FORMULATI ONS OF RI FAXIM N AND USES THEREOF RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional Application No.

61/ 363, 6080201229388 July 2010, and U.S. Provisi onal Applpccatse@n/okkyeo

61/ 419, 056, filed 2 Decenber 2010, the entire contents of each of which are
her eby i ncorporated herein by reference. BACKGROUND Ri faximn (I NN,
see The Merck Index, X II 8304) is an antibiotic belonging to the

T claes S ST Gong RGN SES GRS ™
gastrointestinal tract against |ocalized gastrointestinal bacteria that

cause infectious diarrhea, irritable bowel syndrone, small intestinal
bacteri al owlg*"BEDI"APELHBATiONSsease and pancreatic insufficiency anmong

ot her di seases. has .be ort that i f.a i s.characteri.zed
negligi bl e syst eﬁ”é ﬁBglbcra G Pl colﬁeﬁ @a?)roavﬁﬂo ygipgg‘fauo
characteri sti/383 G@Eﬁmmemy QOI(ETan@-U S.Fhavin@aaka fiRichGorSNY Ay /919,034, @ixddm n
after oral administration in healt hy volunteers. Int J din Phannacol Res,
14 (2), 51- Becenby@h)§, the entireRionterisnifreark ofi@diohi we delchy incgrpoaiedhient by T
1154655 and Fb. &61534 both of which are incorporated herein by reference
intheir entire y for all purposes. EP 0161534 di scl oses a process for
rifaximn production using rifanycin O as the starting material (The Merck

| ndex, X BACKGROUGND U. S. Patent No. 7,045,620 Bl and PCT Publicati on WO
2006/ 094662 Al di scl ose pol yrmr phic forms of rifaximn. There is a need in

the art for fornglkat: S r er e and
ot her di seases. %l&%@ (NN E’r oVi ?elgl IEfg(r glﬁdnetxar)éﬁfsﬁ dggléjéi gér s%}lo?lﬁt%ﬂggdrlr%

rifaximn wbtlongingaro dteyriéfmynoh yiess sofamatitpotigsyer g.c anpgida- anldazrs rlfhmycmne

aspect, proyided herein, ol j d dispersion of f axi

aopST TUTE. Birmin Rt wayroad bR ol & BT RERtDICt RGNS SiHpuRistgel tract

fll spersion ggalﬁgtp@eam%cg( éas%rgﬁh@hggt @Jc'te%ﬁgh%caﬁ%?ﬂ?@cﬁoﬁy gfairﬁgﬁ Ilﬁiubme Sdowel ar
o one or nore of the of Figures 2, , :

I n one enbodyndeene, smellf orestigal |bdctdm@pevggmrwtb,f Grolixi disense, saudlapaaaclteem zed

by a Ther nogr amp subst ant i alth@\f simlar, to.Figures 13-16, 18-

23-26, 27-30°Ualfyrs.amons © SRS e R bR {epoftﬁg &P"‘éfﬁ?ﬂ‘&’%n (oS isEi4e nce

of a singl ebglaaﬁégugﬁ@a%yitbm& higyspRical Wue t6 1) chemical anlinpt3RRaeohEstERAEs a
Tg of a formincreases with an increased rifaximn concentration I n

one enbodi meResconbe drlmes ik ddwetiaeakimyic)stipogiHifastnin afieleralsedmigitrgtien ¢t i | |
X-ray anorp rdi.ng, t e a formstressed
at 70C 75‘%?2%#?’&‘}%@ te% s tﬂcﬁgga%aewls esli@?%@%ggb%gus according to

XRPD. In ORefagnitmds esdribed if Atalias thaess 60 1at54651£énd7 Em%ﬂem Gboseeks,
solids are still x-ray am)ﬁf)hous according to
enbodi ment , VAIFopif BICPROEHE AEreTbEy TEEYRICT By ﬂ@r W@térﬁté/ f%w @gr%S%S sthf |

X-ray anor pb@&’ﬁﬁﬁﬁf%ﬁ)‘sé@a o8B ror rifa 1mt1 g&c}ﬁ g§gelfstm fo%&?odoh% Ghd are

m crogranul es conprising one or nore o i SPEr si on rns of
rifaximn desctingadtdnet €lne Marclohedeandddl BentS301 heUrS. dracant &vu 768t Star0tBier

conprise a po . 0 | nen t he pol . conprises one or
rore of - pol 1A K iofEblserete ILO BT RA Tty Ae Bt gy of s
met hyl cel | ulrgse iphthBal @liRe (P FoRhuiah Gl rIFaxiti A EPBHRE BBt caBBLiek Gl hid ose
acetate succinate (HPMC-AS) grades HG and M5 or a pol ynethacryl ate

( Eudr agi t (r pthel 0Ge%89. . In specific enbodi ments, the m crogranul es
conprises 25-75% pol yner, 40-60% pol ymer, or 40-50% polyner. In an

exenpl ary enbodi nent, the m crogranul es conprises 42-44% pol yner. In
one enbodi ngUMMARYM crogranul es conpri se equal anounts of rifaximn and
pol ymer. I n anot her enbodi nent, the mcrogranules further conprising
an intragranul ar PF@I@@Sée@ﬁhtaf%lsplll%gﬁ%@é‘ﬂ@n fpimeérpaainginenBbd meney, of he
i ntragranul nt conprises a pharmaceutically
accept abl e 25@%5%?‘%%9& %?!éﬁdreg%?ég‘gg SUBSTI TUTE SHEET (RULE 26)

crosprovi done, shdontraspéca,rmbwgkd/hﬂhmtaee farorRoBd disphrsion effiifakiyshal | i ne
cellul ose, cellulosic derivatives, sodium bicarbonate, and sodi um al gi nate.
I n one enbodi nent, the intragranular release controlling agent conprises
bet ween about 2 wt% to about 40 wt % of the m crogranule, about 5 wt%to
about 20 wt % of the mcrogranule, or about 10 w % of the m crogranul e.

I n anot her enbodi nent, the intragranul ar rel ease controlling agent
conprises a pharmaceutically acceptable disintegrant, e.g., one selected
fromthe group consisting of crosprovidone, sodiumstarch glycolate, corn
starch, mcrocrystalline cellulose, cellul osic derivatives, sodium

bi car bonat e, and sodi um al gi nat e. I n anot her enbodi nent, the

mcrogranul es further chJBﬂTEFéJBE\ﬂHEETEQRé@dﬁQ@r surfact ant, e.g., a

.. Y



In specific enbodi nents, the pharmaceutical conpositions conprise the
rati os of conponents set forth in Table 37. O her enbodi nent and aspects
are di sclweeadizmpssa. BRI EF DESCRI PTI ON OF THE DRAW NGS Prgarseo1i/o4eem cal
structure of Rifaximn. Figure 2. Overlay of XRPD patterns for

Ri f axi m n/ PVP K-90 di spersions obtained from nmethanol by spray drying. 4
SUBSTI TUTE SHEETIH &id dmiRGlimerfj tha fenBsolidB&pdrkien nd gif aimirors cRoradtbriged/ vy) an

Ri faximn/P -9Q di spersion obtained from nol _.by spray drying
Figure 4. D H&S%B?@ml@&@r S8 O" gt e PR B meibeR2o0 I L edetbn
obt ai ned frgp get hanol by spray drying. Figure 5. nDSC thernogram for 75:25

(Ww Rifaximn/PVP K-90 dispersion obtained from nethanol by spray drying.
Figure 6. Overl aln ofe eri®8@imérgr tio goransdlok diRpdrsien wif mfRMRIKs$hadctsperdshyons

obt ai ned fr nmet hanol spray .drving. Fi,qure 7. e f atterns
For "R axi 7RI s b eheRly Sttt Bthed SR Gt rertint 2y Peat i i
Figure 8. mBSC t hernmogram for 25:75 (ww) Rifaximn/HPMC-P di spersion

obt ai ned from net hanol by spray drying. Figure 9. nDSC thernogram for 50:50
(W w) Rifaxim n/ HPVE-gmbiidspentsihe fombhati the apfeamnraet heinge gags §prsayordr yi ng.

Fi gure 10. her ramfor 75:25 (ww) Rifaximn/HPMC-P dispersion

obt ai ned frg%%r(réé%%% (gggby spray drying. Figure 11. Overlay of nDSC

t her mogr am f or Rid énd emmbudnRdAE; PTdios pEsisi dofaohtvatnatinteasadrdhtiaiiol by spray
drying. Figure 12. Overlay of XRPD patterns for Rifaximn/HPMCAS HG

di sper si ons COMCRIHER from met hanol by spray drying. Fi gure 13. nDSC

t hermogram for 25 1 f ax|.m [ i 0 L firom
met hanol by spr a?/1 %réy%deﬁ.m&t’ Q}(drﬁ %?%N%Efﬁggsc%ﬁgﬁ{%g‘f%§ %@g ggedsgﬁ)l (w'w)
Ri f axi m n/ HRNMZy ASotiBods sperdnow XRPRI ned from nmet hanol by spray drying.

Figure 15. nDSC thernogram for 75:25 (ww)_Ri i m n/ HPMC- AS di spersion
obtai ned from mel SISy dipHe iy sgred 8 70 BRIl 6 Wesh S plige it Sibac

t her mogr am & qhy Bnbabhbid fc s X kEDdi sper si ons obt ai ned from net hanol by
spray drying. Figure 17. Overlay of XRPD patterns for

Ri f axi mi n/ HPMC- AB (e adillmpglansitonforotstizssed dt 70°6m7 AeRihivel6 vgeks poligs deyiilhg.
Figure 18. nDSC t her m)gram({gor 2%?6155 (ww) Rifaximn/HPMC-AS MG di spersion
obt ai ned f r STHAETREASES iy OLpi&p hg. 5 SUBSTI TUTE SHEET (RULE 26)

Figure 19. nDSC thede@mabciinéml a BRimb@retsnt\al 76 a3 RN IRV oARs, VRidh oer si on
obt ai ned from net hanol by spray drying. Figure 20. nDSC t her nogram for
75: 25 (w w) SHRI KdRY nAPEPMRcAS IS @i si on obtai ned from et hanol by spray

drying. Figure 24 o QUELLAY Bl IPREAGE RRGEATLLL o LAIAIL L SFAGCAS N

di spersi ons obtai ne om‘nmet hanol by spray“dryi ng. erlay of
XRPD pat t er sslid dicp$ibmRormis of Bfckiagi destAB-Hebeinli sper si ons obt ai ned from
nmet hanol by spray drying. . Fi g[ure 23. nDSC t hernogram for 25:75 (ww)

Ri f axi mi n/ Eudr agi®t OleeopRosimesitsthe myriogragBies fwaer £O9Risfet PRINGET by spr ay

drying. Figure 24, oﬁ@é&é&fﬁl@fé@g{%@éﬂér o 'pﬁﬂes( W) @)Je%%)@féérgﬁéyrﬁﬁfdbne

L100- 55 di spersi on obtal ne anol "by spray dryin e 25. nDSC
t her nogr am {lBYP)/ arddle  Kw#0u) h¥drdappirop yh/ iaetdiy kgl tlotel P@thabta i (BPd(SiPo ngratd diSned

from met hanol ' by spray drying. Figure 26..0/eg§ of ..mDS ﬁ%r ram for
R i i EOAGRrOR e b L Ol BN T S Or RO By o o
drying. Fi g%@n%ﬁlacmggﬂmﬁggf@m@@%g& 75 (W w) Rifaximn/HPMC P

di spersion stressedat 40 C /5% RH for 7 d.

In specific embodiments, the microgranules comprises 25-75% polymer, 40-60%
polymer, or 40-50% polymer. In an exemplary embodiment, the microgranules
comprises 42-44% polymer.

In one embodiment, the microgranules comprise equal amounts of rifaximin and
polymer.

In another embodiment, the microgranules further comprising an intragranular

release controlling agent. In exemplary embodiments, the intragranular release

controlling agent comprises a pharmaceutically acceptable excepient, disintegrant,

2
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Figure 28. nDSC thergramfor 75:25 (ww R faximn/HPMC-AS HG di spersion
stressed at 40 C 75% RH for 7 d. Figure 29. nDSC thergram for 75:25
(W w) R fwwi2oi200b#88C- AS MG di spersion stressed at 40 C Pe¥suURRh1fl03769 d.
Figure 30. nDSC thergramfor 25:75 (ww R faximn/Eudragit L100-55

di spersion stressed at 40 C/ 75% RH for 7 d. Figure 31. XRPD pattern
for 50:50 (wosproRidoaxi rbdiuhiPMEardls Mgcdiagpecanontarch, micrbeiysmBing2 celiiokgl at e

DSC t her nog for 50:;50 ) Ri f axi m n/ HPMC- AS MG di sper si on.

Fi gure 33. ‘f%ﬁ??“éﬂ%‘?gl"%g f("?f{‘\,%é’l%b ‘gqlgg}ﬁl MSIPMC- AS MG di sper si on-
TGA data. i WHee eéﬁodlﬁg’n{ Rtlﬁnﬁ{tbﬁ%}a?lufawre@séocoﬁ%% Ri § @1 dBriridBMC- AS
MG di spersion- Gram Schm dt plot and waterfall plot. 6 SUBSTI TUTE SHEET
(RULE 26)  between aFolgL?r wt%ao apout R0 avm%l ofsths nhigrog&OuE0 apeutw) wt% to about 20

Ri f axi m n/ HP erS|on 36.. XRPD pattern for 25:75 (ww)
Ri f axi mi n/ HPf II:%@ gleé? %‘He qflaBﬁ?tel Rﬁt&&naffé) 5§&Pt her nogranms for 25:75
(Ww Rifaximn/ HP&@ﬂE%r@hﬂ)l@@fn&!n@ﬂhe 1ntragranE]agtHl@s§&nt@iﬂﬁg@ﬁ%dﬁpr&ei or
25:75 (ww) R faxinmn/HPMC-P dispersion - TGA dat a. Figure 39. TG IR
anal ysi s f oph@BaganticallywicorpiableidiinfegiRMoe .. (ing seleepd from thp graugeshpsisingiot
and wat erf al u i

Rt m e s PGS yediig SSEIUAE Rer Gkl reo
patterns i ncedlddiyadrivatieesrkodivmh®icisdnit, Snd sodium afgiigis.e 42. Estimat ed
Concentrations of Rifaximn (blue) and HPMC-AS M5 (red) .using Unscranbl er
MCR anal ysis.  In angheygrad Qﬁsmelﬁsfhen@f%%r%% pathee FAmPEe mea%grﬁ%?nt Bl ue)
and HPMC- AS MCR anal ysi s. Fi gure 44.

Overl ay of e@%céragl?edg X%Fg%g l(gptéglﬁn 0 pure rifaximn using MCR and neasured
XRPD pattern of 10086 emb@dqmﬂnm the non-ionfei @mﬁaetaﬂﬁcon@lﬁei hgtwetn elsdiut riaw%i tXRPD

pattern of pure MC- AS_ NG usi NC{?FD ured X fter 100%
HPMC- AS MG, Bbout MPP‘F&PE U iU %QPV@S{ Updh 4 i 81?01{{9 Vifed! 4B i ds
of Rifaxim pfiEMante, HMALBLLS.0MN % aﬁﬁ@ﬁﬁ&o%laﬁﬂ%rm on. Figure 47. A
nodul at e DSC t her nogram for conbi ned solids of Rifaxim n/HPMC- AS

ME Pl ur oni ¢ t er n&r yondi spkediiment, the non- llémgumfaﬂ:_&.nt AeoTGrisR anablpsiiser, o7.2.,
conbi ned sol Il%xamelifwgﬁxd%r%n%ﬁ é‘?%‘f 1§I7uron| c ternary dispersion - TGA

t her nogr am TG IR anal ysis for conbi ned

solids of Rifaxi m mddrYlendodMient] thié ﬁfﬁrﬁ%ltaﬁlﬁleﬁﬁﬂthdt &RBPISeQA -antioxidantFi gur e
50. An exenplary overlay of IR spectra for X-ray amorphous Rifaximn and

conbi ned sol ids &f emmﬂ&nymmhqdpmmshwmw@mu&:bmt@lawéirlyydm@@@ﬁ@ldeH@
SUBSTI TUTE exenpl ary overlay of Ramam
spectra for§g§r%f§/&§%& hgé?snerleHTQl 9éi)ra‘(né;l n@%n)ed sol i ds of

Ri f axi m n/ HPMC- Afh bdthbiugabodimeet; nebieyantiosidetitSédanprises betwekh gboet G.2.wihe to
particle size analysis report for conbined solids of Rifaximn/HPMC- AS

M Pl ur oni ¢ 2p@K nhiNj%dpls fier@jcgperanule or tﬂ"@ﬁ‘ﬂeabggt O;ané%etﬁparbgﬁglld‘y‘ﬁérﬁf dh apor
sorption (D}ﬁ%rogﬁﬁhﬁés' s for conbined solids of Rifaxim n/HPMCAS

ME Pl uronic ternary di spersion. Figure 54. An exenplary overlay of
XRPD patterns foin Badthe aspeﬂtj—ﬁimdé& hiefdiPhrer ghnin@atearind ropnghosipens canpyposg - DVS
solids and solids as- Figure 55. An exenplary overlay of

XRPD pat t er HE TEFOSFY %d%‘?‘fﬁlegrhﬁ%‘%/ di spersi on post-stressed sanpl es and
as- prepared sanplgone embolinthk,Ethe GhafaceUEd P ca oﬂ@&@ hhekrebapiobne or
Rifaxinmn ternary dispersion after 70 C/ 75% RH Figure 57. An
exenpl ary nmpmﬁm@mlimwcmtﬁblﬁlemqmn@r nary d| sperS| on after 70 C/ 75% RH

3weeks. Fig I ry nbD: C her mgr.am f o ternary
i Spersi on af ter MO PR o ek Ceuical AFuTBLAR, SR b Bt sy npsc
therngram for Ri ﬁrﬁ%ﬁﬁd@rﬂbd&h&ﬂr me@hﬁwcéum1 adrhgdsitftihs Comphadst cﬂi&ntégfalﬁﬁ

Fi gure 60. Pharnacokinetic data of solid di spersion in dogs. gure
61. Rifaxinin SD%Q?%W@@I@P%&CLMHHH GBI SHhIFeo! IPOre qﬂmtyrlwlmsﬁrq}@pn%l e

crposire U Py P S AR BT (P 88, 5,

6. 8. thcﬂlbgy;ﬁ@pylﬁhéthylbéﬂtﬂoKeaerasuteesudtmste|(HlPﬂ\dm APhosphaie abtllM@J‘ mpeH 6 8
wi th 0.45% SDS. ]g Ri faximn spray dried dispersion (SDD)
capsul e di s88lyietBRIYIYtg) ‘é@éi‘g}t%ﬁé%S@ hours, buffer phase: P. Buffer, pH.
7.4. (b) acid phase: 0.1N HC1L with various exposure tinmes, buffer phase: P.
buffer, pH 7.4 with 0.45% SDS. Figure 65. Rifam xin SDD with 10%CS
formulation. (a) kinetic solubility R fam xin SD granules. 10% w % CS

sodi um FaSSI F, 10% wt % CS sodi um FeSSIF. (b) dissolution profiles SDD
tablet 10% CS. 0.2% SLS, pH4.5; 0.2% SLS, pH5.5; 0.2% SLS, pH 7.4; FaSSIF.
8 SUBSTI TUTE SHEET ( RULE 26) Figwre 66. Rifaximn SDD with 10% CS
formul ation. R faxam n SDD capsul es dissolution: (a) acid phase 2 hours,

buf f er phase P Buf f eSUEb‘ETITUﬂE SHE]ETQRJLHJE 3DB%; wit hout SDS (b) aci d
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9 SUBSTI TUTE SHEET (RULE 26) Figure 76 depicts an XRPD pattern conparison
of rifaximn solid dispersion powder 42.48% w w with roller conpacted

mat eri al wb 20idmsdssi n bl end. Top: Rifaximn Solid D sper #corusBoawdes7ed2. 48%
w w, Bottom roller conpacted rifaximn blend. Figure 77 depicts the

phar macoki netics of rifaximn follow ng adm nistration of varying forns and
formul ati ons f ol lownhagspacts iprglideddieadin choes pharfna2@B@alnglidrdishegson Farguiagion 8
depicts Rifaxim.n SDD.in do depi ct s the quot st udy. desi gn.

igure 7 '
Fi gure 80 sa%-aw%sﬂfwn@og@%@é%‘fm @ tarpalw%s%%t)f g‘ﬂg%tw;wwn A
dose escal afsﬁ@a[&ﬁ%@ly%ﬁzhﬁlci iﬁq@%ﬂgraﬁﬁl@#{ef‘ea@elc&%llﬁigsagéﬂ?r esentative subject
data froma dose escal ation study. Figure 82 depiCts representative subject
data from a doselessakmabodimest, ubky intRggunkr 83eae pootralling agerd aospeisesadtaui on

data, on a Ibn ?rofgéea%fe. Eidgrt{re 84 depicts nmean dose escal ation data, on a
log scale. F 58 % EPE'S"a summary of Rifaxinin SDD dose escal ation

studi es. Figure &bohSadpedidblEid 158/ ardpoagted B Brédmard S dispersion bF gur e
87 is a Table of dose/ dosage form conparison. This table conpares SDD at

i ncreasi ng difxeBin gompasingr meaking ray stuglyl ohemetbanall akomin.na t palypeipofand a
system ¢ PK L DE p i L cri.hed herein rel ate
Ty the di sV ER i SWan ST W ohups: T PRTRLIERS, PESF URE R Vs Fery
of pol yner simngdranalay rgéase oogediliigigedns. | n one enbodi ment the use of one or
nore of new solid dispersion fornms of the antibiotic known as Rifaximn
(INN), in the nmaNuPBERwee Brovifedi hersinlargpiopeiset o5 pEoqusingt heolish dirpestion 8bi cal
route is COE&%a‘%ﬁEBhPE&ﬂ ridife: %Qﬂﬂ% @ sljfnqg F%hbdlaflliS PELShAD W@Angﬁ LAk m n
are used to create pharnacteutical conpositions, e.g.,. tablets or capsules,
or m crogr aRulresic donpr;i gpirayg dsohg chedslaper and rbldndings thef spray dxiedrishuryExéthpd ar y
met hods for 'rﬁr oducjﬁ?gqlri faximn mcrogranules are set forth in the

m
exanpl es. RIUFERIAH %arsﬁﬁ?%fmﬁ%%a%?&h be formul ated into pharmaceuti cal

conpositions as gesgiel BRAoMEIAE, Nthe intragrdaliedielBBE ScodgsRinkPeg:nhes il SO
relate to adm nistration of such nmedicinal preparations t0o a subject in

need of treataseaimellpsersodmmi.bi otics. Provi ded herein are solid dispersion
forms of rifaximn wth_.a variety. of ners. an | ymer concentrations.
re Used her el n. (Ot AR ot B0 YRR eSS MR F AR e PAGERD AP e
agent s t hat nfpaels€thad nidiiydieicedtih Tables 0BpOSition, e.g., a mcrogranule, to
br eakdown t her eb¥ 10 SUBSTI TUTE SHEET (RULE 26) releasing the active

i ngredi ent, e.g. InpneembadimentEREipequicilirompgpiaALY ermprisingasld résHmibIal i ng
agent, i ncl i.Si Vi i .
al'ycol at o, BormeE L RERA bR SRR EPp SRR 9o B8R Dt EElimsnt ves,
sodi um bi caphafdidere plitgmaeditigih @hgiokiaibas comprisind $D eifigkien) HAMEAS, t he
intragranul ar release control ling agent caonprises hetween about 2 wt%to
about 40 wt PAUEPNiE F2 fhiagd 6@8%‘&1@8986&%%&% e embegimght. ths RiRom¥EUt¢d

m cr ogr anul ﬁ%@gﬂg - %.Qrjabout 10 wt % of the microgranul e. In
anot her errbgqélliIl nt ,nst%ﬁ%épn}@gsr%gﬁléﬁul e conprises a surfactant, e.g., a

noni oni ¢ sur f act &nddditionadba@bedibedismdntphatninecutant conpasitews fadteandmpsypr i ses
bet ween abo?tl 2 vﬁ%to ﬁ@bout 10 wt % of the m crogranul e, between about 4
W % to aboutl!l§Suglddagts ariEbTifaRSngr anul e, about 6 to about 7 wt % of the

m crogranul e, or palRUificenthoMiieRf, tidghaihssREEARYIPositions comprlte ARALNEY of
enbodi nent, the m crogranul e conprises an antioxidant. In one enbodi nent,
the anti oxi damporsatset et indiableed. about 0.1 wt % to about 3 wt % of the

m crogranul e, be en % .wt%t(P abotut 2 .Wfl%gr.yﬁbetween about 0.5 wt%to
about 1 wt% of t e el 85%%?%.aspecsare/&i%“uosss "Hetein, the term
"intragranular" refers to the conponents that reside within the

m crogranul e. IAs used herein, the term"extragranular" refers to the

component s SRIEFDERGRIBEEON QEITRERRAWINGS t hat are not contai ned within
the mcrogranul egi, e 1 Cﬁ&nﬁ??gr&%rgio?’ i%l;}g?ﬁler m pol ynor ph is occasionally
used as a generatherm'ln rererence toRt e torns of rifaximn and includes
wi t hin the cont eFigursal OyeryydsfaX RPDpmitty s foh Réfax mninsR VAP Kafol daperspdieus f or ns
of rifaximn, This use depends on context and will be clear to one of skill
in the art. obtained from pmagthaned P¥isprayti¥inger m " about " when used in reference
to x-ray powder diffraction pattern peak positions refers to the inherent
variability of the peaks depending on, for exanple, the calibration of the
equi pnment used, the process used to produce the pol ynorph, the age of the
crystallized material and the |ike, depending on the instrunentation used.
In this case the neasure variability of the instrunment was about +0.2
degrees 2-0. A person skilled in the art,4 having the benefit of this

di scl osure, woul d understand the use of "about™ in this context. The term
"about" in reference t SLASEITIJEEiSHHIEPdRAA @63, e.g., water content, C.,

A1 1~ o o, M - o M



dosage ranges are provided herein infra. The pol ynorphs and cocrystals
descri bed herein may also be used to treat or prevent apathology in a

subj ect sweperzea3ssf bei ng exposed to a biol ogical warf ace/sg@nt43769 The
identification of those subjects who are in need of prophylactic treatnent
for bowel disorder is well within the ability and know edge of one skilled
in the art. Cert HiguroB. mbSUndeihndsgatnofor 2A&3t (W we Rl fagimiaf P8R K-8¢ dspatsiah ar e
at risk of devel opfj nrg a ﬁov&é di sorder which can be treated by the subject
met hod are Bgﬁ‘ir@’éi KBS TRANNAY BHYEY "8rt s, such as fanily history, travel
hi story and eXpeng%ge §rayeic meﬁ%grahht%rBO%@RW@?}R@fa&irﬁi‘ﬁ/li@PtI@%_d?s:%éfé?drﬁt ed
with the devel opnment of that disease state in the subject. A clinician

skil | ed i n pheirdtirgameteadl by spaentryfng .such candi date subj ects, by the use

of, for exanple, _clinLca ts hysi cal exanination a . .

medi cal / fani | y/ t F V& hﬁ‘lbtsgf&s??rfhoga% f%?% 16y ?‘1€aﬁ%%’@(rﬁ%%§‘39818\988?%|
infections gajiRldSeoRendthamt 8¢ sptayhirtdng .ri faxi m n conpositions described
herein. Thus, described herein are nethods of using a solid dispersion
conposi tion of rFigxe fi Qvesy of MBRICnhareesrpesior Rfasimind Y a0 degeisains

i nfections, £ infect] i tions, periodontal conditions,
rosacea, angg%%l}?g;ﬁ?rﬁ#eggifﬂg%wggralyhr}{ﬁ@l%i n and/ or other related conditions.
Provi ded herein areryagDnalaypbfax RRDepiitieral fo€ Rifa@Bhin/ IOPBIA-P dispeadionsagi nal
infection, particularly bacterial vaginosis, to be adm nistered topically,
i ncl udi ng vaBiaHed fFametbane! &y sBify dr¥iBSt ai ning a therapeutical |y effective
anount of SD rifaxj m PYROG 1 : .and
2500 ny. Phar macg u?acgl IIﬁcorrpt?ﬁlse%dtlfp ns @%g&%ﬁ@%ﬁ%&%@%@l Fﬁﬂ% elgI?t for
t he treat nenbtanfedfagn madthgpeat belspgiychlingondi ti ons by the topical route may

be advant ageousl y. use ' Drifaxim sitions.. FE | e, .vagi nal

Foams. “of niment s iredmeDsememegamr SaShabae K wdPu PR et cent

tablets myopﬁi&tﬁf@&hid&h%dy%§qgﬁa§, dbaaceutical conpositions containing
iti whi ¢

SD rifaximn conpositions, may” be adm nistered topically for the
treat nent of vagFrlre il afreDSCothstmégramuadr ng:2bdet &) Raflaxiaigi ONICsP digpstsion
provi ded herg' n grfe metfir}@d fb usi nngSD rifaximn conpositions to treat
gastric dysp %’E}e JTYRET ?“r?g gaBtY it Y'Y ‘gast roduodenitis, antral gastritis,
antral erosions, FRIuGSI Y.eOwRGestihDSCaRemiaRim FotREBkinin/HIBHIE - anefsiciys may
be caused by the | i cobacter pylori. Pharmaceutical fornulations known by
t hose of skpbtained freva magthangl by spray BEWafit of this disclosure to be used
for oral admnis i d Vi . A itn~are net hods
of treating ear H@E&? ?‘o(gier%yt#%)ﬁ?i gg{n%%ﬁggb%%}lﬁ?%gg? Agalgb i nfections
i ncl ude ext dfspatsic@drobtaih@Liro@nmetbind byi spedyedigine. i nner ear infection. Al so
provi ded herein are nethods of using SD rifaximn conpositions to treat or
prevent aspir ati BiEUHESBRPSY BAENFIRRE LS/ Oi(WEV L Bifaginind VeV 8ftHEn of
aspiration Ty caTpl ; .S Al i .s_under goi ng aci d suppression
or under goi Egﬁarti f?nct?lg?é gﬁtngﬁlgﬁ{afgjelgyl g?gﬁgﬁ%' Gast r ost ony/ Jej unost ony or
naso/ or o gast ri cFilghrSUBSEDBUTReSinEFIm(fRUBE SR6 W/ & uRefa xinpnAVIev(-AS &G
aspiration neum)ni%gi n g?ti entg w i npai.rnment of nental status, for

@HC

h i
exanpl e, f ol "4y S HIoMm Bl a88ltl%y th ?éfib‘/d’_il%g anest hesi a or nechanical
ventilation that pange . ADYE thbskodr@fh 88 P5 3L LAR) RIBKAMAIIFPMELR%IgEd herein
are nethods to treat or to prevent periodontal conditions, including
pl aque, t oothspdistayotimdedinogi miethiagol B srvpyidtyihgrei n are met hods of treating

rosacea, which is.a ¢ i ¢, skin ition I nvolying i.n [ of the
Chooke. nose. chTHr 4 amiisd s BSC e oy B R K ML AN o
Enbodi ment s dabsRidis @bt dhamaeabihd1 8! speQn@esid i ons, conprising an

ef fective anount of one or nore SD rifaximn conpositions, or mcrogranules
conpri si ng SD f oFirat 7 r@yalayminKRBRdatteed freRdprintis/HPMCASMObed herein

and a phar i cal . A further enbodi ment, the
ef fective gan%gg{doﬁlg o%@@%cfﬁ@%"ﬂ}f%tﬁﬁ@ay Sgg%?,a%ljtygl ‘al infection, e.g., snall

i ntestinal bact eFigle 08 anDSavihbrmdgralnfos28i7seage) RifapmiindHRMCRABaVIGpat hy,
antibiotic associated colitis, and/or diverticular di sease. Enbodi nents

al so provi deSpREIPREUNFE HomBFH3art Porreay €bipsi si ng an ef fective amount of
rifaximn SD conpositions. For exanples of the use of rifaximn to
treat Travelers' diarrhea, see Infante RM Ericsson CD, Zhi-Dong J, Ke S,
Steffen R, Riopel L, Sack DA, DuPont, HL., Enteroaggregative Escherichia
coli Diarrhea in Travelers: Response to R faximn Therapy. Cinical
Gastroenterol ogy and Hepatol ogy. 2004; 2:135-138; and Steffen R, MD., Sack
DA, MD., Ropel L, Ph.D., Zhi-Dong J, PhW. D., Sturchler M MD., Ericsson
CD, MD., Lowe B, MPhil., Waiyaki P, Ph.D., Wite M Ph.D., DuPont HL,

M D. Therapy of Travel SEBSTHIAThedNETHRRIIEIAZOM n on Vari ous Conti nents.
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Certain indications may require |longer treatnent tines. For exanple,
travelers' diarrhea treatnent may only |ast from between about 12 hours to
about 72 wounryoomsssl e a treatnent for Crohn's di sease nmegThrs2601in0m7bet ween
about 1 day to about 3 nonths. A treatnent for hepatic encephal opat hy may
be, for exanple, for the remainder of the subject's life span. A treatnent
for 1 BS nmay be i higarerl . treDSCHthermesbs for SOD0t(hvewaRifaximinBHRVIC-AS Ne

remai nder of  the suhject’'s life, Conpositiqns and Formul ati ons

Ri faximn s8iSPasHsQRpgrdfom prtinabRutR @R Y¢b#posi ti ons conpri si ng SD
rifaximn or m CFB;Q&@QG'.' 18D SEOMPIh S @ fol 8981,/ PRI x Fhi ABSHICQAS, MvEean be
made from for exanple, polyners including polyvinylpyrrolidone (PVP) grade
K-90, hydr odispeispyl ohteinhy fosl mgthasel iphsiray dtyeng. HPMC- P) gr ade 55,

hydr oxypr opyl nethyl cel |l ul ose e e, succi nat e MC-. I E SHEET
(RoLE 98 Y or hibeS B it RSB r R S Ry PR NI 5 000
L100-55). Rufsp¥isiim obedinél GbSNaEHd1 tg@@p%saﬂ irpls are conprised of, for
exanpl e, 10:90, 15:85, 20:80, 25:75, 30:70, XO;GQ,‘SO:SO 60: 40, 70: 30,

75: 25, 80:20, 85Fmemre A0 valayeiRRPRdatteriysgor fiaximipiEugeigiht100-Pp ef err ed
sol i d dispersi r Lse 7 50: 50 and 75: 25

(Ri faxi m n/ S%P%iorn? °§§aq§i?%h%)£etﬁ%“°ﬁg’di S%?ra n&’f gngr'i faximn and pol ymer, solid
di spersions may &algge 2RMADISSEthstd@amadt 35:76 Giv/eXRifak@nin/Mdra@ni.c00-55
surfactant polyols. ) An exanple of a fornulation conprises about 50:50
(Ww RifaxPHPaEsimvRiaged/fom msthrpahbhermedyigbout 2 wt % to about 10 wt % of

a non-ionic, sur I . i,C. E= 127 - _Gre
exanple of a for n%% g??%nrﬂggg%lfrs%gérggﬁggg?\?vp v&)al/% ??)%?lnnlﬁ Hﬂ%‘gﬁ%% 1%9\37“ th
about 5.9 wil¥pewsionsomained Gontmeguanbhbley gpby poliyal , for exanple, Pluronic
F-127. Spray dried rifaxim er nar i sper.si o 0:50 . :

rifaxim Pm: H>FI>I\/C- AS'8VES 'tfHBI§E9‘th€\JEm/88§ @?8&?523-(1&% E%%?“b‘?‘@%’r%%ﬁl%wp'% W %
croscar el | gagesQM miﬁgglfgoﬁgﬂlegﬂahhpgy %ﬁﬁ?dg}%gti n capsul es. Each capsul e

contains 275 ng of rifaximn and the ‘bl'end flornul ation is 85:5:10 of 50:50
(W w) Rifaximnm n: BRvE A6 M@rlayRifunbACahermogsodonBifhoigendodiragit Lt0-681 at ed

intotal solids). Oher. e | es,of m crogranul es and pharnmaceuti cal

conposi ti onéhs_@% Ofﬁssqlgﬁaéneéﬁ%g%%ﬁtﬁlﬁ?%rﬂg s eczré/mgoed in the exanples.

To formthe rif agigird28.0hDSChheRS4HifON25:7 hewsoRIRERTH/HEMA-P dishE@¥dnT N,

pol ymer and net hanol are m xed and then spray dried. Exenplary conditions
are summar i séepspdhatrdbi@79%aRd fohé dor ocedure outlined bel ow and i n Exanpl es
3 and 4. Exenpla Y, i P Rar e _feryexanpl e:
Spray Dryer e repef S ALATES I P RIS BHAME-AS P B
Ni ro Nozzl edispbieiotl @resddfdtel® °C075% RHGorThd. | nl et gas tenperature - 75 -

1505 deg C, Process gas flow (mMH20) - 20 - 70, preferred 44; Atom zing
gas pressure - oFigure 1998PSC thetggam{pp73:23 (w/w) Rlﬁ?ﬂiﬁ}m/wpe*fxst}éﬁperature -
30 - 70 3 defeSion ki fuot-eRRE MWES 7420 - 50 deg C, and Post spray
drying vacuun?ﬁlr%onat 50 - 68 S:eg &, or between about 2 and 72 hrs. 23
SUBSTI TUTE SHEETF{gRict B). 261D SAr thexglram dbr Maid f eow UR #aximin/Evdrctihiet0efbodi nent

i ncludes art,icles of manufactur c rise, for exanple, a container
holding a r F%s_aﬁlis}ﬂnrft@@g%t?é%ﬁagéﬁ%@f%rgﬂg'osi tion suitable for oral or
topi cal adm ni st paki081 OkRPDf gaXte foris0: ORI &ifRnM/HPMU IAY 0 | abel i ng

instructions providing a discussion of when a particular dosage form shoul d
be admi ni st drsgarsiinth f ood and when it shoul d be taken on an enpty stonach.

The Conposi 11 on WA 5 Anparnsci hemirult RiaPe Eolbd MERTRBEMO S

hol di ng and Ml epgesicty t he dosage formand which will not significantly
interact with the conposition and will further be in physical relation with
the appropriate Figyas pagl GHReanakisey ﬁoﬁéoi5H§WWéRﬂ@ﬁ§nwfﬂ1¥M§eA§dﬂﬁ stent with
the nmet hodsd%ﬁ) }s{ eatfeRt a5 described hereinbefore. The | abeling may be
associ ated W th the contal ner by any neans that maintain a physical
proximty of theFiguwe 3HyT@ER afalysonfol 50I50i (mgwe Raffar]nein/HPENC-AmsyMiobt h be
contained in a packaging material such as a box or plastic shrink wap or
may be assofisREE®w ¢RM-Rehmidt Praiend orehad! Aigtbonded to the container such
as with glue that does not obscure the labeling instructions or other

bondi ng or hol di ng neans. Anot her aspect is an article of nmanufacture
that conprises a container containing a pharmaceutical conposition
conprising SD rifaximn conposition or formulation wherein the container

hol ds preferably rifaximn conposition in unit dosage formand is
associated with printed |abeling instructd ons advising of the differing
absorption when the pharnmaceutical conposition is taken with and w thout

f ood. Packaged coOI»STELIlORE SAHEEHI(BA/IHE @¢) ded, and nmay conprise a

o, e B Y -~ o " N 1



An assessnent of physical stability of dispersions prepared was al so
performed in pH 6.5 FASSIF buffer nmaintained at 37 C. X-ray anorphous

Ri f axi m rwoabevdoadsswas al so stressed under same conditi @oTfuseoiaomgyay i son.
PLM observations indicated that dispersions prepared from HPMC- AS HG and
HPMC- AS MG di spl ay the highest physical stability under this stress

condi ti on. X-rayFaune pPhOLG-IRI dnakisig fior 60150 (wetve RiifakincinyiSPsI(-ASedGM t hin 6
hrs, so did . all rifaximn/PVP K-90 di spersions. For dispersions prepared
wi th HPMC- PIISBEISE i ngent particles with extinctions were observed in
sanpl es at 50: 50 %3@.3)Z§Pb%a%rr?m9§75tvaWﬁbR’ifatxﬂhﬂl/ﬁPMé-P diEﬁ@rﬁéﬁ.‘ ng the
occurrence of devitrification in materials. evi dence of any

bi r ef ri ngence/ exFigvee BondodmlstedDSE rthathagna@Sfor25¢ W (W/w) iKisaximinf HRSNGPP

di spersion Hat erial after 24 hrs. No birefringence/extinctions were
observed fof "*BFi*'¥¥ di spersions prepared with HPMC- AS HG and HPMC- AS MG
after 24 hrs, suggesé BOITGHRSEaR%isHIBST 175 WUhE SREET hiRWIEVZEP dsapepligs—ar e
resistant to devitrification upon exposure to pH 6.5 FASSIF buffer for 24
hrs. Rifaxi MGk Ba@dragit L100-55 di spersions at 50:50 and 75:25 (w w)

wesopserved 1 n FHER BEofGH BBy O 7Tl RIEIRAPMCPYRIRINOFS | 00
at 40C! 75%CRincSunhehitii piot and wateffadl gedrpl es i ncluding all the dispersions
and x-ray anorphous rifaximn-only mat wer e _assessed for evidence of

I eri al :
crystal lization BE¥EH+OnI GHRANEISIONE 2By Sriié o Rilapimindil i GyB dashessaen | i ght .
Each of the sa i J LT q%?ge WM : :
bi refringence/ rergh?gﬁl(r:% ?gﬁ?@%@ ﬂsr% g(%lség da)'?ﬂgg %#@hggéﬁ}ti} {né)ﬁtu or 7

days. ahdgltib.at ed DSC anal yses were carried out on sel ected sanples

including 25:75 (ww) rifaximnp/ HPMC-P,. 75: 25 (w w) rifaxim - HG,

75 25 (W) 11§ 2l B PPV NEon gt e R bl M- #0

L100-55 to %@apgghgm%cﬁmbql@fr}@@wjnam%se separation after exposure to 40 C
Al'l of

75% RH f or days. sanpl es di'splay a single apparent Tg at

appr oxi mat el y 148ig0r¢ #3 disten2qd XRPD gHtrad of) RHPMBP)Y hlug rahd3HP M (GurSeMEB,
75:25 (W w) HPMC-.AS HG) 1 igure.29, 75:25 (ww HPMC-AS M5 and 140 C
(Fi gure 30, (@éyg%“%mﬂﬁi}fagf?iﬁfgﬂﬁﬁ Tq_j_f&@-l%_S) respectively, indicating the
conponents of eapipuié SPEDSIRIY JfeRBMAGE XRPDFRk©HY oM &€ irtPh:8ndh LSihg MCRSS.

Al t hough cng;lped w t h manual pin-hole DSC pan was used, the rel ease of

moi st ure fr épd 8wapired XFStP Ratarn g 108% @haximinpe observed from non-reversibl e
heat flow signal g; 6QC ..dr N heql Si ons
and x-ray anor phglu%ﬂsér ??‘Z@Y%}a -O(%%sg/lglr%etdg)??gp %@%ﬂ a %ugeﬁé%gsgé%g@q%&gd dry
condition f MCR adayscasindd Wk ED aagehised 006 HPMAAS ®M@f crystal lization

based on observations by mcr oscopé usi ng[ polarized |ight. Each of the

sanpl es remai nedeEélr? f‘?e@%?f&‘?@%}@@f BELLRARGR Iﬁ?f_lﬁonﬂ?i’ﬁ‘?é* ?qlirﬁié_éﬁce{ extinctions
af ter stresged. fhinfiibRcC ARNI/PREAL (indQVispdRibaxi M n Soli d Di spersions by
Spray Drying Based on the experine taf results from screen, HPMC AS
MG and HPMC- P weFeuus ¢d. A m@iuvépaDs(atdirmognal fogqeambirtedeslidf ool i d

di spersions_a ra ay .drying. .The operating paraneters used
for pr opessﬁﬁ%@‘?@%ﬁ@@%&%(ﬁﬁf“@wéé/rg?‘%’ﬁ_%%‘?ﬂs%‘ﬁ' visual inspection, both
di spersions wer GF%E@XS.aKDTGHRU&a%iQ%E’@oﬁl%i&Ws%héslBﬁl(iﬁv/a%h%r}@ﬁ@fxs28

SUBSTI TUTE SHEET (RULE 26) Charact’erization of 50:5
Ri f axi mi n/ HM@PASONS Bimswedispersion — TGAOgrmegrem. zat i on and results for the

50% API | oadi ng HPM- are su iZzed in Table 10. The sahple was x-ray
amor phous. based TR G FESIEOPTEN TKRBOATA S a1 eorrlhad “AR5ran ot oy 164 C
was obser vegifak BRinf HEVRP RS EI0/PRir&flc rangelisperdibe. reversi ng heat flow
signal in nDSC with the change of heat capacity 0.4 J/ g C. A nonreversible
endot her m was ob5tEwWed0 at\ngxsrbkdral arlgy sgﬂ?cswrr@rfow X-1ay REIOYPRAYE to t he
resi dual so ' [ & I: - TGl i carried
out in orde?{\{’?g}r&fgﬁé@%‘%@%{%ﬁdsg@génggﬁ]tnﬁgﬂﬁ Cea ﬁéﬁﬁﬁ"gﬁéz "aFor this
mat eri al isdspemion.n Figure 34. There was a 0.5% weight loss up to -100 C.
A Gram Schm dt plot corresponding to the overall IR intensity associ ated
with volatiles released by solids upon heating at 20 Cmn is shown in
Figure 33. There was a dramatic increase of intensity of released volatiles
after -8 mnutes, with a maximumat - 11.5 mnutes. The waterfall plot
(Figure 34) and the linked IR spectrum (Figure 35) are indicative of the

| oss of water loss up to -8 mnutes then nmethanol and some unknown

vol atiles thereafter. This is consistent with the dramatic change in the
slope in the TGA and nmay i ndicate deconposition of material.
Characterization of 25:75 (ww Rifaximn/HPMC-P Di spersion
Characterization and r S&IBSEITOIEtHERTYRARLE 26adi ng di spersion of HPMC-P

N o a A - o



PVP K-90 solids orange; aggregates, irregular, no B/E XRPD x-ray anor ph.
nDSC 197 C (Tg, mdpoint); 0.3 J/g.C (AC,) (a): approximate ratio of

Ri f axi m rwoaopaloysser, by wei ght; (b): sanples stored i npPCTAS2@1/08376Y
desiccant after prepared. 30 SUBSTI TUTE SHEET (RULE 26) WD

2012/ 009388PCT/ US2011/ 043769 Table 2. Solid D spersion Attenpts for

Ri f axi m n/ HPMC- PFigurSpi a nRxgpipripeseraypof Rambm, spbdtrdiédyi X -rBesmpiphbuion

Anal ysis R 5: 75 i ds. | t
N regal ar. - Rilasrbnaresoettid el oh Rt e b RGP REdHE RS 0. 4 3/ g
(AC,) (50: SQ)SPHPM; P solids orange; aggregates, irregular, no B/E XRPD

X-ray amor ph nDSC 161 C (Tg, mdpoint); 0.4 J/gC (AC,) (75:25) HPMC-P
sol i ds orange afjpueg a2 eg, particlegideanal ynis IBpEtf(@FleEoin@Lysqimsrorﬁh. nmDSC

Rifaximin/HPMC-AS MG/Pluronic ternary dispersion.

Figure 53. An exemplary dynamic vapor sorption (DVS) analysis for
combined solids of Rifaximin/HPMC-AS MG/Pluronic ternary dispersion.

Figure 54. An exemplary overlay of XRPD patterns for Rifaximin/HPMC-AS
MG/Pluronic ternary dispersion post-DVS solids and solids as-prepared.

Figure 55. An exemplary overlay of XRPD patterns for Rifaximin ternary
dispersion post-stressed samples and as-prepared sample.

Figure 56. An exemplary mDSC thermgram for Rifaximin ternary dispersion
after 70 °C/75% RH 1week.

Figure 57. An exemplary mDSC thermgram for Rifaximin ternary dispersion
after 70 °C/75% RH 3weeks.

Figure 58. An exemplary mDSC thermgram for Rifaximin ternary dispersion
after 40 °C/75% RH 6 weeks.

Figure 59. An exemplary mDSC thermgram for Rifaximin ternary dispersion
after 40 °C/75% RH 12 weeks.

Figure 60. Pharmacokinetic data of solid dispersion in dogs.

Figure 61. Rifaximin SD capsules dissolution; acid phase: 0.1 N HCI with
variable exposure time. Buffer phase: pH 6.8 with 0.45% SDS.

Figure 62. Rifaximin SD capsules dissolution; acid phase: 2 hours; buffer
phase: pH 6.8.

Figure 63. Rifaximin capsule dissolution; phosphate buffer pH 6.8 with
0.45% SDS.

Figure 64. Rifaximin spray dried dispersion (SDD) capsule dissolution. (a)
acid phase 2 hours, buffer phase: P. Buffer, pH. 7.4. (b) acid phase: 0.1N HCI with
various exposure times, buffer phase: P. buffer, pH 7.4 with 0.45% SDS.

Figure 65. Rifamixin SDD with 10%CS formulation. (a) kinetic solubility
Rifamixin SD granules. 10% wt% CS sodium FaSSIF, 10% wt% CS sodium
FeSSIF. (b) dissolution profiles SDD tablet 10% CS. 0.2% SLS, pH4.5; 0.2% SLS,
pHS5.5; 0.2% SLS, pH 7.4; FaSSIF.
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174 C (Tg, mdpoint); 0.4 J/gC (AG (a): approximate ratio of Rifaximn to
polymer, by weight; (b): sanples stored in freezer over desiccant after
prepar ed.whabi2008388Sol i d Di spersion Attenpts for Rifaxi RCm/USBNMTOASHG by
Spray Drying Description (a, b) Habit/Description Analysis Result (c)
(25:75) HPMC-AS HG solids |ight orange; aggregates, irregular, no B/E XRPD
X-ray anor ph. F3s@ 6.7 RFakihgin Sﬁ)]dmziﬂnl()% @ fordfudation( Rﬁia)camﬁﬁSBD) HPMC- AS

0 D e BRR B a0 B a0, S ™
aggregates, 0'4r5WSB|Sa5mth'39t §OE PR phak: 8MN Al w1thr@§&‘b1]e7ez<pgs1(rzgl’mes

m dpoint); 0.3 J g.C (AG (a): approximate ratio of faximn to polyner,
by wei ght; bbljferlslmpllésbvéfeo,r]@édiﬂ%Wfthé)eﬁM Shber de5|ccant after prepared.

Tabl e 4. Sol i d Oy 3 e gJ7 OEffectt;[ eﬂ% giafpcﬁ or|1QI dil:S%)O(lutIOIrll/ (H ?%a@gmiv%lgb tsglre?y Drying

Description (a,
dissolution. Acid phase: 2 hours, pH 2.0, (b) Dissolution profiles 0.2% SDS at pH

4.5, SDD tablet dissolution at various levels of CS: 0%, 2.5%,5%, and 10% CS.

Figure 68. Effects of media pH on dissolution. (a) Rifaxamin SDD tablet
dissolution at various levels of CS: 0%, 2.5%,5%, and 10% CS, 0.2% SDS at pH 5.5.
(b) Dissolution profiles SDD tablet dissolution at various levels of CS: 0%,
2.5%,5%, and 10% CS, 0.2% SDS at pH 7.4.

Figure 69. Effects of media pH on dissolution. (a) Rifaxamin SDD tablet
dissolution 2.5% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 5.5, 0.2% SLS, pH 7.4. (b)
Rifaxamin SDD tablet dissolution 0% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 5.5,
0.2% SLS, pH 7.4.

Figure 70. Effects of media pH on dissolution. (a) Rifaxamin SDD tablet
dissolution 10% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 5.5, 0.2% SLS, pH 7.4. (b)
Rifaxamin SDD tablet dissolution 5% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 5.5,
0.2% SLS, pH 7.4.

Figure 71. CS release mechanism. (a) Kinetic solubility in FaSSIF media,
pH 6.5, (b) slope vs. time point.

Figure 72 depicts an overlay of XRPD patterns of rifaximin quaternary samples
spray dried from methanol. The top is a rifaximin quaternary sample containing 0.063
wt% BHA. The second is rifaximin quaternary sample containing 0.063 wt% BHT. The
third: is rifaximin quaternary sample containing 0.094 wt% PG, and the bottom is a
spray dried rifaximin ternary dispersion.

Figure 73 depicts an mDSC thermogram of rifaximin quaternary sample
containing 0.063 wt% BHA

Figure 74 depicts an mDSC thermogram of rifaximin quaternary sample
containing 0.063 wt% BHT.

Figure 75 depicts a mDSC thermogram of rifaximin quaternary sample

containing 0.094 wt% PG.
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Habi t/ Description Analysis Result (c) (25:75) HPMC-AS MG solids |ight
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Figure 78 depicts Rifaximin SDD in dogs.

Figure 79 depicts the quotient study design.

Figure 80 summarizes the dose escalation/regional absorption study, part A dose
escalation/dose selection.

Figure 81 depicts representative subject data from a dose escalation study.

Figure 82 depicts representative subject data from a dose escalation study.

Figure 83 depicts mean dose escalation data, on a linear scale.

Figure 84 depicts mean dose escalation data, on a log scale.

Figure 85 depicts a summary of Rifaximin SDD dose escalation studies.

Figure 86 is a Table of dose/ dosage form comparison.

Figure 87 is a Table of dose/ dosage form comparison. This table compares SDD

at increasing doses to the current crystalline formulation in terms of systemic PK.

DETAILED DESCRIPTION

Embodiments described herein relate to the discovery of new solid dispersion
forms of rifaximin with a variety of polymers and polymer concentrations. In one
embodiment the use of one or more of new solid dispersion forms of the antibiotic
known as Rifaximin (INN), in the manufacture of medicinal preparations for the oral or
topical route is contemplated. For example, the solid dispersion forms of rifaximin are
used to create pharmaceutical compositions, e.g.,. tablets or capsules, or microgranules
comprising solid dispersion forms of rifaximin. Exemplary methods for producing
rifaximin microgranules are set forth in the examples. Rifaximin microgranules can be
formulated into pharmaceutical compositions as described herein.

Embodiments described herein also relate to administration of such medicinal
preparations to a subject in need of treatment with antibiotics. Provided herein are solid
dispersion forms of rifaximin with a variety of polymers and polymer concentrations.

As used herein, the term “intragranular release controlling agent” include agents

that cause a pharmaceutical composition, €.g., a microgranule, to breakdown thereby
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sodium alginate.

In one embodiment, the intragranular release controlling agent comprises
between about 2 wt% to about 40 wt% of the microgranule, about 5 wt% to about 20
wt% of the microgranule, about 8-15 wt% or about 10 wt% of the microgranule.

In another embodiment, the microgranule comprises a surfactant, e.g., a non-
ionic surfactant. In one embodiment, the non-ionic surfactant comprises between about
2 wt% to about 10 wt% of the microgranule, between about 4 wt% to about 8 wt% of the
microgranule, about 6 to about 7 wt % of the microgranule, or about 5.0 wt% of the
microgranule .

In another embodiment, the microgranule comprises an antioxidant. In one
embodiment, the antioxidant comprises between about 0.1 wt% to about 3 wt% of the
microgranule, between 0.3 wt% to about 2 wt% or between about 0.5 wt% to about 1 wt%
of the microgranule.

As used herein, the term “intragranular” refers to the components that reside
within the microgranule. As used herein, the term “extragranular” refers to the
components of the pharmaceutical composition that are not contained within the
microgranule.

As used herein, the term polymorph is occasionally used as a general term in
reference to the forms of rifaximin and includes within the context, salt, hydrate,
polymorph co-crystal and amorphous forms of rifaximin. This use depends on context
and will be clear to one of skill in the art.

As used herein, the term “about” when used in reference to x-ray powder diffraction
pattern peak positions refers to the inherent variability of the peaks depending on, for
example, the calibration of the equipment used, the process used to produce the polymorph,
the age of the crystallized material and the like, depending on the instrumentation used. In
this case the measure variability of the instrument was about +0.2 degrees 2-0. A person
skilled in the art, having the benefit of this disclosure, would understand the use of “about”
in this context. The term “about” in reference to other defined parameters, e.g., water
content, Cpax, tmax, AUC, intrinsic dissolution rates, temperature, and time, indicates the

inherent variability in, for example, measuring the parameter or achieving the parameter. A
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As used herein, “similar” in reference to a form exhibiting characteristics similar to,
for example, an XRPD, an IR, a Raman spectrum, a DSC, TGA, NMR, SSNMR, etc,
indicates that the polymorph or cocrystal is identifiable by that method and could range from
similar to substantially similar, so long as the material is identified by the method with
variations expected by one of skill in the art according to the experimental variations,
including, for example, instruments used, time of day, humidity, season, pressure, room
temperature, etc.

&

As used herein, “rifaximin solid dispersion, rifaximin ternary dispersion,” “solid

3 &% 2% &<

dispersion of rifaximin,” “solid dispersion”, “solid dispersion forms of rifaximin”, “SD”,
“SDD”, and “form solid dispersion of rifaximin” are intended to have equivalent
meanings and include rifaximin polymer dispersion composition. These compositions are
XRPD amorphous, but distinguishable from XRPD of amorphous rifaximin. As shown in
the Examples and Figures, the rifaximin polymer dispersion compositions are physically
chemically distinguishable from amorphous rifaximin, including different Tg, different
XRPD profiles and different dissolution profiles.

Polymorphism, as used herein, refers to the occurrence of different crystalline forms
of a single compound in distinct hydrate status, e.g., a property of some compounds and
complexes. Thus, polymorphs are distinct solids sharing the same molecular formula, yet
each polymorph may have distinct physical properties. Therefore, a single compound may
give rise to a variety of polymorphic forms where each form has different and distinct
physical properties, such as solubility profiles, melting point temperatures, hygroscopicity,
particle shape, density, flowability, compactibility and/or x-ray diffraction peaks. The
solubility of each polymorph may vary, thus, identifying the existence of pharmaceutical
polymorphs is essential for providing pharmaceuticals with predictable solubility profiles. It
is desirable to investigate all solid state forms of a drug, including all polymorphic forms,
and to determine the stability, dissolution and flow properties of each polymorphic form.
Polymorphic forms of a compound can be distinguished in a laboratory by X-ray diffraction
spectroscopy and by other methods such as, infrared spectrometry. For a general review of
polymorphs and the pharmaceutical applications of polymorphs see G. M. Wall, Pharm
Manuf. 3, 33 (1986); J. K. Haleblian and W. McCrone, J Pharm. Sci., 58, 911 (1969); and J.
K. Haleblian, J. Pharm. Sci., 64, 1269 (1975), all of which are incorporated herein by

reference.
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amount of | ib(g\li/lfizlddislo?éetr or other disorder treatable by rifaximin or who could otherwise benefit from
the administration of rifaximin solid dispersion compositions as described herein, such as
human and non-human animals. The term “non-human animals” includes all vertebrates,
e.g., mammals, e.g., rodents, e.g., mice, and non-mammals, such as non-human primates,
e.g., sheep, dog, cow, chickens, amphibians, reptiles, etc. Susceptible to a bowel disorder is
meant to include subjects at risk of developing a bowel disorder infection, e.g., subjects
suffering from one or more of an immune suppression, subjects that have been exposed to
other subjects with a bacterial infection, physicians, nurses, subjects traveling to remote
areas known to harbor bacteria that causes travelers’ diarrhea, subjects who drink amounts
of alcohol that damage the liver, subjects with a history of hepatic dysfunction, etc.

The language “a prophylactically effective amount™ of a composition refers to an
amount of a rifaximin solid dispersion formulation or otherwise described herein which is
effective, upon single or multiple dose administration to the subject, in preventing or treating
a bacterial infection.

The language “therapeutically effective amount” of a composition refers to an
amount of a rifaximin solid dispersion effective, upon single or multiple dose administration
to the subject to provide a therapeutic benefit to the subject. In one embodiment, the
therapeutic benefit is wounding or killing a bacterium, or in prolonging the survivability of a
subject with such a bowel or skin disorder. In another embodiment, the therapeutic benefit
is inhibiting a bacterial infection or prolonging the survival of a subject with such a bacterial
infection beyond that expected in the absence of such treatment.

Rifaximin exerts a broad antibacterial activity in the gastrointestinal tract against
localized gastrointestinal bacteria that cause infectious diarrhea, including anaerobic strains.
It has been reported that rifaximin is characterized by a negligible systemic absorption, due
to its chemical and physical characteristics (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)).

In respect to possible adverse events coupled to the therapeutic use of rifaximin, the
induction of bacterial resistance to the antibiotics is of particular relevance.

From this point of view, any differences found in the systemic absorption of the
forms of rifaximin disclosed herein may be significant, because at sub-inhibitory
concentration of rifaximin, such as in the range from 0.1 to 1 wg/ml, selection of resistant
mutants has been demonstrated to be possible (Marchese A. et al. In vitro activity of

rifaximin, metronidazole and vancomycin against clostridium difficile and the rate of
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useful in the preparation of pharmaceuticals with different characteristics for the treatment
of infections. This would allow generation of rifaximin preparations that have significantly
different levels of adsorption with C,, values from about 0.0 ng/ml to 5.0 pg/ml. This
leads to preparation of rifaximin compositions that are from negligibly to significantly
adsorbed by subjects undergoing treatment. One embodiment described herein is
modulating the therapeutic action of rifaximin by selecting the proper form, formulation
and/or composition, or mixture thereof, for treatment of a subject. For example, in the case
of invasive bacteria, the most bioavailable form, formulation and/or composition can be
selected from those disclosed herein, whereas in case of non-invasive pathogens less
adsorbed forms, formulations and/or compositions of rifaximin can be selected, since they
may be safer for the subject undergoing treatment. A form, formulation and/or composition
of rifaximin may determine solubility, which may also determine bioavailability.

For XRPD analysis, accuracy and precision associated with third party
measurements on independently prepared samples on different instruments may lead to
variability which is greater than +0.1° 20. For d-space listings, the wavelength used to
calculate d-spacings was 1.541874 A, a weighted average of the Cu-Kol and Cu-Ko2
wavelengths. Variability associated with d-spacing estimates was calculated from the USP

recommendation, at each d-spacing, and provided in the respective data tables and peak lists.

Methods of Treatment

Provided herein are methods of treating, preventing, or alleviating bowel related
disorders comprising administering to a subject in need thereof an effective amount of one
or more of the solid dispersion compositions of rifaximin. Bowel related disorders include
one or more of irritable bowel syndrome, diarrhea, microbe associated diarrhea, Clostridium
difficile associated diarrhea, travelers’ diarrhea, small intestinal bacterial overgrowth,
Crohn’s disease, diverticular disease, chronic pancreatitis, pancreatic insufficiency, enteritis,
colitis, hepatic encephalopathy, minimal hepatic encephalopathy or pouchitis.

The length of treatment for a particular bowel disorder will depend in part on the
disorder. For example, travelers’ diarrhea may only require treatment duration of 12 to
about 72 hours, while Crohn’s disease may require treatment durations from about 2 days to

3 months. Dosages of rifaximin will also vary depending on the diseases state. Proper
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of B/ E part dedags ranges are provided herein infra. The polymorphs and cocrystals described herein
may also be used to treat or prevent apathology in a subject suspected of being exposed to a
biological warfare agent.

The identification of those subjects who are in need of prophylactic treatment for
bowel disorder is well within the ability and knowledge of one skilled in the art. Certain of
the methods for identification of subjects which are at risk of developing a bowel disorder
which can be treated by the subject method are appreciated in the medical arts, such as
family history, travel history and expected travel plans, the presence of risk factors
associated with the development of that disease state in the subject. A clinician skilled in
the art can readily identify such candidate subjects, by the use of, for example, clinical tests,
physical examination and medical/family/travel history.

Topical skin infections and vaginal infections may also be treated with the rifaximin
compositions described herein. Thus, described herein are methods of using a solid
dispersion composition of rifaximin (SD rifaximin compositions) to treat vaginal infections,
ear infections, lung infections, periodontal conditions, rosacea, and other infections of the
skin and/or other related conditions. Provided herein are vaginal pharmaceutical
compositions to treat vaginal infection, particularly bacterial vaginosis, to be administered
topically, including vaginal foams and creams, containing a therapeutically effective amount
of SD rifaximin compositions, preferably between about 50 mg and 2500 mg.
Pharmaceutical compositions known to those of skill in the art for the treatment of vaginal
pathological conditions by the topical route may be advantageously used with SD rifaximin
compositions. For example, vaginal foams, ointments, creams, gels, ovules, capsules,
tablets and effervescent tablets may be effectively used as pharmaceutical compositions
containing SD rifaximin compositions, which may be administered topically for the
treatment of vaginal infections, including bacterial vaginosis. Also provided herein are
method of using SD rifaximin compositions to treat gastric dyspepsia, including gastritis,
gastroduodenitis, antral gastritis, antral erosions, erosive duodenitis and peptic ulcers. These
conditions may be caused by the Helicobacter pylori. Pharmaceutical formulations known
by those of skill in the art with the benefit of this disclosure to be used for oral
administration of a drug may be used. Provided herein are methods of treating ear infections
with SD rifaximin compositions. Ear infections include external ear infection, or a middle
and inner ear infection. Also provided herein are methods of using SD rifaximin
compositions to treat or prevent aspiration pneumonia and/or sepsis, including the
prevention of aspiration pneumonia and/or sepsis in patients undergoing acid suppression or

undergoing artificial enteral feedings via a Gastrostomy/Jejunostomy or naso/oro gastric
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example, for any reason, for subjects undergoing anesthesia or mechanical ventilation that
are at high risk for aspiration pneumonia. Provided herein are methods to treat or to prevent
periodontal conditions, including plaque, tooth decay and gingivitis. Provided herein are
methods of treating rosacea, which is a chronic skin condition involving inflammation of the

cheeks, nose, chin, forehead, or eyelids.

Pharmaceutical Preparations

Embodiments also provide pharmaceutical compositions, comprising an effective
amount of one or more SD rifaximin compositions, or microgranules comprising SD forms
of rifaximin described herein (e.g., described herein and a pharmaceutically acceptable
carrier). In a further embodiment, the effective amount is effective to treat a bacterial
infection, e.g., small intestinal bacterial overgrowth, Crohn’s disease, hepatic
encephalopathy, antibiotic associated colitis, and/or diverticular disease. Embodiments also
provide pharmaceutical compositions, comprising an effective amount of rifaximin SD
compositions.

For examples of the use of rifaximin to treat Travelers’ diarrhea, see Infante RM,
Ericsson CD, Zhi-Dong J, Ke S, Steffen R, Riopel L, Sack DA, DuPont, HL.,
Enteroaggregative Escherichia coli Diarrhea in Travelers: Response to Rifaximin Therapy.
Clinical Gastroenterology and Hepatology. 2004;2:135-138; and Steffen R, M.D., Sack
DA, M.D., Riopel L, Ph.D., Zhi-Dong J, Ph.D., Sturchler M, M.D., Ericsson CD, M.D.,
Lowe B, M.Phil.,, Waiyaki P, Ph.D., White M, Ph.D., DuPont HL, M.D. Therapy of
Travelers’ Diarrhea With Rifaximin on Various Continents. The American Journal of
Gastroenterology. May 2003, Volume 98, Number 5, all of which are incorporated herein by
reference in their entirety. Examples of treating hepatic encephalopathy with rifaximin see,
for example, N. Engl J Med. 2010_362_1071-1081.

Embodiments also provide pharmaceutical compositions comprising rifaximin SD
compositions and a pharmaceutically acceptable carrier. Embodiments of the
pharmaceutical composition further comprise excipients, for example, one or more of a
diluting agent, binding agent, lubricating agent, intragranular release controlling agent,
e.g., a disintegrating agent, coloring agent, flavoring agent or sweetening agent. One
composition may be formulated for selected coated and uncoated tablets, hard and soft
gelatin capsules, sugar-coated pills, lozenges, wafer sheets, pellets and powders in sealed
packet. For example, compositions may be formulated for topical use, for example,

ointments, pomades, creams, gels and lotions.
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a pharmaceutically-acceptable formulation, e.g., a pharmaceutically-acceptable formulation
that provides sustained or delayed delivery of the SD rifaximin composition to a subject for
at least 2, 4, 6, 8, 10, 12 hours, 24 hours, 36 hours, 48 hours, one week, two weeks, three
weeks, or four weeks after the pharmaceutically-acceptable formulation is administered to
the subject. The pharmaceutically-acceptable formulations may contain microgranules
comprising rifaximin as described herein.

In certain embodiments, these pharmaceutical compositions are suitable for topical
or oral administration to a subject. In other embodiments, as described in detail below, the
pharmaceutical compositions described herein may be specially formulated for
administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
tablets, boluses, powders, granules, pastes; (2) parenteral administration, for example, by
subcutaneous, intramuscular or intravenous injection as, for example, a sterile solution or
suspension; (3) topical application, for example, as a cream, ointment or spray applied to the
skin; (4) intravaginally or intrarectally, for example, as a pessary, cream or foam; or (5)
aerosol, for example, as an aqueous aerosol, liposomal preparation or solid particles
containing the compound.

The phrase “pharmaceutically acceptable” refers to those SD rifaximin compositions
and cocrystals presented herein, compositions containing such compounds, and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of human beings and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk
ratio.

The phrase “pharmaceutically-acceptable carrier” includes pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in carrying or transporting the subject
chemical from one organ, or portion of the body, to another organ, or portion of the body.
Each carrier is preferably “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to the subject. Some examples of materials
which can serve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose,
glucose and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
(4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter

and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
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in., no B/ Eeth§l latiie(@NgarsAld Bisifering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's
solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic
compatible substances employed in pharmaceutical formulations.

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
compositions.

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric
acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the like.

Methods of preparing these compositions include the step of bringing into
association a SD rifaximin composition(s) or microgranules containing the SD rifaximin
compositions with the carrier and, optionally, one or more accessory ingredients. In general,
the formulations are prepared by uniformly and intimately bringing into association a SD
rifaximin composition with liquid carriers, or finely divided solid carriers, or both, and then,
if necessary, shaping the product.

Compositions suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or
tragacanth), powders, granules, or as a solution or a suspension in an aqueous Or non-
aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup,
or as pastilles (using an inert base, such as gelatin and glycerin, or sucrose and acacia)
and/or as mouth washes and the like, each containing a predetermined amount of a SD
rifaximin composition(s) as an active ingredient. A compound may also be administered as a
bolus, electuary or paste.

The SD compositions of rifaximin disclosed herein can be advantageously used in
the production of medicinal preparations having antibiotic activity, containing rifaximin, for
both oral and topical use. The medicinal preparations for oral use will contain an SD

composition of rifaximin together with the usual excipients, for example diluting agents
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cellulose derivatives, natural gums and polyvinylpyrrolidone; lubricating agents such as
talc, stearates, hydrogenated vegetable oils, polyethylenglycol and colloidal silicon
dioxide; disintegrating agents such as starches, celluloses, alginates, gums and
reticulated polymers; coloring, flavoring, disintegrants, and sweetening agents.

Embodiments described herein include SD rifaximin composition administrable by
the oral route, for instance coated and uncoated tablets, of soft and hard gelatin capsules,
sugar-coated pills, lozenges, wafer sheets, pellets and powders in sealed packets or other
containers.

Pharmaceutical compositions for rectal or vaginal administration may be presented
as a suppository, which may be prepared by mixing one or more SD rifaximin
composition(s) with one or more suitable nonirritating excipients or carriers comprising, for
example, cocoa butter, polyethylene glycol, a suppository wax or a salicylate, and which is
solid at room temperature, but liquid at body temperature and, therefore, will melt in the
rectum or vaginal cavity and release the active agent. Compositions which are suitable for
vaginal administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of a SD rifaximin
composition(s) include powders, sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active SD rifaximin composition(s) may be mixed under sterile
conditions with a pharmaceutically-acceptable carrier, and with any preservatives, buffers,
or propellants which may be required.

Ointments, pastes, creams and gels may contain, in addition to SD rifaximin
composition(s), excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc
and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a SD rifaximin composition(s),
excipients such as lactose, talc, silicic acid, aluminium hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted
hydrocarbons, such as butane and propane.

The SD rifaximin composition(s) can be alternatively administered by aerosol. This
is accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles

containing the compound. A non-aqueous (e.g., fluorocarbon propellant) suspension could
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no B/ E %{f P Fsult pgtegyagation 4 i compOE s o1 i ds in cl oudy |iquid PLM no

B/ E observed excaptagdeqi@radciosbleis matid, horSxample, by formulating an aqueous solution or
suspension of the agent together with conventional pharmaceutically-acceptable carriers and
stabilizers. The carriers and stabilizers vary with the requirements of the particular
compound, but typically include non-ionic surfactants (Tweens, Pluronics, or polyethylene
glycol), innocuous proteins like serum albumin, sorbitan esters, oleic acid, lecithin, amino
acids such as glycine, buffers, salts, sugars or sugar alcohols. Aerosols generally are
prepared from isotonic solutions.

Transdermal patches have the added advantage of providing controlled delivery of a
SD rifaximin composition(s) to the body. Such dosage forms can be made by dissolving or
dispersing the agent in the proper medium. Absorption enhancers can also be used to
increase the flux of the active ingredient across the skin. The rate of such flux can be
controlled by either providing a rate controlling membrane or dispersing the active
ingredient in a polymer matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of the invention.

Pharmaceutical compositions suitable for parenteral administration may comprise
one or more SD rifaximin composition(s) in combination with one or more
pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions, or sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants, buffers,
bacteriostats, solutes which render the formulation isotonic with the blood of the intended
recipient or suspending or thickening agents.

Examples of suitable aqueous and non-aqueous carriers which may be employed in
the pharmaceutical compositions include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable
oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can
be maintained, for example, by the use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of
surfactants.

When the SD rifaximin composition(s) are administered as pharmaceuticals, to
humans and animals, they can be given per se or as a pharmaceutical composition
containing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) of active ingredient in

combination with a pharmaceutically-acceptable carrier.
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Actual dosage levels and time course of administration of the active ingredients in
the pharmaceutical compositions may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
subject, composition, and mode of administration, without being toxic to the subject. An
exemplary dose range is from 25 to 3000 mg per day. Other doses include, for example,
600mg/day, 1100mg/day and 1650mg/day. Other exemplary doses include, for example,
1000mg/day, 1500mg/day, from between 500mg to about 1800mg/day or any value in-
between.

A preferred dose of the SD rifaximin composition disclosed herein is the maximum
that a subject can tolerate without developing serious side effects. Preferably, the SD
rifaximin composition is administered at a concentration of about 1 mg to about 200 mg per
kilogram of body weight, about 10 to about 100 mg/kg or about 40 mg to about 80 mg/kg of
body weight. Ranges intermediate to the above-recited values are also intended to be part.
For example, doses may range from 50mg to about 2000mg/day.

In combination therapy treatment, the other drug agent(s) are administered to
mammals (e.g., humans, male or female) by conventional methods. The agents may be
administered in a single dosage form or in separate dosage forms. Effective amounts of the
other therapeutic agents are well known to those skilled in the art. However, it is well
within the skilled artisan’s purview to determine the other therapeutic agent’s optimal
effective-amount range. In one embodiment in which another therapeutic agent is
administered to an animal, the effective amount of the rifaximin SD composition is less than
its effective amount in case the other therapeutic agent is not administered. In another
embodiment, the effective amount of the conventional agent is less than its effective amount
in case the rifaximin SD composition is not administered. In this way, undesired side effects
associated with high doses of either agent may be minimized. Other potential advantages
(including without limitation improved dosing regimens and/or reduced drug cost) will be
apparent to those skilled in the art.

In various embodiments, the therapies (e.g., prophylactic or therapeutic agents) are
administered less than 5 minutes apart, less than 30 minutes apart, 1 hour apart, at about 1
hour apart, at about 1 to about 2 hours apart, at about 2 hours to about 3 hours apart, at about
3 hours to about 4 hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to

about 6 hours apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8
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12 hours to 18 hours apart, 18 hours to 24 hours apart, 24 hours to 36 hours apart, 36 hours
to 48 hours apart, 48 hours to 52 hours apart, 52 hours to 60 hours apart, 60 hours to 72
hours apart, 72 hours to 84 hours apart, 84 hours to 96 hours apart, or 96 hours to 120 hours
part. In preferred embodiments, two or more therapies are administered within the same
subject’s visit.

In certain embodiments, one or more compounds and one or more other therapies
(e.g., prophylactic or therapeutic agents) are cyclically administered. Cycling therapy
involves the administration of a first therapy (e.g., a first prophylactic or therapeutic agent)
for a period of time, followed by the administration of a second therapy (e.g., a second
prophylactic or therapeutic agent) for a period of time, optionally, followed by the
administration of a third therapy (e.g., prophylactic or therapeutic agent) for a period of time
and so forth, and repeating this sequential administration, i.e., the cycle in order to reduce
the development of resistance to one of the therapies, to avoid or reduce the side effects of
one of the therapies, and/or to improve the efficacy of the therapies.

In certain embodiments, the administration of the same compounds may be repeated
and the administrations may be separated by at least 1 day, 2 days, 3 days, S days, 10 days,
15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or at least 6 months. In other
embodiments, the administration of the same therapy (e.g., prophylactic or therapeutic
agent) other than a SD rifaximin composition may be repeated and the administration may
be separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2
months, 75 days, 3 months, or at least 6 months.

Certain indications may require longer treatment times. For example, travelers’
diarrhea treatment may only last from between about 12 hours to about 72 hours, while a
treatment for Crohn’s disease may be from between about 1 day to about 3 months. A
treatment for hepatic encephalopathy may be, for example, for the remainder of the subject’s
life span. A treatment for IBS may be intermittent for weeks or months at a time or for the

remainder of the subject’s life.

Compositions and Formulations

Rifaximin solid dispersions, pharmaceutical compositions comprising SD rifaximin
or microgranules comprising rifaxmin solid dispersions, can be made from, for example,
polymers including polyvinylpyrrolidone (PVP) grade K-90, hydroxypropyl methylcellulose
phthalate (HPMC-P) grade 55, hydroxypropyl methylcellulose acetate succinate (HPMC-
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Descri pti onykghyHalh taBess b PlifaQinfln and polymer, solid dispersions may also comprise
surfactants, for example, non-ionic, surfactant polyols.

An example of a formulation comprises about 50:50 (w/w) Rifaximin:HPMC-AS
MG with from between about 2 wt% to about 10 wt% of a non-ionic, surfactant polyol,
for example, Pluronic F-127.

One example of a formulation comprises 50:50 (w/w) Rifaximin:HPMC-AS MG
with about 5.9 wt%) of a non-ionic, surfactant polyol, for example, Pluronic F-127. Spray
dried rifaximin ternary dispersion (50:50 (w/w) rifaximin:HPMC-AS MG with 5.9 wt%
Pluronic F-127) was blended with 10 wt% croscarmellose sodium and then filled into gelatin
capsules. Each capsule contains 275 mg of rifaximin and the blend formulation is 85:5:10
of 50:50 (w/w) Rifaximin: HPMC-AS MG : Pluronic : croscarmellose sodium (calculated in
total solids). Other examples of microgranules and pharmaceutical compositions comprising
SD rifaximin are described in the examples.

To form the rifaximin solid dispersion, the components, e.g., rifaximin, polymer and
methanol are mixed and then spray dried. Exemplary conditions are summarized in Table 9
and the procedure outlined below and in Examples 3 and 4.

Exemplary Spray Drying Process Parameters, include for example:
¢ Spray Dryer —e.g., PSD 1;

¢ Single or multi-fluid nozzle: e.g., a two Fluid Niro Nozzle;

® Nozzle orifice — 0.1 — 10 mm;

¢ Inlet gas temperature — 75 - 15045 deg C;

¢ Process gas flow (mmH20) — 20 — 70, preferred 44;

¢ Atomizing gas pressure — 0.7 - 1 bar;

¢ TLeed rate — 2 - 7 kg/Hr;

¢ Qutlet temperature — 30 — 70 £ 3 deg C;

¢ Solution temperature — 20 — 50 deg C; and

¢ Post spray drying vacuum dry at 20 - 60 deg C, for between about 2 and 72 hrs.
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container holding a rifaximin SD pharmaceutical composition suitable for oral or topical
administration of rifaximin in combination with printed labeling instructions providing a
discussion of when a particular dosage form should be administered with food and when it
should be taken on an empty stomach. Exemplary dosage forms and administration
protocols are described infra. The composition will be contained in any suitable container
capable of holding and dispensing the dosage form and which will not significantly interact
with the composition and will further be in physical relation with the appropriate labeling.
The labeling instructions will be consistent with the methods of treatment as described
hereinbefore. The labeling may be associated with the container by any means that maintain
a physical proximity of the two, by way of non-limiting example, they may both be
contained in a packaging material such as a box or plastic shrink wrap or may be associated
with the instructions being bonded to the container such as with glue that does not obscure
the labeling instructions or other bonding or holding means.

Another aspect is an article of manufacture that comprises a container containing a
pharmaceutical composition comprising SD rifaximin composition or formulation wherein
the container holds preferably rifaximin composition in unit dosage form and is associated
with printed labeling instructions advising of the differing absorption when the
pharmaceutical composition is taken with and without food.

Packaged compositions are also provided, and may comprise a therapeutically
effective amount of rifaximin. Rifaximin SD composition and a pharmaceutically
acceptable carrier or diluent, wherein the composition is formulated for treating a subject
suffering from or susceptible to a bowel disorder, and packaged with instructions to treat a
subject suffering from or susceptible to a bowel disorder.

Kits are also provided herein, for example, kits for treating a bowel disorder in a
subject. The kits may contain, for example, one or more of the solid dispersion forms of
rifaximin and instructions for use. The instructions for use may contain proscribing
information, dosage information, storage information, and the like.

Packaged compositions are also provided, and may comprise a therapeutically
effective amount of an SD rifaximin composition and a pharmaceutically acceptable carrier
or diluent, wherein the composition is formulated for treating a subject suffering from or
susceptible to a bowel disorder, and packaged with instructions to treat a subject suffering

from or susceptible to a bowel disorder.
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well as the Figures, are expressly incorporated herein by reference in their entirety.

EXAMPLES

The chemical structure of Rifaximin is shown below in Figure 1.
Example 1. Solid Dispersions of Rifaximin

Various polymers were formulated with rifaximin into solids prepared by methanol
and spray drying at small scale (~ 1g). Polymers, including polyvinylpyrrolidone (PVP)
grade K-90, hydroxypropyl methylcellulose phthalate (HPMC-P) grade 55, hydroxypropyl
methylcellulose acetate succinate (HPMC-AS) grades HG and MG, and a polymethacrylate
(Eudragit® L.100-55) were used. Solids have compositions of 25:75, 50:50 and 75:25
(Rifaximin/polymer, by weight).

Samples generated were observed under polarized light microscope after preparation
and were characterized by XRPD. The results are included in Table 1 through Table 5.
Birefringence with extinction (B/E) was not observed for any of the samples, indicating
solids without crystalline order were obtained. No sharp peaks were evident by visual
inspection of XRPD patterns of these samples, consistent with non-crystalline materials, as
shown in Figure 2 (with PVP K-90), Figure 7 (with HPMC-P), Figure 12 (with HMPC-AS
HG), Figure 12 (with HMPC-AS MG), and Figure 17 (with Eudragit 1.100-55).

Materials were characterized by mDSC where the appearance of a single glass
transition temperature (Tg), provides support for a non-crystalline fully miscible dispersion.
All the dispersions prepared with PVP K-90 display a single apparent Tg at approximately
185 °C (Figure 3, 25:75 w/w), 193 °C (Figure 4, 50:50 w/w), and 197 °C (Figure 5, 75:25)
respectively. The change in heat capacity (ACp) at Tg is approximately 0.3 J/g-°C for each
dispersion. A non-reversible endotherm, which is likely due to the residual solvent in the
materials, was observed in each of Rifaximin /PVP K-90 dispersions centered at
approximately 78 °C, 59 °C and 61 °C.

From Figure 6, Tg of Rifaximin/PVP K-90 dispersions increases with the increased
Rifaximin concentration, which is due to the higher Tg of Rifaximin (199 °C) than PVP K-
90 (174 °C). Evidence of a single Tg may suggest that the components of the dispersion are

intimately mixed, or miscible.
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With HPMC-AS HG, dispersions display Tg at 137 °C (Figure 13, 25:75 w/w), 154
°C (Figure 14, 50:50 w/w) and 177 °C (Figure 15, 75:25 w/w) respectively; ACp at Tg is
approximately 0.4 or 0.3 J/g-°C.

With HPMC-AS MG, dispersions display Tg at 140 °C (Figure 18, 25:75 w/w), 159
°C (Figure 19, 50:50 w/w) and 177 °C (Figure 10, 75:25 w/w) respectively; ACp at Tg is
approximately 0.4 or 0.3 J/g-°C.

Dispersions prepared with Fudragit 1.100-55 exhibit Tg at 141 °C with ACp
approximately 0.5 J/g-°C (Figure 23, 25:75 w/w), 159 °C with ACp approximately 0.3 J/g-°C
(Figure 24, 50:50 w/w), and 176 °C with ACp at Tg approximately 0.2 J/g-°C (Figure 25,
75:25 w/w) respectively.

Similarly, as shown in Figure 11 (with HPMC-P), Figure 16 (with HPMC-AS HG),
Figure 21 (with HPMC-AS MG, and Figure 26 (with Eudragit 1.100-55), Tg of material in
each set of Rifaximin/polymer dispersions increases with the increased Rifaximin

concentration due to the higher Tg of Rifaximin.

Physical Stability Assessment

An assessment of physical stability for rifaximin/polymer dispersions was conducted
under stress conditions of aqueous solutions at different biologically relevant conditions,
including 0.1N HCI solution at 37 °C and pH 6.5 FASSIF buffer at 37 °C, elevated
temperature/relative humidity (40 °C/75% RH), and elevated temperature/dry (60 °C). The
x-ray amorphous rifaximin — only sample prepared from methanol by spray drying was also

stressed under the same conditions for comparison.

Stress in 0.1N HCI solution at 37 °C

For the assessment of physical stability for samples in a 0.IN HCl solution
maintained at 37 °C, observations were made and microscopy images were acquired using
polarized light at different time points including O, 6 and 24 hrs, as summarized in Table 6.
Based on the absence of birefringent particles when samples were observed by PLM,
dispersions prepared with HPMC-AS HG and HPMC-AS MG display the highest physical
stability under this particular stress condition. The results of this study for each of samples

are discussed below.
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Samples at compositions of 25:75 and 50:50 (w/w) crystallized at 6 hrs; sample at
75:25 (w/w) composition crystallized within 24 hrs while no evidence of crystallization was
observed at 6 hrs or earlier. The decreased stability of Rifaximin/PVP K-90 dispersions in
0.IN HCI solution with increased PVP K-90 concentration may due to the high solubility of
PVP K-90 in the solution.

Irregular aggregates without birefringence/extinctions were observed for dispersion
prepared with HPMC-P at t = O hr, the initial time point when 0.1N HCI solution was just
added into solids. After 24 hrs, samples at compositions of 25:75 and 50:50 (w/w) remained
as non-birefringent aggregates, indicating no occurrence of devitrification under the
conditions examined. Evidence of crystallization was observed for sample of 75:25 (w/w)
composition at 6 hrs. No birefringence/extinctions were observed for all of dispersions
prepared with HPMC-AS HG and HPMC-AS MG after 24 hrs, suggesting these samples are
resistant to devitrification upon exposure to 0.1N HCI solution for 24 hrs.

For dispersions prepared with Eudragit 1.100-55, upon exposure to 0.1N HCI
solution for 24 hrs, birefringent particles with extinctions were observed only in the sample
at 50:50 (w/w) composition. Considered that no evidence of crystallization was observed
for dispersions of compositions at 25:75 and 75:25 (w/w), it is unknown whether such
birefringence was caused by some foreign materials or by crystalline solids indicating the

occurrence of devitrification.

Stress in pH 6.5 FASSIF buffer at 37 °C

An assessment of physical stability of dispersions prepared was also performed in
pH 6.5 FASSIF buffer maintained at 37 °C. X-ray amorphous Rifaximin material was also
stressed under same condition for comparison. PLM observations indicated that dispersions
prepared from HPMC-AS HG and HPMC-AS MG display the highest physical stability
under this stress condition. X-ray amorphous rifaximin-only material crystallized within 6
hrs, so did all rifaximin/PVP K-90 dispersions. For dispersions prepared with HPMC-P,
birefringent particles with extinctions were observed in samples at 50:50 and 75:25 (w/w)
compositions within 6 hrs, indicating the occurrence of devitrification in materials. No
evidence of any birefringence/extinctions was observed in 25:75 (w/w) rifaximin/HPMC-P
dispersion material after 24 hrs. No birefringence/extinctions were observed for all of

dispersions prepared with HPMC-AS HG and HPMC-AS MG after 24 hrs, suggesting these
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Time (nm) Dilution (c) Absorbance (d) Concentration (ug/nm) 1 5 - 0.0159
0.34 10 - 0.0346 2.53 15 - 0.0569 5.13 30 - 0.09655 9.75 60 - 0.1626
17.46 90Weo 20122048824. 35 120 - 0. 25625 28.39 1440 4 Or¢0AB2018449892 5 2
0.02895 3.73 10 -

samples are resistant to devitrification upon exposure to pH 6.5 FASSIF buffer for 24 hrs.
Rifaximin/Eudragit 1.100-55 dispersions at 50:50 and 75:25 (w/w) compositions crystallized
with 6 hrs while no evidence of crystallization was observed in the sample at 25:75 (w/w)

composition after 24 hrs.

Stress at 40 °C/ 75% RH condition

The samples including all the dispersions and x-ray amorphous rifaximin-only
material were assessed for evidence of crystallization based on observations by microscopy
using polarized light. Each of the samples remained as irregular aggregates without
birefringence/extinctions after stressed at 40 °C/ 75% RH condition for 7 days.

Modulated DSC analyses were carried out on selected samples including 25:75
(w/w) rifaximin/HPMC-P, 75:25 (w/w) rifaximin/HPMC-AS HG, 75:25 (w/w)
rifaximin/HPMC-AS MG, and 25:75 (w/w) Rifaximin/Eudragit L100-55 to inspect for
evidence of phase separation after exposure to 40 °C/ 75% RH for 7 days. All of samples
display a single apparent Tg at approximately 148 °C (Figure 27 , 25:75 (w/w) HPMC-P),
177 °C (Figure 28, 75:25 (w/w) HPMC-AS HG) 152 °C (Figure 29, 75:25 (w/w) HPMC-AS
MG) and 140 °C (Figure 30, 25:75 (w/w) Budragit 1.100-55) respectively, indicating the
components of each dispersion remained intimately miscible after stress. Although crimped
with manual pin-hole DSC pan was used, the release of moisture from sample upon heating

can still be observed from non-reversible heat flow signals.

Stress at 60 °C/ dry condition

All the dispersions and x-ray amorphous rifaximin-only material were also stressed
at 60 °C/ dry condition for 7 days and were assessed for evidence of crystallization based on
observations by microscopy using polarized light. FEach of the samples remained as
irregular aggregates without birefringence/extinctions after stressed at this condition for 7

days.

Rifaximin Solid Dispersions by Spray Drying

Based on the experimental results from screen, HPMC-AS MG and HPMC-P were
used to prepare additional quantities of solid dispersions at gram-scale by spray drying. The
operating parameters used for processing are presented in Table 9. Based on visual

inspection, both dispersions were x-ray amorphous by XRPD (Figure 31 and Figure 36).
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0.0304 2.04 15 - 0.04655 3.92 30 - 0.104 10.62 60 - 0.17755 19.21 90 -
0.248 27.43 120 - 0.3065 34.25 1440 4 0.3944 178.04 3 5 - 0.0107 -0. 26
10 - 0. 0A862012/06938815 - 0.03975 3.13 30 - 0.08735 8. 68 PCEHMIS2011/043769

Characterization of 50:50 (w/w) Rifaximin/HPMC-AS MG Dispersion
Characterization and results for the 50% API loading HPMC-AS MG are
summarized in Table 10. The sample was x-ray amorphous based on high resolution XRPD.
A single Tg at approximately 154 °C was observed from the apparent step change in the
reversing heat flow signal in mDSC with the change of heat capacity 0.4 J/ g °C. A non-
reversible endotherm was observed at approximately 39 °C which is likely due to the
residual solvent in the materials (Figure 32). TG-IR analysis was carried out in order to
determine volatile content on heating. TGA data for this material is shown in Figure 34.
There was a 0.5% weight loss up to ~100 °C. A Gram-Schmidt plot corresponding to the
overall IR intensity associated with volatiles released by solids upon heating at 20 °C/min is
shown in Figure 33. There was a dramatic increase of intensity of released volatiles after ~8
minutes, with a maximum at ~ 11.5 minutes. The waterfall plot (Figure 34) and the linked
IR spectrum (Figure 35) are indicative of the loss of water loss up to ~8 minutes then
methanol and some unknown volatiles thereafter. This is consistent with the dramatic

change in the slope in the TGA and may indicate decomposition of material.

Characterization of 25:75 (w/w) Rifaximin/HPMC-P Dispersion

Characterization and results for the 25% API loading dispersion of HPMC-P are
summarized in Table 11. Solids were x-ray amorphous based on high resolution XRPD
(Figure 36). By mDSC, there is a single Tg at approximately 152 °C from the apparent step
change in the reversing heat flow signal. The change of heat capacity is 0.4 J/ g °C (Figure
37). A non-reversible endotherm, which is likely due to the residual solvent in the materials,
was observed at approximately 46 °C. Volatiles generated on heating were analyzed by TG-
IR. The total weight loss of sample was approximately 1.5 wt% to 100 °C and the dramatic
change in the slope occurs at approximately 178 °C (Figure 38). The Gram-Schmidt plot
(Figure 39) shows a small increase of intensity upon heating after ~ 2 minutes, followed by
negligible change of intensity until ~ 9 minutes. Then dramatic change of intensity can be
observed with a maximum at ~ 11 minutes, followed by a final increase of intensity above
~12 minutes. As seen in the waterfall plot (Figure 39), some volatiles were released during
entire heating period (data is shown in Figure 40 using the linked IR spectrum at different
time points as an example). The sample released water during entire heating period and

methanol after ~ 9 minutes.
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0.1766 19.10 90 - 0.25815 28.61 120 - 0.32055 35.89 1440 4 0.4202 190.08
(c): certain sanples were diluted before analyzed to avoid the possibility
of falli ngoaotsiogsst he |inearity range of the instrunmentcT/usdjri/oadysor bance
data |l ess than 0.05 is below instrunment detection limt and therefore
concentration cal cul ated from such absorbance is an approxi mate val ue. 39
SUBSTI TUTE BiﬁEfsi()ﬂlMEscﬂﬁ}ity mmmaﬁWMimemmmg Tabl e 14.

R f axi m n Concen i.ons Ri f axi m n/ HPMC ersion in

6.52 FASSI F Buf f ?r ffaximp %@%3#@’&%@ SWap Pf\%ar?flg% S?Wéhd)tyl I%‘PP](SWaréadS
Absor bance (Tﬁ:)tm@oaala%@& ks f@ﬂom/ the XRPIOdLQL 8DEathiOthe Plysicd s@R3IGThE - 45
15 - 0.0528 4.65 3 2235 12. 60 - 0.2643 29.33

components and 1nspect for eV1dence of miscibility. The analysis was done with MATLAB
(v7.6.0) and Unscrambler (v 9.8) and it was not performed under cGMP guidelines. XRPD
patterns of all the samples were truncated with their baseline corrected, and unit area
normalized before analysis. The pre-possessed XRPD patterns are shown in Figure 41.

In the analysis, Rifaximin and HPMC-AS MG were assumed to be separated phases
(no miscibility) and the compositions of Rifaximin and HPMC-AS MG in each sample were
estimated based on this assumption. As shown in Figure 42, the estimated ratios of
Rifaximin to HPMC-AS MG based on pure separated phases did not agree with samples
actual compositions, especially for the samples with high compositions of HPMC-AS MG
(low Rifaximin loading). Also, the calculated XRPD patterns for Rifaximin and HMPC-AS
MG based on the assumption of separated phases (Figure 43) compared to actual
experimental XRPD patterns for Rifaximin (Figure 44) and HPMC-AS MG (Figure 45)
were generated. Although the calculated Rifaximin pattern is similar to its experimental
pattern, the calculated HMPC-AS MG pattern is quite different from its experimental
pattern. Both results suggest that Rifaximin and HPMC-AS MG are not separated phases
but miscible in the dispersions. The differences in the estimated and actual compositions are

likely due to the interaction between Rifaximin and HPMC-AS MG.

Table 1. Solid Dispersion Attempts for Rifaximin/PVP K-90 by Spray Drying

Des(:lrlg;lon Habit/Description Analysis Result (c)
. XRPD X-ray amorph.
lid ;
(25:75) aggrsf(:)glatiso ri?rléggl’llar 185 °C (T,
PVP K-90 o ]’3 /E ’ mDSC midpoint);
0.3 1/g-°C (AC)
solids orange: XRPD X-ray amorph.
(50:50) . °
PVP K-90 aggregates, irregular, 193 °C (T,
no B/E mDSC midpoint);
0.3 1/g-°C (AC)
. ) XRPD X-ray amorph.
(75:25) aggrsf(:);adtiso ri?rléggl’llar 197 °C (T,
PVP K-90 o ]’3 /E ’ mDSC midpoint);
0.3 1/g-°C (ACy)

(a): approximate ratio of Rifaximin to polymer, by weight;
(b): samples stored in freezer over desiccant after prepared.
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90 - 0.37355 42.08 120 - 0.455 51.58 1440 4 0.39465 178.16 5 5 - 0.0329
2.33 10 - 0.06805 6.43 15 - 0.07905 7.71 30 - 0.13745 14.53 60 - 0.242
26. 73 90we 20123108838 36.52 120 - 0.40555 45.81 1440 4 @CI8B28104869 7

Table 2. Solid Dispersion Attempts for Rifaximin/HPMC-P by Spray Drying

Description (a, b) Habit/Description Analysis Result (¢)
(25:75) HPMC-P solids light orange; XRPD X-ray amorph.
aggregates, irregular, 153 °C (T,, midpoint);
g’ 2
no B/E mDSC 0.4 1/g°C (AC,)
(50:50) HPMC-P solids orange; XRPD x-ray amorph.
aggregates, irregular, 161 °C (T, midpoin?);
o point);
no B/E mDSC 0.41/g°C (AC,)
(75:25) HPMC-P solids orange; XRPD x-ray amorph.
aggregates, irregular, mDSC 174 °C (T, midpoint);
no B/E 0.4 1/g-°C (AC))

(a): approximate ratio of Rifaximin to polymer, by weight;
(b): samples stored in freezer over desiccant after prepared.

Table 3. Solid Dispersion Attempts for Rifaximin/HPMC-AS HG by Spray Drying

Des(:lrlg;lon Habit/Description Analysis Result (¢)
S ) XRPD X-ray amorph.

057y | ok o R,

HPMC-AS HG o ]’3 /E ’ mDSC midpoint);
04 J/g-°C (AC,)
solids orange: XRPD X-ray amorph.

(50:50) aggregates, irregular 154 °C (T

_ ’ ’ 2

HPMC-AS HG no B/E mDSC midpoint);
04 J/g°C (AC,)
. ) XRPD X-ray amorph.

(75:25) aggrsf(:);adtiso ri?rléggl’llar 177 °C (T,

HPMC-AS HG o ]’3 /E ’ mDSC midpoint);
0.3 J/g-°C (AC,)

(a): approximate ratio of Rifaximin to polymer, by weight;
(b): samples stored in freezer over desiccant after prepared.

Table 4. Solid Dispersion Attempts for Rifaximin/HPMC-AS MG by Spray Drying

Description (a, b) Habit/Description | Analysis Result (¢)
(25:75) HPMC-AS MG solids light orange; XRPD x-ray amorph.
. aggregates, mDSC 140 °C (Tg(; midpoint);
irregular, no B/E 0.4 1/g-°C (AC,)
(50:50) HPMC-AS MG solids orange; XRPD x-ray amorph.
aggregates, 5 : -
. 159 °C (T, midpoint);
irregular, no B/E mDSC 0.4 J/g-°C (AC,)
(75:25) HPMC-AS MG solids orange; XRPD x-ray amorph.
. aggregates, mDSC 177 °C (Tg(; midpoint);
irregular, no B/E 0.3 1/g-°C (AC,)

(a): approximate ratio of Rifaximin to polymer, by weight;
(b): samples stored in freezer over desiccant after prepared.
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6 5- 0.0155 0.30 10 - 0.057 5.14 15 -
60 - 0.2724 30.27 90 - 0.36815 41.45 120 -
173. 09

absorbance data | ess than 0.05

0.09415 9.47 30 -

0.

17145 18. 49

0. 43155 48.84 1440 4 0. 3838

wo)yo12nepisai n sanpl es were dil uted before anal yret/useoiawes7ds t he
possibility of falling outside the linearity range of the instrunent.
I's below instrunment detection |

(e):

imt and

t her ef or e cdablkers rSelid dispradiou Ademgts foo Rifaximindhslvagio ht@)-5SbyaSpaydyigrmat e

val ue. 40 SUBSTI TUT
15. Averaged Concen
in pH 6.52 FASSIF B
(nmm ) Concentration

SHEET (RULE 26) WD 2012/ 009388PCT/ US2011/ 043769 Tabl e
- Descrighion (aeb) goHalitDesgripionsy Analysis ) LBmIAG M5 Di sper si ons
it f er, %ﬂi‘ 37C |DeS@NikRbiadn: M@E}Eﬁ%‘?@%;sel No Tine
g’
(]:ngr 100-55 irr:ggflraigilltss]; E mDSC midpoint);
’ 0.5 1/g-°C (AG)
solids orange: XRPD X-ray amorph.
(50:50) aggregates 159 °C (T
b _ b g’
Eudragit 1.100-55 irregular, no B/E mDSC midpoint);
0.3 1/g:°C (AC,)
. ) XRPD X-ray amorph.
(75:25) solids orange; 176 °C (T..
: aggregates, o 8
Eudragit 1.100-55 irreeular. no B/E mDSC midpoint);
grar, 0.2 I/g°C (AC,)

(a): approximate ratio of Rifaximin to polymer, by weight;
(b): samples stored in freezer over desiccant after prepared.

Table 6. Physical Stability Assessment in 0.1N HCI at 37 °C for Rifaximin and
Rifaximin Dispersions Prepared in Methanol by Spray Drying

Desc(rzg)tlon T(lll:)le Habit/Description | Analysis Results
0 i PLM agg., irr., no B/E
(100:0) agg., irr., no B/E
Rifaximin- 6 hrs orange §011ds, no PLM agg., no B{E +afew B/E partlcles
only liquid left clear view of B/E particles
orange solids, .
24 hrs solution cloudy PLM agg., no B/E + a few B/E particles
., itr., no B/E
0 ) PLM agg., irr., no
agg., irr., no B/E
orange solids, .
(25:75) 6 hrs solution slightly PLM age., no B/E + BIE particles
PVP K-90 yellow clear view of B/E particles
orange solids,
24 hrs solution slightly PLM agg., no B/E + B/E particles
yellow
i agg., irr., no B/E
0 PLM agg., irr., no B/E
orange solids, agg., no B/E + a few B/E particles
: 6 hr i i PLM . .
PSIQIS((-); 0 ® solut;(:lllsilvghtly clear view of B/E particles
orange solids, small majority agg., no B/E + a few B/E
24 hrs amount of liquid PLM particles
left clear view of B/E particles
i agg., irr., no B/E
0 PLM agg., irr., no B/E
orange solids, agg., no B/E
(75:25) 6 hrs solution slightly PLM
PVP K-90 yellow agg., no B/E
orange solids, small agg., no B/E
24 hrs t of liquid PLM
amounle(;t 1qut a few B/E particles in view field

(a): approximate ratio of Rifaximin to polymer, by weight.
(b): time is cumulative and approximate; 100 pL. of 0.1 N HCI solution added into samples at t = 0.
(c): 100 pL of 0.1 N HCI solution added into the sample after PL.M analysis at 6 hrs.
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Average Concentration (pg/nL) Standard Deviation (50:50) HPMC-AS M5 1 5
0.34 1.27b 2.154 2 3.73 3 -0.26 1 10 2.53 201b 0.5284 2 2.04
3 1.47 wolo#0%3s3 4.06b 1.008 2 3.92 PCT/US2011/043769

Table 6 (cont'd) Physical Stability Assessment in 0.1N HCI at 37 °C for Rifaximin and

Rifaximin Dispersions Prepared in Methanol by Spray Drying

Description (a) T(lll:)le Habit/Description Analysis Results
0 ) PLM agg., 1rr, no B/E
agg., irr., no B/E
(25:75) light orange solids, agg., no B/E
HPMC-P 6 hrs liquid turbid PLM 22 OB/
orange solids, liquid agg., no B/E
24 brs turbid PLM agg., no B/E
0 : PLM R
(50:50) orange solids, liquid agg., no B/E
HPMC-P 6 hrs turbid PLM agg., no B/E
orange solids, agg., no B/E
24 brs solution cloudy PLM agg., no B/E
i agg., irr., no B/E
0 PLM agg., irr., no B/E
(75:25) 6 hrs orange tsl;)rl}fs’ liquid PLM agg., no B/E + some B/E particles
HPMC-P clear view of B/E particles
orange solids, small B/E particles observed
24 hrs amount of liquid PLM
left clear view of B/E particles
., dIT. B/E
0 - PLM dge., I, O
agg., irr., no B/E
(25:75) 6 hrs light orange.sol.ids PLM no B/E observed
HPMC-AS HG in cloudy liquid no B/E observed
ids i no B/E observed
24 hrs orange sohd§ in PLM
cloudy solution no B/E observed
o - Ly s
(50:50) orange solids, liquid no B/E observed
HPMC-AS HG 6 hrs cloudy PLM no B/E observed
24 hrs orange SOhd? n PLM no B/E observed
cloudy solution
i agg., irr., no B/E
0 PLM agg., irr., no B/E
(75:25) 6 hrs orange soh(.is, liquid PLM no B/E observed
HPMC-AS HG turbid no B/E observed
i agg., no B/E
24 hrs olrané;e soild.s + PLM g8
cloudy solution agg., no B/E
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3 3.13 130 9.75 9.69 0.970 2 10.62 3 8.68 1 60 17.46 18.59
0.977 2 1921. 3 19.10 1 90 24.35 26.80 2.202 2 27.43 3
WO 2012/009388 PCT/US2011/043769

Table 6 (cont'd) Physical Stability Assessment in 0.1N HCI at 37 °C for Rifaximin and
Rifaximin Dispersions Prepared in Methanol by Spray Drying

Desc(rig)tlon T(lll:)le Habit/Description | Analysis Results
0 ) PLM agg., 1rr, no B/E
agg., irr., no B/E
(25:75) light orange solids
HPMC-AS | 0T i cloudy liquid PIM no B/E observed
MG orange solids in majority no B/E, a few B/E particles
24 hrs Cloﬁ PR PLM B/E particles seems fiber-like, may
Y due to foreign materials
i agg., irr., no B/E
0 PLM agg., irr., no B/E
(50:50) orange solids agg., no B/E + a few B/E particles
HPMC-AS 6 hrs liquid turbi d, PLM seems due to foreign material
MG d clear view of B/E particles
orange solids in no B/E observed
24 brs cloudy solution PLM no B/E observed
i agg., irr., no B/E
0 PLM agg., irr., no B/E
(75:25) orange solids, no B/E observed
HPMC-AS 6 hrs liquid turbid PLM no B/E observed
MG
24 hrs orange solids in PLM no B/E observed
cloudy liquid agg., no B/E
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28. 61 1 120 28.39 32.85 3.945 2 34.25 3 35.89 1 1440 184.99
184.37 6.0455 2 178.04 3 190.08 (a): approximate ratio of

Ri f axi m rwoaopaloysser, by weight. (b): absorbance data lPesasté@an4fyc®5 is
bel ow i nstrunment detection |imt and therefore concentration cal cul ated
from such absorbance is an approxi mate val ue. 41 SUBSTI TUTE SHEET ( RULE 26)
WO 2012/ 00933BRGTcaigaD Phiykida BisbilihA seskthentindr. BY) 81 GoAT &0 foraR ifaiimimdn®@5: 75
(W w) RifaxiRifarinkik¥isgerfonpdrepareddn Methdhdb by SpFAIBind3uf f er at 37C
Description (a) Dissolution Vessel No Tine (nm) Concentration (pg/mniL)

Aver age Desc(rzg)tlon T(lll:)l ¢ Habit/Description | Analysis Results
0 ) PLM agg., ¥rr., no B/E
agg., irr., no B/E
(25:75) liht Iid
Fudragit ight orange solids
L1()()_%5 6 hrs in cloudy liquid PLM no B/E observed
24 hrs (C)izﬁﬁf; ss(())llludsolllll PLM no B/E observed
i agg., irr., no B/E
0 PLM agg., irr., no B/E
(50:50) orange solids in .
Fudragit 6 hrs cloudy liquid PLM no B/E observed except 2 particles
L100-55 oranee solids in majority no B/E, a few B/E particles
24 hrs cloug solurion PLM in center
y clear view of B/E particles
0 i PLM agg., irr., no B/E
agg., irr., no B/E
(75:25) -
Fudragit 6 hrs orange solids, PLM agg., no B/E
L.100-55 liquid turbid agg., no B/E
orange solids in
24 hrs cloudy liquid PLM agg., no B/E
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Concentration (pg/nL) Standard Deviation (25:75) HPMC-P 4 5 0.30 0.98b
1.1712 5 2.33 6 0.30 4 10 2.45 4.67b 2.030 5 6.43 6 5.14
15 4. 65 WD&0R/0hd3s 5 7.71 6 PCT/US2011/043769

Table 7. Physical Stability Assessment at 40 °C/75 % RH/ 7 d Condition for Rifaximin

and Rifaximin Dispersions Prepared in Methanol by Spray Drying

Description (a) Hablt/D::scrlptlo Analysis Results
Rifagglig?i:n().)only orange solids, dry PLM agg., irr., no B/E
(25:75) dark yellow ]
PVP K-90 solids, dry PLM agg.. itr., no B/E
PSI(D) :IS((-);O orange solids, dry PLM agg., irr., no B/E
ng :I?;O orange solids, dry PLM agg., irr., no B/E
(25:75) light orange PLM a%g., irr., no BfJ.E
HPMC-P solids, dry mDSC 148 °C (T, midpoint);
0.3 1/g-°C (AC,)
H(ISD(K;[SCO_)P orange solids, dry PLM agg., irr., no B/E
I{(lzf\;lzés-)P orange solids, dry PLM agg., irr., no B/E
(25:75) light orange ]
HPMC-AS HG solids, dry PLM agg., irr., no B/E
HPI\SISCO-,SA,OS) HG orange solids, dry PLM agg., irr., no B/E
(75:25) PLM agg., irr., no B/E
HPMC-AS HG orange solids, dry HDSC 177 °C (T, midpoin);
0.5 J/g-°C (AC,)
(25:75) light orange ]
HPMC-AS MG solids, dry PLM agg.. irr., no B/E
HPI\SISCO-:,E,(;) MG orange solids, dry PLM agg., irr., no B/E
(75:25) . PLM agg., irr., no B/E
orange solids, dr
HPMC-AS MG & y —DSC 132 °C (T midpowD
(25:75) light orange PLM = (E)l%fé,(i;r., n(.)dBfJ.E s
Eudragit 1.100-55 lids, d & idpoint);
udragi solids, dry mDSC 0.5 T/eoC (AC,)
e ;gg:i?)()()-SS orange solids, dry PLM agg., irr., no B/E
e ;;iSt:iSl)OO_SS orange solids, dry PLM agg., irr., no B/E
(a): approximate ratio of Rifaximin to polymer, by weight.
(b): analysis treated as non-cGMP.
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9. 47 4 30 12.77 15.26 2.935 5 14.53 6 18.49 4 60 29.33 28.78
1.840 5 26.73 6 30.27 4 90 42.08 40.02 3.041 5 36.52 6
WO 2012/009388 PCT/US2011/043769

Table 8. Physical Stability Assessment at 60 °C/Dry/ 7 d Condition for Rifaximin and
Rifaximin Dispersions Prepared in Methanol by Spray Drying

Description (a) Hablt/l)::scrlptlo Analysis Results
(100:0) ] .
Rifaximin-only orange solids PLM agg., irr., no B/E
(25:75) ] .
PVP K-90 orange solids PLM agg., irr., no B/E
(50:50) ] .
PVP K-90 orange solids PLM agg., irr., no B/E
(75:25) ] .
PVP K-90 orange solids PLM agg., irr., no B/E
(25:75) light orange )
HPMC-P solids PLM agg., irr., no B/E
(50:50) ] .
HPMC-P orange solids PLM agg., irr., no B/E
(75:25) ] .
HPMC-P orange solids PLM agg., irr., no B/E
(25:75) light orange )
HPMC-AS HG solids PLM agg., irr., no B/E
(50:50) ] .
HPMC-AS HG orange solids PLM agg., irr., no B/E
(75:25) ] .
HPMC-AS HG orange solids PLM agg., irr., no B/E
(25:75) light orange .
HPMC-AS MG solids PLM agg., irr., no B/E
(50:50) ] .
HPMC-AS MG orange solids PLM agg., irr., no B/E
(75:25) ] .
HPMC-AS MG orange solids PLM agg., irr., no B/E
(25:73) light orange
Eudragit 1.100- . PLM agg., irr., no B/E
solids
55
(50:50)
Eudragit 1.100- orange solids PLM agg., irr., no B/E
55
(75:25)
Eudragit 1.100- orange solids PLM agg., irr., no B/E
55

(a): approximate ratio of Rifaximin to polymer, by weight.
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41. 45

4 120 51.58 48.75 2.886 5 45.81
175.01 2.749 5 173.77
Ri f axi m rwoaopaloysser ,

6 173.09
by weight. (b):

(a):

6 48.84
approxi mate rati o of
absor bance dat a lpezasté1an4695 i s

4 1440 178. 16

bel ow i nstrunent detection limt and therefore concentrati on cal cul at ed

from such absorbance is an approxi mate val ue.
Table 17. Analysis of R faximn D spersions after
6. 52 FASSI FTBufef9e rPazdmatérsFobDRstakinginiSotid DigpeXiasdySpray Driiagsel

Resul ts (50:50) HPMC- AS

42 SUBSTI TUTE SHEET ( RULE 26)
Di ssol uti on Test

in pH
No Anal ysi s

Description Inlet temp. Outlet temp. Spray rate
(a) Inlet temp. | Aspirato | Pump (measured, (measured, (b)
(set, °C) r% % °C) °C) mL/min
(50:50)
HPMC-AS
MG, ~10g 120 95 40-30 120-119 60-45 9.6
scale
(25:75)
HPMC-P, 120 95 45-30 120-119 55-43 9.7
~10g scale

(a): approximate ratio of Rifaximin to polymer, by weight.
(b): flow rates are estimated at 30% pump.

Table 10. Characterizations of 50:50 (w/w) Rifaximin/HPMC-AS MG Dispersion by

Spray Drying
Analysis Results
XRPD x-ray amorphous
154 °C (midpoint, Ty)
mDSC 0.4 1/2°C (ACp)
0.5 wt%
(loss up to 100 °C)
TG-IR 199°C
(onset, apparent decomp.)
water, methanol and unknown volatiles

Characterizations of 25:75 (w/w) Rifaximin/HPMC-P Dispersion by Spray

Table 11.
Drying
Analysis Results
XRPD x-ray amorphous
152 °C (midpoint, T7)
mDSC 0.4 1/g°C (ACp)
1.5 wt%
(loss up to 100 °C)
TG-IR 178°C
(onset, apparent decomp.)
water and methanol
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MG 1 PLM no B/ E observed change view field, no BBE 2 PLMno B/E
observed change view field, no BBE 3 PLM no B/E observed maj ority no
B/ E, onl ywo 2BI2®opmsticle in view field (25:75) HPMC- P 4pPrNsBioid7akes and
blades 5 PLMno B/E material + B/E flakes 6 PLMno B/E nmaterial + B/E
flakes & blades (a): approximate ratio of Rifaximn to polymer, by weight.
Abbr evi at i offableyl2e Sipplevindidinmtiohudfl Riflaximin Digeecsionst foo rDikuERRUVESST Ab pKRPD
X-ray powdes.58IHASSAE Bufifier aty37 WOSC nodul at ed di fferential scanning
calorinmetry TG IR thernogravinmetric infrared

Description (a) Sample Dissolution Solids Volume of
P ID Vessel No Weight (mg) | Buffer (mL)
(50:50) 4042-97- . 1221 0
HPMC-AS MG 01 3 i3
(25:75) 4103-01- 4 242.5
HPMC-P 01 5 239.2 300
6 242.4

(a): approximate ratio of Rifaximin to polymer, by weight.

Table 13. Rifaximin Concentrations of 50:50 (w/w) Rifaximin/HPMC-AS MG
Dispersion in pH 6.52 FASSIF Buffer at 37 °C

Dissolution Time Dilution Absorbance (d) Concentration
Vessel No (min.) (©) (ug/mL)
5 - 0.0159 0.34
10 - 0.0346 2.53
15 - 0.0569 5.13
1 30 - 0.09655 9.75
60 - 0.1626 17.46
90 - 0.2216 24.35
120 - 0.25625 28.39
1440 4 0.4093 184.99
5 2 0.02895 3.73
10 - 0.0304 2.04
15 - 0.04655 3.92
5 30 - 0.104 10.62
60 - 0.17755 19.21
90 - 0.248 27.43
120 - 0.3065 34.25
1440 4 0.3944 178.04
5 - 0.0107 -0.26
10 - 0.02555 1.47
15 - 0.03975 3.13
3 30 - 0.08735 8.68
60 - 0.1766 19.10
90 - 0.25815 28.61
120 - 0.32055 35.89
1440 4 0.4202 190.08

(c): certain samples were diluted before analyzed to avoid the possibility of falling outside the linearity range of the
instrument.

(d): absorbance data less than 0.05 is below instrument detection limit and therefore concentration calculated from
such absorbance is an approximate value.
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PLM pol ari zed light mcroscopy UV ultraviolet spectroscopy POLYMER HPMC- AS
hydr oxypr opyl met hyl cel |l ul ose acetate succinate HPMC- P hydroxypropyl net hyl
cel | ul osewphotradoagse FEudragit L100 ani onic pol yners wi t ircratsb@aanyizve aci d
as a functional group, dissolution at pH > 6.0 PVP K-90

pol yvi nyl pyrrol i done, grade K-90 RESULTS T, glass transition tenperature
ACp heat of Tahlkeddi tRifaxdaing€oncembtmagibns afi: Thow's) RifagimiaddPMgaP ddispersion in
irregul ar gQHUOSMPFANSITOBWSS1 4ti3831C B birefringence E extinction Exanmple 2.
Ternary Dispersion of 50:50 (ww) Rifaximn:HPMC-AS M5 A ternary

di sper si g Np golélg' 59556(1%W ’I'ﬁhé&ﬁfn rblﬁﬁl)\ﬁdﬁs N@bmﬁancée)g Vit % E;cht 'Elbr?(pgrn{hW
was prepg.pg&;%mm%m_w&ppm%d—gb
Ri faxi mn) by spray drying. scl ased herein ar@0i¥yeé anallytical 030

character|i zations for R faxindn ternary di $persipopsoas- prepared arhs
post-stress sanples at 70 C/'{5% Ryl for. 1 week angys3; week,| and posfsstress
sampl e at| 40 C/ 75% RH f o6 wgeks [and 12 weeks. Lif E
26) WO 2012/ 009388PCT/ US2B11043769—Charactert 2 90 EBR— ot
Di spersign CharacterizA?iond of The gpray M6idd Riflaxinin 28ghary
di spersion (50:50 (ww rifa%?m n]HPMC AS MG wi 0B7559 wt % Pl ur onizosF- 127)
are descr|ibed in Table 18. Tabl e 18. Characterizghisons of| Conbi nggsg
Ri faxi m n :I'er nary Di sper ?II onuRPI1ds - Spray Drying,.Sanpl € TD Ana[ySis

A\

102 74 N1

Resul ts (B)y—4103-74-01aXRPD
0.0329 233
10 - 0.06805 6.43
15 - 0.07905 7.71
5 30 - 0.13745 14.53
60 - 0.242 26.73
90 - 0.32595 36.52
120 - 0.40555 45.81
1440 4 0.38525 173.77
5 - 0.0155 0.30
10 - 0.057 5.14
15 - 0.09415 9.47
6 30 - 0.17145 18.49
60 - 0.2724 30.27
90 - 0.36815 41.45
120 - 0.43155 48.84
1440 4 0.3838 173.09

(d): certain samples were diluted before analyzed to avoid the possibility of falling outside the linearity range of the

instrument.
(e): absorbance data less than 0.05 is below instrument detection limit and therefore concentration calculated from
such absorbance is an approximate value.
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Stability Assessnent on Rifaximn Ternary D spersion

54). Physi cal

assessnent of physi cal

currently in progress by exposing solids to varied el evated

tenperature/relative humdity conditions,

An

stability of this rifaximn ternary dispersion is

i ncluding 25C/ 60%RH, 40C/ 75%H

and 70C/ 75%H for extended period of time. At designated tinme interval,
such as at 1 week, 3 week, 6 week,

and 12 weeks,
renoved fromstress conditions for characterization

sel ect ed sanples were
Tabl e 19

summari zed characterization results for the sanples that stressed at 70C

75%H condition 1 week and 3 weeks,

75%RH condi ti

on 6 weeks.

2012/ 009388PCT/ US2011/ 043769
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Tabl e 19. Physical Stability Evaluation on Rifaximn Ternary D spersion
Condition Time Habit/ Description Analysis Results (a) 70 C175% RH 1 week
or ange soWoadsiz/mgigsegates, no B/ E XRPD x-ray anor phous PCTMRSG1083Y6LC
(mdpoint, T g) 0.4 J/g.C (ACp) SEM aggl oner at es of col | apsed spheres
KF 3.80% 70 C175% RH 3 weeks dark orange solids, aggregates, no B/ E XRPD
X-ray anorphous nDSC 134 C (mdpoint, T g) 0.4 J/g.C (ACp) SEM
aggl oner at eTable 160/Avapaged Goicentestions oKES3 518 YRIfSInNDYHRNIC-P Dispersions in
pH 6.52 FASSIF Buffer at 37 °C

Dissolution Time Concentration Average. Standard
Concentration

Vessel No (min.) (ng/mL) (ug/mL) Deviation

Description (a)

0.30
5 2.33 0.98" 1.171
0.30
2.45
10 6.43 4.67° 2.030
5.14
4.65
15 771 7.28 2.442
9.47
12.77
30 14.53 15.26 2.935
18.49
29.33
60 26.73 28.78 1.840
30.27
42.08
90 36.52 40.02 3.041
41.45
51.58
120 45.81 48.75 2.886
48.84
178.16
1440 173.77 175.01 2.749

173.09

(25:75)
HPMC-P

[ N RV BN el VN SN el IV T B S et (RS TN B SN e IRV T B et IS T B N =2 VA B = W IRV T B

(a): approximate ratio of Rifaximin to polymer, by weight.
(b): absorbance data less than 0.05 is below instrument detection limit and therefore concentration
calculated from such absorbance is an approximate value.
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1-week stress sampte, whi abbrevaticonposed of ag@hloNeredDesripin col | apsed
spheres and| particles sizesbof sphekes parvdr dfiactohiticl Or m For the ganple
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UX0 O 75% = 3.47 and

POl htﬁq}cr%ﬁof’&'KF analysis f rifaximn
ternary disppersion afte RMr & ol lkeifoscppy0947g - Rl
1.2030 - R1F 4.63). By SHNMCd%&a.nJhwmhgmMWmmmWedmampkamésm@mnmosed of
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that was stfessed at 40CF"Yr%YRHY of 3. weskson 5013 6ls "are x-ray anor phous

t he 1-week characterizati

(Figure 55)| and di spl ay|avsk @@Ie ij@%mggp&ﬁmaﬁg&ﬁéxgé32 C wth the change
of heat capgcity 0.5 J/ g C(Figure g&%ﬁmmﬁ$n£8&$ﬁﬁﬁs 3737 W% of water by
KF(KF analysisfor Ri f &x n‘intcrn%:f E}IDIUII after—40—CE75%RH12
V\eeks; 1. 36187 g - R1= 3 A and 1. 1,vvt0 cap CI'SXC aligeR7\ SEM anal \/c| S (rlnfa not
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spheres and parti.cles si
t he as-preparegkﬁgférial
and Proceduf es

irr. Exanpl e BirreRildraxi m n Solid D spersion Conposition

decomp. decomposition
B birefringence
E extinction

Example 2. Ternary Dispersion of 50:50 (w/w) Rifaximin:HPMC-AS MG

A ternary dispersion of 50:50 (w/w) Rifaximin:HPMC-AS MG with 5.9 wt%
Pluronic F-127 was prepared in large quantity (containing approximately 110 g of
Rifaximin) by spray drying. Disclosed herein are the analytical characterizations for
Rifaximin ternary dispersion as-prepared and post-stress samples at 70 °C/75% RH for 1

week and 3 week, and post-stress sample at 40 °C/75% RH for 6 weeks and 12 weeks.
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Rifaximn Ternary Dispersion |Ingredients:
di spersions (50:50 ww Ri faxi m n: HPMC- AS MG wi t

wer e prepaoadidmesssnet hanol
processi ng organi ¢ sol vents.

Ri faximn 472 active pharnaceutical
cellul ose a
Pl uroni c F-

process

(RULE 26)

was stirredSpway Dryiimg . An orange sol uti on was obt ai ned.
-40 C R faximn and then

cln

E59Riceriiafibn 1F s

Spr ay [)Clﬁhﬂagteﬂ?iaﬁﬁﬂﬂuf €% spray drlaiflﬁfdxﬁhiﬂ teBlaRAYspelsi®P EISOIS0 NGV/WET €
prepared by spray dryi
34 g APl i nUfxapidiieM
t hen t he net hanol
tenperature for - 5 mnto

1 N

bbb

aximn ternary

Ri f
h 5.9 wt% Pl uronic

F-127)

using spray drying in cl osesdcmdeoiswii7abl e for
Ingredients are listed as below in Table 20:
Tabl e 20. Conponents of Rifaximn Solid D spersion Conponent ngig Purpose

i ngr edi ent Hydroxypropyl net hyl

éwgﬁg e M5 472 stabilizing age

€rsigB) atile: renmoved duri

both snma| | scal e

g APl) and | a
with 5.9 \ﬁ% P]E,lﬁglu‘s]ﬁré

T>-a§%%ﬁsgl@é%%b

o iF

HPMC-

nt
ng

e scale (>
faxi mn and
were added to a flask. The m xture was stirred at anbi ent

give a clear solution. 47 SUBSTI TUTE SHEET
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a sol ut

For
ion was prepared at

| ar ge- scal e_sanpl es,
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C for
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f or 1.5 |
The sanpl e
Experi nment ;
sumari zed
Ri faximn

g) Tenper af
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nmL 50. 34/5
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VIC- X&D&DI\/C
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nto the

50l uti on uf
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afm%hls
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WwWas r enove
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ure Concer
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Table 21. ExPerl fital Conditions to
Solvent ks m]ﬂﬂ z«an%\ and gRppEenA decpipp.

3

| U nnl

pol .

Pr epare
F127,

itration

(a/L) neﬂﬁﬁﬁ@ﬂamm@ﬂmﬁ@“T°@535/1 0529/

0. 1249

341eeHhénol

, IRLAPO

V. Wal 0 Ol

M. 34. 07/ 34. Qdilsthed@ith sfdhue 72. 2 et han

-~ fa¥al

ol, 1250

D. 32/ 5. 94
1250 nL

\d Ol0.

et IId.IIUI ’COH'&I&[QI}{\XAHTSH%&UI%OI U, J.'-I-I 5 JL

|
/
T

D W

- 40 C

~]
61591 agglomerates of collapsed spheres

PIL.M irregularly-shaped equant particles
d10 (um): 3.627, d50 (um): 8.233,
PSA i équumy17§§8
0.13 wt% (loss at 5%RH)
DVS 11.14 wt% (gain, 5-95% RH)
10.80 wt% (loss, 95-5% RH)
4074-89-01 (c¢) XRPD x-ray amorphous

(b): temperatures are round to the nearest degree; ACp is rounded to one decimal places and wt% is rounded to one

decimal place.

A high resolution XRPD pattern was acquired and material is x-ray amorphous

(Figure 46). By mDSC (Figure 47), a single apparent 7 is observed from the step change in

the reversing heat flow signal at approximately 136 °C with a heat capacity change at T, of

approximately

0.4 J/g-°C.

Thermogravimetric analysis coupled with infra-red spectroscopy (TG-IR) was

performed to analyze volatiles generated upon heating. The total weight loss of sample was

approximately 0.7 wt% to 100 °C and the dramatic change in the slope occurs at

approximately 202 °C (Figure 48). The Gram-Schmidt plot corresponds to the overall IR

intensity associated with volatiles released by a sample upon heating at 20 °C/min. By

Gram-Schmidt, a negligible increase of intensity upon heating is observed before ~ 7

minutes followed by a dramatic increase of intensity with the maximum at ~ 11.8 min. The

waterfall plot (data not shown) of this sample indicates volatile are released upon heating

after ~ 7 min (data is shown in Figure 49 using the linked IR spectrum at different time
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- 40 C 85 During the spray drying process, both the small and | arge
scale rifaximn ternary solutions were kept at anbient tenperature. The
punp % wawsoderwmesed during the process in an attenpt tecTarstoiolo4zras | et
tenperature above 40 C. The operating paraneters used for processing are
presented in Table 22 bel ow. Table 22. Operating Paraneters Used For

Pr ocessi ng Pohexis ah axBiplOesd vblatileo wefeallertifiicé tis tesidpal nigietng] B)m Aspprpatsong %

i i 1 50: 50" KT BTRRRERRE) SRR 58 st o AP 8 26" 05 a5 120
60-55 10.4 120 950r6Bord0 sikQoskdy 6thAidu3inchdtheOfR B4 BAmERCrckd Qnploydd (d 6
120 95 50- 30u1’[]B%9 ch]é:rl'agcte?lge ﬁl?s t]é?nmylc%(s)pe?séon The overlay of IR spectra for the dispersion and
X-ray amorphous Rifaximin is shown in Figure 50. Based on visual inspection, two spectra
are very similar. Similar observations can be drawn from the comparison of Raman analysis
(Figure 51). The sample is composed of agglomerates of collapsed spheres. Particles sizes
of spheres are not uniform, ranging from slightly larger to much less than 10 pm.

PLM images (data not shown) of solids dispersed in mineral oil were collected,
which indicate sample primarily is composed of irregularly-shaped equant particles
approximately 5-15 um in length with some agglomerates 20-50 um in length. Particle size
analysis (Figure 52) indicates that 50% of particles have size less than 8.233 um and 90% of
particles have size less than 17.530 um. Data was acquired in 2% (w/v) Lecithin in Isopar
G.

The DVS isotherm of solids is shown in Figure 53. The material exhibits a 0.13
wt% loss upon equilibration at 5% RH. Solids then gain 11.14 wt% between 5% and 95%
RH and exhibits some hysteresis with 10.80 wt% loss upon desorption from 95% to 5% RH.
XRPD analysis of the solids recovered after completion of the desorption step showed no

evidence of sharp peaks indicative of a crystalline solid (Figure 54).

Physical Stability Assessment on Rifaximin Ternary Dispersion

An assessment of physical stability of this rifaximin ternary dispersion is currently in
progress by exposing solids to varied elevated temperature/relative humidity conditions,
including 25°C/ 60%RH, 40°C/ 75%RH and 70°C/ 75%RH for extended period of time. At
designated time interval, such as at 1 week, 3 week, 6 week, and 12 weeks, selected samples
were removed from stress conditions for characterization.

Table 19 summarized characterization results for the samples that stressed at 70°C/
75%RH condition 1 week and 3 weeks, and the sample that stressed at 40°C/ 75%RH

condition 6 weeks.
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punp 65% while for others were neasured at punp 50%

(a):

(b):

50:50 is approximate ratio of Rifaximn to
5.9 % Pluronic is weight fraction to 50:50
ri faxi m rwbPM2/0b&88G di sper si on.

Fl ow rates are egCimst@do4Fbow rate
for 4103-41-01 was neasured at punp 35% for 4103-56-01 was neasured at
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(RULE 26) Table 19S(P|hbrﬂ@lrswlimyrféscillm‘thmmnsmfaxjmiiﬂ]dmgrw@ispelﬂinhed at 40 C
under vacuu ..‘.‘crdtl REHES Ae—hen stsrcAfl‘ll';l*s SHh—arbi et lts*(c)n‘pcratures over
desi ccant . lgpra ffr ng"f5 ceﬁgscrEgo npters . $pray Dryér - PSD 1 Two Fluid
Niro Nozzl ezl @1 QT T {deFd ~ordafllliad T ETXRES YETTPET SkH Fnorphobe 00 Uey C
Process gas| fl ow (mm{20) - [44dgeroddi@nib Zi MY NS [T C°°uf3$oc'(m}dpofnt T)J. bt Feed
rate - 4.7 kg/H CQuffl et tgnperéatiure { 55 3 dgg C S@hygobr@@p;enperature -
36 deg C st spray |dryi nd vacuum dr y aGggO egagéblr{eg{esozﬁgﬂ@gegspm l e 4.
Exenpl ary fprnul ati ofs for [m croni zedARE anorpnous, 94,1 ¢ _arsper(si on and
m croni zed CaPSHES QT BrebET[OWadilbrah@Dl § ZBRPDINGSE CapnHl SwmpWet € useq in the
dog study of Exanple|5. Tabl e 238ids, Capsul epdeor ful at 1 om-ccampasrhi on (|Sol i d
Di spersion |(SD) Capsyl es) I(ngeesdiertts|M croni 2ed Capsuil/es ARl Capsyl es
Anor phous Capsul es SID Capsyl es cr onil zedEMabl| et aselontaigl ded@sedsrtdoge %
g/ dose % g/ldose % a/dos e Rifaximn 9.5 &2 47.2 2.2 BU9% 2.2 42.47 2.2
40°C/75% RH | 6 weeks orange solids, XRPD x-ray amorphous
aggregates, no mDSC 133 °C (midpoint, 7,)
B/E 0.4 J/2°C (ACp)
SEM agglomerates of collapsed spheres
KF 4.05%
40°C/75% RH | 12 weeks orange solids, XRPD x-ray amorphous
aggregates, no mDSC 132 °C (midpoint, Ty)
B/E 0.5 1/g-°C (ACp)
SEM agglomerates of collapsed spheres
KF 3.37%

(a): temperatures are round to the nearest degree; ACp is rounded to one decimal places.

For a sample that was stressed at 70°C/ 75%RH for 1 week, solids are still x-ray
amorphous according to XRPD (Figure 55). A single 7, at approximately 134 °C was
observed from the apparent step change in the reversing heat flow signal in mDSC with the
change of heat capacity 0.4 J/ g °C, indicating the components of each dispersion remained
intimately miscible after stress (Figure 56). A non-reversible endotherm was observed at
approximately 54 °C which is likely due to the residual solvent from spray drying and
moisture that materials absorbed during stress, which is confirmed by KF analysis that
sample contains 3.80 wt% of water (KF analysis for Rifaximin ternary dispersion after 70
°CI75% RH 1week; 1.2855 g — R1=3.72 and .988 g — R1=3.87%). The sample is composed
of agglomerates of collapsed spheres and particles sizes of spheres are not uniform, which is
similar to the as-prepared material.

For the sample that was stressed at 70°C/ 75%RH for 3 weeks, although the color of
the material appeared to be darker than the 1-week sample, characterization results for 3-
week sample are similar to that for 1-week sample. Solids are also x-ray amorphous by
XRPD (Figure 55) and display a single 7, at approximately 134 °C by mDSC (Figure 57).
KF analysis indicates it contains 3.19 wt% of water (KF analysis for rifaximin ternary

dispersion after 70 °C/75% RH 3weeks; 1.2254g — R1 =3.45 and 1.1313g — R1 =2.93). By

SEM (data not shown), the material has morphology similar to the as-prepared dispersion
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and 1-week stress sample, which is composed of agglomerates of collapsed spheres and
particles sizes of spheres are not uniform.

For the sample that was stressed at 40°C/ 75%RH for 6 weeks, solids are still x-ray
amorphous according to XRPD (Figure 55). It has a single 7, at approximately 133 °C by
mDSC with the change of heat capacity 0.4 J/ g °C (Figure 58). It contains 4.05 wt% of
water by KF (KF analysis for rifaximin ternary dispersion after 40 °C/75% RH 6 weeks;
1.0947g — R1 = 3.47 and 1.2030 — R1= 4.63). By SEM (data not shown), the sample is
composed of agglomerates of collapsed spheres and particles sizes of spheres are not
uniform, which is similar to the as-prepared material.

For the sample that was stressed at 40°C/ 75%RH for 12 weeks, solids are x-ray
amorphous (Figure 55) and display a single 7, at approximately 132 °C with the change of
heat capacity 0.5 J/ g °C (Figure 59). It contains 3.37 wt% of water by KF (KF analysis for
Rifaximin ternary dispersion after 40 °C/75% RH 12 weeks; 1.3687 g - Rl= 3.06 and
1.1630 g — R1=3.67). SEM analysis (data not shown) indicates that the sample is composed
of agglomerates of collapsed spheres and particles sizes of spheres are not uniform, which is

similar to the as-prepared material.

Example 3. Rifaximin Solid Dispersion Composition and Procedures
Rifaximin Ternary Dispersion Ingredients:

Rifaximin ternary dispersions (50:50 w/w Rifaximin:HPMC-AS MG with 5.9 wt%
Pluronic F-127) were prepared from methanol using spray drying in closed mode suitable

for processing organic solvents. Ingredients are listed as below in Table 20:

Table 20. Components of Rifaximin Solid Dispersion

Component mg/g Purpose
Rifaximin 472 active pharmaceutical ingredient
Hydroxypropylmethyl cellulose
acetate succinate (HPMC-AS), Type 472 stabilizing agent
MG
Pluronic F-127 56 welling agent
Methanol -- volatile; removed during process

Spray Drying Procedures:

Rifaximin ternary dispersions were prepared by spray drying in both small scale (~1 g
API) and large scale (= 34 g APl in a single batch).

For the small-scale sample, rifaximin and then the methanol were added to a flask.

The mixture was stirred at ambient temperature for ~ 5 min to give a clear solution. HPMC-
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AS MG and Pluronic F-127 were added in succession and the sample was stirred for ~ 1hr.

An orange solution was obtained.

For large-scale samples, a solution was prepared at ~40 °C. Rifaximin and then

methanol were added to a flask and the mixture was stirred at ~40 °C for ~ Smin until clear.

HPMC-AS MG, and then Pluronic F-127 were added into the rifaximin solution under

stirring at ~40 °C. The sample continued to stir for ~ 1.5 hr to 2 hr at this temperature. A

dark red solution was obtained. The sample was removed from the hot plate and left at

ambient to cool.

Experimental conditions to prepare Rifaximin ternary solutions are summarized in

Table 21 below:

Table 21. Experimental Conditions to Prepare Rifaximin Ternary Solutions

Solvent weight Temperature Concentration (g/L)
(APIVHPMC AS
MG/Pluronic F127, g)
methanol, 100 mL 1.0535/1.0529/0.1249 ambient 22.3
methanol, 1000 mL 34.07/34.07/4.02 ~40°C 72.2
methanol, 1250 mL 50.34/50.32/5.94 ~40°C 85.3
methanol, 1250 mL 50.16/50.14/5.92 ~40°C 85
methanol, 1250 mL 50.05/50.06/5.91 ~40°C 85

During the spray drying process, both the small and large scale rifaximin ternary

solutions were kept at ambient temperature. The pump % was decreased during the process

in an attempt to control outlet temperature above 40 °C. The operating parameters used for

processing are presented in Table 22 below.

Table 22. Operating Parameters Used For Processing Rifaximin SD

Inlet Spray rate
temp. Aspirator | Pump Inlet temp. Outlet temp. b
Description (a) | (set, °C) Yo Yo (measured, °C) | (measured, °C) mL/min
50:50
Rifaximin:HPM
C-AS MG 120 95 35 120 60-55 10.4
5.9 wt%
Pluronic F-127 120 95 65-30 120-119 61-42 23
120 95 50-30 120-119 67-43 16
120 95 50-30 120-119 65-43 16
120 95 50-30 120-119 67-43 16

(a): 50:50 is approximate ratio of Rifaximin to polymer, by weight; 5.9 wt% Pluronic is weight fraction to 50:50
rifaximin: HPMC-AS MG dispersion.
(b): Flow rates are estimated. Flow rate for 4103-41-01 was measured at pump 35%; for 4103-56-01 was measured at
pump 65%, while for others were measured at pump 50%.
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Total 100 2.3 100 4.66 100 4.26 100 5.18 100 4.4 49 SUBSTI TUTE SHEET ( RULE
26) WD 2012/ 009388PCT/ US2011/ 043769 Tabl e 24. Manuf act ure of

rifaxi m rwbRPM2/00888PI ur oni ¢ 275ng Capsul es Conponent % PoTrusk@ 1/09376aps

Theo. Qy (g) Actual Qy (g) Rfaximn 42.47 275 113.7 113.7 HPMC-AS (type
M5 42.47 275 113.7 113.7 Pluronic F-127 5.04 32.63 13.49 13.49 Sodi um
Croscarnel | ose Ili02redvedad 2A6r8Rra@ 6lrdRe Mareddr{sdl at40rCCadsuy aeurs ifze2)B@irs

Gear 1 N Aar:lgcp t?ler:l3 thre %E & EI'acr)n(l)ieGn‘t"Ze'rnSperZa?u?r'es? over desiccant.

Spray Drying Process Parameters:

¢ Spray Dryer —PSD 1
Two Fluid Niro Nozzle
Nozzle orifice — Imm
Inlet gas temperature - 125+5 deg C
Process gas flow (mmH20) — 44
Atomizing gas pressure — 0.7 - 1 bar
Feed rate — 4.7 kg/Hr
Outlet temperature - 55+ 3 deg C
Solution temperature — 36 deg C
Post spray drying vacuum dry at 40 deg C for 48 hrs

Example 4.
Exemplary formulations for micronized, API, amorphous, solid dispersion and
micronized capsules are below in Table 23. These capsules were used in the dog study of

Example 5.

Table 23. Capsule Formulation composition (Solid Dispersion (SD) Capsules)

Ingredients Micronized API Capsules Amorphous SD Capsules Micronized
Capsules Capsules Tablets
Y% g/dose Y% g/dose Y% g/dose Y% g/dose Y% g/dos
e
Rifaximin 95.5 2.2 47.2 2.2 51.7 2.2 4247 2.2 50 2.2

Ac-di-sol 4.5 0.1 5 0.23 5 0.21 10.02 0.52 7.5 0.33
Mannitol 160C 47.8 2.23 43.3 1.84
Pluronic 188 5.04 0.26
HPMC AS 42.47 2.2
Avicel 113 26 1.14
Avicel 112 15 0.66
Magnesium 1 0.04
Stearate
Cab-o-sil 0.5 0.02

Avicel CL-611
Mannitol 160C
Total 100 2.3 100 4.66 100 4.26 100 5.18 100 4.4
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rifaximin. As shown in the Figures 61 — 63 rifaximin SD near 100% dissolution is

v

achieved in 0.45% SDS and the SD formulation dissolves more slowly than the amorphous

rifaximin.

Example 5. Pharmacokinetic (PK) studies of solid dispersion in capsules

Presented herein are dog pharmacokinetics (PK) studies comparing various forms of
rifaximin. PK following administration of rifaximin API in capsule, micronized API in
capsule, nanocrystal API in capsule (containing surfactant), amorphous in capsule, and solid
dispersion (SD) in capsule were tested.

In the SD dosage form, the polymer used was HPMC-AS at a drug to polymer ratio
of 50:50. The formulation also comprised pluronic F127 and crosscarmellose sodium (see

Example 4).
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360 344 904_API 3.56 1 1.21 5 6 6 905_API 2.94 1 1.53 5 6 6 906_API 24
0.52 7 7 mean 6.98 1 44.93 81 104 82 SD [0.5-24] 78.75 134 150 134
901_anor pNo20RA0438836 1407 1421 1407 902_anorph 5.93 2 2t@0752011/043769

A brief study design: male beagle dogs (N=6, approximately 10 kg) received
rifaximin 2200 mg in the dosage forms described above as a single dose (capsules, 275 mg,
8 capsules administered in rapid succession), in a cross-over design with one week washout
between phases. Blood was collected at timed intervals for 24 h after dosage administration,
and plasma was harvested for LC-MS/MS analysis. The mean concentrations are shown in
Figure 60.

Table 25 shows the PK parameters. From the table it can be seen that systemic

exposure of the solid dispersion formulation is greater than that of amorphous or crystalline

form (API) of rifaximin.

Table 25. PK Parameters of API, Amorphous and Solid Dispersion to Dogs

1D Half-life* Tmax Cmax AUClast | AUCINF obs | AUC_0-24
h h ng/mL | h*ng/mL h*ng/mL h*ng/mL
901_API 16.76 0.5 65.5 101 118 101
902_API 9.41 1 3.83 25 29 25
903_API 10.03 1 197 344 360 344
904_API 3.56 1 1.21 5 6 6
905_API 2.94 1 1.53 5 6 6
906_API 24 0.52 7 7
mean 6.98 1 44.93 81 104 82
SD [0.5-24] 78.75 134 150 134
901_amorph 5.38 1 536 1407 1421 1407
902_amorph 5.93 2 4100 12258 12762 12258
903_amorph 6.25 2 1050 3375 3523 3375
904_amorph 4.77 2 763 2291 2306 2291
905_amorph 7.72 1 1200 2041 2059 2041
906_amorph 5.63 2 704 2076 2090 2076
mean 5.88 2 1392.17 3908 4027 3908
SD [1-2] 1348.24 4141 4334 4141
901_SD amorph 6.66 2 491 1354 1394 1354
902_SD amorph 2.04 2 6550 25140 25149 25140
903_SD amorph 2.8 4 2410 10490 10508 10490
904_SD amorph 2.24 1 1410 6343 6350 6343
905_SD amorph 3.97 2 2860 7885 7895 7885
906_SD amorph 4.89 2 1900 4532 4558 4532
mean 3.01 2 3026 10878 10892 10878
SD [1-4] 2043.58 8267 8264 8267
*geomelric mean **median
and range

API exposures were low, in keeping with what has been previously observed for
rifaximin. In contrast, mean exposures (AUCinf) following amorphous and SD rifaximin
administration were substantially higher, with ~40-and ~100-fold greater exposure,

respectively, as compared with APL. Variability was high in all three dose groups. In
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4141 4334 4141 901_SD anor ph 6.66 2

general, the shapes of all three profiles were similar, suggesting effects of the dosage forms

on bioavailability without effects on clearance or volume of distribution.

Example 6. Human Clinical Studies

Rifaximin SDD with 10% CS formulation was used in human clinical studies.
Figure 65 shows the kinetic solubility of rifaximin SD granules 10% wt CS FaSSIF or 10%
wt CS FeSSIF (a) and the dissolution profiles of SDD tablet 10% CS in 0.2% SLS at pH 4.5,
5.5 and 7.4. As shown in the Figure 65, rifaximin SDD 100%, or near 100%, dissolution
is achieved in 0.2% SLS, pH 4.5, 5.5 and 7.4. Figure 66 shows that release can be delayed

up to two hours and extended up to three hours.

Example 7. Effects of Media pH on Dissolution

Figures 67 - 70 show the effects of media pH on Rifaximin SDD tablet SDD tablet
dissolution at various levels of CS: 0%, 2.5%,5%, and 10% CS. Figures 67 and 68 show
dissolution profiles of SDD tablet with 0%, 2.5%, 5% or 10% CS in 0.2%SDS at 2 hours pH
2.0, pH 4.5, 0.2% SDS pH 5.5, or 0.2% SDS, pH 7.4. TFigures 69 and 70 show the
dissolution profiles of SDD tablet 2.5% CS, 0% CS, 10% CS and 5% CS in 0.2% SLS,
pH4.5, 0.2% SLS, pH 5.5 and 0.2% SLS, pH 7.4. Figure 71 shows CS release mechanism.

Example 8.
Described herein are the preparation and characterization of rifaximin quaternary
dispersions with antioxidants. Antioxidants used were butylated hydroxyanisole (BHA),

butylated hydroxytoluene (BHT) and propyl gallate (PG).

Sample preparation and Characterization
Three rifaximin quaternary samples were prepared by spray drying from
methanol. Spray drying parameters are summarized in Table 26. Table 2 Parameters for

Samples Prepared by Spray Drying
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Table 26
Outlet
Sample Inlet Aspirator Inlet temp. temp. Spray
temp. Pump % (measured rate (a)
1D o % o (measured, .
(set, °C) , °C) °C) mL/min
0.063 wt%
Offgi:\‘“ 120 95 45-35 120-124 61-49 19
dispersion
0.063 wt%
ofBHTIN | 19 95 4535 120-121 60-50 20
dispersion
0.094 wt%
of propyl
gallate in 120 95 45-35 119-120 60-48 20
the
dispersion
(a): flow rates are estimated based on initial pump% of 45%.
Table 27 Characterization of Rifaximin Quaternary Samples
Habit/Description | Analysis Results (b)
orange solids, XRPD x-ray amorphous
irregular 133 °C (midpoint, 7,
aggregates, no B/E mDSC 0.3 J/(g."CIEACp) )
orange solids, XRPD x-ray amorphous
irregular 133 °C (midpoint, T,)
aggregates, no B/E mDSC 0.4 J/g-°C (ACp) :
orange solids, XRPD x-ray amorphous
irregular 134 °C (midpoint, 7,
aggregates, no B/E mDSC 0.4 J/(g"’CIE AC[,)) )

A small sub-lot from each of spray dried materials was visually inspected by
PLM and then characterized by XRPD and mDSC. Characterization results are
summarized in Table 27.

The prepared materials are x-ray amorphous, as shown in Figure 72 the overlay of
XRPD patterns, which agree with their PLM observations.

In the mDSC, each of material displays a single apparent T in the reversing heat
flow signal at approximately 133 °C (Figure 73, with 0.063 wt% BHA), 133 °C (Figure
74, with 0.063 wt% BHT), and 134 °C (Figure 75, with 0.094 wt% PG), which is
consistent with the 7, of the spray dried rifaximin ternary dispersion of 47.2:47.2:5.6
w/w/w/ rifaximin/HPMC-AS MG/Pluronic F-127 (135 or 136 °C).
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previously observed for rifaximn. In contrast, nmean exposures (AUC nf)

f ol | owi ngwermryitogass and SD rifaximn adm ni stration wer @eCyaissdiansizad | y

hi gher, with -40-and -100-fold greater exposure, respectively, as conpared
with API. Variability was high in all three dose groups. In 51 SUBSTI TUTE
SHEET ( RULEEXGmplg2rRifaximin Selid Digeessiohs al | three profiles were simlar,
suggesting effects of the dosage forns on bioavailability without effects
on clearance or walsungagfpldli stk i Borkh OBxed¥aRP! RiGogbiiBN ©F | MifSAMinSt Weld es
Rifaximn SDD with 10%C§ formul ati on was used in %uman clinical studies.
Fi gure 65 shb¥saceisicRi qparnositiop apnpiitige B spifaxi mi n SD granul es 10% w CS

10%CS i n 0. 2% s oprripes o R, ST BERO b i A 2R

rifaximn SbhidligR¥changabisaierdi@9vefelits s itk @finifsSrmaditicdyed in 0 2% SLS, pH
4.5, 5.5 and 7.4. Figure 66 shows that rel ease can be del ayed up to two
hours and ext enddde Fommete Hiaemensuels thepgempanents at eaptiatyre fpmpPRsitM 6h

Di ssol uti ong;s 4 6o Fd S RW dhenelit 85t étﬁ on Rifaximn
SDD t abl et bBXItrrg FSO éﬁgpe %I%Fon at va(rI?ous Fag)efg ?ﬂ&ﬂ %y 2.5% 5% and
10% CS. Fi gliabk 287 an@oﬁi&msitnm afi Rif0limin Solig Didfpelsien 6risilatioabl et wth 0%

2.5% 5%o0 c@gﬁ/gn@s in 0. 2PoRatstwd hours pHudeddn PH 4.5, 0.2% SDS pH 5.5,
or 0.2% SD FIgul £s,09 and 70 Sow It Isspratyion profiles of SDD
tablet 2.5%% ancé/ﬂ’és 0be ' and 5% Cs in 6 SonS &N il B 0. 206 SLS, pH
5.5 and 0. ‘"' S ure 7t —shows hani sm Exanple 8.
Descri bed h g%%ﬁilﬁﬁgdéf% pir_je aration and CF}S’a?)}u'g@y%dﬁaf%etrl gn of rifaximn
guat er nary h—art-ox-danrt-s—Artox-dants—ysed were butyl at ed
hydr oxyani t:R?lﬁxaFlﬂlf‘m but i1 -4 ed hydr axyt al .ﬁyﬁﬁFtHPhH—n and propyl gallate
(PG . Sanpl élromaewaqﬁsatl on AHWOChar act er i zat|i Risolution Enhafiter ge ri f axi mi n

quat ernary | S4#l es were prepared by spray |drying from mgt hanol. Spray
drying paranmeters are sumarized in Table 26. Table 2 Paraneters for

Sanpl es Pr egangdsibipn SPR&uxiRiy kol HpetiBSIR TipskleSHEET ( RULE 26) WO

2012/ 009388PCT/ US2011/ 043769 Table 26 Sanple ID Inlet (set, C tenp.
Aspirator %rRyrand:n! eiConfimitidn GIaREHEMin sdhd (@s‘f)él@ﬂ)ntlmpsﬁléeasur ed" O

Spray rate mm 0. 06 BHRA T t ersi omn | 95 45-35
120- 124 6149 } %% dﬁaé{??‘ H—the—eh :%2?{?.%8:". +26—9% 45 35 120-121
Rifaximin solid dlsperswn 75mg- 275mg *Active ingredient
(amorphous)
Hard Gelatin capsules 1 unit Capsule
Coni-Snap, Size 000,
Transparent

*Rifaximin dose equivalent

Description of Manufacturing Process and Process Controls

Manufacturing Process for Rifaximin Solid Dispersion Formulation

Table 30 sets forth the manufacture of Rifaximin solid dispersion microgranules
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60-50 20 0.094 Wt % of propyl gallate in the dispersion 120 95 45-35 119-120
60-48 20 (a): flowrates are estinmated based on initial punp% of 45%

Tabl e 27 wbaneoessgzati on of Rifaximn Quaternary Sanpl esThsbeti/oDFseri ption
Anal ysis Results (b) orange solids, irregular aggregates, no B/E XRPD x-ray
anor phous nDSC 133 C (mdpoint, T d 0.3 J/gC (ACp) orange solids,

irregul ar aggblegétes, no B/ E XRPD x-ray anorphous nDSC 133 C (mdpoint, T
d 0.4 J/gC (ACpXoaippngg solids, irreguracesaggregates, no B/ E XRPD x-ray
anor phous  nDSC {R34,.Gof M AP s colvRPaBmid. TPV ERS A smal | sub-I ot
fromeach of spray o?ri ed nmatlephd@Pslo@ieMh Mahinsl wkapect ed by PLM and t hen
characterized by XRPD and nOSC. OChaiaghed hgatioon resyults are summari zed in
Tabl e 27. The prRp&F @ materfials are x-ray anorphous| as shown in Figure 72
the overlay of XRPD patternsg, -ch. i .t hei r [ PLM observati ons.

In the nDSC, eadiPMC-A8teri al ﬂ%?éségggges%églp%égppa ent Tg in the
reversing heat flow signal gt approximately 133 C (Figure 73, wth 0.063

wt % BHA) , 133 j 74, mith 0.063 wt % BHT), and|134 C (Figure 75, with
0.094 wt % PG, 9\9\],{(1)%%&{{0%%4 stent—wththe TFgof the spray dried rifaximn
ternary dispersion of 47.2:47.2:5.6 wwlw rifaximn/HPMC-AS MZ Pl uronic
F-127 (135 or 136 C). 53 SUBSTITUTE SHEET (RULE 26) WD

2012/ 009388PCT/ ki33&bLtie 3769 Exeaigrl $r&): Drisr fspidymiynn&ol i d Di sper si ons

Feed Solution

'

Vacuum dry the Spray Dried material
for 48 hours

This is the Rifaximin Solid Dispersion

'

Croscarmellose Sodium | Blend the Rifaximin Solid Dispersion
with Croscarmellose Sodium.
Screen the blend through a #12
mesh and mix.

'

Roller compact the screened blend
and oscillate through a #14 mesh

This is the Rifaximin Solid Dispersion
Formulation.

'

Place the Rifaximin Solid Dispersion
Formulation into an appropriate
container.

Manufacturing Process for Rifaximin solid dispersion IR capsules

The manufacturing process the Rifaximin solid dispersion IR capsules is given in Table
31.
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This exanple sets forth exenplary mcrogranules of rifaximn and

phar maceuti cal conpositions conprising the sane. Spray dry di spersion
(SDD), soWvodotkimpssssi on, anor phous solid di spersion arePu3a$2011/043769

i nterchangabl ey herein to refer to the rifaximn formnul ations. The
conpl ete statenent of the conponents and quantitative conposition of

Ri f axi m n Sdlabkk 3k: s peMamifadtaraof Rifaximih kolic dispeitsidremidregiginuéss indRTabl e 28
Tabl e 28: Cogggsuldsi on of Rifaximn Solid D spersion Formulation Conponent
Quantity (%9 Fucg;nlpgﬁb.m faxi m n Drug mgbs&dsance 42.48 Active Ingredient

Hypronel | ose A . Ci N3 bi | i ty Enhancer

Pol oxamer 4038;)%&?@ %%E%%ar éé,@@g,ﬁﬁnrg%ild &%rgm um 10. 00 Di ssol ution
Enhancer Conposition of Rif ap@rm|gt|o$1qu.tbda¢m0§p@resdn@n | R capsul e Tabl e 29: Com
osition of Rifaximn solid dis erstlame theRapsulsul e Copponent Quantity
Function R faximn solid di spersion (anor phous) /5mg-275ng* Active

i ngredi ent Hard CGelatin capsul es Coni -g‘;ap Si ze 000, Transparent 1 unit
Capsul e *Rifaximn dose equvalent—Descrptien—of—|vanufacturing Process
and Process Controls Manuf a¢tiAPs; ﬁ:ﬁaﬁ%é%@d”l"@t‘a”ﬂ”foaxl nmn Solid Dispersion
Formul ati on Table 30 sets farth tFRPEAAFAIYF e of Rifaxinin solid

di spersion m crogranul es 54 SUBSTI TUTE SHEET (RULE 26) Table 30 Conponent
Met hanol Ri faxi m n HPMC- AS Pol oxaner 407 Feed Sol ution Croscarnel |l ose

Sodi um Pr otesspbrsgalwéryRigf mrcaysay, ardRVrAS ndrudbldP¥l. oxamer in Met hanol with
heating and agitation. This is the Feed Sol ution

Table 32: Spray Drying Process:

Spray Dryer — PSD 1

Two Fluid Niro Nozzle

Nozzle orifice — Imm

Inlet gas temperature - 125+£3 deg C

Process gas flow (mmH20) — 44

Atomizing gas pressure — 1 bar

Feed rate — 4.7 kg/Hr

Outlet temperature - 55+ 3 deg C

Solution temperature — 36 deg C

Post spray drying vacuum dry at 40 deg C for 48 hrs

Ingredients Micronized API Caps Amorphous Amorphous Micronized
Caps Caps SD caps Tab
g/do
o g/dose o g/dose o g/dose Yo se Yo g/dose
Rifaximin | 955 | 29 | 472 | 22 | 517 | 22 | 4247 | 22|50 | 22
Acdisol | 45 | 01 5 0.23 5 | 021 | 1002 |os2]| 75| 033
Mannitol
160C
47.8 2.23 43.3 1.84
Pluronic
188
5.04 | 0.26
HPMC AS 4247 | 22
Avicel 112 15 0.66
Magnesium
Stearate
1 0.04
Cab-o-sil 0.5 | 002
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Using a Spray Drier, Spray dry the Feed Sol uti on Vacuumdry the Spray Dried
material for 48 hours This is the Rifaximn Solid D spersion Blend the

Ri f axi m rw8abixboissper sion with Croscarnel | ose Sodi um $Scramsnoitijoes7ed end

t hrough a #12 nmesh and m x. Rol | er conpact the screened bl end and
oscillate through a #14 nmesh This is the Rifaximn Solid D spersion

For mul ati prvicBl@ce] t he |Ri faxilmin Sdlid Di dpersi n Forjul ati pn ifto an
appropriate aamtaiper. |Manufdcturing Procgss fof Rifaximn solid dispersion

| R capsul ufacturing process the lRifaxmn splid dispedsion/ IR
capsul es n Taple 31. 55 4UBSTI TUTE SHEET (RULE 26) T4ble B1:
capsul es o nt| R faximn|solid [di spergion Fprnulation Procgss Tfansfer
t he requi r | of e —sod dlopci‘oi r—orratatt+pr—to—epch
capsul e ahd ¢P'dse | HEO chp2dl 4. 100 Fl a¢66 edcH0@apstle | néi0vi HEABI|y100nk 04.4

appropriate cont ai ner Exenpl ary spary dryi ng processes are set forth in

Tabl e 32. T 2 n ces Two FlLuid
N To° Noszl o EXRERI 10: P beser el o B Propusl el (iiaining Rikaxisglt sptid
Process gasmﬁpBW‘?“mﬂ—IZO) - 44 Atom 2| ng gas pressure - 1 bar Feed rate -

4.7 kg/H CQutlet_tenperature - %C Sol ution tenperature - 36.d C
Post spray dryi n&isFiRsedihesgiy 1étd1§§9h’(9‘@§ t3 dpr 1qdlesromnigied gmatstials pfc polkig zed

Caps APl Ca@?sp%lfg%rpﬁ(&ﬁﬁmm with varying levels (0, 2.5%, 5%, and 10%) of croscarmellose
sodium.

Three roller compacted material of Amorphous Solid Dispersion Rifaximin with

varying levels (0, 2.5%, 5%) of croscarmellose sodium were dissolution tested. Results

are compared to dissolution of the rifaximin granules with 10% croscarmellose sodium.

Dissolution Studies with USP Paddle Method

Dissolution tests were performed on as received roller compacted materials of
Solid Dispersion Rifaximin with 0, 2.5 wt%, and 5 wt% croscarmellose sodium.
Powders of solids were directly added into pH 6.5 FaSSIF buffer with gentle agitation of
the media (50 rpm paddle stirrer) at 37 °C for 24 hrs.

At designated time points of 5, 10, 20, 30, 60, 90, 120, 240 and 1440 minutes,
aliquots were removed from each of the samples. Analysis of the date indicates that an
increase in rifaximin concentration is apparent with the rising croscarmellose sodium
level in materials, particularly in the early stage of the dissolution. After 24 hrs, the
rifaximin concentration from granules containing 5 wt% croscarmellose sodium 1is

similar to granules with 10 wt% croscarmellose sodium.

Example 11: Characterization of Rifaximin Solid Dispersion Powder 42.48% w/w
Described herein is the characterization of Rifaximin Solid Dispersion Powder
42.48% wiw. Dissolution testing was also performed on the material at pH 6.5 in FaSSIF
at 37 °C.
A sample of rifaximin ternary dispersion was characterized by XRPD, mDSC,

TG-IR, SEM and KF.
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Caps Anorphous SD caps M cronized Tab % g/ dose % g/ dose % g/ dose % g/ do se
% g/ dose Rifaximn 95.5 2.2 47.2 2.2 51.7 2.2 42.47 2.2 50 2.2 Ac-di-sol
4.5 0.1 5w0.28R/0983821 10.02 0.52 7.5 0.33 Mannitol 160CPCTARB28104289 43. 3
1.84 Pl uroni c 188

X-ray powder diffraction (XRPD) analysis using a method for Rifaximin Solid
Dispersion Powder 42.48% w/w was conducted. The XRPD pattern by visual inspection
is x-ray amorphous with no sharp peaks (Figure 76). By mDSC a single apparent 7 is
observed from the step change in the reversing heat flow signal at approximately 134 °C
with a heat capacity change at T, of approximately 0.36 J/g-°C.

Thermogravimetric analysis coupled with infra-red spectroscopy (TG-IR) was
performed to analyze volatiles generated upon heating. The total weight loss of sample
was approximately 0.4 wt% to 100 °C, and a dramatic change in the slope occurs at
approximately 190 °C which is likely due to decomposition. The Gram-Schmidt plot
corresponds to the overall IR intensity associated with volatiles released by a sample
upon heating at 20 °C/min. Gram-Schmidt indicates that volatiles are released upon
heating after ~ 8min, and volatiles were identified as residual methanol from the
processing solvent in spray drying and possible acetic acid from HPMC-AS MG.

KF analysis indicates that the material contains 1.07 wt% water [(1.00 + 1.13)/2
=1.07%].

Example 12: Methods for Spray drying Rifaximin ternary dispersion (50:50 w/w
Rifaximin:HPMC-AS MG with 5.9 wt% Pluronic F-127).

Provided herein are procedures to spray dry Rifaximin ternary dispersion (50:50

w/w Rifaximin:HPMC-AS MG with 5.9 wt% Pluronic F-127).

Rifaximin ternary dispersions (50:50 w/w Rifaximin:HPMC-AS MG with 5.9
wt% Pluronic F-127) were prepared from methanol using Biichi B-290 Mini Spray

Dryer in closed mode suitable for processing organic solvents. Ingredients are listed in

Table 33 below:
Table 33
No. Component mg/g Purpose
1 Rifaximin 472 | active pharmaceutical ingredient
Hydroxypropylmethyl cellulose
2 | acetate succinate (HPMC-AS), Type 472 stabilizing agent
MG
3 Pluronic F-127 56 welling agent
4 Methanol -- volatile; removed during process
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5.04 0. 26 HPMC AS 42. 47 2.2 Avi cel 113 26 1.14 Avicel
15 0. 66 Magnesi um St earate 1 0.04 Cab-o-sil
WO 2012/009388 PCT/US2011/043769

Rifaximin ternary dispersions were prepared by spray drying in both small scale

(~1 g API) and large scale (= 34 ¢ API in a single batch).

For a small-scale sample, rifaximin and then the methanol were added into a
clean flask. The mixture was stirred at ambient for ~ 5 min to give a clear solution.
HPMC-AS MG and Pluronic F-127 were added in succession and the sample was stirred

for ~ 1hr. An orange solution was obtained.

For a large-scale sample, a solution was prepared at ~40 °C. Rifaximin and then
methanol were added to a clean flask and the mixture was stirred at ~40 °C for ~ Smin
until clear. HPMC-AS MG, and then Pluronic F-127 were added into the rifaximin
solution under stirring at ~40 °C. The sample continued to stir for ~ 1.5 hr to 2 hr at this
temperature. A dark red solution was obtained. The sample was removed from the hot

plate and left at ambient to cool.

Experimental conditions to prepare Rifaximin ternary solutions are summarized

in Table 34 below:

59

SUBSTITUTE SHEET (RULE 26)

112



0.5 0.02 56 SUBSTI TUTE SHEET (RULE 26) WD 2012/ 009388PCT/ US2011/ 043769
Avi cel CL- 611 Manni t ol 160C Total 100 2.3 100 4.66 100
4.26 100 w0oDL812100038¢. 4 Exanple 10: Characterization of PcugsBwiomusrsy Sanpl es
Containing Rifaximn Solid D spersion Di scl osed herein is dissolution
data for roller conpacted nmaterials of Solid Dispersion Rfaximn with

varyi ng | evéhble(3@, 2.5% 5% and 1099 of croscarnel | ose sodi um Thr ee
rol | er conpaeted—raterial ARBF ﬂhm'c Sel-d sperstonRHaxmHA—- W th
varying |l eyels (0, .2.5% ?‘@d&ﬁ | | ose| TadpdnminerEndinsindb Ut i on
tested. Resul tgglé{?"é conpa M i g(}{rﬁ?r(?ﬂlcof theerifaxi mmgananul es with
10% cr oS Cal Rt O3 S 08 Ge M D SRl b S oAp U eST Wt RSP hod
Di ssol uti of te linol'\i"" perfofrfiet—on—as teceive FoTer cofpacted—rmterial s
of Solid Di sper sl faX| m n 340784.07/4.22 5 wt % | and#05Cwt % cr g8€ar nel | ose
sodi um Po ‘Mﬁetﬁ 1?50' rrds—were—drrectty—added—nto—pH-65+FaSSH—Huf f er
with gentl e agi %rg‘il on aof the Mmed#a0.8B9% pm paddl e-BX°Crrer) &06.337 ¢ for 24
hrs.

metha“moﬁ’ 1250 50.16/50.14/5.92 ~40°C 85.0

methanol, 1250 50.05/50.06/5.91 ~40°C 85.0

ml
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particularly in the
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Tabl e 33

Ingredients are listed in Table 33 bel ow
Conmponent ngig Purpose 1 Rifaximn 472 active pharnmaceuti cal

i ngredi ent Exhimplo k3. NapyliniedlYdtac frim/| fosmubtiohabepantison aatlalosePAAEI RGN
Type MG 472 stabilizing agent 3 Pluronic F-127 56 wetting agent 4 Methanol

-~ vol ati | e9%8%noved during process
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SDD formulaton (dosed as SDD powder in gelatin capsules). In order of decreasing

exposure among forms dosed in gelatin capsule formulation, SDD > amorphous > iota >

micronzed > eta>current crystalline API. Lower in systemic exposure than all of those
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met hanol , 100 nL 1.0535/1.0529/0.1249 anbi ent 22.3 nethanol, 1000 nL
34.07/34.07/4.02 - 40 C 72.2 nethanol, 1250 mL 50.34/50.32/5.94 - 40 C 85.3
met hanol ,wd2b2/mh3880. 16/ 50. 14/ 5. 92 - 40 C 85. 0 net hanol pctaBseo1mio43769
50.05/50.06/5.91 - 40 C 85.0 60 SUBSTI TUTE SHEET (RULE 26) WO

2012/ 009388PCT/ US2011/ 043769 During spray drying process, both the
smal |l and | aregﬁesm'atcmizeidf | pamisiont fermaltayiors tetdnstnsedvpoedérefor oadl anpkneivh)

t enperature. e rease ng ess._in te t to control
outl et terrpé’il%gl‘? QUi b%ﬁ?%d%%a*ﬁﬂéa@ﬁteﬁ hlfhag d%ei%%e%h@wvé% %trm dPbEREsi ng
are presenteg, n Table 35 below. Table 35: D Description (a) Inlet tenp.

(set, C) Aspirato r%Pump % Inlet tenp. (measured, C) Qutlet tenp.
(measured, C) Spray rate (b) nl/mn 50:50 Rifaximn: HPMC-AS MG 5.9 w %

Pluronic F J[%gle%%o

HL_Lambda_z Tmax Cmax AUCall AUCINF_obs

h h ng/mL.  h*ng/mL h*ng/mL
Eta 9.70 1.5 162.28 434.14 608.14
Iota 6.56 2 276.50 718.23 739.94
Amorphous 5.82 2 1392.17 3907.84  4026.86
API capsules 5.64 1 44.93 81.20 103.83
SDD 3.16 2 2603.50 9290.71  9308.83
Micronized capsules 8.10 1 47343 894.65 905.97
Micronized suspension 522 3 0.68 5.11 8.41
Micronized tablets 4.77 5 0.83 6.81 10.20
Nanocrystal capsules 5.01 5 0.99 9.05 8.70

Figure 78 shows the results of the dog dose escalation, in which dogs received
single doses of the SDD formulation in capsules, at doses from 150 mg to 2200 mg. The
results indicate an essentially linear dose escalation (increases in exposure that are
approximately proportional to increase in dose) up to 550 mg, followed by a greater-
than-proportional increase at 1100 mg and 2200 mg. This is quite unusual in the linear
range in that the current crystalline form of rifaxmin does not dose escalate, generally,
exposure does not increase substantially on increasing dose. The greater than dose
proportional increase on increasing dose is also remarkable and suggests that, at the
higher doses, rifaximin is saturating intestinal P-glycoprotein transport that would

otherwise limit systemic absorption, thereby allowing increased absorption.

Example 14. Human studies

Described herein are clinical studies carried in ten male human subjects. Figure
79 sets out the quotient study design for rifaximin SDD dose escalation. Figure 80
outlines the dose escalation/ regional absorption study, dose escalation/ dose selection.
Figures 81 and 82 show representative subject data from an exemplary dose escalation
study. Mean data (linear scale and log scale) is shown in Figures 83 and 84,
respectively. Mean profiles, log scale. Terminal phases are parallel, in clearance
mechanisms. A summary of rifaximin SDD dose escalation is shown indicating that it is

likely that there is not saturation of any metabolic or other systemic Figure 85. To
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95 35 120 60-55 10.4 120 95 65-30 120-119 61-42 23 120 95 50-30 120-119
67-43 16 120 95 50-30 120-119 65-43 16 120 95 50-30 120-119 67-43 16

(a): 50: 59o0i2s12a0pssexi mate ratio of Rifaximn to pol ymer pChoyuSesiigind7sy 5. 9 wt %
Pluronic is weight fraction to 50:50 Rifaximn: HPMC- AS MG di spersion. (b):
flowrates are estimated. Flow rate for 4103-41-01 was neasured at punp
35% for 4108nb@ridd thas anessighlyddat pmpqntlcﬁﬁ%nthiséseinfcmpomlrheé@&axvmdeAUC)
nmeasur ed at Solids recovered afte pr We e dried
at 40 C und@Pt%\r}g‘&rﬁ%ﬁ‘?FF%Posﬂa%‘m@ BhEopraRltipte ‘@dAQ a%lP (fredzer)
over desiccapf de@y@@%f dcde h‘f?:ﬂsa@és' ”fu?t%l:r Qﬁ@ll@atlr{gora'f’fl eﬁﬂ’i ”&Bs@%ﬁtf&ﬁ %ﬁmﬁ\?' son
and dose rangi ng 'n dogs Described herein s non-tlinical data,

form f or nul éstqrmhoramvlﬁ:afrnegmnah abseipgen datd). SDD mosat eladuge myuiine ﬁmgsarkﬁplgm e 77

i ndi cates the sof t wo_ st udi nducted . to char cter

e oacoki nd fotEe 19y Cippr Rk Y65 S Rd R AR PR a8 5 N e and
formul ati ong §Lﬁbﬂ1ﬁiﬂi\gn19tl@at$h1@gb Qluﬁé %WQQ%?lte B ampél %ﬁﬁwaﬁtsm\dﬁfa%sclﬂu hed at
timed interval s over the 24 after single dose adm nistration (2200 ny

total dose pWQ@a@ha%a@@ya@ﬂadﬂﬁT dreswsnlling formylationor Takeal tpg¢therofthe refsam m n

concentrati ?IQI?CatéD }% Rak HEIIF_. lé/u 1%%6(? Séohﬁfl@d t}t?ax 1? Q&l%%gt | T&ptt%l 1rp?éar§€<ge

The results are shown in forms/tormu ons ‘shown

spray- dri edldthFRefeahlvohsoviedimhmavithhechnghissts @xpasyie sysnicterpoiQhat t he
hi ghest bi oaval | abj | i t resulted fromadm nistration of the SDD formnul aton
(dosed as SHhgBwign 1%%@1%%8% & PEIRRES pXCTptioTy thpd rarg freflegtiveast RETEXp8Eur e
anong forms dosed §n.q6latdgn capsul e fornulation, SDD > anorphous > iota >
m cronzed > eta>current crystalline API. Lower in systenm c exposure than
all of those 61 BUBSTdoFhHeEf BMEESM aRIShils %)shomnelnthgum%ozmdz&ﬂ dispebiss on
formul ation (reco i.tuted gowder for ora suspens and. the current 550

my Xifaxan CABPEE. biteNgEasBe 9855 ©n CWnbﬁFyﬁ gonFlBl'a 1869mft8¥1%°
Tabl e 36 systerfile_PRMOAA n8ted MRXFigEI¥BET, as compared to the PK of rifaximin from the

current formulation, the SDD formulation at the same dose shows an approximate 6.4-
fold increase in Cyax and an approximate 8.9-fold increase in AUC. Nonetheless, these
exposures are less than those observed in any hepatic impaired subject with the current

tablet formulation.

63

SUBSTITUTE SHEET (RULE 26)



AUCal | AUCI NF_obs h h ng/m h*ng/nL h*ng/nmL Eta 9.70 1.5 162.28 434.14
608.14 lota 6.56 2 276.50 718.23 739.94 Anorphous 5.82 2 1392.17 3907. 84
4026. 86 APD 20mypmodses 5.64 1 44.93 81.20 103.83 SDD 3. PETAIS26084569 9290. 71
9308.83 M croni zed capsules 8.10 1 473.43 894.65 905.97 M croni zed
suspension 5.22

Example 15. Exemplary Tablet Formulations

According to certain exemplary embodiments, microgranules, blends and tablets

are formulated as set forth in Table 37, below

Table 37.

T Granistey

Reiqudes

Wi {2.5% v Few {105
Carnpotent Funetinn Nowefee I OS5 5} 3w (5N ER) 5}
472 &G0 S84 4248
472 &G0 S84 4248
38 548 5.3% S04
3 2.5 S 18
100 109G pivyg 104G
g Fak mgd Tab g Tab mgd Tak
BI%5R ES2.34 RERLE TU& 2L
188,488 13252 B 38
S35 2.5 1.5
1.7 17 LY
335 A ZF &35
BISAT 85003 B0
o {2.5% R AN
Lirrparsat Frinetion sy {086 O C8) i {ENCH) 8}
15.39 35 A% 35,25 3535
15.39 3548 35,25 3535
£1% .18 418 |15
000 1.82 A5d 231
19.853 1753 15.5% 11,22
500 S0 500 5.00
O 9.3 H20 G20
0.58 G953 56 &50
1 196 0 199
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3 0.68 5.11 8.41 Mcronized tablets 4.77 5 0.83 6.81 10.20 Nanocrystal
capsules 5.01 5 0.99 9.05 8.70 Figure 78 shows the results of the
dog dose wecalzmpsa, in which dogs received singl e dosegcofustoie/ o0sDby

formul ation in capsules, at doses from 150 ng to 2200 ng. The results
indicate an essentially linear dose escalation (increases in exposure that
are apptB¥iHetBI) Hroportional to increase in dose) up to 550 ng, followed
by a greaterthan-proportional increase at 1100 ng and 2200 ng. This is
quite unusual in the linear range in that the current crystalline form of
rifaxmn dods notA Ggesolid dispasion dérerainy, exposure does not increase
substantially on increasing dose. The greater than dose proportional

i ncrease on increasing dose is also remarkabl e and suggests that, at the

hi gher dosesk ri fﬁxifmnnadcgrdmtglchlﬁmrigthn@iesﬂnd feath s@iydiypoprovéiifaximians por t

t hat wo nm c...a oW n reased
absor pt P%%rﬁc e nﬁlaﬁw[ﬂnﬁ%sgﬁal& cPg ﬂarl? rgg%rﬁtﬁggﬁéﬁbesroéf:ljl uéersg Zrl?hl cal
st udi esl7¢ca,Bil echdi36. t en mal e human subjects. Figure 79 sets out the quotient
study design for rifaximn SDD dose escal ation. Figure 80 outlines the dose
escal ation/ regional absorption study, dose escal ation/ dose sel ection.

Figures 81 and 82rnzhem iRBF dﬂ?&@kﬁim\lewﬁéiblheﬁ‘éfoﬂﬁtsé’hcf di9H8r&ibn QKﬁfﬁﬁin’ﬂhyS dose
escal ati on study. Mean data (linear scale and | og scal e% is shown

Fi gures %ctaﬂ%fdéwa%@fﬁ%@lﬁx&@?%ﬂﬂﬂl@a@ﬁ%ﬁﬁ@@% Fo§-KeaP4o: fﬂe%ln%éﬁ phases
are pargligeh,qg3n cl earance nechani sms. A summary of rifaximn SDD dose
escalation is shown indicating that it is likely that there is not
saturation of any nmetabolic or other system c Figure 85. To 62 SUBSTI TUTE
SHEET ( RULE ,26) r r r I ases
n oxposur s o End N of e LR hedBEEn R PERREL AR o IfER

mul t i plgasandnskd@ tempdratpteg'Tepl unims. Tnax is not del ayed by dose i ncreases,
further indicating an early absorption wi ndow (corroborated by regional
absorption data). The percent of dose in urine is remarkable in that it
stays |w, apierfesmi aRbeling 0.020di 1| vaRseifh TEE 2 GsLine ke vaH apURFeade h. This
result is surprising inthat this is quite lowin spite of the significant
i ncr eadHdaximip €pSEiRIen exposure as conpared with the crystalline
formul ati on. Taken together, the results indicate a considerably increased

solubility that presumably |eads to increased |ocal/lumenal soluble
rifaxinmn, Wth adedwpamepidndinof daes Whergy s fam creesepesiFe), 735ur it lhout

S|gn|fu&%ﬂgmhg§&g§§1 éikﬁﬁﬁbmﬂ{xagﬁﬁﬁﬁﬁ %¥&q5hat are reflective of percent

of rifaxinin dose absor sage form conparisons are shown
in Figures 86 and 87. The tables conpare SDD at increasing doses to the

current cry aII| e fornul ation of. systemc P A in Figure
e commr od tHedHE protmetR L Bpe e ERECRsh e FESOT AR S ¢ e
SDD f orviaekatsbiar aad stlneray am®rihdsLacs bR talXRAPRr oXi mate 6.4- fold increase in

Crax and an approximate 8.9-fold increase in AUC. Nonethel ess, these
exposures are |l ess than those observed in any hepatic inpaired subject with

the current g abl efhefromiitlcaidi oof@l&é%ﬁﬁ&% Eor%i%%é"se& RUdeC 20, RMBr 6
2012/ 009388PCT/ US2011/ 043769 anpl e . _Exenpl ary Tabl et Formul ati ons

Accordﬂﬁ@k%GO@EﬁW%ﬁﬁUEKEﬂﬁmﬁﬁvu%ﬁﬁQ@M#EHQQUH%1crogranules bl ends and
tablets are fornulated as set forth in Table 37, bel ow Table 37.
Ctsktn.pa,r.,rant FA 4V4...) 9%V W 0% C51 '.4s.4,i|iv ..12..,5%CS) %teeltm
iT.""A CS) %L+11h fdrm dR96d@E)to of claind P, whedein a formdgresse@ at 70°C/ 75%RH for 12

weeks, solids are still Xx-ray amorphous according to XRPD.

10. A microgranule comprising the solid dispersion form of rifaximin as described in

any one of claims 1-9.

11. The microgranule of claim 10, further comprising a polymer.
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S.. 46532 LGt T, cfV: N'k;:+"':;:::?;

3W: AR f':::::': 25810 Ty - 4: 1|00100 NG 130
rrg/ Tabtrzwmzbtmm.%‘ﬁab R .- 210, 0., 3L PCTUS2€31/043769 S3. -

. 3. ?!..:-: i f, ri..i: 635 53 852. 34 SO 35 706 21 ,.I N-111132
EA_ A4 1&! C 149 13h8 11%%0g?2}21\1}16 of gianﬁ 15, wherela the golin:n:en: c::(érr'lpris' S 8]:16 or'r fn:o're' 6f f42 S,
425 423pofl}zlnﬁllpyrroilldc7ne (]PVPZ %ade7Kr90 hgdroxyprbp;g methylcellu]ose L%Z}ﬁlatfi (HPFé/[%T }3)
...... a-la

. S50. Ograde 55, flydroxypropyl methylcellulose acetate succinate (HPMC AS) grades HG and MG, or a
polymethacrylate (Eudragit® 1.100-55).

13. The microgranule of claim 12, wherein the microgranule comprises 25-75%
polymer.

14. The microgranule of claim 13, wherein the microgranule comprises 40-60%
polymer.

15. The microgranule of claim 14, wherein the microgranule comprises 40-50%
polymer.

16. The microgranule of claim 15, wherein the microgranule comprises 42-44%
polymer.

17. The microgranule of claim 11, wherein the microgranule comprises equal

amounts of rifaximin and polymer.

18. The microgranule of claim 10, further comprising an intragranular release

controlling agent.

19. The microgranule of claim 18, wherein the intragranular release controlling

agent comprises between about 2 wt% to about 40 wt% of the microgranule.

20. The microgranule of claim 19, wherein the intragranular release controlling

agent comprises between about 5 wt% to about 20 wt% of the microgranule.

21. The microgranule of claim 20, wherein the intragranular release controlling

agent comprises about 10 wt% of the formulation.

22. The microgranule of claim 18, wherein the intragranular release controlling

agent comprises a pharmaceutically acceptable excepient.
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:R130.,&1 .Conmspo.r.l.t Fl.;:nmt.:62t.; ,..:,. Wfiv. (0%CS) CS) (2...5%%
tviw {:"S", '.,C-51CSFF-...:::.:,..;:..nin’?731' 3,,,,,;. .35.2:3
35..32 952923&/@93%8FI PME.: .A<:. N...,1,,enDf- .35.2:3 35CT3@2(&5E@3735 29
AL .1 N11:32 Frlkr1953 1735 1533 1122 a I T LI T I
10"- cen 2! R -. V- '-:::.:.:::-.i..}

311 S I 1 1 GO . 5. MSO .c. &-C-||:6:;<;:i:.
1: - 0, \?/)V g-l % E) "I;I*%Qnﬁro graﬁu‘?e J)isolalm 22 wherein thf 1ntragrar.1ullz.1r.r.el_ease colntrolhng9

49: 50 036agent comprises a pharmaceutlcally acceptable exceplent disintegrant, crosprov1done
sodium starch glycolate, corn starch, microcrystalline cellulose, cellulosic derivatives,

sodium bicarbonate, and sodium alginate.

24. The microgranule of claim 10, further comprising a surfactant.
25. The microgranule of claim 24, wherein the surfactant is a non-ionic.
26. The microgranule of claim 25, wherein the non-ionic surfactant comprises

between about 2 wt% to about 10 wt% of the microgranule.

27. The microgranule of claim 26, wherein the non-ionic surfactant comprises

between about 4 wt% to about 8 wt% of the microgranule .

28. The microgranule of claim 27, wherein the non-ionic surfactant comprises about

5.0 wt% of the microgranule .

29. The microgranule of claim 24, wherein the non-ionic surfactant comprises a
poloxamer.

30. The microgranule of claim 25, wherein the poloxamer comprises poloxamer 407.

31. The microgranule of claim 10, further comprising an antioxidant.

32. The microgranule of claim 31, wherein the antioxidant is selected from the group

consisting of butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and propyl
gallate (PG).

33. The microgranule of claim 31, wherein the antioxidant comprises between

about 0.1 wt% to about 3 wt% of the microgranule.
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2012/ 009388PCT/ US2011/ 043769 What is clained is: 1. Aformsolid
di sper si omoab1wdopamgi m n. 2. The form accordi ng toPclraiseoiijo43veer ei n
the formsolid dispersion of rifaximn is characterized by an XRPD

substantially sim/lar to one or. nore of the XRPDs of Figures 2, 7, 12, 17,
22, 31, and 3. 1he mlc§9gr?ﬁlélef9§rﬂﬁ%égrmh‘?§ellﬁd & PATIaT goEEH BT m
solid ddbﬁlﬁ{fﬁ.ﬂv%t&ibohtf%&%%ﬂle'rﬁic%ﬁﬁ erized by a Thernmogram
substantially simlar to Figures 3-6, 8-11, 13-16, 18-21, 23-26, 27-30, and
32. 4. The formaccording to of claim1, wherein the formhas the
appear ance a sjngle glass.transition tenperature. (Tq). 5. The form
o ng tovor b Aol oA G GPRTRer it HEIEARR IS, of o Pentl eaged
rifaxi rgiameqocynt rati on 6. The formaccording to of claim1l1, wherein
a formstressed at 70C 75%H for 1 week, solids are still x-ray anorphous
according to XRPD. 7. The formaccording to of claiml, wherein a
formstress at £0C/ 759RH.for 3 weeks, .sol i re still .x-ray anmorphous
hocor di ng- & o txrpg e PhafaGUlic ot SRT ot SRIm 08, AGePLimonshad 8 BTROR"

f or m stghaaseduadal | §ACteptdIEXEpien®. Wweeks, solids are still x-ray anorphous
according to XRPD. 9. The formaccording to of claiml1l, wherein a
formstressed at 70C 75%H for 12 weeks, solids are still x-ray anorphous
accordi ng t @7XRPQye pharmacdificaltoffipeiRt GNHif BORRELS! MYcdul}fs®iBh bonptigper si on
formof rifaximn as described in any one of clainms 1-9. 11. The

m cr ogrédaflbleorshpseleai m 10, further conprising a pol ymer. 65 SUBSTI TUTE SHEET
(RULE 26) WD 2012/ 009388PCT/ US2011/ 043769 12. The m crogranul e of
claim11l, wherein the polynmer conprises one or nore of polyvinylpyrrolidone
(PVP) gr ade 3K- 90, Theyptinmay@rtioplydonmpesitiyt efedldinl 35sehghinhibd plitaem{ddPidal P) gr ade

55, hydroxypr.opyl neth ({rc.e | ul ose acetate succinate (HPMC-AS) grades HG and
MG, or C§W§$§?£¥WW%% lgn{eﬁﬁa?agi t(r) L100-55). 13. The nicrogranul e
of claim 12, wherein the mcrogranul e conprises 25-75% pol yner. 14.
The m crogranul e of claim 13, wherein the m crogranul e conprises 40-60%

pol yner . 39. A ghargeytical qoginesitior compepiag mPiafaxigpiar 2Pl yige avEregttanul e
conpri sgg a‘%@l‘e?%%oﬂ%ﬁi loent. 16. The mcrogranul e of claim 15, wherein
the m crogranul e conpriseés 42-44% pol ymer. 17. The m crogranul e of
claim11l, wherein the mcrogranul e conprises equal amounts of rifaximn and
pol yner . 40. Ti8.phFheacritorabgerapesiteonodf ctdisi 38, ¢Onpfising Brrifeximpn, ISPME -an

i nt | troll . 19. Th i | f
::Inair ?ng;%’um\ﬁé?%&!rﬁ? ;agldiccﬁ‘glﬁcélg?eéfr?g‘?gg%giease controlli ﬁgma;re(rjlg r 2glrjrprei ges

bet ween about 2 wt% to about 40 wt % of the m crogranul e. 20. The

m crogr anul e410fThé€ | phbfakButioMn esiapabididieofl Mimaay, ibdted the phe@sReeal r ol i ng
agent conprises between about 5 wt%to about 20 wt % of the m crogranul e.
21. Theompepivgradaitablegs oepidbm 20, wherein the intragranul ar rel ease
controlling agent conprises about 10 wt % of the formnul ation. 22. The

m cr ogr anul | : Qs I r Se. COf | 1i ng
agent compr Foed"a B o A B AR Ao T PR Rl
SHEET (IRufidan26) WO 2012/ 009388PCT/ US2011/ 043769 23. The mcrogranul e of
claim 22, wherein the intragranul ar rel ease controlling agent conprises a

G ar o ol yeoralle FEGPR-Qraf oo oLy il TRE ERr R egen Beriraues "

der i vatdougsisessRdiatobbimgropenaiee foraid Tavdizum al gi nat e. 24. The

m crogranul e of claim 10, further conprising a surfactant. 25. The

m crogranul e of claim 24, wherein the surfactant is a non-ionic. 26.
The mi crogr apul e@gro@és@lpr%&mcﬂ@%rs%1i@dfs siDPBr 1ifARinfin SHhHRgHANt conpri ses
bet ween about 2 wt% to about 10 W % of the m crogranul e. 27. The

m crogr anul enakingd gy ogncthwnel. ¢ifpxipie apotynicopida Sulettaet ant conpri ses

bet ween aboy ra?rd\“ﬁfi%%&g @l ut 8 wt% of the mcrogranul e . 28. The

m crogranul e” of cla m 2 , “Wherein the non-ionic surfactant conprises about
5.0 wt % of the mcrogranule . 29. The mcrogranul e of claim 24,

wherein the Zgon-jfgni C S rfac& ant co%ai ses aﬂjgog oxaner. .. 30. The
m crogranul e”of ¢l BT 25" RIAEFEEA P “ BRI ORARET “E oD 8EE ol oxanmer 407.
31. The m cragiisudlermpbf wtdandl, Haxifi, PIC-AOMWG fil pgloaddmed iy padddant .
32. The mcrogranule of claim 31, wherein the antioxidant is selected from
the group consisting of butylated hydroxyani sole (BHA), butylated
hydr oxyt ol uene (BHT) and propyl gallate (PG. 33. The m crogranul e of
claim 31, wherein the antioxidant conpsi ses between about 0.1 w % to about
3 wt% of the mcrogranule. 67 SUBSTI TUTE SHEET ( RULE 26)
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WO 2012/ 009388PCT/ US2011/ 043769 34. The mcrogranul e of claim 31,
wherein the anti oxi dant conprises between about 0.5 wt% to about 1 wt % of

t he m cr oyoanid®93ss 35. A pharmaceutical conpositi orCTarspeil®i3rge t he

m crogranul e of any one of clains 10-34. 36. The pharnaceuti cal
conposition of claim35, further conprising one or nore pharnmaceutically
accept abl e éyggﬁkgﬁggmshny 37. The pharnmaceutical conposition of claim
35, wherein the conposition conprises a tablet or capsule. 38. The
pharmaceutical conposition of claim37, wherein the pharmaceutical

conposi t i on 4onprA gwses felinspducingriam solid dispersdan ofxilgraT reQBRIISIREAING OF
Corrpos'rf‘d)rg%fﬁl‘érl%'iﬂoﬁkﬂ&e&:‘lﬁTdbie‘%)i'Snar@ a polyner, a surfactant, and a rel ease
controlling agent hé pharnmaceutical conposition of cl ai m 39,
conprising SD rifaximn, HPMCAS, pluronic F127, and croscarnell ose Na (CS).
41. The pharmaceuti cal conposition of clain139, wherei n the pharnaceuti cal
conpositions are tablets or pills. 42. The pharmaceutical conposition
of claim39, further conprise fillers, glidants or |ubricants. 43.
The pharnmaceuti cal conposition of any one of clains 40-42, wherein the
conposition conprises the ratio of conponents set forth in Table 37. 44. A
process for producing a solid dispersion of rifaximn conprising: making a
slurry of nethanol, rifaximn, a polymer and a surfactant; spray drying the
slurry 45. A process for producing a solid dispersion of rifaximn
conprising: nmaking a slurry of nethanol, rifaximn, HPMC-AS MG and

pol oxanmer 407; and 68 SUBSTI TUTE SHEET (RULE 26) spray drying the slurry..
46. A process for producing formsolid dispersion of rifaximn conprising
one or nore of the nmethods listed in Tables 1,5 or 9.
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