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WM;%%%L)TICAL FORMULATIONS CONTAINING RIFAXIW%}J&%{WOONM
object of the invention consists of pharmaceutical formulations contai

aining

TS
COADKINEN § ¢ Tyedicingipreparations useful in the treatment of

inflammatory bowel diseases (1131)) and mainly Crohn's disease.
Background of the invention The intestinal apparatus is affected by many

I paRRRISPESErHEIS TGEUIPR, HRRYEFS QM CNTETYBRAIRABhy GrB ALY ons
s e
o B L S LG ARt by am

instheb @ JBunwrtiae pRloMmidIoRRBnebBATTelME S I0 tirIBubEbe at pH values
membrane of the colon and in the anal region as well. In the interested

behtesamal. pandrifiambyativeir gwettangtion atubroyidheis vseunithhaanofacture
intestinal wall causing, stenosis, bleeding ulcers and pain, , while the
of RSB0 RECnE PRI A holea e oL R b d ERHery bowel
diggggggtgggjoﬁd%?fiﬂx@%ﬁ%g.m% S of variable gravity with
symptoms such as: diarrhoea, abdominal pain, weight loss often

accoppaRfeh yd edaddemoeftidmectal fistulas. From two-thirds to
three-quarters of 20 patients with Crohn's disease require surgery at some

point TlehénifsisalSappanptyudedaditbeteth heliewanynipidmsitaioty dbseases
respgnd to medical therapy or to correct complications such as blockage, . |
SRS ot RRSELcs, BHTAOGNGT ARl d1e8a5% (Hhe BRGHREstABP D s
diReslerin féog%gual@%ﬂ%thﬁ%%ﬂétsgﬂais%%@m@m%'%mffﬂ@ﬁgfxevels of
diseases and in particular in Crohn's diséase is WO 2006/094737

thie ATget200 6RO F28m2the mouth to the anus, particula"rly it can be observed

in the last portion of the small intestine, either the ileum, the colon or both and
sometimes in the mucous membrane of the colon and in the anal region as
well. In the interested intestinal part, inflammation, swelling and ulceration
occur in the whole intestinal wall causing stenosis, bleeding ulcers and pain,
while the non-affected tissue portions appear normal. Crohn’s disease exhibits
alternate periods of inflammatory symptoms of variable gravity with
symptoms such as: diarthoea, abdominal pain, weight loss often accompanied
by rhagades or peri-rectal fistulas. From two-thirds to three-quarters of
patients with Crohn’s disease require surgery at some point in their lives.
Surgery is used either to relieve symptoms that do not respond to medical
therapy or to correct complications such as blockage, perforation, abscess, or
bleeding in the intestine.

The role of the intestinal bacterial flora in the etiopathogenesis of the

intestinal inflammatory diseases and in particular in Crohn’s disease is
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evidenced by, for example, the frequency of localization to areas with high
bacteria concentrations, see Jannowitz, H. D., in Inflamm. Bowel Dis.,

Wgh%%é%ﬂ 1034329-39; the deviation of the faecal flow determines piPiSsigR:Bh2022
the endoscopic damages which reappear again at restoration of the

canalisation, 5 see Rutgeerts, P., in Lancet, 1991, 338, 771-774;

evg;:eg:ﬁ{% i‘é%'f’é‘o%%'gm 'Eﬁé’iié‘é’%";@@&éﬁ{c‘gug? i%rc%*i?zh'ﬁ%g Qﬁpgg%so%ﬁ’high

\W ontaneou es no evelopl a germ -

bacRsilionsnANRING s ST RINEWREY IR- D, N HKEIARR, BYWHIDis., 1998,
1999, 11(6), 648-56; inflammation of intestinal mucous membrane
449e3Ri3Ps dtter thevtatmvactofitthtadeaicalatdost, skeddaipes 16emiksion Gt the

1985, 2_6(:2, 279-84; after surgical "curative" therapy consisting of L.
enfloseanical B3RS eRiBtARPE BRMATEHR (i ApS IR tiebeRiptRErt Bl iRt ion,
endoscopic apd clinic relaps e . in Ann.Surg..,19
s R R 0T SaF B T LMY 83t o

knbethsuthg Rastadal grntiibuopeietie digrase drywanmeoabakealis Solitis

disease has previously been treated with drugs that are able to decrease
does aomitrdbtretapflafna&germe-gfreditisondiisaldzopisingaimesateziridlumberg
immunosupressants, specific chemotherapeutics, antibiotics and protein

R.wibiibrarss (hainctsmawithe Mol MO8 20 dntiaurmatiomgf intestinal

S S e Gl s oL e A O DONEL 156880, SUONIFarper
reatiments are often necessary 1o ensure parenteral alimenta 16N, to

P. "ECONStiE 198 303508 Nroteingsy Jigpids and RalfS: dadaerer iheinissibasRting
rest to facilitate the cicatrisation of ulcers. The purpose of the therapy is to

ofdéeveatie theatrmentsy ehtilsotiapreatorwd diedgysptbend ared apmendoef both
the seriousness acute episodes when they appear. However, with current

engpsepis, ndacliaiefekRsste s66nt HnabRRt 56 - Ados ditiditgsetIBar 215,
SRR B R S UABIEE e S e e
baiRiAUTARALEDA 18Ul AibasVR vORRIRRA(E37 PCT/EP2006/002022
° Crohn’s disease has previously been treated with drugs that are able to
decrease or control the inflammation, e.g., cortisones, salazopirine,
mesalazine, immunosupressants, specific chemotherapeutics, antibiotics and
protein inhibitors of the actions of the Tumor Necrosis Factor (TNF). During
the treatment of the acute phase of the inflammatory bowel disease, stronger
treatments are often necessary to ensure parenteral alimentation, to
reconstitute the loss of proteins, liquids and salts, to permit the intestine to
rest to facilitate the cicatrisation of ulcers. The purpose of the therapy is to
decrease the frequency of the reappearance of symptoms and to reduce the
seriousness acute episodes when they appear. However, with current therapies,
acute episodes respond in about 50 -70% of the cases, but relapses occur in
80% of the patients.
Antibiotics are usually used to decrease the growth of the luminal

bacteria; to decrease the inflammatory state sustained as a result of the
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bacterial growth; to reduce symptoms of the acute phase of the disease,
e.g., diarrhoea, intestinal pain and meteorism; and to prevent and to cure

WQ@%B% /Og%gplications, e.g., abscesses, fistulas and toxic statepgpﬁﬁ%cag}%mzz
e

frequently used antibiotics are systemjcally absorbed, for 5 example,
metronidazole (active against some pdrasites along with many anaerobic

R T i T
didBrRSLA ofkedean {07 M oIS fR e eriand ’athﬂbtg}l%%%%za}}WﬂgSéur septic
0 mg/day for

while ciprofloxacin has been used at a dose of 10 weeks
co@plocatient) d.&, abAresiegatvenierald 1991 H4t6.74-8), while Prantera

in Am. J. Gastoenterol., 1996, 91, 328-32, adopted the combination of the

two AREbIBeSE JEadyanstionisrd oratibing e siref Gtemmigadlyy ahsorbed, for

iprofl in_atthed f 1000 mg/day for 12 ks, The high systemic
RSB Y RIS A R s UPe SR RABH Hih PISBEnGEGY many

anseR Biteeisciepisielnd %ﬁ)&‘bﬁ@ﬂa@mg&ﬂ%iﬁlgai’i’l@iﬁgdl%gﬁgxa}‘[ignﬁaﬁsColi

their use. The incidence of side effects in the use of metronidazo

amdingm® tiemedétoiba20tiadepeMiigopiitaelosaarstlie igedmanty dose of
duration. The most frequent side-effects include metallic taste, gastric

1Qr¢8ianaike/ dmuden, ymstis dSymirriandstlgo Gubxit) 9doRduIdhlaiy while
.neurotoxicity. Peripheral neuropathy h een recoyded in 20 50-85% of

o R R R o R SRR AR g VL BB ot cShoeapiombel

T oshsghiherappubieintesptipod henersoniage olaitk Ciktifiera in Am.
described in ciprofloxacin studies is Variable and depends in part on the

J. dOsateeatet¢he difiBboroaf e dSRmadoied nibst Gegitdnhabiecsidgie two
effects are of gastrointestinal origin, but an increase of the transaminase

antitdodies psing aasiwenidngaleabthin dessuehth)88seriddy rnds cibeoloxacin
o 1 T e R SRR vy of
thast/ aniasReLs I RNAKNAR WICAl AFCRAIRYABIHERL d U G AUHNGS registered
2006/094737 PCT/EP2006/002022 4
in long-term therapies, which negatively impacts their use. The incidence of
side effects in the use of metronidazole ranges from 10% to 20%, depending
on the dose and the treatment duration. The most frequent side-effects include
metallic taste, gastric intolerance, nausea, glossitis, cephalea, vertigo, ataxia,
convulsion and neurotoxicity. Peripheral neuropathy has been recorded in
50-85% of the long-term treated patients, which may regresses only after
several months of therapeutic interruption. The percentage of side effects
described in ciprofloxacin studies is variable and depends in part on the
dosage and the duration of the treatment. The most frequent of the side effects
are of gastrointestinal origin, but an increase of the transaminase and skin
reactions have also been frequently described. Thus, there is a need in the art
for a long-term treatment option for inflammatory diseases of the digestive

tract, e.g., gastro enteric pathologies.

It is advantageous for pharmaceutical preparation used for treating
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inflammatory bowel diseases (e.g., gastro enteric pathologies) that are

based on antibiotics to have one of more of the following characteristics:
vJBt%t&V@H?We' activity, low absorption, bacteria level control if"é?&mooe/oozozz

intestinal lumen, wide spectrum of actipns against the microbes (e.g.,

intestinal Gram- positive, 5 Gram-negative, aerobic and anaerobic

. components), passibility of long term therapy without side effects, ease of
RSk e S U@ BRI fhgh ace based
oﬂ%ﬁﬂﬁ%%ﬁ’cﬂtﬂa?egoﬂ%@ftﬁ{méj%%qg@m%@%gt?&%g%?%ﬂgg:dg}‘festinal

An antibiotic possessing several of these characteristics Is ritaximin 1

lettiNa seeifihel dderakisoristioi| bEcte 830N ol iR ifothar atieizes A lumen,

wide spectrum of action against many Gram- positive and Gram- negative
wide epretina pfifg Hersmie ains tiecrolstobast éeig. SintestildliGramdiesitive,
in healtlr%%t.voluntee s have,shown that, when given orally, less than 1% of
IS

CHRAGRTF I S AP ST EHREERNS SOMRAS s RASRIRiRa S Honge term
th‘;f %ﬁ@kﬁ)%%‘iﬁ@e&f@ﬁi,nc@s_%s6%*&‘?11‘%:#ﬂfﬁoﬁhﬂﬁgﬁﬁgﬁ:géﬁygﬁance

rifaximin after oral administration in healthy volunteers. In

eRmamiticth ikpsteitidPh {10 ddQPH hddwesbsenee, AbHEXERIN dosing and/or
absorption has been confirmed in patients affected by chronic bowel
' 4%%%’2&&5’,-@& J. Clin. Pharmacol.(1998) 54, 91-93).
More

ver, the low absorption profile of 20 rifaximin reduces the incidence | |
of si e%f%é@ lgri%c the ?M‘l%osﬁgﬁr(?f &faﬁﬁ?ﬁ@oﬂb?&%ﬁﬁfé?@&ﬁoﬁs.nfaX1m1n
TRNISs EfaripiN Ry sigatied dseiihn the, therapy of. i tor .
( chror?ic bowel diseasl?(e?1 gﬁ%l particulgjﬁ);% @gbﬁﬁgﬁgi?eggé;%gg%ngﬁgﬁ wide
speffitmoy of rifetiomin gaitistonisrinfi@ramatps ibwechidiseases hagheed bacteria,
._confirmed, see Gionchetti, P., Dig. Dis. Sci., 1999, 44, 25 1220-1, who
ingindingspsabic and snarsahin brptadaRinavadability stustiverén healthy

erative.colitis yefractgry to sieroid-treatmenj. Rifaximin has been =~ . . |
R N R VO SRt A G R i b 98 L 1 gy s

: : . WO 0
a%%%ﬁ%%‘/%&c%%@d fnerale P fERENCeIMWOC AP HOMY FHecesas

described herein (Descombe J.J. et _al. Pharmacokinetic study of rifaximin
after oral administration in healthy volunteers. Int J Clin Pharmacol Res, 14
(2), 51-56, (1994)). The absence of rifaximin absorption has been confirmed
in patients affected by chronic bowel disease, (see Rizzello, Eur. J. Clin.
Pharmacol.(1998) 54, 91-93). Moreover, the low absorption profile of
rifaximin reduces the incidence of side effects and the unwanted risk of
pharmacological interactions. Thus, rifaximin may be considered useful in the
therapy of inflammatory chronic bowel disease and particularly in Crohn’s
disease. The potential efficacy of rifaximin in chronic inflammatory bowel
diseases has been confirmed, see Gionchetti, P., Dig. Dis. Sci., 1999, 44,
1220-1, who hypothesized the use of rifaximin in patients with moderate or
severe ulcerative colitis refractory to steroid-treatment.

Rifaximin has been described in Italian Patent IT 1154655 (1980) and
EP 0161534 (1985), both of which are incorporated herein by reference in
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their entirety for all purposes. EP 016153 discloses a process for rifaximin

production using rifamycin 0 as the starting material (The Merck Index,

XIII Ed., 8301). Guidance for rifaximin crystallisation and drying are
VR8I 1talian 5 Patent Application No. M|2003A00214ﬁ‘%%6§3?‘?ﬁ"’2°22

European Patent Application No. EPAL557421 (2003); in US Patent

Application No. 10/728,090 (2003) in PCT Patent Application No

thait020656D% 48123 a HIlminybicts akeP i0dGpHBadiddiosed hypieissanderneifiiimin
entirety for all purposes. The experimental conditions described in these
Pr%‘ﬂ@ﬁt‘énaW@W&i&E@ﬁ@Yﬁ&deﬁ)ﬁ?@mW sratepahiallhanderrbriadex, XTI
d:oggb[ , Formy, Form S and Form s, respectively. Rifaximin is approved
Ifi certaih countries for the treatment of pathologies whose etiology is in

part gyiataibedtR 1PiniaatnY-ociti8don 'Hﬁaia%gfﬁgi%&é&ﬁwihyﬁanan

Gram-positive and Gram-negative bacteria, 15 with diarrhea syndromes,
PatdteiredAiptdtatadmichodial U203 40021 AarRos like @pisBdespean Patent
traveler's diarrhoea and enterocolitis; pre- and post- surgery prophylaxis

ArngtliratierMioe BBripid4fdn 20 gas e MtedtmantsOnpligatioa No. 10/728,090

ram la thefapy.as coadjuta Haximin is.currently marketed
S PO PR R N S RSB A T o
ind@HRR REEPITRIOR [y hildEeRn 08 amoiimenbiRtALS MERMANt ORIPBIGA! The
infections. Studies on"commercially available samplés, particularly 200 mg
expahimentrd e akitiona getenibald e tloss afaifexitivwnyiietddigvesiionorphic
of the relapse of Crohn's disease after endoscopic resection. However,
forms pEaHEx BN BaMab RS iF el hicEptml BoEorst 8llenddForm &,

redrggsﬁ%onident conclusions, see Rizzello, Gut., 2000, 47, Supp. 3, Al12.
owevgr:?’ the suggested posology the use of the rifaximin 200 mg tablets

o AR MO S s bt o
pathologies whose etiology is in part or totally due to intestinal acute and
chronic infections sustained by Gram-—positive and Gram-negative bacteria,
with diarrhea syndromes, altered intestinal microbial flora, summer
diarrhoea-like episodes, traveler’s diarrhoea and enterocolitis; pre- and
post- surgery prophylaxis of the infective complications in gastro intestinal
surgery; and hyperammonaemia therapy as coadjutant. Rifaximin is currently
marketed as tablets or capsules at the dosage of 100 mg and 200 mg, in a ready
to use preparation for children, or as ointment for the treatment of topical
infections.

Studies on commercially available samples, particularly 200 mg tablets,
have shown a potential usefulness of rifaximin in the prevention of the relapse
of Crohn’s disease after endoscopic resection. However, the absence of a
placebo group in the clinical trial does not allow to draw confident
conclusions, see Rizzello, Gut., 2000, 47, Supp. 3, Al2. However, the
suggested posology the use of the rifaximin 200 mg tablets has to be

considered sub optimal due to the need up to six tablets a day for three
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months, resulting in a poor patient compliance. The 200 mg tablets of
rifaximin have also been used in the treatment of Crohn's disease with
Q 600 mg/day for 16 weeks as described by Shafr é,
W%%s%%)ggﬁfg?ol., 2003, 98 (Suppl.) S-250. 5 Thus, there is a e ’i‘r? %6-}3? 022
for a rifaximin pharmaceutical formul&ion for the treatment of infections

specifically located in the intestinal tract. Preyious formulations, after
P AHEAD Rrd o aBE R AFRbaROTRRHERRS el Horriith I fHblets of
rifASR{Re hhES atdieH i “E@éﬁnﬁf'wéytfsﬁsﬁtth&'%%ﬁmabtr&&teégs with
concentration is too low resulting in the need 10 for increasing dosages.
dosagesxofizdhentipgtagedie effcanyeiisritaximisinitbe ARtk bawelam.
diseases, new pharmaceutical formulations are provided herein and
J. fHenivecndeiotarde3 rieS(hipalidBeRafules coated with a
gastrgresistant film which dissolves releasing the antjQiotic only in the .
intesr{?hgﬁtra%??%ié%oeel%? uf&t"lgﬁeﬁ%&irﬁ?fesacoﬂfbée‘t‘%ﬂvégﬁﬂ%aoeuncal

foRGMNEHRgrasie M andihe wm@ﬁmg@&mw@dﬁ 8% testinal

superficial area of the microgranules ations also allow
trdot. epsevobingficrndulewosese dminizaliRfddo X amp|@elBaraadidbC spread
use. The novel gastroresistant rifaximin formulations takes advantage
befayaenththgHstimeachcandtiiseintes dastrid bnsironhemntthe gri faxinéfrémally
ahout 1.5 20 to about 4.0, depending on the state of fast or in presence of
rofsheh B BETHBRL LA, e CUTALOR Sl VR SBehBE I Che noed
' f tSTCONSI . ili s s
B S e minifie, HE MR, UL AR %t Hifaximin in

thenicregrarmiesofittbgastorgisisiasy, filme RS ishatecivvatieHndonidtiang are
years in the pharmaceutical field. It is generally performed in two steps:
prgvafebhercinandannbpdeefereasssleantifydoniremighegransbesraatidgwith

o A e R SRS i o
inkRBHAOR 437, RGTERLPSNAA026 0h maximizes contact between the active

ingredient and the intestinal mucous due, in part, to the high superficial area

of the microgranules. The novel formulations also allow for ease of high and
low dose administration, for example, in paediatric use.

The novel gastroresistant rifaximin formulations takes advantage form
the pH difference between the gastric environment (e.g., values from about 1.5
to about 4.0, depending on the state of fast or in presence of meal) and the
intestinal lumen (e.g., values from 5.0 to about 7.5, depending of the tracts
consideréd).

The novel forms also utilize the polymorphic forms of rifaximin.

The coating of pharmaceutical microgranules with gastroresistant film
is a technique known by many years in the pharmaceutical field. It is generally
performed in two steps: granulation and coating. Nevertheless, many active
substances, including rifaximin, are characterized by a very fine particle size,

for example, in case of rifaximin approximately 50% of the particles has a
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particle diameter between 10 m and 40 gm. In such condition it is very
difficult using conventional systems like fluid bed coating or pan

technoloc?g/. Very often agglomeration occurs or random blend of coated
WA d particles is commonly obtained. 5 We have folid EPRy {02022

is an object of the invention, that it is possible to obtain enteric-coated
microgranules of rifaximin by applying the fluid bed technology, which

pastigdsrign elpwbaesa stp lmd airdhd Ganme. tifne sachestorditiion it is very
.wet-qranulation of the, powder and the coating of the formed
R ARt e TR e e AR technology,
ri in ' j t ief
Y Ot AU G o MARCI BT B8 and pmcoated

paaticlesipeoatensieRsdbyalved. as well as the time and labour necessary
to carry out the entire procedure, especially on the large scale, are

minirigeliaitraxlieadntels fiv aneo bisebifation ipsewsimittbalfakis possible
properties and a proper balancing the 15 quantjty of rifaximin, of enteric ,
(o AR BB R i eﬁé}%ﬂ*f@&@%éﬁéﬁ%mgomﬁ@md bed
A vidl let ing laye o) rifaximin.i .
e S A e AR M R e o
pegfestrontivicrascemnofdifaningn gastpyedsianndicreocyulas) 39 e formed
(Scanning electron microscopy of single granule of rifaximin
miggegbraYISIB it dep Brokssyesisient itdstble @tptshoeniiadrifagimjresnmonly
lly coated by the enteric pplymer. The particles sizes are quite
copl5th SHRRLB RO o VT L IRDBR s PG PBIRUGh preies o6 Hhe wer-
eqgaiive,i [ r .
B R TV 83 PR s fmvolved as
welatingthibettlissolintibriabouit enet thepgsoresigipnsmiategrantiles pfocedure,

rifaximin shows that rifaximin is completely retained at low pH and
espaeiadby prbsighseth 868D, ate rapbtintisediglhds trvdbletones from a
ce%%tli}xea wa e %%66/199&1?33% a(;’(}-llnEII'Fl) 28906;43%&2 2ar§d a proper balancing the
quantity of rifaximin, of enteric polymer, of plasticiser, and process
parameters.

The efficiency of this technology in providing a complete coating layer
around rifaximin is demonstrated by SEM microscopy as reported in Figures
la (Scanning electron microscopy of rifaximin gastroresistant microgranules)
and 1b (Scanning electron microscopy of single granule of rifaximin
gastroresistant microgranules), where it is clearly show that rifaximin is fully
coated by the enteric polymer. The particles sizes are quite homogeneous
without large clots or very fine powder. If present, one or both of these aspects
would have negative impact in any further medicinal preparation.

As confirmation of the completeness of the coating, the dissolution
profile of the gastroresistant microgranules of rifaximin shows that rifaximin

is completely retained at low pH and released at pH higher than 5.0, as

reported in Figure 2 (Dissolution profiles).
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In order to maximize the release of the active ingredient near the
intestinal mucous membrane it has been utilized high pH difference

W eét\o%%zﬁ%g , %17e gastrlg environment, values from 1..5 to 40 dep&@%@% 002022
thé'state of fast or in presence of meal and the intestinal lumen, values

from 5.0 to 7.5 5 depending of the tracts considered. For this purpose,

enteric polymeric materials having the property to solubilize at pH values

betwé%n%%nta f%a’H%%e%’ﬁ ugg%%at%’u@ué'ée fAethderimgigdipnt near the
infORPAAT eABUIHR ACAOBIS Ot e BERH! 98 BReHIaCaY R AG0

ethylacrylate copolymer (1:1)1 and me?ﬁa%%ﬁ%%%@%ﬁm%?ﬁ%%%&g etween

theopasyrieeii2hnpodntinyh hesidiedD phthalate, Megendiiema eREWASE of fast

acetate phthalate and cellulose acetate phthalate, products available on
OTthid nigeaes olamer witdtiberdadestinal konencoal(es from 5.0 to 7.5

EUDRAGIT(), AQUATERIC(r), AQQAT(r). The application of these .
deé)aesrfré}le%is(f n)fhfﬁngat?)tf‘ifaﬁaﬁg%’é?gde&(&f JRIRURIRASEroFRISE Gyitholymeric
SRSt id- ' The fil
mcf)éa};ring, g?jsi(’)?ggg‘%iﬁg%égrﬁéuggl\?gr%s%%a%%gsapﬁe In évga e«??%eg%p i'é)dalcr)lyf1 75
haspr dyieg amspiwdetadudeanuleshaoaytizingddncos1onsn With 3 iBerylic or
fluid bed systems. The most used organic solvents are: methylene
methaseelitnesigr alfenonetbpesplicalaohbl ctudwrmylateebypatarate gbd) and
e{ﬁ%l all;ohol. Itern%i%fl% e o%(zjlymeric gastroresistant material can be
MEBEd 20 Hdfets SRR T CRARRISIRSE il radie PRbARYli: acetate
L n S n it avQy oxicglogical,and
e Dby SIS e PR IAC RS A acetate
phitapetéieprikedticwitsidiziog pheparitcelikeragriiinie SWeR 88 rademarks

diethylphthalate, propylene glycol and polyethylene glycol; surfactants
K%ﬁﬁ@&%&@m&?}%w&@gmé@%@%am as well as

anti-stickin ents can.be added together with the polymeric material.

The ?&gcggﬁt?f} 5%8“08%0@8??%613 EHHiARb denBiRSiBim@owder or

S S AR BTSN TRt conin
technology. The film coating, dissolved in organic solvents or suspended in
water, is applied by spraying on powders or granules maintained in suspension
with air in fluid bed systems. The most used organic solvents are: methylene
chloride, methyl alcohol, isopropyl alcohol, acetone, tri-ethyl acetate and ethyl
alcohol. Alternatively, the polymeri'c gastroresistant material can be applied
suspended in water. This technique is preferable because it doesn’t need the
use of solvents and so it avoids the toxicological and safety related problems.

Other excipients with anti-agglomerative properties, like talc;
plasticizing properties, like acetilated glycerides, diethylphthalate, propylene
glycol and polyethylene glycol; surfactants like polysorbate and
polyoxyethylenate esthers, anti- foam as well as anti-sticking agents can be
added together with the polymeric material.

The successful application of the above mentioned technology to the

coating of rifaximin powder is remarkable because it is not in the state-of-art



10

15

20

25

of fluid-bed technology to spray the enteric polymer directly on the active

ingredient without any preliminary treatment like granulation or layering

the active ingredient on inert particles. Indeed, several drawbacks could
YRS any powder pre-treatment such as large clampRohARGaH/002022

large range 5 of particle diameter, inhdmogeneous composition of

microgranules, no uniform coating layer. The occurrence of some of
ofihByéddbadbtesimisl egynimosprah thifeemterithepiymier dissbith sn the active
._composed by a fine particles,.and is extremely hydrophobic, electrostatic,
I 5%%%&9&%%&& I%%E%ﬁﬁ%%n&fﬁaﬁléﬁ@rpbdwmg the

[t4 redisposiij 1 regate not allowi

a%@ﬁ%ﬁ%&ﬁéﬁ%? H Iér??p e%§#0f§ Sdqu%%%eﬁh%\%ﬁégler%‘ﬁg?acc Serf’sq}%:lg 1§t

widloeaaiag plaxdeinyeuldeaeiedibs ‘d§qg%]8q{ﬁﬁ’i'§rf&‘?ﬁaﬁﬁﬁ L& range
large quantity of excipients, which would limit the pharmaceutical

ofstfeaginke ofdiameteidosalemag fartiomrs acdeantaggtidiheofrandetoprentiies, no
the gastrorgsistant 15 microgranules of rifaximin prepared on the basis of

U OHa<oRRRE ENRbIGY BPENETSRESRT Rsioh s aidertrp seksds pammon

fi AP iﬁfi r té) I [th.excipients and sweetener enhancers .
Wgjélj\lling %#e pé%sﬁﬂ;f}i1 0 a%&ea%ﬂvélc})%lsg IKISllE%pC(-g)rIln o%sgamn%%i%tréﬂgrp %HCFGS’ and is
exadeietbN BydropebRNBIkakystA% 62 5HeIR3ISbHIE NicHoRIRALIAS 86 BE mixed
rifaximin can also be directly used for tablet preparation through direct
wHbmpesssion teskipicns binafdindaondéotionatvahidias ar qartispodition to
additional adveimtage, the tablets can be scored in order to modulate the

segseaig AL BB A emesenqB s AR irateHE trssnse WhsHGh vaiky vsable

R O I BB A 1R SR O ham ome

cantvaluetot chnology desctibée ese

stépvanton larpteparn GasEoesisABhIvicRagEN WRRRS Hfainyg ’gﬂﬁﬁ%@uﬁcal
suitable for a wide modulation of dosages and pharmaceutical forms. WO

steeyuglonay 3nmeT 4oe2e6/002022 10

As further advantage of the present invention, the gastroresistant
microgranules of rifaximin prepared on the basis of the described technology
of the present invention can directly be used to fill capsules or can be mixed
with excipients and sweetener enhancers giving the possibility of an aqueous
suspension administration.

In addiction and more remarkably the gastroresistant microgranules of
rifaximin can also be directly used for tablet preparation through direct
compression technology by adding conventional vehicles or carriers. As
additional advantage, the tablets can be scored in order to modulate the dose
strength or to be crushed to facilitate the ingestion without losing the
gastroresistant property of the microgranules.

All these opportunities confer significant value to the technology
described in the present invention to prepare gastroresistant microgranules of
rifaximin, making it suitable for a wide modulation of dosages and

pharmaceutical forms.
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In conclusion, the present invention shows, with respect to other
marketed rifaximin preparations, remarkable improvements that can be

WB% 95177 on the possibility to manufacture in only one StepS 1t pp20 6/002022
gastroresistant microgranules of rifaximin, which remain insolugfe in the

stomach (e.g., at a 5 range of pH beti¥een about 1.5 and about 4.0) and

soluple in the intestine (e.g., at higher pH, for example hetween about 5.5
o B SEOPBIOB: Al LA TR0 o SRRY the Wikl FRTRG el cother

ive.ingeedient intesti th i aximizi
e e LR AR SRR RN R be
subpeicidl aiah obheipitigorenuiesm faReseripibn e dhadpy palanddigstant

_object of the present invention consists of pharmaceutical formulations
migrpgsannlesnidr siframins ovhiskimemedntats sittble ashorssinach (e.g., at a

e PR ] B P B i
(e.gﬂd é’i‘?ﬂci#ﬁ&' ﬁesfgﬁ'éﬁﬁﬁ{gma@éwé’ééie' HaGESsSq0 N RYTEUA Y 4,
fohn's disease. The micrograhules may eﬁom etween about 1 micro

adioinkost 198 mieNtipditipeles, Aariaianreiasably Somdabreeniabftdient

10 microns to about 500 microns in diameter. 20 The gastroresistance
in Ham indesbirenmerusinh angmeatimal ineolotiking (itd centast mithithe intestinal
between a%out 1(#0 about 4,9 fr%m bout 1.4 to about 4,2, or from about
MUCQUS T ABBIRYE P SasIe IS FRRPELE Bealsh it ShictagTagules.

ranqﬂg 9 (ﬁ) Vigen l; Py about 7.0, 5.0 to about 7.5, or 5.0 and
about é ag} gt)ove. él5 g%ﬁ};?mg??c materials utilized in the gastroresistant

rifaximin thjostationseluptiessas disaiaset aboMsisa Pofvahasmaceutical

consist with the intestinal lumen, for example, from between about 4.9
forapelations 7. costeinire benissagreydssoredistaifasimdro-sonisl  with a

coatings for dru releas%i,n the WO 2006/094737 PCT/EP20Q6/002022
gagfyoresistant polymer which is insoluble at pH values ranging between 1.5
and 4.0 and soluble at pH values ranging between 5.0 and 7.5, of their
preparation and their use in intestinal inflammatory bowel diseases and in
particular in Crohn‘s disease.

The microgranules may be from between about 1 micron to about
900 microns in diameter, or more preferably from between about 10 microns
to about 500 microns in diameter.

The gastroresistance can be obtained using any material insoluble at pH
values ranging between about 1 to about 4.9, from about 1.4 to about 4.2, or
from about 1.5 and about 4.0. Suitable polymers may also be soluble at pH
values ranging from between about 5.0 to about 7.0, 5.0 to about 7.5, or 5.0
and about 7.7 and above.

Polymeric materials utilized in the gastroresistant rifaximin
formulations solubilize, as discussed above, at pH values consist with the

intestinal lumen, for example, from between about 4.9 and about 7.7, and can

be used as gastroresistant, entero-soluble coatings for drug release in the
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intestine when desired. Examples of suitable polymeric materials include,
for example, acrylic polymers, methacrylic acid copolymers with an acrylic

lic ester (e.g., methacrylic acid ethylacrylate copql :
W(H GH(} met%?a?:lryllc acid methylmethacrylate copolymer (1:2), pci)))lé\?l)r]?Ic 3%617302022

acetate 5 phthalate, hydroxypropyl cehbilose acetate phthalate and
R T e
“ED AGIgl' ){Iedagﬁj’jd @%ﬁfgﬁoﬁw% %&ER?@%%)A% %IT%WIIC or

memeaqmteswﬁ (hich mkalsedeblR b dighehpithypiien sHIIoRENTY:1) and
used for colon-specific delivery systems and are employable in the

mgthacsdinstantdifaniethy methaaipla elesopbdyhereifl ‘2he poloninyl acetate

d b ified by mixing with other coatin
S Y e T —
for a jthe 45 eth ac r th
llb@gr%fg% of tr%et?ﬁ?mm%%o&%%%hac%ﬁ%g Ch|(§ lﬁ tﬁ e\éfwcu ﬂ%{yp ropyl

metigdedimitde nahksl Ed DRASHT(RANdaEMRRA Htmﬁte a resthdhercially

ester dispersion without any functional groups, sol under the trade

ammbbmmn@me@omm@upimﬁmmem ERRATITR0(e. 2.,
li chondroitin 20 sulphate, dextran,
W%ﬂﬁ %m%ﬁq %rdepeln:jent igatlng products.
h ' 59 19%
e RHUTEf R {OTBERRRN AU NP T hAIRE WBIOULRes, are

the microgranule. In other embodiments, the polymer is ween

frafoetlOtsahdoaaboslonOspefite detivhguspii¥mabed 3% 4ble in the
80%, or 25% 25 and about 50% of the weight of the microgranule. The

g%@igtﬁseﬁﬁéémlﬁﬂmlpcﬁgmlﬁtwm@mbednhwcmgfhnmatcm polymers
oSSFERAROT SORRETS st U Speerue e pohner e
pIf §%@d€veW@>8£HB{QQAJ§ZL{%ﬁTéﬁﬁ%QQ%PQ&QE% Sfclude, for example, the
neutral methacrylic acid esters with a small portion of trimethylammonioethyl
methacrylate chloride, sold currently under the trade names EUDRAGIT® .and
EUDRAGIT® RL; a neutral ester dispersion without any functional groups,
sold under the trade names EUDRAGIT® NE30D and EUDRAGIT® NE30,
EUDRAGIT® 40; polysaccharides, like amylose, chitosan, chondroitin
sulphate, dextran, guar gum, inulin and pectin; and other pH independent
coating products.

The polymer is from between about 5% and about 75% of the weight of
the microgranule. In other embodiments, the polymer is from between about
10% and about 60%, 20% and about 55%, about 30% to about 80%, or 25%
and about 50% of the weight of the microgranule. The weight percent of the
polymer to the weight of the microgranule can depend, in part, on the polymer
used, the temperature of the polymer, the formulation (e.g., bag, pill, capsule,

etc.), and the pH at which the polymer is soluble.
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The gastroresistant rifaximin microgranules may further comprise one or
more of a diluents, plasticizer, anti-agglomerative, anti-sticking, glidants,

anti-foam surfactants, or colouring substances. These, along V\g[h o}}he(rS 0
W&oﬁ%@%?ﬂd coating (e.g., protective coatings, over-coating§, Nt ﬁﬂ%§3 2022

are 5 described below. Suitable ingrelflents can be incorporated into the
coating formula such as plasticizers, which include, for example,

adipatbs, a2elEREsisEmlo{ex ininateiciosrtittan N pnthartdies, comprise one

sebacates, stearates and glycols. Representative plasticizers include ,.
onHGE o diES, Rlastitiaey, abr R e - Sste: stidants,

artfiliFgien digiPp RbHglais, dIethphtale Rty Phtly! #I0ML with other

glycolate, glycerin, ethylene glycol, propylene glycol, triacetin citrate,

polipeets, anpropatoig, @acetimotiotiyephibtings, aceticoatingglyaaddiiims) are
polyeiglene glycols, castor oll, triethyl citrate, polyhydric alcohols,
desgiih 0¥ .gyicerol triacetate, acetyl triethyl citrate, dibenzyl 15

phthalate, .dihexyl phthalate, bytyl octyl phthalate, diispnonyl phthalate
butyIiﬁgé%]ap%%é%%gfed}ésc@%%éa]t%?élb%%g@ééht%I %5‘, frﬁlg l?ormhla such
adrigledtidioerdietnfepxyhefibalat disaaMo gt di-ka9Mes, benzoates,
phthalate, di-I-decyl phthalate, di-n-undecyl phthalate, (fl-n-trldecyi
ciphittealate istebwthidbexyplititabdiitate, dichathytiexybtdipptess and  glycols.
di-2-ethylhexyl sebacate, di-2-ethylhexyl 20 azelate, dibutyl sebacate,
Represgpiatsvoaipsiisiecisninglpdenacabatubmenostresnidabububyjephthalyl
S recoanized by.one of skill in th e also .envisioned. The unt of
o e HORE D ke S o R o Bl
plinal bﬁﬁ%gi%@mmpé@y@&%}_ &h n%QE/lﬂ?Qo?,r ﬁ@%)l@ﬁé%‘%’bﬁ‘%iacetin
weight of the dry polymer. 25 Optional modifying components of a
cipratectivérlayetimhiclirgaropmosed odesdéigrgntedibotydthepbohatings, acetyl
include a water penetration barrier layer (semi-permeable polymer) which

MOROBY SEiEEs RAUNFEBHIERE ALY IALS e ARFHOT 0P Bihbiebiiingi frkedrdyhy dric
al%@nﬁ@?%?(%gg%g%ﬁ%a?g%ﬂ%gy&h ttxq%c%%%g,c X\c/:gy%ogr%(%ﬁéz %thrate, dibenzyl
phthalate, dihexyl phthalate, butyl octyl phthalate, diisononyl phthalate, butyl
octyl phthalate, dioctyl azelate, epoxydised tallate, triisoctyl trimellitate,
diethylhexyl phthalate, di-n-octyl phthalate, di-1-octyl phthalate, di-1-decyl -
phthalate, di-n-undecyl phthalate, di-n-tridecyl phthalate, tri-2-ethylhexyl
trimellitate, di-2-ethylhexyl adipate, di-2-ethylhexyl sebacate, di-2-ethylhexyl
azelate, dibutyl sebacate, glyceryl monocaprylate, and glyceryl monocaprate.
Other various layers, as recognized by one of skill in the art are also
envisioned. The amount of plasticizer used in the polymeric material typically
ranges from about 10% to about 50%, for example, about 10, 20, 30, 40, or
50%, based on the weight of the dry polymer.

Optional modifying components of a protective layer which can be used
over the enteric or other coatings include a water penetration barrier layer

(semi-permeable polymer) which can be successively coated after the enteric

or other coating to reduce the water penetration rate through the enteric
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coating layer and thus increase the lag time of the drug release. Coatings
commonly known to one skilled in the art can be used for this purpose by
coating techniques such as fluid bed coating using solutions of mers

WP Wgﬁgé)rq‘btsgwtable organic solvents or by using aqueous pol rﬁ“é/ P2006/002022
dispersions. 5 For example, useful mdtgrials include cellulose acetate,
cellulose acetate butyrate, cellulose acetate propionate, ethyl cellulose,

cdatipadigigeanahiteivssiacscasecdahezday, simeaqiethts gnigmeslease. Coatings
dispersions such as EUDRAGIT(r) RS and RL 30D, EUDRAGIT(r) NE

coIpm ORIk (19 2ena Sluldehimr the SUWEEEWSE%P)d dEtuidde purpose by

coa‘%?tat%eﬁﬁex Comblnﬁtl NS 1%:% §roxyp é% ga:n}% %E?% h|||c é{i é)’ }erxrrswrs in

suchras rxyeth%}lc fttiose

whiSICHIE ST, SlRy RMNR¥KLREYIceHnse Q}f@ﬁgggﬂfﬁeﬂa&i ersions,

Chemical Corp.), polyvinylpyrrolidone may also be used. Anti-foamin
F agentsrinsle afesclielincladeihls thechaderocetinlont rifeetiaty) fosiiulatienacetate
In one embhodiment, the anti-foaming agent is 15 simethicone. The

Ui SHRORSaRGRIRER OHOnRBARI iy LarlnLesef Sattvaeids Smrotheir

e final formulation, Other a entsc n be added to.| rov the ®
esp?(rjsc’egé%l)f) Fty 5te s%% angor Arrik? X{/Té?r %%eg@lé) fEPD RAGIT

sxgﬂaolRLt@'@ﬁOﬁWﬁMG@TPONEnybﬁC@e'ﬁW@'%d%QUACOAT@

micronized silica, fumed silica, glycerol monostearate, magnesium

SHRIEEHA $H0, neatindsiema@Astedetter . oCambitut dheredt. tbepaiyonsts and
of po%{émer to be used in the gastroresistant formulations is typically

Heaabyraces thechcus by e stk e Heesidy daermmgpifeellulose

%%%ﬁ%‘%&%@éemiweé BRSPS

DieiRtieieal CHEPNIIONIH ot @kﬁ%&%ﬁﬂg Pl AR pelymeric

material, including co-polymers, fillers, plasticizérs, and optional excipients

and p’mﬁeﬁemglagis,awwnycmowdim abouidChbedbdnt 30% weigihdrekistant

he, core. WO 2006/094737 PCT/EP2006/002022 14
ri ax1m1n formulations. In one embodiment, the anti-foaming agent is
simethicone. The amount of anti-foaming agent used typically comprises from
0% to 0.5% of the final formulation. Other agents can be added to improve the
processability of a sealant or barrier layer. Such agents include, for example,
tale, colloidal silica, polyvinyl alcohol, titanium dioxide, micronized silica,
fumed silica, glycerol monostearate, magnesium trisilicate, and magnesium
stearate, or a mixture thereof.

The amount of polymer to be used in the gastroresistant formulations is
typically adjusted to achieve the desired drug delivery properties, including
the amount of drug to be delivered, the rate and location of drug delivery, the
time delay of drug release, and the size of the multiparticulates in the
formulation. The combination of all solid components of the polymeric
material, including co-polymers, fillers, plasticizers, and optional excipients

and processing aids, typically provides about 1% to about 50% weight of the

core.
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The gastroresistant rifaximin microgranules comprise rifaximin in a
polymorphous form and/or a raw form. The forms in any microgranule may

W%ez?g mé'zggj}e or may be a pure form. The form of rifaximin m%,?/%%end in
; [

part, on the form of the rifaximin that is coated, on the compaosition %0196}002022

excipients, 5 and on the process used4o form the microgranules. The
rifaximin polymorphous forms are selected from Form a, Form P, Form y,
Forml 8eogastiones istad aipximintioned ghovelesheaniptise cifasiniy in a
the gastroresistant material is prepared by suspending the ,components in
QORS00 0 DGR GO REFHIGHaY be
- ’ | U ai .
a aﬂ%sir@mg@%s@ FUElerahly ALY AP IANANENIARY IS By par,

obtain a homogeneous suspension containing between 1

omsalid perticies (HdeiforindandatissSuspRition teniedidbiton of excipients,
gastroresistant material can be applied by means of a coating system or

arglflua bélaeapprereess. 1564 the cuieemt inbentiovctogrdmdaschhblgyifesimin
een used. The mixture cqntainjng the gctive ingredient is maintained in
Dl EHRRIGH ) GRS TR, el et kPR B FE gl e 5, or
P &Hﬁ&e&m?&aﬁ%ﬁyﬁﬁﬁé{om%o@é jet applied in a top part (top spray)
t

or in a low part (bottom spray - Wurster system) of the apparatus. For

exanTile, efivitdreed apRAdiEs tiee 2t ERmBohashgedisaepited by
a Wurster system of 18 inch with a 1.8 mm spray jet. Process parameters
sumﬁn@tﬁg@ic@mﬁngn@nme@mmh@thu@a@hmam%wﬁmg the
speed.of film applicgtion are spgecifically controlled. The speed of fi
SRR A 1R RS P 512t RS PECUSEA 08 or gL urar
h@hBERIQIUCesHiRg IR BallPmOge %%%H@éﬁ?resﬂﬁ%ﬂgion containing
microgranule formation (too fast drying of the™product) or, an

bagglemersiorasd tBHMixuffestililde pegietetn Skive diihthetilwwasodushdision
formulating, for example, a 25 kg batch of gastroresistant rifaximin, WO
capaBiom thy eactrerstisndoraigzialscan be applied by means of a coating

system or a fluid bed apparatus.

In the current invention, fluid bed technology has been used. The
mixture containing the active ingredient is maintained in suspension by a flux
of warm air, at the same time the gastroresistant suspension is spfayed by
means of a jet applied in a top part (top spray) or in a low part (bottom spray -
Wurster system) of the apparatus. For example, a fluid bed apparatus type
Glatt GPG 30 has been used with a Wurster system of 18 inch with a 1.8 mm
spray jet.

Process parameters including the air entering temperature, the product
temperature and the speed of film application are specifically controlled. The
speed of film application and the air temperature are balanced to avoid
overheating of the product resulting in a non-homogeneous gastroresistant
microgranule formation (too fast drying of the product) or, an agglomeration
of the mixture to be coated to slow drying of the product.

In formulating, for example, a 25 kg batch of gastroresistant rifaximin,
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a jet spray between 150 and 300 g/min may be used. A jet spray 150 and
250 g/min, and pressures between 1.0 and 1.5 bar may also be used. The

ﬁggﬁgl(gg%pressure may be independently manipulated. The {)/%% 6/002022
temperature, during the spraying is mgyntained at a constant temperature

between about 5 20C and about 40C. The air temperature in entrance

a"Téw sPpRyLBdapEaersat Hrivann aha 405206 et BGeP'SIRIgPS0 and

between about 60C and about70C. The obtained gastroresiStant
2 Migbgianates mres fones lated donrhédinad e paratiaysals orske nte dbTdie,speed
after adding water, a suspension with pleasant 10 taste for the patients.

ang, ERSHAE Apentbaiindsnendentyrananinidiatnd), Thechandact temperature,
esulfame, neohesperedine; suspending agents like polyvinyl
d%‘@%%&é%%é&%}& Sdiﬁ’f_%l%%ér%b r%tet%ﬁ%%ﬁ%s&é? ‘?ﬁ%‘,‘&%’g%tgﬁt‘éﬁﬁﬁ about
20987 R0 ARt tkersilca Ol H3R Rt §R L A R I BHPASE B e gulated at
microgranules to this end. 15 Thé gastroresistant microgrfanules are
bemixeehwithaire 400Ce andntiboad E5OMientslisrabiyitbbieveppandivstik0C and

biconicgl mixer or V mixer for the time necessary to obtain the
a‘P}Q}F’ﬁg@eﬁ%ity of the gastroresistant microgranules inside the mixture. The

ratio hetwe astroresistant. microgranules and excipignts is hetween \
1:.0.1 an% (l Pfg?%re?eai’sa ?f %Séf\%gngi"ﬁrg%ﬁaﬂf%sﬁ{g) f@r ‘Ei#%@lvﬁ‘?&f&%dwal
pRPERRIANITRAIRIRRGS CUIHRHIAGE SHANHY Rl U BERVERI Wil leasant
and 3000 mg, preferably between 50 mg and 800 mg. The obtained
tagtstiore sistapativorisgrSwiesenkerfaxigpincdikiee dneetye camibizsseahiinnitol,

tablet after havir\ﬁ mixed with appropriate excipients such as diluents .
sagriipHicarG M BRpRarhesersdintiprutp caslinpsagents like polyvinyl

P S AR S TSR, e
af@ cSlashs UNBWIACAUSATEASRYGIRRG URRSEa HPSHASSBCIARG 0 granules to

synthetic gum, sodium alginate, carboxymethyl cellulose, methylcellulose,
thig®mD06/094737 PCT/EP2006/002022 16

The gastroresistant microgranules are mixed with the above mentioned
excipients in a suitable apparatus like a biconical mixer or V mixer for the
time necessary to obtain the homogeneity of the gastroresistant microgranules
inside the mixture. The ratio between gastroresistant microgranules and
excipients is between 1:0.1 and 1: 10, preferably between 1:0.5 and 1:5.The
obtained mixture can be divided in bags containing a quantity of rifaximin
between 1 mg and 3000 mg, preferably between 50 mg and 800 mg.

The obtained gastroresistant microgranules of rifaximin can be directly
compressed in tablet after having mixed with appropriate excipients such as
diluents such as dicalcium phosphate, calcium sulphate, cellulose,
microcrystalline cellulose (AVICEL®), hydroxypropyl methyl cellulose, corn
starch, lactose, kaolin, mannitol, sodium chloride, dry starch; binders such as

starch, gelatine, sugars as sucrose, glucose, dextrose, lactose, synthetic gum,

sodium alginate, carboxymethyl cellulose, methylcellulose,
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polyvinylpyrrolidone, polyethylene glycol, ethylcellulose, water, waxes,
alcohol; lubricants such as talc, magnesium stearate, calcium stearate,
eari id, hydrogenated vegetable, oils, polyethylenglycole; glidants
@1%156;/%&(%8 loidal silicon dioxide, talc; disintegrants such as cg Hi§gooer002022
potato starch, 5 croscarmelose, crospdvidone, sodium starch glycolate,
colouring agents, sweeteners such as sucrose, sorbitol, mannitol,
podaénghnereldontampolyeddepereglseoCormbhtrsiinttestinoweigmndvaxes,

S SEREHARUD SR I, el B PPIE, o
aéﬁ?”mgfféﬁ%%”t%%@téﬂ@bﬁﬁ?p?@ #?Feﬁ S?@S‘liga' g]iﬁ%ﬁ% Vsuch as

mixer Tor the time nece3sary to obtain the homogeneity of th

cojhsidatesibioon raiopideniies idsidetie mistuiechl ae @aghosadishanito starch,

granules of rifaximin have good properties in respect of ability to flow
crrgeaymlnss;vanesp aivid amssicafe e pdtoed thelyto kalte malpawing agents,
astroresistan micro%rlanules and xcigients is pefween 1:0.2 and 1:0.0

SWRERERRESR, SEfhects 1 D E0SFd YN EThe DRI M SRGFOEASe aéesultame,

ndyE grgaﬂ{g.er to obtain, using a suitable punch, tablets containing a
qguantity of rifaximin between 50 mg and 600 mg, preferably between 100

mg afdneRtioaaltconaolibey abd\wp e farourive rwpgpias 6f-art of tablet

Rifaximin 20 gastroresistant microgranules allow achieving a suitable
preparationdhestbesnpliesiohhwignateosesiisnon ofiapgraneearany ofixed with

excipients. The possibility,to obtain tahlets using a blend containing up to .,
thss%ooafedasﬂspe%gﬁw 1B AR RSP e éﬂraaé?wal mixer

o2loWs i najptainibe dose akdBmy In@ YHERIE $H7E RINAIBEAIGA of the
good compliance 25 for the patient. Tablets can be successively coated
gayitioreszmweniidoad fycdrofdiliadide thegatievedaste-masking properties
and improve appearance. Suitable materials could be: hydroxyethyl

celluibBe, BpgHREASISENcaRABYLy O DoiEB I IB 7iRes/ERRdOGDUaLRS in

re%gect of ability to flow freely, cohesiveness and lubrication, therefore the
ratio between gastroresistant microgranules and excipients is between 1:0.2
and 1:0.05, preferably between 1:0.15 and 1:0.1. The obtained mixture can be
pressed in order to obtain, using a suitable punch, tablets containing a quantity
of rifaximin between 50 mg and 600 mg, preferably between 100 mg and
500 mg. As described above the favourable properties of Rifaximin
gastroresistant microgranules allow achieving a suitable blend for direct
compression with the addiction of minimal quantity of excipients. The
possibility to obtain tablets using a blend containing up to 93% of
gastroresistant microgranules presents a further advantage: it allows to
maintain the dose of 400 mg in a suitable size to maintain a good compliance
for the patient.

Tablets can be successively coated with a conventional hydrophilic film
to achieve taste-masking properties and improve appearance. Suitable

materials could be: hydroxyethyl cellulose, hydroxypropyl cellulose
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(KLUCEL(r), Hercules Corp.), hydroxypropyl methylcellulose
(METHOCEL(r), Dow Chemical Corp.), polyvinylpyrrolidone. The tablet
W ?ogélrwg qfaX|m|n gastroresistant microgranules can be fllnll ggo }590 /002022
olfowing conventional procedure knO\i\L? to someone skilled in
selecting as polymer one or more of ce Iulose and its substltutes such as

e
Dowetatiaica R0dpothineashpyie snasheners. Polymers can be

employed as solutions either aqueous or organic solvent-based system.
Incorbbeativlel et ptaxstiiodn ghai foxfieibiligyf chesixiatingrfiioragrenprinsedan be
f addition of Iast|C|sers it is _reduyced the risk of film cracking and it is

fi %p%%faitﬁe P& O tRBHRAAL RF@QGB%%&?@OE%%WQ?&@&IH% in

thRIaSHSISRIG NGl (}j)%llsgiﬁ[ep one lEfnS e‘iﬁ yeihyle peh?slaP Stitutes such

triacetin, acetylate oglycer €s, CI ers an

ascmgmmﬁwaumr@seswapom%mm&@pm%w@@%ﬁmﬁe@mwlumse .

Water-soluble and/or organic solvent-soluble dyes can be used liké
Almsoativy kskeo tilamioehlulosiietivors aaidescFinatyastplidisesachuak asetacrylate

DTA be add d to the coating. The picture shown in Figu
d8H ?fg“é%% AkGi 8B ﬁsrlﬁﬂﬁfﬁ‘ﬁeﬁ%ﬁ?& Féﬁpg%?égﬁénﬁﬁé!}tlons

t of Figure 2 shpw that th
ﬁ*)%%@fé EEC R e R ST
flenivnapyfensavpipseRiin the ﬁﬁ‘ﬁi?&iﬁeﬂurwrﬂﬁﬁﬁoﬁ%@fﬂﬁ%lsem it is

gastroresistant microgranules of rifaximin haveé such favourable
regdrsgdrtiee risgaedifigitherpekiinf arbitns ihprapacityecd dhesi due eff tioellm to
directly used, with the addiction,of jnert diluents and glidants 25 to fill in
thii Ao EAFSHNES et RRISS bR e S TR B agepuRoriene

o lsciug i ellas, NGB SN s, i
essisivmumhlpldeldey stahehs raoloebmeeruahaly 1 aed &acﬁbow Jénpe8ve the
In this case WO 2006/094737 PCT/EP2006/002022 18
appearance of the product. Water-soluble and/or organic solvent-soluble dyes
can be used like albumin lake, titanium dioxide, iron oxide. Finally, stabilisers
such as EDTA can be added to the coating.

The picture shown in Figure 3 (Scanning electron microscopy of
rifaximin gastroresistant microgranules compressed in the tablets) and the data
of Figure 2 show that the compression does not alter the integrity of the
gastroresistant layer of the microgranules compressed in the tablets.

Furthermore, the obtained gastroresistant microgranules of rifaximin
have such favourable properties regarding the particle size and the capacity of
flow freely to be directly used, with the addiction of inert diluents and glidants
to fill in hard gelatine capsules. Examples of typical diluents .include
dicalcium phosphate, calcium sulphate, cellulose, microcristallyne cellulose,

hydroxypropylmethylcellulose, corn starch, lactose, caolin, mannitol, sodium

chloride, dry starch, from between about 1 and to about 225mg. In this case
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the density of gastroresistant microgranules, between 0.25 and 0.45

mg/ml allows to fill about 140 - 250 mg of Rifaximin in conventional 000
Wtbaggo 6%%I qu capsules according to the content of Rifaximin ilpctr'}%m
gastroresistant microgranules. 5 All the medicine preparation, hame
thermo welded bags, tablets and caps8les can be usefully used in the

therapy of inflammatory bowel disease to include Crohn's disease. The
they | denpiheingset oresiste e Birta goranlas, atiatwesl| (s 2 atiand o e mg/ml

bject of inyention and s a limjtation. 10 Example 1 Rifaximjn
alg? arté’tiﬁﬁn%é’éﬁo?@sfa%@i@gg%?l%é@mr&%iﬂqb%rﬁﬁﬁﬁ}ﬁﬂ%, ¢)8hard
EPRin Qa8 HHEIRL RSt d&n IR, 7 ' i
8 25000 g e(lz\)ffj rifaximin povb%)é? and 125&&6{%%{'?3#8{'?%%%3%%%flg%:%%kgd%r&mstant
méroterpoieieously in a mixer under agitation 15 a suspension is
prepared using 48107 g of demineralised water, 9281g of methacrylic

acid éHylherynadictpo preperatiomtahmede thrrmademkdtd bags, tablets and

KOLLICOAT(r) M 00 P, 139 ropylglycol, 2475 g of talc, 557 g of
CAREHIGR AR POURIE] B ok DRHPE 4o Frm ot AL e 10
ind6 SHIIEILH @ homogeneously mixed in demineralised water with an

high 20 speed homogeniser (Ultra Turrax). The prepared suspension

feedslthe fyllayvisysteramples haivebed bpparmitctad aehufgatieatiBustration
ressure between 1.0 and 1.5 bar, trough thel.8 mm nozzle on the

ointhewrbisetititharipeeniiompnd astos 20mnitatieained in suspension in
the flyid bed by a warm air flow. The applied conditions are described in

table %38 2006/094737 PCT/EPZQOG/OOZOZZ 19 .Table I Process
Parameia S iR WA B RRIGR IR b 2L fRiagi PR S ARAAE SRlHign

In a fluid bed apparatus, Glatt GPC 30, with a Wurster system of 18

06/002022
y

inches with a 1.8 mm spray jet, 25000 g of rifaximin powder and 125 g of
Aerosil as fluidiser are loaded. Contemporaneously in a mixer under agitation
a suspension is prepared using 48107 g of demineralised water, 9281g of
methacrylic acid ethylacrylate copolymer marketed under the trademark
KOLLICOAT® MAE 100 P, 1392 g propylglycol, 2475 g of tale, 557 g of
titanium dioxide FU and 62 g of iron oxide E 172. The solid components of
the suspension are homogeneously mixed in demineralised water with an high
speed homogeniser (Ultra Turrax). The prepared suspension feeds the spray
system of the fluid bed apparatus and nebulized, at a pressure between 1.0 and
1.5 bar, trough thel.8 mm nozzle on the mixture of rifaximin powder and
Aerosil 200 maintained in suspension in the fluid bed by a warm air flow.

The applied conditions are described in table 1:



Air flow flow in entrance (m 400 100 550 100 350 50 Air temperature in
entrance 60 2 60C 1050 2 (C) Product temperature (C) 32 25 - 27 30
Jet pressure (bar) (initial phase) 1-1.5 0.1 Jet speed (g/mirg 150 - 200

'S ({%1%713e7d mgcrog);r(anules are submitted to granulometry an %528?/6/ 002022
Light Scattering technology using Mal#ern Mastersizer 2000 apparatus 5
obtaining the following results: 100% < 200 micron 99.17% < 150 micron
90.0Fwbie1DO micron 48.37% < 50 micron 6.20% < 10 micron 10 The
rifaximin in the gastroresistant microgranule preparation corresponds to
61.4% of the total particle wejght. Example 2 SEM Microscopy of gastro

istant microganules of rifaxintire-Av@Edyl Fhiligspliddfigihuptent is used
Pr c;%r% t%l: ggesuélrf\’/?a idns. 15 Rifaximin glaséeoresistapiamigsaganties are Drying

Ai§putt ed with, goid Dglgicurre rstream of 30%2/2:, gettinganmAu-tayer-of

CAEtatRY volteser oh15KV is applied gbhe imagesparesg

ahout £00nm."An ac ' ‘
( dugn?%’lf recorded with a CCD|camera. An imagine of microganulgs of

3
Aidfaemmpreistsheowin irchiganedA, while 20 in Higure IB a detail of ajsingle
(e@)icrogranule is shown. WO 2006858737 PCT/EESS66/0d8022 20 50 + 2

crogranutes-ofirifaximin-preparec-r-therme
Proguct ltemperature §°C) 32 2527 30+2

Jet pressure (bar)

1.5
(initial phase) 1-1.5£0.1

Jet speed (g/min) 150 - 200

The obtained microgranules are submitted to granulometry analysis by
Light Scattering technology using Malvern Mastersizer 2000 apparatus
5  obtaining the following results: 100% < 200 micron
99.17% < 150 micron
90.03% < 100 micron
48.37% < 50 micron
6.20% < 10 micron
10 The rifaximin in the gastroresistant microgranule preparation
corresponds to 61.4% of the total particle weight.
Example 2

SEM Microscopy of gastroresistant microganules of rifaximin

A SEM Philips 515 instrument is used for the observations.

15 Rifaximin gastroresistant microganules are sputtered with gold by
current stream of 30mA, getting an Au-layer of about 100nm. An accelerating
voltage of 15kV is applied.

The images are digitally recorded with a CCD camera.
An imagine of microganules of rifaximin is shown in Figure 1A, while

20  in Figure 1B a detail of a single microgranule is shown.
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welded bass 9.12 Kg of gastroresistant rifaximin microgranules prepared
according to 5 the example 1, 19.58 Kg of sorbitol, 0.49 Kg of aspartame,
0.21 Kggof anhydrous citric acid, 2.10 Kg of pectin, 2.10 Kg of manni

|
e 29K ‘(‘ﬁsﬂeohesperidine DC, 1.122 g of cherry fIavouranaPGB?Ré}%{OOZ(m

silica gel are sieved on a sieve with Tresh of 0.5 mm and then mixed for
20 r@énutes Ln %V mixer. The resulting mixture is divided in thermo
wel ’&%‘&B e ntaining 5 grams of product 10 corresponding to 800 mg of

rifa@x&ﬂaﬁmg@i@wiﬁﬁJ@%ﬁh@@&p@ﬂﬁ%ﬂHhﬁmﬁmﬂwm thermo
speciality, thermo welded bag, Is reported: Table 2 Amount Components
weldgd Iagsastroresistant rifaximin microgranules 1303 26.06

(corresponding to 800 mg of rifaximin) Aspartame 70 1.40 Anhydrous
citri® d3diem o%@mﬂ@éﬁﬁlséoterrfexmnmm@bm@sa&%ﬁaﬁﬁ’fuﬂ@g to

30 0.60. Sorhito 7 55.94, erry:flavour, 160 3.20 Sili |1
s e o S e AR st (2t drous
citFRMRIESSefo [Rlelt Yetil, Of 90K 8T oF Hanhifar M INKEOSF HudRSsperidine

prepared according t6 WO 2006/094737 PCT/EP2006/002022 21 the
DExmpIE g Fxhernf Sadoum £iche:h TBlecofatili 0ged aferaiyedsiunma sieve with
mesh of 0.5 mm and then mixed for 20 minutes in a V mixer. The resulting
mixture is divided in thermo welded bags containing 5 grams of product

corresponding to 800 mg of rifaximin. In the following Table 2 the composition

of the medicinal speciality, thermo welded bag, is reported:

Table 2
Amount
Components
(mg) %

Cosiorisant fuinin mierogmnles) 303 | 2600
Aspartame 70 1.40
Anhydrous citric acid 30 0.60
Pectin 300 6.00
Mannitol 300 6.00
Neohesperidin DC 30 0.60
Sorbitol 2797 55.94
Cherry-flavour 160 3.20
Silica gel 10 0.20

Example 4

Gastroresistant microgranules of rifaximin prepared in compressed

tablets

9.3 Kg of gastroresistant rifaximin microgranules prepared according to
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stearate are sieved on a sieve with mesh of 0.5 mm and then mixed for

20 minutes in a V mixer. The resulting mixture is compressed using a

rotary tabletting machine (Fette 1200) equipped with oblong, scored 19 x
we Fr?ﬂ%’g%ﬁﬂches at the final weight of 718 mg (correspondin&ﬁ?g%%tﬁé% 022

of 400 mg of rifaximin). The tablet c@nposition is reported in Table 3.

Table 3 Amount Tablet composition mg % Rifaximin gastroresistant
theniexagrplallés (E9Brespohding tom 08 tnglof GligpdolatE 65000 HF3magnesium

sodium carboxymethylcellulose 34.95 4.87 Avicel PH 101 24.31 3.34
stegrietiatsigved 10m 2189 10thomeshefabidistare dish tharednixed for
2045 eonyenional peg. pipment Wit 8 vdoxpropumethycallose o1,

fimn order fo imgll*ove appearance and AChiEVe Taste Mask propeIr]t?es. Ty
tadiBRAAR dimmeorpreritiondn yerappda Tkl doiba Y QRARE/0 48D mm

PCT/EP20061002022 22 Table 4 Amount Coating composition (mg)
publedE at4hs final weight of 718 mg (corresponding to a content of 400 mg

of rifaximin).

The tablet composition is reported in Table 3.

Table 3
Amount
Tablet composition
mg %

Rifaximin gastroresistant
microgranules (corresponding
to 400 mg of rifaximin) 650.00] 90.53
sodium
carboxymethylcellulose 34.95 | 4.87
Avicel PH 101 2431 | 3.34
Mg-stearate 8.74 | 1.21

718.00 {100.00

The tablets are then coated, using conventional pan equipment, with a
hydroxypropylmethylcellulose film in order to improve appearance and
achieve taste mask properties. The unitary film composition is reported in

Table 4:
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Titanium dioxide 4.10 Na-EDTA 0.05 Propylene glycol 1.37 Red Iron
Oxide E 172 0.41 Example 5 Gastroresistant microgranules of rifaximin
repared in bard 5 capsule 9.0 Kg of gastroresistant rifaximin
WRiZYPEHTes prepared according to the example 1, are bleddedERAY6/002022
sieved on 0.5 mm with 110 g of talc gypd 1.1 kg of lactose. The resulting
mixture is introduced in hard gelatine capsules type 000 using a
convealpnal equipment like Zanasi LZ64 at a final weight of 10 461.00,
corresponding to a content of about 270 mg of rifaximin. The capsule
composition is reportgd in Table 5. Table 5 A%%%ngapsule composition
mg % Rifaximin gastrgsisiariopipagiero(corresponding to 270 mg of
rifaximin) 406.00 88.01 Talc 5.00 1.01 LactdsdBEb0[10.8 Example 6 15
Dissolution performapggpig<astroresistant migrparannle of rifaximin
medicinal preparations-Fhe-gastroresistence of the pharmaceutical
preparation is evaluatddtgpaisbdinstds 37 PcTAEFD006/002022 23
according to what deggribgehatpage 247 of the g§harmacopeia (USP),
28a Ed.

Propylene glycol 1.37
Red Iron Oxide E 172 0.41

Example §

Gastroresistant _microgranules of rifaximin prepared in hard

capsule

9.0 Kg of gastroresistant rifaximin microgranules prepared according to
the example 1, are blended and sieved on 0.5 mm with 110 g of talc and 1.1 kg
of lactose. The resulting mixture is introduced in hard gelatine capsules type
000 using a conventional equipment like Zanasi 1.Z64 at a final weight of
461.00, corresponding to a content of about 270 mg of rifaximin. The capsule

composition is reported in Table 5.

Table 5
. Amount
Capsule composition
mg %
Rifaximin gastroresistant
granules (corresponding to
270 mg of rifaximin) 406.00 | 88.01
Tale 5.00 1.01
Lactose 50.00 10.8

Example 6

Dissolution performance of gastroresistant microgranule of

rifaximin medicinal preparations

The gastroresistence of the pharmaceutical preparation is evaluated
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The dissolution test of medicinal preparations containing gastroresistant
microgranules of rifaximin, described in examples 1, 3 and 4 and
~consisting of 5 rifaximin gastroresistant microgranules, thermo welded
V¥23VeBMENhing rifaximin gastroresistant microgranules, and tBbétE2006/002022
containing rifaximin gastroresistant mygrogranules, respectively, are
evaluated by using the following conditions: Equipment: SOTAX AT7

acobidihECdedipiddediBedNt i de aRgr Sfhby U8 PPhshate pefie(VsP), 28°
2% of Sodium Lauryl Sulphate is added to bring up the pll to 6.8 Stirring
Edpeed: 100 rpm Temperature: 37C Sampling time: 120, 135, 150, and

180 min. 15 The ¢ontent of dissolved rifaximin is measured by a HPLC .
ot TR LRSI B iR A Brag ERSUTpsistant

r r | i the _
e e TS iy T hiting of
rifeaiiinia BagsréiefidthhiphinickdgrdAdlds O 7tRdrtn Phosfidate affer, pbhtaining

6.8 135 93.8 67.9 90.3 Phosphate buffer, pH 6.8 150 95.4 81.6 95.1

rifodephaesteesitasis NESORZBElesp6an P HebipktedsuTainpg 6rifaximin

180 97.4 93.1 96,2 20 Afte{ 12 months of storage at 25C micrpgranules,
SASEBLFUS ALY TELEAGERIY | Sho ST RAHHHYP |ss%mioﬁ ﬂ&e,‘ﬁré)éfse‘fﬁlgg the

A oot b ao v
phosphaighetier SOMA X8 Erasmivket/

Medium: HCI1 0.1 N, pH 1; after 2 hours a phosphate buffer with 2% of
Sodium Lauryl Sulphate is added to bring up the pH to 6.8

Stirring speed: 100 rpm

Temperature: 37°C

Sampling time: 120, 135, 150, and 180 min.

The content of dissolved rifaximin is measured by a HPLC method.

The results, reported in Table 6, are the average of six measures and are

expressed as percent of dissolution over the total amount of rifaximin.

Table 6
{Me dium & pH Tir'ne Dissolution (%)

: (min) |Microgranules| Tablets Bags
HC10.IN,pH 1 120 2.41 1.07 2.57
Phosphate buffer, pH 6.8 135 93.8 67.9 90.3
Phosphate buffer, pH 6.8 150 95.4 81.6 95.1
Phosphate buffer, pH 6.8 165 97.2 88.1 96.4
Phosphate buffer, pH 6.8 180 97.4 93.1 96.2

After 12 months of storage at 25°C microgranules, prepared as in
Example 1, show a similar dissolution profile, precisely a dissolution of 2.2%

after 120 min at pH 1 in 0.1 N hydrochloric acid and of 91.1% after 60 min in
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Treatment of Crohn's disease The medicinal rifaximin preparation

containing gastroresistant 5 microgranules described in example 3 has

been used in a clinical multi-center randomised trial versus placebo in
Wp%ﬁ@r?fg%ﬁgcted by Crohn's disease. 55 Crohn's disease patré;ﬁgzﬁ%om/oozozz

acute, mild to moderate grade, phase24qaving CDAI (Crohn Disease

Active Index) value between 200 and 300, have been recruited. The

pharsplzayedpafperirt\wik 6chresented by the percentage of the 10 patients in
clinic remission defined as CDAI lower than 150 points at the end of the

studE¥HBPYRidnts, randomised in two groups: group A, of 27 patients

and B of 28 patients, hgave been treated for 12 weeks according to
the ehtme Eopélr fi alsea_s roup A: rifaximin 800 mg, _
adminjsdratasbdidiaas a Arxdph i 0BkchadeRAge foutiRiAB00 Molfliesistant
Group B: placebo, administrated 2 times in a day in a such quantity to
mimogsponesodgseiibatt i eikimples? hashecartiveaainciplelifivapnimétiycenter
egd point, the clinical remission after 12 weeks of therapy, is achieved by
rag

ysshHEiphisrR s atRb gl prairnineEieatndtbn Srehmosgisease. 55

; i - ith, pl . | tients of .
O Tested M i s BALH (1cd0 LAt AUk Bdving
CDISI DECaHCIDIKIR AIGRRY I RAY ¥\ b BIDR BR RS dHRPIRIO llve been

placebo discontinued the treatment. The results are summarised in Table
redriasedOl2eOBIIMMTE 7eRC PERR V60802 e d Dy et cCpeupetipbest the
of clinical Number of therapeutic remission failure A (rifaximin) 27

patignis i alisic gomissiondefinsd aspo b kamarshan 304 oings abthe end

of the study. The patients, randomised in two groups: group A, of 27 patients
and group B of 28 patients, have been treated for 12 weeks according to the
following therapeutic schemes:

Group A: rifaximin 800 mg, administrated 2 times a day for a total
dosage equal to 1600 mg/die;

Group B: placebo, administrated 2 times in a day in a such quantity to
correspond to the content of the dose of the active principle.

The primary end point, the clinical remission after 12 weeks of therapy,
is achieved by 51.9% of the patients with the gastroresistant formulation and
by 32.1% of the patient treated with placebo. Moreover only one patients of
the group treated with rifaximin has been forced early to leave the clinical trial
because of the therapeutic failure, while nine patients treated with placebo
discontinued the treatment.

The results are summarised in Table 7
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Example 8 Treatment of Crohn's patients characterized by a protein C 5
reactive value higher than normal At the beginning of the treatment, 31
patients had a protein C reactive value, an index of inflammation in

WP MHer than normal. The patients have been divided iRfOTHR?006/002022

groups: one of 16 treated with rifaximfrand the other treated with

placebo, as described in example 3. 10 The primary end point, the clinical

remisk fbthlen 4s been obtained in 62.5% of the patients treated with the

new formulation of rifaximin and in 20.5% onIy of the patients treated with
IdbUUU IVIUIUUVUI more UI La: [Jdl ents UI LIIE blTUl. |9 tr Udlbu WII.II

Rhin dropped from the stydy Y80 fepi s Seimicrdill R WRhes sidhgrapeutic
patients of the subgroup treated withFA438188bo. The Table §&HBI the

AansdasYs7 Janiad Su groumgv@lpg@/ggm C \‘alue Nun]l(grgp%) .
Béplagehe @édﬁéﬁ?ﬂﬁzﬁ nfam%ln 1076359000 (0%)|15 paﬂeﬂ?@@eb‘f/@kj

with placebo 3 (20%) 6(40%) The incidence of side effects has been
simildF %8 mp groups 20 confirming the excellent tolerability of the

rlfaX||nfotrgl tlo mcco%tlr;uous ?.nd

réﬁ%ﬂwwmqgm}l%aﬁl%la}k}ﬁgharmaceutlcal composmon of clalm 1,

wherein thé gastroresistant rifaximin microgranules are from between
aboutAt itlierbeginahogtcdOibeniczatin éntdinpedients had a protein C reactive

value, an index of inflammation in course, higher than normal. The patients
have been divided into two groups: one of 16 treated with rifaximin and the
other treated with placebo, as descril:;ed in example 3.

The primary end point, the clinical remission, has been obtained in
62.5% of the patients treated with the new formulation of rifaximin and in
20.5% only of the patients treated with placebo. Moreover, none of the
patients of the subgroup treated with rifaximin dropped from the study for
therapeutic failure, unlike 6 of the patients of the subgroup treated with
placebo.

The Table 8 shows the obtained results.

Table 8§
Subgroup with protein C value| Number of clinical Number of
higher than normal values remission therapeutic failure
16 patients treated with rifaximin 10 (62.5%) 0 (0%)
15 patients treated with placebo 3 (20%) 6(40%)

The incidence of side effects has been similar in the two groups
confirming the excellent tolerability of the rifaximin formulation in

continuous and prolonged use.
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3. The pharmaceutical composition of claim 2, wherein the gastroresistant
rifaximin microgranules are from between about 10 micron to about 500

microns 10 in diameter. 4. Formulations according to each of the claims  ycsLLP

from 1 to 3 characterized in that the gastroresistance is obtained by using
polymers insoluble at pH values between 1.5 and 4.0 and soluble at pH
values between 5.0 and 7.7. 5. Formulatio#s according to claims 4
characterized in that the polymers are 15 selected from cellulose acetate
GhikBEM%e, hydroxypropylcellulose acetate phthalate, polyvinyl acetate
phthalate and copolymers of metacrylic acid. 6. Formulations according to
each of claims 4 and 5 characterized in that the amount of

astroiptestinal polymers | een 59 759 jght i to

e tot B e S e
19“1&@(%’&%&1&9.6 characterized in that the gastroresistant mixture contains
also diluents, plasticizer, anti-agglomerative, anti- sticking, glidants,
anti-foame gnaieniretitigas WosiposiioBoT hniphdrmdcesiicti cgaspasitiistant
of claim 1, wherein the gastroresistant rifaximin microgranules comprise
e ionimoréctigrelyitsrprolisfohatnskrfakiminl ZEGPR ta@bRiFhP 00 microns in
MCSLLP 27 9. The pharmaceutical composition of claim 1, wherein the
SiRRFHFR polymorphous forms are selected from Form a, Form 3, Form y,

orm §, ar Form _E. 10. t] osifi ' '
L comaa e b e  ra
fifaximin MiCAgranules afiam RetwierR f 1801 AD0 5A% OEBAWSERRIGons
agent selected from one or more of aspartame, sugar, xylitol, lactitol,
suéiatese (SPLENDA (r)), sodium cyclamate, dextrose, fructose, glucose,
lactose, and sucrose, or neohesperidin DC, from between 0 to about 50
g of Gryanitasicitsskleeretng dencapie O Wbedaimibhgmitlicold erdacieared in

acid, adipic acid, citric acid, fumaric aci lutaric acid, malic_ acid
s o i 1 i %y ugl'ngg poqymersqhso?ugle at pH values

that the gastroresistance is obtained
between 1.5 and 4.0 and soluble at pH values between 5.0 and 7.7.

5. Formulations according to claims 4 characterized in that the polymers are
selected from cellulose acetate phthalate, hydroxypropylcellulose acetate
phthalate, polyvinyl acetate phthalate and copolymers of metacrylic acid.

6. Formulations according to each of claims 4 and 5 characterized in that the
amount of gastrointestinal polymers is between 5% and 75% by weight in respect
to the total weight of the microgranule.

7. Formulations according to each of claims 4 to 6 characterized in that the
gastroresistant mixture contains also diluents, plasticizer, anti-agglomerative, anti-
sticking, glidants, anti-foam and colouring substances.

8. The pharmaceutical composition of claim 1, wherein the gastroresistant

rifaximin microgranules comprise one or more of polymorphous forms of rifaximin

or a raw form.
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succinic acid, or tartaric acid, from between about 1 to about 500 mg of
suspending agent selected from one or more among polyvinyl pyrrolidone
(PVP), sodium carboxymethyl cellulose, pectin, xantan gum, or agar agar,

from between 0 to about 500 mg of mannitol, from between 0 to about ~ MCSLLP

4000 mg of sugar alcohol 15 selected from one or more among sugar
alcohols such as lactitol, maltitol, mannitd},’sorbitol, and xylitol, xanthan

gum, dextrins, or maltodextrins, from between 0 to about 300 mg of
Jlavorifihagbatseteotéchfrormonei bdmofelaimohgwiraieot tegetapiafavor,
and from between 0 to about 100 mg of glidant selected from one of more
rehongreieasderiagRasianictdiratd SPaici e dek 15720 Kot §3g.0T™
11. A pharmaceutical composition comprising: from between about 50 to
#bout 1000 mg of gastroresistant rifaximin microgranules, from between

ppout | %PrﬂHEéﬂ@cEﬂ%&fn%%ﬁ%@%&rﬁ%%?@@liﬁm QPR INALe

among dicalcium phosphate, calcium sulphate, cellulose, 25

migtasistaline aallulesebiiself) maysirgxaypmepyismeathyfodhiloseiccognanules,
starch, lactose, kaolin, mannitol sodium chloride, dry starch, from
fretwbetwabout tb whMC 50 PR 8fabewe 860 ng)agkhintide ¢ige it Bedaetey more
from one or more among starch, gelatine, sugars as sucrose, glucose,
RIS ST sy BEHO b SHRTH R Ao Rriaigim cyclamate,

llulose, methylcellulose, palyvinylpyrrolidone, polyethylene, .glycal,
HJEB DL e AR BT T Ben By SBOICD oo 5"

10001 T LBHCIHN L AIE RIS SEIRE R TUT QB8 ARABRARMNE Blenong citric

magnesium stearatc, calcium stearate, stearic acid, hydrogenated ‘
yaaetaklecails d plisithyteaghiceleadrermbeineeridbeli@rio aboynz0imgeid,

of from glidant agents selected from one or more among colloidal silicon
slioxide; sald, fromatetweend, dbout Bty edioalb Q0! nig Afdisipiegrene !
agents selected from one or more among 10 sodium | .
BATPRAGABGERAC SIS Biovi QRA potapicstaeReRakedmibRgsolidone (PVP),
crqQspovidgne, sodi rE stﬂerlgl?)%lycol e, fra% artl)etl\l/vnel:egr%bougoglp %b%y 1t0Ween 0
ELBUPREALRAYS SEIEERT 1O Bhé Bl Mot Bmbrg trararm dioxide,
{E)Ogbgﬁltdgéo mg of mannitol, from between 0 to about 4000 mg of sugar alcohol
selected from one or more among sugar alcohols such as lactitol, maltitol,
mannitol, sorbitol, and xylitol, xanthan gum, dextrins, or maltodextrins, from
between 0 to about 300 mg of flavoring agent selected from one of more among
fruit or vegetable flavor, and from between 0 to about 100 mg of glidant selected
from one or more among silica gel, magnesium stearate, or talc, in a thermo
welded bag.
11. A pharmaceutical composition comprising:
from between about 50 to about 1000 mg of gastroresistant rifaximin
microgranules, from between about 1 to about 500 mg of diluent agent selected
form one or more among dicalcium phosphate, calcium sulphate, cellulose,

microcrystalline cellulose (Avicel®), hydroxypropyl methyl cellulose, corn starch,

lactose, kaolin, mannitol sodium chloride, dry starch, from between about 1 to
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from between about 0 to about 500 mg of sweetener agents selected from
one or more among sucrose, sorbitol, mannitol, saccharine, acesulfame,
neohesperedine in 15 compressed tablets. 12. A pharmaceutical
composition according to claim 1, characterized in that the microgranules
are coated with: between about 0 to about 50 mg of polymers selected
from one or more among cellulose and it8ubstitutes such as
hydropropylcellulose hydromethylcellulose, 20

dtynophopykroétiylded uiwses seltaindabyticonswenas srarany st dndelatine,

methylmetacrylate copolymers; from between about 0 to about 5 mg of

plastichseii cigent bleeteddesiosnd HHLier& HHISHY QYR RE HroplaRIe:
lycol, polyethyl lycols, triacetin, tylated | id i
e Pl ST B S DR B ALY B0 S st fene
%tacbé‘iSé@@ﬁ%iﬂEl%HSPﬁi&PM&J@Q?c%%?%&%@R@éﬁrpaﬁ@oﬁk’@%Ja%ﬁg 20 mg

colouring agent selected from one or more among albumin lake,
Sitarium iepesies A xR ME HlokPord diSmbrehanmgcedlticalagnesium
composition comprising: from between about 50 to about 450 mg of
gastaor cidtamrifeodrain, ricrograsidldsy dhaganaéed oegeaabolst @lte about 25
mg of from lubricant agents selected from one or more among talc

pobigribxlanglstenleitd am britiste abat, Cioamout R0 MEIRIgERREY dant agents

egetaple oils, polyethylene glycole: from between abqut 1 to about 225
R Or HOATLTIEA JB8H CUBELCH RO oh L SF b Sondis ddltisgeen

ﬁ&)}bﬁaﬁ@ﬁ}%b Sy YRR eSS oCliRRIVRS HeIASemore among

oxypropyl- methyléellulose, corn starch, lactose, caolin, mannitol,

sosliv Ghinyiden sy starailode, kard-gelajinatcapstdpscidd ddnldtssof
gastroresistant microgranules containing rifaximin in the manufacture of
enesioindbprepadationstfiochg steebdtnefivof thevintamboatobytdehedt 10 mg
diseases. 15. Use according to claim 14 characterized in that the .
peflevnina ey o ARP ARk SS9 s SR tHgaeag titanium dioxide, iron oxide;

from between about 0 to about 500 mg of sweetener agents selected from one or
more among sucrose, sorbitol, mannitol, saccharine, acesulfame, neohesperedine in
compressed tablets.

12. A pharmaceutical composition according to claim 1, characterized in that
the microgranules are coated with:

between about 0 to about 50 mg of polymers selected from one or more among
cellulose and its substitutes such as hydropropylcellulose hydromethylcellulose,
hydropropyl-methylcellulose, certain acrylics, such as metacrylate and
methylmetacrylate copolymers; from between about 0 to about 5 mg of plasticiser
agent selected from one or more among glycerine, propylene glycol, polyethylene
glycols, triacetin, acetylated monoglycerides, citrate esters and phthalate esters;
from between about 0 to about 1 mg of a stabilising agent such as EDTA; from
between about 0 to about 10 mg of colouring agent selected from one or more

among albumin lake, titanium dioxide, iron oxide.

MCSLLP



10

15

20

25

15 16. Use according to claim 15 characterized in that the value of
C-reactive protein of the patients suffering from Crohn's diseases is

higher than the standard. 17. Process for the manufacture of MCSLLP

pharmaceutical formulations containing rifaximin in the shape of
gastroresistant microgranules having a size 1 between from about 1

micron to about 900 microns that consists2$ spraying under a 20 pressure
between 1.0 and 1.5 bar and at a flow speed between 150 and 300 g/min
through aMeaTie AnisELENUBEISPRRSIGNESINEINING a gastroresistant

polymer together with plasticizer, diluents, anti-sticking,

ainthdggore rtive, SQliderhouaAfiFoagoigd conoefipgRUB S HBES I @granules;
fluid bed apparatus in which an_air flow warm\gg ata tempera%P

eVBERS6T It Yot ARCoR SRR B B8 i e g O

hour keeps in suspension the active principle rifaximin MXed W@ 4rogenated
]ﬁi%eit% K ﬁig aggEnE

vegetable oils, polyethylene glycole; from between about 1 to about 225 mg of
from diluent agents selected from one or more among dicalcium phosphate,
calcium sulphate, cellulose, microcristallyne cellulose, hydroxypropyl-
methylcellulose, corn starch, lactose, caolin, mannitol, sodium chloride, dry starch,
in hard-gelatine capsules.

14.  Use of gastroresistant microgranules containing rifaximin in the
manufacture of medicinal preparations for the treatment of the inflammatory bowel
diseases.

15.  Use according to claim 14 characterized in that the inflammatory bowel
disease is Crohn’s disease.

16.  Use according to claim 15 characterized in that the value of C-reactive
protein of the patients suffering from Crohn’s diseases is higher than the standard.
17.  Process for the manufacture of pharmaceutical formulations containing
rifaximin in the shape of gastroresistant microgranules having a size | between
from about 1 micron to about 900 microns that consists of spraying under a
pressure between 1.0 and 1.5 bar and at a flow speed between 150 and

300 g/min through a nozzle an aqueous suspension containing a gastroresistant
polymer together with plasticizer, diluents, anti-sticking, anti-agglomerative,
glidants, anti-foam and colouring substances into a fluid bed apparatus in which an
air flow warmed at a temperature between 50°C and 75°C and with an output
between 450 and 650 m’ per hour keeps in suspension the active principle rifaximin

mixed with a fluidity-enhancing agent.



