CONTROLLED RELEASE COMPOSI IONS COMPRISING A
CEPHALOSPORIN FOR THE TREATMENT OF A BACTERIAL
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novel method for treating patients  suffering from a bacterlal Infe |on n
particular, the present invention relates 10to a novel dosage form for the
controlled delivery of a cephalosporin, such as cefcapene pivoxil or a salt
thereof. BACKGROUND OF INVENTION Antibiotics are powerful
bacteria-killing drugs used to treat bacterial 15infection in humans and
other mammals. THe@& AROALFN SIS SRS BIOMEOSTHERY in use, most
tailored to treat a RIRIA ot BEEEASIGORCHEN FBRBEHECtam
antibiotics, which AfEdR{ed o thé BeétaiEBh HREGERTHAN chemical

sstructure, include the penicillins, cephalosporins and related compounds.
ThespiapentfF arevantiveoagainst many gram-positive, gram-

The present invention relates to a povel method for treating patients
sutfering from a bacterial infection. In particular, the present invention relates
10 to anovel dosage form for the confrolled delivery of a cephalosporin, such as

cefcapene pivoxil or a salt thereof.

BACKGROUND OF INVENTION

Antibiotics are powerful bacteria-killing drugs used to treat bacterial

15 infection in humans and other mammals. There are hundreds of antibiotics
currently in use, most tailored to treat a specific kind of bacterial infection.
Beta-lactam antibiotics, which are named for the beta-lactam ring in their
chemical structure, include the penicillins, cephalosporins and related
compounds. These agents are active against many gram-positive, gram-

20 npegative and anaerobic organisms. The beta-lactam antibiotics exert their
effect by interfering with the structural crosslinking of peptidoglycans in
bacterial cell walls. Because many of these drugs are well absorbed after oral

administration, they are clinically useful in the outpatient setting.

The cephalosporin beta-lactam antibiotics are a groui:v of semi-synthetic
25  derivatives of cephalosporin C, an antimicrobial agent of fungal origin. They
are structurally and pharmacologically related to the penicillins. The
cephalosporin ring structure is derived from 7-aminocephalosporanic acid (7-

ACA) while the penicillins are derived from 6-aminopenicillanic acid (6-APA).



20negative and anaerobic organisms. The beta-lactam antibiotics exert
their effect by interfering with the structural crosslinldng of peptidoglycans
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after oral administration, they are clinically useful in the outpatient setting.
The cephalosporin beta-lactam antibiotics are a group of semi-synthetic
25derivatives of cephalosporin C, an antimicrobial agent of fungal origin.
They are structurally and pharmacologically related to the penicillins. The
cephalosporin ring structure is derived from 7-aininocephalosporanic acid
(7- ACA) while the penicillins are derived from 6-aminopenicillanic acid
(6-APA). Both structures contain the basic beta-lactam ring but the
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cephalosporins have greater gram positive coverage than the "newer"

generations,

Cephalosporins are used to treat infections in many different parts of the
15 body. They are sometimes given with other antibiotics. Some cephalosporins
given by injection are also used to prevent infections before, during, and after

sargery.

Like other cephalosporins, cefcapene is a cephalosporin which
20 demonstrates its bacterial activity by inhibiting synthesis of the bacterial cell
wall. Cefcapene exhibits a broad spectrum of antibacterial activities in vitro
against microorganisms ranging from aerobic and anaerobic gram-positive and
gram-negative bacteria. Cefcapene also exerts antibacterial activity against
penicillin-resistant Streptococcus pneumoniae and ampicillin-resistant

25 Haemophilus influezae.



Like other cephalosporins, cefcapene is a cephalosporin which
20demonstrates its bacterial activity by inhibiting synthesis of the bacterial
apene exhibits a broad spectrum of antibacterial activities in
\iﬁk%”élﬁgJ?nlcroorgan|sms ranging from aerobic and anaeropie 0e/0Lse37
gram-positive and gram-negative bacteria. Cefcapene also exerts
antibacterial activity against penicillin-resistant Streptococcus pneumoniae
and ampicillin-resistant 25Haemophilus influezae. Cefcapene pivoxil
hydrochloride, abbreviated CFPN-PI, is offered under the registered
trademark FLOMOX(r) by Shionogi & Co., Ltd. of Japan. CFPN-PI has the
chemical name 2,2-Dimethylpropanoyloxymethyl (6R, 7R) -7-
[(2)-2-(2-ami %%lazol -4-yfipent-2-en Iamlno -3- carabmo methyl-8-ox
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soluble in ethanol onl sllgP y 15soluble in water, and practically insoluble
in dleth‘%’@ﬂt@f frate. CFPN-PI has the molecular formula CostpoNsOgS, -HCL-H,0

with a molecular weight of 622.11. The structural formula of CFEN-PI is:

10

CFPN-Pl is a white to pale yellowish-white, crystalline powder or mass.
it has a faint, characteristic odor, and has a bitter taste. It is freely soluble in N,
N-dimethylformamide and methanol, sparingly soluble in ethanol only slightly

15 soluble in water, and practically insoluble in diethy! ether.

A typical adult dosage of CFPN-PI is about 100-150 mg administered
orally as 75 mg or 100 mg tablets three times daily after meals. The absorption
of CFPN-P1 is known to be better after meals than before meals. CFPN-PI is

20 hydrolysed into its active metabolite, cefcapene, upon absorption by esterase in

the intestinal wall,

Cefcapene pivoxil is used to treat conditions including, but not limited
to, superficial skin infection, deep skin infection, lymphangitis, chronic

25  pyoderma, secondary infections in trauma, burns, and surgical wounds,
-3



A typical adult dosage of CFPN-PI is about 100-150 mg administered
orally as 75 mg or 100 mg tablets three times daily after meals. The

a&@p{m&ﬂ%g&CFPN-PI is known to be better after meals th%ré bﬁelgcz)&%mmﬁ37

meals. CFPN-PI is 20hydrolysed into its active metabolite, cefcapenc,
upon absorption by esterase in the intestinal wall.  Cefcapene pivoxil is
used to treat conditions including, but not limited to, superficial skin
infection, deep skin infection, lymphangitis, chronic 25pyoderma,
secondary infections in trauma, bums, and surgical wounds, mastitis,
periproctic abscess, pharyngolaryngitis, tonisilitis, acute bronchitis,
pneumonia, secondary infections in chronic respiratory diseases, cytstitis,
pyelonephritis, urethritis, cervicitis, cholecystitis, cholangitis, bartholinititis,

intraute e HirdETioRe (e AR SR RISE oA iR HBF dessfrronchits,
tarsadepitispbotitiscexteng ioktisoneadiehrsitiv silipirperiodenialslisaugts,
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cefcapene pivoxil aré of high therapeutic value
(Branahamela) catarrhalis, Escherichia coli, Citrobacter sp., Klebsiella sp.,

10 Eneterobacter sp., Serratia sp., Porteus sp., Morganella morganii, Providencia
sp., Haemophilus influenzae, Peptostreptococcus sp., Bacteroides sp.,

Prevotella sp. (exclhuding Prevotella bivia}, and Propionibacterium acnes.

Cephalosporins such as cefcapene pivoxil are of high therapentic value
15 for the treatment of bacterial infections. Given that cephalosporins such as
cefcapene pivoxil require oral administration three times daily, strict patient
compliance is a critical factor in the efficacy of cephalopsorins in treating
bacterial infections. Moreover, such frequent administration often requires the
attention of health care workers and contributes to the high cost associated with
20 treatments involving cephalosporins such as cefcapene pivoxil. Thus, there is a
need in the art for cephalosporin compositions which overcome these and other
problems associated with the use of cephalosporins for the treatment of

bacterial infections.

25 The present invention then, relates to a composition for the controlled
release of cephalosporins. In particular, the present invention relates to a
composition that in operation delivers an active cephalosporin, such as

cefcapene pivoxil or salts thereof, in a pulsatile or in a constant zero order
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15for the treatment of bacterial infections. Given that cephalosporins such
as cefcapene pivoxil require oral administration three times daily, strict
patientsampliance is a critical factor in the efficacy of cep%gﬁg%j)% N+
treating bacterial infections. Moreover, such frequent administration o*ten
requires the attention of health care workers and contributes to the high
cost associated with 20treatments involving cephalosporins such as
cefcapene pivoxil. Thus, there is a need in the art for cephalosporin
compositions which overcome these and other problems associated with
the use of cephalosporins for the treatment of bacterial infections. 25The
present invention then, relates to a composition for the controlled release

of cephalosporins. In particular, the present.invention relates t
compo ROTAD T by L ST L R L A SO GBI GSHE Sietes

cefcapenemivoriiongaltshthereohlipdaghulsatiemrsiticn.constant zero order
release manner. The present invention further relates to solid oral dosage
forms containing such a controlled release composition. DESCRIPTION

OF THETNVBRFHENISE THEINEHERfile associated with the

administration of a drug compound may be described as a "pulsatile

profile™ in Whiﬁp &Jlses of ?} h ceé;)hal s%(])r'n C ncentration,tjnt rspersed
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with low concentration troughs; are observed. A pulsatile”profile containing

two peakspraydoeasidschivsetbas as a "pulsatile profile” in which pulses of high

cephalosporin concentration, interspersed with low concentration troughs, are
observed. A pulsatile profile containing two peaks may be described as

10 "bimodal”. Similarly, a composition or a dosage form which produces such a
profile upon administration may be said to exhibit "pulsed release” of the

cephalosporin.

Conventional frequent dosage regimes in which an immediaie release

15 (IR) dosage form is administered at periodic intervals typically gives rise to a
pulsatile plasma profile. In this case, a peak in the plasma drug concentration is
observed after administration of each IR dose with troughs (regions of low drug
concentration} developing between consecutive administration time points.
Such dosage regimes (and their resultant pulsatile plasma profiles) have

26 particular pharmacological and therapeutic effects associated with them. For
example, the wash out period provided by the fall off of the plasma
concentration of the active between peaks has been thought to be a contributing

factor in reducing or preventing patient tolerance to various types of drugs.

25 Multiparticulate modified controlled release compositions similar to
those disclosed herein are disclosed and claimed int the United States Patent

Nos. 6,228,398 and 6,730,325 to Devane et al; both of which are incorporated



10"bimodal”. Similarly, a composition or a dosage form which produces
such a profile upon administration may be said to exhibit "pulsed release"

ofthe.sgRhalpsporin. Conventional frequent dosage regim%ig}gg{:gm an..

immediate release 15(IR) dosage form is administered at periodi
intervals typically gives rise to a pulsatile plasma profile. In this case, a
peak in the plasma drug concentration is observed after administration of
each IR dose with troughs (regions of low drug concentration) developing
between consecutive administration time points. Such dosage regimes
(and their resultant pulsatile plasma profiles) have 20particular
pharmacological and therapeutic effects associated with them. For

examplg, the wash out period provided by the fall off Ege RIASMA e £ound
concenﬁ}é Ff?{%}fcfﬁleerggﬁ\% ﬁgtt\gv%lée%eﬁaenap 3 %raagﬁjqeglﬁst %ug%ti%ﬁ be g o
contribuitergifiactor in reducing or preventing patient tolerance to various
types of drugs. 25Multiparticulate modified controlled release

compositions similar to those disclosed herein are disclosed and claimed
in the United StsREinshiehisnbsbis S 98 8087 41 677 8  B&dhe et al;
both of whigharelincarptiraiee by eferpnoeheseininil ofcthbaletevamt
prior art }Qfépa{ I.ﬂ%(!: L ma alggxtg' foun tmerre%@wﬁlc%%dﬁ?gl ndhlﬁr&%&g}gct
of the r})kesen thventon to provide a Smultiparticulate mo |?ied release
compositiomcontininesanaphalspotnthe plasma profile produced by the

administration of two or more IR dosage forms given sequentially.

10 1t is a further object of the invention to provide a multiparticulate
meodified release composition which in operation delivers a cephalosporin,

preferably cefcapene pivoxil or a salt théreof, in a pulsatile manner.

Amnother object of the invention is to provide a multiparticulate modified
15  release composition which substantially mimics the pharmacologieal and
therapeutic effects produced by the administration of two or more IR dosage

forms given sequentially.

Another object of the present invention is to provide a multiparticulate
20 modified release composition which substantially reduces or eliminates the
dévelopment of patient tolerance to a cephalosporin, preferably cefcapene

pivoxil or a salt thereof, of the composition.

Another object of the invention is to provide a multipasticulate modified
25  release composition in which a first portion of a cephalosporin is released
immediately upon administration and a second portion of the active ingredient

is released rapidly after an initial delay period in a bimodal manner.



preferably cefcapene pivoxil or a salt thereof; which in operation produces
a plasma profile substantially similar to the plasma profile produced by the
administration of two or more IR dosage forms given sequentially. 10It is a
further object of the invention to provide a multiparticulate modified
release composition which in operation delivers a cephalosporin,
preferably cefcapene pivoxil or a salt thereof, in a pulsatile manner.
Another object of the invention is to provide a multiparticulate modified
15release composition which substantially mimics the pharmacological
and therapeutic effects produced by the administration of two or more IR
dosage forms given sequentially. Another object of the present invention
is to provide a muétli articulate 20modified release composition which
substantially rEgGEES ¢ F%ﬁﬁ%ﬁ?@‘ﬁ% BRSSPI EHEBE gi?étﬁ? %1%1{88%
a cephalsspotih]pieferbithnseldapenepivoididdoanshiltthe reaf oohiiie

composiion. ADOhET ahisct ofthe:nvention '%thBFSXHQr?aQﬂ%HE%%‘%%Q

modified 25release composition in which a first portion of a cephalosporin
is releas‘éﬂ“‘ﬁnmediately upon administration and a second portion of the
actige ingredient is released rapidly after an initial delay period in a

bimodal mam]ﬂ;bther object of the invention is to provide a multiparticulate modified
release composition capable of releasing a cephalosporin in a bimodal or multi-
modal manner in which a first portion of the active is released either
immediately or after a delay time to provide a pulse of drug release and one or
10 more additional portions of the active are released each afier a respective lag

time to provide additional pulses of drug release.

Another object of the invention 15 to provide solid oral dosage forms
comprising a multiparticulate modified release composition of the present

15 invention.

Other objects of the invention include provision of a once daily dosage
form of a céphaIOSporin such as cefcapene pivoxil which, in operation,
produces a plasma profile substantially similar to the plasma profile produced

20 by the administration of two immediate release dosage forms given
sequentially and a method for treatment of bacterial infection based on the

administration of such a dosage form.

Thus, in a first aspect, the present invention refers to a controlled
25 release antibiotic composition comprising a first population of
cephalosporin-containing particles and at least one subsequent population
of cephaidsporin—containing particles, wherein the cephalosporin

contained in the first population is uncoated, and the subsequent

7.



Another object of the present invention is to formulate the dosage forms
as erodable foimulations, diffusion controlled formulations, and osmotic
controlled formulations and deliver the drug in a zero order fashion for 12
to 24 hours. 5 Another object of the invention is to provide a
multiparticulate modified release composition capable of releasing a
cephalosporin in a bimodal or multi-modal manner in which a first portion
of the active is released either immediately or after a delay time to provide
a pulse of drug release and one or 10more additional portions of the
active are released each after a respective lag time to provide additional
pulses of drug release. Another object of the invention is to provide solid
oral dosage forms  comprising a multiparticulate modified release
composition of the present 15invention. Other objects of the invention
include provision ol ernegdailydesagefotivicsfiatbephalosporin such as
cefcapene pivoxil which, in operatio duces. A fefi
substafitia f@%{? ell{fga"ilf“‘ 5 ?ﬁténbl(géﬁ%%% i g?producl%él(?jg %&%‘%@%
administtetiomefriwodimrakdiate release dosage forms given sequentially
and a method for treatment of bacterial infection based on the
administration of such a dosage form. Thus, in a_fi(stt aﬁ%%:t}eﬁggn%rresent
invention refef8 t4 eoialle P ORFSTALEEBHEBISHE B position
comprisifgalfiistpepuationoitephalbsporimpontdinngrpatidiedead at
least one subsequent population of ¢ sporin-containing particles,
whereif 8 EEPha ocsopr)%ol??#go%% ‘|1r?é%1§|rg:l{%%?lf??ét population is uncoated,
and the subsequent

In yet another aspect, the present invention refers to the use of the
composition of the first aspect in manufacturing of a controlled release

antibiotic composition for the treatment of bacterial infection.

DETAILED DESCRIPTION OF THE INVENTION
The ahove objects are realized by a multiparticulate modiﬁed release

composition having a first component comprising a first population of

cephalosporin particies, pieferably cefcapenc pivoxil and salts thereofand a
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population of cephalosporin-contain ng particles further comprises a
modified release coating or, alternatively or additionally, a modified

release Matly material. In another aspect, the present M%&/gﬁ;@ﬁ

to a hard gelatin or soft gelatin capsule characterized in that it comprises
the controlled release composition according to the present invention.

In yet another aspect, the present invention refers to the use of the
composition of the first aspect in manufacturing of a controlled release
antibiotic composition for the treatment of bacterial infection. DETAILED
DESCRIPTION OF THE INVENTION  The above objects are realized
by a multiparticulate modified release composition having a first
compongnt comprising a first population of cephalosporin particles,
preftfrab ?/cg%(?c%o%epr?g%fv%)m 5% gs%ﬁeéc?ﬁg & "ana‘:’?scé’ggﬂas%?ﬁé’dﬁé?ﬁss

comprisﬁ@@@@é@@ﬁ@éﬁﬁﬁ@gﬁ@b@@pﬂaﬂ@@@@ﬁ&fﬁmﬁ,mmﬁgrabiynt-
comprisggh@f:seiGapene; Bk"tﬁé@é@%%@%&ggﬁ‘?g@ I8 with a modified

ingredieng-containjng ngfirticle,s of the second component are coated with a
modified tEIEREY WatHF Rt ALk Al radfaitbnsaryntordaberior
populatispiol Geephatospoin-cottadn gHAHIGRS S thes GaRIRELES: datrix

modified, rele matrix material. Following oral. delivery, the composition
in operation élﬁ/ogrgﬁﬁ}é 8@%%3%% C)#ljr? Fﬁ%pﬁﬁﬁtsl%?ifg ?ﬁgrﬁﬁg?. rgrs the
preferré§rpagiiane tibsailslaparsculate modified release

10composition of the present invention comprises a first component which

is an immediate release component. The modified release coating applied
to the secon %B{ﬁ%ﬁgﬁ gpbodiment, the multiparticulate modified release

10 composition of the present invention comprises a first component which is an

immediate release component.

The modified release coating applied to the second population of
cephalosporin particles causes a lag time between the release of active from the
15 first population of act_ive: cephalosporin containing particles and the release of
active from the second population of active cephalosporin-containing particles.
Similarly, the presence of a modified release matrix material in the second
population of active cephalosporin containing particles causes a lag time
between the release of cephalosporin from the first population of
20 cephalosporin-containing particles and the release of active ingredient from the
second population of active ingredient containing particles. The duration of the
lag time may be varied by altering the composition and/or the amount of the
modified release coating and/or altering the composition and/or amount of
modified release matrix material utilized. Thus, the duration of the lag time can

25  be designed to mimic a desired plasma profile.

Because the plasma profile produced by the multiparticulate modified

release composition upon administration is substantially similar to the plasma

-8-



cephalosporin particles causes a lag time between the release of active
from the 15first population of active cephalosporin containing particles and
thegeleasawf active from the second population of active pc/us2006/613637
cephalosporin-containing particles. Similarly, the presence of a modified
release matrix material in the second population of active cephalosporin
containing particles causes a lag time between the release of
cephalosporin from the first population of 20cephalosporin-containing
particles and the release of active ingredient from the second population
of active ingredient containing particles. The duration of the lag time may
be varied by altering the composition and/or the amount of the modified

release geatinganelanaitering e composition padiosameunt of madified

release matrix material utilized. Thus, the duration of the lag time can
25be dESHITRYHS riitfiRy iRsk Fea praBiA g GHRese copReiioae tifer pressha
profile produtteddythenmiytipatticileiennodifizg teltareposin)pasitienupon
adminisiialipniecbataptal Ao e piasis Aol progced by
the administration of two or more 1 c?osage rms given sequgntlally, the
muttipaRiebiratEshiféica s entompoliiphrdtarcpraseitivinisahtiohis
particuIm%&@@wg%ﬁgmmtsfia%ﬁﬁn@M@@;@ﬁ{é&@ﬁé&){;&ﬁfw&%
pivoxil or salt.thereof for which patient tolerance may be

problen At S AR tHRBA P AR RS HIRRd release composition is

therefore advantageous for reducing or minimizing the development of
patient toleragGe oAb AGHYEAASUPAL B G, LATRRSIAL Jn;a preferred
embodiment of the present invention, the active
10 cephalosporin 1s cefcapene pivoxil or a salt thereof and the composition in
operation delivers the cefcapene pivoxil or salt thereof in a bimodal or pulsatile
manner. Such a composition in operation produces a plasma profile which
substantially mimics that obtained by the sequential administration of two IR
doses as, for instance, in a typical antibiotic freatment regimen.
15
The present invention also provides solid oral dosage forms comprising

a composition according to the invention.

The present invention further provides a method of treating a patient

20 suffering from a bacterial infection utilizing a cephalosporin, preferably
cefcapene pivoxil or a salt thereof, comprisihg the administration of a
therapeutically effective amount of a solid oral dosage form of a cephalosporin
to provide a pulsed or bimodal delivery of the cephalosporin, preferably
cefcapene pivoxil or a salt thereof. Advantages of the present invention include

25 reducing the dosing frequency required by conventional multiple IR dosage
regimes while still maintaining the benefits derived from a pulsatile plasma
profile, This reduced dosing frequency is advantageous in ferms of patient

compliance to have a formulation which may be administered at reduced

-9.



10cephalosporin is cefcapene pivoxil or a salt thereof and the composition
in operation delivers the cefcapene pivoxil or salt thereof in a bimodal or
pulgatileyRpner. Such a composition in operation produces & RI&shR 11637
profile which substantially mimics that obtained by the sequential
administration of two IR doses as, for instance, in a typical antibiotic
treatment regimen. 15 The present invention also provides solid oral
dosage foits comprising a composition according to the invention. The
present invention further provides a method of treating a patient
20suffering from a bacterial infection utilizing a cephalosporin, preferably
cefcapene pivoxil or a salt thereof, comprising the administration of a
therapeyti i nount of a solid oral dosage farmofa. . .
cephalo%%%?r?ur% df&p?r%\%\ég g%gp ‘gbﬁé"%%‘?“’b%%%ﬁ ard Ieﬁ?\%%ocs) gy uiilizing the
cephal dEFERhRstEranIge featdne pivesilorabsalit hercoktNgvartages
of the pesanbinyenting ipehide ndRredrcinshtbs doslRgdEgNenGY: of drugs.
required by conventional multiple IR dosage regimes while still
maintaining the benefits derived from a pulsatile plasma profile. This
reduced dosidgetequépeiidsiadV antagtious iniérns afpatienheom pliance
to have ' ' inistered at reduced, frequency.
The redi et e e ey e B S S e

inventid i RSGHY & ShFBL I foFeaa ergmemtperaid e issts aystauatindathices

amountefdiraeispenhby Predifycareinrkers ga dpa AP NINREaoR O beads,

drugs. ?helterm " %gtic%%ate" s used herejn. refers to a state of matter
. . LGS O
which i§ characterized by the présence of 8@@%‘&8%‘%&%’ % ellets, beads

o @rantEshigdegpective of their size, shape or morphology. The term
"multiparticulate” as used herein means a plurality of discrete or

aggregated g@{titcles,“pelleés, beads, granules or mixtures thereof, )
irespective ST F0 8‘2)5816'?86 as used herein with respect to the coating
or coating material or used in any other context, means release which is not

immediate release and is taken to encompass controlled release, sustained

15 release and delayed release.

The term "time delay" as used herein refers to the duration of time
between administration of the composition and the release of the

cephalosporin, preferably cefcapene privoxil or a salt thereof, from a particular

20 component.

The term "lag time" as used herein refers to the time between delivery of
the cephalosporin from one component and the subsequent delivery of

cephalosporin, preferably cefcapene privoxil or a salt thereof, from another

25 cotnponent.
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10morphology.  The term "modified release" as used herein with
respect to the coating or coating material or used in any other context,

meanmdetease which is not immediate release and is takens:ta-£REPANASS
controlled release, sustained 15release and delayed release.  The term
"time delay” as used herein refers to the duration of time between
administration of the composition and the release of the  cephalosporin,
preferably cefcapene privoxil or a salt thereof, from a particular
20component.  The term "lag time" as used herein refers to the time
between delivery of the cephalosporin from one component and the
subsequent delivery of cephalosporin, preferably cefcapene privoxil or a

salt thereof, fram anotherbgempone @érem re}:éq&})e{cgpa a%ggp ‘/%l Siggyeg

herein refers to formulations which may be worn away, diminish ed
deterior¥f58 TP & BeRskeof Subdesrrde kitihs %ﬁ@ﬁé@y‘um%wﬁhm the
"diffusiardontrolled” as used herein refers to formulations which may
spread as the result of their spontaneous movement, for example, from a

reglon of higher to one of lower concentration.
The termn “diffusion controlled™ as used herein refers to formulations

which may spread as the result of their spontaneous movement, for example,

from a region of higher to one of lower concentration.

The term “osmotic controlled” as used herein refers to formulations
10 which may spread as the result of their movement through a semipermeable
membrane into a solution of higher concentration that tends to equalize the

concentrations of the formulation on the two sides of the membrane.

The active ingredient in each component may be the same or different.
15  For example, a composition may comprise a first component containing
cefeapene pivoxil or a salt thereof, and the second component may comprise a
second active ingredient which would be desirable for combination therapies.
Indeed, two or more active ingredients may be incorporated into the same
component when the active ingredients are compatible with each other. A drug
20 compound present in one component of the composition may be accompanied
by, for example, an enhancer compound or a sensitizer compound in another
component of the composition, in order to modify the bicavailability or

therapeutic effect of the drug compound.

25 As used herein, the term "enhancer” refers to a compound which is
capable of enhancing the absorption and/or bicavailability of an active
ingredient by promoting net transport across the GIT in an animal, such as a

human. Enhancers include but are not limited to medium chain fatty acids;
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The term "osmotic controlled" as used herein refers to formulations 10
which may spread as the result of their movement through a
sgmipermeable membrane into a solution of higher concengtagiosattadizss7
tends to equalize the concentrations of the formulation on the two sides of
the membrane. The active ingredient in each component may be the
same or different. 15For example, a composition may comprise a first
component containing cefcapene pivoxil or a salt thereof, and the second
component may comprise a second active ingredient which would be
desirable for combination therapies. Indeed, two or more active
ingredients may be incorporated into the same component when the

active ingedients @ﬁ%ﬁ%ﬁ@@@%w&m&?&g QML égg%ﬁyge%% Oppound

present in one component of the composition may be accompanied by, for

exampl&ighiceriteinaer- Wﬁﬁﬂﬁﬁ%%mﬁwmm@fﬁmmr
Compo%mtﬁ%tMﬂ?mh perEitionhia m@exglia @ﬁ@ﬂﬁ%ﬁtﬂﬁ&l%@lﬁ@m}k@%r a
therapeutl e the ound 25As us e the term
"enhancerg tfe erd gr%Iogﬁ%LﬁnaL?ﬁd plgﬁﬁ%? Eﬁ%ﬁ% the
absorptidreeprdicn mbmr@ﬂabﬂﬁ%ﬂan, aoﬂwmgae@meby pramaotithgsnet
transpogt.agtoss the GIT in an animal, such as a human. Enhancers
include but are not limited to medium chain fatty acids; salts, esters,
ethers and derivatives thereof, including glycerides and triglycerides;

non-ionic surfﬁm@mﬁosﬁ@h dsHboseihabean peﬂafeﬂgm‘cgyeﬁe@@mgl ora
ethylengal(m1 € eg¥| a%tég %Céd ,a fat fatt g?alcggoleeﬁ ﬁ% 09/ ghh%go I ﬁafl .
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first component and in the second component in any amount sufficient to elicit
a therapeutic response. The cephalosporin, when applicable, may be present
either in the form of one substantially optically pure enantiomer or as a
mixture, racemic or otherwise, of enantiomers. The cephalosporin is preferably
15 present in a composition in an amount of from 0.1-500 mg, preferably in the
amount of from 1-100 mg. Cephalosporin is preferably present in the first
~ component in an amount of from 0.5-60 mg; more preferably the
cephalosporin, is present in the first component in an amount of from 2.5-30
mg. 'The cephalosporin is present in the subsequent components in an amount

20 within a similar range to that described for the first component.

The time release characteristics for the delivery of the cephalosporin,
preferably cefcapene pivoxil or a salt thereof, from each of the components
may be varied by modifying the composition of each component, including

25  modifying any of the excipients or coatings which may be present. In
particular, the release of cephalosporin may be conftrolled by changing the
composition and/or the amount of the modified release coating on the particles,

if such a coating is present. If more than one modified release component is
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agents. The proportion of the cephalosporin, preferably cefcapene pivoxil
or a salt thereof, contained in each component may be the same or

diftetentkfdepending on the desired dosing regime. The cephatosposinsss
present in the first component and in the second component in any

amount sufficient to elicit a therapeutic response. The cephalosporin,
when applicable, may be present either in the form of one substantially
optically pure enantiomer or as a mixture, racemic or otherwise, of
enantiomers. The cephalosporin is preferably 15present in a composition
in an amount of from 0.1-500 mg, preferably in the amount of from 1-100
mg. Cephalosporin is preferably present in the first component in an

amount of oM pi 008, JRLE BLEE ﬁQJXa%eo?%QQL%%Ei%E{QnJ&{?lé?%%’E!]‘ie

in the first component in an amount of from 2.5-30 mg. The cephalosporin
is presefitin theiesek fiefttombenend ishiviatrpisdeebivd ibvagmilar
range tonthadislestibeditdthe-itsteompanentl, relcdfetimekelieas@redient

characigisiics,for. (e fefiery,of the gephalosnarin, proferably cefcapene
pivoxil or a salt thereof, from each of the components may be'v nééby

motlifyingitielcsiiposilivnaidiohrelsasponsity inejukimge@5modihdng any
of the exGiRiSRLS: OF CALRGS WHCHh MAMPERIESSNk 1 RAMICH A Nene for

release of ceph_aiosporln may be controlled by cha&%ing the composition
and/or R RHGTREOFATPTREifTEL rRAAEY Costitf e RRE U RICRSS S SUgreh
a coatingrp@reseii atfmoredhtn: ana:ficdified yeldake Lemponentis

presen%e%mgg}‘gg&gg{gase coating for each of these components may

be the
10

The lag time or delay time for the release of the cephalosporin,
preferably cefcapene pivoxil or a salt thereof, from each component may also
be varied by modifying the composition of each of the components, including
modifying any excipients and coatings which may be present. For example, the

15  first component may be an immediate release component wherein the
cephalosporin is released immediately upon administration. Alternatively, the
first component may be, for example, a ime-delayed immediate release
component in which the cephalosporin is released substantially in its® entirety
immediately after a time delay. The second component may be, for example, a

20 time-delayed immediate release component as just described or, alternatively, a
time-delayed sustained release or extended release component in which the
cephalosporin is released in a controlled fashion over an extended period of

fime.

25 As will be appreciated by those skilled in the art, the exact nature of the
plasma concentration curve will be influenced by the combination of all of
these factors just described. In particular, the lag time between the delivery

(and thus also the on-set of action) of the cephalosporin in each component
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same or different. Similarly, when modified release is facilitated by the
inclusion of a modified release matrix material, release of the active

ingredigntanay be controlled by the choice and amount of mggifiedas/ 13537
release matrix Smaterial utilized. The modified release coating may be

present, in each component, in any amount that is sufficient to yield the
desired delay time for each particular component. The modified release
coating may be preset, in each component, in any amount that is sufficient
to yield the desired time lag between components. 10 The lag time or
delay time for the release of the cephalosporin, preferably cefcapene
pivoxil or a salt thereof, from each component may also be varied by

modifying e cOmBRSIAN A ARE L LIS SRS e hIna odiving

any excipients and coatihgs which may be present. For €xample,
15first OB GRBRERSAY- @%W!&%@f@@é@@é@?ﬁﬁ@@éﬁﬁ%ﬁ@@ﬁ%

cephalqsparinnis #elaasash mmﬁéeiytu@m;agmg%ﬂt@@n A SINARYR
the first %?hmﬁ)onent ma be for exam ({e atlme layed i edjat

ime, nu é?j%’ﬁ reTe B L OB &R tally in

release compo%ent’in Which e € p
its' %ntlié@quﬁmgdmt@yim@fmfm dglameﬁme@eu@mjrdom@oﬁ@m may

be, for @?@B@oﬁ@g&@@a%wm'ﬂg FEIGASH CRTRQERE A3 Just

described or, alternatively, a time-delayed sustained release or extended

release BB SHENPiFPI-ERIRERE Bifa BYptst iR e Fersacuaitnalcslrasiee.):

fashiontiovesless extensleshpariodioffime: RoAsepillpe appreaidieried
those sg)%ll nth art th% exact. nrf\tu fjt’he @Iasma oncentratlongbrve
faI SR

. n th
will be C%d by 7 the com I]lllr";:al ion esenflaEtorSJ SgREE Ined.

Inlﬁamé%ﬁ?? e |3gvrimre thetarémalesbitivery

In a preferred embodiment, the multi-particulate modified release
composition according to the present invention has an immediate release
component and at least one modified release component, the immediate release

15  component comprising a first population of active ingredient containing
particles and the modified release components comprising second and
subsequent populations of active ingredient containing particles. The second
and subsequent modified release components may comprise a controlled
release coating. Additionally or alternatively, the second and subsequent

20 modified release components may comprise a modified release matrix material.
In operation, administration of such a multi-particulate modified release
composition having, for example, a single modified release component results
in characteristic pulsatile plasma concentration levels of the cephalosporin,
preferably cefcapene pivoxil or a salt thereof, in which the immediate release

25 component of the composition gives rise to a first peak in the plasma profile
and the modified release component gives rise to a second peak in the plasma
profile. Embodiments of the invention comprising more than one modified

release component give rise to further peaks in the plasma profile.
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(and thus also the on-set of action) of the cephalosporin in each
component may be controlled by varying the composition and coating (if
prasant):@fseach of the components. Thus by variation of the-¢apesitian;
of each component (including the amount and nature of the active
ingredient(s)) and by variation of the lag time, numerous release and
plasma profiles may be obtained. 5Depending on the duration of the lag
time between the release of the cephalosporin from each component and
the nature of the release of the antibiotic from each component (i.e.
immediate release, sustained release etc.), the pulses in the plasma
profile may be well separated and clearly defined peaks (e.g. when the lag
time is long) or the pulses may be superimposed to a 10degree (e.g. in
when the lag time is short). _In a preferred embodiment, the

multi-particul S8 hiddlfiag rendile aegrhpbEnmsrbscdsrinisg adomel praagt
inventicldags ari immiediaigeseloaken coRRRnERandd I2asbabemBRYifasks
S A s e R N
first population of active ingredient containing BRI ANy S S Hied
reléasedesiaporientsdéinpribing Sevensed ofivd Setigayizertpopistations oty

active ingiRdisnt fORIRININGRAIIRSMI BR BRCHY 806, SOSBANEN e foapene
modified rel %se co ents may comprise a controlled release coating.

po C cd el
AdditioREIR OPAITRFRSHRHE S cor s S b g otivunidbree
releas@mp@nﬁmmeqwmmmbsagm_ﬁwﬁieﬁﬂe{@m ek hotraspaal This
operatign.dminisUALNof e & MuleRaUlclale podiied ielease,
composition havmg, for examp €, a singlie ﬁﬁodﬁ?eéi release componen’f
réSults HEEhAP FERNHHE puratane | tsrier tlonesntralientitavtsiletshends an

cephalaspasieipiaiarablynsisapaas PivexilgeasrIbiksreefcinwhichthe;
immedgg e iglggﬁag%%?rgg%nen gf }glse comﬁ)‘ggion %iv S rise to a first
peak in the plasma profile and the Modifiedrareagy EaFoRERYIBE ke
to a seedvdRvRERIRN ST YsiRisasaus in reducing the development of patient
tolerance by providing a period of wash out of the cefcapene pivoxil. Drug
15 delivery systems which provide zero order or pseudo zero order delivery of the

cefcapene pivoxil do not facilitate this wash out process.

Any coating material which modifies the release of the cephalosporin,
preferably cefcapene pivoxil of a salt thereof, in the desired manner may be
20 used. In particular, coating materials suitable for use in the practice of the
invention include but are not limited to polymer coating materials, such as
cellulose acetate phthalate, cellulose acetate trimaletate, hydroxy propyl
methylcellulose phthalate, polyvinyl acetate phthalate, ammonio methacrylate
copolymers such as those sold under the Trade Mark Eudragit. RTM. RS and
25 RL, poly acrylic acid and poly acrylate and methacrylate copolymers such as
those sold under the Trade Mark Eudragite S and L, polyvinyl
acetaldiethylamino acetate, hydroxypropyl methylcellulose acetate succinate,

shellac; hydrogels and gel-forming materials, such as carboxyvinyl polymers,
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profile Embodiments of the invention comprising more than one modified
release component give rise to further peaks in the plasma profile. Such a

plas masprafde produced from the administration of a single Jdasageukipitis,
advantageous when it is desirable to deliver two (or more) pulses of active

ingredient without the need for administration of two (or more) 5dosage
units. Additionally, in the case of bacterial infection, it is particularly useful
to have such a bimodal plasma profile. For example, a typical cefcapene
pivoxil hydrochloride treatment regime consists of administration of three
doses of an immediate release dosage formulation given four hours apatrt.
This type of regime has been found to be therapeutically effective and is

widely 0sed. A5 Areiously menianed, he deyelopment of patient
tolerance Is an verde e% ect sometinies associated with cePCapene

pivoxil HEbeeatsiarstarchs trdlieved tnahthddanrethvitrelplesemaptotile

betweenrdingdwoerak Rlasma.conaaniatinns isadvaniagsaysinseduging
the dev&a{o%ment %f patient tolerance b{spr%{?jﬁli_n a period of ¥\/ash out of
the cefcARERE BiIOLIODIIG SR, By L e ML R RRBPE ORI 28 Srfer

or pseudcpzetiorovildregelivary mfa,tha hgﬂogmnpyﬁ) i&@kﬂqﬂg hpddagititatel this
wash oWl DEORERS1ose, dOINSORIRAGMAE AL ﬁgm?a%f}keﬁ&a%cn%)&%flgeof

the cephalosporin, preferaﬁly cefcapene pivoxil of a salt thereof,in

desired ST REr TR PBISEE TSI iiroR amsy (Frsesii R BV RSe M,
for use ivthe prasiepalithe Rveation darivdgbutase naibneiigd4o
polymer coatin erials, such llulgose acetate phthalate, cellulo
i Rl i e S i
acétaterptitraiaiae bimmvhniebmsthichilRitdocopblymdpsrseigtras (those sold

under the, JradaMasEudiagit Bd MR @D8rogels, polyviny! alcohol having a

low acetate residual, a swellable mixtore of agar and carboxymethyl cellulose,
copolymers of maleic anhydride and styrene, ethylene, propylenc or
isobutylene, pectin {m. wi. .about.30 k-300 k), polysaccharides such as agar,

15 acacia, karaya, tragacanth, algins and guar, polyacrylamides, Polyox . RTM.
polyethylene oxides (m. wt. .about. 100 k-5,000 k), AquaKeep. RTM. acrylate
polymers, diesters of polyglucan, crosslinked polyvinyl alcohol and poly N-
vinyl-2-pyrrolidone, sodivm starch glucolate (e.g. Explotab.RTM.; Edward
Mandell C. Ltd.); hydrophilic polymers such as polysaccharides, methyl

20 cellulose, sodium or calcium carboxymethyl cellulose, hydroxypropyl methyl
cellulose, hydroxypropyl celiulose, hydroxyethyl cellulose, nitro cellulose,
carboxymethyl cellulose, cellulose ethers, polyethylene oxides (e.g.
Polyox RTM., Union Carbide), methyl ethyl cellulose, ethylhydroxy
ethylcellulose, cellulose acetate, cellulose butyrate, cellulose propionate,

25  gelatin, collagen, starch, maltodextrin, pullulan, polyvinyl pyrrolidone,
polyviny} alcohol, polyvinyl acetate, glycerol fatty acid esters, polyacrylamide,
polyacrylic acid, copolymers of methacrylic acid or methacrylic acid (e.g.

Budragit. RTM., Rohm and Haas), other acrylic acid derivatives, sorbitan esters,
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25RL, poly acrylic acid and poly acrylate and methacrylate copolymers
such as those sold under the Trade Mark Eudragite S and L, polyvinyl

ageialdigthylamino acetate, hydroxypropyl methylcellulose pegidi®os/13537
succinate, shellac; hydrogels and gel-foiming materials, such as

carboxyvinyl polymers, sodium alginate, sodium carmellose, calcium
carmellose, sodium carboxymethyl starch, poly vinyl alcohol, hydroxyethyl
cellulose, methyl cellulose, gelatin, starch, and cellulose based
cross-linked polymers--in which the degree of crosslinking is low so as to
facilitate adsorption of water and 5expansion of the polymer matrix,
hydoxypropyl cellulose, hydroxypropyl methylcellulose,

polyinyipuiiolne ciasalnked s mistaenialine celuiose: Shiin,

U
aminoacryl- methacrylate copolymer agit o}

Haas), POIRSFHT Giagen, reardineadeo glamzpanter-sodigwms such as arabm
carboxmm@myll&eiwmg, @WM%M@%Q%M&B@&} sclemglucan and

poly(hydrox alkyl me about.5 k-5,000 k
ot A (e e ragio0e 10 S AOPES A e B B ied in
hydrogels, pofipiinig faikdomlhawmgra lowi aioétated vesicarel te sivettalylee

mlxtureafah@@am@%ﬁﬁ%ogxﬁas Dyl £RHIIOSE: FRRAVESIS AL MAISIG o
anhydride and styrene, ethyl eneéﬁggglene or isobutylene, pectin (m.

wt..abolROBO3LYSOETRS; bk ke glicrlas: é@%ﬂ‘y Isrhpisedicthytaya,
tragacapiithabgintiaatygpanpatyacyiamides, ek?@llygycﬁixﬁé,,gmﬂyﬁmylene
oxides t..about.10Q0 k-5,000 k uaKeep. TM agr lat mers,
diesteré;) V\iel?/gﬁ?%?r% qcrlr%:gtéff]hlgltr ‘3@‘%&’/’1‘” ohof'a tm u ?IB%X e

N\‘/%yl@%xirmﬁmﬁ@%mﬁ%béﬁlg Elrethetety. OExpi@tbﬁ 2UE N

Edward,biandeit Gichieh); fycsrphilicnolmers el aspelyrascharides,

methyl 20cellu m or calcium carboxyrnethyl cellulose,
oS SRSy A FCEAT RSBy e AP sy iFgrons
cellulosgtimitrtecelitylosey igartbatayanéthyd celiitesepcedistiaisaibiaprssoctyl

p0|yethﬁﬂﬁ'{éﬁl%éd§%t§@'ﬂefﬁ Iy%a%}gvhl—}rj Qé%ﬂ %Qfﬁ@ ail& q% Sﬂlayalate di-

ceIIquse ethylhydroxy ethylcellulose, cellulose acetaté, celluloge

bdtyrats’ deailnB lb‘}%[9?0?1ﬁf@e%Q’é@fﬁ%*%éfr&g}@ﬁeﬁb%ﬁ‘aﬁﬂfﬂtﬁﬂgxtr|n

pullularipabexiriyHmeaphdone?-cthylhexyl adipate, di-2-ethylhexy! sebacate, di-2-
ethylhexyl azelate, dibutyl sebacate,

When the modified release component comprises a modified release

20 matrix material, any suitable modified release matrix material or suitable
combination of 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 modifying the release of

25 cephalosporin, preferably cefeapene pivoxil or a salt thereof, dispersed therein
in vitro or in vivo. Modified release matrix materials suitable for the practice of
the present invention include but are not limited to microcrytalline cellulose,

sodium carboxymethylcellulose, hydoxyalkylcelluloses such as
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polyvinyl alcohol, polyvinyl acetate, glycerol fatty acid esters,
polyacrylamide, polyacrylic acid, copolymers of methacrylic acid or
mathasgyliss@cid (e.g. Eudragit. RTM., Rohm and Haas), otheragnyligacie;
derivatives, sorbitan esters, natural gums, lecithins, pectin, alginates,
ammonia alginate, sodium, calcium, potassium alginates, propylene glycol
alginate, agar, and gums such as arabic, karaya, locust bean, tragacanth,
carrageens, guar, xanthan, scleroglucan and mixtures and blends thereof.
As will be appreciated by the person skilled in the 5art, excipients such as
plasticisers, lubricants, solvents and the like may be added to the coating.
Suitable plasticisers include for example acetylated monoglycerides butyl

plIthaIy%Mx&g#xg%@ﬁ&H%&@%@tﬁy&&g@%hgﬁmﬂge %m

phthalaté; eth@ halyl ‘ethyl glycolate; glycerln propylene glycol:

triacetif &t Y{Ffﬁwafaﬁﬁuamﬁthaﬁs Moﬁﬁﬂﬁlélé@’li@%i’é%‘ﬁflPOIWWI&H@
m0n09|y@ebﬂd§olpeiy?1§bwl@n&oglageﬁlm16@sa&éﬁ& SepiydeCitepie: m}yﬁugnc

alcohols cerol ee Icer cet acet Itr|e I C|trate
dibenzﬁﬁﬂﬁ/ Rald geadﬁ té%} %I'h%g ebac?e? fyrfls}h afaﬁ onon
phthalapbiiisiatgl g@bjﬂibﬁmaﬂmeyéhmxwo&wm@cep@)@d@smimm@mnfsoctyl
trimellitate, diethylhexyl phthalate, di-n-octyl phthalate, di-i-octyl phthalate,

di- 15i-decyl phthalate, di- n undecyl phthalate, di-n-tridecyl phthalate, tri-2-
ethylhexy! trift@titerrirdats ﬁgys&ﬂp TSSO B ER ARER el te

di-2- etb;dkmxyimekatmadnbuﬁyxlcsaimaﬂaﬁenwm@mtﬁtebﬂmjdﬁ@d feleasech
component con 1%[%% sa ified.r se,. 20matrix. materi e
mOdIer§ release magtrl?( matecrtlgleélr%ﬁﬁa ﬁé"c% “E’ﬁ’%&%&“ﬁ %%Fnogﬁj Gag y%

releasednsagfiiomataniabs magnseoliedliSuen reatdtiiissarecRpBATRe hose
skilled indhenait. th%i@rWh mqﬂa&e@ﬁ%@%&%&ma&@w%ﬁéxﬁ%@m

herein |n Iudes dro hilic ers, rophobic polymers and mlxt
thereof Which 3re 83‘[33 o%%g(}? (ﬂp 5%%30% Sélp‘:ﬁ (1)15 SFi E
preferablycrfewapen@mwwm@eal@attmehedff@rsmersbﬂmrmguiatmns of

active ingredient containing particles may be compressed (optionally with

15 additional excipients) into mini-tablets which may be subsequently filled into
capsujes in the appropriate proportions. Another suitable dosage form is that of
a multilayer tablet. In this instance the first component of the multiparticulate
modified release composition may be compressed into one layer, with the
second component being subsequently added as a second layer of the

20 multilayer tablet. The populations of cephalosporin-containing particles making
up the composition of the invention may further be included in rapidly
dissolving dosage forms such as an effervescent dosage form or a fast-melt

dosage form.
25 The composition according to the invention comprises at least two

populations of cephalosporin-containing particles which have different in vitro

dissolution profiles.
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in vitro or in vivo. Modified release matrix materials suitable for the
practice of the present invention include but are not limited to

Wﬁ?‘l}w cellulose, sodium carboxymethylcellulose, D
oxya celluloses such as hydroxypropylmethylcellulose an

hydroxypropylcellulose polyethylene oxide, alkylcelluloses such as
methylcellulose and ethylcellulose, polyethylene glycol,
polyvinylpyrrolidone, cellulose acteate, cellulose acetate butyrate,
cellulose acteate phthalate, cellulose acteate trimellitate, polyvinylacetate
5phthalate, polyalkylmethacrylates, polyvinyl acetate and mixture thereof.
A multiparticulate modified release composition according to the present

invention ma)ﬁ} % éfrporated into_any suitable dosage form which
facilitates releaSs 8P the BBIRA Y tramPRT S AL Sine rating Aty Bt
the 10dosdgdestgenfomaydeaihigid obthe differeft:popelatitntaforin,

Cephal%@ﬁ?&ifgé}@%mﬁ?l& a\Qcha’f er%%(su tateszlfmlsrt%qg a?]te tﬁfﬁé

and the modified release components, t eing fi nto’ sui

capsule%epéa’aﬁpaéﬁha%‘w%ﬁ 15 caprenest inrderrsdvsior theclitiereht

indjviduakpeprirtans:afAstivNe IRGrRAISNL SARIAIMRG ﬁer@eéeéom%&@e
compressed (Sogtlogﬁll with 15additional ex0|p|en into mini-tablets

which &y Be SubBseqtam file it ERbs s AFY % Koo prisges of the
proportisnsalanuthefrsuithbledodage forenissthatpfdanilikilbytenttaliet khe

this instapes dhefArShGRERAGHAENE CULPAicWAte: JOd 'Sﬁﬂg'ease

composmon may | be com ressed into one layer, with the second

compoEPRARg e OPASABRUS™Y BBESKTkYEH 8f fséniled above by

20multitayesdab laahdﬁh&a@meﬁ@dlammg sephalasparisdcerRtanng-pasticies].
making up the composition of the invention may further be included in

rapidly dissolving dosage forms such as an effervescent dosage form or a
fast-melt dos&ftfacrareferagTHehen i Fokitior edeoniiing 1o nhkdeirvelntione by
comprigesvatiipastdwganepuiainnsat sarhaloseeinrepntainingpatticles
which hav ifferent in |tr dissolution rofJJes
osporm prefe rab y cefcapene pivoxil or a salt thereof from a patient's
15 system, release of the cephalosporin from the second component is delayed
until substantially all of the cephalosporin contained in the first component has
been released, and further delayed until at least a portion of the cephalosporin
released from the first component has been cleared from the patient's system. In
a preferred embodiment, release of the cephalosporin from the second
20 component of the composition in operation is substantially, if not completely,

deiayed for a period of at least about two hours afler administration of the

composition.

The cephalosporin release of the drug from the second component of the
25  composition in operation is substantially, if not completely, delayed for a
period of at least about four hours, preferably about four hours, after

administration of the composition.
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Preferably, in operation the composition of the invention and the solid oral
dosage forms containing the composition release the cephalosporin,

preferabl){ cefcapene pivoxil or a salt thereof such that substantiallx all of
WO 200/ IdT ; ) , ) BC/USZ006(013637
the cephalosporin contained in the first component is releaséd prior 10

release of 5the cephalosporin from the second component. When the first
component comprises an IR component, for example, it is preferable that
release of the cephalosporin from the second component is delayed until
substantially all the cephalosporin in the IR component has been
released. Release of the cephalosporin from the second component may
be delayed as detailed above by 10the use of a modified release coating
and/or a modified release matrix material. ~ More preferably, when it is
desirable to irimizbyHiseindieranesipy BrOVEMG P EOYRGRYegRTeied
which fagililatgswasheautiaf adisshdoseohanhalaspesinapreterahly
cefcapene pivoxil or a salt therec%f rom a IOP% iengsdi 5_si§ﬁstervr\;i r%eeadsr%golfn N
the cepPRIBEp AT SHITRTE DS8KISI RO MpENeAT IS delaye ot
substaptigiyeathef thééeephidgiospoiinskohtainac-imthesfidst Beppvment has

been released, wc&%@%fyqﬁmsgm& alleast & potion of thetes

cephalosporin released from the first compaonent has been cleared from

the patiEviS Iy S, ThoE preTsBtPemBYdTEhE (BfSE8 BF g o and
cephalgsporiadiee; the seaend-2samppnentofitiisigpaipdsibiiinand/or
operation s substantially, if not completel aI for.a.petiogd of t
about IW’BC lp,agﬂ%g%ﬁf "rreaﬁéﬁ ATStTa igq};ll (0] @[ﬁéhc%er%%)é)?s%tiﬁég%%ge&’ %(9 tg%!%@
cephalospordasisaseaciaties drughieb thadersseisat ssmpo et Erthe

25¢0mpgsitian i ORERHGNS sidsiantialyidinateampisialys detayeshipr a
period of at least about four hours, pref?rablly ab&zt four QP rs a{!te({
adminiStFaRish B EempRs aHbIe) polymers with {covalently) aitache

'pendant’ drug molecules; devices where release rate is controlled dynamically:

eg, the osmotic pump.

The delivery mechanism of the invention will contro] the rate of
15  release of the drug. While some mechanisms will release the drug at a
constant rate (zero order), others will vary as a function of time
depending on factors such as changing concentration gradients or

additive leaching leading to porosity, etc.

Polymers used in sustained release coatings are necessarily
20 biocompatible, and ideally biodegradable. Examples of both naturally
occurting polymers such as Aquacoat® (FMC Corporation, Food &
Pharmaceutical Products Division, Philadelphia, USA) (ethylcellulose
mechanically spheronised to sub-micron sized, aqueous based, pscudo-
latex dispersions), and also synthetic polymers such as the Eudragit@
25  (Rohm Pharma, Weiterstadt.) range of poly{acrylate, methacrylate)

copolymers are known in the art,
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As described herein, the invention includes various types of controlled
release systems by which the active drug may be delivered in a pulsatile

AT RR% /1{&g§e systems include, but are not limited to: fllm?(ﬁ;ﬁ%}@%’g&%

ina polymer matrix (monolithic devices); the drug contained

polymer 5(reservoir devices); polymeric colloidal particles or
microencapsulates (microparticles, microspheres or nanoparticles) in the
form of reservoir and matrix devices; drug contained by a polymer
containing a hydrophilic and/or leachable additive eg, a second polymer,
surfactant or plasticiser, etc. to give a porous device, or a device in which
the drug release may be osmotically 10'controlled’ (both reservoir and
matrix devices); enteric coatings (ionise and dissolve at a suitable pH);
(solublefpelyiricdaniths(covalently) attached 'pendant’ drug molecules;
devices where release rate is controlled dynamically: eg, the osmotic
pump The delis/qxpima@ipam&mmfokh&)imea&@@w%mﬁmhtﬁte sate of

15re|ease pft Cg I Eome mechanl sms WI| rele e the drug ata
Z6ro Ser’f gt

as a ore
constant rate &rs Wil v as a fau}ﬁc ion o {nme cf)ependlng

on factdés: mm@@%ﬁwﬁg%@mﬁlﬁ@ﬂ@m@hdlenw or additive leaching
leading to porosity, etc. Polymers used in sustained release coatings are

necessarily 2Ghiocompatibiesand idealtydiadagradablecbxamples of both
natura”}[eadily be applied to reservoir devices (eg, the effects of additives,
polymer functionality {and, hence, sink-solution pH} porosity, film
casting conditions, etc.) and, hence, the choice of polymer must be an
important consideration in the development of reservoir devices.

10 Modelling the release characteristics of reservoir devices {and
monolithic devices) in which the transport of the drug is by a solution-
diffusion mechanism therefore typically involves a solution to Fick's
second law (unsteady-state conditions; concentration dependent flux) for
the relevant boundary conditions. When the device contains dissolved

15 active agent, the rate of release decreases exponentially with time as the
concentration (activity) of the agent (fe, the driving force for release)
within the device decreases (fe, first order release). If, however, the
active agent is in a saturated suspension, then the driving force for
release is kept constant (zero order) until the device is no longer

206 saturated. Alternatively the release-rate kinetics may be desorption

controlled, and a function of the square root of time.

Transport properties of coated tablets, may be enhanced
compared to free-polymer films, due to the enclosed nature of the tablet
core {permeant) which may enable the internal build-up of an osmotic

25  pressure which will then act to force the permeant out of the tablet.
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occurring polymers such as Aquacoat(r) (FMC Corporation, Food &
Pharmaceutical Products Division, Philadelphia, USA) (ethylcellulose

meghanicallg spheronised to sub-micron sized, aqueous based
WO 2006/110807 . : %CT[EI%%OBG!OI?;GS?
pseudo-latex dispersions), and also synthetic polymers such as the

Eudragit(r) 25(Rohm Pharrna, Weiterstadt.) range of poly(acrylate,
methacrylate) copolymers are known in the art. Reservoir Devices A
typical approach to controlled release is to encapsulate or contain the
drug entirely (eg, as a core), within a polymer film or coat (ie,
microcapsules or spray/pan coated cores). 5The various factors that can
affect the diffusion process may readily be applied to reservoir devices
(eg, the effects of additives, polymer functionality (and, hence,
sink-solution PP P Shycinpised sty enriirontiving fediels Feredithe

choice gbpaiyiensnpisidieERCGMpRianh comsideraianinthedevelgpment

of reseryQir devices. 10Modglling the release characteristics of reservoir
devicese%ﬁﬁ cr%l%aé?ﬁﬁf%% ev%élg?‘la gv Pcﬁ“iﬁ%‘%ﬂé?fgéﬁﬁ %ﬁf‘f?ﬁ? 8{ﬁﬂtis by a
solutiorfigifrifsidebleie ctrarsmdtiere forextypicdlfijinviolv s @ugolution to
Fick's Sﬁﬁ&ﬂ%i@%’y fﬁh‘ﬂé@?@ﬁ}{pﬁﬁ%&gﬁg}@ iR CONCE QE%&?@pgg{%g@dem

flux) for_the relevant boundary conditions. Wheon the device ‘contains
dissolvEt 1 EXSRIE Syerih (s A Brven sk 9 Fid seesemisdiitally with
time asdhpitonoanivatiori(Boivibe-elthesagentie fihe dhviegifereafor
releas \{y'y-}' he device decreases (ie, first order release). If, however,
the ac'([al‘%% %ég]rﬁﬁ%ﬁ%bséﬁ%étteg g%%abggr?g%ﬁ }%qu\ﬁﬂ% 0(131 @ r?\}}iﬁ(éc}%?%%v for
release’is KaptRGASIERHICE 6 Bigd Al il ehesbanddadsins|orme found

10 to swell in deionised water and change shape to an oblate spheroid as a
result of the build-up of internal hydrostatic pressure: the change in
shape providing a means to measure the force’ generated. As might be
expected, the osmotic force decreased with increasing levels of PEG
content. The lower PEG levels allowed water to be imbibed through the

15 hydrated polymer; whilst the porosity resulting from the coating
dissolving at higher levels of PEG content (20 to 40%) allowed the
pressure 1o be relieved by the flow of KCI.

Methods and equations have been developed, which by

monitoring (independently) the release of two different salts (eg, KCl

20 and NaCl) allowed the calcunlation of the relative magnitudes that both
osmotic pumping and trans-pore diffusion contributed to the release of
salt from the tablet. At low PEG levels, osmotic flow was increased to a
greater extent than was trans-poxe diffusion due to the generation of only
a low pore number density: at a loading of 20%, both mechanisms

25  contributed approximately equally to the release. The build-up of
hydrostatic pressure, however, decreased the osmotic inflow, and
osmotic pumping. At bigher loadings of PEG, the hydrated film was

more porous and less resistant to outflow of salt. Hence, although the
22,



20saturated. Alternatively the release-rate kinetics may be desorption
controlled, and a function of the square root of time.  Transport
pro(g)zeﬂrt%%s1 %g coated tablets, may be enhanced compared to freﬁ%?}lgmer
fiWns, Jt 8 fhe enclosed nature of the tablet core (permea?rﬁf’ / !
enable the internal build-up of an osmotic 25pressure which will then act
to force the permeant out of the tablet. The effect of deionised water
on salt containing tablets coated in poly(ethylene glycol) (PEG)-containing
silicone elastomer, and also the effects of water on free films has been
investigated. The release of salt from the tablets was found to be a
mixture of diffusion through water 5 filled pores, foi med by hydration of
the coating, and osmotic pumping. KCI transport through films containing
just 109%°PES FrRpHighaipecdicspinaresteishlesmdtidgobsenvetin

similar tigafibasvindicabingnthatnoresitywaspessssanyfordhg elease of
'trans-pore diffusion.’ Coated salt tablets,

the KCImng%ch.éheg ogcu red % At

shaped as diske: ware found THE5 &SN THUemBATLLY Waterissd oifige
shape t»kiflobfate spheroid as a result of the build-up of internal
hydrostatic pressure: the change in shape providing a means to measure

thes 'foreesganesatessAs mjgﬂti;)@@gg@ﬁ?ted, the osmotic force decreased
with increasing levels of PEG content. The lower PEG levels allowed

water to be ippi through 15hydrated polymer; whilst the porosity
resultin f(or?%l%&é%ﬁtingaqﬂgfgﬁﬁﬁgéa{wg Se’"%lgé%g & 8?3%’&“&%%5& (20 to
40%) B e praeiingths tricratioldnisy This fiopvseitisCiedwethods and

equatiansyhay eheondeno!Rpedyuhich Ry maniong, (ndependendly) the
release,of two diftf&rgnt saltz(e , Ka 20 and NaC1) allowed the

calculation of e TeesT REHhTt Rl Al Midoinsesn Bt pifismg and
triths-porsdifusidweofitiibutecbtorthef reteaserbfdealtdramibe dablete At

low PEGIeugls . pamRtelay wasifrieased 0. arsiar extent than,was

trans-pore diffusion due to the generation of only a fow pore nuniber

density "8t ZTIRRIFPHFIDEE, otk FasurisTtiemal a polymer/drag mixture

or by dissolution or melting. The dosage release properties of monolithic
devices may be dependent upon the solubility of the drug in the polymer

15 matrix or, in the case of porous matrixes, the solubility in the sink
solution within the particle’s pore network, and also the tortuosity of the
network (to a greater extent than the permeability of the film),
dependent on whether the drug is dispersed in the polymer or dissolved
in the polymer. For low loadings of drg, (0 to 5% W/V) the drag will

20 bereleased by a solution-diffusion mechanism (in the absence of pores).
At higher loadings (5 to 10% W/V), the release mechanism will be
comptlicated 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.

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

surfactant, or adjuvant (fe, an ingredient which increases effectiveness),
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25contributed approximately equally to the release. The build-up of
hydrostatic pressure, however, decreased the osmotic inflow, and osmotic

gﬁ@?mgiﬁwlgher loadings of PEG, the hydrated film was more &)%%{%637

ss resistant to outflow of salt. Hence, although the - - IEERSHL
pumping increased (compared to the lower loading), trans-pore diffusion
was the dominant release mechanism. An osmotic release mechanism
has also been reported for microcapsules containing a water soluble core.
Monolithic Devices (Matrix Devices) Monolithic (matrix) devices are
possibly the most common of the devices for controlling the release of
drugs. This is possibly because they are relatively easy to fabricate,
compared to reservoir devices, and there is not the danger of an
accideritaiight doserjeandicotidrésuietrfrometve fupthracsfiive

membrapg:RERseMREde vl sUshadaYice she active.agent is
present as a dispersion within the polymer matrix, and they are typically

folioed BYPHH% EOH SRR P BONAARH By A P B eRRLBH N or
meltingpibpergosagelieleaseiprogddiepdimanslithioadedoe s may be
degendent ypan s solubility:af the. dryg ﬁa}@&&&%@%@@ﬁgﬁg in the

case of porous matrixes, the solubility in the sink solution wit

particle§porecHeloverkian dusrd thcatBrteit) SN 996K (to a greater
extent thardhedespeabilifymeiihedim) sdependeat opiwhether the drug is

dispersed in the polymer.or dissolved in t olymer. For low loadings of
g, (PR, RIS TmR T 2By & LT ab i sion
mechatiishil@rethenatsericd btporeskabilitigher dpadings ¢btle 10% W/V),

the releasg seabapisayili hecomplicalgdiyrihg RIgssRCet cavities
formed near the surface of the device as the drug is lost: such cavities fill

with fluf RO FRER Sh e Amtrbe Rt I ierdiB g5 fife drug.

function of time and film reciprocal thickness at a PEG loading of 50%
W/W: plots showing a linear relationship between the rate of permeation
and reciprocal film thickness, as expected for a (Fickian) solution-

15 diffusion type transport mechanism in a homogeneous membrane.
Extrapolation of the linear regions of the graphs to the time axis gave
positive intercepts on the time axis: the magnitude of which decreased
towards zero with decreasing film thickness. These changing lag times
were attributed to the occurrence of twe diffusional flows during the

20 early stages of the experiment (the flow of the 'drug’ and also the flow of
the PEG), and also to the more usual lag time during which the
concentration of permeant in the film is building-up. Caffeine, when
used as a permeant, showed negative lag times. No explanation of this
was forthcoming, but it was noted that caffeine exhibited a low partition

25  coefficient in the system, and that this was also a feature of aniline
permeation through polyethylene films which showed a similar negative

time lag.
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25It is common to add a plasticiser (eg, a poly(ethylene glycol)), or
surfactant, or adjuvant (ie, an ingredient which increases effectiveness),

tQumalsbs igyices (and reservoir devices) as a means to enpaneethe . . .
permeability (although, in contrast, plasticiser may be fugitive, and simply

serve to aid film formation and, hence, decrease permeability - a property
normally more desirable in polymer paint coatings). It was 5noted that the
leaching of PEG acted to increase the permeability of (ethyl cellulose)
films linearly as a function of PEG loading by increasing the porosity,
however, the films retained their barrier properties, not permitting the
transport of electrolyte. It was deduced that the enhancement of their
permeability was as a result of the 10effective decrease in thickness

caused by the PEE I MY T HERFLL 8 o Eatrahe Bromgride vices
cumulativebpenriteastifhind pie pani ihanght asestunetion offimeanddfibn

recipro%%g m&k&%%%tgtﬁ C tlgl%G |%%1 %I:hSa%?/é)mst?gc 1plots esl(powmg a linear

relationship between the rate o ermeatlon and reciprocal film thickness,

as expé@ié‘aﬂféﬁmﬁ@kramr@ca@;fwt%mﬁtastbﬁdgsgéqﬁangm?@me@han|sm

in g homﬂpﬁﬁ@%ﬁrm%m%%uﬁwm%ﬁmﬁéﬂﬁﬁg'@%@H{@@QB& of the
graphs to ?%% ax1% osmve intercepts on the time axis: the

magnit(ia& W’%]%c d%&g Rl it LR e PRy film

thicknessrhipesercimaihg khgdagimes yrefsatitutelitovthe @cduteénce of
two diffjisional JA@M&&@M&Q@@{%@%@%M DR sxpsrimanLte ow

of the 'drug' and also the flow of the PEG), and so to the more usual lag

time dutfHE WASRR fﬁ%p%ﬁ%g}ﬂr%ﬁlﬁﬂsﬁé‘ﬁﬁéﬁcﬁfsﬁﬁ'ﬁh@thﬁh%fbU|Idlng -up.
Caffei n&swhﬂf@m%tﬁﬂladpaﬂm@,%tﬂﬁf&wm gdive kg Exm&%ﬁNRs
explan |onI|10f thls Y ghgqggln%ags I it u%gcn%téagelﬂgat ca1;|c %
exhibited & Tow PAFitoR Dhcoe hie"System "art At this Wis also
a featupsréictmilirtbat were more soluble due to the formation of ’dlsruptlons
in the matrix allowing the dissolution medium access to within the
matrix. This is of obvious relevance to a study of latex films which
15 might be suitable for pharmaceutical coatings, due to the ease with
which a polymer latex may be prepared with surfactant as opposed to
surfactant-free. Differences were found between the two polymers - with
only the Eudragit® RS showing interactions between the anionic/cationic

surfactant and drug. This was ascribed to the differing levels of

20  quaternary ammonium ions on the polymer.

Composite devices consisting of a polymer/drug matrix coated in
a polymer containing no drug also exist. Such a device was constructed
from aqueous Budragit”™ latices, and was found to give zero order release
by diffusion of the drug from the core through the shell. Similarly, a
25  polymer core containing the drug has been produced, but coated this
with a shell that was eroded by the gastric fluid. The rate of release of
the drug was found to be relatively linear (a function of the rate limiting

diffusion process through the shell) and inversely proportional to the
-75 .



permeation through polyethylene films which showed a similar negative
time lag. The effects of added surfactants on (hydrophobic) matrix
d%wjggéﬁ;f%%peen investigated. It was thought that surfactar%&rag/2 006/013637
increase the drug release rate by three possible mechanisms: (i

increased solubilisation, (ii) improved ‘wettability' to the dissolution media,
and 5(iii) pore formation as a result of surfactant leaching. For the system
studied (Eudragit(r) RL 100 and RS 100 plasticised by sorbitol,
Flurbiprofen as the drug, and a range of surfactants) it was concluded that
improved wetting of the tablet led to only a partial improvement in drug
release (implying that the release was diffusion, rather than 10dissolution,
controlled), although the effect was greater for adragit(r) RS than
Eudragittf} rHickefnst tisigre dte selnsne Snvetbnseredseaius yradze
surfactaftsdhataarenmore soluble due to the formation of 'disruptions’ in
the matrix allowing the dissolution medium access to within the matrix.
This is g%igpyﬂgg&gglevance to a study of latex films which 15might be
suitable tfor phaimaccutical coatings, due to the ease with which a polymer
latex may be prepared with surfactant as opposed to surfactant-free.
Differences wéft reF ﬁéﬁfé@ﬁ%ﬁ%ﬁf&lﬁm@mﬁﬁ%nly the
EudragitéicRSashowing interadtionsdhesveon theanrieniciealioniaiso
surfactan and diug,, s yas ascribedto e differing leyels of.
20quaternary’ ammonium iohs on the polymer. Pmposite devices
consistif§oPadp SREHertEnaMatITR e FERH A by shiyehdrz Bistdintrimdio
drug alseiewistinSusiha) deyisenas sansteteddrom agusous&vaagit(r)
latices, anq was fou.é’nd to give z%r%frder release by diffusion of the drug

from th& COFE SRS ENE R EHHIRN% 58I mer core containing the
drug has been produced, but coated this with a shell that was eroded by

th¥ gastric fluiéie ThoraBigPreliease s e thasghwaseungd aedbdiralatively
linear (adunsriasneithasatedniting siffusianpracesshroual the-shell)
and invi%{g %l}gtg{(%&%r (g%gx%clite?n tg]rgulsion containing the dispersed
polymer/drug/solvent particles, by a coacervation-type process, from
which the ethanol (a good solvent for the polymer) rapidly diffused
15 precipitating polymer at the surface of the droplet to give a hard-shelled
particle enclosing the drug, dissolved in the dichloromethane. At this
point, a gas phase of dichloromethane was generated within the particle
which, after diffusing through the shell, was observed to bubble to the
surface of the agueous phase. The hollow sphere, at reduced pressure,
20 then filled with water, which could be removed by a period of drying.

(No drug was found in the water.) A suggested use of the microspheres

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

A means of attaching a range of drugs such as analgesics and

25  antidepressants, etc., by means of an ester linkage to poly(acrylate) ester
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- 25 - shell thickness, whereas the release from the core alone was found
to decrease with time. Microspheres Methods for the preparation of hollow

sRASIES Scmicroballoons) with the drug dispersed in tﬁ‘&ﬁ@}%’&ﬁ a7
shell, and also highly porous matrix-type microspheres ('microsponges%

have been described. The microsponges were prepared by dissolving the
drug and polymer in ethanol. On addition to water, the ethanol diffused
from the emulsion droplets to leave a highly porous particle. 10The hollow
mierospheres were formed by preparing a solution of
ethanol/dichloro-methane containing the drug and polymer. On pouring
into water, this formed an emulsion containing the dispersed
polymer/drug/solvent particles, by a coacervation-type process, from
which tHESRHEIFEPEBHEEBRANER trsinymekyrapaniraimidsan
15precipitatingatyessersatéheseriase-otiha giopleltegivaa harg-shelled
particle er clggit thei %gggé %issglllved in the dichgjrot ethane. At.g‘lis point,
a gas phase of diehioTomethans Was g e B WRkITIFE S5 A4S which,
after differsiig it Galivatitystidi whssolvddredpbbubybtelioithed Serface of
thg;aquegusphase. The hollow sphere, at reduced pressure, 20then filled
with water, which could be removed by a period of drying. (No drug was

found in the \%ateg.;“ﬁr sgge%ea%%%% §°t gé%tgrgﬁg@ér%sogﬁ%eése%% Sagaggatlng

drug delivery debices for tsa in
been synthesized with a pendent drug attached. The research group have

also prepared their own dosage forms in which the drug is bound to a
biocompatible polymer by a labile chemical bond eg, polyanhydrides

10 prepared from a substituted anhydride (itself prepared by reacting an
acid chloride with the drug: methacryloyl chloride and the sodium salt of
methoxy benzoic acid) were used to form a matrix with a second
polymer (Eudragit® RL) which released the drug on hydrolysis in gasiric
ﬁuid. The use of polymeric Schiff bases suitable for use as carriers of

15 pharmacentical amines has also been described.
Enteric films

Enteric coatings consist of pH sensitive polymers. Typically the
polymers are carboxylated and interact (swell) very little with water at
low pH, whilst at high pH the polymers ionise causing swelling, or

20 dissolving of the polymer. Coatings can therefore be designed to remain
intact in the acidic environment of the stomach (protecting either the
drug from this environment or the stomach from the drug), but to

dissolve in the more alkaline environment of the intestine.

Osmeotically controlled devices
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A means of attaching a range of drugs such as analgesics and
25antidepressants, etc., by means of an ester linkage to poly(acrylate)

%E@Q}Fzﬁﬁgrticles prepared by agueous emulsion polym%%ﬂ}%%bg&% 637
ange

been developed. These latices when passed through an ion exc

resin such that the polymer end groups were converted to their strong acid
form could 'self-catalyse’ the release of the drug by hydrolysis of the
5ester link.  Drugs have been attached to polymers, and also
monomers have been synthesized with a pendent drug attached. The
research group have also prepared their own dosage forms in which the
drug is bound to a biocompatible polymer by a labile chemical bond eg,
polyanhydrides 10prepared from a substituted anhydride (itself prepared
by reacting art AcRIBAIG ISR IEaiag: Reetrie ARogE SHichaianathe
sodium satbat metiee, benzaie agid) wese rsed fafarma Matbowith a

second palymer (Eudragit(r).RL) which released the drug on hydrolysis in
gastric ?IE:JE?E% fl% e E‘s?es%?%élé%%lgcg%lﬁi?’f’%%&%‘?%‘)i %%P“ﬁg‘ "B%arriers
of 15ph3erhccéuticalcalivih s vhsnalsohesmtieseripsthaEhteric films
Enteric £qalinds FRESIR AfRBLSERBIIMG PR ISTS, TuRiFallIhg, polymers

are carboxylated and interact (swell) very little with water at low pH, whilst
at high it thespagrieidhs dredcedisimy eiinge srodeisiiing of the
polymemniGiodtingsuwcadi theteipreiie slesigied 4@ wmaigpistact in the acidic
emVironE) eIt Al ARt R GO SRR B (g KoM R i
environment or tHe stomach from the rug L DUt to dissolve in tha more
alkalind"&s¥HFe AR ot itctindistmaionstiioticatly s sherdiidcet Vidkss

10 the internal volume of the device remains constant, and there is an
excess of solid (saturated solution) in the device, then the release rate
remains constant delivering a volume equal to the volume of solvent

uptake.
Electrically stimulated release devices

15 Monolithic devices have been prepared using polyelectrolyte gels
which swelled when, for example, an external electrical stimulus was
applied, causing a change in pH. The release could be modulated, by the

current, giving a pulsatile release profile.
Hydrogels

20 Hydrogels find a use in a number of biomedical applications, in
addition fo their use in drug matrices (eg, soft contact lenses, and

various 'soft’ implants, etc.)

In the following examples all percentages are weight by weight unless

25  otherwise stated. The term "purified water” as used throughout the Examples
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The osmotic pump is similar to a reservoir device but contains an osmotic
agent (eg, the active agent in salt form) which acts to imbibe water from

t r ing medium via a semi-permeable membrane. Such a device
c}%a’?lfggb g[{ﬁéul'laeglyepmentary osmotic pump’, has been 5described Pregelifd ’i%‘m
generated within the device which forces the active agent out of the
device via an orifice (of a size designed to minimise solute diffusion, whilst
preventing the build-up of a hydrostatic pressure head which has the
effect of decreasing the osmotic pressure and changing the dimensions
{volume} of the device). Whilst 10the internal volume of the device
remains constant, and there is an excess of solid (saturated solution) in
the device, then the release rate remains constant delivering a volume
equal togfsvelvrier dfsbhsdiven prakedbiepsaliytstimuthted setciisetion

deViceSs%«@tMﬁlfI@tH%%Q%ﬁ@ﬁ&@@@%%ﬁ?ﬁ@%@&%ﬂ@%ﬁ&&

gels which swelled when, for example, an external electrical stimulus was
applied "eRG&MHEEAH %‘ﬁé’?ﬁ“ﬁﬂmﬁfﬁdr@léﬁwﬁ%%%@‘ﬁﬁ%l%@&? Htlife
current,igienmipa puitdiilel isldase-profilahtiydnagdlst Z0kydrogels find a
usein a number of biomedical applications, in addition to their use in drug
matrices (eg, soft contact lenses, and various 'soft’ implants, etc.)

In the fcﬁl%%%ﬂﬁ@émples all percentages are weight by weight unless

Multiparticulate Modified Release Composition Containing Cefcapene
Pivexil HCY
10
A multiparticulate modified release composition according to the
present invention comprising an immediate release component and a modified

release component containing cefeapene pivoxil HCl is prepared as follows.
15 {a) Immediate Release Component.

A solution of cefcapene pivoxil HCI (50:5C 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%
20 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.
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250therwise stated. The term "purified water" as used throughout the
Examples refers to water that has been purified by passing it through a
\/\@@5013!6%%%9 system. It is to be understood that the examgkeﬁl%rz%@g 3637
illustrative purposes only, and should not be interpreted as restricting the
spirit and scope of the invention, as defined by the scope of the claims
that follow. EXAMPLE | Multiparticulate Modified Release Composition
Containing Cefcapene Pivoxil BC! 10 A multiparticulate modified
release composition according to the present invention comprising an
immediate release component and a modified release component
containing cefcapene pivoxil HC1 is prepared as follows. 15(a) Immediate
Release Component. A solution of cefcapene pivoxil HC1 (50:50 racemic
mixture) is prepared according to any bt formulations given in Table 1.
The methylphenidate solutiendsithenzaaiadBrie ronpakeil seeds to a
level of approximately 16.9% 20solids, weight gaig), lcl%;{%? for example, a
Glatt GPCG3 (Glatt, Protech Ltd., Leicester, UK) f_i_ui ed coating
apparatus to' P8if¥He IR. particles of #he immedi&te release component.

5 5 Cefeapens Pivoxil HCI 13.0 13.0
Polyethylene Glycol 6000 0.5 0.5
Polyvinylpyrrolidone 3.5
Purified Water 83.5 86.5

16 (b) Modified Release Component

Cefcapene pivoxil HCI containing delayed release particles are prepared
by coating immediate release particles prepared according to Example 1{a)
above with a modified release coating solution as detatled in Table 2, The
15 immediate release particles are coated to varying levels up to approximately to

30% weight gain using, for example, a fluid bed apparatus.
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TABLE 1 Immediate release component solutions Amount,% (w/w)
Ingredient(i)(ii) Cefcapene Pivoxil MC113.013.0 Polyethylene Glycol

.5 Polyvinylpyrrolidone3.5 Purified Water83.586.5 10(h
fh%%%ﬁoe%?@%%ase Component  Cefcapene pivoxil HC1 con éiigr%?r‘%ggmmw

delayed release particles are prepared by coating immediate release
particles prepared according to Example 1(a) above with a modified
release coating solution as detailed in Table 2. The 15immediate release
particles are coated to varying levels up to approximately to 30% weight
gain using, for example, a fluid bed apparatus.

TABLE 2
Modified release component coating solutions
Amount, % (w/w)
Ingredient () Giy i) Gvy vy (vi)  {vi)  (vidi)
5 Eudragit® 49.7 420 471 532 406 - - 250
R8125
Eudrapit® - - - - -~ 5435 465 -
5125
Budragit ® - e e o - - 25.0
10 L125
Polyvinyl- - e o 035 03 - -
pyrrolidone
Diethyl- 0.5 05 06 1.35 06 13 11 -
phthalate
15 Triethyl- - - - o - - - 1.25
citrate
Isopropyl 39.8 33.1 372 451 338 4435 496 465
alcohol
Acetone 10.6 8.3 9.3 - 84 - - -
20 Tale' - 16.0 5.9 - 163 - 2.8 225
! Talc is simultancously applied during coating for formulations in

columm (3}, (iv) and (vi}.

{c) Encapsulation of Inumediate and Delayed Release Particles.

25
The immediate and delayed release particles prepared according to Example
1(a) and (b) above are encapsulated in size 2 hard gelatin capsules to an overall
20 mg dosage strength using, for example, a2 Bosch GKF 40008 encapsulation

apparatus. The overall dosage strength of 20 mg cefcapene pivoxil HCI was
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TABLE 2 Modified release component coating solutions Amount, % (w/w)
Ingredient(i)(ii)(iii)(iv)(v)(vi)(vii)(viii) 5Eudragit(r)49.742.0 47.153.2
6----25.0 RS 12.5 Eudragit(r)54.35 46.5 S 12.5 Eudragit25.0 10L12.5
fx}\%ﬁﬂ;/l Y42 0.3 pyrrolidone Diethyl-0.50.50.61.350.61.3F € \pHiHaeAEs37

made up of 10 mg from the immediate release component and 10 mg from the

modified release component.
EXAMPLE 2

Multiparticulate Modified Release Composition Containing Cefcapene
Pivoxil HCI

Multiparticulate modified release cefcapene pivoxil HCI compositions
10 according to the present invention having an immediate release component and
a modified release component having a modified release mairix material are

prepared according to the formulations shown in Table 5(a) and (b).

TABLE 5 (a)
15 100 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 Cefcapene Pivoxil HCI 10
Microcrytalline cellulose 40
Lactose 45
Povidone 5
MR componert
25 Cefoapene Pivoxil HCY 10
Microcrytaliine cellulose 40
EBudragit RTM. RS 45
Povidone 5

Y



15Triethyl-1.25 citrate Isopropyl39.8 33.137.2 45.1 33.8 44.35 49.646.5
alcohol Acetone10.0 8.39.38.4-- 20Talc'16.0 5.916.3--2.8225 Talc IS
sipaiianequsly applied during coating for formulations in c %\{2637
and (vi). (c) Encapsulation of Immediate and Delayed Relea arﬁc
25 The immediate and delayed release particles prepared according to
Example 1(a) and (b) above are encapsulated in size 2 hard gelatin
capsules to an overall 20 mg dosage strength using, for example, a Bosch
GKE 4000S encapsulation apparatus. The overall dosage strength of 20
mg cefcapene pivoxil HC1 was made up of 10 mg from the immediate
release component and 10 mg from the modified release component.
EXAMPLE 2 Multiparticulate MOdIerd Release Composition Containing
Cefcapene Pivoril lid 5 (b)

50 mg of IR component is encapsulated with 50 mg of modified

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

% {wiw}
5 IR component
Cefcapene Pivoxil HCI 20
Microcrystaliine cellulose 50
Lactose 28
Povidone 2
10 MR component
Cefeapene Pivoxil HCl 20
Microcrytalline cellulose 50
Bodragit ® 8 28
Povidone 2
15

It will be apparent to those skilled in the art that varicus modifications
and variations can be made in the methods and compositions of the present
inventions without departing from the spirit or scope of the invention. Thus, it

20 is intended that the present invention cover the modification and variations of
the invention provided they come within the scope of the appended claims and

their equivalents.
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Multiparticulate modified release cefcapene pivoxil HC1 compositions
10according 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). TABLE 5 (a) 15100 mg of IR component is encapsulated with
100 mg of modified release (MR) component to give a 20 mg dosage

Vﬁﬁ%%@% ?/.(W/W) IR component 20Cefcapene Pivoxil HCI10
talli

icrocrytalline cellulose40 Lactose45 Povidone5 MR component
25Cefcapene Pivoxil HC110
1. A controlled release antibiotic compaosition comprising a first popuiation of

cephalosporin-containing particles and at least one subsequent population of
cephalosporin-containing particles, wherein the cephalosporin contained in the first
population is uncoated, and the subsequent population of cephalosporin-containing

particles further comprises a modified release coating or, alternatively or additionally, a

modified release matrix material,

2. The controlled release composition of claim 1, wherein said cephalosporin is

cefecapene pivoxil or a salt thereof,

3. The composition according to claim 2, wherein the first population comprises
immediate-release particles and the subsequent population comprises modified-release

particles.

4. The composition according to claim 2, wherein the first population comprisas
immediate-release p_ar’{icies and the formuiation comprising the subsequent population is

an erodable formulation.

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

subseqguent population is a diffusion controfled formulation.

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

subsequent population is an osmotic controlied formulation.
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Microcrytalline cellulose40 Eudragit .RTM. RS45 Povidone5 TABLE 5 (b)
50 mg of IR component is encapsulated with 50 mg of modified release
(MR) component to give a 20 mg dosage strength product. % (w/w) 5IR
component Cefcapene Pivoxil HC120 Microcrystalline cellulose50
Lactose28 Povidone2 10MR component

7. The composition according fo claim 3, wherein the modified release particles have a
modified-release coating.

8. The composition according to claim 3, wherein the modified release particles

comprise a modified-release matrix material.

8. The composition according to claim 7 or 8, wherein at least one of the first and

subsequent populations further comprises an enhancer.

10. The composition according to claim 9, wherein the amount of active ingredient

cohtained in each of the first and subsequent populations is from about 0.1 mgio 1 g

11. A hard gelatin or soft gelatin capsuie characterized in that it comprises the controlled

release compaosition according to claim 1.

35



Cefcapene Pivoxil HCI20 Microcrytalline cellulose50 Eudragit S28
Povidone2 15 It will be apparent to those skilled in the art that various
modifications and variations can be made in the methods and
compositions of the present inventions without departing from the spirit or
scope of the invention. Thus, it 20 is intended that the present invention
cover the modification and variations of the invention provided they come
within the scope of the appended claims and their equivalents. WHAT IS
CLAIMED IS: 1. A controlled release antibiotic composition comprising a
13irSispop thatmmebgbphaleiiorinitoiraifayaret rrecaaligt leiggssrrntibiotic
cSHbsaaMen-peprationnirephalasnaEasentaining particles, wherein the
cephalosporin contained in the first population is uncoated, and the
subsequent population of cephalosporin-containing particles further
1ZoMsrisesresiiodifiechrélepisecedatih g berainéhaaivélip or derfit ouaisiea
cdnpdiied gelepsednatrixdpaiarialtidg The controlled release composition of
claim 1, wherein said cephalosporin is cefcapene pivoxil or a salt thereof.
3. The composition according to claim 2, wherein the first population
14oierisesrpsitedmesidinedocioinitic v berdithésbrivag U eratpeomppes
mE@RRYIses dnedlifiegyelease particles. 4. The composition according to
claim 2, wherein the first population comprises immediate-release
particles and the formulation comprising the subsequent population is an
1% rdHalseriposittatineording he dampdsiubereiodbedisg aswlaliencepoliiesssn
C%&ngg SAMRIISIBGBe SUDERANENE PRRIHRTIAE S @yHEEISRR lymers.
e

contro ormulation.
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6. The composition according to claim 2, wherein the formulation
comprising the subsequent population is an osmotic controlled
formulation. 7. The composition according to claim 3, wherein the
modified release particles have a modified-release coating. 8. The
composition according to claim 3, wherein the modified release particles
comprise a modified-release matrix material. 9. The composition

1BCCAHAIg 10, Clalm. £ QU & JMBSISIA 3k ISaRt-ona Rl e lishand suarequent

populations further comprises an enhancer. 10. The composition

SRR ARPtoaRIAtEE RPETER iR dmount of active ingredient contained in
each of the first and subsequent populations is from about 0.1 mgto 1 g.
11. A hard gelatin or soft gelatin capsule characterized in that it comprises
the controlled release composition according to claim 1. 12. Use of the
composition of claim 1 in manufacturing of a controlled release antibiotic
composition for the treatment of bacterial infection. 13. The composition
according to claim 2, wherein the modified-release particles comprise a
pH-dependent polymer coating. 14. The composition according to claim
13, wherein the polymer coating comprises methacrylate copolymers. 15.
The composition according to claim 14, wherein the methacrylate
copolymers coating comprises a mixture of methacrylate and ammonio
methacrylate copolymers. 16. The composition according to claim 15,
wherein the ratio of methacrylate to ammonio methacrylate copolymers is
1:1.
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