax for the same cephalosporin delivered at the same
‘dosage by a non-nanoparticulate composition; and/or (2) an AUC for cephalosporin, for
- example cefdinir or a salt, derivative, prodrug, or polymorph thereof, when assayed in the

_plasma _of @ mammalian subject following administration that is preferably greater than
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10 present invention exhibits, for exanple, an AUC for
cephal osporin, for exanple cefdinir or a salt,
derivative, prodrug, or polynorph thereof, contained
therein which is at | east about 25%greater than the
AUC for the sanme cephal osporin delivered at the sane
dosage by a non-nanoparticul ate conposition. In other
enbodi ments of the present invention, the
nanoparticul ate conposition of the present invention
mashe UG Bir the shuae cephalbBposin daioPldG: &2 shigt 168006 :913&19 rin,

for exanple cefdinir or a salt, derivative, prodrug,

or H%SPV%%WO"%H?@P%@PWQB@ aiTnedon dsphadésponish ifortexamspla tefdinir or

| ved M ¥@rugtor 4 | 8
easilt, @&hRbbvedpl¥anat lp?%éf%rﬂ:g?&feof #Hén %%aar{a(? %Et&g /ﬁa:%ﬂ'} of a

100% at |east about ' east a
| SBYPmAlE Fbigct Sollowang 4deuistiativo ttat BIOferablytless éam thealygifor the

5 223% cédhal : % at, | east about 275% at ..
¢ Gt chaloliinh (MU PR K ® oca OB SO0 Sy ppppgpition.
400% at | east about 450% at |east about 500% at

| east - 550%  at | east abpout 600% at |east .
about TEiinRRE b Bt ropgaretc i mroroog te
aprdsed gtventmukhiBi) For eaimplR AT, 2109 UephBRESArindtor ELAMe cefdinir or
_ aggﬁﬁ a299%,. at dI east zi\bout 950%. at_ | east about
1600% a1 e 451 R SR BHBYherrol, (cariaipeditheisin whigpinopgreater
10 | émstbai LML of 12Q%Y, fothe &md &rdlopBRY IR0 % Gk ?ﬁitxd@cgotsage by a

than the -AUC for the sanme cephal osporin delivere

t RE R a aernsyitign nbyrthra soledimee bhthe prsen avittianthe

2 patie (e R5iti6R PO BRIER if RRARIMNR) dhfit Rf Brample, a Ty for

ConﬁajSI t |,03 wherein the phar ma_qo_k; nétic pro FTetor

C PHEPBAPIFxample caidinpiTa selfddiivative.qrodius aF polymorph thereof,

dentaRl heoin wRICR S e A f..fol,l ow

adm ni str at,]uil \gn Ci s no‘fgr eg%[)@tg %%@EW? Ja%F %’%gtte %té;a%e)a/bou{\?]@% not
15 rezeptethansbew§0%; patarester shapabus 0%, ngj@sdaten ghahlabout 30%, not

HhalilaBb\t 230 e i.s n 0] o
0T Skt 250 B TR el Bl 2%{“."@%%{ tn about 15%, not

G3fra hs8 gbeut A0%berarob edater thamebonts% o6 fhedls,adbpiht sdine When
t RRRAR i e composition is admnistered in_the
f glglav ers ugf e_%lkegwf aggl%ees m_rsgtthl A be 2 PR-PTOPYHGURAE comBgsition. In
- osphmbodipent of thomldh] @8F ., bf Cophal MR dasAP in the plasma
20 § ZON(r " the absorption of ceEhansporln 'S
 PhCF BATEH M EtIesH i Iptsdhamrabgenfi to labgus §dourFiafter adinfilistration.eln
bther ciBARntsQT HRUFRLUSS o 1 gﬁm ' @,g@
%gﬁgal sporin fornul ations 1 s&%ral eélska é’.lesﬁ'ﬁhgn about 6 hours,
YsqooPohhayrs, fostham gl # beuraless tomebott 3i leugsy Ik than abbut 2

B LR LS R b
25 In an embodiment of the present invention, a nanoparticulate composition of the
present invention exhibits, for example, a C,,,, for cephalosporin, for example cefdinir or
g salt, derivative, prodrug, or polymorph thereof, contained therein which is at least about
50% of the C,,.x for the same cephalosporin delivered at the same dosage by a non-
‘ nanoparticulate composition. In other embodiments 6f the present invention, the
30  nanoparticulate composiﬁon of the present invention may 'exhibit, for example, a Cppay for

cephalosporin, for example cefdinir or a salt, derivative, prodrug, or polymorph thereof,
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an increase in subject convenience, thereby increasing
subj ect conpliance, as the subject does not need to
ensure that they are taking a dose either with or

wi thout food. This is significant as, with poor

subj ect conpliance, an increase in the nedica

~condition for 10 which the cephal osporin is being

prescribed may be observed. The invention enconpasses
al so a nanoparticul ate conposition conprising

e e?ih&ill@é preerdim whichiis a&Xe&BﬂﬂbﬁutCEﬁ)% Bi [basPibodt RBbY, at i\f/:\,?']St alf']out 300%,

de t ru ynor ph t her eof , in
rtnler??ts Pitaofls, %flca?'f?é’o‘dt &s Bt et eyt 60024 iBf least abayt 200%, at
f dsisegbont &ID%, laSlekt ﬁ’lﬁﬁﬂ9%{ﬁjﬁ & ieast%@oﬁt q 0@5%',1 ap JeSdt " 4 Je o 0, at

t t
i ERHC 0P St BPROHOBYs, eticiscehmpbbi00Tos s dtoat 1500%, a
| N¥RIUDoRILGOMACE Le AT ﬁb@%,?ﬂ&@t% Gt fs%@va‘é%raig%g}aﬁ?ngggoo*%

fasted state, preferably 1s’less an a
t BRI iR g, forths satharephblostor@QRtiver 8 tHebane asagd by a non-

8%@01)5%&“%%%}9%?&5 80% less than 20 about 75% |ess

t han about 7 S than about 65% | ess than about
60% | ess than about 55% | ess than about 50% I ess
t han about. 40% | ess than about

t han

3505 | Aot epdinep e 58 RS ok aplvswprResHon of th
t rasenbiweittion @%Jbiltseﬁﬁ ekdi@fle, AAROUCE k2% hal BSSint fb@@xzﬁiggé‘&efdlmr
1&%831”% t.han out 5% or | ess than about

one e rfbo&lv%"ﬁt prg BYTUB 08 PPiparRty tBereot; sratainpddrargin pyhich is at least

eaboormasgxeaeﬂhﬁzomp B3jd fo@the sﬁﬁ%éﬁrﬁlo%xﬁ%gmlr&ﬁﬁg{ ¢ ddme dosage
exanpl e cefdinir or a sal deri'vative, prodrug,

bry A B R A erompPsttion clncither embodisiiin pEthe Btehem inybution, the
trhAoeiRRS doh@Bsitieh &F (BeeSSE ivBnid fuf te&thbit nglaéxt%fngﬁe, an AUC

31 ﬁ% |valent to admnistration o e conp

K F"é‘&:“i’o’i"i‘r for epempls cefidmir grip Saléaienwamle,am@sg,@ebblmmdrﬁhy
@hereofXcoatathe Aerd@V wlR) kR ?eagﬂ ab5ht f}?))% 'éhl%asp %‘ut Jf: at ?eag about
5@@%{%? Adm ni stration and the correspon |n ar'o

BribaydrRe - gtimasigbout kdss, allesit abdabmﬁguuadbhstramt 200%,
biveasp IRAILIEE5Y, QF
ggnf i dence -17 Ilegfg%ngég(ﬂ)? %tk?éa tal%!“PjI]A\L{J%g ohet !ﬁ%aatbogt 32)8%’ at
TLREeH 360%atdegstrbos 4@%% ln@asbﬂuem at lasse atmt 500%, at least

SREYSY, af RaDLASH @d)()%il ot E&%?t afbgut ’)’5?% tg%ﬂi{)%;aﬁtg@e%é at least about

To_show bi oequi val ency ween
Lilitee3t st abqud BOQ6red lenstahsut B0 %y atreast aboﬁl.ﬂ‘()o%@aﬁeﬁwﬁﬁsut 950%,

; 500 St 0
g0 il 108 ol Rtp Bnden Tamropet Tigov
or at Bast That h2005p gneauex:thhmthe AODPGShd da@ie cOfhaloBforin e RErEPAY the

| §aﬁxe HB&EQ ﬁ}e Q n$ ?n%pf?mcu%te comp051t10n

The invention encompasses a nanoparticulate composition wherein the
pharmac_okjnetic profile of cephalosporin, for example cefdinir or a salt, derivative,
prodrug, or polymorph thereof, followmg administration is not substantially affected by
the fed or fasted state of a subject ngesting the composition. Thié means that there is no
substantial difference in the quantity of cephalosporin absorbed or the rate of absorption

when the nanoparticulate composition is administered in the fed versus the fasted state.
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unexpectedly dramatic dissolution profile. Rapid

di ssol ution of cephal osporin, for exanple cefdinir or
a salt, derivative, prodrug, or polynorph thereof, is
preferable, as 10 faster dissolution generally |eads
to faster onset of action and greater bioavailability.
To inprove the dissolution profile and

bi oavail ability of the cephal osporin, it would be
useful to increase the drug's dissolution so that it

c ol abnedritiahd céphhiab‘;ﬁinn%&ﬁﬂatioﬁs 100UMNTe R FEQRPORESHRA:

of .t he |nv n preferably have a di ssol uti on profi
R OLLSPURYTIR SBRSarRs Whomeminisiered i foreb Bbis dbance in

of absbiptiGEMREVES R '
de? | {S}g?. Ve tgg odiruli,l gt?hvglétﬁfnaﬁ?%ﬁo sﬁoﬁlﬁfo%ﬁll {1011 IS undesmahfe The

di Sagosen of @Wﬁéwneﬁﬁoﬁnwﬁh$$n®knthe |nvent|on, at
5 | east about 30% or at |east about 40% of the
cephal osporin, for exanple cefdinir or a salt,

der i vatHendits pfr EUﬁ)IS&@ fomr Whinh yuistaphallytgiiefes théeffect of food include

d Ir?%%glré’ﬁg %nvglu%]@ct c?]nvepﬁg qe%jhy lilrtﬁ:%%fugé gm%% %é)ntlﬂqlgg@ as the subject
abloest nod 84t tatnsﬁﬁ: the asdly a&bt@]dhg 8Q%e cthervAdSdr vﬁﬁ@h‘ttfo&p Phis is
1|gﬁgast abaut 709% or at |east about 80% of the

ant r\"’l  poppgu &%(H)B}péla%f 1 AeTeass in He spgrdical condition for

10 demichabd ce@hawnp@@; 14®eing prROiBEAE Y belbsiRal . 1S
di ssol ved within about 10 m nutés. Finally, in another

enbodi nent of the invention, preferably at |east

about Tk aveatiod 8RkpARQUsoS!

at east a%od? 100860 t%%qﬁ%%%&fggﬁﬁ%?ﬁggﬂé$8% 5mnﬁe
cePhpiAsRorig forexample cefdinit eray Saliederipatodr prgdrugyror Eﬂymorph thereof,
PRl wWwHigH é?ﬁhlﬁxg‘t%{ti%ﬁ?t)f the o bR {1\489 b.;mjéctﬂ 1, ARoyt state %  biocquivalent

m nutes. Dissolution Is prefera asured

15 pieafministiEtiemof e enmpositinh tod fubipct rSLacfh:l gate.di SS oI ution
mediumwi | | produce two very different dissolution
curves for two products having very different
di ssollie ddferapeomidbeaption qfdlst qOIHlpOj;ItledSthf; mlverﬁwn, Wike

I Cct
Gumsatusts B CRA UL Be AEH RREBIPS ISP b HBus reph s
i¥ea hopd 9586, lesm thag abcmn go%eusaxmmmnessm Megs tHae abolk BO% | @&t than

I 0 0 i on of
20 gﬁ(gh Zgrr%ij%tkg | ssoi" cl:%mth[iil %%H’% é’d’l %fd?encﬁ?’(’ut &%’ less than
st 65%6plessttmetboyt. 50%3 &ess thah abdul gs%J lgﬁ&hdiﬁbbﬁkdmf%, less than
e, Use to neas
AL 08 RG89 8] 52 Do 5 b 5, st

wlzm0 pEsh 1 1o lhantabowt QOO Fosd h@matfut $93€0- 160 @Ak iaB5ti38,. t hat
5 particles thereof redi sperse so that the particles

have an effective average particle size of |ess than

25  aboutIn 2088mbdlithént dF ﬂﬁ%\%ﬁtmn—rmeﬁn%ﬁtl@ﬂ (gl@ g S0, comp
because, if the particles di d not rse so

mswg&@héwsm@r Pramplg exfdigs Opaﬁatlﬁ, é¢reram prodfug] els s
poaRorph Mefeo? QACrefd ik 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, in
particular as defined by Cyney and AUC guidelines given by the U.S. Food and Drug

30 Administration and the corresponding European regulatory agency (EMEA). Under U.S.
FDA guidelines, two products or methods are bioequivalent if the 90% Confidence
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in dianmeter; the conposition nmay | ose the benefits

af forded by fornmul ating the cephal osporin therein into

a nanoparticulate form This is because ;

nanoparticul ate 10 conpositions benefit fromthe snal

size of the particles conprising the cephal osporin. If

the particles do not redisperse into snall particle

si zes upon adm nistration, then "clunps" or

aggl onerated particles are forned, owing to the

exintess (?IHPQHUQ afléce g éh‘-&'wflf]ﬁarﬂ&h(lgy IQS (The _meas(;xrqme;nts are not

n : stem and the ther nam c drivin

o b O o B 8P Gn P\utitio TBAL+h borwsvalaer Byveen

Wtwvh copounds omddntimistaftios uetiitagg bosRindiosthriiard Eﬂbﬂsﬁulj&eﬁﬁ‘es, the
we

15,.bi ai il of the dosage form nmay fal
o0 B U tuun bEbirir 1 s oqun the 0P b6 Con s e
of¢. 20he 1manoparti cul ate conposition. In other

enbodi nents of the invention, the redispersed

particles of the invention (redispersed in water, a

bi or el examhopEihidate UmpdRioR bIRE i Hhdahl §1:0| osdi o aqrgdzla a)
have an 20 ‘effective average part|é1e CHECO1 g8

t HaGrPeabsily dpmatc dinshutiah prafilel J0@idthysolugies of dephaledpotii, for

Rt e, KB AU 0 DR, M 28, o
1fpgter disseutipe generdilyieadh Guhstdr3N8et bF Mtioh asd gilelanbiahaiMbility. To
1; . -t ahqut 1 e | ess, t han about
5ot giBiioh Ihe S Higgiapint o The e bRiatpoapdntodtse
rusafol tol ingeast MeerdregiodissoRidn Bbl that 1€ 8&uld Kdiin aRQbtc1 B0 1009,

| ess than about 500 rim |ess than about 25 400 rim
| ess than about 300 rim |ess than about 250 nm | ess

than dhoutmaitions of the B&entiohpadTerabl9 UhvelD@ssohon bRFR: in which

t.han abo 100 ri | ess than about 75 rim or |ess

i BS8HE migtedt st b aled e caehtnsnastn. s cagpmple cotiniror a
|selg hier etiag tpesdrig oRPSIAEHh HE&t as 888 vedO fin OhB&mbodiments of the
appropri gt e qg}h&%;. Such net hods suitable for

eas ury ﬁge F 10t 7478 oattdrabopAi0r) @ the cophalesparia, farmwmple
efdinine b S41Y) doiivaaielipheinye, $KpdtmbBh iRPeoR ik dissihvedtrlihin about 5
RedlspE%S|b|I|ty can be tested using any suitable

FRAE: Eh3thitthen shedimprts ofghe ingesion, prefymbbed irabtabout 40%, at

£ tbAN SO atUeast a03at (%, aNRast Goonf 50988 o %st'ég/ ¢lgHo 05
Conpositions Conprising a nergi stic

Naﬁ%Bartlculate ) ony
EPRYPIPIER-JAr GRmRlessldjreey sl defizeieve prathiugj argolynangh thereof, is
BN biRABIM T MORY CALARL fr anoer AbIRNQRAF fk Gul.at &
conposition of the present B’lt’ AVent lbér%gbeoghnll%l f’@‘t“afr‘a’ %an
preferably at least about 70%, at least about 80%, at least about 90%, or at least about
100% of the cephalosporin, for example cefdinir or a salt, derivative, prodrug, 6r

polymorph thereof, is dissolved within about 20 minutes.

Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium will produce two very different dissolution curves for two products
having very different dissolution profiles in gastric juices; i.e., the dissolution medium is
predictive of in vivo dissolution of a composition. An exemplary dissolution medium is

an aqueous medium containing the surfactant sodium lauryl sulfate at 0.025 M.
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redi spersion of the particles upon admnistration to a
mammal , such as a human or animal, as denonstrated by
reconstitution/redi spersion in a biorel evant aqueous
medi a, such that the effective average particle size

of the redispersed particles is | ess than about 10

2000 nm Such bi orel evant agueous nedi a can be any
aqueous nedia that exhibits the desired ionic

strength and pH, which formthe basis for the

bi Beetminativnaf dfe drfvent@dbRed cal R HBRl %ﬁ%ﬁ'ﬁ%&%ﬂh&&’;ﬂé&y The

str h that _are representative o
phif afq’%‘lg E Bﬁ% E‘Ietth ggﬁ}’d‘i’ﬂeﬁ% Rharmgenpgeiahcantbe ubndrie meb?@mxssolutlon
Such bi orel evant aqueous nedia can be, for exanple,
aqueous electrouyte sol uti ons or aqueous sol utions of
any, saltaddgiopy feaspre phihe pagpadicUBteconipbsitini ofthd inesnE oA is that

V\A'}baﬂ;t'fbl&)iﬁh'r@f tredﬁs?@rsgﬁst?ngtﬁﬁlﬁhaes aﬁg erégf{e%hﬁeo ‘%@%‘5 ﬁ?jp%]e size of

Bi or el evant
| ress ﬁl@n@b@m@@w nr frediphkter. ditges sfgnﬁmxalbb@b&d Mth@ﬁa&u&l&&fﬂ not

. reater than up.to.4 aor 5. In the
2 reitorse YP BB bl 87 i Bbudek paficlsicg of lsehamghev 700 nm
h@d@mletgn thetcoopnsiti@anggy oo Gededitshfodddd By 26:8uBYAL the
|QQ h%lo§ th is also well known in the art. Fasted

PrioSd Ik hn il Anibetmrplat dnrie. Ly b Rgpentefnemetimite
Opd.rM)mitlohEbefnaﬁt@dn feabRll st 88iHk -
E? [1 ut 0.14. See e. S’Q’l""f“’l‘ wn%rﬂﬂgttﬁm?ebﬁms%on It

‘g‘& @ 8? E%&f? %PSB*P intp Enlﬂkpafrrl@lﬁwwelps@ adraiofstratih, then

Praxhpetlor dgifidhdtived
(8); o (1997). w38 BORrlAying CUR eﬁgﬁ’hﬁhs“g&“ﬁee
| ey o theaigemsrtsnl afergstermgnd §I§’| th@mmﬂynamlmgﬁordelt@ adhieve an

t SrafulltB@icaen i C or di ngl
3@ ropri ate Eﬁﬁgéﬁonﬁgﬁgﬁgﬁﬁ%{ﬁ% F‘}fgég@‘?m@g& phiticles, the

aﬂf’é)dﬂltv Rf @ gpsaaefananny feld well belbivalvg obferati vathghe liquid

aditfdfionIbhP O D AS S Sartid fhel §0ml§dsﬂ%| e or multiple
conj ugat e aci d-base pairs (I.e., Tveak acids and

correspondi ng salts of that acid), nonoprotic and

pol Y PIDfthé: eﬁlb@%fems)& B2 ik lc oo, 3% refgg)p%?s%cg?;rpaitﬂh%/?efetae fogention

el ectrol yte solutions can “put
KRepispastedtin watsr, a brwigvangmedla oBRAgothEahiEle rxq@m&e}n&ave an

foQchLe Eﬁre?gl%%gltnc% SEZG 'gf legs @xfu!}\lal%ouz)% Sftﬁ?ﬂﬁ gg%{?pgglgl’{la??%s {hgn about

ég)qgmm dess then abod Im()qtzmrless thaneibear1 66@hmEMS Rrfabout 1500 nm,
E‘{%ﬁf{ﬁo ol ug) {ﬂ cb 8331? but are not limted to,

about ar gbout, [{Grnnp Jess them abgeyt 1240 pradess than
ahivutit 100 080 leks HMHakiBouo [OdOEthS les@ E}ﬁﬁfab&tt dodvhharEds tHJn db8815800 nm,
II%PsOLH}ma%o Loy P about 0.001 M NaCl or

e bl 7o b s Rt b$00cHm. Ipss SeaneberttSPO g, tess than about
400, il38 &han about 300 nm, less than about 250 nm, less than about 200 nm, less
than about 150 nm, less than about 100 nin, less than about 75 nm, or less than about 50
nm in diameter, as measured by light-scattering methods, microscopy, or other
gppropriate methods. Such methods suitable for measm'ing effective average particle

size are known to a person of ordinary skill in the art.
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5 0.01 MHCI and/or 0.1 M NaCd, are nost
representative of fasted human physi ol ogi cal
conditions, owing to the pH and ionic strength
conditions of the proximl gastrointestinal tract.

El ectrol yte concentrations of 0.001 N HCI, 0.01 N HC,
and 0.1 N HO correspond 10 to pH 3, pH 2, and pH 1,
respectively. Thus, a 0.01 N HClI solution sinulates
typical acidic conditions found in the stonach. A

sol ut i ared@peribliMaNaelesRQ¥Ing 88y &t BRIRIAN S wn iy the art. Sec e. g
approxi mation of the ionic strength conditions oung ’

t 8 GRRR seetipps BBH;? Patgrt Npa 6395 Pﬁ@for Goadidrinsa ﬁ\lascuparta:lulate
{| ctiosicdhi OGN han. 0.
rﬁ% oyed to si-mul aEths?ng& g%ﬁ i %‘ﬁ""s‘;"m‘?ﬁ“’ Sltr’%ﬂ%enﬁxmlzcr
1gtyltSodism Sulfgsyerimnatel’ar y sol utions of salts,
aC| ds, bases or conbi nations thereof, which exhi bi t
the desired pH and ionic strength, i ncl ude but are not
limtedhe uarphmﬁqanm campaatiot bpthe pplaart enveat dnSexhib®O Sathdlic

p Slum d.c ium salts of chloride, acetic

DO F I e B Ui iiot .S it aoegete o e or

S ahingl, af dahdmeiritekby eesentien/28ispakidh B f?ﬁfn@%@ﬁt %g&ﬁ%hg media,
| ori

C?ICH&l{IEHS Fg@t assium and_cal cium salts of ch
c ST thet g ehigetve ayerpee Ragiclesize of din tadisposied aaiclenisdesd than about
c aDGI] 1 s‘&lh']35?“01”‘9{3"'aﬁhfl‘l‘%d"f-:?l @nedfScal 5@51%% Q&& %efd}al}ﬁat exhibits the

cgngr ﬁfltl on conprises also at | east one sur
SHFE fopigstrengiyandgylt, tvhech fagm e basiefor gurbidydevrisoritbamedia.

OThS&SREd pit B Wit Birdnd @) éyfhg?é:lﬁat%fre }cng ?‘mve Bf ]))/hyskoi,?glcal

cephal os&c])rl n-contai ni ng particl es era
ehofliens Wpuhin|thedgiman dndy. eSnch hiorelpvanbspowis i cambh, for

t &@In%}ér I(ﬁ‘é@us%fecﬁaﬁte R&Yukibi! o?% ueldfl SO%Q%HS of'c}l%g Pglg acid. or base, ora

chem cal parti cI S or Wt

s‘toamapzreﬂlewef @’Mlhéghlbllt theidesicdglH andddsostbadibiol ecul es
of the surface stabilizer are essentially free of

i nternol ecul ar cross-1linkages. 30 The rel ati ve anmounts
of t h8iwelsyaal pid porélhimofvprin theantp Fer eafupien [ﬂthé)ﬁtoﬁa(ﬂﬂﬂie pH

f oI jor er urface
g'gé/ ﬂ'l&lxzq\eéfr%ghtl?el%g 'El{lég 2 rgglgtrtrﬁ:n iy fr%gﬁ‘iﬂﬂ I? R0 é@(?r ﬁ%the small
mte%leﬁ the IPH\F@II riange frosurtt t0 3 yndvih ded gplon Thenefige GRal 6 mEUNt
BhorkiOfoy oS iEls o8 TRARGRY i o < Bt v Hoe s
Fyétr stpofdth b EabioipbpVliviliile fasddantein{osliR) fluidhs ézﬂﬁnié@tréﬁgih of
of water solutiaons of t

S ITE T N LR R A L

Poxinet asmn{m i Men and Women,” Pharm. Res., 14 (4): 497-502 (1997). Itis

believed that the pH and ionic strength of the test solution is more critical than the

- specific chemical content. Accordingly, apprOpn'éte pll and jomic strength values can be

obtained through numerous combinations of strong acids, strong bases, salts, single or
multiple conjugate acid-base pairs (i.e., weak acids and corresponding salts of that acid),

monoprotic and polyprotic electrolytes, etc.

Representative electrolyte solutions can be, but are not limited to, HCI solutions,

- ranging in concentration from about 0.001 to about 0.1 N, and NaCl solutions, ranging in
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‘can be

5 cefdinir or a salt, derivative, prodrug, or

pol ynor ph thereof, can vary from about 99.5% to about
0.001 % from about 95%to about 0.1 % or from about
90% to about 0.5% by weight, based on the total

conmbi ned wei ght of the cephal osporin and surface
stabilizer(s), not including other excipients. The
concentration of the surface stabilizer(s) can vary
fromabout 0.5%to about 99.999% from about 5.0%to

abmncem@n@%rom lbut 6100 oatoul® YL Qnd @@H@y&el%& T e)QMlple
me&gho ?%% on the total comnbined dr% ht of the
cepa grs“'b Fgms Gnpes bt et e toj shep Gy N Iﬁ tor less, about 0.01 N
i NECLstiag, e@bﬁwoo&mr{m mt«:s% abb€o.¢ RPNEE! Qe a%b‘ﬁtoatﬁ Clor
for the cephal osporin is non-triv 3

stablllzer(iq

r 5 Fhobt LT VaEd oplepie prdveixtues thercafo Of dlaisé glectelyte solutions,
dewt r i@ A I

i nvention ﬁgbg?gg%?§g1Fﬁﬁﬁﬂ%g%ggg¥?géﬁ§ﬁﬁ}§8§@ @“?WE¥WM
n&RBYEens eving tethe pHpod idniowsngth Ocmd[tl(ms nfjthe proximal gastrointestinal
cqgRpal osporin, in particular cefdinir or a salt,
derivative, prodrug, or polynorph thereof, can be

made. Conbi nations of nore than one surface stabilizer
Useful surface

th ' )
st abi |1 %étr?(gﬁ A cﬁg%agﬁ}{%%gd ‘EPB%V@ G N HELi ard 8N B! correspond
i i3 Buind pHd rapectivélfl TRE, 4 0.01 KIQSoRHBA Sinful ARGy pical

|Q9rgan(§(ph tical ex0|p|ents Such exci pients
: 1111u Senditons g(ﬂlgl % HREch. | 4 5o ugnmed Q) 1Y Nagil @revides a reasonable
thpg@ﬂiﬁﬁtﬁm dfﬂielibﬁl: stﬁé’n@dll-&h&tmx%rfgundsﬂﬁroﬁéﬁ}u@me%D%)Sﬂ{ciu%ﬁl% the

st a |I zerf Wﬁ Ege noni oni ¢, anionic, catl
i ghirwtesipgl 9 qughPencenliitipachigher §1an 95 M may be employed to

R&mnﬁ&ﬁﬁiahhkﬁmEWQEBM%ﬂu@ﬁn%H%EQQe stabilizers include
hydr oxypropyl nethylcellul ose (now known as

hypronel | ose), hydroxypropyl cel | ul ose,

p0| yv iEStyrlnFMfyr s@ldt;ﬂﬁ’é"&" safeD gérmgls@y&ryéom%}ﬂagafsqher%% which thlblt

osucci nat e, ge atin, casein

|
‘E%%‘éy SUI'F #hRY areSipnic gsasgi incluge r{wfaa@anqtdu,rmtctim ﬁsisﬂfo@ﬂc |
tatRAGAGHRLD salét%ﬁiuﬁa ﬂgt'agi oG R fl.%“:(a? of orc! g
eara 5stEHs v

cal ci'um stearate, gl ycero nonos
APdEREate salis drsoriny egmszmndsqarcwmglmaﬂthmmdrmlc

eSS carboRAt ya@t)é Mesbﬁ]ﬂ/xhlegs S eﬁ; nd c%ﬁ%%fsa&t&a%h’]onde and citric

macr ogol ethers suc nmacr o

polyibneizselint sqdéum potasviuniahd chriind adliswEshioride.

pol yoxyet hyl ene sorbitan fatty acid esters (e.g., the
comercially avail able Tweens(r) such as e.g., Tween
20( r )Asstatediaboen, tBO{mirobiGbn SpeRisad didoyat Rastne @111%90)3 stabilizer.

’Pﬁg %%éyslta%ﬂ%elgclza\ﬂ%oelaasorbed on or associated with the surface of the

cephalosporin-containing particles. Preferably, the surface stabilizer adheres oﬁ, or
associates with, the surface of the particles, but does not react chemically with the
particles or with other surface stabilizer molecules. Individually adsorbed molecules of |

the surface stabilizer are essentially free of intermolecular cross-linkages.

The relative amounts of the cephalosporin, for example cefdinir or a salt,

derivative, prodrug, or polymorph thercof, and surface stabilizer present in the
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(e.g., Carbowaxs 3550(r) and 934(r) (Union Carbide)),

pol yoxyet hyl ene stearates, colloidal 5 silicon

di oxi de, phosphates, carboxynethyl cellul ose cal ci um

car boxymet hyl cel | ul ose sodi um nethyl cel | ul ose,

hydr oxyet hyl cel | ul ose, hypronel | ose pht hal at e,

noncrystalline cellul ose, magnesi um al um ni um

silicate, triethanol am ne, polyvinyl alcohol (PVA), 4-

(1,1,3,3-tetranet hyl butyl)-phenol polynmer wth

et hythpnstiop et the paseht frveinden Y49 wi@dp OrhekdpQ¥YRL @fount of the
pol oxanmers (e

ty superione, and triton), .g.,
Pl t“?%é’%ﬁ‘giscoﬁé’@ s 4R ﬁeﬁff@s{tp%, ampys RHCE hings dhagragedelar drug
C Ogpidolepthe hiafrobily HipRile wﬁﬁcemﬂs&rn%wfiggaﬁﬁ,%a B)surface tension
pol‘foxam nes (e.g.,  Tetronic 908(r), al'so known as
Pot oS plEe st ﬁ)&"sm@ﬁ?@h Tihg cepceriratioh gfibt cephalosporiochr example
5 CORELiNFBY a ARY de¥iORtivk! ' Ltd on of \
oropyl ene. %)% %egﬁ%ﬂfg’ %}?%Iéggﬁgg%x}nﬁl&pé] q?%%ﬁé%aﬁ)‘/’fngr{?ﬂ hpuiy-5%
( BAgROWN) A6t frem denup BT%Ate dmut Ravis opicamyboud¥s Jo dbout 0.5%, by

e 0 L e
pariiaciiding eGiesuicipmit dh¢ Rafvantenidn bE@e yurfiCk aaaRieAS) dan Yary
I Q&)Er) aboﬂgﬂ.% écl)a %bao?te (%t?gﬁé zroigr{,]aé)%)% gé%o ?0 gl:}ogta 9rQa9t‘Vi o?rf]rom about 10%

sucrose di'st
10 p1q ahonchhdspervesistndayed(opl thEiothd EombiAddSRy kRRW bfase Jllﬂéspon'n

IC%J Nl ta%“]”ﬁ t ant. }0-. Gr)(Adin Chemcals, Stantord,

P O UES T KENG) 1Y roluding e excipigris) . and  SA9OHCO,

which is CL8H37CH2( CON( CH3) - CH2( CHOH) 4( CH20H) 2

(East mgn Kodak_Co.); decanaoyl - N- et hyl gl ucam de;

n- dec;ﬁ’e(c I gﬁ au%lﬁ%gﬁr%wblgqe{(@; forthe gepffalesgiorin is non-trivial and

(Bqidradekteafiys apeshaRition 16 RABLY ddkBalit BLEAARY A0SLESH. te
15 n-dodecyl (3:D-maltoside;, ) : ] .

_ r%'ﬁs(e %%np W@ﬂ‘ﬁ‘j}?‘bpm,’ng discovery that nanoparticulate compositions
reokiibiig céphalos il G PYHRRMASL HEnir B7 zhs?am Q’Aﬁvgt’i)\fe,Df)rodmg, or
thh%%J caslde; n-hggél (3- D-gl ucopyranosi de;

&10] 61;}! bRrepk fanegragsani de; n-noyl (3-D-

gl ucopyr anosi de; octanoyl - N- et hyl gl ucam de;

n-octﬁb@gs-p~glucopyranoside; octyl (3-D

t hi og tions 95 g, thPR@ephdessabiligércian be used in the invention.
20 PiEuChehesdiRlers IFHE G nderivative, 25

PEG vi tam n A@SSEG Vi (%E%e %ﬁ]@&%?oz%fr%?ntu? Iéf?ﬁg‘ﬁf’ but are not
_ @btsq[ {Ppispoyvngfrganioand imygandd ploonsceatival exeipivnts. Saek &cthients

AW I useful..cationic surface
B Pt BmBt R e iy Pl B oA 6 and
pofaginete.sSurbice plebilines mclujehyane Afiohid fGtioke)ibik, 384 SSitterionic
akgifates, phospholipids, and 30 nonpolymeric ‘
conmpounds, such as zwitterionic stabilizers,
25 poly-n-nethyl pyridinium anthryul pyridinium
chl orﬂCde

ree%ﬁ“ oni c:l hosphol i pi ds, chitosan, _
ol yI7RRestvs Sl aptien el bifistreinciyes preneropyi
- mahylendiulogd @OHNA6H I bahFprémhémRE N RETBRIpYITARML de
~ polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate, gelatin, casein,
Iecithin (phosphatides), dextran, gum acacia, cholesterol,.tragacanth, stearic acid,
30 benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,

cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g.,
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brom de (PMMIMABr), hexyl desyltrimethylan opium

brom de (HDMAB), and o

pol yvi nyl pyrrol i done- 2-di met hyl am noet hyl net hacryl ate
di methyl sulfate. 5 Other useful cationic stabilizers

i nclude, but are not limted to, cationic |ipids,

sul foni um phosphonium and quartemary anmmoni um
conmpounds, such as stearyltrimethyl ammoni um chl ori de,
benzyl - di (2-chl oroet hyl ) et hyl anmoni um br om de,

C 0 wmgoltef-hemudydts wmmmogm l@b@pﬁélﬁ@y@&yﬁﬁ@éﬁs@@ml derivatives,

W I 1
g ye cols
érﬁ SJ@%E g’%ﬁ)?ﬁ/ﬁo& %g‘ﬂ%)ipng}?%g;(;& DWWOMNn@marates colloidal

5 | leﬂd'dn@ﬂ)xﬁlfe B{o@ﬁﬂa%@’carﬂmflﬁ&h lkel{'lﬁctml&?ém &ar olzﬂnaﬁg}lcellulosc

10

nmet hyl sul phate | aury enz
c rﬁOB%% E‘eg'ﬂ’lcﬁu‘é?ﬁed@dquaﬁhyﬂceidﬂmlHypforr(eﬂbi’eqmma}a)eérnoncrystallme

a
TR e ] AT b v s v,
( élAﬁﬁsyemrn@hﬁWtylb@hwl pdmrwlthmtﬁ)ﬁemaMXﬂfelaﬁ@ formaldehyde (also

I b hi d
B NP S i) PoTetnom Gt Bhrepvssdigs® and F108°,
N“é*the Block ‘(@@Iﬂpﬁ)of dﬂhyl%héwphdélaxﬁgﬁaéﬂywngghhml PSRN .,

- t.r i et hyl ni um h

al E%ﬂ“?g‘?gﬁe%‘ﬁ e Pt Bo%mah&haﬁ Kigfrafunctional block

d P"’I@ﬂ)tm}dr dﬂmed lﬁokﬂﬁeﬁlﬁnh@l adHf&Uﬁ Mgp f}l%tdﬁ/de aMﬁEszde to
' oa
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Qr:h . e% .et&%@? ted al kyam di al | ryl anmoni um
TR t Ut @W@Fi&%l&’yﬁlmmmmldﬁﬂ@abmc 1568 (T-
diwskwmmmio&e ab L H0RP T e isana r
dec ?‘fﬂ air?mnm igﬁ)%?(lmddg Rfchisan floyl aryl polyethe
g‘ﬁ%é{*ﬂ %f)b@ﬁﬁtasm, which esrl IQIXM@Of sucrose stearate and
rmmbg/diﬁtairew (@l’oa!i K]\é')(;gﬂsg ) h@ﬁd@g&y (gl}(:ldol), also known as Olin-
%ng agoni um chlforid o
9@3}%{% | ?Fé?‘ﬁ)]/?ﬁe {2r Chemisal.Siemiord Ok rodattaa Skyio® (Croda,
leag aneshsgHCAIWRR
angm um chl ori de, hm@%g?‘gﬁowldwwﬁb@ﬂﬁ
dRasemindGodak|Goy)t ddoamyN-ssléthplg fit hon@BTHMCYND-DL A fmé;h% o-
%éc ﬁ C.7 tri tgﬁ# anmoni um br om des, dodecy benzyl
ooyl pa&wﬁonﬁ? Va2 g— -glucopyranoside; n—dodecyl B-D-maltoside;
B 1-BlthathglbiBinhye,; B
dlqirrt%l;ogyl amr%%n um Ch@gﬂg?gﬂl Erb %m %’JI—%’%S&%%&P um
&%‘g?@ﬁrl@rérsl:xrlrﬁ Beglgqopmndm;de mmmlmnﬁmb:zgmcﬁ&mde n-noyl B-D-
gﬁ%ﬁn?\g?éé Y ?oar th]%g[ypgmda,éx -octyl-B-D-glucopyranoside; octyl 8-D-
ﬂleigltadmaydokidb’rl’ﬂit@ 7 i) PEOL Qe
Eer G ALI QAT 30 B SE et

l%l% x%il % um chl ori de (ALI QUAT 3

aé’ﬁf‘rgn YerayBeorndm capetymyrs of vinyl pyrrolidone and
\hﬁymeémyla@m’nkgm brom de, choline esters (such as
choline esters of fatty acids), benzal koni um chl ori de,

, Examples of useful cationic surface stabilizers mclude, but are not limited to,
polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,

anthryul pyridinium chioride, cationic phospholipids, chitosan, polylysine,
23 .



- 24 stearal koni um.chl ori de conpounds (such as
stearyltrinmonium<chloride and Di - stearyl dinoni um
chloride), cetyl pyridiniumbrom de or chloride,

hal i de salts of quaternized pol yoxyet hyl al kyl am nes,

M RAPOLTM and ALKAQUATTM (Al karil Chem cal Conpany),

al kyl pyridiniumsalts; am nes, such as al kyl am nes,

di al kyl am nes, 5 al kanol ani nes, -

pol yet hyl. enepol yam nes, NN-di aI kyl am noal kyl

ac PSP Elémidasple, polaipenc, plyimeihplzmetiaiyhae GaldiS oSG Bu@Somide

| abiotlid ABVIRT t at
a?E{/I)ﬂp?/rl di ni @%ﬁggﬁylfegﬁ&%ﬁt %‘Bg’;g’ﬁg’ﬂiﬁ? GHPMA By reard

anPeHsvieWpyrendidon o -discsziniinb ! SitHasry 1@&&%?# Saffate.
quaternary acryl am des; nethyl ated quaterna
pol ymers, such as poly[diallyl d nethylammonium

5 chlori (ﬁt]lerand’umt ¢ NaBTRERY he M
110 ¢ SalfiRieny Z‘J ugf{%llt &y {ﬂdtexeeHFn Pzi;xomc lipids,

cgstu ﬁ%‘h‘?‘@ %‘WPQ’Q&’@%?’%@&‘FF?@F@ aamwnomhmpm&dwkucﬁai i oni ¢

sute%@@ﬁmeﬂiyﬁhinhd AR ShiGide r and E.
Si n(?o Cati oni ¢ Surfact a%i%gﬁ AAQ-(?%({I%%]ND g{lf omum bromide,

{ twethel ammeniyms shionHs @Jeﬁrmmﬂck@bonul Ry diRydrénRnH
Ruﬁhmﬁm{&ﬁﬁd ’ ur f act an Physi cal
0 % stry (Nadrag}ebm%z(%(elkg%yp%@{fam%?fﬂmﬂ CLIRP% (§67Yd dimethy!
1 ﬁl‘ °tyl Sampriem ghiosde @rlganide, CRAINN hy MBS ammonium
Dakki&de or 0 ri,.c .surface stabilizers are
any noenop (1)3 %‘? |c§&g€tndﬁ%ﬁn?§l R gi?&‘ﬁetg’gé‘ﬁ’i%ﬂ“%hﬂd?ﬂde or bromide,

cﬁV’é?‘YId@me@Yh@mmmm medyipophack, laalyphﬁﬁeﬂ?@ Bér}iw ammonium

CaRfd a nal oni um

conpou %g brogﬁ%eé 9’3}1 Hl(’:neg}y 8 g%ll?ﬁg’fy Wo@wﬁﬁbbﬁde orgbromide, N-alkyl

GF%IBEK?WM Iahmo‘n“ﬁ]l mt‘ﬁ dﬂk)‘gl(’]@g k%‘g}ngﬂlgl]r%enzyl ammoniwmn
15 g%[r'rggiggn dtetr%&ﬁyféﬁ%)z&lg j’?ﬁ”é‘%ﬂﬁm m@opy(i[rmar@imethyl didecyl

3mmwum¢ldmobimﬂcyl and ethy i

s S SIS s

égnrrpo o™ ﬁ $8 Wmmtlwfsaﬁd)dlaﬂqytrpounds

dthydarhupomiviha 1&51 I 4 are
a aNR e eyl All(’r? |hiﬂ?ﬂgh ?hox%%eg

R1- R4
912% l@ﬂéﬂd())lf fl@)’lmgmonlgfn Bl a;qh’ogqmeet}(gm}ated trialkyl ammonium salt,

dialkylbenzene dialkylammonium chloride, N- d1decy1dunethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alky(C)3.;4) dimethy! 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammoninm chloride,
dlalkyl benzenealkyl ammonium chloride, lauryl trimethy] axmnomum chloride,
alkylbenzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C;,,
25 G5, Chr trimethyl ammonium bromldes, (_iodecylbenzyl triethyl ammonium chlonde,
poly-diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chioride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride (ALIQUAT
30 336™) POLYQUAT 10™, tetrabutylammbnium bromide, benzyl trimethylammonium

bromide, choline esters (such as choline esters of fatty acids), benzalkonium chloride
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30 (v) two of R1I-R4 are CH3, one of R1I-R4 is C6HSCH2,
and one of R1-R4 is an alkyl chain of seven carbon
atons or less; -25 (vi) two of R -R4 are CH3, one of
R -R4 is C6H5CH2, and one of R -R4 is an alkyl chain
of nineteen carbon atons or nore; (vii) tw of R -R4
are CH3 and one of R-R4 is the group C6H5(CH2) O,
where n>1; 5 (viii) two of R -R4 are CH3, one of

R -R4 is C6H5CH2, and one of R -R4 conprises at |east
on¥CHEkIHYA claTidy sormpotnds (Bich B stidylaimor@iid chiofiée B Di-

R, 1h . e..of R -R4 conprises at |east
onggaé}}él_ﬁoﬂé) en; : x§ ({e&gg‘z?%dmﬂ&" Rpomids of chigrde. dpelige saftgof] o
CorBErRzed by onyethyddikyRiminds, WfﬁA(E’O]ﬂyM hﬁ@gl%p}éj@@gm (gngﬁ%

CYE&l .G nt; i).,.two of R-R4 are and one o

R, €W?ag ?gg‘gf“é’ﬁfﬁ“% P’?ﬂ;“,‘mw SE pinegusucas RlioRipiegs edigdiggamines,
arrdkanolomares, Rolybdhy RioRdhniey, RINLARRYh@idoh RIMRANSes, and i1
cgﬁggunds .include, but are not limted to, _

b&NERAT IR AP fanyl aminsagotateieaind amdte aoethdeslicylpyridininm
c ably lapy slkcpl infid el i Gl 91 | i; i.um chl ori de

| aur.al kou{ﬂw _chll or dggg?:né?lg:agig%{’ bl?n}ag ﬁ%{)ﬁrnﬁléne,saus’ protonated

c LY FRUNPEMaBEGT Bethylated aratomampolyhicos stk s padidiai ne
Pt 605803 WPPRORIATLG SLRELIS i)

(Quatem um 15), distear noni um
( tE#Y¥m 5), dodecyl di nmethyl ethyl benzyl anmoni um

‘chloride(Quaternium 14), Quaternium 22, Quatem um 26,

Quatemi um 18 hectorite, dinmethylam noethyl 20 chloride
hydr ochich exetwlary yatiosicrserfivg dtabitiabe kidl€her useful cationic surface

deaknRALAINNIH Y %10 %}.{?t | . ether phosphate,
di et h ‘ano% anmon |eg % J;%os §5‘%F g%tq%’f’mﬁ If&ﬁ'%‘?‘f&’f‘é’ﬁ”ﬂéﬁ?@\ﬂﬂd
e T Y2 D By o
J pfﬁ%% i 5{"5';5@ (e DB o Smd D ipiehmend, Kok
Shitfertinde, Origanic Ohimibiny, YRlagdal Delikde 19981 hyl enedi ami ne
di hydr ochl ori de, guani di ne hydrochl ori de, pyridoxine .
HCl, iofetanmine 25 hydrochloride, meglumnne
hydr obbpolsinsteic suide wlabina e bRAR) HOASRuRt: qgmf)cgmd, such
%ﬁ(gﬁon%@. brom de, ol eyltrinoniumchlortde,
oIy 0 UALE HIGHS 2 carbgrium feppemasls i PagsplRmium ceropshed ainmeenium
singauad, ledRioditrbeMpoid, 8 cafdnfad: 2hdoalta {90

te r}% tri h(}/dr oxyet hyl “ S %m%g&igquwemmy

osphofous comp und, a pyridimium compound, an anilinium compound, an ammonium

compound, a hydroxylammonium compound, a primary ammonium compound, a

~ secondary ammonium compound, a tertiary ammonium compound, and quarternary

25

30

ammonium compounds of the formula NR;R2R3R,™". For compounds of the formula

) NR|R2R3R4(+}Z

(D none of R;-R, are CHj;

(ii) one of R-Ry4 is CHj;

(iii)  three of R;-R, are CH;;

(iv)  all of Ry-Ry are CHs;

) two of R;-R4 are CH3, one of Ry-Ry is CeHsCHa, and one of Ry-Ry is an

alkyl chain of seven carbon atoms or less;
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propyl enedi am ne di hydrofl uoride, tallowtrinonium.
chl oride, and hexadecyltrinethyl ammoni um-brom de.
.30 -26 The surface stabilizers are comercially
avai | abl e and/ or can be prepared by techniques known
in the art. Mdst of these surface stabilizers are
known pharnmaceutical excipients and are described in

detail in the Handbook of Pharmaceutical Excipients,

publ i shed jointly by the Anerican Pharnmaceuti cal

Associ afvi)on andf Rhe, BRAITMIBEAUIICA, ; g%) ty of .
Britain (The_Pharmaceut i}?gl Pr eslg%“gg Qj.}lez’r%lgonegﬁ'%“sa“
conposi t i on@lgf chapof ninatesnicathor aloms onprors e, i n

addi ti qBii} O 8o 6ERNA [ 0 mre co unds

usef ul q:alrll)t treati nb%%%iag-o?en@%ﬁ ' g‘f‘ﬁ’é’@”&&%ﬂm where
conpositiontAbky al so be administered in conjunction

ith ] d, I h ds 10
5 el uad e HF SRR R R B G R i BeCnanpesati R

10

i nventi on nmegmpeepsbtilest @edetetidtn®r nore bi ndi ng
agents,. fil]in nts, diluents, |ubricating agents,
enul si 13}/4 nglv‘éon%}ggfg‘ﬁéﬁ}ﬁhd’nﬁﬁﬁﬂt‘g? is (glefchin Ard enc of R;-Ry
flavoring agmemirBes QsQin¥dhioygs, buffers, wetting

di si ntegrants, 15 effervescent agents,

agents A
per f unf’ﬂg GO 1-Re3er GHlhepe efddirRi i H;CHuatid one of R)-Ry
exci pi ents @h@nm%%astioﬁet:%c%%meﬁtn, addi ti on,

0

prevention of the growth of mcFoorgani sns can be

~ensur ey TRET Reke prei (s anfl oparpf BiuR4 matphbad Heg;ical and

15

anti f urgpl 3ESPRSR, S ns, ..chl or obut anal ,

phenol., };or bi ¢ a?i%l, g}%’@ﬂ@%?ﬁ%‘.%}apﬁrg al’ﬁ}‘atlc ragments.

i njectabl e formul ati ons, the conposition may conprise

al so ek e6thGoAE : sugars, sodjum chloride,

and the i kelgoand %g%ﬁet:’gﬁgo? gétdlmdgeg t?’r?egeéﬁg‘??‘ﬁﬁ“’f‘ gide,

aﬁ%ﬁ%ﬁ@%c@pmﬁa eetylpyriditiatyl c@éqmﬂa,lrwtammtgah; clﬁlﬁﬁiﬁk,flﬁhlﬁl?onjmn

aghldHdb e AMDhi arate and.ge in . Exanples. o )

filling _ag?“m‘%?%?iﬁﬂ%a‘%ﬁ%%ﬂ%%wﬁ%gf@fnqw gderide, cethylamine
drerids, cldorllylvathicousing tidothaQuaruaih!16% dRfeaBidgbmom

_ AariQqus cell,ul s.apd cross-1jinked 25 )
- R el 3 a2 aidRT Podlbens] famenrm nsside Quatemium:

20

25

.30

d_g), M@mit(mazlzmwmimflml@@uaehﬁ%&-l EFd_l:ctQIth_e, ddimethylaminoethyl—
TGS deR D S, G 3 iethanolsunont
m croc r})ﬁ ta qnl e y%t_%‘I“F HY %@Q@o@s@lwm POS il Derthetel
pthbwnh@gmiaps, dllethalh_d]dhmgnia@&‘lﬂﬁ(i'v%dl@l et pHIBpHARE tallow alkonium
Eljllgmbhilrﬁeh}gd gllcoctiéigee Quder tl:»o o i i i

X ladecylammoniumbentonite, stearalkonium chloride, domiphen
bromide, denatonium benzoate, myristalkonium chloride, laurtrimonium chloride,
ethylenediamine dihydrochloride, guanidine hydrochloride, pyridoxine HCI, iofetamine
hydrochloride, meglumine hydrochloride, methylbenzethonium chloride, myrtrimonjum

bromide, oleyltrimonium chloride, polyquaternium-1, procainchydrochloride,

‘cocobetaine, stearalkonium bentonite, stearalkoniumhectonite, stearyl trihydroxyethyl

propylenediamine dihydrofluoride, tallowtrimnonium chloride, and hexadecyltrimethyl
ammonium bromide. ‘
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30 conpressed, are coIIO|daI silicon dioxide, such as
Aerosil (r) 200, talc, stearic acid, nmagnesium
stearate, calciumstearate, and silica gel. -27
Exanpl es of sweeteners are any natural or artificial
sweet ener, such as sucrose, xylitol, sodium
saccharin, cyclamate, aspartane, and acsul f ane.

Exanpl es of flavoring agents are Maghasweet (r)
(trademark of MAFCO), bubble gumflavor, and fruit

f I avor sThe sgrfagectabHigers amon&wml}esfambwm&ﬁ C¥Phd pESired by

ar g, rbat | par aben, propyl par aben,
pencRiaRS B AP, Mo L idiccabupemare known pharmeceutia

p a¢mh:wilm}k1§1 Iam”daembe@ﬁﬂ détasilUg Iﬂlefﬁar}a%dkl Qgﬁzﬁeutzc?l Excipients,

su a or. benzyl alco eno
O‘ﬁ% 2 f(:lhn t@’qﬁ’ tg% iﬁﬁ are L haﬂf*acfgméhé?sp@lmnddﬁlp Bbmdsceutical
5 smxmmsamm (HHOPRBRLCL R 1SUst AR di | uent s
i ncl ude pharmaceutically accepta Seingrt fill ers,
such as mcrocrystalline cellul ose, |actose, di basi Cc
cal ci UMhPERSRBALES ofSRF and/ or. xtures of
any of the for eqoi ng. ’EX@HUO giﬂ TR d‘éﬁ‘igé“?“rfeﬁﬁaélafospmn
og? gﬁfflgfgzpifr : s q&;ﬁd el tlrttuzltmg eactaﬁbhffﬁzlﬁop&;/ iIThe béhpositldh ey also
amp InEfhdd i) ERQ 0S§€e suc act ose
rmnghydr ate, |adt oslgngﬁ yarsuem pﬁﬁ‘ﬂfﬁi‘&f*ﬁﬁﬁﬁgﬁé’(’hff’mmmds
10 Mca@l%@sc cal ci um phosphate such as
Enctonpress(r); mannitol; starch; sorbitol; sucrose;
-and glucose. Suitable disintegrants include lightly

“crossl Th¢l€ellippﬂbﬂ1qn\/df niyd pr&ﬁéﬁtf Iﬁ{fdnﬁ@l'ﬂﬁlay 6 prise Q1ss bk ﬁlh'[lOI‘C binding
i ze arc , and nodified starc

CHACT Al RS iR fost motieinese st s

giweehat, dlavarivg agentt, l}bﬁﬁ&vﬁtﬂ%ﬁ fkrers E%&fﬂ?é %% 8f disinte rants
ent. a s are effervescent co Ines su ﬁ

efferves
15 a%}ffelevrescae Ay Eesin gdﬂnﬁﬂ’@ agers, PR ptherexeipicntse Sntorraipéents are known

Sutltealui énﬁkf@&mpeaﬁﬂdﬁ, 6 AR |
?dghﬂ R Q r' C, lf u(r)rarl c, Oflg{cm%g%glé m‘%ﬂ Thed enam’ed by the

V&E‘Pk&*’sﬂ“&ﬁ?ﬁ%ﬁhquna@@ga ﬁaeras; sethsalpasbens Sthidretiitmol,

| '@hemmatbmcmn&lm@ﬁkéowhsé &le
SOdI u arbonate, sodi um blnug ona{m{jﬂ)latl nasgtgpcrﬁ’posmonmay

8 xsokp@%cggggtgﬁquq PR aedym wh@néslaudmﬁaﬂ(b aimbigents for

20 @Cﬂlﬂ i a t; t
] arg n?’ﬁ’ég%??' DRIARAULNE ieottit MLAGEAGT RRR. Si &7 typinum

At BBHATE &Bponent of the effervescent coupl e may
be present. 30 -28

Examples of filling agents are lactose monohydra'te, lactose anhydrous, and

~ vanous starches; examples of binding agents are various celluloses and cross-linked
25

polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel®
- PH102, microcrystalline cellulose, and silicified microcrystalline cellulose (ProSolv
SMCCT™),
Suitable lubricants, including agents that act on the flowability of the powder to be
30

compressed, are colloidal silicon dioxide, such as Aerosil® 200, tajc, stearic acid,

magnesium stearate, calcium stearate, and silica gel.
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The conposition of the present invention may conprise
al so a carrier, adjuvant, or -a vehicle (hereafter,
collectively, "carriers”). The nanoparticul ate
conpositions can be made using, for exanple, mlling,
5 honogeni zation, precipitation, freezing, or tenplate
emul si on techni ques. Exenplary nethods of naking
nanoparticul ate conpositions are described in the '684
patent. Methods of naking nanoparticul ate

" conpositions are described also in U S. Patent Nos.

5,518, 187: 5. 718, 388: 5, 862, 999: 5. 665, 331: 5. 662, 883:
5. 560. é@’?‘?ﬂpg‘isé’i

cephal osporin are dispersed I n a

methcathareMagretect Heradempit bOSMIARCO), bubblReak Dave0 bistbhit flavors,

5 Meghapi gal neans are then used in the presence of

10

15

grinding nedia to reduce the particle size to the
desired effective average particle size. The
di sper g m cap be, for exanple, water, 15

on.redi u ] )
saf f | gmé"?m%’ﬁ‘ ‘,gfjpé‘%sﬁ%’( ABYeS ate niAssing| sorbgteymaethylnaraben, propylparaben,
p deymidacidmd igkaleobthérRE@s of B%%oxy%nz%égfg;s};ﬂ g’% béigflparaben,

preferred di spersion nmediumis water.

o Aol fuh ﬂ%"e‘gﬁi"ﬁ berzykalgqhol, phenopie eeeprvedsoficlats preast or
Oneartitizh e sz AMben NG nRA] ém&lgcﬁ_s' conpri si ng
cephal osporin can be contacted w one or nore
surface stabilizers after attrition. O her conpounds,

sueh asugbicdlide o EARRAHISH LOph A5, SomeL L Lon

~during the size reduction proces Sofch ah
ebtoseolaetosn dibesiy cadvivinphesphatt, GhcdBGR:s, 00r
- Stixnirefhiafy b ul de and.that it may be
the case t %a{k;ge fﬁ%‘%ﬁo\é}% r]% air?ﬁlf P{]@ueﬁt&ncgﬂ%[" mcIpery Hpliine
rfgjfulses, pushiae Adicel° P1t10E adeAivicel® P31 102; ladibhe SUG s Y ENt

ot .Gl of , the desired sizg nmay be separated
| .aﬁﬁoﬁ&%&ﬁﬁ&? eé“@’rdg%‘isi g P&‘F“%‘é‘?egP@ééhtdibaqv@ﬁtci@nphc@ﬂxate

20

25

30

Ancit dsdimanmiphc®; ofand iR lith, ShSicleslf o0 ARORPALL i cul ate
conposition is by microprecipitation. s a
nmet hod of preparing stable dispersions of poorly

sol ubb@tabReRMAURSAOMER AL resence of surface
stagilizer(si and o%%ﬂg%ﬁﬁgggm%guﬁglng?ﬁﬂﬁVPPs&”w’““n
EATT Rty staghregize stareh, ved mgdified sthiches, abscanyellob@&Rium, cross-

pMcﬁxeﬁs@hMﬁ%éﬂPﬁ%&ﬂAtH Bk %ré)?tgreg gﬁé‘é 3 metal inpurities.

Such a met hod conpri s€s, eX : (1) dissolving
t he cephal osporin, for 30 exanple cefdinir or a salt,

i B PR g R R o i i
apd @arboate er bicastainatei Snitddeppisbe AGdBhcth @28 eMMfiple, citric,
tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts.
Suitable-carbonates and bicarbonates include, for example, sodium carbonate, sodium.
bicarbonate, potassium carbonate, potassium bicarbonate, magnesium carbonate, sodium
glycine carbonate, L-lysine carbonate, and arginine carbonate. Alternatively, only the

sodinm bicarbonate component of the effervescent couiale may be present.
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29 surface stabilizer, and (3) precipitating the
formul ation fromstep (2) using an appropriate

non-sol vent. The method can be foll owed by renoval of
any forned salt, if present, by dialysis or
diafiltration and concentration of the dispersion by
conventional neans. 5 A nanoparticul ate conposition
may be formed al so by honopgeni zation. $ Exenpl ary
honogeni zati on nmet hods are described in U S. Patent

No. 5, 508 cithBosifiarof theRireesssvalioRnepash L&
Conps sc'let(igons Coni‘ai nier?{g“ Nanoparti cl gs. ,ﬁ%ﬁ;ﬂ%@g%ﬁg{, h@‘é"a‘“’ or
cOMpP S L P lPHY S RITEreS conpri si ng

~cephal osporin, for exanple cefdinir or a salt,
derivative, prodrug, or polynorph thereof, in a liquid
di sper si*HAMIPRATIGHRLE Fompesileas ¢ ipymsislusieg tfongainple, milling,

5 dinsRBE&HEARL .z o reduce .the particle
i o EE b GoTRAST L Phi Be Lopb R iyl FePEge Shfmptary
TReethod pf wildng camopdrtculad vaapbsitiinsinz dedcribdd I8 (R 6SERGEL
ofvit, . surface stabilizer. The particles can
oo Bty SE A E PR PUELAGE <GP i denbediionn ELF datont Nos
ePrh&I8H 6708 38815, 8601969; 65331 ] 0662, $I3NS56RIIPOYMI$33: 5 534 270;

s . L , can be added to the conposition
bggg%gﬁi d?%ﬁé?ﬁgr after the size reduction process.

10 Dispersions | S can be manufactured continuously or in
- a batgh node. Anot her nmethod of form ng the desired
“nanop Popemcded REBITISS SPTPdYnG cspijospprimgre dispereed ing liqnido
| digpersibr(édigm in[Whish HR BN RPN LR Mr%%%ﬁlbleml\?&hﬁmngal A ons are
qg anlg.o or ganoaqueous sol ution of cephal osporin,
f w7 W&L%P@ﬁ“a? #f grinding aneslig tp redywee the pastivle siz@ ® the desired
EffckiviGvedfe RANIRED PrHRE] n?eaﬂl [Lfsac
1 1 ggngon oa gf%ﬁx 12 t%]r,]exaaénplﬁ, i‘”&f‘fﬁ q

15 stg@ilizerég into a cryogenic suc
APCTGES: ethrBoldrBynet glyserin, pelydhyigragintod (REG)ghe@hd)bi giRcol.
fA peReredbisertith Sedibfib GLEP! L i ze o
c ,régg talli ]zsgef ion gﬁlgﬂ'ﬁg?)ta{l%gl gﬁegpraaﬁeﬁ e ﬁeurfd'fcgii M4 P Ay
RERECS OF Y deast eng spetoeistabiiger. Tbe pemidien comyisinge cpltalisp@ir0fan be
SOANRAL wBY SN - ndi t.i on t he
particl ‘es can °h avré%ge?ﬁfé{%aa%f %t"etloﬁb ?’gﬁ(ﬁf’?f@@ﬂ““ﬁi% suchasa
fiheenf, s} baradded totthpconpveiting tnagshe sincredaitive Plocék e Dpersions
20  ERIPR u 1 1.1 . that ;avoi d aggl.ongrati on or
e AR u O AR b P Rlen g oPE i ghe an woula
ol Suyitoey Sithe cabd that, follpivtheloiieg] R all biRtidiedRYy B¢ RQuced

. e_equi val ent. _nanostyuctured particles
e 500 SR S SRS S (e BRI detred g s b gparaced
andiserign ghepabatice of the plebady indBRIE! OUS, organic, or

or ganoaqueous sol ution 30 of cephal osporin, for
exanpl e cefdinir or a salt, derivative, prodrug, or

25 pol y#mofhr methed epformiag @beﬁiégiﬁeaqﬁnahﬁkéhiaigc%héééit@{‘ﬂ b
n?&%lanﬁalt o[nto, a cryogeni c _substrat e. T SO vemy
ltroprecipitation. This 1s a methiod of preparing stable dispersions of poorly soluble
cephalosporin in the presence of surface stabilizer(s) and one or more colloid stability-
enhancing surface active agents free of any trace toxic solvents or solubilized heévy metal
impurities. Such a method comprises, for example: (1) dissolving the cephalosporin, for
30 example cefdinir or a salt, derivative, prodrug, or polymorph thereof, in a suitable

solvent; (2) adding the formulation from step (1) to a solution comprising at least one
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-30°is then renoved by neans such as |yophilization or
at nospheric freeze-drying wwth the resulting. .
nanostructured particles remaining. Another nethod of
form ng the desired nanoparticul ate conposition is by
5 tenplate enul sion. Tenplate enul sion creates
nano-structured particles with controlled particle
size distribution and rapid dissolution performance.
The nethod conprises preparing an oil-in-water

enirBtostaldngdrtahe (B)%Y&iﬂzthﬁl% tht fdﬂrﬁlﬁt;@? ol s%gx% USIg an appropriate

sol uti conpr|S|ng ce ospori n, or ex

c e‘FQﬁﬁ“‘W?‘iﬁnbr Thg method canjes OHQWGI/EY reprogarof gny ﬂ»ﬁnemlt,wﬂp;regﬁht by
t ha£19a§ or (ﬁmvﬁ% & Corm bR ip e%fe &1% %épeﬁ}oza by 'é(g'tverf’t{?gﬂl mpeags.

di stribution of e particles i
the size of the enuIS|on droplets prior to |oading of
partlcle si ze can be

the e ' ' the drug. Th
> contr M ed %‘%E"Eal?? TMrL %‘go? ﬁ’aY EF EOIE‘FQ gl by hamegepiattionr e,
t tﬁxemghnsleﬂnmgtmhmﬁ enctiods ke iRy S 1 iRk 1 Néeff 510,118, for
k% %fﬁtabl|l X is achieved with no or ressedr
 CuP RS B PrsBetine g nBe Gmmoryion Grniageing Mmopamidiond Sowh a
amﬂmﬁ wompres displrbifepartidialiondp# s LA HdthCHo aﬁa%,pie cefdinir or

: al%éles are recovered Var i ous par e hor
C 4 flh dervplve, pradpiger Rplyragsph Bsreohtiva Gowid ﬂmperslﬁn medmm fol]owed

10 pbpadgstingthe Gﬁgérﬁlb@fb%om-l;@&%%ﬁ% }egﬂccﬂ; Sgaﬁpclg %/1%3 8t%lilev%esued

net.had conprising the adimnistration o
a SOHY® Bierege Rattielp sive-i Bas rerEslecapl bs rettivad m:mmamltlsd pPiesence of at

Clei¥i 3hOSPREd d’t‘abﬂfz@f ﬁfégympgels &Ehdl on aﬁteer 3 &% Omiﬁr Baprg surface

derivative, prodru ynorp
Ftcither besfor eralior asgison. Dthee ntrhmundg Budhas b it 2he e
ﬁgﬂe i,nt y avenous
o o P B By ol & et oyl glocesp ispersions
§@PPﬁHmPW@ﬁWQﬁCONW“WQQW@$Qia&ﬂﬂmmOMﬂglnal) nasal | y,
~rectally, ocularly, locally (e.g., in powder,
ointnment, or drop form, buccally, intracisternally,
" i nt r apeptheonehdd qf foroting thp idesidel! yianopagicting cbinb&xtm%ﬁs ﬂ—)hﬁ)ray

DoRA osi,tipn can he utilized in solid
2’? i qﬁ‘f‘*dfqé“s‘?(%ef Or T f.gzs {LMPRISE Hueglng pryprgapic or
e BIoun solﬂtgmloﬁ pemhbﬁmﬂnﬁfor @kdiﬁ}:{l@fgf&mr @,e? Q.Iu? derivative,
o rul ati ons ast nel
0 froBRPorpo SRR i et DG 8 rgpae Buid such o

h@wtmltregen dik dyt@tbtsf Floeakeg- E?ftfiﬁh@%?l@ﬁ&] fr@eé& gnded sufficient to
Il e rel ease

at i ul
r}}u% ?a | oam{“’ﬂﬁﬂ‘gﬂaff‘ﬁgﬁw‘é{% éhv%ﬁoewé@mn@n@emcmm fedtticles.
pepeadisgor Ok kbiied df@BFent@Ystem and processing conditions, the particles can

have varying particle morphoiogy. In the isolation step, the nitrogen and solvent are

25 removed under conditions that avoid agglomeration or ripening of the particles.

As a complementary technology to SF L, ultra rapid freezing (URF) may also be
used to create equivalent nanostructured particles with greatly enhanced surface area.
URF comprises taking a water-miscible, anhydrous, organic, or organoaqueous solution

.30 of cephalosporin, for example cefdinir or a salt, derivative, prodrug, or polymorph
' thereof, and surface stabilizer(s) and applying it onto a cryogenic substrate. The solvent
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-31 Conpositions suitable for parenteral injection may
conpri se physiologically acceptable sterile aqueous

or non-aqueous sol utions, dispersions, suspensions or

enul sions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Exanples

of suitable aqueous and non-aqueous carriers,

‘diluents, solvents, 5 or vehicles including.water,

et hanol , pol yol s (propyleneglyco

po st q’fylln@“?é tgm}ﬁ@m such g4 lycﬁnhdaﬁxoﬂlﬂatmb@hbnd(ﬁ‘éeze drylng with the

Suhﬁﬁﬁhf?ﬂb aﬁ%ﬁe%%% .vegetable oils (such as

ol i ve Oi ¥ PGani c esters such as
et hyl oleate Proper fIU|d|ty can be nmai ntai ned, for

exanpl e th se.of . a co ing such as lecithin, by
the nai‘ft gyr% ctz‘ (if’ﬁfoﬂgmg nageparticaiate epmpesition isfby

5 casaphfe ethiulsil JePhite dsidy cx{eﬂ@s M26-sBficeSHA I)ﬁﬂ%l?@%%h con?rolled

Sogld dosage .forns for oral admnistration inc
bUBETU S s SEstibutop apd ippid disselpdersperformpral €bs msthohedrsprises

| GzRgRSan APWIARL S, cnltild and the solid
dosageﬁ%%nrm can be. fl%r:ang%errr%&gﬁ& tfswmf 2 PEr 4ugE sgution

f SPWPH%%‘E@B?IPS@W@I@&%P@@S@W drarsalt, deyiopivie) prad@tlg, or
d et £al el ¥ t ended
s L LRSS e b

re|l ease dosage form pulsa
10 ilyrecy rgsuipplthesies ofdhecmsidsian drophtit pridk Itceldacﬁﬁé SABEANSBYRith the

fa her e A solid dose tabl et
6 180S0 O B B30 08 e,
t theough seleaal wg eﬁxolveatsadcm;txlaﬂzém lehmaion! sedalty ANehiefedlvifh no or

one o nor e ne exci 0] ents (or
P#’%!Fg)g-’swéauc Ao SHESHERNY: té? wlvsnt gideateriagpmemoved, and the

pﬂﬁ@i&lﬁﬂ@énmo f([ﬂ@tumd'l)hﬁfCES afe red%tRA dVﬁﬁous%HﬁQleQﬁoxpholo ies can be
15 z%ﬁk%ﬁﬁ; lactotsed P%{ose gl ucose, mannitol (F
0T C IAEPYPrFE onsl o pipresding eqndiions
carboxynet hyl cel l ul ose, alignates, gelatin,

pol yvinyl pyrrol jdone, sucrose, and acacia; (d)
hunec tﬁgﬁfnwmg’ﬂé’ © geovisies & giedod corprising tha pémmistiatien of an

&ffeciive amsuigtlof a8 Eul@g 86 i t
Skl 055, RfunopgTLuaY Cm};cgs?go%ckl ﬁﬁﬁge@ﬂgﬁfpo%% B Example

‘i’é‘ﬁa Hav 8% 4 PTdTU2a P emerph tieeofol ut i on
20 retarders such as paraffin; (g) absorption

accev\ﬁt{ ators, such as quat ernary ammoni um corrpounds
(h) weteRgosigrishe rereht invensien gin RSoaiudatbd for adhﬂuustratmn

PhrRANQk. o TRMASERAE %Itﬁmu@ ratg'ssggr%?ﬁaneod&&, ﬁ)lf%ggr (? %1 Lgn S0 1d nhquxd,

and bentonite:; and brica
TREsA Pt éﬁg”éﬁlb na H%Sﬁll}'l;m@ﬂéﬁfbfc Bicﬂly (9@[ il powder, ointment, or

- d26p ®RNWLERRY, IRl e§nall S’gga emone%'i%fnétpglcalgh amb&xp fike.

m xtures thereof. For
25 the dosage forns may also conprise buffering agents.

The nanoparticulate composition can be utilized in solid or liduid dosage
formulations, such as liquid dispersions, gels, aerosols, ointments, depots, creams,
controlled release formulations, fast melt formulations, lyophilized formulations, tablets,
capsules, delayed release formulations, extended release formulations, pulsatile release

30 formulations, mixed immediate release and controlied release formulations, ezc.
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30 Liquid dosage forns for oral adm nistration include
pharmaceutically acceptable enulsions, solutions,
suspensi ons, syrups, and elixirs. In addition to

cephal osporin, for -32 exanple cefdinir or a salt,
derivative, prodrug, or polynorph thereof, the liquid
dosage forns may conprise inert diluents comonly

used in the art, such as water or other solvents,

sol ubi | }-zin ents nd emul sifiers. Exenplary

emul si f Itér %ét}ogs é‘t‘ﬁ?ﬁe A ReEmbral injeatiop repybmptieghgdiologically

et hﬁ}deptablebteﬁataqueoag&yrl HehdAk | cohol , benzyl
benzo yl ene 0Inygol §Ohé i %Pg%leﬂnffg%ﬁensmnsor

di ﬁIBPﬁI‘;‘z’P%’ B’Pﬁngﬁ’f"a EOW@F% o7 reonstitution m@ct staris efebtnid solutlons or

o I t
g L dbfgﬁgdsigﬂrsm Qg%m?l%Jﬁ;gl%ﬁyge{gqg&% 1% ﬁ%qgl%?ﬂsic%{soé@%qqoqolvents

3 poftyEtinips Bkingota, etlgaaft yolms @r@ﬁﬂ«tﬁxﬁﬁlyﬁﬁ SRR 1
M bt st ance n e like
n r%% < adr? ;ang %{e lp@&?f a%H: 3 é}? Cqtngeetable ps Gyrdipsiobied ¢il) and
efifuseirhly erzamo esters saich ag emtalaﬂm Qb filiflity @m%tamcd for

c My deriyative, prodrug, or poly
t %&%@F by Qiéca‘%egga §ating Fﬁ%éﬁi lesHbiphycthe ln?mteA@tcaalfﬂ]dmpged

| @kl ok itbphak o8 BioprorisNadd sy HARERRLL ML AL ©

10 conmpositions of the invention may be varied to obtain
an amount of the drug that is effective to obtain a

deS| re-ﬁblidhbﬁ@ﬁwid God RARA ul ar
gsi ti 15 and met hod ﬁgst&a%flmﬁﬁ@g% {:ar%ﬂm lippited to, tablets,

s eq c?se ﬁacg‘?}%a\ nges\RIWVdersepills, or pravdpe matisthel el dokikge form can be,
dies examipld, @{sﬁﬂl@lﬂ bsagelohf Céontrl)l:ik:% Elgéjsa ﬂ?aﬁf fqr, lygphilized dosage

alpl ggg i on, the potehcy o
ceph ﬁ@ﬁﬂ lease doprge dersi, ewtdndtd reltdsotosage foh8AfulRAL reldid dosage
15 oﬁ)hﬁr ikeCihst Si t ons contain
ch anount s éaftggga%%ﬂgg%%f@%gge? %agfitg%l% AGPEpisftion
f‘éF‘éof’* sqlid fesp et fierailation maka“exm@i tIh eudhabliy d6laSErorrhd the

© ictive dpent YWMIBL SO0, at thes ecific dose
Ie\l/eelal@for an 1%Eartlactllj at\lr%%fgc'f\’gr ﬁp‘g g (@koReRn mepoeT:

\%(luplguf@ {or gprripxsy; seghgts sthentitpe aditadagt Eiﬁ:sﬂfaté |@19 ﬁllcxs or

eRtbhddlsabuc o} cal response to achi eved
S el Suctls AU RO HordsE MRRER ppib o0 aicie wid: 0

20 ?fwgg} astchré)ozsxmh)ﬂcwd:luag@ ah@atus SRS | 1;tﬁJn%prmndone
e n ef a ea )
ﬁianﬁmd sg?égt ac:o{; %dzgﬁh?cpaéxgy SLYc\%ﬁggltyF ; (69 dpmtegrating agents, such as
Hanessrselcam canbonamu;bcﬁatofar apitNdtsty, %Ig'uﬁ@ aci@ Qgrtﬁlgicgr{lﬁ

t f th | gsporin; the urat’ion o
N e ol b1 B8 (B ST PR s ernsisb Abparaiinot®) st

m;@qlmtpdemn hs mt%arﬁﬁﬂﬂ@hﬁﬁﬂ:@ﬁfp@md@]ﬂ) Meljﬁgg E&C GitsOfiRh as cetyl

he medical arts
25 an%llJ)l and gy}\fﬁgerop monostearate; (1) adsorbents such as kaolin and bentonite; and (j)

lubricants, such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, or mixtures thereof. For capsules, tablets, and pills, the dosage

forms may also comprise buffering agents.

30 Liquid dosage forms for oral administration inclade phannaceuticélly acceptable

emulsions, solutions, suspenstons, syrups, and elixirs. In addition to cephalosporin, for
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I'l. Controlled Rel ease Conpositions Conprising,
Ceophal osporin The effectiveness of pharnmaceut.i.cal
compounds in the prevention and treatnment of disease
states depends on a variety of factors including the
rate and duration of 5 delivery of the conmpound from
the dosage formto the patient. The conbi nati on of
delivery rate and duration exhibited by a given dosage
for.m s‘ﬂ tmeran cgn.be described as its in vivo
r el’eade’ proreE? sk deriaun aroag eodr Rohangsbiathrmo theiligaid dosage
corﬁcpmamy can’iph:m 1ﬁér6dhﬁfénts%xhln RS u
copgentration and duration of ?he pﬂ%e%%glﬁwasgﬁwmmther
nQB i} ds YPilizins agepis podicamisifiers: @t@mplady érmtlaﬁexaaﬁleﬁ@mcohol
pr Boprogyl alShdAhyTRESY At ry in.their
phar nmacokij neti c greopert{gglyga%gﬁp Z(‘\?g? liberzoate,
> anbfoPdensslysel. lé’d)s\b’ﬂqn@gIMI,ahdethylfoﬁnaﬁtdepms $00R o QIBRSE oil,
pPr@biddgu@idcdh p as rofile become
i n%ort ant ecengﬁ%g& 0519 i é?‘rg?] E’H‘e?f'a&fﬁ%gléﬁf@ct i ve
t Helrdy e S fong aﬁ@hdapzﬂyqnhy@éﬂeg@somffa@@%mtegq;fg&b{%g or mixtures

emlﬂ{gggsuggt&ﬁc%g% 0h ¢.a4es and durations of 15 re

be conit1 nuousSor pul satile. Continuous release
proflles |nclude rel ease profiles in which a quantity

10 of oney eutical conpounds is rel eased
contin ug% S ‘5’ Sg’élh‘%‘ﬁtapi”ﬁ@atﬂ &t aYrerapeetooliyt effectied dneibt of

15

20

25

acepbalosmnin, m MRl G BniE R | eas
Ez%f | g8 i nc 3de plr el easlijffsg%tl &gg?gtlwr? ﬁlﬁ)d}‘u Orlpoﬁ’g’é’gfh thereof,
R Slerape HORHEHD: detust despgs lovels ofipephapliporimiaeiit i cal
cmnppamdsata&@n ®RlRas ; s and/ or over
dj ffgﬂent f] ma}5 20 f r%@h&é@ﬁg@% vgnedq%ﬂ%?‘ﬁé‘?é‘ﬁ‘f’}‘@é'f‘he
cSHip b cHrets ihehisin p dasic ﬂ@mhutwanqqmufedfez a pdM@cular composition

rad easi AR dihingsth i ives rise to
a .assoc:| at ed %tagﬁlaa%rg o?jg{} 9@&9%%\,62 e GRRTS YpRp the

St tRe hegputg Oﬁ@tmgmtritmnmhh auend JkiRy @Rfinistered
S chtasot g, bEhERsE, Arot il ecol, the dosage

formas a whole is a conbi ha “Rdi vi dual
release proflles and may be descrlbed generally as

" mul t ppRGaLn;) rofil
Vl% conp g nont c%@gﬁ@@ o%yrr(f UI% E W”&%ﬁo%%emn ¢raych
St Rlgsethgreafess eas@e psedft hﬂkmﬁ}ythe dﬁgcdds@eﬂ w@Pbe understood,

héi. 3 r ofile of
th réevgIOI glg L %ﬁ’ség"‘é& P?fuc'\‘)bﬁ" Rf’ﬁc@éﬁéﬂ densig BpreY variety

Pfefactersy ﬂteftmeanﬂ degrbeafibe cf.ﬁllafar b YlogRAGE
to the varrlq)agﬁes0 gappl %pg&‘%ltgg% %Chﬁ’ed

Sk PR snepfl deer? e oo ik paeloysi Seabestionastts besoimposition
(et oyeAL therage, Bodyi wodight CRn&kBIRhIID ke Bhd &R c?ftﬁk]' p%?Qntpthéﬁg,g of

ration els of the harrraceutlc
ag%}? gfa%m -doFaP * 1pistration; 49 ﬁﬁﬁ af exgsetior of thn wphubsmrmr the

duBuion of the treatment; active compound used in combination or coincidental with

cephalosporin; and like factors well known in the medical arts.
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pul satile. Continuous plasma profiles include plasm
profiles of all rates and duration which exhibit a
single plasma concentration maxi num Pulsatile plasm
profiles include plasma profiles in which at | east
two hi gher bl ood plasma concentration |evels of

phar maceuti cal conpound are separated by a | ower bl ood
pl asnma concentration | evel and 5 may.be descri bed
geperally as "nmultinodal." Pulsatile plasm proflles
exffl-bi t Corfrelog R%@ﬁk@ﬂlmaysmmsdémpmhﬁgicaﬁahamsﬁmﬂﬁI

and pl asma proflles exhi biting three peaks may be
described as "trinodal." Depending on, at least in

part, the qﬁﬁq@trvnmss kif plathasuidal &dinq)ouﬂﬁaﬁ ﬂﬁ‘f)?é%ﬁtﬁ)ﬁlan% treatment
n the dosage._ form as

COPRRUANIARASE, T L5 doecge, armas ell dotiivtg
3 dobiyeybbtmvompoutitomatolel 875 Bt phide TSR of

mdew t her <§’ conti nuous or a pul sa
profi e 5 b rtion ceubiad; by &l@nalomp lﬁem ina Ipmtnemnam be described

eray o EnBvd releh e nnaceu Cal C
elebtOreIe aRNH ﬂeﬂéﬁﬁggh B2 éyﬂg 48812 £ompound: .1,

mul,tiparticul ate nodifie I'eas
fi{n\x}ﬁ?tgre% &W" be @%gtpchwnh 8 pore;;amrqgﬂoe anxbdldatrmmrof Qe parmaceutical
S &bﬂhpound@ﬁ ¥ BfooY Blasih Q01 to as a %s1¥113 Rrofl gtpel tg{qs&{?s%%p?q%réal

10 nanopart| cles containing t
néfReunds sy Wéh@pmm@dowem mopértutshecli R0 BRONIDBRU rates of

AR EH1B one surfa

SrapmeR AR, b R N RB0 tRAeHEm e peSidecome
i FRoseRisienpntve desidar imdetipging éffeuletherapendi f i ed
rel ease conposition which delivers cepﬁalosporln for
exanpl e cefdinir or a 20 salt, derivative, prodrug, or

pol ymohsheledse pedifes obdosagnpas inhﬁ L@50iCaRt R B% diN i rations of

15 continuous nner, The nanoparticles are
S‘%E‘i? ah& d‘é%“é‘%‘?%“é&f 3{553 - Arptigenws slesse proflss ingtude release

IPE@@PS mn’éndw quantty 8t addl drindé phahﬂadéﬁﬁca%@ﬁﬂbﬁﬁds is released
I nventi on pr ovid

ent
t par’( | cmﬂgg?“é%‘ez%Sﬂ%a}t?W@&t ?laeéﬁg@s@@mdsmwmtel iRulsatile

\Kﬂﬁ@h peofilds i lude @€ltdse ProBifes e RRRL QtSlQ:%E Ky d1£c%te g&%ﬁgms of pne or
?rﬁ)réjh [ aQli salt erivative,  prodrug, R
{Rer BEmacspiabspsmebadsareislieagsdmhdifiergt rateh encgqmm:r dzﬂ‘erent time

20 ﬁeinesasﬁml anhyFred ;ﬂfa@hdﬁeﬁtﬁ@fbogrgﬁlé%ﬁp tcE)fi]lHngponaJ}%Pc% comﬁounds the

Imre P@i quent  portions al 0Spori n

EX arﬁﬂ’r?; P BV 9Fags fargy givesdise tovant dssosiataoipbaing @rofﬂe‘ ina

iyt OV Rdn tivb oF gefe RO, A ont in

tﬁam.?, are releaset after an |Jr?|§a ??Srmt%ave gjﬁgf?ngfgf eagg profiles,
35 C prefile gh Herslerase fyocksreriiole is beopbiasttof iRvRdIviden

10)eié pileiHesHRl 'ngiy% %lescggénﬁ&%eraﬁy as™‘multimodal.” The release profile of a
25  two-component dosage form in which each component has a different release profile may
described as “bimodal,” and the release profile of a three-component dosage form in

which each component has a different release profile may described as “trimodal.”

Similar to the variables applicable to the release profile, the associated plasma
30  profile in a patient may exhibit constant or variable blood plasma concentration levels of

the pharmaceutical compounds over the duration of action and may be continuous or
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for once-daily or twce-daily adm nistration
conprising the nultiparticulate nodified release
conposition of the present invention. 5 In stil

anot her enbodi nent, the present invention provides a
met hod for the prevention and/or treatnment of a
bacterial infection conprising the admnistration of a
conposition of the present invention. In an

e ' the present invention provides a

rru%?‘?%g‘g BTL"&‘JP%‘{“é g{?fa‘a? profifes mcinde glasma profitsmp bl tetesand duration

whivbithekigbipasihsle bRSmb 8530 ib NG ' .culate are .

nanopar t | ulat%_garticfggﬁg¥B?ﬁkﬂ$§%tqgéégﬁﬁ%%ﬁmgﬁ’@%Jmﬂmk

ThE a“ﬁ%ﬂ Y Ictinch & logaltwi disber blegd plasam cdasintratibn levels of

C OfpHagthdtemi ol tin nd/ or a nodified

re?gaseengggggﬁﬁggg??gﬁaaﬁgg%%d?ﬁgwﬁ%gg 84 Spucrtragpn level and
> t HBaphedsaqnded eanerly @ﬂ?‘!:lplﬁmpéali”_SPlﬂfaﬁlbi pliathadrdiilos exhibiting two

p ol : S n _haying a_first_ conponen

%M% d%?clﬂbgd) A %lmociap eaH_P pﬂl&ra% pigfifss ﬁﬁub‘ﬂflg

conprlsi'ng active 1 ngredi re | egpgaks may be
arfigsqaibed waimaiab” Dpssineni aClOEPRMAAL th€ ﬂ%h(ﬁ)‘kﬂgtics of the

acGh| ' edi ent- contajning particles, eac
o et e B Rind FORYE] Rabdpatedormenvin @ dbereleass poffls of

r dhegadividu icbihporents of embiaRe fdrin §huﬁﬁ{m&’n§f%gemﬁﬁg&% Al in
sai d c»orrponents conpri ses part I'Cl es

10 ! & e'i-a%]%‘ 8f -
cont ar Arhg  CESharalsyds plasms grpfileppmadmigisfrationite a paticat.
salt, derivative, prodrug, or 20 polynorph thereof. In
an e odinen%)of the invention,
cephal ‘BIPoOTPPRIuBsItdhePiseent aention peidehamultpartictae modified
Mgl eaien@RipbERIrALBCHTENiVERS CRPLALD ini
aino articul ate gartﬁcIegﬁﬁ%¥ﬁ?ﬁ%ﬁ€%%%uﬁ%%%qwﬂgﬂaﬁ% ve
T YHE RIS O pelpmaimbdbuedfngr nhurpasicapbigaioef didtame Gh a
15 apualilmanf! THAhANBart [ AQLWIOr ph t her eof ,.
gnd al so at | east g%rgﬂgédr ggrge 5@? c%%&"ﬁn@d&?ﬁﬁ‘?ﬂﬁmm at
fiSbAieTEHIce sRbliger- i nvent i on, nanoparticul ate particles
of the type descri bed 25 above which conprise
cephalos&orin, for exanple cefdinir or a salt,
der i vExstill@notherserbadimeny thepoéspmonyehtiéi @6 @aés a BdpAHiSHate
aodlRaSde R0 ' stabi.lizer thenselves are the.
cont aﬁﬁﬁ# éﬂfgg% fcéldggveﬁ cephplosppmin, iforgramplg cadai or a

drug-  co
20 33l g@}vg@ve@ petaignemglypanh Gkest, oEyanbRrGRt Rdiainihe e $hme, in a

FR@hhd e coati.ng. Alternatively or
addi '{i‘%"g %‘aaf’%', %{?ﬁ‘éanéi%ﬁd&gsoﬂ F 8f ‘ﬁf’ Rg° dﬁ*ﬁﬁ%/qdabegc apgypomprise also
Hdepptrans eurfacerstdbitized rel ease matrix material . Fol | owi ng

oral delivery, the 30 conposition delivers
cephal osporin, for exanple cefdinir or a salt,

, deri \bayét_uﬂaqthqireﬁmwig]_en@ fhe p‘i’é%lsﬁ‘EWeBﬁo& ﬁ@&i&&f ’mt?l%i rticulate
25 HApeRALLicles containing the same, i'n a pul Sat i
AR RRer 2s& cgrﬁgosﬂgolgen ShsSd firgtportion nécemhalgspodo;@ommple
cpfddn dasalg r(lImh'ifﬁi'i@él,iI Ré&ug O Sﬁ?x‘ﬁofﬁl tl?e?&lﬂ%r %glpo%all'tlrclzles Egnrtajning
the same, is released immediately upon admiunistration and one or more subsequent
portions of cephalosporin, for example cefdinir or a salt, derivative, prodrug, or

polymorph thereof, or nanoparticles containing the same, are released after an initial time
30 delay. '
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exanpl e cefdinir or a salt, derivative, prodrug, or
pol ymor ph thereof, or nanoparticles containing the
sane, and the one or nore subsequent conponents
provide a nodified release of cephal osporin, for
exanpl e cefdinir or a salt, derivative, prodrug, or
pol ynorph 5 thereof, or nanoparticles containing the
same. In such enbodi nents, the inmedi ate release
conmponent serves to hasten the onset of action by

m ni m Znxgt appden dothe diorentthegetedent intangivh pRovides @lid oral dosage forms

t e c asnma _concentration | evel
oy, R B oo lal S0l Bl B D6 e sty godicied
mmlemezcempmmlﬂaatpremnu ifivgakigma concentration |evels
and/or maintain a therapeutically effective plasma
concentration throughout the 10 dosing interval. The

modi f i hdstﬂleinem‘éﬁe:ﬂmﬂldldiﬁ, tﬁé‘ﬂé&ht LAY bﬁdd@ﬂ g ‘89?0: the
matri x. mat%lal cause wg i e between the're

oPTFRRiogan é“?%?@?fé&f%h%cf twfacken Wmmtsmgdmddatnn@mtmﬁ ofa

acbinp@ition P uRP&BLisRALG. Ni ng particles and the
rel ease of the active Ingredient from subsequent 15
popul ations of active ingredient-containing particles.
V\here B0 @ndbDdith )
?r edi ent - cont 5?%@3@9%5‘?? 'lgvgfles DR r?‘é‘a?sc?em'glt‘%ﬁ‘f'ﬁt‘éﬂ’omﬁed
@aswmpopigomadiictetdie p@txdasﬁmmgamd maltipatlé e hize

es a lag tine
poropEEERATE, ! ke T Meuahos” IRE Pettpunteine grikemay,
désfdegiredneontrapa natlifioh solabe auatihy endVot @ et Ratre 1628 v AGkerial,
particles. The duration of these lag tinmes may be
varied by altering the conposition 20 and/or the

anountAcobrdirigeo nmjdsf)éoedf the b@a@em@aﬁtohnﬂeﬁmg;ﬁrregﬁgdai :r i ng

l@?nnacglﬁ%sft on .an pount of nodifie
A e P RPSieY fﬁ"E‘édl WPORTRECURRTAING GAti sfingradient-
Icagtatnmgq:)aﬂﬂ:tbs 4ol atlRadt GReehbbduiit BbhipéhelEkd; ﬁ%ng Lamigredlent—

fi aus | asma profile produce
%mf]fngd)a\%gf gh %gFFﬂg‘éthP‘BHOT{?B‘dﬁVmSB rafg mldvfwsiwaton@ﬁ release

- idsffeseiiv Somthé fist donfolbdt Mheteth 4t Iik%stmn@%f@dicpéogt ohgntsr (I.‘:?mpnses

6‘% ced b the, adm nistration of two or
& 8’5 g @?P@%‘HSP@Eﬂﬂf@h?’iaﬁlphﬂeﬂlmomltfdeedatnel padag, or

pdm@ﬁ:ﬂmtth@ébfoin Mﬁntﬁaﬁﬁ&%fﬂl@}ﬁ% ol Pﬁal@sﬁ&ﬁﬁ‘é 'ta%{lj é

useful for administering cephal ospor or ~ éxa
B@f‘%‘?w‘?t forgp thy mulffparticylafq meit ﬁhmsel‘ps odirtaig pazmpaqwmymphles

6hB¢ 89¢ des3RbARBHN LN, &ﬂn Eskio @%gi%gf;oa Ep?e ceg(i:ugig ggatesalt

i nvention, the conp 03|t|
deriy Fta@naméwef qupelmh thﬁmoﬁ;rmzc@ésocnt leabtion® mafaes stabifizer. In

L O ol fid 8L

asseci af ed w Th tgﬁlf ni ??r at| %ﬁpﬂlolfﬁl\ﬂe%‘?tyﬁﬁfh’é‘c‘i’??d
@gg@g@xch comprise cephalosporin, for example cefdinir or a salt, derivative, prodrug,
or polymorph thereof, and also at least one surface stabilizer themselves are the drug-
containing particles of the multiparticulate. The drug-containing particles may be coated

with a modified release coating. Alternatively or additionally, the drug-containing

particles may comprise a modified release matrix material. Following oral delivery, the

composition delivers cephalosporin, for example cefdinir or a salt, derivative, prodrug, or

polymorph thereof, or nanoparticles containing the same, in a pulsatile manner. In one
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fornms given sequentially. In such enbodi nents, the
conposition may be provided with an inmediate rel ease
conmponent to hasten the onset of action by mnim zing
the time fromadmnistration to a therapeutically
effective plasma concentration level, and at |east 5
one nodified rel ease conponent to naintain a
therapeutically effective plasna concentration |evel

-t hroughout the dosing interval. The active ingredients

| nesbatimeunpofishtonmyed @rdvides 82 FBmediatd rdé8¢ 8 ephalporin, for
eX%{lgB_l gd e CO% Sck:t_l on may _conpri se Congonen%)s -

conpritsi g Sht'y? CepHErg85oRPiruesSmolyrmrtxhspefeor nanoparticles
Cebcidiiifig B s@nd ahd the 8¢ bMASE: YebschleR dibonlis r@;%gé;%ﬁ@ﬁed

the[eof, or_ _nanoparticles containing the sa

ac®leg% of Gepbalgsromn, fonpxamptreaidinir gr a sdle dgoupos prodmg, ergglymorph
C OHBEHS 6r Rndpakiles CORRAREGN i § ephal osporin, ..
for exanpl e PE:ef dinir or%aﬁesai { ) _Illl %%?i%\‘}"g’?‘.%\%"{m%?%‘w late
orrelsgievamBPesnt Sspree tifhaston theamep af ddtioh &g nininiizAbdha gmt iem

S 3 iBrini &RHoR} : sequent conponen

corrpﬂl%l%na an tg(ég‘tg?e&telgl gf?flgjc ERtSBE 58pee ni%"el,’ and the one or
C egga rlﬁéwm@ltwpmpmenagfrpa ]fd initieie dﬁfm Aktidn1g plasma cqnc%ntmtion
c ri.n, -suita r co-adninistration wt

c Z p h% f%‘i@%?f"ﬁfmoar tl"%faP“i“.‘e‘%%‘g’&&ﬁ%ﬁ%‘ﬁéﬂﬁ‘m@&ﬁﬁfépﬁﬁﬁm thypughout the
advsingpintengl.edi ent ot her than cephal osporin, or
nanoparticl es containing cephal osporin, and at | east

one subsequent conponent conprising cephal osporin,

for extmhediief diciiefcoatity 28dSAlHe m@Edaaibis¥ Snatr 19&5&’3% cause a
o%ﬁg.oleybgg{ecph t hereof ., or nanoparticles contalning the

s ARSI RTEEER herilerss o the retvadngrediont fromige ok partistinmg dvtive
| ingeURar &inethihd RS ;ﬁ{é%&%%@ﬂﬁ%ﬁ%ﬁ%e&igﬁ ,&%ﬁ} d¥&quent
ingredients are- conpatible with each other. active

i PEPRYPRRL agfve degredieni-cemtainipg pptiskas Whére trivee than one population of
CARAPOmiztdRRt- CRMiIRE: mm&@a B¥aick® Fele%§9gﬁ:| Mrodifid release
enhancer conpound or a sensitizer conpound in anot Aet

CERMERIE(Or Be maddfied pipess imatrormaterialopues 2 tag timzdiefweet He release

kjf @ﬂ:%{ib@iﬁlgljejﬁ%f{t RIm {hB gifgeﬁﬁjgh{);@lrlﬁfogg ?% acti\rkt‘e %Erga&%a%t%g;g Hlé“g

used herein, the term refers

\RRTtekes Shedsationef Gfese log Hmacinay bt heicdiby atipdigahe antposition

bh@avak habidt bF ¥ ' ingredi ent .by. pronotin
net transp or't gg;rog fJSHS(I: d?ﬂ gedsé&lgulng aﬁ%o%aﬁﬁe t,hg Strew S’ei’s’ig god/or
RErqeRt.of meHKind clenst metrbdwnidyiad udlized Dus, the Girh@sh dfthe lag time can

g@g&%g%&igghg%]ﬁ%iag%éE%%Lets, esters, ethers and

derivatives thereo I'n g 30 glycerides and
triglycerides; non-ionic surfactant's such as those
hyl ene oxide with

that gan he prepared.b reagGt i ge1_t1, W

a f.a t]? 5 lé X ?hoe?pl%s%}aé{r?tye éTogBWgﬁ{y thqmg 1p‘<i§ql ml@mor@ps@on upon
FlpwibistrationGs substantially similar to the plasma profile produced by the
administration of two or more IR dosage forms given sequentiaily, the modified release
composition of the present invention is particularly useful for administering

cepbalosporin, for example cefdinir, or a salt, derivative, prodrug; or polymorph thereof.

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
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--38 glycerol fatty acid ester; cytochrome P450

i nhibitors, P-glycoprotein inhibitors and the |ike;
and m xtures of two or nore of these agents. In those
enbodi nents in which nore than one drug-containing
conponent is 5 present, the proportion of
cephal osporin contained i n each conponent nmay be the
sane or different depending on the desired dosing
me. The cephal osporin present in the first
g‘ﬁwcw“memmm Witlothp @8 Hitrali®y ofto dPMore IR dosage
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ofont wndiffed MElERe SSRfoROHISO TRt
% o RS RIRP IRyl

ce hal osporin is present in the co

iFtigendevshthgyghgut edosips atsowal. 500 ny. I n anot her
enbodlnent t he cephal osporin is present in the
conp05|t|on in an anount of fromabout 1 to about 100

ng. | nT¥eActidpiserdients abenth wemponehheay bpha basda differerit SFor
in an ampunt of from

p Eﬁ‘a%ﬁ:’?é tﬁerl:ofrﬁ} ffujmr ﬁ%yogogn n%? ggx:é]fciniepts $emprsing only cephalosporin, for

about out
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FnosubgequsAt EINsTHER sltcmadvely &%Owﬁﬁﬁ?mmﬂls

ptp@gmq@ afi rsﬁc@nmmndts:omphhh@ céphillodkin! BPA@MIERASEr a salt,
The tinme rel ease

5;% L eIfl rst . component.
char act ?e st ce PP Woﬂ’ﬁ’éhﬁ"é? %WOW@%HW&WWWMM
é&@holmfsubiwquen?&)mwaﬁl&eﬂbﬁsﬂ@&h Reivy ﬁ{g}egfgnpymgmgg ying

gha? r(],)nsotl on of. .each canponent, i ncl udi ng
no PRG> Shyrrgpartisies C@%@F‘B?%??Péalmﬂ@rsum fongs-adehingstration

m’sh dﬂ’ﬂh‘m‘@m for a Fifst §ahpdnehY c@ﬁtﬂmﬁd&%n aE%&ﬁ%%d@%t other than

Ge ({r&orln %? econtrolled by chan%

oﬁg‘n}'lp i Tirantaiprg Asphaldspetin andalilfdstehersebeqsat
coporegt dbfhphhjﬁg B@hﬁl‘o@ﬂo@ﬁ; folr fexa%&b‘f@cegdlﬁﬁ)ac}r a@glt, d%nvatwe r%)trodrug,

Bree re than one nodifi rel ease ‘conp
PQaFB%‘Bh fherqof or pPHtighss feitaining thesamg. npdéaly t\ﬁﬁoreﬁmh active

ﬁfgrddtba&en@wm&da;%&a& d'@ Be

Siml ﬁ]{?‘% when modi fied r Séaltx%gcsoe e]n?%"acl {he aﬁ?veedn%yd’ems are
parpatiple il caeh QheraAnaeli veileatedient present imouc compaiar bthe

Eh 8n Bhy b05ccd nt._may be controjled by,

t heﬁ?ﬁm ce’ and Ca%‘étlﬂn‘f% hg}f g%ﬁe’ T BP RS RS ORP PR or a sensitizer
GreRnerRdin agpther C?@@Oneﬁh@fﬁmdmﬁpcemohﬁh@muﬁﬁ&hf)ﬂﬂe may be

lﬂﬁfﬁ/ﬁ%htybpthgﬁg‘%hgﬁgﬁ?ﬁﬁ% in any anount that is

sufficient to eS|red delay tinme for each
particul ar conponent. 30 The rmdl fied rel ease coating

ITay Q@ uQJdeE%n tlller}eeaperl]]hgx% %‘ ers to a Icgmgg]u):ld %r?c%qg cz}pgt?lte of
enhanczng the absorption and/or bloavailability of an active ingredient by promoting net
transport across the GIT in an animal, such as a human. Enhancers incliadc but are not
limited to medium chain fatty acids; salts, esters, ethers and derivatives thereof, including
glycerides and triglycerides; non-ionic surfactants such as those that can be prepared by

reacting ethylenc oxide with a fatty acid, a fatty alcohol, an alkylphenol or a sorbitan or
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sufficient to yield the desired tine | ag between
components. -39 The lag time and/or tine delay for the
rel ease of cephal osporin fromeach conponent nay al so
be varied by nodi fying the conposition of each of the
conponents, including nodifying any excipients and
coati ngs which may be present. For exanple, the 5
first conponent may be an i rmedi ate rel ease conponent
wher ei n cephal osporin, for exanple cefdinir, or a
saflyeere]ditinastd sster; qytoshivous, P460 lqhdiuympP-[glycbﬂStefeﬁﬁﬁhxb{t&s and the
I el1RAsR0nixh OB adm ni strati on.
Alternatll\?/d(:eu Y, ttﬁzésﬁé?}sé?’?c Shptsiefit may be, for
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i ﬁ’é’ﬁﬁ“&ﬁa@%‘f ozgtheswisenefdto pemomd:teméoxs‘_om& InléneAtnbWiitdent) Bie
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15 985hY A Simdf QO UG, or 20. pol y h thereof, in eAc A
conponent con[ ai encleﬁ%a %?8?)‘?1%1565‘3}561‘% her st Bempasntiio kh edount of
l’fy’m alanyd. fip dboet MQSintshwaq@ﬂdC&%hérﬁg ﬂ(é JCEMI%?SIFIL es present

onents. Thus vari ati
%ﬁ%ﬁ‘ﬁ%ﬁﬁ“ 8?“%5%%“@ 6?@8?%4%0@@?1 %qf blefi frgt cokmwonembunt
and nature of the active ingredient(s)) and by

varia#. Qan ofithe g time, nunerous rel ease and pl asma
pr of i 1 SSUREAFIepte Spraierins fapdsdelivang obeephdlespdtin fbinonciobs the

20 (:dn@olnags ke b&ieﬁ&?%ddff?m% ﬁie%ﬁlgoﬁéorféfte% : Zli‘l’%gs% lgaudmg

moc?ﬁ) each (F;ci}rerfponent and the natlure o
CepnaloBPOr iy SXFIPSRis ead/hr coatipasvdth rhay 1@ presmmeﬂj @irgicular, the
IBEhsE&SGephSM%cﬁinﬁﬁ‘@ He%ﬁ@oiﬁ: P%h&ngmé%e Oénp %Pmor dhe

be conti nuous
H |ﬂilf‘em?44ﬁ96h{eéqasq doatinrenidhe pa:rtm:lbse if spbmcmtmg ﬁfprés@nt If

Iﬁﬁi&‘ tHag oﬁ\@ﬂnbdﬁ@@ ?erléz‘é@éjonﬂ:‘%genq llseparfr:sle}{t, gle mo fd ed rele%e coatmg for

25 the lag tine is
each of these components may be the same or different. Similarly, when modified release

is facilitated by the mclus;on of a modified release matrix material, release of the active
mgredlent may be controlled by the choice and amount of modified release matrix
material utilized_. The modified release coating may be present, in each component, in any
amount that is sufficient to vield the desired delay time for each particular component.

30 The modified release coating may be preset, in each component, in any amount that is

sufficient to yield the desired time lag between components.
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or superinposed to a degree (e.g. when the lag tine is
short). 30 -40 The pl asma proflle produced fromthe
adm nistration of a single dosage unit conprising the
conposition of the present invention is advantageous
when it is desirable to deliver two or nore pul ses of
active ingredient wthout the need for adm nistration
of two or nore dosage units. 5 Any coating nmateri al
whi ch nodifies the rel ease of cephal osporin, for
exanple cefdinir, or a salt, derivative, prodrug, or

pol ynor f th red manner may . be used.
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' aﬁpg‘plyglg nigy) and by variation of the lag time, numerous release and plasma

25

30

profiles may be obtained. Depending on the duration of the lag time between the release
of cephalosporin from each component and the nature of the release of cephalosporin
from each component (i.e. immediate release, sustained release etc.), the plasma profile
may be continuous (i.e., having a single maximum) or pulsatile in which the peaks in the
plasma profile may be well separated and clearly defined (e.g. when the lag time is long)

or superimposed to a degree (e.g. when the lag time is short).
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I sobutyl ene, pectin (nol. wt. -30k-300k),

pol ysaccharides such as agar, acacia, karaya, .-
tragacant h, al gins and guar, polyacryl am des,

Pol yox(r) pol yethylene oxides (nol. w.

- 100k- 5, 000k), AquaKeep acryl ate polyners, diesters of
pol ygl ucan, crosslinked 30 pol yvinyl al cohol and poly
N-vi nyl - 2-pyrrol i done, sodiumstarch glucolate (e.qg.
Explotab(r); Edward Mandell C. Ltd.); hydrophilic
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propyl ene glycol; tiacetin; Y At
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e t ht hal ate, di - ct

%ﬂ a}(l}(;ﬂr}o%dar} (?no? v{(}t{ {bipiﬂ()hg Ialétplélc apg thl.og:@ élyqlrogglls polyvinyl
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1dmbuﬂd@kh)e|cﬁhﬂiﬂdl w@Z%lﬁﬁ(ﬁ)k),%B}ﬁc\éharﬁl@PQféﬁgg agar, acacia, karaya,
tragacanth, algins and guar, polyacrylamides, Polyox® polyethylene oxides (mol. wt.
~100k-5,000k), AquaKeep® acrylate polymers, diesters of polyglucan, crosslinked
pelyvinyl alcohol and poly N-vinyl-2-pyrrolidone, sodium starch glucolate (e.g.

' ®, -
Explotab™; Edward Mandell C. Ltd.); hydrophilic polymers such as polysaccharides,
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25 When the nodified rel ease conponent conprises a
nodified release matrix material, any suitable

nodi fied rel ease matrix material or suitable

conmbi nation of nodified release matrix materials my

be used. Such materials are known to those skilled in
the art. The term"nodified release matrix material"

as used herein includes hydrophilic polynmners,
hyﬂk%&h&@%F oI mers and m xtures thereof which are
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The popul ations of the particles neking up the
'conp i ti.on % %{e i nvention may further be included
inrap 8|“§f’ ppdifie w5l A%y CoHpeRE compiFes smodified redense matrix

neftérial, uep af@ble GRIAARA &1Ll @5t oI BliLua s age for !
modified release matrix materials may be used. Such materials are known to those skilled
“in the art. The term "modified release matrix material” as used herein includes
hydrophilic polymers, hydrophobic polymers and mixtures thereof which are capable of
30 modifying the release of cephalosporin, for example cefdinir, or a salt, derivative,

prodrug, or polymorph thereof, dispersed therein in vitro or in vivo. Modified release
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In one enbodi nent,. the conposition conprises at | east
two conponents 25. containing cephal osporin, for
exanpl e cefdinir, or a salt, derivative, prodrug, or
pol ynor ph thereof: a first conmponent and one or nore
subsequent conponents. In such enbodinment, the first
conponent of the conposition may exhibit a variety of
rel ease profiles including profiles in which
substantially all of the cephal osporin contained in
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separate IR and nodified rel ease dosage
Accordi ngly, the dosage fornms of the 20 present
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' %ﬁeijgﬁrgg ﬁ%ﬁ;‘t%f %;f rsgﬁzgglp Fﬁdrbng or mB& s e'é]l?({n% conn?gongr?ts In such
“embodiment, the first component of the composition may exhibit a variety of release
profiles including profiles in which substantially ail of the cephalosporin contained in the
first component is released rapidly upon administration of the dosage form, released
30 rapidly but after a time delay (delayed release), or released slowly over time. In one such

embodiment, the cephalosporin contained in the first component is released rapid!y upon
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In one enbodi nent, the conposition and the solid ora
dosage forns containing 25 the conposition rel ease
cephal osporin, for exanple cefdinir, or a salt,
derivative, prodrug, or polynorph thereof, such that
substantially all of the cephal osporin contained in
the first conponent is released prior to rel ease of
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derivative, prodrug, or polynorph thereof, may be

del i VI%r ed i ﬁ% | ther a pulsatile or continuous nmanner.
These menh e EOIBQRSIUQP éndhthe splidmrdpsags:foris| cnptaining

ﬂmt:blnposmon release cephalosporin, for example cefdinir, or a salt, derivative, prodrug,
or polymorph thereof, such that substantially all of the cephalosporin contained in the first
component is released prior to release of cephalosporin from the at least one subsequent
component. When the first component comprises an IR component, for example, it is
preferable that release of the cephalosporin from the at least ene subsequent component is

delayed until substantially all cephalosporin in the IR component has been released.

- Release of cephalosporin from the at least one subsequent component may be delayed as
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cephal osporin, for exanple cefdinir, or a salt,
derivative, prodrug, or polynorph thereof,  or-
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ahCeonbRkY:pEr s used in sustained release coatings are
nec%ggg)%ﬁg bi oconpati ble, and 15 ideally
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MC Caqrporation, Food &
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Poey e SoRHEN Rt 62 fx‘(fr%‘ e Yentioshlsciagldssivarious Omay of
redified cdbdse b smsiy ofhashi @ phdlosp St 25 QRhHAE ct@ind U k! 8 n

based, do- | at di
303t AHER S i WOREE Mo R cah e Pyt

. vginamus n\éﬁhére rmaqadystémsnaaa&a Bt aRQoY m:zé&'ﬂoaﬁﬁnds with

é@acrﬁ %t %ﬁ Epl mers are known in the ar
FeRAIOSPY P PR cefdinir, or a salt, derivative, prodrug, or polymorph thereof,
or nam)partlcles containing cephalosporin, for example cefdinir, or a salt, derivative,
prodrug, or polymorph thereof, in a polymer matrix (monolithic devices); systems in
which cephalosporin, for example cefdinir, or a salt, derivative, prddrug, or polymorph
thereof, or nanoparticles containing the same, is-confained by a polymer (reservoir
devices}; polymeric colloidal particles or microencapsulates (microparticles,
microspheres or nanoparticles) in the form of reservoir and matrix devices; systems in
which cephalosporin, for example cefdinir, or a salt, derivative, prodrug, or polymorph

thereof, or nar_mparticles containing the same, is contained by a polymer which contains a
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A typical approach to nodified release is to
encapsul ate or contain the drug entlrely (e. g as a
core), within a polyner filmor coat (i.

m crocapsul es or spray/ pan 25 coated cores). The
various factors that can affect the diffusion process
may readily be applied to reservoir devices (e.g.,
the effects of additives, polyner functionality (and,
hence, sink- solution pH) porosity, filmcasting
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saturated. Alternatively the release-rate kinetics
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20 - ahas been investigated. The rel ease of salt fromthe
tablets was found to be a m xture of 20 diffusion
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érRﬁjélf ?eté Nda 001%5 Y i)olymer hnnoer%gz?tsfzaer ymicrocapsules or spray/pan
25 coated cores).

The various factors that can affect the diffusion process may readily be applied to
reservoir devices (e.g., the effects of additives, polymer functionality (and, hence, sink-
solution pH) porosity, film casting conditions, etc.} and, hence, the choice of polymer

30  must be an important consideration in the development of reservoir devices. Modeling

the release characteristics of reservoir devices (and monolithic devices) in which the
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for the release of the KCI which then occurred by
trans-pore diffusion. Coated salt tablets, shaped as
di sks, were found to swell in de-ionized water and
change shape to an 25 oblate spheroid as a result of
the build-up of internal hydrostatic pressure: the
change in shape providing a neans to neasure the
force generated. As m ght be expected, the osnotic

fo wi.t h. i ncreasing | evel s of PEG content.
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| oadi ng of 20% both mechani sns contri buted

approximately equally to the rel ease. The buil d-up of
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oshbt | & SYIEY Apemets ergssercompelr will than dche thWeHe permeant out
15 |cfdskitmigye, trans-pore diffusion was the dom nant

rel ease mechanism An osnotic rel ease nechani sm has

al so been reported for mcrocapsules containing a
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tehlesaghaped hedisle, Wik dpeklith evelPh AR ddtdliG gﬁ@Xﬁaﬁgé 'Egé’to an
25 B lEREDISE BRD BIBLAPLNELL LY, of, the drug TR THE ©
€ 10 as a result of the build-up of internial hydrostatic pressure: the change in
shape providing a means to measure the force generated. As might be expected, the
osmotic force decreased with mcreasing levels of PEG content. The lower PEG levels
allowed water to be imbibed through the hydrated polymer, while the porosity resulting
from the Qoating dissolving at higher levels of PEG content (20 to 40%) allow the
30 pressure to be relieved by the flow of KCI.
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polymer matrix or, in the case of porous matrixes, the
solubility in the sink solution wthin the particle's
pore network, and also the tortuosity of the network
(to a greater extent than the perneability of the
film, dependent on whether the drug is dispersed in
25 the polyner or dissolved in the polyner. For |ow
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they polgingmridgssolved in the polymer. For low loadings of drug (0 to 5% W/V), the
drug will be released by a solution-diffusion mechanism (iﬁ the absence of pores). At
higher loadings (5 to 10% W/V), the release mechanism will be complicated by the
presence of cavities formed near the surface of the device as the drug is lost: such -

cavities fill with fluid from the environment Increasing the rate of release of the drug.
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miRabi ﬂp a%rg%etn'y%oﬁl?aq %Yorsg F]% dxé flpg)rarb}!?a?[{t\?ﬁéazﬂlgs SIt was

the 30 a ran
cantet lﬁ@édle ﬂdaalung offit Ej}/ﬂdremﬁzﬁtthd’q@nﬁfaatﬁlh? of gy Eeliuﬁﬂe) f18s

0 [ e In drug release (inplyin
nil‘lga W ﬁggrf“éﬂcg%“s%{%? Offf i [ﬁ%}ﬂsf?asmg thg PPEEIRe oW the films
d rmarhmohmm@m;reﬁiek e;d) perditlibomg %hﬁﬁn%fftaﬁ&h FX_\@% il
%?t%ﬁ for E dra % RS t han . Eudragit(
Aeugy L dis e PRln O i Prncehdiy maswemﬁoé@ze effictive.
Sd&‘cf@@d iaNliskrefatauddR b the PHE 1AM This WS e(qlﬁeﬁéag fI‘O?‘lHﬁ)lOtS of the

‘ forqﬁtlon of disruptions in the matrix al

dF SRBIHYF e cantdh RRf wilceasasadungtion iofitith endvéilr rexlpro'ﬁhlh thickness
| & anEmﬁﬂdzﬂg@f 084 ®ywn b{:?l%tstsﬂo@u%taqgﬁéarqgl iSRS beﬁvef:n téle rate of

whi ch be suita for pharnaceutica PoGat

dﬂ?ém?"é“’fl H%d eyl ity tipkneps, as emttydrmr al(Bitkixn)nmintibe diffusion
Ry SP@dnSshrivhtdhamibth ﬁ@&%&%e%?ﬂéoug RRAS Y o : r%l&pglg?%oefﬁhei lingar

surfactant-free. ces were
trmowfywwhm the B yxit Beveositiag int¢redptsRE b6tk ags: the

t [ cat.i opjc rf acf ant
Rl o Aiich REENEER L B IO G Rhiby Bl iredohes
&b%mlw HraryweanntRtiuteto dmsvccm‘rdnh@oﬁlwlo)dﬂﬁmonimows durmg the

[ r/idrug matri
oAz 0 e LEAR U b 5l OB L 0TI
alse kv the core l@ealmm@mmg ontichthé EiteREHIOR U pdEedndd thé fikn is

b ynd to provide g continuous
lZi‘i?&lellé\g(s: P}‘EC}H? \fQﬁ%P SHOOF 2 PREGR% e megatye lagimes. No
eXplavatin ctﬂﬂas srhefolrthc(ﬁnxﬂg,lbgf it yvas aotg@tmg&r{fgﬁ@ reghlbned a Igw

e has bee roduce and coate
&43%%"6}‘ B CPP‘P ﬁ‘g"tsY f’é’rdd’a“é &ﬂgvaﬁa 89 # featurg ofjagiling permeation
thertugh pélyethﬁa&stﬂ_ @ fwhidAGhWeiTh sik@Sr Ife%&'tm tIn‘Pe
relatively linear (a function of the rate |n1t|ng

di ffusion process through the shell) and inversely

pr opdmht ke@eudd ofta@ddd@r8dSl of m&%ﬁﬁ&ﬁc) gL §&%cek Iﬂz?s been

rel ease fromthe
investigated. It was thought that surfactant may increase the release rate of a drug by

three possible mechanisms: (i) increased solubilization, (ii) improved 'wettability' to the

' dﬁssolution media, and (iii} pore formation as a result of surfactant leaching. For the

30

system studied (Eudragit® RL 100 and RS 100 plasticized by sorbitol, flurbiprofen as the
drug, and a range of surfactants) it was concluded that improved wetting of the tablet led

to only a partial improvement in drug release (implying that the release was diffusion,
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core alone was found to decrease with tinme. 20
M crospheres Methods for the preparation of.- holl ow
m crospheres have been described. Hollow nicrospheres
were formed by preparing a solution of
et hanol / di chl or onet hane contai ning the ‘drug and
pol ynmer. On pouring into water, an enulsion is forned
cont ai ni ng the di spersed pol yner/drug/ sol vent
~ particles, by a coacervation-type process 25 from
whiagier ibvedistohdinn] conaglied), yltHbvch Wsastepr 104l gdatdd o Mdragit® RS than

p teat t urface of the droplet to give a
h Zé%f?@g{g?ﬁl-eg S BEPESUREYEST Aryrelaes Wsty tnss surfastsatsithat were
t heore soldble Ot eREbRafiRM A dBADHISS %e%aﬂ%lﬂgﬂﬁg g@idg?&lgﬁon

I )

was t hen genera ed within the particle
diPTUET AT 3UER thsakeThis isgf ebyprsarivetice tv dattalyl of ldtex films

5 t MhiguhioaoR ; ow _sphere,
Mgl e e e L R T
c Qa]yaleb@thm\};@@r dppred widrsudctaft agloppiong. to Nafadtag g fvd Differences
f QrepOro] Hi ' QU trig-type . . ,
) ['ijohﬁH Eel&?eeﬁ{gﬁeet@v‘o pgi rsy wRﬁ) or(ﬁg ?}eb]%{@rag*lth é{tsr?g?yplﬁ _u%t?/ra%tlons

m crospheres have al een des
mPeteepthe prigniolstionic-sSifagame pad dlg phichvSstitied go the iftHrg levels

a I.n .ethanaol .. On addition to water, the

e?ﬁ%ﬁg%%gﬁ%F?ﬁggal%ﬂﬂ%*?@ﬂgﬁﬂ}sion droplets to | eave
10 a highly porous particle. A suggested use of the

m cr osphere s as floating drug, delivery devices for

Use | rHS g dEibeY Consistig o ERHCBigam e ieests g polymer

atonteitingug dug singexial Subhlugiyviss6hs @ns@Ralddas ScueBiiEudragit®
qQ&Jde ress nmeans of an ester |1 nkage

ts, . etc., by,
0 por a%a}s%r’]'_ﬁ‘%é? p’g’é’ %déra ﬂ%‘ﬂlé}@%féfeﬁe&}’eﬁffw(émfﬁwmg from the
agpretbitSgietie sBl0 18iia DAY TR b B aet ke B@rrctaigigg ﬁ-;,eqﬁﬂ/geljlag %S%I g[goduced

15 Thgse | attices, when passed through I on "excha
PRd Pepted veith 1 isll Banwaperogerhy saniic dlusliBbe weref relerv ef thedrug
- tvestihRidio 8OreBikiv P Unde (Ao Selids ze the
el e 81‘, t he djraug _b|3(/ h{lllgt?dgﬂl Oyfg}i%gja %f[ I%tqk[gg (ggt'sglr"yp ]I%Feﬁ K s]mugh
ﬂ'elfg@ HAG &VEEEh PERPOHdmakioths sholl (rkness, alrrdeza iearelease from the
Fore QIRE SabRVRd RaRBresiaeshZzed W th a pendent drug
attached. Dosage forns have been prepared in which the
drug is 15 bound to a bioconpati bl e polynmer by a
20 |abi|ﬁﬁ&®§ﬁ%ﬁ§| bond e.g., polyanhydrides prepared
froma substituted anhydride (itself prepared by
r eactMpgodsrforibe dreptration efcholipw mictobyherts higye taei Bacmdedoy |
HV\gl?de% E’g’«g‘a@ﬂgeg \p&e %&Q'JCH %B'%%lp%ﬁr?gf a s%?&ul?)g )(()¥ etgz?n%%/ {c o?o%lleq ane

containing the drug and polymer. On pouring mto water, an emulsion is formed

containing the dispersed polymer/drug/solvent particles, by a coacervation-type process
25 - from which the ethanol rapidly diffused precipitating polymer at the surface of the
_droplet to give a hard-shelled particle enclosing the drug dissolved in the .

* dichloromethane. A gas phase of dichloromethane was then generated within the particle
which, after diffusing through the shell, was observed to bubble to the surface of the
aqueous phase. The hollow sphere, at reduced pressure, then filled with water which

30  could be removed by a period of drymg. No drug was found in the water. Highly porous -

* matrix-type microspheres have also been described. The matrix-type microspheres were
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to forma matrix with a second pol yner (Eudragit(r)

RL) which rel eased the drug on hydrolysis in-gastric

fluid. The use of polyneric Schiff bases suitable for

use as carriers 20 of pharmaceutical am nes has al so

been described. Enteric filns Enteric coatings

consi st of pH sensitive polyners. Typically the

pol ymers are carboxylated and interact very little

with water at |ow pH while at high pH the polyners

25?6%?%@ @w@xn@ths viaigland QOI?meﬂiﬂ?ﬂﬁgMi- 0d a&gti&h@ water, the ethanol

pok; : [ .ca e ore be designed to remain
‘m&rd'f“’gfﬁ% eldRign g %“ﬁ?r}? RSy PoeReTine Hh suggested use of

intact in

pribet sutrbspheres heds fAdatngldug dEINRR ddvies e QY 'B%'E?%%‘i r
the stomach fromthe drug, butﬂlo di ss?ol ve in ead?r'ore

al kaline environnent of the intestine. -51

Csnot i Pehdsht @etitésol | ed devi ces The osnotic punp is
simlar to a reservoir device but contains an osnotic
agent A(18eays of ptfehigg a rapge afidmigs such svdralgbsesind whiidressants,

actsS tyndafdbg R ' ur{ oundi n di um vi a

a ser]rjls' “per meabl e {%&%&%ﬁﬁ&%ﬁ%ﬁatg eﬁge\f ?aéeé(,gpaﬁqsé’ﬁepéﬁd by

e PEYFEHT @RYlsien pelyineriBtip s, bebmdeveppad. (BERMTAtHES, when passed
PaSsSHlag id d wirhin the device which forces )
t he&%?:itaj o @%S%ﬁ% sl sulh b B pelmeEongiipuh v cppasiogo their
asSEIngeciddeing wewld self-pitalyzd theresabald Rhirf U hlolysidbi th€ester
pigventing the build-up of a hydrostatic presSure head

whi ch can have the effect of decreasing the osnotic
pressure and changi ng the di nensi ons of the device.

Whi | eﬁl{]gshivn ernal .vqQlunme of the device renmnins
constant > and ffﬁl@?'@cqeg to,prlaperaagd gho swnpmers have(been synthesized
Seithus prelchisiolg il DosaBOrAY bR bobd ' Bud N L8R drug is
rl%%r?d{o%”oa'c%s gogst nt delivering a Vvolume e ual” to
the  vOIUnE BPatyp petmer it alebile ghewiat bawle g, potyianhyidaitied
rre¢resd drotey subestulivl AghsdtiRe j n._ps red .

- it Groak Piopitd B EGHEEN oB SRRRA win

| pol yel ectrol yte gels whic
. g’i““a '&G%WZ% ghlpgge @%é}eft yodivat sadtiof methosy benzajophidpetere used

tafosh agnAri£ Hand edof ® e ul. at ed
g changes in t hg Oa?) gﬁ?@?@g Fl{agir%t ﬁ?g""%r%% i B%aéeragtﬂe drug on
%?{%‘?%fﬁ% gstic dipd e pse of gplymsec Setiffibhees skptledgelss as @@riers

bfpmagsicenaal &ﬂinédr}gésmsyf%@enid%s&{bga matri ces, hydrogels
er.o ,

find use in a nu

Enteric films

Enteric coatings consist of pH sensitive polymers. Typically the polymers are
carboxylated and interact very little with water at low PH, while at high pH the polymers
ionize causing swelling or dissolving of the polymer. Coatings can therefore be designed
to remain intact in the acidic environment of the stomach, protecting cither the drug from

this environment or the stomach from the drug, but to dissolve in the more alkaline

environment of the intestine.
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bi onedi cal appli.cations such as, for exanple, soft
contact |enses, and various soft inplants, and the
l'i ke. Methods of Using Modified Rel ease Conpositions
Conpri si ng Cephal osporin 25 According to anot her
aspect of the present invention, there is provided a
method for treating a patient suffering froma
bacterial disorder conprising the step of

adm nistering a therapeutically effective anount of

t he Coﬁﬁﬁﬁhkhﬁﬁcaﬁr RE a¥iesent invention in solid
or al dosage orm Avantages of the nethod of the

pr esentThesmptd BB sink tedereservacdevice bnt dontains @n dasdtikggent
fr nvent i.opal ltiple | R dosa
o R P R S P PO P ot P e iptine
f rrowlnan pial a@anmi)mhus ﬁﬁmfbmf: | Jueh @ levicd 2alR iaf e RAEIAG Sotic
ém#%e ge varggtlons in plgsna concentration
LAGSerRed daessisds srgerica gy tin e devise ks fren ths active
| nigtlﬂ onsofalic Rick @RlanGRBPE bRNGL: RE8Pndd 8 n{lﬁiqﬂ&téo% (hffus:on
e fre cy .made possible by the nethod of th
g’é B R PR TES Bilduaat & hedme it eureheadhick oin hangthe effect of
h dadrtRingaiCosBRHE PreBdard ﬁﬂ%ﬁéﬂé%gt HE AN &fthetde%? SRR the

by health care 5 workers on the admnistrati
c é‘ﬁﬂ“ﬁ?l Jeyici o therdsyice sempinseopssdnt, anil therois an ex@bstof solid or

desth M@l Lscylﬁmoxﬁﬁ%yéégme eoPlb YAIRLOR oL G0 (fzonstaﬁt aIeEvenng a

follomnng exanpl es, al percentages are wel

wEp! e eqnl ogBe pivet W sbventipatied. The term " puri f| ed
wat er" as used throughout the Exanples refers to water
that has 10 been purified by passing it through a

wat er Hledtricalty &iim@y&tleemashtdehsest o be under st ood t hat

the e |Ilustrat ses onl and
shoul g@notﬂge eég%)vreete%‘bprgg et ’f‘%ppé’ fﬁ@g“‘?lm gelspyhishyswell
S\E@nﬁﬁeamrkpl@fantammmf l?ﬂﬁdabﬂuﬁﬂuﬁ@ﬁpﬂ?g chi)fmtglaleh&{gIe REpH. The
t OW. ) amples 1 to
‘G%O\?‘.‘a eb%&"ed“ “’% Ry <Faned i e ?Pé*g?éfurfeaf wlﬂr%ci%%onstam or
TW@@@eeMaﬁpheﬁk:are not intended to limt the clains
in any respect, but rather to provide exenplary tabl et

formul ati ons of cefdinir which can be utilized in the
met hotlfydedgetshe i nvention. Such exenplary tablets can
al so fonHrls g coaLi%g agent . 20

n addition fo ther use in dfug matnces, hydrogels find use in 2 number of
biomedical applications su_(ih as, for example, soft contact lenses, and various soft

mmplants, and the like.
Methods of Using Modified Release Compositions Comprising Cephalosporin

According to another aspect of the present invention, there is provided a method
for treating a patient suffering from a bacterial disorder comprising the step of
administering a therapeutically effective amount of the composition of the present

invention in solid oral dosage form. Advantages of the method of the present invention

includeé a reduction in me dosing ﬁ'e_quency required by conventional multiple IR dosage

regimes while still maintaining the benefits derived from a pulsatile plasma profile or
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Exanpl e 1 Exenpl ary Nanoparticulate Cefdinir Tabl et
Fornmul ati on #1 Component o Cefdinir about 50 to about
500 Hypronellose, USP about 10 to about 70 ‘Docusate
Sodi um USP about Ito about 10 Sucrose NF about 100

to about 500 Sodium Lauryl Sulfate, NF about | to

about 40 Lactose Monohydrate, NF about 50 to about

400 Silicified Mcrocrystalline Cellul ose about 50 to
about 300 Crospovidone, NF about 20 to about 300
Magingsh bR MG - 0.5 to about. .5, -53 .
Exggl e 0Exerrpl ar ythgl\:g%rg%g#% ]ing)llﬁég]taémmgenfa&loﬁil?vel%aw&feduced
Fotlasingdtdapmey & adGotrgomerit tapnigf Geikoki doipliake ahd heGedubtion in
ab [ | SP abouf 30 to about 50 .
oot el YR BoselBR b ol e Byentsmorbicontibut

NFRozbatutilinpd@altocasdxats b@@&iucﬁ@dﬁdﬁﬂdﬁ%ﬂ{ﬁn%%ﬂ%@malhﬂ: care
about 1 1t‘lgjﬁagou_t 30 Ltact ose Monohydrate, NF about 100
to apbout™ 3GAMETPReY PlegPRAIsPera yarteatmpla sefdini, on wé,

ableritath, grédrad) otpolAQOph @QsiFovi done, NF about 50 to
about 200 Magnesium Stearate, NF about 0.5 to about 5

5 Exanple 3
In the following examples, all percentages are weight by weight unless otherwise

stated. The term "purified water" as used throughout the Examples refers to water that has
been purified by passing it through a water filtration system. It is to be understood that the
examples are for illustrative purposes only, and should not be interpreted as restricting the

spirit and breadth of the invention as defined by the scope of the claims that follow.

Examples

Examples 1 to 4 provide exemplary cefdinir tablet formulations. These examples
are not intended to limit the claims in any respect, but rather to provide exemplary tablet
formulations of cefdinir which can be utilized in the methods of the invention. Such

exemplary tablets can also comprise a coating agent.

Example 1
Exemplary Nanoparticulate
Cefdinir Tablet Formulation #1
, Component 2/Kg
Cefdinir 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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Exenpl ary Nanoparticul ate Cefdinir Tablet Fornulation

#3 Conponent g/ Kg Cefdinir about 200 to about 225

Hypronel | ose, USP about 42 to about 46 Docusate

Sodi um USP about 2 to about 6 Sucrose, NF about 200
to about 225 Sodi um Lauryl Sulfate, NF about 12 to
about 18 Lactose Moinohydrate, NF about 200 to about
205 Silicified Mcrocrystalline Cellul ose about 130
to about 135 Crospovi done, NF about 112 to about 118
Magnesi um St earate, NF about 0.5 to about 3 Exanple 4
10 Exenpl ary Nanoparticulate Cefdinir Tabl et
FoE%gglzon #4 Conponent /K Cefdinir about 119 to

about. 224 Hypromal I ose, USP about 42 to about 46
Docusat e[Sodium UC"GSG, NF
about 119 to about Y@ j%é’ﬁf‘yﬁ““’%%f at e,

about 12}te—abot (lh“ Noh NE about

119 to abaut '7'7/| C{&npanep |ar~l Mocr r-r\qu
Cel | Ul os C Fg’rf}ﬂ—t 129 to ahout 134 @%WH%WQUQ\F

about 11pPymsomellase. USER - 5a l\/laone3|<’ﬂi’lﬂ"ﬂlt§pé‘ala}?:ﬁué50 NE
about 0. BPesaneedium, UBanp| e 55 aboktds eabetddl at e
Modi fi ed $Reresad® Conposi ti on Contl|zbeitd§0 @efbaiznia0

Sodium Lauryl Sulfate, NF about 1 to about 30

Lactose Monohydrate, NF about 100 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

Example3
Exemplary Nanoparticulate
Cefdinir Tablet Formulation #3
Component - s/Kg

Cefdinir about 200 to about 225

Hypromellose, USP about 42 to about 46
Docusate Sodiam, 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

Example 4
Exemplary Nanoparticulate
Cefdinir Tablet Formulation #4
Component g’Kg

Cefdinir 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 Lauryl Sulfate, NF about 12 to about 18
Lactose Monohydrate, NF about 119 to about 224
Silicified Microcrystalline Cellulose | about 129 to about 134
Crospovidone, NF about 112 to about 118
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A multiparticulate nodified rel ease conposition
according to the:present invention-conprising an

i mredi ate rel ease -conponent and a nodified rel ease
conmponent cont ai ni ng cephal osporin is prepared as
follows. 10 (a) | nmedi ate Rel ease Conponent. A

sol ution of cefdinir (50:50 racemc mxture) is
prepared according to any of the fornulations given
in Table 1. The net hyl pheni date solution is then

coat ed OfiNpASIRERARE NrSEEUS O] B F 8o Howrs |

& i H [y

appr oxi matet y 16.9% sof rds—weirght-—gart—ust-neg,—Fof
exanple, a datt GPCG3 (datt, Protech Ltd.
Leicester, UK) fluid bed coating apparatus to form
t hBx4niplparticl es of the inmediate rel ease conponent.
TABLE | 20 I mredi ate rel ease conponent sol utions
Amount, % (wWw Ingredient (i) (ii) Cefdinir 13.0
13vi@ttipRedqueith Mangeddk iRt CBRBsiBo® (BuRikRe Cefdinir

Pol yvi nyl pyrrolidone 3.5 Purified Water %3.5 86.5
(b) Modified Rel ease Conponent 30 -55 Cefdinir

- cont aiAnhMPpaaLane tholigig ?e‘i@as@@d}ﬁﬂolgﬂtigﬁ a@é'oﬁdiﬁﬂé tg Wﬁ&eﬁy

coating inmedj ate_ rel ease particles prepar

 adCGPYHYMPESing anpreediqte yelegbosaanpainett and aoilificd delease component

rebﬁﬁ§§?cagﬁkk@ghﬁpg#%&. KASnsied ailed in Table 2. The

i mredi ate rel ease p Icles are coated to varying
| evel s up to approximately to 30% wei ght gai n using,

f o) 18XA8R e Srelcdsd ¢l d 5 apparatus. TABLE 2 Mbdifi ed
rgPease cgnﬁbn%ntMﬁoggﬁhg sol uti ons Anmount , % (W w)

A solution of cefdinir (50:50 racemic mixture) is prepared according to any of the
formulations given in Table 1. The methylphenidate solution is then coated onto
nonpareil seeds to a level of approximately 16.9%‘ solids Weight_ gain using, for example
a Glatt GPCG3 (Glatt, Protech Ltd., Leicester, UK) fluid bed coating apparatus to form

the IR particles of the immediate release component.

3

TABLE 1

Immediate release component solutions

Amount, % (w/w)

Ingredient @ (ii)
Cefdinir 13.0 13.0
Polyethylene Glycol 6000 0.5 0.5
Polyvinylpyrrolidone 35

Purified Water 83.5 86.5

(b) Modified Release Component
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10 Ingredient (i) (ii) (iii) (iv) (v) (vi) (vii)

(viii) Eudragit 0 49.7 42.0 47.1 53.2 40.6 -- -- 25.0
RS 12.5 Eudragit (r) 54.35 46.5 -- S 12.5 15 Eudragit
(r) 25.0 L 12.5 Polyvinyl- -- -- --.0.350.3 - --

pyrrolidone Diethyl- 0.5 0.5 0.6 1.35 0.6 1.3 1.1 --
20 phthalate Triethyl- 1.25 citrate |sopropyl 39.8
33.1 37.2 45.1 33.8 44. 35 49.6 46.5 al cohol 25
Acetone 10.0 8.3 9.3 -- 8.4 -- -- -- Talc' -- 16059

- - 16. Terdin#-& &m%% ' s apeousl
duri ng coat | ng for del%{i geil%ag% A cor B"ﬁﬁaf‘f&l S’Y 90(% g e mediate
ariglepss particsn P(Qwre&nwaphng iatExampE:fl(zl)lmdj vailtea ﬁldiﬁed release

di at e

| ease Parti
o By Bl SRR Eecin €58, e il pbire conted o
Exarmhgleﬁe(lﬁl)p to&pﬁo&h}atﬂﬁ%%ﬁ@:gﬁﬁ%‘aﬁp&hﬁgafo? dxdnipl$ ladRiPbed

hard gel atin capsules to an overa dosage
st ﬂg‘f’ﬁ usi ng, for exanple, a Bosch GKF 4000S

encapsul ati on apparatus. The overall dosage strength
of 20 ng cephal osporin was made up of 10 ng fromthe
i medi ate 5 rel ease conponehtBBB@ 10 ny fromthe

modi fi ed rel easgRQRAENE
Miul tiparticulate Mdified I%%nggggp%gtr’r%assomtﬁo%
Cont ai ning Cefdinir 10 Amount, % (w/w)

Ingredient (1) () @) Gv) (v) (vi) (vi) (viii)
Eudragit ® 49.7 420 471 532 406 -- -~ 25.0
~ RS125 '
Eudragit ® ~ —  — -~ 5435 465 -
Si2.5
Eudragit ® - - - - - - 25.0
L12.5 | :
Polyvinyl- - - - 035 03 - -
pyrrolidone |
Diethyl- 0.5 05 06 135 06 13 1.1 us
phthalate |
Triethyl- - T - - - - - 1.25
citrate
- Isopropyl 39.8 331 372 451 338 4435 49.6 465
alcohol l |
‘Acetone 100 8.3 93 - 8.4 - - -
Talc' - 160 59 - 163 - 28 225
"Talc is simultaneously applied during coating for formulations in

column (i), (iv) and (vi).

(c) Encapsulation of Immediate and Delayed Release Particles.
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Mul tiparticulate nodified rel ease cephal osporin

conposi tions 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 fornulations
shown in Table 5(a) and (b). 15 TABLE 5 (a) 100 ng of

I R conponent is encapsulated with 100 ng of nodified
rel ease (MR) conponent to give a 20 ng dosage strength

pr oduct Thedsninetiwe dnRk deloppioniente paflicles bebpated ackOrding to Example 5(a)
Povi done 5

talli | tose 4

VS et vdeBBeaiast] 3% & byt S epmsios 190 vl 4p greosage

40strelﬁg«ﬂnﬂgg,tfm( éxhmpl, ﬁﬁoscRQ}l{fdﬂlwsgn&@?ugaf%g Ep@rz(t@s) TROoverall -
W

R t encapsul at e
R Pae oG DL RSP SEAION ot GIBHE of 1 06 Gmdbgigmegite

5 dogREG: colipeREt ShdI0ARREbm thmbIHY relefeD t
Cef di ni rhfgo 51 M %cr?steal [ r%e rge(%e Ig@g&gg Lactose

28 Povidone 2 MR conponent
Example 6

Multiparticulate Modified Release Composition Containing Cefdinir

10
Mul:_‘.iparticulate modified release cephalosporin compositions according to the

present invention having an immediate release component and a modified release
component having a modified release matrix material are prepared according to the
formulations shown in Table 5(a) and (b).
15 TABLE 5 (a)
| 100 mg of IR component is encapsulated with 100 mg of modified

release (MR) component to give a 20 mg dosage strength product

% (wiw)
IR component
20 Cefdinir 10
Microcrytalline cellulose 40
Lactose - 45
Povidone 5
MR component
25 © Cefdinir 10
‘Microcrytalline cellulose 40
Fudragit ® RS 45
Povidone‘ 5
30 | TABLE 5 (b)

50 mg of IR component is encapsulated with 50 mg of modified
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Cefdinir 20 10 Mcrocrytalline cellul ose. 50

Eudragit (r)S 28 Povidone 2 Exanple 7 15 The purpose
of this prophetic exanple was describe how a °
nanoparticul ate cephal osporin conposition could be
prepared. An aqueous dispersion of 5% (ww) cefdinir,
conbined with one or nore surface 20 stabilizers,
such as hydroxypropyl cellul ose (HPC- SL) and

di octyl sul fosucci nate (DOSS), could be mlled in a 10
m  chanberreledse aviNg oeYbdeht th ¢feQ G.g@&g |

King of Prussi a, P%;M)see e.fg?. , ]28. . P%éteeshrfe%&%%ﬁ
6,431, 478), along with 500 reéwvén Pol yM 11 (r)

attriti Q@C&ﬁ}g&@m( Dow Chemi cal Co.) (e.g., at an 89%
media load). I'n an exenplary process, the mxture
coul d b&eflinit ed at a speed of 2600 rpms for 60

/m nut esyy; -OWM mlling, the particle size of
the m | elég%'g%il:hﬁ%&%g’ﬁi cles thn be nmeasured, in

dei oni zbaktabesti | | ed water, usimg a Horiba LA 910

parti clfovs(ii,ze anal yzer. For a successful conposition,
the init1al°fean and/or D50 nild ed cefdinir particle
si ze i sMRexpohed to be |ess than 2000 nm 30 It will
be appa{;%&.t,to those skilled in the art that various
modi fi catf'@fs and variations ¥an be made in the

10 met hodsMaRERANROSIKLIQNS of thgy present inventions

wi thout_ -58 departing fromthe spirit or scope of the
i nvent ifW2eHRIS, it is intenddd that the present

I nvent ipgRigemver the nodificatign and variations of the
i nvention provided they come wthin the scope of the
~appended clains and their equivalents. 59 WHAT | S

Gl MiaP7! S: 1. A stable nanoparticul ate conposition
conprising: (A) particles conprising a cephal osporin,

15 said particles having an effective average particle

25

30

size Gf,e §tJ}:ﬁ?E}% % 2000 mm_i.n dignmeter; and (B
at | east l?g%esesur | esg tlgbef(?'f‘%qg Pas BB S hanofitials
. cephalosporin composition could be prepared.

An aqueous dispei‘sion of 5% (w/w) cefdinir, combined with one or more surface
20 stabilizers, such as hydroxypropyl cellulose (HPC-SL) and dioctylsulfosuccinate (DOSS),
could be milled in a 10 ml chamber of a NanoMill® 0.01 (NapoMill Systems, King of

Prussia, PA; see e.g., U.S. Patent No. 6,43 1,478), along with 500 micron PolyMill®
attrition media (Dow Chemical Co.) (e.g., at an 89% media load). In an exemplary
process, the mixture could be milled at a speed of 2500 rpms for 60 minutes.

Following milling, the particle size of the milled cefdinir particles can be

measured, in deionized distilled water, uéing a Horiba LA 910 particle size analyzer. For

a successful composition, the initial mean and/or D50 milled cefdinir particle size is

expected to be less than 2000 nm.

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
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2. The conposition of claim1, wherein said ‘
cephal osporin is cefdinir or a salt, derivative,
prodrug, or polynorph thereof, said cefdinir being
present either as a single substantially optically
pure enantioner- thereof or as a m xture of enantioners
thereof. 3. The conposition of claim1l or claim?2,
wherein said particles are in a crystalline phase, an
anor phous phase, a sem -crystalline phase a sem
ami¢pahiny $roR 88 SpiriQdr sépe '@f?ﬂe%&%ﬂﬁ&? r’@ﬁ it mtéqa@d resent
co osjtion of any oné of the precedi ng clains ?ﬁg
PRSP Reyep Hie mrdificaiereangariatione of the aiﬂeytlcmqn@pdtﬁhh&y come
ex&kﬂhgﬁg i natjion thereof. 5. The
conp03|t|%% g?ﬁgngﬁéﬁgyg 3%853F36881§5‘&|a.ns wher ei n
the surface stabilizer is selected fromthe group
consi sting of a non-ionic surface stabilizer, an
anionic surface stabilizer, a cationic surface
stabilizer, a zwitterionic surface stabilizer, and an
ionic surface stabilizer. 6. The conposition of any
one of clainms 2 to 5 conprising: (a) about 50 to
about 500 g/ kg cefdinir; (b) about 10 to about 70 g/kg
hypronel | ose; (c) about 1 to about 10 g/ kg docusate
sodium (d) about 100 to about -500 g/ kg sucrose; (e)
about | to about 40 g/ kg sodiumlauryl sulfate; (f)
about 50 to about 400 g/ kg | actose nonohydrate; (Q)
about 50 to about 300 g/ kg silicified mcrocrystalline
cel lulose; (h) about 20 to about 300 g/kg
crospovi done; and (i) about 0.5 to about 5 g/kg
magnesi um stearate. 7. The conposition of claim 6,
further conprising a coating agent. 8. The
conposition of any one of clainms 2 to 5 conprising:
-60 (a) about 100 to about 300 g/ kg cefdinir; (b)
about 30 to about 50 g/ kg hypronellose; (c) about 0.5
to about 10 g/ kg docusate sodium (d) about 100 to
about 300 g/ kg sucrose;
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(e) about | to about 30 g/ kg sodiumlauryl sulfate,;

(1) about 100 to about 300 g/ kg | actose nonohydrat e;
(g) about 50 to about 200 g/kg silicified

m crocrystalline cellulose; (h) about 50 to about 200
g/ kg crospovi done; and (i) about 0.5 to about 5 g/kg
magnesi um stearate_ 9. The conposition of claim8,
further conprising a coating agent. 10. The

co ition of any one of the preceding clains,
Sﬁ%ﬁEHQqﬂﬁ%ﬁﬁB¥$Sing one or nore active conpounds

useful for the prevention and treatnent of a bacteri al
i nfect i & table panopagsicelaigsomipesidon winpasipg0id poftictds eomprising a
pr @e%ﬁﬁbé_bgn% s?fgﬁﬁnmg B%]ﬂg g‘r?#%,cp & zgvlex%:gg Satglg eg}zg o?less than about

reservoir contal ns” ce
de?(00ani maljanmtarind §B) arlegsoénenorfide stdblizeeof sai d
reservoir being enclosed by a sem - per neabl e nenbr ane
j ch [yt d into .sa

bar i orine CWfipclon AE1Gh 1| ot Bl b anirhs Fortiniromp it
c efshiztys oedmg, on polgfnoghi therpaly $aliCbeBdinir béing E&Eent either as a single
c Bl Dy QP eBr B Teghr S Suokoel Fetgpers Gercof
prepari ng the conp03|t|on of claim 2 conprising
cdnt act Thgcgapdsitioh Buiait AR ciafh 2 Oviadisls£@paHitéd are M a Erystalline
- sphase, aleamombousephaps, Gosding-cryetallip® lphage] Blselnh amephous\biidBe, or a
- amiuathereobne surface stabilizer for a period of tine
and under conditions sufficient to provide a

opar t iTBeIFemrosiionptanytone af be ppcedinngaiswifaitheeéaiprising one or
oot RegmaceyfisainaspeRible prcipianisy carders, qelopmbinptiontthereeof |
haV|ng an effectlve aver age partlcle S|ze of | ess than

a composition

Re 10
s?é-‘mg %53 i@%E “6’He°§a“%?§s Ao, &R n% ol mfrswpwemhf/ae surtace
e,b? t r| a1 K e 812}”63%"0 iC YYytage Sta lhzer and an ionic

pharnaceutlcal :' +a~ conp03|t|on conprising a fist
conponent of act i ve ingredient containing particles

#nd at | e@séontRSiISVIIVAN BRNST SRAPORENLonrisigl | Ve
i ngredi ent-containing particles, wherein at |east one

of said co@onmstiﬂanpboméeomgbefﬁin% wherein a
cephal ospo 5” |%O&n%t #%#?%é&g ?S%EQ 0S%nd at | east

.one of sai corrponents
‘ {c) about 1 to about 10 g/kg docusate sodium;

(d)  about 100 to about 500 g/kg sucrose;
(e) about | to about 40 g/kg sodium lauryl sulfate;
H about 50 to about 400 g/kg Iactose. monohydrate;
- () about 50 to about 300 g/kg silicified microcrystalline cellulose;
(h) about 20 to about 300 g/kg crospovidone; and
(i) -about 0.5 to about 5 g/kg magnesium stearate.

7. The composition of claim 6, further comprising a coating agent.

8. The compusition of any one of claims 2 to 5 comprising:



conprises a nodified rel ease coating, a nodified

rel ease matrix material, or both, such that the
conposition, following oral delivery to a subject,
delivers the active ingredient in a continuous,

bi nodal or nultinodal manner. 16. The conposition of
claim15 wherein said cephal osporin is cefdinir or a
sal't, derivative, prodrug, or polynorph thereof. 17-
The conposition of claim 15 or claim 16 wherein the
particles cdat ai abm:glOO:tefabbutiaoOkaga:e'ﬁﬁhi derivati ve,

pr odrug, or on h rise anopartlcles
* whi ch corrp étgioug%%’fag’oﬂ'io{o p§‘§’f“’f oSHeri vati ve,

prodrug, or (qr)ol y siuph s thesaoio gﬂe&ﬂo&[@ﬁeQ&ﬁiﬂﬁ?S' tion of

any one of %bal ms 15 to 17 wherein the particles

cont ai ni ng Pef dert 149rto 3bew BP0 gfkasuayesei ve, prodr ug,

or pol ymor pleyt hefigef éra%oﬁ‘@mé d conpri se
said cefdlnp? or a salt, deriva ftg%?éuﬁm%ﬁgﬁ

pol ynor ph - t Her ectboutti§0 1 leout 30k taictome mbndwymme of
claims 15 ty18 r@
& éﬁ@@t 308 abiéii \?g& g&g Eigl}ted Pncrgprgst?slgp%ﬁﬂulose

particles in which the acti
or a salt, @eri \raoktse,to pbadlide/ks crospoidonmrand t her eof .

20, 170 CORES! b G oSBT 0 1,

wherein the firgt coffponen
rel ease conponent and at |east one subsequent

cgnpo t r| S di.fi ed rel ease conponent. 21-
QThen@%n%o °fe°?al% ST SrnRISHIg FCogng agenty.

wher ei n the act | ve | ngr edl ent- cont ai n| ng particles
osi tion of one of clai

a} ifi ? n it i
g';gt%‘? e %‘%55%%93 h %%’@E& %%?vsm??@sm%?gi@mﬁ

corrp05|t| on of any one of clains 15 to 22. 24. The
dosage form of -claim 23 conprising a bl end of active

itngr edi- efiie 6MABARIIBA BE anPBhd Iof 1gs pr‘éeéhtl éﬂ s%nd particles
fvanEinge keabivoir Which @bhtaii§ lcaink, 6roP Sal, Geri olymorph
ftisareofp$aid resieVoid Beitl chibiaéda l%ﬂa s%%e@rh@aﬁl@ﬁ‘leﬁﬂ'dn vahfch allows for
iwaderetdi betimbibanirgo Bhidgpdradlds, Thi@s gérfefating ﬁr@ﬁ;ufeomcﬁ forces said
eephialaspbiiresus obsadll paniclesapsul e contai ns a m xture of

said mni-tablets. 26. -The dosage form of any one of
claims 23 to 25 in the formof tablet.

12. The composition of claim 11 wherein said reservoir comprises also an osmotic

agent.

13. A method of preparing the composition of claim 2 comprising contacting particles
comprising said cefdinir, or a salt, derivative, prodrug, or pbljrmorph thereof, with at least
one su_rf?iée stabilizer for a period of time and under conditions sufficient to provide a
nanoparticulate composition comprising said cefdinir, or a salt, derivative, prodrug, or

polymorph thereof, having an effective average particle size of less than about 2000 nm in
~ diameter.

14,  "Use of a ¢omposition according to any one of the preceding claims in the
manufacture of a medicament for the prevention and/or treatment of a bacterial infection.
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27. The dosage form of any one of clains-23 to 26,

wherein the particles conprising cefdinir, or a salt,
derivative, prodrug, or polynorph thereof, are

provided in a rapidly dissolving dosage. 28. The

dosage formof claim 26 wherein the tablet is a

fast-nelt tablet. 29. Use of a therapeutically

ef fective amount of the conposition of any one of

claing 1% to 22 in the manufacture of a nedi canent

for t'he pfeEItIEH A drsostipesompriingd it cdpgeper phkctive ingredient-
| nf eebitdifing 3Qrticlth BuLAMRRBI1eisQ ne of clai.ns 15 .
to 22 wherein the nodifi ed-_rSeFSe seélﬁg%naotnlg%té)fégﬁrﬁﬁ%% ent-containing
a pHPYEHEH gdETEm IsasEme of ati{l pegnpwrents ebpsien gardcipUlvB&ein a

of t Bghaello¥s is 9L £ di: i’n _sai tient follow ng a

time del ayﬂoof ISa_boutn%g lr?égédé ngﬁ (?Tgezﬁ’g esor}é ifl gpmponents further

ag gn Pmesatd wadibtd shias coripng aidddfed @lesRinthiRRkhRALI, or both, such that

the composition, following oral delivery to a subject, delivers the active ingredient in a

continuous, bimodal or multimodal manner.

16.  The composition of claim 15 wherein said cephalosporin is cefdinir or a salt,

derivative, prodrug, or polymorph thereof.

) 1_7- The com;?osi_tion of claim 15 or claim 16 wherein the particles containing
Cefdml{ or a salt, derivative, prodrug, or polymorph thereof comprise nanoparticles which
comprise said cefdinir or a salt, derivative, prodrug, or polymorph thereof.

_ 1_8* ‘The composition of any one of claims 15 to 17 wherein the particies containing
cefcflnl_r or a salt, derivative, prodrug, or polymorph thereof are nanoparticles which
comprise said cefdinir or a salt, derivative, prodrug, or polymorph thereof.

19.  The composition of any one of claims 15 to 18 wherein each component
comprises particles in which the active ingredient is cefdinir or a salt, derivative, prodrug,
or polymorph thereof.

20. The composition of any one of claims 15 to 19, wherein the first component
comprises an immediate release component and at least one subsequent component
comprises a modified release component.

721 - The composition of any one of claims 15 to 20, wherein the active ingredient-
containing particles are erodable.

22. The composition of any one of claims 15 to 21, wherein said composition further
comprises an enhancer.

—-62 -



23 A dosage form comprising the composition of any one of claims 15 to 22.

24, The dosage form of claim 23 comprising a blend of active ingredient-containing

particles contained within a hard gelatin or soft gelatin capsule.

25, The dosage form of claim 23 or claim 24, wherein the active ingredient-
containing particles are in the form of mini~tablets and the capsule contains a mixture of

said mini-tablets.

26. -The dosage form of any one of claims 23 to 25 in the form of tablet.

27.  The dosage form of any one of claims 23 to 26, wherein the particles
comprising cefdinir, or a salt, derivative, prodrug, or polymorph thereof, are provided in a
rapidly dissolving dosage.

28. The dosage form of claim 26 wherein the tablet is a fast-melt tablet.

29. Use of a therapeutically effective amount of the composition of any one of claims
15 to 22 in the manufacture of a medicament for the prevention and/or treatment of a

bacterial infection.

303 . The composition of any cne of claims 15 to 22 wherein the modified-release
coating comprises a pH-dependent polymer coating for releasing a pulse of the active
ingredient in said patient following a time delay of about 6 to about 12 hours after

administration of said composition to said patient.




