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This invention relates to conpositions for delivering active principles, in

parti cul awvoaetonsssopri nciples in a liquid state. The conposirrR@w/ osmys be used

for exanple in 5 pharmaceuticals, cosnetics, healthcare, veterinary,

aquacul ture, fernmentation, diagnostics,1 food clean-tech and environnent al

appl i cagdmpesitidmEoniprsiid ON Drbpd rel ates to net hods of making the

conposi tions, nethods of using them and other subject nmatter. BACKGROUND

[ 0002] For a variety of reasons, it is desirable in the fields of

phar magegy1] C & inGRiBR ISR té@tf)rﬁﬁgsltlﬁseférndéh@@rrhg S0k QERAPBY, iRRdrticher

envi ronrrent to maintain, deliver and adm nister (or use) active principles

in a flaglive ginsicles iplajiayicstatee| Tinsi oompsgitiae maydeyseddPpPeaieiter al |y act

fasger ﬁ%ggn&%%ﬁcéf?rc%sﬁﬁhé\skh%aﬁﬂ&%ﬂ%’ggteﬂﬁa@r qd&ﬁﬁlﬁrgufe?rjﬁéﬁ(taﬁ@r?%r%%%é,

menbr anes especi al’ly natural nenbranes such as s mucous ranes or

ot her dedd clmvtﬁcamé)ewhmm@ﬁahappmat@ny Tbe inventiont #leo rlatey & pethedsof e.  For

speci fi I@Rptl (o) i 15suppl emrent s and

phar macngu I chF%HpBQ';ﬁcsﬁ%gtsﬁﬂ?édb cg%'?g@ﬂ@%ﬁq%% %Ctt H%gtg{orl nci pl es as

sol uti YRCIKE bWI'J ds in order to increase and/or accel erate absorption or

ef fect ‘and/or "to enhance the control and/or predictability of absorption or

ef fect [oom/el?@'ra vdrlety ofsreasuhs| |tmdmablemdtrtedlehns dfgharsiaitieale. @smietcd, | ght
d tend to require s C|a cont ai pent , f or transport

F aiRer 9oL ipeRdror ap O AN R B ERIeAL BUF Al ebée BB RRbuTRE: B 358N i as

(eg apmlcﬁwmq!raﬂaﬁhﬂhta Mhtale&}‘ﬂf@?ﬂfolm%ﬂ a@flv@ﬁhﬁplf@g@fdralyséct fa%t@(@?@:’ ial |y
easier than furt rocessin j gui at least require a filling
Step | hebs Doreuitn et o e dete Al abRebRy B AimbEnes eroceiAkpr e

I'i qui drhdrhibrafes lidh-aedkirt aRolie enisigtked ¢t dthd ded AbnstraRd < AR Soliadd dry
pharmaceutl cals industries, which are essentially limted in size in part

by t he fRISRTRS gCtvedUinFiets- Fer srasiie\pepligatiops P'i“?'h%f orghgdminisiiatien aifeodeneral Iy
oK § d'sﬁBbI@Mlehtsté?\df&fa%b@élﬁicélg iflisesRAKIe td RFhVIEURE achi PinchIdh as Sautpgage
forns than solids. It would therefore be desirable to have a form which

pr esentos liqyigs i aigen t@énqr%ﬁeeﬁfldé‘ﬁtaém?'ﬁraée abseratencer &fignt W/@ra@@lni?a%ﬂjthﬂl rectly
manuf achpedas p?élﬁﬁ&ﬂhtwaff bssarsﬁaﬂ 8 gt PRRTBEL S o n%' 6 hadgpenieded
above. [0003] Shin ter Sci: Mater describe a solid
emul si Giabiree. gf tsxllghbpwtallr aBd)tmdu t0é¢qulr@fspﬁylar@qmammgnta‘ﬁdtranq@@rmeg valsdrugs. A
solid i i spersed
a1 el SR AR dor e Xpn ) Tl frop el SRRl ehind |
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resul ti C Lna. hetweel

ind o (TS LR SRS dDlh HuRE e A R Shbe kAR o RBe sy R 45,

react i rgampke, fiqpligHfited smft-g\elrmapsqumelﬂydi ircthk doaf euppiEnents 35d plearmeseaficaler s

cast scl)l derruE eg Fly\q nttdvvo filns Lg B]orm%.l.z m*n.taic sheth
Accor di"'fg >G5 ﬁ@é‘f grsenrially Tled 1 pirg RIS BU S PRAI L IR & A5V G e

i n itsfidiagl Thus ftumdmecgleberaw}n%@é.Gvffibaﬂ&ﬂ)ﬂiﬂﬁﬂiVaEHBQﬂ:ﬂiréléfﬁlaa&dﬁaammMQ i mpart

1 2for oo BEBR M an | ANYRMEFFSIS b7 SeriEoleahiea aPes BRAarS-sia v ¢ he

cr 0SS- ldctiNd .rr\grdaaaﬁt@rneaaw@ﬂwﬁrcatcah tbec‘e@an;eéhd)dukecdy apinetRtUréd an®tiedpddange
5-20m inmbilized jndiy c¥ or as coal esced nei ghbouring droplets. 5

[ 0004] f%amﬁhelﬂea?ﬂt?ﬁah@?? fj‘é? DBAPPEER i on of the present invention is in
formul ation for oral adm nistration of active pharnmaceuti cal s
nutraceuticals and food additives as well as inmmunonodul at

i munon®MAlaPhingelshal &bMatar S¢i: MriersVpph PRPRIstes cribeg e@@ar]mlviapn §9bf@é§>§fcal or al
adgpni %Teﬁ\?’ér¥ eﬂhyd?oﬁrhlﬁ;sa%fllp%bﬂ.ﬁ@ dM@@ @%nd/@mmrsfoﬂ% Rbend] %t%.&eoﬂ &)ué.el fition
for local etfect or system c absorption, it nust usual e stabil |zed

bef ore mehe%lg@ld(ls dispaed dn pﬂlwéc'ﬁ@\@iﬁvq’ﬁr%ﬂ@%@ﬁ akduwtf@tt@mtqwdmt@@n ofia-

degr ad t: h
dogr oed i MoMBEEIN i ER e FoBLE ool pfikElis ARoRF RO aRIo bl i ¢

ef f ect croﬁsrlleﬁmgrb@tweemorpteﬁr)(@]:tlrmm@ aeatabilizeqand ermsiit ethwhine blypa{BERY) obl ens

in dev ' i ng
scal cabeTe GERhsATTRIR N RESEERE <RA% ARDoRRR B NGB HFolgRiands

pr BAci dhe researchene caldlsbliceeradiston gehbetaweleotwo finatayfolnea de%mneﬂnbjkeshegt for

| ocal Otre o i sease, for presentation of the. i ve

ori nei el R eL S pd oo LEREEGye pifse B R BRCO N It B kot i on,
additional constraints and requirenents arise. Related or separate issues
nmust be overcone if the active principle (and/or associ ated excipients) is
desired to sequester, absorb or adsorb toxins, pollutants or other
exogenous agents. 25[0008] A variety of solutions to these individual



[ 0010] Sone of the issues nentioned above can be subdivided into nore
specific chall enges. For exanple, the general requirenent for the active
princi pl evoaotre13sevesol uti on can be 35addressed by for nulpatrippgotionsésas a

di ssol ved state and mai ntaining that dissolved state until release so

avoi ding reliance on dissolution in vivo (a "pre-dissolved" active

princi pin@)thenlitgartWt20d.g/ \&8&6&99@“’ 6rEEﬁﬂ 1€ RB38 rdicheTha emalsicthablvengeist hen

beconmes how to |nta| t he sol ybili tateadpr vent r Iease until the
Car get NPLIREDITBHE oF SgVEETSR)! 116 Ul Eruliion SeloBEHP s GiooaPK SRR 11 ¢ need

Wi t hi n ckdRed progsiflcosted il lipspRsts (d.@rhetelaear@@ts YBurRY ihiheadnlzed irdivagudlip op&®! ut i on
is the maji ntenance of the formulated active principle in a dissolved state

as wel ICO8§SEEMRRIPRAWIINI FaRiGtS-di spersion/egress fromits carrier or matrix.
[00&82] A part| cular problemin formulating active principles in a dissolved
state &eg by encapsul ati on of solution in mnispheres) arises when such
dosage [? A pedicgles indysiipt aprlioponyardhisspieaerirnanantion isnp dermplationdorr@please
char actghiibfin oFBeN %ﬁrrﬂgcéﬁﬁﬁlerﬁﬁ%éutfdéhé ancidbl AU EKs &l §9' ctabl e
rel ease of active principle In astro-intestinal tract
t hr oughmawpﬁ@dﬁwta@m emmmebtnpd@jawfg tberq@@lde and gupotesnents. mat | on) in the
coating, create excess variability in release within a popul ation. 15[ 0013]
For hydrophobic active principles, it is particularly desirable to increase
watlér 40008)iHor sycaessioi @al ddnintsyraton wdhésedeld thenaatigapengplalmust by imsautieduce
voIat|I|t |sI a I t v |I|t f active
ori ot grdSea el EC s BptBR, s MRsfAI be SRE2ATbeRR e HlochOl e
has beexmtbotuamsfmm;degrradm)gtsrtomach mqlzeoHaidgyadmdnfpretdzotyyc Ieoztemésretn)saraslt must
descri S 2006/0 48756 r
Cyol oddR AT RERLP WILAFTOR CHIRCE ST BaIR b Tersaelie it MariGe: 18] on iptemic
manuf acffgct ingequirddqual ity control conmplexity to oral drug formul ation and
manuf acture. [0014] The oral delivery of conbinations of otherw se

3 ico-chemcally inconpatible drugs or of drugs (especially oil-soluble
dr ugs) [00063 AddRilofal(reqlifersstts which7Rde brdohsma wdetvelo@sﬁ@lbréhﬁ)saé@fwﬂn@mnt or

undesireable taste or snell of active principles, been addressed by
drug d@laﬁ%'éf‘? CQSiH R8I URSIHR ¢ HIdig ?i@tea@tﬂ'%é%rﬁ%”ﬁ@“tw{‘hﬁhe'&“‘?l ngl e

adm nistrative form- see for exanple US 7,431, 943 (\/IIa et al.). In such
cases, the objective is often to prevent a first drug) hydr ophobi ¢ drug

wi t h | i[09Q7ddf toe apiive prpciple isdabe delivared kuhefcolom e miad eldeﬁtsea,ttbmacfpr lgcelh a
seoqnd i aitfedt B9 A ARIBLL GollidBe L RHOU AT abiReHHERRSOEDbL RLlinRlind t(ﬂelrshﬁ
case of a single active principle to marntain it in liquid orm eg as a
| i qui d fomysteniie hi vmahatipahdostioni adilionabconstkintaanderegris¢menis arise.dialaied oit i s
deIiver VA r ok

| ocat i onga'JIan 'ggdci:én rﬁu{tub(% Oﬁgﬂdgﬁ%pa}tﬁ% ?aé%'Yé Ema %éé’n’z%%ﬁ éefgt:ag K gr%bl[sl) 1talsled or

del ayedesie¢wssqoesier, agsord omlassoran@tlmseqbotllﬁanﬂs@rOthgag eka»gempus hgedpat i al
asymmetries in the dosage formpotentially |lead to unpredictable rel ease
characteristics and/ or unacceptable variability of drug rel ease,
35Bb0aJe008) A Varteyy ofrsothitivastcthebée mdodduat pop@nschavierbegh hdgntiied det it dinsdrenct

ki netic rlge%n[%ase VO 2010/ 3|3609£>CT/b P2010/ ?56838| 4 characteristi cz appl y to
each c§ P eSAlYSMUTR'S YRR PrAPTERs $MUIRReqUS!YAR /i NS R@hEPRA9edr

si mul t amecidvé absaned dbrmtttioh MsRied bHYSftarDgreaien &t waleransdlmtgé er pedrin Wit@ﬂ 15] A
rel ated challenge in co-delivery (follow ng co-adm nistration) of nore than
one actSPVResIVEENMIES- i s control (avoi dance or enhancenent, depending on
the desired outcone) of interactions between the two or nore active
principles (or indeed, excipients) at the poi nt(sg of release. [0016] A

f uPhed0 ine @Oy e Aesgriber ryMURSieniisfeieE Sreovitasy orgater fiivpierdpeolyile BT RoG(ly
capsul §R&r-sHMHIdL&RRYMtifed Ormat is that for mnicapsules to form there is
a very lowthreshold for surfactant in the core and this places a
constraint on fornulation options should it be desireable (see below) to

i nclud |

sur f acd PR e Foaht ssld AEnlib it ShoB chin bR ShPal el FRFHTR: WD fialciles, o
sur f actf@anexamplet the gesdiat taqpiteinaniior thamstive pdnadiple tabs ndsdiwtionlrandier f act ant i n
{8 Ot ABAER 1 G ' Ssbiba Blaud BF fiRRRMh TG ot EASRc8 SHALBRE

mondl i th a shell “or caﬁsuﬁ ar layer may be

desi r edeled$riso atoidiag reblencb o dtsablutlcbminf\mron(al“ajteedit;siodumidd acteedripcipled.dr her
pre-solubilized active principles with surfactants which, as nentioned, may
for a variety of reasons be desireable. [0017] US Pharmacopoi ea (USP),

Eur opean Phar nacopoi ea (EP), Japanese Pharmacopoi ea 20(JP) and others are
of ficial public standards-setting authorities for nedicines and ot her
health care products manuf actured or sol d |n the Unlted St at es, Europe

- -~ o o o . . I



30[ 0018] The advantage of conpendial nmethods is their relative sinplicity.
Their perceived di sadavantage is their relatively poor predictive value in
terns of weensip@l i kely in vivo peformance even w th addigreen/09ds3s
surfactant to the medium In order to enhance predictability, various

non- conpendi al nmedia as well as nore eldaborate dissolution apparatus and

met hodseamtuaemiamgngérmeﬁ\tedorines hbwoé hainthihtioe Sclubikteritdtae ankd\Ardlieb) rdease been
deveI ope%otﬁarti cuI (’; re coI opic rel ease - see e.g. Klein et

, Jun ?F%EFH&G% é SEIN 260“@8? 6-219.
2010/ 133609PCT/ EP2010/ 056838 5 [19] Surfactants are al so known to have
been incorporated in agral pharmaceutical formulations, often as corrponents
of (usdBIWHA rther spegdic seed mithii tBa geperakientirgmeantder e ﬁ‘ﬁt"(ﬁr RIECLRIG faskst ip
Sy St enmgo(u#5idshe WHiStEnH @ Aithe RIMASRIENI D NivE RiRdpIRTH QRI%sHREE Bt hangeus! y
formenul sions on addition to water (sonetines therefore referred to as
pr e- emimeiegigdsly affgretispersien/sgieps Hp@piscpsiarer fMaéde enul sions are very snal |,
they are referred to as m croenul sions (and their precursors as SMVEDDS).
[20] In general, the presence of surfactants in pharmaceutical formnulations
can be [8@12] A partieulznpralbleernp formulatingiactivenerinstriescin agtisdsilMed statbt(eg nd ot her s,
t he nat V0 I i e e G
tract . apesfoh® saDho RXRpRERLRE k2o IR HEER @ BRI WI®, e
G 10r apoblyarads tnterfdeditd magtife dtdgeieieaa@sbarpcteoansnme toaingysdyepregergifulcul at i on

and thi IV C it a , u

o st SuTElntl e Rl Eleas® chde LG iple R oM g RRELG T Moo
hydr ophmbredlmiaibj@swelhbg\eﬁ/@fporzhtiw (go@l foofatmnaln tte wgatihe), meetqex&ssmanaiillmpms
(or not IsoI el Xﬁ Sys te[ntc absorption. If system c absorption was not wanted,
for 15&KGATT &P ARSOHI2YQ%1 i very with reduced, linited or negligible
system c absorption was the objective, the requi rement or rol e if any, for

sur fact ant e different Wth t r api ro ress i

bi 6?%“&@1339,;7& Xb‘gﬁ?h%c a9twss°“ap'5?ese'&5@%@?@%&6@5%‘5 Prﬁe?%wetﬂnse'uawm S.
A wi de oy adiscsitty @b metsltdﬁerémet&ﬁwah@%@uaé velBHIEE It i NkéWis: BGoBPIBRRSI,
20nucl ei ¢ aci ds, nt heti c pepti des, enze{]me substrates and i nhibitors.

Al t houdhe @%@b'awf eg@ﬁtgve;paﬂ@ﬁke aFdcWpBCheibiogvalahildy-Onmyrarerdidodagse

functi ofiges H'Q§beéﬁ td Lré‘:‘erﬁy@ro@eﬂhfﬁ 'e%lde(t,laltanéﬂfféd‘bﬁ:'id%fexf?lhélagldeQ@rF[cféHseeg Qh Ushe
uni que phé/SI cochem cal properties of Pc des i'ncludi ng nol ecul ar Si ze,

poor s@00B/01 #3156 Ahdrarcy Pl dl Megves, lUse 6T cycafigxiraraiboydhy vadyris Bl nagiiaylar
meghRani I cdFESRY kdown
i PR e bt ity RS S A R R il e Lt
been ugeahufastirepr ove the oral absorption and enhance the bioavailability of
peptide drugs. In recent years, enhanced bioavailability after oral

adm ni strati on has been reported by using mcroemnmul sion systens which are

t her nnleOfbﬁthnaldrgd detiedrly of cd>reIminatixm‘sccdIotryer\mlsea)hydccspImrelcalhlsnmfmmarhble adrogsci bl e

| i qui ds oi |._and. wat er Id& rfacial film
sur f act’ a?ifg%%?z Stﬂeg'éﬁly %h\é\g}gﬁ\?grﬁq gé”ss ofoq%gﬁ{ %%%%9 )Qﬁrﬁa rtodn %Skqhgl ivery
sygbenminpatird or npdesieablettasté odsmell sbdaaibelprllapiee,rhafsmiaepranidmssed) by agay nst
enzymatj ¢ hydrolysis,. as.well as the potentia nced absorption (eg
Fr om ¢ ey Sratro naving s FrsoRbREREN BT * Sl i SRR TR /o8 ReRihni | | Ly
\(;mhanﬁefexample LDQZL43Hbmenua étl?:ecér)en a0éh &d;arme objThes |st°fteh|€tG praveat a Yist balgyl es
IC under st oqQ r.to design. a croenul si on S
U ¢ abIlED PO al SRE G st o G0 iSRS COUBb LG OB e
such a%e@éﬂ!ﬂdr@l;;?g hydr¥phils @8 didsened #f aqidoudAdllietB ol n tﬁ@@é%oﬁé‘éﬁn]&glb%ctl\\/@
2010/ 133609PCT. 2010/ 056838 6 size of mcroenulsion droplets all affect
outBon®ringipledn daiptaingtia liguif et oras aliwid cug Withiue carvR) cifRedPtmasht i es
ari se 38sRRIbIR dritlidi@RCRIPEred i haRkbatbre Td%s&l@e@ WEdrRCt & dddiel htetinal
consideration which is itself affected by the choice of oil in the oil
phase &fdlien. |8 syeit aituptions, PeHtcUlRAY When sirenigiicapstaipped or delpyglielersp spatinge
drug whi gf, Baanetaqe@hé/vdﬁaglf%{rﬁtth@geg.ai Byrietrieid Wb Rt oRh pmeqq&.gmgéwn
systens 1s ciclosporin I nternati onal Non-Proprietary
known aspeagidtarie mleaneechamctergliopand/pmunacaertallevartiahidy 0§9@géﬁ+ﬁ>@$e C| cI os porl n
t ai TS| I ) as a
SuPP s aa bR OIRE B rFBRbCkoRl FRRpRCIESE) |
tryglyceride (Captex 3550) as an oil, Gao et al (1998) in International
Journal of Pharmaceutics 161 (1998) 75-86 achi eved m croenul sion stability
with high ciclosporin A solubility, small droplet size and fast dispersion
rate when selecting a Crenophor ELO 15Transcut 0l10: Captex 355(r) ratio of
10:5:4. No further fornulation of these m croenul sions was described. [25]
UK patent appl | cat| on 2 222 770 (SANDOZ LTD) descrl bes gal en| c for rrul at| ons
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delivery to the colon and/or to sections of the G T where absorption of
cyclosporinis limted. [26] Kimet al. (Pharmaceutical Research, Vol 18,
N4, 2001)woesarisbe@oa conbi ned oral dosing regi men of pregrEPeENESEON
concentrates (as in UK patent application 2,222,770) and 30enteric coated
solid-state prem croenul sion concentratdes with the objective of achieving

hi gh S}Cﬁb%@teﬁisﬁ&ﬁ@rﬂl} foach @bmparmgnDTals dmhdkesit difficl® o adhieveaidntroRsEs.g.

m cr oemul s ons ar rnped on dd|t| on, t vvater/ ueous nedia. The enteric
Coat od B oSt Siteasp et B s SORPEel AT SIS . by mxi ng the oI phase
(prem croemul si on concent rat e) w th pol yner dr ssol ved in acetone. Renoval

of acetone | eaves a fil i is then powder

2010/ 11%@@)@?9@3‘)&05‘68‘3@ Cfe“V[e'ZW(fo"PWF’Q(F(S’FW'B'SH?%H%”@FE’ then eRiaste

absgr ptyjiARpRfis domes (dVoRiBntBer Eﬁ?rlué?f%erﬁéﬁt %Bpérﬁtﬁﬁg b Pne%s'iré@bhﬁtc%bh%? g nmust
prevent the release of the drug in @gﬁéﬁr part of the AT é@t rel ease it
e

on reaMP'ﬁ@t'@ﬂ‘ﬁebQi‘GﬁththeAwarot ”qu@ﬁptptedﬂ (@eindoed. excipipniso gt BetPaliatish of he
col oni ¢ygLid eu (eg specific bacteria or their enzymes), pure fornulation
appr oacﬁes I nclude pH and tinme- 5dependent pol yner-nedi ated technol ogi es.
However, while variations in pH between the small intestine and the col on
are wel bet ween

i ndi vi é{)}%@%’{ﬁﬁﬁérﬁ%&# |.|8§tkc91'£hﬂ{(?eﬁ3 ﬁﬁ]e %srp(gtazlﬁjuu%c?gth@%e(\'{é?drtsyjl() aining a
pr édi ctnaibicepsiteifprmet ie disd fanmmrclaesula's ttﬁoderiear@esrta vsy;stbwrt’eredquidrﬁror snfatiaet

Lhae In lieTRc@hnd s S8pds'S binsttk B ol tdtfon dplion st BRI RN RebL 1,

time nmﬁld\/\eadlrtcmdeei eafzetaot intthe liguid aoti. \Ters(rabectateepm negdofoe purfatettbesienral |

1 1 th 1 f th | at . Th
ot o 57eats GRS pitie MRt Sprelhges REMR RS drabaR R0hS trbdeth wufibig T
del i venrgnsiystRized Bl 31 Siatacars irgihiefdoratdn @&fstreg theintddhiey ¢fané osgrancer efusé hese

ti ne- dependent stens - patients irritable bowel syndro nd .

B AR YoNSBRA o ceB [ tp Dl e s e B YR o S el el

col i ti shn@kt@Mc@xdifbiniuldieaigaial enalkrigd bf prsidiubiiieaudhvd PehciMiéPRith
Independently of these caonsiderations, the size of the dosage format the

poi nt SHMRaFHERS Whitho af meendipagd m@ﬁfééﬁrvﬁ@et(ﬁflf%ﬁ%% be dpsife@ble- a si gni fi cant
effect on G transit time and/or variability of response. [28] A nunber of
ot her colon targeted delivery systems have been investigated. These
20syst 40@171 3 Barrmacapeisa (hab): 6%&%@@0?@66%@%!6%&%049@?1”% PResmpacergieall es
uhipgh 15 YarRibiRérsiard BirblaP ol SharRGRIAL LA ?ﬁ'thBHﬁesCth fBafRies AL direr hsin
stomach an i ntestine; Ination 0 Hsensitive polyner coatings
(r emai warﬂgprpduaetnannfachéedrppewld @ thy Urited Séateaaﬁurn@e oBrpokics Aowhaothhss
degrad eri 1 t omannan
coat | nar e 36 Bt BEbE Bt feBl o R e B R R i vel y

degr addamyat@batohed gos asdhe cothistentynf peadusts mada tor eublc co‘ﬁlsemphm:é'dmeag f our
syste r ey . n alsJo f Phar maceuti cs
235 (g%@dgid-’sl'éé,lgﬁg'sge)&n |(r3}'erge{?]%fj ?Vagpa{]arﬁls sglﬁjoﬁ%o?'%b!r)ﬁ?] %I%%gerdet?n by reference.
PoQﬁsadcd;tamemﬂmlbeagetdodtebndnelrme(ﬂy’smeamngtsﬂndérdpﬂsstoilmuh medra“ldtesrcebed in BeR, e. g.

Kosar aj i,tic Revi in. FoQd Science, and |t i 0 2 2005)
the- entt dEAAth % Tin Treq B edingdh Spait o iR Sy sy bl QiR ml
for Sy$)‘e%mde80(b tHeymadiuml tb anprova semestioni of tienayimhimentiatthey G yractn- §ehaee@0| on
di seas tatec nce In caus ility in the drug rel ease profile
as ar Wet& [géf‘ﬁ tf%f%gf‘("&@'reén'g@@d Rf‘ oni c flora (eg resulting
from pH changes and changi ng armunt s/ acti vi ty of bacterial enzynes).

Beads of oil-in-water emul si.ons are known. PCT application

29
Méooé?%ﬁi dée askeripgael BO’PPW\% methedsds fheyastat 'r%agtpérﬁtyo?arr eeped ti on

conpr i gfidddadihsRiRINieRI AR MBoPpledRUdvalSE IR tofRd bﬂass@ésr@&'r% p® and Fig.
2 thereinis a schematic of 'a sem-solid- or solid-fil

2010/ 138609PCT? EVEIDY Y7 B¢EBIBOIS UFRAIBERISNE E1ad UiM-JpRETRS toRRhasCA Premdictakitiyve

princi Rxbﬁoussnoﬁ%dmbédd%%éata é§wé|| §é‘ﬁ%@é‘étaBBrafté)§@éortﬁt&n%ﬁpg%tu&éﬁfﬁhetr%'dease
p0| yner coatl ngs. descri bes beads of an extr Sl on rug
sus penQCblﬁVIﬁﬁ(ﬂGIOITOrl@‘i'nWN'VQ/IﬁglltthCHmﬁé@nSUVéWIQ)thIaM@r begn devatorsid pastitularyda nade

%ﬂét_%h sal t h | gy nd

La rafrl @(Soiérﬂ%@ééﬁ] ﬁ?g I%@Iﬁ Ieygfé @QQ‘E%?&% %h(?lg(r)@ﬁzggzr@ isin
t he agueous phase and the oil phase is 1.12 dry w % of the fornul ation.
[30] Dried oil-in-water (o/w) emnulsions are known. USP 4,045, 589 (Petrowski
et al) describes a stable, dry, non-dairy fat enul sion product suitable for
use as a coffee whitener. 10Such whiteners are prepared as dry enul sion
concentrates which, on addition to an aqueous nedia such as coffee or tea,
form a reconstr tuted or | - i n- water errul sr on vvhr ch vvhr tens and fIavours the

S o o o, a Y o - .



[32] USP 4,540,602 (Mtoyana et al.) describes an activated pharnmaceuti cal
conposition containing a solid drug that is scarcely soluble in water. Wen
t he conpowotzomm3sseeadni ni stered 30orally, the drug is reeadigPgo@hsessded to
attain its high blood concentration quickly. To achieve this, the drug is
di spersed in water in the presence of & water-soluble high-nolecular weight
subst anem]t Gurtrintd drelajsotinsiviad hpas béén Bsomotated asrairphah@acdutipan i n
diamet?r andthe the water is rmlﬁﬁ%to g\@nerat aflnely d|v ded, drug
coat ed "HMUYALoRE: @swwpatsmfgw Y )RUT SR $5ifrareulsiting dH9a

powder delivedy §Wérﬁ§(8@@9ﬁﬁh@h lafe Bil-pESSE-SHly AREMLRYOMOWRIRR APsiREsedsyIbARUl at es
of partlcle slze in the sub-mcron range to optim se absorPtlon fromthe

i nt est %Y S'%%édd'mtwt@rﬂs@'@?ﬁ'ﬁ?%”‘rﬁr@fﬁf%'ﬁf%@ﬁil tg@s\REe-gAVIsiQnss t'Mher€ tean be
2 08 Y i ylolV6h BRIOLABRAORMATLERZN 0B8RS o MDBATHRrHAINIGS GRbANdiN O
gum arabic (Exanple 8 illustrates a conbination of these two) or a

cel | ul esecusrs 9abMER®)kh as hydroxymet hyl cel | ul ose, methyl cell ul ose,

hydr oxyet hyl cel |l ul ose, hydroxypropyl methyl cellul ose, hydroxypropyl

et hyl cel | ul ose, carboxynet hyl cellul ose sodiumand the |ike. Were the

scar cell§2®ollmbererdk, the preséraesf sdifaciants énpharmaceytitabiorobliationsteanr gagtdic to

S0l ventoe dEieHARERANRINS BRod®r Bl ST Heiherd o Sl ATLAEARS hAMSREL bn O
non-volat11€ I'ch case remai ns after Can-Be Bral Fy

adrtDni shelived and present indneraliraetf Oeetof (r@gnglhyurmtlodesf bilel splits ds tmeaoafbihsa fats

squal ane, hin,.pr 3], LI uXin i
ot r ot 5 Pl aek 850 i Bpbt o5 TR syttt Y B s Beb B
10pept iihicdtioadsdo Why dscands advan@beoumﬁoajsglermatlﬁorgeystémadsemrmmge|ﬁga $ystemi0. 95

t .10 i | t b f f the
ent r appeaC Bt PEE ot 98Ty e et WEGT o2 Kl o g ST 3R otk ©
degr adaiot 9|Wa§@@brtn@t ghlslyypfstdrhie aﬁu@gﬁ@i INgRtenan @bsplidhcw 88 A6t vkaéd, d@r

ab rptlon e 0 ress t i ncor por at

o1 1Bc GHETPIET CFlgal Ao Gs TP EH haoU S BEMRDSCTH MV ey her

pr obl erdbjastivd) this Ro@frebal drable, if asylfbssurfaetintsagy 86 darkéte principle during
gel ation due to diffusion from the concentrated gel to a less concentrated
| arge vol ume cross-linking solution - see e.g. Wlls et al., Eur J. of
Phar ma i 2 i i saka
et al. “m] qcfg.érfgglrﬁblerﬂﬂ@g?rggsggﬁgg%@% antbdggd?@%sd%?gbggé@'ntghih%]ﬁ'}%@%sm of
physi céﬂ‘eréﬁ@{ﬂc@@pnisnétw%@ varisty of pep '§©$ havq pees lllseldrﬁsvﬂé[tl@? 'Q@@Wor@rﬁﬂ‘%l on.
Thepi n

! mall reiq 451, SPnCR ReolBR ooy S Sosafeding MOk SPRIRLN oy ST ¢ 1y
creat i mgtent dng SBMﬂQAnéhmw physielegicahfiinchonsh enast of themmare Wiffigulteo zg(nlrnstaw in)
coated W [ i, Dy LL.(oil
it er nal rosafed qrifie AluR BRSO nE e pRRgEs o PORRE ot BREaP iz
hy dr ox yepopstliviy mhoﬂeilaanma)b@f-p‘ht maUmemeerl-ﬂm&né):laﬂlsed‘ memammngoﬂnmmsi on.

Thi s e t he
resul }[’\’Z,ﬁa Eé‘% aer(r{i(#r gaﬁgﬁw”ﬂ artl c es vverkgoﬁﬁcggﬁ}gﬁ th/}%e ﬁgg?dl afret er
oi k5dr cMﬂrrytchfereattam)rwdhbs HE’MPeenTlhsezj tpnmpms trhmsrahamorsttoel[mmdaafnﬂmanse the
t her ef Qi ndustriali.s EF SUMNVARY. OF. T CLOSURE [ 36]
| acc ol REDNT PHA S SRS IR PoPRY SRareo M iANsPE e HI-SU el S dompos ¢ on
c](c)rrpr: %ldﬁﬁhlarmmfasmbnlbé;ibru@dIbyrnsrngrmrbfdemulmorv@ys@émﬁweicdiaﬁa@er sed droplets
of oi t he conposition conprising 35an active, principle. i nyenti
ho! ud S BREU R e e A St des s of oammaeiie iddgasial & of east
sone ofantieatér dtatslizel Kt inRriegibl fildsofelacthAENbIBculBs WHeCdiivhtages bf dropl et's
WO 2010/ 133609PCT/ EP2010/ 056838 10 are free of active principle. The oil
dr 3PI etndCrRpRUISANS RS UG devEE/ PstGTScISAbh iR AYSTRER R ATUS 4 ilizaton Andin aqueous
nedi uMprdtBctRineaRifReehFRitic HyBRIyRid, af Well8ttSe poenS Astembhédd dbsorpiRikd zed
inor by the matrix and the imobilizing feature is lost as the matrix
di ssol V&8 {hg it bst asaithe cqlep)ciettashagididn frasd Perperbildy Chanasss may
collectively be referred to as the oil 5phase of the conposition of the
i nvention. 37] In one enbodinment, the invention provides a conposition
corrpr | 4022] dloxesver. these @b @ 1356¢ pumpbeneftte¢hnicah vavidbids wihieh aiuspes dederstoopiret s

; ; : [ ri sing an
OF 951 orbdit Bk X BRI &R Ao A FARASTE U, TAEP
10corrp®$1V$lc<m1nemb¢qbp'rQﬁert'@saumEaeldrtmtautbjllte wobgntiens ofedilrand watenpliaskes and the
di spersed droplets of oil, the oil conprising a surfactant and the
conposition conprising an active principle. In a further enbodi nent, the
invention provides a conposition conprising a water-soluble polynmer natrix
in which are dispersed droplets of oil, the matrix including a surfactant,
t he oiI corrprl 5| ng a surfact ant, and the corrp05| t| on corrprl si ng an active

—— . a v o B Y Y T b1



35exci pi ents, such as, for exanple, perneability enhancers, which may
enhance, noderate or potentiate the effect of an active principle in

anot her pwpubawizeswy | n rel ated enbodi nents, the WO PCT/EP2010/056838

2010/ 133609PCT/ EP2010/ 056838 11 conposition of the invention may conprise
mul tipl e popul ati ons of mini-spheres. Phe active principles may be the sane
or diffs(ire&ﬂ'fm|a©ebﬂtsmﬁdtop|@mdlIadﬁe@ﬂ(_i)‘utcorhéﬂ}oﬂtéloﬁmsme‘ﬂjnfabtan&im@djs@’&nt one or

nore actiyve principle are) incorporated in the oi hase of the
Conpos PLAYRN SR BEl 1SS T o MONHER L SULPTe (O ABOUITARAR. S or nor e
act i ve cphéib6iaRb® (WBichiis itdet fHectaliasy thechbied of bil ihhRe amﬁﬁwamo% drhe
conposition or dried enul sion. In another enbodi nent, the beads nay be
coatedsﬂﬁ?ﬂa%‘ﬂépﬁﬁgﬁnt%p%lter the release profile or to protect the bead
andfor the active principle within the bead from degradati on or oxidation
or hydrolysis or proteolysis or degradati on nediated by high or Iow pH 10
[ 43] Tﬂ@%orf‘p@%ﬁ”@?@ﬁl%\ﬂhﬁh@aﬁ rReehwidsly stydigd fosdhe pelimigatianefapisremuiionct i ve
pri nci et,a%sde fis |9Ws€&MeRgﬁte$|%tBPél!N6#P%& 6RFy NaRBRRINY Sss eimapags (active
principfes ere fncorporation into the ol phase brings particul ar

advant gyelesparib[€)44] Thus in one aspect, the relation relates to fornulating
active principles for oral admnistration as m ni -beads of dried
oil-in-water enulsions in which the active principle can be incorporated in
t ha0oi I[024]adme aofictokausmn Sistem ahdclw‘sndnintAwbtbmadbyblsinlg@odyp»(yethﬂhleyl caetar ed

e AGRonof LY 3 3 LR ER e e SbEerod FER i Sefi b BRb ARE AR | X L1

enbodi nwglyperajec(mmxlﬁas@dsmtoﬂrGaoleuiall(e%mlnytmernatu@at e«surhtallcrig from

Conti rdaanasrEe 6L FHABRLTS o HERLed R o Bof plasi Ll ulh iaspd AT

subst arsblualntw smas Gfﬁpléirs(ietahlﬂ f@étldlﬁfer)retﬁe ahen isélﬁbﬂgtd a gmi?odha)rgh(@s
eous a ererore e rererre to as
o T Dscn oS (At % oL N b e aa e GRS R TS RESAES an

nuIS|@@smﬂQ§e i nt ernal dlscontlnuous) phase has been immobilized in a
substantially solid or solidified external phase. The solid external phase
di ssol ves on contact with an aqueous nmedium 30 [47] The term"matrix" is
a ter mpygd)| ‘tJ‘K‘?éNBn! abdii Bﬁuoﬂré zﬂ“ﬁ@@m@étlﬁﬁ?aé‘&nb%QQI'éﬂicﬁSrrﬁlﬂlatR)ﬂQ"\AﬁFﬂ‘éh a
solid, sem-so undi ssol ved or not -yet-di Ssol ved material which prOV|des
st r uct GeBlaiNeyclaspoiRestip the loomebalerpeRUISIoRs senmprisiigt altdsophiifephasend " mat ri x"

mayq e I i) | have
ar?gen{ﬁ @gﬁéﬂﬁ%gfﬁgjg ne§%@°§ﬁ€7gﬁ%ﬁggghgﬂ?céthﬁ?t E@i“@ﬁ%ﬂ@ I|nk|¥g) or
physi calldoyknowg %;premmwengulsion lengantrgles. Bycmsr@cmcetntretesépmtamusly form

20107 1 330R8Midriea) 4= 9@%%&&Hm%t fmpl In W&tePQrtlnsttQéjg%}t { RidedBi, bRt 2
drying step I's necessary roduce ed emul si on”(al thoug h Isis
not excldodrgstyatioat Yith atmammnstwos of swtetmcablsoronon wih aqu@m selbteet vmlabtﬁhfase is
subst anti al f t,

he. t ooty obEER R i entarer BRoRaudY BlsmE v Bk T antRab Mt oRER
dedbt e amtj@r«-ibteres n&forr(mlahhg nyukwp)mpén&s(elsofspelheyﬁmnpmm dricttospbritn Ag¢fdrnvent i on

C apped S n I Blraldsr e 8 RGRal e B b Resto BB R b RIISh

invention, particularly when in the formof mni-beads. The external phase

of the itio f the |nv tlon i ter-soluble and, di ssol ves

O oo Ktk 3 (BhasinacenieiRhtstron M N Ul BeeS e s anBRE B en tne

aqueousjoahgs?@g.ﬁheﬁ&wbr«eerrﬁcr@émutsucﬁpm@@@trét@s @@uﬁmpa’fs@h a@)pndeﬂ.on (2482, 18 ahgr m
‘'released” in relation to the oil droplets neans free nove, .egress

coaf es @dterigicoated\nolid-siads BrAMigPePUIsian. CO&P?W@}%W%W%EPW%S'\\/%ﬁéﬂ‘fh'e\é@ bigh;| on,
coal esgoaeRic AFDAHABIRNIRY oral SdrRiMstatidn. ¢Rbb@takss, MErcRnTURISHST K8 ®Hndd®n May
not occur and indeed may intentional |y be constrained e.g. by presence of a
coat oraddiyan tnyateraseeousymedieotsorrieioeraded edlidishata pl@@ﬁﬁ%ﬁtfaéﬁ*%@rﬁ@otﬁders
retardi It has
1 ol RS ol B s e e A o R BB X o2 R e br oad

i nvent iasatonesdempel ohaeaiphe lepves a film waichas Hileérﬂ@w@ﬁfﬁ@'nt s, the constituents

of gghe oil phase can be chosen to produce particul ar advantages inrelation
to certain active principles, particularly 20hydrophobic and/or |ipophilic
active principles. In particular it has been found that judicious choice of
oi | conponents one of which may be a surfactant allows certain |ipophilic
active principles to be solubilized in such a way as to maintain the
solubilized state until the target rel ease zone of the G tract (eg col on)
is reached. Indeed, selection of a particular kind of oil e.g. with
surfactant propertles can in certaln enbodlnents yleld conp05|t|ons mhose

o ~r—- e r Y T T .



coat). Wiere the oil phase conprises a surfactant, the surfactant included
in the aqueous phase may be different fromany surfactant included in the
oi | phasewo 2pf2i33deer certain of the mni-bead enbodi nentsr/ER2610054388
unexpected benefit arising from5the work [eading to the present invention
is that selection of the appropriate cdnbination of surfactants for the

aqueoug02w]d For bolphids@seak€afle danidvBaibBiplide bRMTEs abmtthe céidh, ¢dlorasp@@fﬁ>ol ved
(or sem -dissolved orﬁB{ePe{-%d sol ved) state qn_or inmedia

di sper STeYRNE§YHETS IS £ £7l0a%41 Qb2 drkgr's ihe UpReT PR Oﬁ@ t%et ff‘d?%ﬁ‘?er

coat i ng sHrebb@ing @RASolor- Alpaft@rdnprd- cﬁﬁ]&;é H&tivAtddsy dInGfet with B &dI6E ailictneyce of
surfactant_conbination, (described be ensures i nmredi ate 10or early

acti vi tsye%'m bagierir mthelﬁ?néxfmq%m&%mrw'a&pn RePioaehes inciHde ghtanddime-e| ease
from t hgpehddnt B@@%er-n{e@gte(ﬁ%hﬁ’ébglé;b%mﬂrvﬂHBQ/aﬁétldn@% Eﬁsﬁe'ﬂﬂeen the small
sophi st catl on and conpl exity of dissolution nmethods, media and appar at us,
t he pr dyestinegsg the gaton ameiweh desireeriethdbe difesncesi Epn bg prgll pnd samdatyhat

ST BRIl @nindiGRIREN S dn, H%k@%ﬁsd(ﬁ‘iégfjém%;yéteﬁ%mnr&%mer ﬁ%\ﬁteﬁtﬂn%é pectati ons,

15provide for certain enbodi nents a de to in vivo perfornmance -
f or exangdietablaalryg feéeaSéme@dTlmefdeae@ﬁeréﬁyqjempdepemorofhestmrpltéln(ec@ﬁ@@s| tion
or dos I i

ourpr SR Efterh i oS, KB lotb Vi e S R P wpiton in the
watlér - solall hrhtestdwugsnsxﬁ'temeemlahmadrtoeeieaseséfatp@ bloaamues(abm»xeaorfrmwr&j int thatsnmadl

surf act ant n

it ssor dPSRPRG B PERTRe frte PELLHTREPOAT ) Tt enesphysiclosisnlalnls |

t hat | @MHeavegividualfresipichtsftsaich oral dtrdmdermdwwysm)s ds0 hesh sighlfieattaefizat on tien

the: pr SEERTa o e drieraPe: s oarErinalh FHBoEATR SipeESBRon

corrpenﬁknfalmmabmdﬁveaaréeawmr&w@ Qﬁjhhlsmjée'ﬁsb)éndmmerél&b|c©I|tts() oftbe exhlblt
25 evel o novel HB%OSI ti corporate a_colonic retﬁase

onéiite ﬁ%thaté%ﬂsﬂt tBﬁ‘?ngﬂ epﬁﬁﬂ?ﬁtb’é’? (N598/9PAYERRYPES: 2R/ &2¢ BLRWE i n

r eI ati Qshge pehtadiHe MQﬂ“eﬁ’ﬁ‘ trito tHeadmAINBtedtife QyIchus)fcarthatd g sighifeanpsmgdt al
di ssolution nedia, while aldlng full dissolution for testing purposes, do

not refandgktrangitmeandisypeiakiify Of PPPRS&UI arly in the col on. 30[ 055]
According to certain enmbodi ments, conplete or substantially conplete
di ssolution of active principle (API) in USP/EP/JP etc dissolution

appar atl028ludi mgmker-0i @thed caeditargeted dsdveiy kysiomd have heen inyasticeiash These
| ut
AR N e e L S i T el
di ssol werigialtinedivaspchyringiodhg oelan bagnotrin tHeeet@rnmzib@md sall mtastineli sogntinationi s
nmbodi ; h
erbocl B BhRhshifle phigNEPLAARGL 1B rdifa HPAPIrAHE LBELART WRN SILoMIRg of D

guantity nt” 1nco Thes ¢ Ion’is smal | er
t han wpolydatdnaedéedegradaie DEld hyrba'ctwa MdJmthe)cdcmlmen anatgaipmnmmendegr ee

V\DZOlO/l 3609P 01 6 di | ution of . ac |t|on (or
{or mui 3PP SRGVET BY RGORS LU Rot ahr=S TRl PSR, Be" ot esent
i ngént mnre(ddebase ptmidcembymolenud@baﬂehabﬁeopv)acezcﬂng fomir sy&erhsareamavmwedfby Yang

surf act n the c 0 on of the articularly.in the

i - bead-drsBratga AR R ftreiset G 228/ER Wi B eriely 3 Wi T s

surpri $mdmgbc)taﬂéﬁei®(rjélﬂb9¢bfefenb@| radlymCmud@eJatsad ﬂew&p@s}t@ﬁé Sretdi‘fé;iarttch%r
conposi.tion accor di to t entlon to co ete or _s

o ot eGP AR ok ot e el BPTS By B9 e erae e Bo2bd Apea2bfit Y on
appar atth@eht&btfyg)f%ﬂihdﬁrr@of&%t@d Weke OB re"ﬂéi@h&é NeveRhelvsd, |To %?Qleﬁﬁscﬁblew only
smal | anmpunts of) surfactant to the dissolution nmedium (sufficient to

macht airpianaPhePediicapnzyaRLe PR it bieqolan; Bi§PatH SPIvcENPBCaE9Al Ga4S8 o t he

for mul gk}igmiitlin HRIPRIEddePofiOashaEaM of &%IW@H%nBQ@%ﬁtstlﬁ%I@ﬁ’lﬁ)ﬂopeﬂe or
nore surfactants which facilitate conplete or substantially conplete

di ssol Ue9 esubigedoa B chgngesard ahraging Reroyatsadtiviy effbastariphetzymes)-ncor por at ed
into the conposition is much smaller than woul d have been required in the

medi um to achieve a conparable degree of dissolution of a conposition
cont ai 1928) Meadsof aitinawater (0w eepeinioas atennowmy ERLTi anpligationiWE£2008/ 122067

e di Yol gy di um
i apen T R e s o B R e A i
f eat ur digeidesamirsylif ramobk peeiamdritis 4 hadimg a schehatipoés sami-selident $aid-fillsd t he
make up of the optional polyneric coating. For instance, it has been

di scovered that judicious conbination of different types of polyneric
coating (described in nore detail below) 20can produce unexpected
advantages in relation to the in vitro dissolution and in vivo perfornmnce
of the conposition of the invention. In particular, it has now been



[ 059] Features, integers, characteristics, conpounds, chem cal noieties or
groups described in conjunction with a particul ar aspect, enbodi nent or
exanpl e olot2nmy/i3gsoenti on are 5to be understood to be appCiraebdiensasany

ot her aspect, enbodi ment or exanpl e described herein unless inconpatible
therewith. Al of the features discloséd in this specification (including
any acmﬂm@amumgurﬁé;mer@whgmtTeebtuwﬂuﬁrmswﬂbbllusemdf Pra ahdpeﬁéuom remstvitps of
any met rocess so disclo ne nati on,
et COOICHAPIEORE PAHBPE RINpE A EmAmEo SoEEn PPash o SCodNAP AU ar e
mut ual layuexedpefsive mabieeronrdivid @rﬂadq@edm@tsom&%\ﬁthla‘htcﬂ%ohﬁiiohh%dé&kﬁd)f' s of any
foregoi ng enbodi nents. The invention extends novel

conbi n&AFYRNE & NYtHE! pesatvialad dseqapag: FAlUEF %4/%@81’ #—?E@f‘i vt 1(9i4ﬂc93u g any

aCCQ”pWérUEQ)I&JI@b&ﬁ/e pﬁlh&bfea'%raﬁé‘ﬁnéjfsw ue09§ ph&se28hd t'ﬁ@‘b‘ﬂ'ph@é‘@vs 042 é@y
novel conbi nati on, the steps of any net or process so disclosed

15[OGOWWH@OFEGJQW”@a%WRent|on is directed to aII papers and documents which
are filed concurrently with or previous to this specification in connection
with this application and which are open to public inspection with this
speci f i[@3i dniedaidnwaterdom) emussiats akkngua e g4, 589d Pasowsient &) ar e

pr vl bUEry TSR (¥ A S8 6 om o SBR[ & coltee whfensr

pol19rrerSu¢htW’rlltEnemmp@srelpamd asndryfenuiisian eomhestnehes adhialh;, opladdisomfo an aquecie

gcemgce):Lré%(gga&(?\n@sg&fﬂg?g}rg@a?&rw y ?ec%ﬂ’st{lﬁfe? off-in- %\%ter[e%lsgrbﬁlhlcﬂ\(/\?rﬂ\%h 3{“ l l now

Yy 'refrer enc s Cco

conposiftavauns tfe bé\&eragwerﬁrstmmmyerosmruded in fﬁeequeirefmUIemmcpncmmttr’étemay be used
| | f t t her than th

oot v BB E sPETBLLAs Ryld AR 2 SSnd SRR FednBd it o0 and

t hat saoretadilivé e mmlu@h lDleeaglﬁ:&fe drgivig stpe Befope eringe h&ﬁacpaﬂcles [rﬁtB]; I f not

ot rwi se stated, ingrediepnts S, excipients

o SFTROTF arhe® B retet 108 Rt SpSEn SRR i gs 1 AEsi¥ended
pur POS &Bnh&AbtSH edoadls DRV SIS N ah @daitien & spbE dBA™RhIidiR! dterak@ag it Ris
environnental | y acceptabl e, ldjfharnaceutlcally 35accept abl e, acceptabl e as

food addf fFsrREEeEAE POSSHghe s @ﬁ@ﬁETPEP@MTQFU§E@§@‘¥Bm86¥9actants [ 064]
In the description and cl ai ns of thls specification, the term"surfactant”
is enployed as a contraction for "surface active agent". For the purposes
of thi s(o%ﬂséﬁﬁoﬂﬁéﬁ 884 dMerehiokse e al.) dgsees eedly iMpitRtIon Megrgariiecorfsifer preduet

cl agsi firfat iMnse &sil§ %Jo‘?\gﬁtﬁfétdgo fGHR Qﬂbﬁer-lﬂi@%b%ﬁ%y n%@ﬂ'nﬁg tmg product

anphoteric (zwtterionic) noni oni ¢ surfact ant re I ns has no

char ge ifita Waigresgempaniad by mpinawih dbdwnridendsis Soeiday eradueigs p@siletfweaeﬁdf
negat i Yr?m)gﬂal?%mu?g?érP?f &n édiBlTe%&ttaan'ataSstQFcﬂ og} ZafPh Pl Ster NAYEALRRAL R

charge and dissocrate I1nto positive an atlve 10ns when pFace I'n water.

The neglied e@ blidregze boswrey dtirg touedenedhe ermstorw awhtandtelesatienadost 6%. t he

2 G b G R ALY i S PAR RS DA s BRBIH b0 AR acPEd 2F SO
issociate”into oSItive an rve

cags, tdrm/epbehasevleverlns ptiovierdryihg '@wrrbamelsmsieohwa)mmdfetam bydrallyziatact as

t he surfae&qﬂ ft qF hoterlg zZwitterionic) surfactant assumes a positive

chargeair%'J gt §%ﬁ% '%R%W rforns as a cationic surfactant, or it

assunes a negative charge in an alkallne solution and acts as an anionic

surfac : actants . c al so be clas fled acco to their
hydr oph&ﬁlc LfﬁsF[ ggﬁ 1632 ('{48103?\%‘@ A es\%?%a'? actya F'Ba%ef“ P é>°81=9 FlENt o
whi ch tdhptasitid aeblandruf shd1¥lssiptly s8lugle il BRPWheE thed@inioitiof Gs ’af)d/mm.stered

cal cul ati ng values for_the different regions of the nplecule, _as described

(oPPgi &Iy tedirun siPBRIYAtsaraed e aH%'Q)'tStSW@'PW PONGEAtraipNRUG - TOFNISNE | at er
by Davitgs, thd deugBhpdescan®atet if ﬂfegi«'és?enfc@ of BevaiRL Mui@highehdbdufwdiia whol e

nol ecul e and of the hydrophilic an ophilic 20portions to qlve an

ar bi t r &Hpstaseaio- f@%f'?‘?'kél\’)deéid%aﬂr@'ffﬁp”qt@reﬁﬁeréh@'hégﬂﬁ in fiamederandribeye s

bet Weemanerawen?&ledAa gbihgraV@é Hﬁelgfd vﬁbefa%rragéwe@wth@h@wsembehel Migthly dr ophobi ¢
nol ecul e, and a val ue of correspond to a nol ecul e made” up

conpl et@'?CUdﬂr Swpeiedemin the f@ﬁh@@mw@r OTFI@nHLeB Gaphesi rplaeed aeachieying edi ct

t hggsur 0Oto
3 351 PoRREAtin PERPREE bEDer s 3) BRLEmickn ARpl & SRFES BERAPRRTEIMET:

fr om 8 intestngl mnc@sja\/\il’bmﬂa@erfaombld higham@egutar Mgeight substance can be a polymeric



typi cal of detergents 10 to 18 solubiliser or hydrotrope 25 [066] Although
HLB nunbers are assigned to surfactants other than the non-ionic, for which
t he syst ewowanyizgaoent ed, HLB nunbers for anionic, catiomrce/EPr@niosssse, and
anphoteric (zwitterionic) surfactants can have | ess significance and often
represent a relative or WD 2010/ 13360%PCT/ EP2010/ 056838 17 conparative
nunbe[) lsabgtanﬁet sddh%sr@;ﬁaﬂntor(y‘unﬁ%rﬁatchemplea nmﬁﬁmd ?bmnmatTctﬁ & thésady) bk 1 S
possi bl e ave surfactants ove 1 Xi mu 0 rs can
however® ‘t?i!“'&%%f’ﬁ”"a'f‘léﬂeé\é%'b?? ?Wé“%gc? R 1R Colt “%%?edg%qBP r@ﬁm i cation
for a @eNassemybkAsitopy PeRYlcdluRiE! g&&yéﬁﬂ@yﬁé&ﬁyl@&@ﬂ)s@eﬁr@émmﬂ cBllulose
Surfactants in Aqueous Phase [067] Surfactants whi may be included in the

aqueousSOB'HH‘s@‘doﬁhet“h% WH@@H{“? \?6”8%'%1‘58@?@ HHI é?’rférStﬁ’r'%?oe‘tegb'P ¢ hydeahebicdi f f usi ng
or giffodgdrind eommftaetde@be.drpcatm Jm &ﬁ\he.dﬁamﬁé %ltwtldaa b@ﬂ@km%%faﬁém D8afaE the
conposition of the invention. Such surfactants can any particul ar
type 100 wBigh €ase Briemaing @fterdyingandean bp oty Q?ﬁ’}m'étﬁﬁ?ﬂ Wg@l&@aﬁnfﬁt@‘fﬁﬁ {8%n of
dry weiggbrigds, ql&ﬁd%@%'sﬁhﬁﬁné [$Q0h@nd flithiP BristheJetd). 1% to 5% 0.1%to 4%
or 0.1%to 3% nore preferably’in a proporti'on of at |east 1% and in
particul ar between 1.0 and 4.5 or 5% ideally within or just outside the
2-4%r gm{ | i mat el y
4% F%] ié ot gr(\%\ﬁg@g}”é? at eés/%r%r(g&ﬁ)?g gﬁegcr?bréz:ée?{rﬁct ggespgfnd ratios
ar é0 by pmetl@ttoadecﬂ B9js oPresfie caleid meal gioaiecged beeﬁd&ecltaagmg frfom 0.9h¢d 00O inrsizene

aqueou e P

perfl uirh%tb(%)%f Vav%téegou(iﬂggm%[&k%rﬁg%a% qﬁg%?éﬁhggggéﬁédsﬁﬁ%g gt(%ee(\éﬁﬂgﬂ) agr%%nl um

| aur yI psmtbcthae peptaiedromn Ieezynaub Idyagrasiatlcﬁraarm walisrapt thediucosblanerebians b phat e,

al so known r sul pha E nd .al kyl benzene

aul phonreacepige Sbehbathi Tk Blelfie &k Breddheds g ey ARG B ereliST s St

M xt ur esfioidncqRirising ¢rosliht aot@sity of alghadd beadsont enpl ated. [ 70] The physi cal

forgt of the surfactant at the point of introduction into the agueous phase
d ring preparation plays a role in the ease of manufacture of the

conposifpzgn Cﬁﬁemrable&stMththe df@tgﬂﬂite B5ultéFromUess ofdctie pahciple dutisly gelation
surfactants can be | oyed, preferred to utilize a surfactant which

isin %Plt‘éidtﬁéﬁ'ﬁﬂ(fré’g‘ Pf@f“é@']t'ﬁtf’ed 9%]rt%tﬁtﬁ%sCOBPe’HEﬁX%ta)“gano"ﬂ'B%ﬁf(tséﬂ'ﬁ@f‘ature
par ti cubriiby —\Wag® 4. WecRBtePUBLPNS PheRRRILBESartEBBbhimasBliits a5 (B087) duioe
non-ionic surfactants for the aqueous phase include perfl uorocarbons,

pol yoxy8bhyl enegl ycol dodecyl ether (eg Brij such as, for exanple, BI’I]
35pp Myrij, Tween 20 or 80 (also known as Pol ysor bat e) Span 80 or 85.

Brij, Myrj and Tween products are available commercially from Croda,
f or mer |[935]C|T00rlwbaz€0m/(imw@MREPaer@bmm186khdﬁree&edttee prablemiof i t y

) : i
{or m seLpPAORTE! Ailon i on Bl B RpkISOPNTSERIAAE The IR LOTGRT, |
sur f actnead $ortshregelpt low torhpesatkegs, a(reaj@r irf@dhentab Ipytat)masutim dayelowpérmbi ¢

i gher hgro s SRRy By ehtarhd B SO b MG AL e

Ssabf aginauitn) cbated svitravs stagtatit vhatheDsdlid phkyé dsper[saﬂrastty&beamyll {alldnterrtahit e

f i f shelf |if bpt h [
Phe. ashord), Top PeshehErBiupai bl 3G aulino YRt pEREHE ﬂ?gﬁgr
al kyl WHPMOP)p@fdrmCIbé SroivieheingsH. Thisomss kn dhsppled ireto thiydrachieri® 2did @2 gelofy

O 02 Mo, 20 e R SRR BB D B340 JEb bl 2

phase, dillieogiéty ebhteavithl SRVCONTRERIGeeS hiS hadf stpslaagtiaierdfbieeopipibstof | er s
(al.so known as crystalisation inhibitors) such as, for exanple, HPMC (al so

kndfn dPusiiitfrel i ose) al though their use is general ly contenplated in
relatively smaller armunts to avoi d high viscosity which nay constrain

processi g options. 74 Clher non-ioni c surfactants which may be
i ncl ud&RIER WW&EJH REle pol oxaners which are nonionic

triblo o [ f

pol yoxgp p)ﬁ/)ﬁéﬁéeg??%C%%mﬂggﬁéegﬁgﬁgg&ﬁ%n%?@w p’%@ atco‘ﬁrﬂﬁi Irogr(f l|mlplr|%m%hai ns
of pol yalsretdiydepdyponpirtimwhsharedisdelsed dnmleimﬁelt §hetc@nrawtldnaaﬂnmrlsmg
COTBE! GhildiVe BASHIe (11 hidfien IR RIS AALGS TMiSH B S0l BAAGRES, O
simlar la ic sur act ants are aqueous ubl'e P an

t her ef mtquqmrdes ehteeslt doeresofdbe ojp traphatb asweﬂaaenttmdmrﬁerttshm \aljcie thesoilphraglets
However, they may be used to reduce the amount of or to replace a higher
HLB pol yneri c conponent of the oil phase (see al so separate section) such
as, for exanple, polyethoxylated castor oils (polyethylene glycol ethers)
exenplified commercially as Crenmophor TM Di bl ock, 25tetrabl ock, multibl ock,
etc copol yners (poI oxomner s) are al so |ncI uded [75] Anot her type of

o o o . o ) - o e = o S o



trade nane EUDRAG TO L 100. [76] The surfactant included in the aqueous
phase is preferably present within ranges noted above. In the m ni-bead
enbodi menvo 2awizg@nce of excess surfactant is desirabl e pto/Eryaiodsdsbe
35"golf ball effect” whereby m ni-beads when dried have a plurality of

poi nt-sized dinples in their surface (¥0sible under the mcroscope). Wile
not neces&as bf yctire PAhCIPIeC TRE 8il Bropfeis Bredieab€s as YW@ matrix containing them

2010/ 133609PCT/ EP2010/ 056838 9 can le d to variability in coati i
st e REVER Bl T AGHEOUR BHRIAT AN SR FREORBEL. 18 ol IR B A USSR nough.

hi gher imalodfisedntdtiby thémapied Ry the tmmabdging eiralid Wsi AiCtheasarik Bieséla<Linof
egress/di ssolution of mni-beads, the present inventors/applicants have

sur pr i SOHEPYS ANt IeREIN qmbQAimgnts. @Ppﬂtﬁiﬁ%ftsaﬁ@ego't‘?%ﬂ?é}f bg Esjeirad igras the oil

sur actante bk YdRPokiNoh BEheRASHAI on of the invention 5can cause a
counterintuitive drop in the in vitro dissolution profile including a drop
in the total anount dissolved of the conposition accordl ng to the

i nvent i BRBRE cRIBobifnaR; nlvﬁﬁ‘t%nn& #Red ?cbh’t'pésdl = ﬁ%gc%]t/vta}(ﬁ%oluble

establ i'shed that the concentratlon o surfactant a

di ssol wolyorer pradfix inevhiehopieatispessed dropletsaafwilnthe afatdx mshidingd swiastent endihe

dr oppe 0 r. npl e
when” SHRTHBSUER MK &) oe i otlel IWEHERer bl RO frBliabsd™P

t hépef somppsiédrecorepriding awaterisolublepalyuenustriplirawbich aseidispesamtiioptetgof GDS, in
ZQaam"fﬁé ﬁbodngﬁsﬁrbiggaﬁgc{gﬂ%ng tl¥e X‘&bﬁ&lt o?tfcc}ng[?ls[jgta%l acqg}gﬁﬁr% E)II On gffd)rt e(ra fein
t he aqteetbmshrpénﬁstdaemh&omproﬁlﬁs carcomwshen cempfisiog arvtaterrsoarbleamﬂytmer mfatrixess

et ihtichiate HBhdSer Bronet€ aPGl e el oaiiRE R Shendaf PR TR et "

corrprl sefactant, bed dguemisospidasemprsihgahaistivé priripl@nount of no nore t han 5%
re than 4.5% no nore than 4% or no nore than 3% by dry weight of the
bea s or mni- beads In one class of enbodinents, the surfactant is in an

anount [edgjatThkextdnt & whichWisdbitive h@ltafett th@@orh@@ﬁﬁor% physiial Re@dhd fb&tures
anot her class of enmbhodiments, the surfactant is in an anount of at |east 1%

by dry d%eprdi opinerinbialsbaee e FRdmakesypof therroRosipRaW hereslse cgmposiion

embodi HRBESa codd1ethe WhtkambaRinre? of MisSdluRIAAbedhodiicd BRBIbefMPY dry wei ght of
t he beads or mni-beads. Hi gher |evels of surfactant in the aqueous phase
(e.g. above 5% by weight of the total conposition) restrict the processing
pahane f rtai i are

o cnd T BB B o e L e M ot o
t est i ngndgiom qnﬁ@imb;@rrmrétoerjlottsehqmmwdetedtheotb@rrﬁmb@otlmem ipaiouifedtandiasd i s
ot herw a f ncl uded
in 't he Shapaorg ng Rt ineale, 2BRAGH: Al bR, Dnelai kAR ng ¢

descr i lvethpabiore of theénventiempenesalbppinurises Unstldimmedrsps pr dwplegd witiioand t hat
such ( C the conposition have a nuch greater
effect 't Iég %t%‘gﬁ)é togﬁt% glgta@g@gf}%t@l uded in the dissolution nmedium [078]

| n26he case of the mni-bead enbodi nent, the present inventors hypothesise

that t ocal ,concentration of ,surf ct ant in_an m ni.- bead as
o s o ahoneg R obte et BNErRELSYeF AdA RS Bon Grlir Be S e o
concentahatmmUtud:talt)hautﬁmuucalaSe)echimlsmg d bluiityedfopticadiiglchatea thinisthddueugh t he
i nvent ors/ appl i cants do not neces 6}I‘I|n\{ (%{Emend to be ound(ﬁ/ this or other
hypot h&&es™ heYYMERMaXsInRarlicylargmbogiment, fnekrgsant inyeptist HOXIYES &ssi st s
APl egreempo¥ifidbr B3RP AR PRIEINETZARNLORfEEF A oflfinWatdr eRiutsiéhe pol ymer coat
(if a coat is afterwards added to the mni- beads) and al so possibly to
shP@l d the APl from crystalisation and/or precipitation after rel ease from
the bezﬁﬂ][ Orf QlkhettdSe, i dt 1MRE sGS Bf Mol BiRi-Hdst(BE afir & TRPLIaBRD! ARSI Or S
to find that in certain 5embodi ments conpl ete or substantiall’y conplete

di ssol @@t"tﬁtprdj’fc'%tqrwrﬁrth&tb@r}ﬂ)@WAPUQ”GI”M othspbepds) (eger tecend Hepyiptiem which
appar a i nor
s BT pHEe 0 SRR e B e BPORY SopuisiEhfialBe Bbo Bactive] MOV
corrposmtfln@'hleéfortﬂ@éldﬁnd@aaﬂtlt/@img( egndblsag@ tozyme @mt@XIOﬁem%ersmrtrmtdarﬂcgveven

h
srra I tep& %ﬁ&;[/\x%% dg{tave %ﬂ@é& lieardl}({}ér:b@ ﬁéf%gsl Wh% %o ac%?’é{)/gé}g{e or T

conpar olentidieghe effedt adiap siotive prtm:lpté lraarfcxbtnefndoauiabon dm mlatepllarrg)odtnn@ms,fta@t ant .
The one or nore surfactants nmay be conprised in the aqueous phase (the
polymer matrix) or the oil phase, or both, and are in particular conprised
in at |east the agqueous phase and optionally also in the oil phase. 15[080]
These observations are particularly relevant to the class of m ni-bead
enbodl rrents of the | nvent| on, | n part| cul ar V\here an 0| I -soI ubl e API such

o o o o T Y 1 o o



WO 2010/ 133609PCT/ EP2010/ 056838 21 mai ntenance for the purposes of
conpendi a! nethods. G| Phase [82] Any pharnaceutically suitable oil or
oi | accepvehbm/f3ss09f ood use (or ot her chosen 5applicati ec/Ereyiobsssased t o
constitute the oil phase (oil drops) according to the invention. In terns
of dry weight of the conposition of th&linvention, the oil phase generally
conpr i sempasifo® poheiintic®mal @Ympeisd biitiphy @ipﬁm@bhy oflimthispher@8H THEDdRive
preferablg é%@bto 30% or from 35%tq 45% e. for vaccine formul ati ons. The
t er m " HINIPles Ry b e Sape Y r?'hteﬁs VGHLPIRHIFOSar tial Iy 1iquid at

anbi ent tenperature or close-to-anbient tenperature e.g. between 10C and
1040C or between 15C and 35C and which is hydrophobic but soluble in at

| east dA%2] oH@aﬁpec%P%ﬁ@'me@I I%el%&%ﬂéCW@déF‘éﬁleés)d$ (age) ivgPrre/@iRdonthe oil

pet sochppke 8t th@'c'oﬁ‘vpoélﬂgn ¥PhRdd drRuISRA ERtdrdthePshécific ériBddifehs oMBbEMorRY be
included in the ol phase include poly-unsaturated fatty acids such as, for
exanpl @Ct"tﬁrﬁrgwl@e(él B daed inceseRree inethe @aHpRls RNF6E ©f Hisi epniresitipn or dried
docosohexasaei Q&%g d#%% i

l'i nol EI% o ac(:sygI ﬁ%gr éF;rrﬁge) era B ﬁI d(%l nﬁérve@éE%%%&d fih émeA&ggbd_mﬁgfeele%Sseed
e.g. purofilgoute nrotegkthaheae age/% tI@m:gae @rlmcsplﬁwthhsethe@ea@érdrredeﬁradaﬂ@moany

| EPA
or " on e RO Veeudls o FEEN R, doorEllaf e Y e e SERUPPEY Component s

i ndDudi ng binary, tertiary etc conblnatlons in any ratio are also

conte e |na nixt wLe; of. EPA in 20r.at.i

cvai L C g Pmeefn e ERHOF iR B By o oba e AL B i e
be i nclagdeols solmthIEy endi/oplrp&zseluareeoqnmdmdsl {amtiley pmﬁplesa)lwrterre leyperatde-ibas ed
oils which incl ve oil aé&sams oil, coconut oil, palmkernel oi

Ols mhh%ﬂngﬁge P@F@ﬁﬂﬁPh&aﬁI 4%Sed i ncl ude saturated coconut and pal m

kernel oil-derived caprylic and caprlc fatty acids 25and glycerin e.g. as
u | nder the trade name M e of which, re avallable and
g] wﬁ&%‘ﬁ 3’%@86}0%@%% g élﬁtensﬁg?% Pag'ﬁﬁ%t"fﬁ prﬂﬂ‘fé) $SIPERT on may be
sel ect e@dniimsttatidh g nhobesels Tdadd oil w@at(asahnwidn@/.march%é é¢t@b>¢ﬁ.ﬂb. @€dan be
M gl yol TM 818: (capryllc/ca?rlclllnolelc trig gcerl &FIT 829:

(capr ylInerRupiedd? diecdl rhiage ©f thgisrewsipgend Nty It% WWQ ?IHIO@B errdedpife 8l
dlcaperQMQﬁdlcaprate) Note that M gl yol TM 810/812 differ only 30in
C8/ C10-ratio and because of its |ow Cl0-content, the viscosity and cloud
point of Mglyol TM 810 are I ower. The Mglyol TMrange is avallable

I r g , S
ol o, P A e U Bo e A K s e AP P46 0T ot
room t @nfimda&nuuleonmwlsypen one smbodingng, qzrosellrmed \mertscmhlepolym@he@ t hey

h d
ol yol e ARGy ohyab ol PR AR ARY 8 Bl SalBfb 08 1
part) andtirafoualpbase 30HHtbat, frrtbe npsditix et Mdmlgbymte( s slupstaolpﬂilylabsemtanti) A

smal | rt. of he 12- herifle n
2010/ 1 150 Berliab TamiEiasy 357 PybaRren B fhss Aaiselb e R ity e
coafer cefelrey teagan immoobiRAfEbn umdex. t he trade nanme Solutol TM An exanple is
Sol utol (r) HS 15. [85] Alternative or additional oils which may be
included in the oil phase according to the 5invention are nedium chain

tG; yal %/c[e«:é]da?nesemh omeldfeﬁful@oﬂrgrg@heraluylhfeahae?lﬁggmlmggb@ ihﬁ#ﬁndl@@itswrﬁiduhys)
ttefo articul ar product nu ). . er possible

(al ter® 3??‘%/ % e%'mr@?@ﬂ&fi)m BISPESI?WI[;IHM&@'V‘*W@ 'Q'S?% HJ&E%)BB?%I- %%FPL%S

(pol yoxx &hédg)ﬂés@&%%olﬁél&éh adntadtQVithexredqledus klaf.i | (eg product nunber
M2125C5 by 10Gattefosse) and capryl ocaproyl macrogol gl ycerides such as, for
exéﬁple Labrasol by Gattefosse. [87] The oil phase nay al so include a

sol ubi lipzA" Thehemd: nﬁré’th ak §QerlPr?wéﬂ1f<t%vI}r?ﬁiu th® a?f%n%g)%ﬁglté'llpméah§ Lcbrdifg B
surfactant’) and exanpl es i ncl u'Mﬂfo yet hoxyl at e astor oil

15( pol @@ﬂh&yt arfeligy spatisolid. hiedispolyigd ehnatast- IéléSQiY@p'éJﬁE@ﬂ'ab\yh'ﬁ'eQ&VMﬁ?g sttetireene
oxi de w Rﬂfét%fa QBrhposHRATE S c R SRATRE ’té?t‘?lsn%}& My b HS85kRe L he

sol ubi I1'zer t he conp05|t|on of the i'nvention e.g. those commerci al
preparations which contain nlnor conponents such as for exanpl e,

pol,yet e I e l. and
poP%et Rdﬁ]e%h&lﬂ&é&n o(?t?rﬁ] é)ﬁer(h I O\({9I'1aQLFaaCrIsgnt ghe%gexa ng, n¥c?@ g phor

by BASk‘-:he]mrqally @(gabysmrodmhrmmg)sr mnmmﬂjh(ﬂg ELcoohhg er heatmge Byru%ctmtrhe enal

sol ubili zers include phospholipids such as, for exanple,
phosphati dyl choline. In enbodinments of the conposition of the invention

whi ch conprise a phospholipid solubilizer, the phospholipid solubilizer may
be incorporated either in the aqueous phase or in the oil phase or both. If
at Ieast one phosphollpld solublllzer |s |ncorporated |n each phase it may

o " o o o 1" r o "



[090] Particularly preferred oils in the | ower HLB category include nmedi um
chain 35tryglycerides, |inoleoyl macrogol gl ycerides (pol yoxylglycerides),
capryl ocapoaylo/mBapogol gl yceri des and caprylic/ capric trcgippe@niosssss | n

terms of comercial products, WD 2010/133609PCT/ EP2010/056838 23
particularly preferred oils in the | ow2 HLB range are LabrafacTM Li pophile
I(D eg _134&|éﬂll_)|t |sln®]lc‘.)é(afghitjto |hﬁi])f haba dryur@aﬂbmhe t&ﬁ‘fés@é”rylt(-!ilflgd%egihkédrleab%ullsmén [ 91]
artic referred s e hi gher cat i ncl ude

ol yet Hefip B i B8 ot P mmpolingr Shiien admercs SdRa St &t o
COMEr GuBstaptidlifWel Jf Wate or Bk ©f hailGbRWARBON this resp&et] th¥Wére ahh@dﬁlﬁ pHdsB’

sol ubi l'i zers can be consi dered surfactants, the invention al

cont enpt Bg\esthelegsieipinys I”}/thdﬁd%ﬂuf"@r”hg’c‘i"%ﬂé’lt%lthel%rﬂ@l(%ﬂt'ﬁpo%ﬁhé?%@?the

app5 0PTchAHpBsitiBo Bf | ﬂh@”rh\fén%n &0 t%ﬁé;h mfefraﬁtcaﬁémlemofaﬁn@té |§Hﬁ§eﬁy ab$ehtrofOr
certain active princip Eal’tl cularly hydrophobic/lip | Tc agents such
as cycl(@rstfﬁﬂﬂeﬁlév'ﬂ&'r\‘tb? C&@éﬁ'ﬁ ed mafix qf}@§éﬁfnﬂoﬁkv@%96ﬁh§/"a\f?@ P@éﬁ*ﬁ"%cu kyavhen
obser vedifeGotih 6t lrmrﬁ’ BEQ&H Sf‘ﬁgteii?etrnél%9?@9“%%'0991@5%% Bhfﬁe%denﬂ?@%enowev@r

sol ubilizer of high HLB and an ol l inaratio 150f 1-4:1 by

wei ght watergsoluble@ad disgolygs inesiagheys pedipeinaineyembaliment; thetgl dieplgistarand nost

St abi | 120 e BraeRolE s AReMRe LR Bl daPUEREPREDC 0 oropt et

i n10he aqueous phase. In this context "stabilize" means in particular that

the e [ i a 9 sition in
e B L BB RO O DEl Bl BRSOl B RTE By
from 1(ai+s]sélven(me)enmwsaﬂ/et<alaltlyodmtamm mmemledt b@resBiy)n taad'scehdz, |ass<gm1-nanlrl y
intende(ld bel\fv]1 erab » he ran d dné) retera 1to 2.
251 0551 etaUgH Pt S BsL RLbmpg: r'Sa) BB At GoedP By PURRE Ve active
prl nci mbast(mdegubppdegemde cbﬂmecdaasemaftmg@(adloybymoahdcﬁat&mtof\certaml nci pl es

as for .exa ori ne or,_cel Ies of suitable
co 1801 FERTEAFa b SRS Bty e R ArOR Selld e BOUBRREr ci ol |y under
trade nanes Carbitol TM Carbitol cell osolve, Transcutol Tm Dioxitol TM

Poly-solv DETM and Dowanal DETM or the purer Transcutol Tm HP (99.9)

Tr anscUf¥! ﬁihﬁsqqd't'oﬂﬁ'iycti’?%rf@“%ﬁ/é@ fedn oS o3RS H]eltwtf"t”dﬁ?@%apé'i“f%’é'@” are
pr ef er rederitAHAah, ROFSEdh EALSAMERRL tHescoaei.Me@ttsmml a)é@%n bBEFoSEn

nol ecul ar wei ght 190-210 (eg. PEG 200j or 380-420 g)? 00) are

pr ef er t@@rqdyce RREICHABHRM s irsalatiop|te cetatn @atveprinsiplas: ﬁé@ckﬂé'}hﬁer cially
ungdgr (e RRIBIC afR@bP ARl R aFdpied IrpMarJt-r'!?ulglnlt (3 Baderolhg BRk gfd'ic%hs

al t hough many alternative manufacturers or suppliers are possi
2010/ 1386109 PLTI EPRPATNGS836f vzmcfprr@d@@tassurfacm éllav cqrtaqralgoqpbdlg @rivent )

Mygl yol &1

ot of or PAICRier 7 b8 bl (ERRATRY <R ridhidhl b £Blubitk 3y BRI Y e

parti cmelaaﬂ;wzqneedféme Gditractl (ephalor) isseqahefieindeéd; se!%tiort of epp@rbamlar Kinchdf ik

bref er a0 X SOABAREN0Rlbs %ARGTRORLN LABAB nd e, bRYRIILORoSORRE S Bhase
cycl ospoti ne.” Anot her erted orl ase comnp {'&€s” a waxy ol I e.’g"

pokggl ys:oﬂhermsmfreanﬂsdfacm ang mcbthéﬁemyazhmgmstym cempaesitibnarinl whiohghe

pol yet hyl ene suc Solutol in . which u o 1% of

b1 ? SordFaiyMaisds ui gt st dn HERB of S e rsPshe B st
Thi s secthectadquedis phaseris Yopeedrgrefeded parididestly if isisplesfred adhtaiieed to prepare
(and is .Eref eg?bli%/ agdpor% ent of%] a conposition of the invention

conpr i SMHGEMHSY) 7559¢Ing 10 S UVEPH- enhodi nent s, compositions according to
the invention (and which 10 conprise the aforenentioned preferred oil
phases) are free of other oily and/or hydrophobic conponents. In one
enB8di At 'Atrl‘?g‘eééH";%'§'i”9|d8Me'€B’ﬁﬁP‘i feqm thenwerk|leading ior the BFGSEQH'PES‘?IH'(S?Bl'%that

ant i OX'fgad'étrta% EmbBiAEAts 2k eI HiorBif th® g GedudGhaSe 3 A du@sctihit@8ddibEd below
[97] The oil phase may also be a water-in-oil (w o0) enulsion so that t

corrposﬂ?qdéﬁo dhpProMed Q%ﬁ?i%ﬂﬂ ?fdhe Beltvsrasisciplendt Barlicylaipjtinap rbemfcémd(twtowmn
emul si gy corh&&].t.omﬁ 18 InvBRIERGs IFPife ] Y0100 cBlindBDBIyAIRKL (Bathid, IEIRIGRS as
di scussed in nore detail elsewhere herein particularly in the section
ent i t1 efiaspdagtaetin rﬁ'@ﬁ' @Hesns phasy e@wcaﬁdlsn&woaveg@eswbmmé p@rﬁas grothair e

kat il from
PR S i s e R e R L i S
exanple remain in the conposition of the invention follomnng processi ng
e.g. initial dissolution of the active principle, and have no particul ar
function in the final conposition. Alternatively, such solvents if present
may function to maintain the active principle in a dissolved state (in
solution) within the oil phase or to facilitate di spersion, egress etc. In
ot her enbodi nents, the solvent may have 25partly or fully evaporated during



WO 2010/ 133609PCT/ EP2010/ 056838 25 Aqueous Phase [0100] The pri nci pal
conponent of the aqueous phase of the conposition according to the

i nventi oowbposissabl y bet ween 20% and 70% nore pref er alpcy/Bredomssss80% and
60% still nore preferably between 35% and 55% by dry weight thereof) is a

wat er - sol ubl e pol ymer 5matrix material 13l t hough ot her conponents may al so

]lcae | gclcﬁdedemlrdmdsn pb}f@ebﬁhprseslT@euﬁfMﬁmt mesﬁ&a&brngfmctedwfmae ayuguussi ngly
ound that inclusjon of too |it of e gater -sol ubl e pol ymer mat ri x

at or | BNGES OGP WEReR Foraepy dusta it} UL HEn. | hoor por at) on o

| eachi ng of the actlve out of the conp05|t|on particularly when in the

formof mni- ds. For certain enbodi nents, for exanple vaccine

conposi 9$%né:°éﬁ%ft%6ﬁf)¥5‘§|'T"F‘b*?i%adc%ﬁ%?q'@?ﬂ@ 3 irthes Lnetresteddresetiraiising f[Wee

bel gw) ,thd Gvoiksle%ﬁé & ﬂh@%ré&éﬂ’f\i |nb@@tucﬁhqg%PaH%elBBtfi’o"‘fﬁonH’érHPbr%ﬁnété%h@%é’n@ﬁ‘@f 65% of
the dry weight of the conposition l e m xtures of water-soluble

pol ynersuffa@tﬁﬂtﬁ fordhe epueausaNE Qi'd?haéﬁ‘i)leéﬁéko 15'9»‘ naiatenanemefi tae APhined diss@lved t he
conposi Sﬂé%ffhu‘?j ssblVd I%r SFee&\Esdl\Fé\éfiefa'té)Bn Bpmﬁéﬁ% gaafféfhfsbérs%f/ o frdmii ch i's
substantla y a single material or rial anon ose descri bed
her ei n wateltsplubie matrp andvafupcekse@ﬁrmb@ewpamq @remevhetaldmﬁorucuadalu@cbvﬁ of

speci fi t

ot ur GanGEEs 3 PRy BPOER & A e e B L B BfS Fes [IRIEN .
Tha8 i tor malyy b@lvaye(;orra@domooom)mfcbrnepe(rtare@rloelpleaatrhhe:etmfrrahem;m@omrthe gtidibetiang
substances (retardants) into the water-soluble polymer matrix. In certain
20enbodi nents, such incorporation permts a coat (or coating) to be

di spengesB]wiAgainst ﬂnediahtegroemrdboﬁnmeatueg\sbermetmtlcmasd camnplerity offdigsetiaindi ng

t | ud d th
e ngiethals. Bseth e ThE Prnt Sorigh e B®ors ks 355 abtesiRay
retar dlf@lﬂwd&ﬁ@ﬂ@SWﬂWﬁP ek (bmpémmzhlememoaelaﬁd mhddigtar, %Uﬁﬂ?e@?eo thsectdtionech) s

seI ct ed revent or retard re the sto and coat i nay not
C ot deor SRR sbaU A YohahR sl BT 40 RORG A ee 2Py EamEId e

AI t er nafievielMired o€ BIgRRhArbEYHIGH ofsaniI@ (dnibshigR bF dvédelfoins) t6 @isébive anb/orci d

nmedia nmay be selected to retard release in the intestine distal to the

st omac Keleapdive PEBEPendNissyAsingdiBding SRelies ia 2 RATECURS AFRAdmeH t?rﬁ?"fb’e free
of a Co@féCRAlLIAErugENWMRYEhe |ﬁveﬁh@éTB/%§Fl‘idah%rha®%QQlﬁrQi gt APstrffRtdM8Bd ben whi ch
incorporates a retarding agent soluble in acid nmedia may optionally be

coat ed addgd tahernegdiurgde éICh"@‘éQ il dissolyiey/diepersionadthineg eegsanehle imgrframe
3030Vana48 -howdser, anaqmwe%lglo@euﬂfa%tm% el RSkl ARy E@H@élﬁb@togﬁaﬁﬁt’éw

rel ease (or gastric release is retarded) owng to the effect of th

aci d- r@#iSQEUémlﬂf%dﬁ%gﬁ?épeW Distal to the stomach, follow ng |oss of the
coat, the acid-soluble agent retards rel ease because the mlieu of the
small and large intestine is no |longer acid. Retarding or constraining
agent s [05Hollukdlaionrio apéecifimemeodimeotsuthe med;qrrhrepelioafhtsﬁevwmbremeve faupditeat
pH-dep Q i bed in

det ai | %1 g@\%}an‘tasgeeg |lf §§'l“§%’f?%%'ﬁ2‘%5 8@% %@ mgo%ﬁreggg'%cxl Eﬁrc @ﬁﬁgﬁs may be
used e|dlehelopraenmfa1bsélmatpoegsns)whmb mr@rmmdtenagccﬁgemteﬁeasreamnnmnamedw into the
wat er - 9 WD 2010/ 33609PCT/ P2010/ P56 r. matriXx

xanpl 220H0n g P RAER L2 g R (e LR Lt TSR R G ae TRy Bt
Entl t ek lﬁ@@ﬁﬁlﬂ@f@h& IHEN?BF(IWMWM ﬂﬁh(m&dla rwﬂlIb)dldnﬁ;@fdllldls&@&l;tlbhifdiaesihghal o)
nown as 0s t hal at e ich.i revent release in the
gastri cougﬁég o({ﬁ%cﬁ E‘iﬁ I\(chngl @BFLH%C ﬂ}ﬂ—?@‘?”s - see that section for
ot her exarrpl es of polyners soluble in non- aC| d 5(basic) nedia. HPMCP may

al so be used as a pore-forner. Retardi n(_|:| or constraining agents soluble in
acPl milPR] AREPiding teGryiABrambadiaents fommiete oy spksianiafe sernpisia dissolutiog| Qib| e at

| ower %Htlvesbm{&lpﬂ\@tmfn%$F5‘/E|P‘ﬂﬁeet%%lis!sgmj'tl6n Bﬁﬂ)é/rﬂﬁlrs%sﬁié@i‘arﬂi%rcﬁ Rled XML

copol yners based on di net hyl am noet hyl nethacryl ate, butyl nethacryl ate,

and netdhevewiaeytyadditien Oﬁ\w@@éﬁ’f‘élt%th@fd'weﬁ'oa ”mtifbl(ﬁr@ st painjarencedf ch may
be_usedA6LAbALAILE AchiBRd M?Q&du%h S LA A nﬁs&%%ﬁ?&%@mdolutlon

avai l abl e from Evoni k ustries. I'n one e I ment

wat er - gegdiyh Ebypiorgriveratingin thg thoes"uem aﬁegvdlbe tothinembediment ef the invaokan one
sekect t

chi*Bos ah M8 ST B BHEH ey B S ChokE oot R Bl ofifRSuln o

carr agMrsmatlantﬁaarwcgmma\mneﬂnaee@lreﬂﬁgérheamledem @Larzblewataemrrg@lralle degree

cel | ul osepht al at e-acetate, ol eoresin, polyvinylacetate, hydroxypropyl

nmet hyl cel | ul ose, polynerisates of acrylic or nethacrylic esters and

pol yvi nyl acet at e- pht al ate and any derivative of any of the foregoing.

M xtures of one or nore water-soluble polyners conprising the matrix are
al so contenpl at ed In speC|f|c enbodl rrents bi nary or tertlary etc

B Y o o S o T . o o o r S - ”~ o~ T Y 1



30hydrocol | oi ds. Reversi bl e hydrocol |l oids can exist in a gel and sol state,
and alternate between states with the addition or elimnation of heat.

CGel ati n iwoaotonesem-r eversi bl e, rehydratabl e colloid anegcrEppaniseaas arl y
preferred. Gelatin derivatives such as, for exanple, succinated or

phtal ated gel atins are al so contenpl até&4. Hydrocolloids which may be used
acco ][ dldﬂgls‘sautidi‘rEOﬂ mu@ﬁpcbsnrbnl (nggdudelatuds\@mntt]@nngﬁd sﬁﬁm%matnualeﬂ, OR@HE TS oS UC hOI
as, for, exanp eenan ext rom seaweed),, atg i extracte
' om bout Hebudhwien HREREEH bgedslisthus e BeRoation B wllckols habid

pect i n compbsias @ﬂthfermléhﬁbﬁ paBticRRel in MR- Bébdj &ﬁb&ﬂm’éhwﬁtﬁé invéntismn- V\D
2010/ 133609PCT/ EP2010/ 056838 27 ani mal based hydr ocol | oid may be preferred
for certain applications e.g. adnministration to vegetarians or to

i ndsvi Josd)s Iﬁ‘ﬁ&rtu%lﬁh'lt%stsgrdrié%ﬁibe%"r\'fH@f%d AeRHSEH B detaid &hb&diRkEAtsAhatigal th
reasons. I'n relation to the use 'of carrageenan, reference is made to US

pat ent CQm@pE'B@"ﬂ PeFProing &y tb@zlg\mowea@ﬁﬁwﬁp'éte @Is}lbsﬂaﬁﬁa”drﬁompéﬁt? digpolbierch i s
i ncor poggtig f @Ccor d) ih &</ EPLP et0 d[sgéigfi%n J&‘f‘arétﬁ?‘ﬁ?hb s@ﬁaﬁﬂhﬁ@&%\%@%ﬁﬁe of

t he conp 05|t|on to one enbodi ment the 1nvention is erably
a gel |aéldltlan écurb@tfaaﬁdltmnquoalw mall INVES Dfr)lseda@th@me mmcdwiloexmecbums no flow
when | sﬁfﬂ&erﬁqgﬂ@ntﬁlheF%@e% {hah e's%‘bﬁér\“&%s&&ﬁc}?ﬁ% étw ‘%n o thte'}Srrﬁlﬂéﬁ&' 4t ed
aqueou ase may resu rom physi ca c as wel |

cry8t alcbmpeSItlm (mwefeeably tnectouenss plirsie théneefy@ing or mcmesunfwcttantswvamhefmlldam ng
fluid I il he

pol y %091 {e‘f‘@%%ubsua%}igw %oyr’ﬁolocoﬂsoﬁ%lgﬁ}eﬁ]ye%é% ﬁEFguc gpg%%%hgﬁg s li nked

sal t S (sﬂrfacttgnmnmracnathd |ﬁtmrthe)camnpbsatloralqummmssrmjlleuthaorvssouhd hsxmcbaﬂrm rahlgremahe
gumns etractedfromthewa roperty

of gel 11 BesE AN Bectimee e cCh R A9RuATY e bBrdion CPRRRE AP Vel tn
cat i on suffactahiCiruegsentd, aine intehtiod grovidein thig wetdslincet @i sompailtion mthichsol ut i on.

IRSRE LA MR R e e e

calcium [0106] In an alternative preferred enbodi nent, the polynmer matrix
is chitosan which can exist 20in the form of biogels vmth or w thout

addt i t il0®d ANolhes sHiPFeiRgdegjure; ‘?W‘Eﬁﬁl”ﬂé@ms?é?eé@‘qﬁéﬁ satling e 8% pregent JyRAlYh &
Johnsong ihelifakeUs ftwabsﬁénaJNpM mBﬁ(\!boétm R?&Qhét‘éﬁc@ﬁdwf%%h'd%@ber@@'th@mrs
46, 1, 2000; and by Paul et aP/ Ig har ma SC| ence, 10, 5, 2000 the
entir eﬂ%'@@usawm@n@fon\mmfﬁm@ tYF}%cﬂf QQWHIGQQ CRaYNg (ﬁewmﬁéﬂ%ﬁ@l‘ﬁéetath?'?w%an
deppVatda¥ Sfodics: une%&%@émn%&m Peﬁ;atr%Fm% ?rleﬁﬁ VRN @éﬂﬂlti%h%‘iﬂd itvivb0107] I'n

t he enbodinent in elatin is the polynmer matrix of the invention,

r ef er emegoimareeraitye m@sutmn qjlthﬁ)wv@mtto@nm FPﬂTtICUéarrréQ@%m@W@Belﬂ H@cgw@hglrh of

I : ] th
ool oy oA RAEERNOIRRRLIG 43R nth oSha0R, e phashol R LIS
to def Ieezymemeresamtﬂadm @cﬂort teadgela pblymer\M/hIdbamcdurmlsutlrr@fqrmatld?hef B0es dsul t

is expr n 00 Bl oom
To perf@??ﬁ%qﬁ §oog)g1 eer ?Jg%ﬁ% 8 I-Fmldéb@Jgf%@@yﬂgflg??%@%h??gﬂgﬁg%kept for
172%8 hmumsleedubiﬁ@thdlw ||2j)_thet @Idﬁeon'rgheraseeiétermmekj(jsﬁé&]‘ thec@lotratitig atpartidutar
|nvent|o in 0|rre rrer rrarlx

351 < piediton ety Be SER% R e i tstla it far ol RRei st VRl s
prefer alblle}esbmtmmmrﬂélﬁlsamd ik@ation MDelrads L3 3608$6H E%G@éfﬁﬁ@%@'tcb&mﬁgl;lw]
Accordl to. the jnvention, in the enbod elatin is the

et or - SBihaATo" 36 Tt g menlon GRTETaEE e oS e o BB SRy
vari et yengblemed@tise pfoblerBX 8NPk riot 4rt GAe Belvéht ai ned by the partial hydrolysis
of .col I agenous material, such as the skin, white 5connective tissues, or
boABs of animals. Type A gelatin is derived mainly from porcine skins by

acid p[{ 05815 S TREbugABE tRX RbSiriotioRBnd SRS 6L thisGspReiFiBdtiopeihetedtdP Hommiae &td 9.
while Type B gelatin is derived from al kaline processing of bones and

ani mal “¢HWIIN n@)d w¥iatignspidhexHnean dcaiingbig nettirpited {9oiand they akeaipt fitended and
pH 5. 24 -(réﬁaeddahcg%ﬁﬂdd% dtﬁersrﬁgﬁﬁ\é'katadﬁ’lﬁ%se%ﬁgonéﬁﬁé aFl"gltbgertsQ)rr s%é%@ "I'ﬂréd@;ﬁout

invention may also be derived fromthe skin of water fish. Bl énds of
Type Ategdescomigeaml gaims ¢fikis @aﬁcm@tlgaetbe|srm9uwéen¢ﬂf@ms|sgﬁtftedolmat enlessthe
gehati t ] t s for
o - begorth e o, T HorEaRE U @E O OBMIS RISl \sEUB TP RLISORT, | he
Si gma CGhieriecaideCapday corsemplating sluraiity. aUBall es sihgadartityi unless the context
(http://www. nitta-gelatin.com. 15 [0111] Lower tenperature gelatin (or

gel atin derivatives or m xtures of gelatins with nelting point reducers) or
ot her polyner nmatrices able to be solidified at |ower tenperatures (eg

sodi um al gi nate descri bed above) are preferred for exanple when the active
pr|n0|ple to be |ncorporated |n the conp05|t|on of the |nvent|on |s

e o o, - ~NrN . o



29 a plasticiser owwng to its particul ar physico-chem cal properties.

Choi ce of ibuprofen has particul ar advantages in relation to higher |oading
as "convewbizorals3eopl astici ser, for exanple dibutyl sebaeetraresiodBs3s may be
reduced in quantity. Alternatively it is contenplated that the surfactants
di scussed above may be selected for th&br plasticiser characteristics to
achi eveeqpestotitamvee. advant age. [0114] Softeners, if utilized, can be
ideally incorporated in a proportion rising to 30% preferably up to 20%
and nore preferably up to 10% by dry wei ght of the conposition of the

i nvent i[gsp] €FRBturdY, thibgee Qih%kﬁder@ﬂ&%@ﬁtpaurﬁiﬁj cRémicandoidBss ogrelisy abl y
bet ween 4% and 6% 10 [ 0115] noted in nore detail above in the section

on sur f9&E¢rHIRAdN cpRjunGiop Mathed P@HC%'@ Jsperl §BPeHIE St OheraRie Pf RetaANECR Ara he
aqusous, BEREersiRttabE apHlidaBid BHng I a%bé& &fbodihehl AsdxafipRelsscAbed
softeners or vice versa. 15[0116] "Al t hough not essential, the aqueous phase
may al @@r%rpvnleﬁ%mps)m@@fﬂhleth@rewm shlhefdhe fanturgpdisslosed Insthﬁaﬁpppkfjﬁﬂltéﬁnl y desired
to enh r ntlon
[0117] (Be oDy S boflbadiin GBRR, boBl S bARIFRTRARIO M2 o SR IEEC o

cr oscarnn@hwagrep@m@ﬁmd@ﬁe@ls pay ibdembinegiin snp seinbinaten. lexderscpmbiibns

cel | ul 8 S

(eg apg\?&r((?gngte é@ }i’@cgtsﬁérﬁb a\%er?%%b &1/%))? Stte h%%r(]:eor]r%@&ﬁil on e a]tHquE\(l)érﬁlah F)énrg: uded
i n10he regrigod ita therdettdllstdheny foreguingambpdiateatsablhe inverttibe eatqmdettsarphml An
exanpl roxy I r. Hp. yor | | 9se et c)
whi ch ﬁo,ét or{%’ns/ {) n%f?(ét WEBF}K% f%ae(urje!e" d s%%sggik\/ths spec%ﬁxtlcﬁ(ﬁteﬁﬁ? eeilabove)

I n addlatccmnpartm aagnsoalsstmcasm drmyvmgs@t,loncﬂ@asy)nmed)one,ldr anf/ naval @omnbirtatios.ed

during 0cessi or f itate dissolution of, an active
el P LRESESS b SpA 88 Bt pRees o8 5HntILeg [ tre ol | phase  An exanpl e

i s ethanol (see discussion above on use of solvents in oil phase). 30[0119]
Thesi n\@60]i OIThinedei'e HitteAOS idirb €168 t& aiNpapess BOd aoétﬁlhdzrds mnmﬁear@méﬁrl sing a
wat er - sol ubl e gﬂlyner matri x materjal. and an 0|I E% ersed in the

sol i d [FRASKETENd}AE O greious g ”E%Bﬁ’r%tftcﬁt'@“s[”dﬁ‘@fc“ﬂ'? %‘H”@P tffuch

I nvent la@élo oﬁzﬁtbﬂu@iﬁ@écﬂdﬁt\mtﬂthlsl dpetiiefonNHAP Be DhtehitapRs Ul papé@sandl N t he
section be cribing the process for making the conposition, various
WO 201@P$@@6@9?@"”Em1%¢@56@58b38@ fef8P¢fods are gi ven incl udi ng pouring or
introducing a fluid enulsion into a nould where it hardens or can be caused
to harden. Thus the conposition can be created in whichever formis desired
by 28r e RETAJLER RESERIPTIONe noul d (eg in the shape of a disc, pill or
tablet). However, it is not essential to use a nmould. For exanple, the
conposition may be in the formof a sheet 5e.g. resulting frompouring a
fluid goéd]sirsnprevibesipdésdcribes thé pesentiaventioh rélatedana vadtercsuiubde poigumsematrix

or spéelBartDn KSR g Gaaked dRpBETRS LhioBRria UBs erBpttig R e

conposiphiheipledf the invention is in the formof 10substantially spherical,
seanl ess beads, especially mni-beads. The absence of seans on the
ni ®P- bead surface i s an advant age e.g. in further processing, for exanple
coat i ngoeRi NHR ihdenBbh AISNIWPHE dESNDLE IEfdtal BRI E@ncd tPiaRbliblycahsonehte
absence of seanms on the mni-beads al so enhances consistency of dissolution
of t he Whighi theeaawositig ofitheinveREoHMay €PMPESS| Fe tormdexairierir maarb@élse
i Ni - DRRESIGLAQHSIhEEbE ol BEORY BNINQBTRRCAS AU HE YR fhidchagy i on i
t he stomach upon oral adm nistration of the mni-beads. Larger dosage forns
ar e retbgPHe@infroindykatisafleesxsorantiean be @ﬁé/esatndﬁh@ttsomq&ag@rlweleﬁ)yarohate
ganteg& té‘h (%tgrfood whereas smal l er particles pass the pylorus
epende R ood. Sel ection of the appropriate size range (see bel ow)
thus makes the predl ction of therapeutl c effect post- 20 dosing nore
accura [ or
exanpl 36634 tra %(5\?\1';% Eagz?r&r;?e@ gﬁtg cﬂ?&ocﬂenfure g(f ?te 8%1%% §§’§§%‘ﬁ$% ]Jeased
i nto tHhiee @\/emtroancatre casadlefeseemnr bgoreb b’ethpmﬁsedﬂd pummasmnmssﬁt efiséwhgreeat er

intestinal. [umen dis anci n sure to greater
epi ¢ hel i b are Bl Ther P elR Biaahs BT aPrasith t e EERATHERIvNGAP Do)
angd5ac hicesistsblgr &steprableqys foad addititésngc(e. g. as may be deS| red for |ocal drug
effect in certain parts of 25the G tract for exanple the colon). Reduction
of residence tine in the ileo-caecal junction is another advantage. [0123]
The conposition of the invention is preferably nonolithic nmeaning
internally (ie. cross-sectionally) honbgeneous. This is particularly
preferred for the mni-bead enbodi nent. 30 [0124] In the enbodi ment of the
present invention which is in the formof mni-beads, the m ni-beads
generally range |n d| arreter fromO 5rrmto IOrrmvmth the upper I|mt

- a —



[ 0125] Anot her possible formof the conposition of the invention is as
hem spheri cal beads two of which nay optionally be joined at the flat face
to creat ewea8iomgbeoni ni -bead with two distinct hal ves, eatlErbaviopgysa

di stinct conposition, if that is desired, e.g. each containing 10different
active principles or the sane active pfiénciples but different excipients
e.g. teutdttente differing perneability, solubilization or release profiles

as bet Ween the two hem spheres. [0126] The enbodi ment in which the
conposil®64n I ther descripfinerandgiringiab dhis sredfisplion thederm. suirriantsis empivgaser
devel opethntractidredt Sufat@h&fie JJRAL. Bdr th Blirpdeadst tﬁlsgiesc\!r'uﬁloﬁ%rr‘iﬁrc%ﬁk Qflis(W th
15appropriate oil or powder-based binder and/or filler known to persons

ski | | edspymedhthahihery prepiRar matoe glepeifisatioes pliswiackHnts saionic Ratane. 6peIPBIR. of

i ncudigag MO&éFQQQ\J\IIﬂ?N&ﬂ&)I TheRoMbnik Qﬁrfm r@ﬁbm@%Hdbbthlag nBQ:ﬁBR;%' ﬁ' on of
the invention or different APl a preferred exa el ng where the
conposiadkeeHsotolutipas andednasaret pl@Reeatteh@oms'ﬁveﬁn%eeg@vwreh%@ﬂp‘rﬂugfectants

| mredi %F@w%ﬁ-%%%feo % {;&%G‘c %p(g&o%et@m% bOGR a{h%er{e %{IV% loh fhen
conpri ses , eno I an | nmunosuppressa

pl ur al iplacedfin wiamr Bmwawm clmarge mwetregreaalefaae tesnsdnnfdfemmandaaoes a$1th¢| fferent
condi ti f shap | (eg
conpr es?gé}%?é Qame%ﬁgm &k me‘%tﬂrgﬁgnaté hale 3 too£ ﬁ“?e éﬁé@esﬁﬁnaj od; Qéaoc.eﬂlé o shapes,
t abbet pebiipesnd oe@mlvbeorshm‘masplecteﬂ in Avgber tni tbl$| a@se rihelpbemve/\ions IIDdeith;e ver si on

f th d di t |V t tl ed
par t1 oaRHpe onran B wiar 61 Soirane SutaTnss e BERGr P0G Bl fufien®
cont er}aestelysmeelegtp?ﬁugwmargé Inyadidic Bdlutldihsfm’fdct%lomggpz ﬁl‘fﬁc’wlfﬂmm} J\:a/r Oiipngszle;1 i .
or pe ,
o pati ERpiTes Fagarve PE AR UlR HE FaMRR SESASAPS SO U oBE e s ary
if the capsul es contained no such dead space. The m ni-beads of this
2da5: PRST (HHERCRBIS -G P Lo Cas e NG ey oRye Beorsdaelanee (1eaki ng

much r eghigad a rﬁe&ur@éﬁmetd'egrléewo %.cfﬂtﬂ@%ﬁ@étantseﬁwopm.é emrpebweldétérhﬁ]&ead
or void space can be used to advantage by suspending m nibeads in a vehicle
such ady rsulading yplues faithediffergrt eagiang,of He Malectiepns %rlha@@rrgm& faman-
proper tlérﬁ@s&%tfbrﬁ‘@) b v i ¥ PTGY Lan PRITIRARY Iéiehb %b%@oﬁ@%th%s appigrced

di ssolution or may conprise an active ingred ent. bei n sanme or

di f f er éermulg tonthamplerttdrneeighi of Bigi wirale mMoteaulecanseefdhe roebdbmmcbhpqwaﬂlg
gebat i jansTel h
ne3a; Cg RRSRIUNE T ngS (Gunl Gk Ll £ TRLOTOIAILEREE" of (he
oi | phastvesoneand denmmsHEByeluiend @ dtveneepond@rtoatcorm&etble hygophobic molecule, and
2010/ 1 S?I%gﬁl? ,

sol ubi I?él?vzsagl?{ ar@ﬂ‘}%%%%%gr@ err?c?%c mfgg%g %%Hr%@%'ﬁgf @&dar%h'f?@goarﬁ;eongggsn oi |
and t hdhedthevyaduabapbedset ® gradivnthasuSpeaantdsopdrtibs af amoletuncut ol P and
Tween 80. An exanple of a liquid nmediumwhich may be used in this
enbodi nent and whi ch contains an active principle is the commercially
avai | abl e dycl osporin prgeBwVarueenul stion 5Nepr al TM Expedtéd pesgarties ar | y
preferred tto formyl ate beads according to the | onin

fill a hard gel capsule. [D®37] Another possible for@HPaPRE a96Rbosi ti on| of
the inventijon 15 as a Coap§Hl4lgN Whi Ch the cpre of th/@oegmL%,hé,l on is a
solid (eg gastro-retentive float material such as, for exanple

10bi ocar borjat e sal ts) orfremffItai%d (a gas or a|liquid). wéttinhagarndre is a
liquid, it may contan primncipteanpd/or—e h—may b
the sane or|_different fcrﬁﬂén??hoﬁslsé descri bed above. 'Eh Eﬂ\ﬁ/ rﬂlépréﬁlﬂg';herl cal
beads descr|i bed above, t‘smmh3dap§u| es may have tvvo h@pw%obcﬂetelngbhtsrent

CO”StltUthn Ollld oeou eu II IICLIbOlII_y tU ICtOl II LIIC I F f
internal |dyer e.g. inter atlO % 1'miayer of non- aqu%‘aﬁ@ %P&PY@JP r%‘?? t he
i npgr face of the sphere, may be included if It 15is desired that the core
be an aqueous liquid such that the internal |ayer prevents the aqueous core
fromcomng into contact wwth the inner surface of the capsule. Wth or

W t hou ition
of 1 ho 108¢] ARELAFERL Bl BKEkre dedfinCRCedRiianfs AnkPioftie Rln R, KRWRRH L cad
enbodi r’tiEmSystemmasnmtead tkthummtwes far @mioaicf catgmia onpiosict armharapleates ng t o t he

I nvent '(gplttgp(gﬂ(ggsfjﬁfgﬁt%t% cgﬁ%%v“ %rsnn@oﬁ%gﬁ)ﬁe ar%f Wﬁsﬂe})re%gnfg %qgtR/re%rng to the

i nventi FiA - bead nvention, Wwhile by
itself offering a range of solutions to the issues |dent|f|ed above, may
al so be used as a starting point for creation of further eg. pharnmaceuti cal
or nutraceutical forms for exanple by using the mni-bead as a nonparei |
seed 250n V\:hl ch add| t| onal Iayers of mat eri al can be appl | ed as |s weII
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conposition of the invention conprises an acid within the bead e.g.

i ncluded within the water sol uble polynmer matrix or as a liquid core in

m ni - capswbani1fesévat and bi carbonate applied as a coat eCy/EPLY0D5ES3S

| ayering. If the bead has a polyneric coat, e.g. to control release into

t he col on, the bicarbonate nay optionallfy or additionally be included in or
beI absebtnpbgametgbmbég@m hcbtgh@tﬁéjanbfa nﬁih@n@mpwttgém Wﬁlsilslt‘lvﬁt/’ldﬁ’fdpé%lble

rel eas arbon_di oxi de in the tract e. to reduc ain or tg reduce

Dt | amiRlRmSU RS ehoedne TRBOMIRLRY 20 HEB pumboB Ao mBua L S as  an
aci d t QeseRthe HURregGikaméAtior ¥ debireCappiicatin faf b Rives ePfuldien byism kardentd d

di ssociatjon constant) in the small intestine or colon. Alternatively, the
core oract"ﬁéel@%‘éjp%%‘?fﬁﬁ%%s a base to enhance the solubility of active
prigciples of various pKa in the stomach. 10 Ot her Characteristics

[0130] The conposition of the invention, in certain enbodi ments, conprises
one or W@t@t@:ﬁ%ﬁﬂgeo%ﬁbmms exci pients, structural features,

functi f [ e.
unct ! 08, SEEUEER BNpPhI5TeTAERindhe 10LG:RHBE off b AERAL BEChAIRYE,
corrposwtre prefaebldeean‘ilede‘wsatgmreilf&mwleswmﬂtmﬂetdwfeciéiam mayufadtdlrmg endl |y be one

| | |
sl d erSyestinG she.ttginon s sl s 8! figblaff Aoy SR e 2
solQt i chmnlc[ @drBDhucLJnWﬁesorge)mmtmaycabmynM zgpenbottmncxﬁdprweught oftlee aqueous

ooy r asPEPLRLPT ol EEAhubBe R iR REh RUiched B ol B e nth o Bigerao'n °
subst ant prapdriosibyat Ieasg 1%comd @i mtldu%mt\hm REnprUes ersth) Medaltysmttﬁmalr]uﬂt% of

f 25 b [ Th f |t h
o1 oces AURILBRG T eRE S aMpl o 2 Gak LR o BRGSO B e

heterogenelty such as, for exanple, a har der skl n and softer core with | ess
than cq ete irmmobilization of ojl droplets towards the core as opposed to
thé5sur[$§8e Bressiingwisg. Sta&ﬁ?@éfe%%@ rIRoheEARAPS %Srrﬁ%oso%reé’b{é(ﬁé@“ of the
conposition according to the invention may particularly be engineered to
enbody such 30het er ogenei trP/ [0133] The low free-water content is a

di sti nd%%]hﬁ*i@fefréétamoé'ccﬁu @etents far @ﬁ'ﬁé@ﬂm%ﬂtesa%*ﬁotl%@hﬁﬁ?rm@‘é‘#q POIHYOref t he

Pr eseniocimpafal (PRBA Jrhﬂ:cﬁ)r sﬁmY}@:toeéct&r%hﬁ&atfngw S), TBATH Gfel 'sﬂﬁbhate (SDS).

t her nogr avi rretl c anal ysi's , Tor exa comercially avail abl'e

i nst r uAsHoeniUMhaung. @Ipt@&sghﬁ@tt@rﬁ@&l WIfBEosaits, srwutm saretb sulphster alseknowrGa
nmeggur i r t Le:. ~for
it o URANERn) Lol fefies At Sofz R Ao ! AL RFronle

2010/ 13866@E’GIT7‘1 HR2@JLE005 B3 BHDS. dWWZJ@eSQf ADC autrfae@EBipae anut e, where

t he noi gb%ﬁg)laqggtent is obtained fromthe sanple weight |oss at about 100
degrees I'u [0134] In one enbodinent, the oil droplets in the
conposition of the invention are 5honngeneous|y di spersed in the solidified

e R R o SO et o oRg M SR
dr apl etdsiring’ bt@ataheneﬂeylssy Iele mSh@e@éeedsfabzhmfamunet@threaebrdwsm sebidiid toaaé i on.

Coal escenc of nei ghbour i ai l | ets, pref rabl onl i f at
R e et s o T sudh dBs cBh oB B oveant IeTerg I vige o
DependlsngaaanmmereeSn BalicRfsRHh ‘?égierygﬂ’amﬁe Edrafllg€ ofFEWAILRY At robMadinge@tge, f rom
lOnmto | Com (dianeter). However, the inventors/applicants have found that

it is tﬁ’é‘ﬁ@PlaélVé‘{hef‘dh%‘Wﬁoé'ﬁrﬁ’ha?%ﬁq"ﬁt’r'%ﬁsz@@'qt'ﬁ the range from 100nmto | pm
e.g. from 300-700nm The term "enul sion" therefore includes m croenul sions

and nanoenul sions. 15 [0136] The conposition of the invention generally
CORPri §@7s1]ntﬁqsﬁ'b|eer‘%\"Pn'Q%H@Ctéﬂtsd@rdbﬁ@ﬂ'éewstﬂﬂaﬁeé{‘qlﬁﬂ?l ResiLspcasheffed form

. G- 2 ol Blydifth M ol i otheiRt B dudhOL ArexBBe, BHISK) ol OTwé fiPss 8ns
of dropl syas dlm nct rgrﬁaﬂ[{ogI n] \ whi ch greﬁl(erg 'y Q‘{ég?u VZ@! Vrvom

m cr on-39i (zea kpawn iag |P@§/spfb@tﬁ)p6wt 8@19r 80 HringVly and Aweemprioductaises avsilablel
drops f ng coal escence of smaller droplets during
spray- Ibgﬁ_}éé&%%ﬁ?rﬂér %i&ﬁ%ﬂ%‘?@é{ ments are not excluded, the conposition of
the invention, if particulate, preferably conprises particles larger than
pokber [PZ2]t ilngemeraumtudeatofsmmnpoam be afilises dgntcaaotmvegmtm‘mnekbng derm

[0137] the i nve i

i mi bt a8 RMePSn bt el G MHist Dol HeATe Reietog e
e.g. contalned in a single hardgel capsule whi ch rel eases the m ni-beads
eg. in the stomach. Alternatively the m ni beads may be presented in a
sachet or other container which permts the mnibeads to be sprinkled onto
food or into a drink or to be adm nistered via a feeding tube for exanple a
naso- gastrlc tube or a duodenal feedlng t ube. Alternatively, the m ni - beads

-, T T . ”~ o



contenplated for e.g. tined rel ease of mni-capsules into a reactor,

feedi ng environnent e.g. tank, incubator etc. [0138] The m ni - beads

so- presenwvedorenssdee of a single type (or popul ati on) or pomEPR&0OSES3S

mul tiple types (or populations) differing between populations in relation
to one or nore features described herel® e.g. different APl or different
exci pi ehbReraerntlisfabritye@h wwrﬁ%ésgggpm ro}ﬁﬁelCMreghrfdﬂdn&s% @bMta(tlfﬁgilcﬁ'@er terrtr; 4
uncoated etc ne enbodi t he invention 0 or mnj-beads
navi ng SakGienad e TrsoRe kot Py Goy Sl HE ot

ent eri Gii@nleyg. C(Q&tm@rk gga&h&mrmudﬁbrwrﬁyﬁﬁé slgARaR G ABOOAGerdhamOl ution of
the bead only for a P/ time or Iacklgg)a retardant in the agueous

phase. SPFfa%{ﬁEWH@P’e@nQ)@HIQ%ﬁ@'kVH?eQﬁv@mﬁ" 21 the iy dfophobif Rertiva L &ehavi ng

del de@uﬁactmstms %ﬁdnsé@é&tﬁ%?cg%@yl §lh}?ero?éaqtt§ma§tféoqqﬁat@ ;ﬁoce@gﬁglom@hcﬂ.t&@at (or
nore t han one coatée descri in nore detail el sewhere ereln

parti cireengation of peelslier ordiothe sepending op dia idagtity ofrthe otBeraxeipianéhang eighe

Pr oVi degiferirihI QR HGRE Skl thaffth BariIIEMH M Rek S GRS tHE rrw RRAGR f &

pr oduce I| nﬁréo%b(’ﬁggtl gn W tyh g‘Q@ugt all l#led F@%e%selor Cont Iro l ed Re éaszzeor( CR)

m ni - béaets24 alkyaang ingomatangpdgnentRheRadrotiThtne eieettirshan Cel ease ni ni - beads

can be conbined with a Sustained or Controlled rel ease m ni -bead conponent

in the following ratios (W w by potency) e.g. 10% | nmedi ate Rel ease (IR)+

90%® Sud0E&3]1n dnbt¢BRYT (Coas cahpletheRElog Hses riBR)an2 Drtheiagagas heise 2086 ivienBe o

SR/ CR; % 1R+ 09 + + CR

act i ve TRGRD e Jsp o1 SHechT eblielters Gl e lA s YA I L) o,

del i versycm)fas ot exaenpe, |I-ﬂi%l\/lﬁl(elsokhowdnasaylprbmedjtbsa)arthmlgh thgipese |sr'gzslnach||p|g

cosnetic food supplements, nuiracept.icals ceutic

saquacul B rRpiaeR el driaurile A2 VuF P PadRGaL ko Rt

steri |l ippadessingoptigny. i fi cation of contam nated |iquids e.g. water

coaéam’ nated with pat hogens for exanple bacteria. The conposition of the
ntion can be used also to absorb active principles in order for exanple

30t o r gome qrRéd nBraiBhiS sUFfQéfhhtBQvfﬁ%Wﬂné?B@W&udeﬂGh tlfél zitﬂje@ljé pﬁéséﬂﬁbl@de or from
the intestine or specific part thereof e.g. I n addj ti on,

the comPBXPIREIWREN ?F?e”‘?W‘Rfé‘Fﬁrib&ﬂ‘fkﬁﬁg?o'b@eﬁs“é’H‘Ftoée@l@f ?\9@?”%&’11"\9@“9*?'13 HE@'BI es
whi ch %aslybw@pylémbag prowée&&ﬁ)) Pnkd@ W) 1 E BYARbRIICBRYRESF €. 9. in the
i ntesti nal men I:E)ases pr ot ei nases etc) which may be
desir ezi’@lyexﬁihlél% @Oiwﬁ%thlﬂﬁ'ﬁ%eﬂée)éf ﬁow&réﬁrea@va"v@e commercially under the trade
2030/ 1%%%%1@n%€2‘0 KH20RI&amE oF @lfr’rﬁl%ff |a?§br%ﬂ/r’r9errlc sgrfgé\ﬁht’s'atré‘ﬁﬁuédﬂ'u%l
absorption of other active principles whose absorption may otherw sSe

af f ect eg@luble angcaredhergioss presenigdaze Fhepliwwhexnponentodf théeqienusmhiase: may
also b i si on of
2 Fat SIS by RATEE UL8 B (obOER B alf Sl Sr18 chhoc ZERR! B BRSbRAE: n
r ever sicompooentatf tter oil seasedséesliso pepayetetsection)sech as ot exehple.urndyethoxXyietB]
Separ at ; r N

conposi-er Spol PBERPle M B el o P Mk bR IS4 Wre AL IPBIERT e ¢
i nR&r adétrakildadk, imatiiblerck setc nopdmgust(ptbloxomér@) aneaisal ieclbgedlel | very of
antibiotics (including !'antibiotics or bacteriocins) to a specific portion
of the gut so as to reduce side effects or, in the case of a peptide as
active [WS]nmirptrmr typesof palywievialaghiecus :ﬂfh@ﬂ@é@famt&ﬂudhtmayﬂ5§ @sed mrasigihiat he

upper tract, [0144] Other active es cont t he sa or a
sbpar a (YR AHEN RO S SR raPe s B ore S metiecr el wB RN dhe |
i nt est irfi® ofith@Erge @érb@ﬁylcynouthu%stera gfdRs eTHRSHORENT and Meth eeBRQsInidIesuIaf t he
i nvent| on delivers antl biotics relatively proximally and reabsorbs them

r ePat i V&It 3rREPX-1 3P PP Pﬁ'é‘méﬁﬁﬁH‘ffa%?”té§<é&'é‘bérﬁqnbpswﬁisar%f Heng in
the coli@le#HeEUBRAGEI®Y.10bN a rel ated enbodi ment, the conposition of the
i nvention conprises enzynes to break down or neutralise or deactivate
antibiotics e.g. beta-lactans and delivers and/or 20rel eases these to
target p b%atﬁh%%rfb@taﬁhﬁcl%e({ fn"’}ﬁé aﬁu&)us'dhagg?s GretePAbly E)R%éﬁl] wifMif Fafes noted

i ngredient's may al so I nc I'n the conposition of the invention to
enhanc@bapsdn e Bini beadwambi)@megt @vgidange efrrxcesmsurfactant it dasdable to aveid g de
nubs L -0 01 AP \HRAL SHRRLESRNL A @k Ve biftatlyest BFR0ETBMpiod Adneir
conposi tion o e I nvention conprises 25func PI'S I R conbi hat I on

wi t h a sodace @isigé anderdhe migrosmpex tW bitst not Arcessaritylaemajor gontgtursath ginahes
extract is berberine which is a quaternary amonium salt fromthe group of
i soqui nol i ne al kal oi ds. An exanple of functional oils (the termalso

i ncl udes "designer" oils) are medi um chain triglycerides (MCTs) derived
fromtropical oils which have had | onger chain and "bad" palmtic acid
removed to Ieave nedlun1cha|n good fatty aC|ds behlnd 'Gbod 0|Is such

o ~~r o o o ~ o o I N v o



5[0147] A particular focus of the present invention is the delivery of

phar maceuticals. This applies particularly to the enbodi ment in which the
conposi tiwo 20akessobhe forns of mni-beads e.g. for oral pedmprisiosass on. The
conposi tion nay conprise one or nore active principles (also referred to as
active pharmaceutical ingredients or AMs) and it is preferred to

i ncor peaatexd tbn@pﬁtmhtym éRdting (fiif is dayiyed 1o dpipky for éxphgisa p@l}dfdncdéou@hhdz meniAPI s

(if an iin the u ase, n one active r|nC| be
ncor piFatediavaTERRE it IR R ARG TP oBS e Ab e BRh B RS of

m ni - %?G@ss)”@l@sbldﬁoﬂo$lnﬂﬁ-lb@a@s)?eh'f’egQrefs@rﬁtﬂhve‘i‘ft(gs/abgﬁdéﬁ@ havRsHIrRingfTdusderi f i C
bi nary fixed dose conbi nati ons are discussed In a separate section bel ow

(al t holfyREfa Sircumsiangesinighsplevels aburfagiant induded in the eRMRRFItaR qf fee inyention

ext gnt cgh cBESSA Qb@nt@ﬂlrﬂ@ﬁlye efyasbff Bl ih Q/ﬂﬁ))dfss"&hjti&ﬂrd(@fflél ff@fufffrfgaef ¥roBlif the total

conbi nations are also contenplated. 15 E 48] I'n relation to its

phar ma@@untaisselygsl eidhe compositienagaeiding fcothe dpieniies Based onitrweerigading uar ug
LYPes Go this AVefldRS R Wals @418 SRcth hé%oﬁ&ﬁftr%’tf&%@srﬁpa%%‘rﬁ hSéveq/I%élﬂﬁe' cation
System (BCS) which conprises 4 classes: Cl ass - Hi Pernmeability, High
Sol ubi Idigsplugipageofile droppidter rdalirazadint of 9Isscuﬁd mmﬂﬂtfqnwomn@éwasl | - Low

Per nea I ity
251 0149PP b BF B g Bmbokiton DR ERTE ARl 06 fe Bl b

i n¥ent isgrfact@htasestain emhadimgnts: & isothepdoreipcefeaed tehaveandlee acﬁt&bse]ohﬁsff at he

P A R T e R R A e

over a epbinplnthe aimpbsttion Tnéj be3id thafuimadf beads soiinbkadsy whereiothenepteong t hese
iteri d bl th t ent . of Pt '
det er LB £o BB TSGR Getianab an st ublb o B8R R kB Bt or °

corrpar |b@edsxm|rﬁubeadm)r avembusmfeefsecffemmvdm&m (renebngdosltion] @.grineadidrmtof 1 f not
ng) gese criter %) 10/ 133609PCT/ EP 0 0/ 056838 3 th%0151(1 Agai n,

for he'*B ?Bo’%‘&‘é f‘ Sf fy @pﬂ%eédP 5 ABIPOLR RNBPAP %‘ dt Yyepreyudnoigere

consi defigds%ondeorémadl 4/5%| 66 flové t@anweor Ao Blote ofantdve bl awgfgh%mh@begﬂs

drug substance dissolves within 30 m nutes usi ngs USP %Bgar at us
vol ume %MIL-RgeEs-nin §iF ¢lass JAMRACGALNIS(18E SHTICIRHLS B poynd %ﬁb‘?ﬁﬂa‘f Mtﬁ)/f f er

(PBS) oy REight 4f th&bBadLdr MRROBESSNUn SAbMB} Eiby ofRhISIdFh B ] BB suffEEthMas in

details are provided below and in relation to specific exanples. However,
in genéNAMQUR pEat least Bt by dyy wRigkiafithmbeasts qré“'&'atqudéd”bﬁfurwréﬁés 8f four

Mebhodsmbodintaral, tHé SRR AN GEACIMEIHSS at loast 2% b Bw fvt@.bHi%flthé Memsoérldf.ﬁ.-of
test drug in aqueous nedia with a pH range of %/ . Shake-fl ask or

titratibgAdsretlighar levels of surfactadn V\@@usg?uwkmef (Gﬂ éEO\ﬁ %%ftfyqu;ghtmﬂﬂ@atptahg
assay. g
The. oxCanT ol o G R s LR S ST e RS Wath Bla HeloRERTg]
Appr oacireraiches agdollowdsss- bal ance phar macoki netic studies. 15 Absol ute

bi oavail ability studies. |In vivo intestinal perfusion studies in humans.
In vivo or in situ intestinal perfusion studies in animals 1In vitro
pelfeat{0Th] diipapiemornthy that shrfgotants ade ietsin dEsomtiomdstingtreslta wiadn corsgete | n

per moabi PLJChE! LB SBTEEPER RefFRbsE ot ol S R LE Sl o can

t her ef cammfdepmldfaoranemmdefmnmalaquemh phazesof tHeocorepasitipinegf tlsa)me,-sérﬂl s e.g.

Y Sontianfion 85 berbed BBofs 1 BYSHETRaRAteS nY S ST orl I AAREGRE ot '

i n PharsragigujuanttesRegedddcin thtomposidn HavaG0Ruers glegter O¥fécttttaradsss qubntitiedd
whi | e Sh?({% eta/in Farmaco,. 2005 60 (11-12):884-93 assign it to Cass IV.
Al BRoudifiaeere thesdisspl dHoReRedWR- | ow sol ubility, there is apparent

di sagreenent on perneabflfty and this is believed to be because

per neabi I|ty changes with the formul ati on and/or tissue site under study

wi t h ClP{Bletn H1e casgof dlemisi-beappapedimept dieseigsentinygnégrafypotpesisretist fet v .
30[ 0155&caF96no%hﬁéF@P&%H§é‘tbnﬁH%'nb%%drf?ﬂﬁe n%uﬁf%éé@rgé(?tsdfééd%sq;r didperdegyent i on
may be applied to a very wide range of active principles with a particular
f ocus b@frﬁ@ﬁéﬁtl\wamph@ﬁfecwwse pcgﬂ’ffrf qopcerttatiop Irp{*)ferqufturé@smwhflﬁdbfsffdﬁcat i on

| N3k WBeid AR RERLERSboTbaHlS bBRbt RUHSERN IrkhcPB e ountBy this or

other hypotheses advanced in this text, that the surfactant in the beads assists API egress



principles may al so be included in the aqueous phase (including in the

i nner aqueous phase if the oil phase is a wo emulsion). [0156] For exanple
t he conpowot2omnm3gdost he i nvention can be used in the casecufepeoisobisbs e 5
active ingredients such as, for exanple, nifedipine, |ipid soluble active

i ngredients such as, for exanple, genf2Bri zol, and pH sensitive active

I ngr edif@nt witlsineie pslyméocoat Xitapbst is afginapds dddelddd thd miheesdyjRngialdoqvseiblyt he

i nvention i i -bea odiment is also suitable for 10 the

s i <6 Pap e BT bt et g e oP RHP LA R ARG e sk g BeRdl b
environment in the stomach, such as for exanple, omeprazole and ot her

pr ot on gunp i nhi bitors used in an - ulcer treatnent. Active ingredients

for t hd0fHedihneHtwasra pretenior His Q{PSE}W’E aB?'I'Q@PV'”VW"@E?t"Pé‘Hdéﬁ‘% imeetaitul arly
Conéenﬁhﬁkﬁﬁﬂmﬂ§kgﬁ @ka&h%bE@hﬁMh%bhﬁﬂﬁé%ﬁ@Bﬂh&goﬁ&ﬁ&@%nh&M@QAP9ﬂ1Ca“ al so
be used to inprove the bioavailability of active ingredients such as, for
exanpl éJSFE/EPfJé’n%I@IldﬁéOKWmftﬁpFP?d%@Sa'Slné\ﬁtQﬂdérd Bedigcan|bgmdchieved, tmmgem/@rronly he
COMpOsi I

oy easarPerRaEs o Qe Pang DEROMLGTTERE o7t ipdrafth i o M Rion
from orofH}eethpﬁég@d0$agetfh@n)gamcrrdmrteégtfaﬁantsmvaethgnctfme alsantttmf exarrpl e,
capt oprg i in
anci b ot ER Bl e DR m BRI R RERAL AP R e 1
gadOr oitim¢ eetiunato aqhwzye ab;prmﬂaeataetiegnee@fglssolﬂtlte“nszmmslabhn asr;talhmg rexanpl e,
a- chy e | i t]

ol at e upERahhaBE SR I e B ey B Cor BT R Blschy Bt e
rel easenamc)mrahre altpmase pr batlj zpidearatm aamamlgled:onsprtsedm gt Iealstsmahqmemu'srpdaase

st omach ar fna“ﬂ i nt.e tinF Thus, in distinct 25 enbodinents, the

i nvent 9 9BFENAN&LECIB Mo ®7355s conpri si ng captopril or cycl osporin or
calcitonin or heparln or | ow nol ecul ar wei ght heparln or pentasccharide

hepar i ri |ve or hepari noi.d r lactjcin. Nuc a f or
exaip! 4088 fRse a8 S aH oS SoNE g RRDEFRST RUSHENGHeT

i ncl udegge mv@mﬁjnnﬁlrﬁditldlﬂbr\wﬂéﬁélah BE-sERBRARII RBh GENBF &5RBpleNEcl8poimli€ nucl ei ¢
acid. 30 [0159] Suitable classes of therapeutic agents which can be

del | ver@TRARYRY 1 Hiecolh RhpeRENE e MET-had pPAses T Tactantcee b 6t 588ty wat er

sol ubl g démp@égfep&%eﬁ matr&wmiuﬁd.s@,arudbwam@ta;bafpogmgrmbﬁmehmndorh gwer i ng
agents, antl-dla etic agents e. PAR- ganma activators, anti-epileptics,

anti- i refaserd/eeo- ﬂ@Q%’Flué'iS%Ut&mFch$ gsing soxgendialynedion. beaeprantraign #ht i bi ot i cs

andgbaclgL a6t iRSh: exéﬂ%br;{ HRBBInRIBRLSII b%rﬁf ey bigel 019(966'%% ie. AMdHASYENRALHC
agents, | mmunosuppressants, protease Inhibitors and (%ﬂnlc peptides. In a

reIatedh%ﬂmédmdéﬁnmd(NﬁyZO@UV&@%WG@PGHMEW@GE&W@@@B383 tRidtinmirposthei on of
e SR80 RTRLSESoBl AUNE P ELASLENG GRPROLE A, RobhYPH G PPAR
ganma e. SI'g one or pioglitazone e 1nvention relates also to a
met hod emqurre@tnorhgwa ot ensitien of thebovesitiodiins emlee taogchiahel enfiuly dituted)eguicdient

f or mul hereof 5 [0160]
SU|tabﬁ%h8$g%§8§ 0 hmtg@&?ugua en?%ﬁaﬁkﬁﬁﬁﬁg%ﬁ%g%ﬁgﬁ|vered using this

i n2éntion include but are not limted to peptldes protelns vacci nes, and

[ ti. ., 1 ncl udi t t
Cher aof 0 fic MIGT Rty SonhyARons 8 Y% o HarU BERUT o Gaeats Peny Sopt T
f ur t hewitapgute ourleidh ishait nebessarigseadictiveves it wwp@wmc@&&ﬂpﬂaﬁmded)kwarc a

nunber of ngly or .in us conbi n t|o s nutritiona

supp erPéWt@ bCpuRe D Bt mtation o M Hepwan raL atanties o8 s Gosatan Bhe ¢ orm
"drug" ewsdini&itei the Mpl-belass didhe inSeMin Prodidet dinkRodeedtlly S@seriof inpyigs ei ns (and

mnetics as well_as coval ent, non-coval ent qr chem cal 15 anal ogues

t héPeoPPITOERANCGe he INygRETSiRRPICANS HipRIaesismhadt wishing e pe HP@fﬂdaPhE‘eagent s,
ant | coagybMBLis AASN FracRHinaAk IRBSILEGE MRS KondrBeId/iRAhERAE 0Pk KipsaRRes and

conditions of the central nervous system narcotic antagonists,

i mmuno 9Bt ©58eRE sther AAMARATITHM GG Ussohgan medilgalrather hee itsrcagsisghiolets

AL DS, cheli@td NgsdRRtahd Rt is IENRIcIAYHM RIed S BTEI UL AP Yh AL s
sedatives, anti - neoplastlcs prostagl andi ns, antidiuretic agents, DNA or
DNA/ RNﬁnz@dmré@utf@scqnwwwpp@f thegeyrntign whidhegnsHas| asiepables dissalyéen. In this

t h%Bap%H&fngstgé ﬁﬂ%&dn?ﬁf élg?a a@gmtcf&d}éé‘m mH%lésmBHhﬂa SR eSerold YnbkiH g
antigenic nucl el ¢ acr d-based vacci nes or | munot herapies, prinmers and
adj uvartw nudre sudispeagionsist thay aotisgotiitiondestzad aspiﬁve@slss@ummmsmmm e

t herapeutic or health nodul ating entities. The present invention may al so
be used to deliver NSAIDs and in one enbodinent relates to a conposition of
an NSAID in particular for 25 preventing and/or treating bowel cancer
and/ or polyps and/or to block PGP to enhance the effect of anti-cancer
agents. The present invention may also be used to deliver bile salts or



The present invention may al so be used to deliver one or nore antibodies
e.g. infliximab or WD 2010/ 133609PCT/ EP2010/ 056838 42 natal i zumab or
bevaci zurmb 20m/t3B@9G tract, e.g. the colon, for therapeuriEr2@m0/056838
prophylactic benefit e.g. to treat inflammtory bowel disease or prevention
or treatnent of cob-rectal cancer (CRC1 The invention also relates to a
conposindig@nstuEXor tie@irsased ohcdmpendidlimethpdes and al so to a method of
preventing or treating inflamatory bowel disease or of preventing or 5
treating CRC by adm nistering such a formulation to a nmanmal, e.g. a human
pat i entgjl PRagteed t hereof. The present invention may al so be used to deliver
ot her t&)es of active principles, especially anti-cancer active principles,
such adt 2]0rA”é(%é‘ﬁﬂ?@CGUlt'%'WsﬁUﬁéblﬁlohé?éé" PetAPEId® fos feodgisedpr oiNPRENPSER t ar get ed
r eCept QpfiddiioR) rﬂﬁy 3 ﬂéé&tdé%ﬁ@.wté‘ﬂﬂb%%%% gﬂﬂ ﬁsﬁgcfz&rﬂmg)@m |ﬁver§tféﬂ' fl ni b
mal at e, or pyri mdi ne anal ogues such r l e, uorouraci | (5-FU or
f5U) . Terens @f\ﬂéhwetght ofithe cemapsition of the W@ptm tthemll pleRsrdesieraly SQBRrgRsd ve
pri nci ot & i 0 ry
Bovel oy aorRfiahator § SortRrerd] 1544 800 BbrObrdrkiahl 209 LPIGERREATY .
a hurrar%ﬂatqtéi% e g rforrveedne FaemaGtions. OTh@3§ vl meaheaaxcswbﬁearmeltmill@wesllyamre
for va e fot
gast r o PHEDL gt ARpIERFREREATRY diaosE BrBluiort Srherale Pl b Eselir 8 or
Vi Boi o 4@h©|oebetweeer115é@ ahdBbyerand vEEsthrhythpaoblolhut $GHME)n atShagi@nk argguyic |

nf oct FOMENT kb T Sonb@b RS IBER ofR Ry el el IR ands b Bl e

virus, and respl ratory syncyti aI Vi rus; and sexually transmtted genital

e 83 RS RPRIEGRAST DY) e RS B GRlB e B
adm xt wisefor @’ﬁé’mbl@ 6Meg§£0 oil@for%x(armipleeeuémﬁemaﬁomra@mREpsL\msjo%bszgénouc acid
a-gal actosyl ceram de (al so known i tosan, cholera toxin

r ¢¢8 raé‘?ﬁﬂﬁ'ﬁloiﬁéﬁﬁc'@(%k@uﬁ?ftlugﬁte%ng"’é? QC'P&“\ Prﬁefe@dﬂ ltraRige BRAbi | e

ent er otxA Br ALA or BLA, ar@hs&pégpﬁumygbwa siesve 8o Cﬁﬁegé 8ils rﬂéﬁﬁ@%@urc%’@:g
nmonophaosphol i pid (MPL) ose derived

saponi ns i ncludin
f rom t A@NsRpAREPRIIale alant @Qr Fﬂl‘cé‘jad” %hﬁﬂ"é)“@lkﬁﬁ% S'”%eﬂoﬁpé@j@d‘l%or 21
and Quig| A, orFE.(‘R_A/orI m%ngli?;eh%‘rﬁ%h rﬂ:&nﬂﬁét}’cﬁ%tdfgbféﬂ Eorﬁ&dr%n%rmcludmg blnary tertlary
pol yi nosi ni cpol ycytidylic acid sodiumsalt), various oils such as, fo
exanpl €ic edobingtiansdn apkradioede aiso sholeaplaied B-gd e binasy moiture @@d% @ryi DHArm a

P
SX% 10?3%(?%91.Eg?ﬁg}%@%}@%ﬂ}(ggﬁéﬁ tréé%B%E)Efgxfg %’exaeneoi |'s. Such a
vacci ne or i nmuno-nodul ating conposition may optionally also contain one or
f I
o ST, (AR o A ROB BB E3 Epah yh bSFESIARE PO | o0
IS possjilbmmonolmderm&acﬂ d;ﬂsbmeomlrrpmwnt ail, |p|atm)kednel @b@pjssuhtahcmeoiartrbhlerly
t d t I
it or - NP TR b of A i 83l Rufef @S B i Rl e dapuecios
( Maat anrindgylyiceAn 32@0 abyuSsiediundenthe tdékjamebe Migol 2 Gilidh 38 36WRIERC Al ER21 201056838
43 [ 0166 osition of the i SQ or_inste ri se one

o LT e AETy WRERRR oh ere Fombr e e o P afthe M Rhis P RE S RE B or i bad

in the |m@|n§m@ycﬂ>w § 10, rsgtQca?ﬂl@/dabﬁmdgtycénde)smgwcﬁmcm enpl ated as are any
conbi nati ons of such single APIs such that for exanpl e, the conbination

descr i BERPTYIEBRAGHNAAFIC &t XCST'?ﬁ)r MighRl¢e RS- Brapryli/caRyy/auidinic Blolgeridfc 5
degr adahipsag4o: qp%greaé@tycwed.@erwa@/d.¢a§>rétb§<wéﬁr@wﬁgiydlw 8 18 15d@iér only

co osition according to the invention rises an antibiotic

epth Qk/@m@h@ﬁe%ﬁ@at&@ AP JRVY:C@e@néﬁi‘étth%'sﬁ%'tyc?@ﬁﬁi'%cpq}\wtt% Miglyol™
degr 203 o BRRY RS 3o fudi@ TR O ACKRNIN A S0:d IBLLALEIN BlleH! b
conprises a egra At enz not co |ne i € suscepti
t o enzyawoee,ails adiafhi mayib@rrmdﬂfed imhe dli(phjabd 6¢d fmtmqne..euryt be lquihoi faty hadlﬂ;cd)

d f L Eeal t of | SN

Puman. S3ARTO RS STAHETES off e SiRoducla o FRVTR s Bafrirdens  ng
to the aativityaln thiseemimjposntt sotabasie indhetd dftfb]gﬂ!ydol mbbo-Odrfeii]i- elﬁtuug bstarent ,

e A B 3 AT 80 0% e pOSBR Alh, o8ehe

i nvent ingoropBYic bertf. ox smbiperd of mecmatsydr@@ group pas bé ethicfiied PRIS §>a||yemsyleaé may be
used in extracorporeal devices or other health-related e.g. nedical or

200t her devi ces. Conbi nations of Active Ingredients [0167] As noted above,
nore than one active principle may be incorporated in a single mni- 25bead
and/or in distinct populations of mni-beads within a single dosage form
e.g. hardgel capsule The conp05|t|on of the |nvent|on Iends |tself to

o o o o F A /~e o o o R Y L



150 a conbi nation conprising various antiretroviral agents for the
treatnment of H V/AIDS together with i munostinul atory agents; a

conbi nat iwo 2bov13Bdve treatnent of nml aria conprising Art egrappieoobased
actives, including artesunate plus sulfadoxine/ pyrinetham ne or artesunate
and anodi aqui ne; a conbination B2r the treatnent of tuberculosis
conpri gjyegl. lsaormmxy dils srefaaidble asrim2rupiy 279, fem BASF uadeotibitatinamef or t he
co-tretmanI HI V/ Al DS @ aland TB, conprised of, fromone of the

f ol | owi¥pyito \f‘” @@d”‘tﬁ'%ﬁﬁ?‘“to Q§ ne, Ritonivir, Lipinavir, or Amprenevir;
Mal ari a: Sul fadOX| ne/ Pri met ham ne/ Artesunat e; andTuber cul osi s:

| soni azi d/ R f anpi n/ Pyrazi nam de; conbi nation conpri sing_ various

car di o&%%ﬁ!u|Pétﬁrrt?§é%9§ad<§fétr@t:9'wtr'%m%rb@ iagludrstia thy oihepaserfficaiding i the

ant gdi W\%Hl%areﬁ%@&ljﬂsoha Q‘W&@h@&t ﬁfdﬂlasafgleéﬁafﬁnplélﬂébra?é%a@mp%%l%
bet a- bl ockers and anti-oxi dants; a conbi nation coq‘grl si ng i mmunonodul at ors

i ncl udimrpuiacierd &y Gatiefasge irs partieulampradest membseli1848gent s wi t h

i mrunosti nul at ory agents and/ or adjuvants; 300 a conbination conprising a
proton punp inhibitor (PPl) [which may be sel ected from oneprazol e,

| ansopil634| @thermmbéez(altemaé\emmqﬁdamaé oil@'mntucpﬂiaczleosé]rnaca@g%tyderime@y| ori

ant i b| onl

ol ar i t R E O oS Mot R[4 Ry P BT 280SHVEE,
ci et i diatefossanand chmydpcammmmmjglyuemaes sliaheds, fov@xsmpleathbriasolibyg

pr ot ectg%g%g%%éuch as, for exanple, bismuth subsalicylate], WO

2010/ 1 /1 EP2010/ 056838 45 the PPI and H bl ockers being rel eased
following transit through the stomach, the antibiotic reI ease in the

st omac d_the.s omach i ni.n rote bei reI ea e stomach; a

Sonby naof T erR it ROl A SEEPRRY BB CaSaRE talted 12 o

rret ab0|aln§mpbﬂpﬁ|h6)()tl @ebrsoﬁ@ct%an@ gkinipies includel polietrbxPlated 2@eirlp@s W th
ibitors of su 0 a conbi natjon co isin tibiotic usce Lble

to énz%Pf%lt"?tﬁy'%egg'da‘aﬁﬂlﬁ'is)a"ﬁ'ﬂdac% BERREISPEPYERZ ?Pé’etﬁﬂ%”%ﬁ’f'fj% Mg iCasiRE Y

contr 0|dcﬁ\ﬂnér@|a¢?%aﬁbﬂ|@ﬁé hyiaksdt reusddusaad sandilisérdflihd Edrsdditim otk t he
enzynme bein eased in t e distal small intestine and colon; a

conbi na't‘teﬁﬁor&: B19p 18P ﬁ@mﬁ‘eﬁ‘é{?'o%?ﬁ’%at'%ﬂwh'%%ﬁ@f‘|”@”‘Efrc%‘t9?é‘le”§cﬁuéﬁtaﬁafpr y

addi ct 'e\kgmﬁgaeﬁélyé‘ﬂhglaeﬁé‘g@f@él'é@fb}r@oPﬁmhdI&b%@ﬂt pol?&ﬁyél@ﬁé‘ﬁl&c(ﬂé H@q cl asses being
rel eased in the stomach and 10 intestine wt é antidote, an

i nnocudeyeBryelena gwgt ehpis ol cates dheaiciagen exameleny Cramerve gy BASFHeo®ol on,

t hQP' I TaidoAMo FtbrtFE‘L 'At%rrvme ot auaﬁéa?sg\ps. i&@%ﬂﬁ%%h%&%lib%g%ﬂch .
oraly, a co |nat| nfor the treatnent o el ner sease conpri sing
a chol me‘@t @x@melewmph@tilctytﬂhOUmmmembodlfrmntmfath@p@mp@mtmp@fzthee invention

ri vastl i st
such a %%heﬁ%) ‘f’gﬁua"%“{ﬁ%%ﬁ [ @?}B? Bﬂ’r?%r M@Encaﬁo 3%1

Al zhei rmhersn IIlnesetamus@hpse gii mghaond:hkmermitoﬂr dfsd léashpbe poospheliwth salsipilizerr
exanpl e
foll ow?snggg']lbggagéds,n A b £m3%é§%€§t) ?g@ &% Z}]Oﬁlpqn%o []8'“ ér 'wgtﬁﬁha?&géﬂkgo
bi E6ba diftemént-in 28¢mnf | armatory agents, ant| depressants ant| psychoti cs,
vasodi | ators, nood stabilizers and cal ci um channel bl ockers, including

Ni nodi pi ne; a chol esterol |owering conbination conprised of a HVG CoA

i nhi bi tfog8]amsl oe embesiienabf Lbohestien,ahe vibphdke dontprises atare tranagebi nati on for
t he treat ment o di abetes conprisin |nsuL|n and an insulin sen5|t|zer 250
a CombiCREPPBAN 6P PRENG. S3iH AP ABRPLBNaSE TR STR AN Ehd an or al
anti hyperglycem c agent; a conbination for the treat rrent of di abet es
cogBr|S|n insulin and a sul fonyl urea agent or net

i nd08%n Wilhin e prefrsrdempodiment; ﬁb%tugéeb@fﬁfﬁfteéilth@t th%‘t’rﬁm el %'nothal
PTP- 1B r%d‘d)“1b'(5r%¥erabl?1%)'§hb W HEB of He ddMGillA B iRk rAfhged RDELRS opfsmRAIy Se
an oral nmenetic a an appetite suppressant or fat uptake I nhibitor
such ad/1-30btrrefems b1 1@rl | stat; a conbination conprising an anti-cancer
agents and a potency enhancers, including isoflavanoids, polyphenols and
anti-cancer agent derivatives; WD 2010/ 133609PCT/ EP2010/ 056838 46 a
combi nd09@n Reotuidrivipnefearep otieinghe oweaint Ercadearhy islude oredivmispiie, an

I ' d th
I R A A U A T
conbi namacegagydtesidas agd aaprylp/ipdc (rlcierids., Inﬂermse)fanmlnﬁzrcmimrpdudm or
nor phi ne sul phate) 5conbined with an opi oi d-i nduced consti pati on nodul at or

(for exanple a peripheral opioid receptor antagoni st such as, for exanple,
nmet hyl nal t rexone, nal trexone or nal oxone;



a ternary conbination containing an opioid and peripheral opioid receptor
(as exenplified above) conbined with an ion-channel blocker for exanple a
cal ci um chenal13kbdoocker (eg ni nodi pi ne). 100 PUFA (pol yrosatroeiaiosess$ at ty
acid) with other natural extracts, including antioxidants and/or

phar maceutical actives diuretics and aBdosterone inhibitors with

di f f er eatticalarly prefased meithea@weanlLlanbh?é arel Lamsg@f?@w_).agmné SegM 34;9 \?/Lst eh oi d
an i ssant_wi t I.C c, aci ASA) 150 a net hyl xant hi ne
wi t h%gﬁf@@gfaﬁg GRptex g5 oyt an é\"'pﬁ 'Itéhé) treat ement of chronic
obstructive pul nonary di sease (COPD) and/or asthma or inflamuatory bowel

di seasgqod1]1BPartiIdPpreterBfsBUbREertir fhe\HighRIHIBRategory incluééd plyethdRyiBteas ent
i nvention al so provides nmethods of treatnent of one or nore of the above

20dPse£38i9r Qs (REIVEHYIcp8 ahissl ethens)-dae erafererf srepaprcial oraseet fae eXamPlei&ci pi ent s
[0171] C‘Fg,eoPﬁ(adi ng of this section is for convenience only and does not
inply stric 25 categorisation. For exarrpl e, a category, substance or
active principle described within this "other active excipients" may also
be congjglar t o I | at ent

appl i cz??jﬁnw&egh'%ﬁ%nw[ w 6]||?e;Pé)E$}?Be ?gr?sﬁdqu%guﬁé:c%net'g% mlvg %%n%se(gs) known as
phosph@bhtehdﬂatamadhltioaaltym’rmltaglatmely heclusiereot ar(ymtheryad@eomnam (micexidrsc or

per, ab|I| ance r.active principles (eg phosphatidyl choline which
IS g‘seefourferi%r%cnsttanntcgoﬂrﬁ)h?he treatment of 30i nflammatory bowel disease).
[0172] However i n general terms t he invention foresees incorporation into

the co f. one or ances or .categories of
st anled' Fo” Gerdiie POSveLRERIES ?rﬂﬁ¢]9r'%¥4r9§4°&?ﬁ/'wep Vig 3095 SUSEADT o, t ho
COWDOSIcwﬁg\%me AcRAbRAMpIS, ﬂheqir@etnamheﬁtu%@gcarﬁ@ha@(@tﬁﬁéln%d t8 grpéupmpﬂusd ic
enzyrrelnl Itor or, a protect al nst aci atl on, or (0] n
STalT oSBT BB GYPET R0 OPObER S5Nar HoEntt & Sbel lar HhRINGIds)
an1gdhes et sptieight, g .23.0:1 8y me@mreferaﬁumecz 5:@byRidigdng shose preferably
excipients to nmaximze solubility of ‘active pharmaceutical conpound(s);

exci pi rft-3-% bbyrgiom Q@%‘ék%%ﬁhﬁ)@dwtw@% ﬁt%“Zﬁﬁéfﬁ%@éhtqn&ﬁfore and
CONPOURRAES Inrh&biliZ38os BRink dllf?fr@pﬂét% NeiheBludBld PRaYeSin tﬁ&@oﬂfex@%t@dﬂllz‘é"%’ah&n to
i nduce an intestinal nucosal or a system c Inmune response. 5[0173]

Regar dmglcger Mhehbig emhodmpriawReMes dissplition gnd/ar disresienahthe ¢Q'i@9Q§d@nbﬁut are
not |inifsed to sodium caprate, sodi um dodecanoate, sodium palmtate, SNAC,
chi tosan and derivatives thereof, fatty acids, fatty acid esters,
poRQethers, bile salts, phosphollpids, al kyl pol ygl ucosi des, hydroxyl ase

i nhi bi t[@9451 Eh(nhigd)deBritt gerfergllyasteoded ebaxs H), peaferably frino D¢l 4dorioce préfarebly,
includl n I ive
phar nac | ca i nogar%e?/ ﬂi%v %L%'S%%ggrraggyn ‘%nﬁdg;étdltl;élcﬁl&l S F;()}%%rét%f %gh% Sqeﬁf%)r est
to enheﬂfn(r@r@ererﬁwablyhltbﬁ inthe ileum [0174] To enhance perneability in the
colon, typical excipients including, but not limted to sodi um caprate,
sodi um dodecanoat e, sodium pal mtate, SNAC, chitosan and derivatives

t heseof[p95]atThy cilgihdse pfeférally atdodcopsdriees a cpéﬂo}&%hhfblf $he dutive peatiple,(particularly

phosphol | pi ds, alk | ygl ucosi des, h | ase inhibjtors, antioxidants
D o B R o S s R eples SR B for e e s n el O sistoxids
coval emxayhpristciehrsblé o ‘é@lﬂ/bﬁl‘d%r@QI@ emdahahamembhaaivamm esth@Bicsally U deb]
The conposition further conprise _excip to enhance t he therapeutlc

pot ent |tra“Fje@?”’@étqa\f%'t%h"apﬁﬁﬁ‘é’h?‘?”@é@”%!g-réﬁ@@UMTMt RioxjtplalhAdndelt HFory 3l udi ng,
but nothwemat @gm @r@rhesarre.t Treﬂs&utémt APS99 6% Seatdcatol pldrsﬂmmhaae afvﬁﬁable
exarrpl e, , hatural plant extracts such as, for exa&‘g neem
i od0 ex@ﬁa’ﬁg@lic'?'élsfr% Gaétﬁf,qsé?sl%[e@é@’%%tﬁr@”&irﬁ’joﬁﬁﬁlﬁ(@rﬁqh‘ieﬁk@r%)'ys We&% for
20 exarw cBl. PREDOIANESUIaPRLi Fﬁﬁ@%b?fd OgsPEéCﬂ)O%r 3§(5M2@W'E% 4@17%'@59 guar

gum pectin, chitosan, inu extrins, chondrortin sul phate,

dextr arpgefegeern f@erﬁretrmilmmtu?;wtaﬁeﬁE@nﬂn heuetiteined f:er@tr@rcwdbtpmeethemnm tors,
acids s " r as well
as nodi ??@é’?ﬁ%‘ én@g'ﬁ h@?@(@ [Bﬁ§g?#ﬁ%é?8%6§tﬁnl %ﬁoﬁ@yﬁ@ ﬁ?tg h‘grﬁjg@{)ersrpri se

exci pi emngifagturetshesrsuaplidry ereppeasipéseut i cal or 25 other ingredients to
enhgnce systemi c bioavailability follow ng absorption in the small
intestine including efflux punp inhibitors, including, but not limted to
PgP purm%]nbﬁ bartioriar)y etbredtcdipbbss arcantind itd tiesnventioh isdinade up ot amoi (lbwm t ed

toror Y B SRRLETRL g OBl A 58 sald Ebr dRRT TR SR R bRt

absorption in the smal | intestine including, but not limted to,

anti oxi dants, such 30as, for exanple, curcum noids, flavanoids or nore
specifically including curcum n, beta- carotene, a-tocopherol, ascorbate or
| azar oi d. V\D 2010/ 133609PCT/ EP2010/ 056838 48 [0178] The corrp05| t| on may

M - o o o, o o, o o o




10 facilitating or enabling floating or density reduction e.g. as a neans
of localising mni-beads in desired A sites. The invention may also, in

t he m ni -Wweadioersbdi ment, have the neans to swell and/ orcagre@gasassn t he
stomach or other A site. Cyclosporine 15[0180] The conposition of the
present invention is applicable to a wkdle range of active principles with a
range cpfroduach.rstarrrsadrtoalpmés CRabolosts), MygHes810 @edmlyabmlerenwptri@r (asi dotubilizer) is

phar maceut i ion t he pr en | nve | arl uitabl e
Por t nesfist faly araored- oGP iiesuprifart 554 B P s cthisbediedei pe
above. plérerré@bll pHbdds pRsTEiaBly edts b%‘éré)bénuﬂyp@fferékﬂy%r&ﬂ%cﬁéﬁmb g, how the
present invention can be applied to one such dr closgorrne (al so

20knomnﬁ7°BEP°P'f'§” Phiherma@ntionh aPMRTINPFIRSParRg- W'NH}% pEﬁferé‘?‘i:P' RISE GMPrisea 81

Cychospaidy 8e.d. %'b%@c&l'rﬁérﬁ) @hd Qi@leé!t@%oéf' 1%%9@@3@@}.&aae%ﬁe%b%ryethyrene
i mrunosuppressive ‘and anti-inflammtory activity. The nost comonl'y known

cycl os r.%rcprﬁqc@ asy tor espBplenSalutabinehich épﬁ%1%f0f(§yr§lob@tﬁﬁﬁ hy8eophpkic ggdoxidant
cycl ospc dBlazide or BHT %nﬁ%u&%oaﬁﬂrstgé%bﬁ gﬂrbMQﬂj b’r%?err'édtorlséﬁ%'ée% ;?r%ferabl
25unders o d that herein the terns "cycl osporin cl'osporins” reters
to any ustd {hereseneepad iscyrefesapn picagpodettiofe c%soﬁronmfd mrggntrqmeqoemrlsmr to
any i %éér&ﬁn@ﬁf IRl e{nﬁ'&ooﬁ’rﬁ&%ﬁ? ccln‘}’;go%ﬁl)n&\é%o‘?éu "tdﬂr Ah\fef?n‘{iﬁh I@%‘ Whitf soft
gel atin capsul e or oral 'suspension form Is |n ca ed for the prevention of
or dan rcerecise the aforekiamtioygd priefesredamicbhases)tare fraaop bthet sily dravorttydraphebicrent
of 30 i r i v rant
aque SESPEuSIh'oRE TR, e Romabbi? a3 AT ARG
anem a,antieptardtel @ hwmlarzbmeoramﬁl' G arbosieacgdisr HisthinB. sease (GvHD), i ncl udi ng
Gastro-Intestinal Gaft Versus Host Disease (A -GvHD), myasthenia gravis,

psori a e Eurt her nor a range.or r disease benef from WO
D070/ 130505 pe Qb8 TS st R b A CE Pl sE ouRabRE FORPET LS HRE. et
al 15( 19%98htidnbeddmiey nwiRehink3iBin-iited (w028 enungorent i rety of which is

i ncorporated herein by reference. [0183] The present invention also
provides nethods of treatment of one or nore of the above 5diseases using

the compgsyi tih@mildness g ondhedeSormt o ABHMN®PEhDIBEEs HIBLRES it RerEasmpsi tion

of the invention enables successful colonic delivery of active principles.

Thi s i $ISSWhgER berein Rartiquiaryrie e Eier‘ft"t”h6”t5§§eA6tfved9%ﬂeg§ﬁt§r Phsew?nflinay 8§Ci n t he

Conposiiddi@e e dritoreWoRiild ShoRSyoTtIH SEMNRRS wHAG rtnb? BE ¥ d Yab 8P dikBRNPREMS

bear a 10 polymeric coat of the sort described e where herein. The coat

pr 80 enttRe ep-splventios saluBbEgrtAreYiowtly mpaliengdoPreh S@i%ﬂ’i@”@ﬁ\f@&@‘ﬁﬁﬂﬁ regrain ine

g L R s i G

col on- tpangeleeandiea\revm yar@culeyfch@tmdn ithre firgad cerep@failcm ditseatedly, Bak lsolventsif

col on STETRT G B bl i b inki h bERSERE sBite BhBORRED Wiyt B8

GVHD, |qri¢1|hasl$ ngb@iaer@a’ld[dlspetrsroe quaedsi e{icrllarolryerpnebdrrmmﬂs tthoe h@l\r@taﬁaydmyesr tion

e e e g L A AL

t he colaball.(Ih rarrelatndaémlecﬁdrreem) thersoa/esrt m@hteufady miien a soledl &bichlioboth i aofl

cycl ospor.i ne venti o refera such that a

Sbeut 1 el isel) BpY BE Redn sbmpisie BssaHadts Rt Rlrddt RE apoul o

I(D si ze Q;o?fposrtl\r/greaddortﬂrﬁg &Emeew\ﬁe_nﬁBWUArO?xatayd}e loﬂsrﬁﬁlcdt lsdvgg f%?gg?@grﬁwh@r |
rocess for in e osition o nventi on e reader is

ot 11 GRS fensut] HE B Aty Periane gsE ST on i n rel ation to the

Exgopl es. [0187] The basr c nmet hod for making the conposition of the

invention is to mx d form (tpreferably a solution) of the polyner (or

mi xt ur 0¥ 6%W'§}@§@§Pre&f?6%‘eﬁhqr8f°5% b3dheiaventiandtrayfes n&s i eyaass amativi x

ol s T B P o L b o e O

conponéhg goraeescttrqnb‘@mrm@we)ryr itivey parrpﬁ)@imangméel e@Mprising arombinstirmelcaukioh| ui d

emul si i agco A L hal cri bed

el sewhg_p'e %F%%d: gphgeglru Iziagrea g% Hﬁgrasgﬁj}gghg%p%%e&{rqu gb)gﬁorrrrpdﬂzd ina

pr 8por tinaudingha chsolvanige 1: 6- 10, preferably approximately 1:7 or 1:8. In

general, only gentle 35stirring of the components is required using a

magnetic or mechanical systeme.g. overhead stirrer as would be famliar to

a person skilled in the art to achieve enulsification. Continuous WO

2010/ 133609PCT/ EP2010/ 056838 50 stirring is preferred. Any appropriate

| aboratory stirring apparatus or industrial scale mxer may be utilized for

this purpose for exanple the Magnetic Stirrer (manufactured by Stuart) or

O/erhead Strrrer (by KNF or Frsher) It |s preferred to set up the

oy I o o - o, . o o r



[0188] In the enbodi nent where the polynmer matrix substantially conprises
gelatin with the addition of sorbitol, the aqueous phase of polyner matrix

i s preparwo 2by/B8@bng the 10appropriate quantities of sechiEPed10(5633s
surfactant if desired) to water, heating to approximately 60-75 C until in
solution and then adding gelatin aIthoa@h the precise order and tim ng of
addi ti uedusP®haeeitical. A typical "gelatin solution" conprises 15-25%
(preferably 17-18% eI atin; 75% 85% (preferably 77-82% of water plus from
1-5% (p Pwﬁﬁaﬁwm@p@ Q%“F?!%*”%@rtﬁ‘? gayeousNgERof th?t?é’”lﬂ‘?é‘i“@%%‘l”ortj'@ﬂﬁ‘eﬁ@t ure at

whi ch ﬁ%nﬁmt&ef@mﬂl}ﬁbé@egﬁdo%@é}%ﬂﬁ%hr%\{%vt%fe%bl B&twaER 3D S0k, nafiude the
tenperature |abili of the active pharnmaceutical ingredient and the amunt

of pl aét@remée‘ﬁrabwctptheen Bv?.%tewé 85&-dvidiy weight ihpprofbis aguatarselublagoliarer as
ot her fn?aFtﬁ)@ﬁ%ter%Pé‘lﬁfo%gh%tHéQ‘é’@M%Bmeﬁt@ﬁta?%&;t Bé‘mél%e'& bQHeé&%@&%ﬁM Shen the

case of standard or n gelatin) 1 s nmalntai ned Cto mintain it
in a flinMeatoss/apelicap® t[a@wgqprmelypfw@b@et Ihgluslerrpémlmtteeofdaﬁ V\mﬁn@@étbl%e

r edu_ceg)oé)pnee nﬁjaefr%% ﬁﬁ{%}rﬁl J:eﬁtr @P}:er’ta‘w‘gﬁr\/@tdﬁngl faesgeaost%%o?llﬁn&tﬁgor%poh BP’\E%Chmg of
mel ti ng-poi nt gelatin At1h derivatives or mxtuFes o gelatins"w th
mel t i ngheadtive quedUbercsynposmmt eartiquérly mevenriathre fiormaf eum@leaeadﬂtoraertam or
exanpl r

ncor iR ahet e liieie Lot RS At UEBEU IR RSB P o B |

Al tiér naehamt’dny (seeeretmv)ajlt isr@elealed ltieat dlod ammqusiphese)b@spmmyfrdm 5pV0ares&®d ot

hi gher t ¢ er atrﬂr ?ﬁ] u5| appr opriate apparatus or nmachinery which
limts tﬂeh e en%"%‘tse “t he tenperature-labile active principle is in
contact with the higher terrperature medi um For exanple, if geI atin

drople I ei ng, for chi ne extr S|on and i nmedi at | ed e.qg.
e T T RS R N e S R P e R
intr Odmntl@rﬂﬁﬁéféﬁd!ﬂ)ﬂthé%ﬂﬁipbmw@n 3Cthi \pRedeint m%rﬁtldﬁ doPiRist 1@ nidtiik fha@lant I N
sol ution ‘é‘t he m xture can be i medi ately honogeni zed) very shortly

befl8r e V)L |SH'P|St?'PttﬂW 8 INBRIMRIPriRbo Y e Bfr mateﬁéta'a?'tﬂaihéﬁt ARRFribPBREEdN such
that t hddiaahatfR which@SRBeWARdiBEd WtBo@GhdIYsRorPb sﬂ)%bllﬂl: @déhﬂoﬁd?%ofyhﬂh@r
tenperature gelatin is limted so reducing the degree of any heat-dependent
degr ad&PMPANSAIS imbeAAUEQES phasse HpraverTripdurgs gy e Rralerigd do aﬁfye‘éﬂ)‘ﬁ@ﬂﬂ iate
devi ce p%H’GHné?ﬁ:e dhafacBRRU&THEs |t‘?ftet§/0633(9&?s%a% incBroBraté c8itAiR WoRarRgsaLZer ., i n
conjunction wth an extrusion-type WO 2010/ 133609PCT/ EP2010/ 056838 51
appar atretgrdirg sistancee drefasdandxdntel tee Wﬁtﬂr\ﬁomwmatﬂ& lgesrtainPhar ma) t he
enbpr ety r ant,

1 20 S b R R B B oD bod Lo Fod b M MR, T

5t he otelmodtmenjeweatesa eorstrathdedorgetgrdipg bgendris imatudest imather water-seldble

I I
The phyoha iR o Sotndlind e B e R tethy R eRaTRR: MRS e
aqueousf phetsedinyagery whiahpsirsblubte imegidohiéigu esux:blae thenstomack)is eelef:teduu ufacture

f th d h h |
Sur 1 actARERT Bis B RG0S stohad g SRy ot Y Foeod) Ruf¥Eamastbih cr
i S2bn swdyi lok fres of 4 egatdatinyst Altdrhatvely; mpowdm“t))naif arrekamlrhg?mﬂ athioheis soluble

particul arl ous phase corrpr ses rfacta t |s added
PR he A e al Bh s e PP Bty oG Ak BvoPins 5 Bhets Sl Abdin Bnd s
descri edtip@we nol e geéuerdaé. th8icembesgitien inay pedrense dbbt/&bﬂ‘t'thH@mévdrna an
anount between 0.8% a %éb&/ weivgﬁt% of the aqueous phase. tlbtPS

Gener aICPQ‘DOF'H@”&CPOFHH‘QSt% Y laserearalene ieiding 3denhsqiup 'rma

this casi®hh ropﬂbrtallpfb@%@at‘e@r@%ﬂﬁﬂ{én BEiIG-radislant Flyni&ra8 ab IR BRE partibuilSr Wl t h
stirring until clear. These ot her corr{?onents may include a volatile (or

noROv ol28Yantage-saichentomppsigaiit Potraies frem (egmRiBley gntiria ripase (Q69aRbiq jeymse;

sel ect @reﬂ’l‘@e@)ﬂﬂﬁ@%fd RbereiDste 8tidQbdistBRBsyrA&tdowe DAthNGitd Stofdabhany) is
added to achi eve the targ]t proportion as described el sewhere herein and in

t he exapiomerg lops ot the ceak éhexarid-selybleagsnt iefrsds tleasedipspese thadaligloeidhe on of

too mug [f xi ng

WI th thpn %d(&ﬁ F@tltn:egsnhgﬁ)cﬁﬁ 5a‘§@@f€2&§%r%§§’§%‘r@?'%% Fmgt@%d@boﬁrbe{(}]arrpl e
a dry mleghmcllrtq&)ﬂpqlﬂngretwtmseE@Mbllley tshH-depansentie sobier atihighes ahl- Sl i nue f or

a hew o)

or IE’:%(:I ? w ?? afe d&chﬁé{& m%‘téﬁl in ‘Pﬁéef%nchﬁg fogpeénélt}g(}??é%lhgr ang st c{tﬁ) ﬁﬁ'ﬁ(—%rg?nay

sol ubi Ibezsey eltWT&ISqua[tS/CCBtIdQSDr agiretardingeagentsiinadrpelete2Sato thé Wat&rgolualewax oi |

which is not liquid or fully liquid at roomtenperature (eg Sol utol or

Crenmophor RH40) as the oil phase slight warmng e.g. to 40-50C is

appropri ate. [0193] The erulsion is fornmed by addition of the oil phase

to the heated aqueous phase with stirring as descri bed above. The resultant

errul 5| on then has the corrp05| t| on of the sol | d| f| ed 30m n| beads descri bed
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different emulsions are flowing, normally of circular cross section, are
joined shortly before an extrusion point or nozzle (which may be vibrating)
into a siwgl2eilod3adool umen tube with a flat wall separati pgTiEPeOTDMNSsS8STUI Si ON
fl ows and which prevents the two enul sions fromcom ng into contact until

t he point of extrusion. The cross-sect2on of the joined dual -lunmen tube up
t o t he pbQpwrmatol. ARXExauRIlO6f 4 BEtaBicoearaipg@gest rAsntioned SretieGettidreSelown

operation, the twy hem rical ermIS| ine to forma single,
P bst arthtad el s BBV B S skoiisomoeibserir NG Ah KBt s o o
ej ect edlyprwinidng s phtaklatd Whibhf ik caéd wprevérﬂi&%se‘ialthéigéstﬁ@bmmnmrr\t SiR6dItid N a
vari ety of ways dependi ng on the polynmer of the matrix, for 15exanple by

changi ¥§ luplgeaiay 2Pusee énqsaﬁa'qnﬁer %8‘[ eramries @f po'ﬁﬂ%rétso'uéledﬁlnéﬂﬁﬁ@ad etc
or By Slélj)shd')'nﬁ’éhu@ rﬂﬂMCﬁ'rﬁéyﬁ{ﬂEb 9@ ugé&bga%rélﬁﬁrﬂgﬂ'%rﬁﬁbl&'c@rﬁ’st%@mﬁég‘ééeﬁt@e

moul ded shape is or solidif In certain enbodi nents

t enper é@lhllbl@ 8 raéﬁig‘é"%acla%p@lwsrwhm selupiity iginHyferpendent ig- stluthapblewehg

sol uti oy ayen s%h%ysemclhe&egm G %lyﬁéﬂ%‘é‘u&ﬁ‘%@%x}émp@&&%ﬁﬁeré Baéébeorpr ef erred

enbodi mrent i n onposition of the invention taKes the for

m ni - betimethylaméinaethyl methedsylataybuld neshagrdateo aneé st metﬂjpcaﬂaippé\mngxamelequ uid
enul si I e

i scos b5 o it gEp s Whithindhe Dol SREhind R el SEudli ee

f ofl frat icomnizecioliyeavaitable front EvaniK indastdes peci al i sed apparatus is then
preferred. 25 [0198] In the case where solidification can be achieved by
rai sing or reducing tenperature, the tenperature of the solidification
fluid ¢atn)en adapinbddirenadhe eatersolubtb ;folyraeﬁ roatriamétdrel dwltmeﬁ onhatoe mdr®r

exanpl e, . when tin is pused as t trix, the soljdification
Frara oL riBeReReleditdh pfaliie vl A R S GRS ISR S8R ¢ hus
causi n®eanlpraleih| sfflovest pdtetnh algiiine, yorkin goah, I’daXragbéhérhb(SnthaSgumt Petalated

Sonbdi R ok st LBl Ter . gleobgm, Rty e . "

cr 0ss- IhyBkixigropyl r@tm%@mﬂoé@ p@lyt‘n@ﬁﬁ@t@@@f a@lid drangphdrdlid d<tért iann f luid, the
concentration of such conponent in the solidification fluid and/or its

t enper KOVEY(Egptal %@Ia%@q%@m@qﬂqry@p@ granygithmioyeaniics Miveresf’ Q8¢ 6 Mose
achi eveydidiesdilastd pOPmeRt @ratdirdans araitdd ars Alidodidnterabihea: InfePecifd 8mMPbBimdnts

alginate is chosen as the pol ymer matrix, one conponent of the

sol i di finaay Polerifaruele Q%}P'rt?é'oas oy tog @@@WE@BWP%GBG%%S

cabgi Urgne QR b AanEIYelof Kol Bl Ebttairl REtcRYATRL GolywRli LB M OfaftBis Rk L0

i nduce cross-11nking of the aldginate and consequent solidification.

Al t er n@llpwefay a redectoari® ther total ainogpt @awﬁercﬁﬂltthﬁnp@vmiehgméhn/wﬂ yIhirapapbave

C! vaehs (SRR LRRd) oSl GRS BeriblRRubh oo hrRdror Lo
beadi ng and triggered to |n uce cross |ng ) By appPylng a 'hi gher or

| ower mrdre @ctivesgrasicipdis inshisiannoff(édditon ®ﬁ) a sammwalteomlebls pofymeamio &rorthé al |

dr opw 0 C an be varied

as to ?ﬁ%& Q%SJ/% éo% cﬁgfa%[en y @t@é%ﬁ‘b?ﬂ@nﬁ’ ﬁthn%gt'{)d Qéo r(%l of cal ci um
i oBS5availability (concentration) and ot her phy5| cal condl tions (notably

| oo o Ttk AP Pel Sinksidtentht bafaf Tariin el s & FireBSET lner Shidio 'y

t he solsystef wiadreianhé buldibl paticlbe arendi$peatéd/in viflegasedepenfieg cirtbploadstitpassi ng

2 ool MRS avglithls oo ki ron e ERER e it seLouES dp PRl i Bogaccous

or i que\derﬁ@lalHyagacbllalw@egadggnagdmm ea&)sa% dposseth |rré\\|/ér§|blba(%ln\g%|-$tate§ he fluid
Spray-coo IS|0n|ssrae |ntoacool|n?W as to

f%@ct thB'iqCB"Cf"é:%ﬁeé{ﬁrs'bi%t‘wgéﬂ”o'ldﬁ %H@X@é@eﬁ ik a@@ﬁ&t $tRteo AN eliRrpate be

wat er - sedtedivih Bl sdBiond Himiioh @f h@stNGEREN igABRIhbZaldrable Bhydratabld 1S
preferred that the solidification fluid be a non-agqueous |i1quid (such as,
for ex&Rffieandispasicarly pietereg) Gelan H@%Vat'ﬁ?%&%lasofqr SERMBlen UGN Qaf’rer abl y
wi th | owidriBy b@laﬁﬁ's’sweealéﬂ BB p Rt HE)Sr)ocES\fo @é’\mﬁu@lﬁ‘ nﬁ,%va,etme@rycbardp@ t8|tl?§ed in
a bath (cooling h) to receive the droplets of emulsion as they solidify

to for m\’@éﬁ@mmcw@ thﬁseadeﬁlaﬂd ﬁqm‘étﬂhlﬁ’ﬂ Fueas wlch@ﬁsfog?é%(ﬂ@fﬂ ¢GIF@©|GBMH ty in
20¢hoi I d ere a
i ggl d?%)SF%{cl ng?%rF1 gﬁmé@@n%ﬁf J‘l’“’fqg(lj Eegedndg%ae ??/'%ﬁr%l ﬁét%ta?ﬂ’e %dégés{g}t han
20C, preghe(itonl seavedead) andmeactlndexﬂﬁ@:twhﬁg@ WruEgEel rappke qndedtb&ra‘mlt)%) & NFC when
standard gelatin is used as the polyner matrix. If a triglyceride is chosen
as the cooling fluid in the cooling bath, a 25preferred exanple is Mgl yol
810 from Sasol. [0202] If gelatin is selected as the polynmer mtrix,
respect for appropriate tenperature ranges ensures solidification of the
gelatin at an appropriate rate to avoid destruction e.g. of tertiary

”~



the ion that will cause crosslinking of the alginate, which is then
activated by a change in e.g. pH after sufficient dispersion of the ionis
conpl et e weeae10@sseksman, 1983a; Hoefl er, 2004 whi ch areprbutEr2010086880r at ed
herein by reference). This approach is particularly useful where rapid

gel ation is desired and/ or where the deffusion approach nay |l ead to | oss of
APl by ahimtiifbssd bydrbbstiorRIohay bé préfévee o 8sitdinkppitabatdie.gl Sdbibistratdd @M ng

shape-fornmn moul. dj. n r beadi.ng, the resultan hapes. or forns may be
naahod eaBANhs daoitd it aot aernd jo ngfe ARREd FapouTor FUGRYS SEPFRIN | 2d in
sol i di frégs¥ink O réllatibilto BB UBRF BArPdgeehad| refetditel i nfdae toetshelemifapplicibat i on
descri bed above therefore conprises renoval of 20the solidified mni-beads

£ om  RE06HDP9RE0 Ah{ankve et thegntirehing WChisHNrRRIaedd1erdly by 6P TFEXCPoN in a
nmesh basket through which the solidification fluid (eg MCT) is drained and
t he beads retained and is preferably conducted without delay e.g. as soon
as t he [BHMAS hﬁamémtblﬁ%aqwﬁoummﬁﬁﬁOéthemmppsmomeccoz@n@to Qe pinkadieenyef t hei r
for mat iyQDin, XSS Fe%r'agl' fd ‘ié %%ufbktéhﬁalﬁﬁmu Os éﬂﬁkéoeé”?%t’e?ﬁ vHﬁbH‘erﬁ‘bu%s no
centrifuge (or other ap ar tus or t to renmove excess ftluid
25 f ol Iflowerhdnyin dhe/stagdynstatend hip énfeinat m.:etwemﬁﬁelcw@i@ ef thgrsofigiied aguenus phdser
rem)valm regapﬁorﬁrphggi};al%frcﬁ |c§pt?c}rtd'so&aweﬁ;g% &Qltall?esgor ?he}iur}fl:ltlor%th' isopropyl
al cohol used to di'ssolve or aC| ate di sso Pon of th I've principle
i n1pr ecedringntstiepthimpt erteatiing fiiol ¢.oweateby washi ng (eg using ethyl acetate)
and a subsequent "drying" step to renpve excess solvent (eg ethyl acetate).
| sopropyl al cohol is an exanple of a solvent which is preferably renoved

| at er i[oMQH] o es sitemative prefineed endsidilnes, Beipolyintee ndtlix Bra @grukgdrscaibaisgim.

o "R P P BB B e BB B AR 08 Bk P RGP
eqUI pnengmatté gumsiextrasted from thi wals B Bﬂoﬂvnadlgé:ﬁ%hm%&ﬁe Mkamdn a&@ertproegem@@l y

0C | eadi eva tign or entraj
JedBor v s PRse e R calons  FBGH HLVARThce e Calat a8 riofhe
aqueous)f b AUEYUs| dafoiinh @RICANASSIItIAN) [t BleférAsEiR tﬂi.@qmbbaﬁne%&uamthé HPsShirkhgsrd
for mni-beads this is preferably achieved \qsry@tr ing in air as above WD

2010/ 138809 bexe Eﬂ%‘l‘bm@éﬁ%@t@g V‘ﬁlt@ssé’Pt‘ Bepulti calafl. tpaﬂtcu'@ﬂhﬁé'@i“m on (the

conposi tion of the invention) is essentially dry as described in nore

detail above. {0206 In terns of the way in which enul sion droplets may

be for A@H8]1An gpalteinative pretsregfenbnsimeriatieny e deatsx gobdpsaseuhiah 69t exist

vahkhat i; I roducin
bbat iipfR Bfm Bheogéte\mh% %@Q{)L??I‘afdﬂmet%% FsEr ut[;bgagebhhe[détgg %ﬂﬁb@atéﬁt g

droplets into a variety o |cat|.o.n S I'n general, the
m ni - béaEhd, Fdy(Jpensgarfedainednbpy Khemaa plslistchid. Ravion Reachecand unstionalbet ween
the fl | 5 OR'. t b for
exarpl &IRre O POOE AHAFRABPARIETE SRR SdorB, 103 20 el dBe 1)
spheri @il3 afvdpeh isfincdoheoratet ineetie by esfdence (IZﬂtB)]sam\Hererauaes 9.¢l thiolydied emtitiesbeads
may be h ejection or extrusion of the fluid o/w enul sion
througﬁp(gé%gg(r%?at h@laqggnozzl e Wth a certain dianeter and optionally subject
t0o25el ected vi brati onal frequencies and/or graV| tational flow Exanples of

machi n ich may be 15use re. the Freu herex | TAS/ Lanbo, d obex or
ot ecno e e o amPea A ios Bie B THATSGREF e REHPRdSIRTRARaR! ur ec
by Fr ewReblysmadytolslodrsdtfepdt 0a MRALIr G tHeestrangih Sreagsl orgerlifldbgslbsed ine
present invention is described in US patent 5,882,680 (Freund), the entire

cont ent'§28PY hiTc Blogme Thﬁé%?%t%ttﬂért?srt@? wetghpyin 9%)@6%3‘1 PY aupéott?r@%?% ¥d to
sel ect vathvd Bibafeted BRD. 5 ih&1)US DENedt he RtICEBF Bt Rf 4 i atnBIMRbKkiAgHId he

ultimate choice (and separately 20the anplitude of vibration selected)
deﬁ@ndée%ﬁ 1$ ﬁéorﬁﬁ%%jdﬁ|Bﬂ<§pr@){9r@¢\%5)@ﬁﬁlu§|1@it¥ regoesebeiwaered0 and 3PASIgaa-yieer

matrix de?foﬁth'ﬂ%e@lo&?l téﬁldndéélétlnaé 6.6 GefaBAREIASH sSept for TRV shpURPRY RPET ate to
maintain the lines to the orifice/nozzle at a certain tenperature to

mai nt aiPfiof ieebeingfediedy of the solution. [0209] The Spherex nmachi ne (and

ot hers) may be adapted to make use of a dual concentric 25l unmen nozzle to
ensure sinmultaneous extrusion of two fluids, the fluid in the inner |unen

f or m n§0t08] drosoming tohiee inventibnoin thhenmsvti'emertt imwhich gelatinés the palyser math dt
flykd fo ar 0 S
deder i bRy RRRh Fub b3 sBko BB BRER Ao Rl B Shab SR 267 e o
be suse@egtas8bl e of sol i d| fication to yield a particul ar enbodi nent of the
conposition of the invention. 30 [0210] The above machinery adapted in this
way can be used to manufacture the conposition of the invention in the form
of a capsule in which the core of the conposition is filled with a fluid (a
gas or a liquid) as described in the section above entitled "Shape, Size
and Georretry (notlng that the core, I|ke the capsul ar material may be a
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[0211] The precedi ng paragraphs describe the formati on of uncoated beads.
It is a preferred enbodi nent of the present invention to have coated beads
whi ch ar ewQesovisbed i n nore detail el sewhere herein. SuebTEpaiivngsssmay be
single or nultiple and nay be applied in a nunber of 10ways (see separate
section). [0212] Wth regard to one of 28he nethods descri bed above
(ejection of emul sion through an optionally vi bratr ng nozzle) wth two
concenté‘l c.orifices (centre and Buter t he out e {‘aﬂBI' y forma coat

(out si dE1AH&HPIGINGARG Inypntipngin t Ainentin which ge %/W@ﬁ’Yaéerc%’éHQ'%g)

whi ch rmwnile'iwm)arnetearar acetgerenrprhlay@b Bberces bvewane@/arftmé‘a%t F& dxamhpelitenne
characteristics to th ni - bead and the inner |ayer (core) may be a

conpos P& RIBREBY H’ieer‘”ﬂ% thjf@'yﬁﬁ\feﬁf"i'%‘?”o%@a@rﬁ'%rséﬁh AR S SKE. MAHBf act ured by
Fregnd coaf&tiviS iBafe@Nér Borg8 25 88thdlL ﬁ?@ﬂ'{ﬁgatinﬁs Bér‘?\fe%rrﬁghbf/ ff*b?ﬁgoktnléesk%tdyr €
contents of this patent is iIncorpora erein referénce). 20[0213] "Use
of the aSb*r@P@@@Sr?@eﬁn%QXfa@Fﬁ @\/Ié@eleetrly pﬁ'inbhetWﬁﬁEbdﬁgpérrdsPHﬁ whilg Tenabgelatini n a
typi calig &Q%g R QIRaI%%rQEe n@'of%%ﬁ%aﬂ@éﬁm%ﬁ@%ﬁ@ difts Sy exitisdigmet er or

between 1 an Desired size ranges can eved by net ods known in
the ar tlscretﬁctrr%@cmttheﬁge!ewléér? angl ek 6f2erT ¥pe Asgetém I@awrewhetsoreﬂedede@dﬁrm it

IS pos | i
bat ch 1‘%=SrB thieﬁ?\ée‘?hrﬁﬁrr{agcaﬁgoe% 8éﬁr¥ggﬁ%g#ng] su sequ‘eO,n\"t;%tepﬁﬂp ‘Q}V? gﬁ i@hﬁ%%
medfh. [TQR4 4B geldtmsican bieais2ohin thednmetndipn rtcaqlgtelnr sgelatjowth thezrequr'srté vis¢asitdesdr ed
to coa i I of the coating machi ne may
bypasstbtl%orr'r?sf?er{bth Qﬁa?]’géteéét[cﬁg%m%e% g&?éﬁy&oeads may be harder to
fluidise which is necessary to achr eve consistent coating). 30 [0215] The
m ni-b r ef rabl internall . ,Cross-secti.o I ho, eneous
oG 10 e Br it R =le b 68 PRigeslfieR: 1S omay o Al omiPandy SEaNS by
aI teri Mdp. UBA biefgre Nattal(hetp ohvvivn gitthigéladinead)si on, the solidification fluid
the concentration of conponents in these fluids and the tinme all owed
for2certain processing steps to occur including drying. 35Although not

cur r entioy1 Mnehver tedsberstufd\gelain @F GBS BN JAPeABhixBhled Bf JdMting A rﬁértmg
m ni - bead manufacture to achi eve heterogeneity such as, for exanp

har der P9It FPAISESS BF P1BET E@Y@eW?H'CeW'QGQQPfQ WW?@T@PWQ%@%? Iess
than C%GBru?’htQgr‘nﬁi@ﬂ@s'cht?@)tétfd%e?&re%rbfe%@%reéx%n{p%"@ﬁéﬁthte%tﬁé’b@n@@e@(PBQSed to
the surface of the bead. Larger (eg non-beaded) fornms or shapes of
conposiitqosepraieddr Hiergpmresitina of Mgdnygndian rﬁag?nmrth@draerer 9 Wwseraglivivenaydoe o
enmpgdy aI%&Q rg)go bOSIRE hi¥heIBWRYRTurek! 1S currently preferred to have

i nterna ﬂ genous corpositions according to the invention and 5w thin
the mni- bead enbodi nment, this can be favoured by conducting the

beadi I
Do hSEARE I RUR) PSR TRRE RS IREI KT E IR o doRRRESRE
dr yi ng statnf) gélatirsmafefrietis iprefesplymeodified Gefatd mgndf@ctp@tb&]rod’dne sofrtrgeLetlm'i mn of

the in V. ed o0 u
el scundieondal e HRuliiEE o Songheb tielastindy Job bk ARG%ss Bl e REE v
pr RACi pif éw imegntioa. Hmbmcﬂrlriaxgem‘@astreizeras@nbuemmdaededl softhesaac fdaetxﬂ)rlrtelaem

fil b d t end
(el ay 2 Bhardye Bidhdee TriluemiamRly Prssnd R FrorinaBolige
m ni - beagaul mtréleerummt;ﬁdsm m/eaﬁ(ﬁdmelnaeglyeedrd §1,2,8-ppdpaineaiol )aDajontsiol cﬂ omach
acid for | ease tine. [0217] Ater atrvlgoy, if

e in the s
ont r ot oeslsbsPda Gasinstiiane Sbtasbhi ST e &haaoar widtona bl
r el easen@tseibitafs (dd Amdmakiorh edﬁpyrmworrs@hmw hrioléd@rir vfhht bblyblﬁ akP8Isb bl e,
accordrngtothe 20i nvention to app a coat to the mni-beads. plrcatron

3Phe CAPIEMMIAPEROIVEIBYeRRglycYl maye'&w usqdt althopgh this isdpessrgferied @@auncr

al | ow faktichRYly lppsteréd 8ompoahcHs dr itk .ﬁ@érrtréﬁ & FrB6 'oPE@osttéhtrlaﬁy ﬁleé spbredr(in
di ssolution nmedium at 4 hours and then a burst ésu den rel ease) towards a

maxi nurfedvaiygs thareef- @Qﬁﬂﬁ*@é&%PrﬁQ’rqm%ﬁyrm qbftrined er@qfueﬁtgrwchemcgl Many
al tern@dnyieang,agge%u,grlgi) R RRBGRAES IFPAReand this exanple is purely for
illustration us acco Ing to one enbodi nent of the present
i nvention, the corrposrtron is in the formof mni-spheres at |east sone of

whizgh ive
w8, RIS U, 05 BOR ML B AL ARtechln ROk B A0Fe ot v,
anot hemrolenbadixammple wheén dDge af the rbtien@incifies (seatbelofv) isnbaprofemntd nmyalsoagiriss es
one or nore 30substances preferably of a polyneric nature (eg nethacryl ates
etc; polysaccharides etc as described in nore detail below or conbination
of nore than one such substance, optionally including other excipients or
active principles, such as, for exanple, plasticizers, described e.g. in
the sectrons above on actrve prrncrples Preferred plastrcrzers |f t hey
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58 that is added to a powder or other nmediumto inprove its flowability. A
typical glidant is talc which is preferred when using the Eudragit famly
of pol ymewe 2as/G8@bi ngs. [0219] In the case of conbi nat iPOmEPI10/08¢8gSTEr S,
conbi nati ons may be selected in order to 5 achieve the desired delay (or
ot her change) in the release of the drdg and/or poration of the coating
ang;or ag)t@ﬂi%}i;bﬁowfngtt?&s ﬁbmbulbea@ls\/@jotdnieméahercq:e&tésnghtweat %gwmrw of drug
and/or diss ution of t [ |zt|onma,tr|x enbodi nent, two
Cpes. SPGUIR ALY ages 1SRRI Nigheh B mEOB A oier i Sghole

provi debuds seBRUALEDBS NSy bBaéd s iR§RArited Alterianfelfritid chit@dplatetGhhdRE0] |t
has preV| ously been stated that the conposition of the invention may

conpri $¢ ﬁ‘ﬁ?'eStdl'ﬁ&HS%ﬁﬁ’eati%Btﬁ‘I‘%tt?%??"%ﬁteﬁ%thed'e%t%@'c'sw P'PﬁrﬁCt?h%t'Céé%??rH@VG

enbgdi r@mcmatrlagvgﬂgéeer ences between popul ations may lie in the coat ie. two
(or nore) popul ations of mni-beads may differ in a nunber of respects one
of which is the coating. 15 [0221] The coat may be applied as described

bel ow Eﬁ'ﬁl ft%ﬁ%lrﬁl i@ﬁtil?z%ﬂ?%ftﬁ%ﬂ@%l ?Sr%?éot if-a gy Bgorﬁ&?ﬂ&h%% 3gRat 1S

define tiona g alne ri ed conposition
(eg m mrefb@@tw uppio 20e andh e iomterabtmug)ﬁo 1§% by iy vtﬁlehtetféhﬂ gomppsitioa of drege
0.1%t b ' e ofTOI €
or of or By o W B TR plerp by 2 350 Bre bR it pHRe B sl R R s
8-10% [0222] The polynerlc coatlng material may conprise nethacryllc aci d

co- pol , acr &

ver hac T As O b ORItk o B8 RRUIR Surle T R S s e

EUDRAGo'ﬁ?émr hqc(rE\wnﬂadtantanrethpaquecwﬂ phidsg. SaithdialsLdactdmie sy Ao pcilagmiasticises

gastroreS| tant and enterosol ubl e polynmers. Their polyner films are

i nsol ufY &4 Weﬁﬁprv'%t’eg? and diluted acids. They may dissolve at higher pHs,

depending on their content of carboxylic acid. EUDRAGI TTm S and EUDRAG TTm

L an used as single conmponents in the polyner co i conblnatlon
%ény%‘aﬁi&qthBS}g*U%?tr?&S%”t@bﬁB? AQY TR p&eseﬁg 'P§a t?ﬂ%? lptpgrant

mat eri ahef@ iLyHiIAUIAryS@siHBY td Exhadice e/ aftd @tdts.ﬁtegmtloh%vﬂte%onepcg.noheﬁvwsen t he

pHs at which 30EUDRAA TTm L and EUDRAG TTm S are separately soluble. [0223]

The tr dWSAHPk "EUDRAG T" is used hereinafter to refer to nethacrylic acid

copolynmers, in particular those sold under the EUDRAG TTm by Evoni k. WO

2010/ 133609PCT/ EP2010/ 056838 59 accept abl e wat er-sol ubl e pol yner, and

opt i ondP117]1&Exampiss @i dishiedrienis V(téctgmay bedrclydesare @baie a@lﬁecr@maanne\tﬁﬂeyner ic
Pbentsz)d%n,ﬁtosg&ﬂa& & Hw- Gt?srtl drS?;JéJr&pﬁE&%R}s%an% SWRHRY stb&% | fee.

polyner. ternativel y, t enre ati’'ng can conprise a rrerlc

material conprising a nmajor proportlon (e.g., greater than 50%of the totaI

I i |
osor i 51 3 rfasaln P EF Rl o BRI SRT S LERK! ¥ AESERESS IS oo,
of t he alsmtta inplotigdrerthe compbshd)r) ofdhe atveheastprefambmartmmam&aus@hhge aPcrcept abl e
ter-sol ub I , t h f
exanpl SRR PP B R A P G BB Sl e By Lce
ij_n|25he ofitez s€lB$ Eh?tc/@mlfd)r@fxam'bllwsmwmﬁd?ﬂ(rmiatmvez ilm & ditidn, ghe aqtmuuerﬁmatee?t_,ay
ilute.a u SO or digestive fl ui aver the entire
ohysi ogdstonst o1 dlaresoes? Pt e Heagasb b isab ol Gled puTBhags
I ndepen@eittivy pdicifiéle.d. AntdbBvesyrdpn complisad it fiRyoibgitasthan epghpradb@ahe wat er
and di ssol ed acti ents. h erneahﬁélty of the polymers depends on
the ratfef FCL@FWI%’QY?SQ%E’ fE%G"e R Pasehacryl ate 15 (M), and

tri met hyl ammoni oet hyl nethacrylate chloride (TAMCl) groups in the pol yner.
For exanpl e, those pol ynmers having EA: MVA: TAMCI ratios of 1:2:0.2

( ECPRAEP TI’?E)'”‘%?P@"WE’%%P%Q% SHAT RS $alifiPhase PoBPGHTNg a Mager1

( EUDRAGLI[BI® merprﬁétyma‘-‘ter@dtl aﬁ@%@pﬂgﬁ Rsp&s&d inselseid Bhd%%l ymers of high

perneability ol ymers of EUDRAG TTm RS are insoluble filnms of |ow
per meabi | i ty A particul arI y preferred diffusion-controlled pHindependent
pol ynerSHaBetg §an%%% is RS 30 D which is a copol ymer of ethyl
acryl ate, acrylate and a | ow content of nmethacrylic acid ester

W th quater nary anmoni um groups present as salts to nake the poI ymer

pe a 30 D i av'abeasanaueosdl eS|on The am no
et R 2 e optey e 87 baimiseas oaf RE BT Uan BTl fesc ey o ShaRrocmd | e
rati o caeshi@ thedédtioadelow dexdribiygtitepioaéss fof making thetaasgssitidnoratownpl e, a
rati o of EUDRAG TTm RS: EUDRAG TTm RL of 90: 10 can be used. Alternatively,
the ratio of EUDRAG TTm RS: EUDRAGQ TTm RL can be about 100:0 to about

80: 20, or about 100:0 to about 90:10, or any ratio in between. In such
formul ati ons, the | ess perneabl e polyner EUDRAA TTm RS general |y conpri ses
the ITB.] or|ty of the polyrrerlc materlal W|th the nor e sol uble RL, V\hen |t

o e oy Y . o



[ 0230] Several derivatives of hydroxypropyl nethylcellul ose (HPMC) al so

exhi bit pH dependent solubility and may be used in the invention for

coati ng. wbesayisg@bude hydroxypropyl nethyl cell ul ose phtrbaleebeosBELP) ,

whi ch rapidly dissolves in the upper intestinal tract and 25 hydroxypropyl

met hyl cel | ul ose acetate succinate (HPMIAS) in which the presence of

:c oni zzﬁb;haih@wélg@uengmum@ pauw&fgsortiditﬁ)dmlng:jmﬂ)ruud _ei_rr:ﬁl&idmhhilol Zmoald whegd itpH (>5. 5
or t rade and > or t gr ade es po are

Comer CPEISTS CAgar PABPESR} Brhaatnn ] Bt lrecdhBiosle &g bp Lep g i H cyerarm

pol yensdéaeabyleshtihgr arpp?@rléﬁeeﬁbbldf(@%lrﬂﬂ@tshawof zHWEJ @ingr tderet)vslbww& may

be conmbined with other polyners e 30 D. 30 [0231] It is

par ti cifiiaPPieSSERIRLLQ Bep %El%'r‘%':ﬁ@e’f%“@'ﬁethle FOBROFIEEN @Y Redn o) b aiskeet

coagi ng, %ubﬁnwfeor%beﬂfhg §fl9ih"e'nﬂﬁ'§i@r¢8ﬁit%r§fldt@uifé§e Wh&a ol nHrb &Ry d@hidee and/ or

inits ity to release active principles incorporated in the mni-beads

of t he cPH¥hoiERdeExanpl es have al ready been given (e.g., Eudragit RS and

RL). Anot her exanple of a pHindependent polyneric coati ng 35substance is

ethylcellulose, in particular a dispersion of ethylcellulose in a

sub- m dOB]tAdterriativeln. thacompbseitien may barnrythe ferng of $phenesdroaphedcal-like shapasi cr ons

St SadiegmaRaRaustion R0I 1S C0REOHEROORDI ARARIRSOT umpeged n

wat er Wi e al an emu i 'CatTon agen . amoni um ol eat e

et AQI cehbﬂhm@ydpbwmas |seamlmy bepds @ﬁaed@‘llyanldl lpeaiseme)laysematoasaaras on the

pl asti

ri ol youftied R R S But e AR PRt 3y TR Db

manuf acaﬂlmnemom: corsikterg cbetm.g BowBaitity el Thé AheEn &BE, sewl"nsajm the mlmeb:eraps rmkbed

her ei | ul ose di i itable f
' 1 he BRRRERCEROBAET BB 0aT FAbT T BEfbr oral 15 1 mar ket ed under The

trademar k Sur el ease(r) by Col orcon of West Point, Pa. USA. In this

mar ket roduct , et hyl cel | ul ose rtl are, bl ended with

o abe. I8 Fharerpradsbbi) dhmaiuann bl ik brgaicp it i BN eahe
erI t en cAbgsi foCdverteinfiyh fethk kadsachi Soonheal Linfigist-atonesNth & nfriedadd. %rg@ﬁarml e
i n anmoni at ed wat er opt| onally in a high 10 shear m xi ng devi_ce,

under ;S’Pé%%%ﬁoémsﬂFﬁrﬁtﬁ ff Or ¥ariable Beriass 1n Biesiamash and passtBe pylese éﬂ@@étﬁb

st abi | igaf) @fob@WhetdR s%eﬁl@?bé*tu&@s 9£s§ﬂh@§§y|o$u§|ﬁ9e;§‘éﬁ?d)éhﬂ3¢b1’ Mb@%el@éfoh'cﬁ' es.
Addi tional purified water can then to achieve the final solids
cont entthe @Fopiiale sige sangeysee N@'OWA tfl@:?“@‘t% thmr&swlp@ of H@é@&%‘ﬁ'&?ggc’frpé)ﬁbl n by
rebgr e%@mpﬁr@%@&]raf@h@oﬁ{p%mréﬁmgﬁé ré?%;@ﬁ%‘ﬁgllthfc%réisf&‘#nﬁ%ﬁﬁﬁ Qé‘ff%)ﬁéxahﬂ)lé,ef er

to ethylce ose coating materials exanpl e a dispersion o

et hyl cél traglitipnal ¢ampresssis-nil, @ Riwratity Qﬁmmlmagarqleaﬂeé infolee Shiget, (ae fajesdandm

about : S t he
aidof Tpeleddn bR errile Bl R o 4B S0 < T oV |

t r ademexRosuBe tegreatee Bbithalialaed, prevaitsirttatiorefeeg as otheh@spseetuwith MoAkes ehdby

Col orc r S e [sion
0! < NGl b5 GIRNEELGRIR b AR K9T3E) B RSl nesy

st abi | |tIzeeG$trad:hfcrfexm;pléﬂetmﬁnh)d%e@cﬂmabf rregld'eoceatdpast thealbe&aeéalamdlvmls

pri nci pl & rel gase with reproducible profiles that are relatively

i nsensi¥ PSP %The principal neans of 25 drug release is by diffusion
t hrough the Surel ease(r) di spersion nenbrane and is directly controlled by

bose! bitt 44 Tiepmeosen ollbe a2k fbrdishahy rpraihe & EShleriad e pose-as

coat i ngettivrRf@eionicyeRBslis. Thishe pditissiahy pietsiredf fof the miaRb&esd srhbodilead. Unl ess
ot herwi se stipulated, use of the term"Surel ease” may apply to Surel ease

E- 019020, E-7-19030, E-7-19040 or E-7-19050. E-7-19020 30 conprises
et hyl cgoiad Q%ebérﬁ&siﬁ%m dfin@bRsEnBrVehtian Whtthly inthe $6RASAMRI-béAMRN tRXhkded

and nelted. The nolten plasticized ethylcellulose is then directly

emul si fieads peneiahoisnae sudig@etsr from @oSmmyte Wneawithithe H@pfdé'm”d@ei?ﬁﬁié\f Smm. A
pressur, |

B Smor LRrictEy BoBrfert b or il RS with 1k toomeRfiudrlorbiiel 7D IbREr. |
wat er |llmlttqaerbeaﬁjqfaappwlraeﬂeiyevemt breferpplgifrogol -2aen, dente ergferablyArong d 3mm,

addkti I

a2y doe e ERRSRe T A A RN Rl ek kR ARG b ko
tri gl ycengeaset is prefesied tohavk bbegd psmlda’m{t\ehlcfEJfS?SUbQ@BOalU/dTQanEOMS Wwo

2010/ 133609PCT/ EP2010/ 056838 62 bl endi ng ethylcellul ose with oleic acid
before nelting and extrusion. The nolten plasticized ethylcellulose is then
directly enulsified in amoni ated water in a high shear m xi ng devi ce under
pressure. Amoniumoleate is formed in situ to stabilize and formthe

d| sper 5| on of pl asti CI zed et hyI ceI I uI ose part| cI es. However E— 7 19040 IS
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achieve the desired effect. Exanples of nodified-release fornmulations are
known in the art and are described, for exanple, in U S. Pat. Nos.

3, 845, 770y02A16B3&99; 3, 536, 809; 3,598, 123; 4,008, 719; PpCeib2048856838

5,059, 595; 5,591, 767; 5,120,548; 5,073,543; 5,639, 476; 5, 354,556; and
5,733,566 all of which are incorporatedlherein by reference in their

enlt | r etogad SizZEQdidfletedn Iﬂﬂﬂﬁﬁd&sﬁbﬁyﬁ guaxsu ro@b@@é@:;amnarwbbm pmdheatﬁéaﬂsmf efaﬁfoet@d
pol yner coat| 0 to_ its I.nde nt dissolutjo aract wever,
Phe’ I mouhtarassoid siSnange Rt arer tie tan oas Gerdatonio bpats dieno pds
appr oprjead %lz@f’(@ﬂdﬁfete(rz')\mag Bk c@AibiNedatithita €IngRSBrrh@a s ITAVE tHehvdRibn includes

di ssolution, It has been found that too nuch Surel ease | eads to |ncorrpl ete

(or ov&MROIENENS Biviish PORY BRI PEadDlRvS SUPs@nfidlydmegengeys diggeters of

di sgol WpbRRimatig IBmh e 2hiAY.eNsAmS A ARth | CARKS 2Ry 8r AW, surprisingly found in
a particul ar enbodi ment that by addition to Surel easeTM of a second pol yner
(eg a polysaccharlde especially a heteropol ysaccharide) which is normally

degr adgg béé.bl@@&)’ﬁ@ﬁhé%%@ flérpthYn\/% Jrﬁsaals ?ﬁHe\‘l@é%eQM

pancregtlc or Oth r rel evant enNzynes unexp ecte resolves this pro | em
and pr dwb géwhichesaviintionglly be delaéthenf@tn‘em@ tagraate a@fngﬂﬁ)Wﬁaémbm o the

m ni - beady %’%ﬁ‘%ﬁge éhvr?a(‘v‘i dfsf‘mﬁ Qﬁ@ éuf?or??ﬂh&tvgd%wg”@' Qb&?Q+M£.hR§

profiles. f e inv Ion Pare al'so provi dés 9 Rovel  coa ing for

corposidiffevers actreeprireiples ot the sadeiactienpriroiples bwtoilfferemtteemm)mts e.or a;zhlmet hei r
t ti h

a(p:)rle:‘/:rda |n8?>grr"né1 bllpgds bﬁ%a%n (g{'rrﬁ e%s PO?[Tégoan%aeg\gg {heetYR]/ ¥1 %Fr‘%ph% rrpl e

annonlun1oleate and/or a plast|C|zer such as, for exanple, dlbutyl sebacate

d d I h d tible
deqr ad 01250 B e e R A R Be R § T e ih BHE: BB Sicdihbeads
pol ysaccleh%lfatelﬁerltdreoéluﬂ@otl tbhﬁéﬁlbéu lakger ﬁwspbatr]@m b@@@é e@ vude;bhfpaémucgqaﬁtra%_St gum
a chi.tosan etc an rivatiyes o oi n i tosan
e BPBAPHR IS S P P RIOTROE B Tl RWB Y BRRPRO IO TE 8RG8 1

r el eas@hpirBdddugeal ToHnuldiva Rind Withahés BplidiEbUuAESdiAg 6OdMOs] gL antities P tHeSdahdk a
conbi nation of ethylcellulose (preferably formulated with an emul sification

agent $\Td s therqomnogiiep 08 the RYRIWPD QY 8|dd ket Adpreterish gxemeleRaing eereas,
for exampbsmpslitIl ofHthé f %béﬁtﬁin%@és RB b HBHIIRRIAE wWhidhdorsiRisk R mkdaidod

pol ysacchari de suscepti bl e 300f degradation by a bacterial enzynme normally

found icAnirelieddelease cYdrEPeBRDaRd the&ﬁndﬁwrf"ﬂﬁﬂceﬂ@naea MiFi, anvgepferiokate gofetil,
wabgr . hql%ﬂﬂcﬂngglh]ﬁ) ﬁs%%l %fof .?ll}{élﬁg}%hﬁ‘lml ‘B%d?%hkﬁ%l@?r%é{r%{% &y ﬂﬁ&%ﬁi rafe AU POses

has been trie success nonh- st arch pol ysacchari des
suf f er diffesenttaeaditiersibacie witaryaoRilded Bﬁgmfdihe sarnefsbarrﬁ neprropeeni es. Al so,

t hey t ' | h

bty EBfhetesSdfihasd fgh iSeiaid BaGHeRU shESRTRARARS T shobes! i dnaPed, 1€,

WO 201@3@8369@@@5/@@2@@0#@56!&8%@41 weigh ddavéreionioy theamivi-bead embbgimentiny| ase

but | t

drsagsgﬁpagés % Olaﬁ%%%o Hg%e ﬁ%os%gleﬁeo% tU? t% ﬁi’”tg'% d%'{;g?]'dbggcont roll ed

by 2b nccéb¢1weam Ihegparhmﬂﬂntahnbetepbdalynmnts;) hipically &tunglin baidbeil aapeulamﬂllmbnw at es

into the ose oweyer. not . wat.er - beand al.t

vt or - SRS TR el bR o T Pl bRl oS B deREMI R RaRE S RoldP oL

Bave f(DekFLdreUhaTsvaB(gN eﬂargemubSMMWbmdmnt@Imﬁml r‘fltlfkace(piéﬁ%)s o&u&&mﬂtr}dtal e Wﬁf
acteria Zym C rada I NJgS I CU A vant a resu S en

e hestign G82Y Mt PO BT s o hicsm b s i TSR e bEnt

I nvent icdmpreésspaliritd alapslly t@é@épﬂﬂﬁeﬁﬂn@@ﬂo&fﬁ@@@hﬁheﬁtﬁ claasdlélbssreénbﬁéiy B@nt of

t he resent invention is ec in. Various kinds

i népudl degirebleaying muca.r?cﬂ@ﬁén% Igpengatialyyng dgaf/koip épaﬁ r%\'tamaﬁ g‘?'}’ H& %e@(j’r%es of

10 net Ryldeddaes chk usbd & a&%ﬁ%@t@%s%ﬁ&r@g’ Ry addi®HRShieRt Rich fase@dr Wi t h
met hanol , for exanple pectins with a f more than 50% known as High
Met hox;?xé“ﬂme pe et VW@“dFaBLBW”I%ttQﬁW f(ﬁl’mfurﬁ%'éﬂ?'r%omﬁe%swﬁsl for esamPgat i on
conpr i $eRfeditfhRSehian®BertBnkdd BRESILEbN értméﬁc&h&%epé?ﬁ&tl%‘?ndréhlérh'b%mg
enbodi ment to use pectins having various degrees of acetylation (DAc).
Taken thgygameer diffaenbivearhyEsdve ingrasiende by tee bepd diassxamale; bardigelatinown as
Degs ee (absdied fial bbafibd M alfax@%d.uﬂﬁ%mmmmvmdom PG eI alls Ofhe
according to I nvention an alternative to pectin, um al gi nate
may be Ilgslédn%dsura Myl Y tranprgeof dlv ol phasg qoost@tneréﬁbemrriv@dmecﬁm phié may be

i nventi on. However, other enbodi nents may conveniently include anyl ose
and/ or starch which contains anyl ose. Various grades of starch, containing
di fferent percentages of anylose may be used including for exanple Hylon V
(National Starch Food Innovation) which has an 20 anyl ose percentage of
56% or Hylon VII which has an anyl ose percentage of 70% The renai ning



15[0247] It is preferred to dry the mni-beads before they are coated with
a suitable polyneric coat (as described in nore detail above/below. It is
al so prefwonrerny13seecertai n enbodi nents to apply a first pcoatr2biefsssss
applying a second. In general the first coat and the second coat nay be of
the sanme or different nmaterials and be3Zhosen from any of the classes of
coati ng)lnlﬁ’mr&fdr@bur@ﬁ@ﬁs hﬁ'(bnbefrﬁidﬂe sblngmzk?sl FParﬂCLﬁéWef&r@USbut hdaenrfnltihgt Cgat
opti ona rotects the core ea rominteract S n
obat *arktr s A GBI FamBer R adsta e S e #6 Labiatat el
exanpl %ndmehlgosv\nc‘e&ampw AIRUMBEBIOM Bhith ¥y R wkd hyﬂfspémbédlﬁ]@nt and anl um
di oxi de and pol yet hyl ene gl ycol and the second q%outer coat made of the

sur el ed@%‘fﬁb‘&r‘i"%nﬁ?&?@f@ RiBsiPlE ipde csevercially aygilable gystasperin PrgrmicrRemyistion
coap t dépamea T bel'Ezﬁlanf/ pRYE QIR ib s Rate bebad bedBr@h§Xd B iRnrmtiee|nvkEdyl a1e

gl ycol, commrercial products corresponding to 25 such m xtures are
avalIaﬁ@é”?ﬁéﬂh@@ﬁ@p@ﬂ%dry Wiite, a product commercialised by Col orcon.
More general ly, various products conmercialised under the trade nane Opadry
and Qpadry Il. Further nonlimting exanples include Opadry YS-1-7706-G

whi t e, [@dANOYEripessingBIPBShe Comupsiti®) oicthe BBS0BADYs asFheansulednpointthens
are av in water
ahor t1 olsEnarie EamEbstior 2 A3 (bR A0, holBhol RN IS, B Skt

cellDul dcartfanate éaﬂshorr@fltpdl(qges ol & liquid). HMCcGrRdY atiqkC) maandnhamyarcwltval n
pol yde’é}rihs’g rte%.%gé{s' \Dhicﬁp%&ao%tth%'sér%re oﬁ%nf%renttfﬁohﬁ‘t‘ﬁ%é gesc?%é( 858\)’ | ore

gl ycol ), yso ate , a colorant (é.g.,

dyes on_lHeahei;l)amlsmhdllm betdedesstibédbbavef slich dapxsmeegna;diaw&ﬂws héeg of

o o et AR e BT St u6 PG i, i HyiE Ao e ke o

and pOhr}/td&mtflﬁsleyéﬂﬂﬂbulilqngoMamhl d:‘ﬁﬂhenmﬁefmademmhe Emh@ee’ha)ﬂb@nﬂbluded if it

poI dextrose | t odextrin or I Iene col and
oY dett PeSEddhatths baadaa My eonsievdancn ot R GmLlsven et 11 s its: s
are Qo@dfe'fré/?hchmmg\hﬁo?&hwola/&ﬁmém&@/o@&@&%%s@lé WﬂRMEAMﬂR@‘utta&ﬁed) and
Opadry .11 Wite (PVA PEG based). Alternative (non-Cpadry qB[{))rOdUCtS for

i ni ti allNBMeRdReiyer-dbarare; ey B%Ié VBBRRAAT A comrasHion %Hley'éi’ o8 5@ thrtfes

graft GoRPLYINBH &f HEGhveAton,Sn Micahindbb&y 6MPB@MEhelcbnpHEsies chidenarnorif@l flrstcoat
| R and net hyl nmetacryl ate amoni um based copol yners such as are avail abl e
commer EPEIPP§itioMaesording tniednwmtign a@@"@ PSR At rfrofﬁfﬂ éﬁéﬁ?"é’dc%&%ﬁﬁloé is | ow
mobgculREoMRigdhthd RMntiohhe optional inner coat is applied in the same
manner as is the outer (or sole) coat (or coating layer). [0248] The
coating process can be carried out by any suitable neans such as, for
exanpl h Lyt mer
eXaD! 03 BB IR R M APEbY RSP Aoy SRR
coati ngo thedsgligsheentiied abded nimy al$eberased asd stagling moimtéadgrea&deofs‘oﬂtm&rlegns for
di rect .

st ruclRnEeufiEd sbfiufRSRLR clfs Tololtid B LRI 3 HRSLAThELTcRgarel sesd
skbl eabnlwhld:Hmdchmctnaataglensmf Imaderjal t:am be Bbplédaamik avellknpen toa @ees@npsaﬂiedun the

fl ui di zed- baed rea AIT, Vecto e 360 EX

Ao, adarod. SRl o RIS helbastrblt s iEbel nbSE s sitiise i
prefer rsed1elc8 dmemctlﬁblprﬁidlpld aB@’dr fBleaiaafe dﬁmaméemmts as hll“eaedeszﬂtbéd)lm

Spr a ca tin ondi ti on re. as (o)

o ooy o RARRAHE! S0 AR A h e Bl P e SR iRl B Sg 0
I nl et aing fé(ﬁlmla&r mbIUélan(oC)nqubleﬂ)@'ﬁl dosbadaibinaitibn b&jmersaetsuble*exa@)pléauscuébéd
Product t enperature F%ﬁ Atom zj n\% air. pressure (bar) to 1.4 e.qg.

0. 8V1. 2”%} tion,wih rL‘f/ rwjarlz tqr@egnaolgplﬂs e Ae @Qgﬁ]s'ﬁﬂ‘?e@'lﬁé?ma S'@%mor%f t he

pol ynerihh 6R24ctRE priRElgRENdaREH YosdesBthatidr@n ey ofpRadsIRTelbitceiyent i on

may be coated with additional drug |ayers using nmethods conventional in the

art of cArbeveaeat Mediringci ence (such as for exanpl e using coating nachi nes

as just described) to 25produce a conposition having one or nore |ayer(s),

each | ayer containing one or nore active pharmaceutical or other

[ ngr edil@H9] dheigpmpesitigr ofibednveidan glaydwave pecaabplcadditionaliggatedaen igouteans t he
Si frhat V.

Sorati ohaaGd sEeqaFRR HeRoREa PLERTRBNE WK Theiulhg SritBalid, 2 Jescr BB .

her ei n mcme@grtlcaydvlm@elsncﬂlqmwow@hutedonb@tungpénsmeﬁU¢ia9r@bod1glenpcﬂvajer

| ayering and powder drug |layering. In 30solution/suspension |ayering, drug

particles are dissolved or suspended in a binding liquid. In powder

| ayering, conplete dissolution does not occur, due to low liquid

saturation, irrespective W) 2010/ 133609PCT/ EP2010/ 056838



67 of the solubility of the active agent in the binding liquid. In powder
drug |l ayering, a binder solution is first sprayed onto previously prepared
i nert seewe 2e10g1336Wni beads as descri bed herein, foll owedchgprbde/scdsti on of
powder. Conventional pan coaters may be used as described above for polyner
coating although nodified forns of pan3g8oaters are preferred 5incl udi ng

f1 ui di sehpbsidombithe éiehtidnigerhprisaisainyad aithih aiobsad Eyairpluesd afthiauhd abtee

gr anul at i ncl ude the Rot granul at or. att),. the Rotor-processor
Cher omslUfe P4 ergﬁrtr'xarra‘rafiﬂrarcetﬁra)m'ah%ﬁpgee bt S PGe o BRI SR
use of dBhid gheABgAN ARG EATealidd o FuiandMGscae &g b REnt & 8IBEInRSEB!
invention is Superlor to USln traditi onal non- arells as initial

subst r #0198, {1 BiGREDONR BRHOPHATY 0 aPHIPRaIPoANGNdRs N2y BF PRESTTGRLLE. One

r eagon chatiddSolPAEL. rrais hRsibn tdiRteRbd to bRRRadsh oﬁd%?declHrtlﬁ@G‘i trb&\ee@ttbon
Anot her reason is that sucrose, the main conponent of traditional

non- parr@‘i“lcéi PafTHer t@/éﬁqiu%dﬁﬂa’m'dﬁ%é&%e'ﬁ‘ﬁéIQH@)‘?%*Q“%&Wﬁ&pree@ffté@t%a@)n

di abet iRtk APhagts @M&@é&ﬁ&@@uﬁr.w AR QAL stdR VARG PR LlacR t

m crocr) I ne cellulose as a so been tested as a substrate for

drug | pclﬁ@oramn@éarghnttfrresmaﬂxerﬂs@ﬂepaWDn ddternatizely, thetcoeeirtbe baduccessf ul

use ot cbrQLa bl R EARAL liRikolbilfibt ddtle ERRARIERERAS L pRaTR I SbMARN,

granulat process as nmy be use odinents o e presen

i nténtion. Thus in one enbodrnent the i nvention provides a process for the

nanufaghﬁre Bf drugncoated peIIets conpri sing usrng the m ni - beads

descri ehg Q1955 "8eds or as non- pareils (i.e. instead of non-pareils)

on which the drug is coated. In a related enbodlnent a conposition of the

i nventi npri ses m ni - head of the disclosure coated with one or nore

drug | J@@‘ﬁorhﬁr?&m%??'“%ﬁUd‘ieﬁ%‘rﬂqt'P% I, CortRp SEWOLIMANtS FRAREPFRCThY B8fubi | ity

of poordiamers, &onfnbits Cexdididts, dhucieaIRbREreRY fuHstidHIl RAGIrES oNBther HpeklRefabove

descri bed nethods of drug layering, including spray-drying-based processes.

Thé5poﬂ@%ﬂ?@ﬁ”h@%ﬁ”b%%%@ﬂﬁbed in detail above, may or may not be applied to
a drug-layered mni-bead. However, if desired, it may be applied after such

drug Iaéerhﬂg I n applylng a drug | ayer, the drug to be |l ayered onto the

m ni - bd@WB Y Hvtmaisgld \mited rumiprs ozsa”@mimts/\pftthe Hypnhgy itha eorepasitipneast s

such ag qﬁ§P icularly

preferr ea rEH %?U?%ﬁ? ﬁ!géwﬂg'rletshe@témr S pgc‘) (}3\%3@* §§$ﬁ§gfm§§—%§f’ tH%f@SR@r elt

pol yvi ybgigntiadly iwdtereresn ih a10elstdtaowa solid pigte drndrseoivadxrre))n pdwmerfforvrmdr ous

K- wgi u K-vaiue of PVP is a function of its average

no gcu%ﬁ?&a%fﬁﬁ{ﬁ§ﬁ%mlgggree of polymerization, and the intrinsic

viscosity. It is particularly preferred to use PVP K-32, Up to 5% 300of the

dry wei nvention in thi nt be

0 e e SR S ST Rl b R TR b

sui t ablfernait bdeamsuvdnrf@rhwaltrwh tiguidsed)) mrsd:reugablayrert thegcanmadsitide ajmeami/emtron

b th hydr o | 1 ul d hyd
o ohitEsetiafar bRy, S SRl IAE Bin 6%k PlRCRRIIST IR R TP 1 so
opbbonaldtar Byewesigrtt Thle mmlbead@erey;rrefermhbmgerﬂrous AChoEh Frofs¥singRjonbigiyes , to

control rel ease as 35described nore en rally above inclu the option to
i ncl udé"PhE %%ﬂ?éaké‘?e Belav forve far ﬁ%\?@ P?tﬁégﬁf‘%ﬂﬁ PSS %Sgi‘/’ﬁﬁ e-8oat. WO

2010/ 13369 BLH/ dnd20%0/ &6 848 1633 t[r&a"—é@r]rpl’é{%eimﬁbtﬁ!&bh&ﬂoﬁ&ﬁir@él@fs&owaﬁalsuﬁ@s a

| ayered bead or m ni bead conprisin core conpri sing

consi stPRyRDPPPOgEdAR e %frae%ptethﬁdreyﬁeraraﬁrt (regﬂoﬁé{eéfj%)l fojrps s\rﬁra@eapéthe

di sper $8fhpdEiash Qéo%ré%%% Ihe il VEI6R Ty GRIRIUIP B HYirRetddVS e‘Pr'it!d?d? ispbig; and

a |l ayer surrounding the core and conprising an active principle, which may
be3Phe hs&aiagenedyor different fromthe active principle comprised in the
core. [0253] The | ayered bead or mni bead may have a plurality of |ayers,
e.g. 2, 3, 4 or 5 layers, conprising an active principle, wherein the

act i ve [pt33)dingllew feearatér doaajent is & distngdsheny featiep ehcrerain gmbedimeniseofdiet i ve
princi n [ npri ses
t he saﬁ%ﬁ]c%mg@garﬁégﬁgﬁhﬁxggﬂghhTd?ﬁegupggegﬁﬂ%%cand? 8?&3%%%g%§9 no
two | ayleermogcavpnetmeartah/elss(ﬁﬁéé\),a‘ot exeanpe with |cp|‘rmerd’ hley a\arlable arrsﬁmmnmtron,ce ple”

hi s bot h i gl tlve ent, and a natlon of
aC?I%VG tgle{ éﬁ@?ﬁ&b{ﬁ&g%dr% msiru?dreng 'qu- ggs%s c n%erslrrsréve h(frn r[e\amgn to
pol ynera dhayge & tehpecatater Bbr éxalngas, e BSA thestbod b@dccrmpsnsegfmmp@rétyreadmnee.gSuch
a polynmer |layer may contain an active principle and therefore constitute a
drug 15l ayer as well as a release control layer. Alternatively, a polyner
| ayer may be free of active principle. A polyner |ayer, whether or not it
contains an active principle, my be |ocated between the core and a drug
| ayer outsrde t he polyner Iayer or betmeen tmo drug Iayers or may form an

. ANAAE S o Y -



[ 0255] The optionally coated m ni-beads of the invention nmay be fornul ated
directly followi ng 35their manufacture in the ways descri bed above. In an
al t ernat iwe 2eripGsdopent, it may be desired to inpart diffrer@mreopnsgssties to
the m ni-beads and/or to a final solid dosage product. WO

2010/ 133609PCT/ EP2010/ 056838 69 One way4 of achieving this according to the
i Pvent ifiem 26 td 40000gh 20r@pet minuty) wegre the mdsiptruga/eortté}g 'Sfj bl&gﬁn@fj fmmmelrsampx@ ures
of mni - ot her conpopents as e.g. described above in relation to
bi nder é"’e' g%ﬁaéégﬁtf't 1%§td§@fr%&§?'5%en m ni -beads may be obtained by adding
l'iquids (eg binder or solvent sol utions) and effecting a granulating step

as described in the prior art, arger quantities of granulating liquid
pr oducd0t341dp pa%mbaa'mqnéﬂ@e of Q@pieéwethaﬁamee%w%@f thainvealiERegr anul es,

. €5 1 fh%nﬂ#g@ﬁé’(fdshp(ﬂsﬁgrséd iNGh& AN ALRyUBBES blﬁ\és%s(oﬂi‘ﬁcsroﬁ?éséﬁbodﬂ%n@ﬁﬁé %{er-
quantlty 0 i'd needed to get a given particle size may be chosen in
or der ﬁ@'uﬁierﬁ%f@@ Balix ﬁltheth)a'w&hsub&? ngigl Qﬂ$§n0%@fc@a&ﬁsﬁgnqe&qt\ﬁ¢%n adiperntdnt
wet grg Ié‘t%'ﬁfh o thie URfidrPis | TRERLE, r%.ﬂi%n fng%%hé?hédn%x %@é@sc%\’uéé bfbi I ty,
honogeneity, ectrostatic properties, e 10conposition
of t he neigheatiingnoibdreplets; eteferably onb dQﬂascﬁ@s égteaﬂ @xnrrﬁhmﬂ@thmftth@ rempositorodf t he
granul qﬁ%béntg)%term ned by the quantity and feeding rate of granulating
liquid t “granul ation nmay be used to inprove flow, conpressibility,
bi d0avail ability, and honogeneity of | ow dose bl ends, electrostatic

P opes 0B Deg ARG b o2 BeBhorks o Bhis? SRERE VT o B el g
devi cesl Opm mme.a Holewr\ths doehtoys/dpaicatts hpve forindlhat iviabengficias tauddimthit 0 a

For mal &0V S don ORI DEnAR S ik w0 SO 7 ARtmar v e Bl ORiaRes whi ch

may be thdrefore Bidiudes micteerhuigions aanhanésrhiilsidhen and conventional wet
grapul ati on. 20 Exanples [0256] As noted in the introduction, it is
desPrabl e to have a solid conposition which presents fluid active

i ngr edij@163 The RnRYitivA bEheGAenAE §a5drh @'ng)r%éﬂﬁnth e BB OF Fopbtand
shaped [Wma[e ret m| ng t he benefi tg of ?"yl uj I nd |vr?rdual i(gxarrplc@s bel ow

show, ifithgh Morlded s sBapRsHicFB ft% adfint-hread wlieh Mg tyrically crataluRp®si t i on
conpr i $juRdreds o tHoths ¥ sCdt d'f‘@pﬁé@ atsmls‘ilngtm&ﬁra posdePwRith JeRErafy 86RRSfidm Or al
admnistration e.g. in the fiel active pharmaceuticals, the active
pri nci phierofsiedpariglessiprerppiging érS'rlQ&ﬁ:@.ﬂa ghelbaymber @Wtdé@ﬁs(:orﬁ%etstqﬂ@n it
nmu b it
e G e e A A e
scal ealsiot quwdadeﬁmmmwltlbntoptf@ndvgweh:If pantleuIaﬁdp@fqablal@pmembwﬁdew or
rel eas stabilized
beforquggreﬁggtpg\%nc%%g%e gb%qgép?@ﬁg?lrom gﬂgﬁghfb&ﬁgﬁonggﬂ aci ds,
proteolytic enzynes etc. Individual exanples bel ow show, in one or nore
enbodi of, th I.O t hat Ssi mul ti pl. ch
pr obl eﬁg{gﬁ%lttﬂ%ﬁ&?&g r’r?en:"t An athl(fhng e |n§/?nt|on g iR tRe %?r?\)\%heads a E)|IUP8|I?y 3t
2026/ 13&6@651&%5‘9216&@%&6&3%7@ strige fonmenblg)montdmtd |nta |smg1msémdlgbleoap:sule
provi de a dosa rmwhich resol ve for
G 11 Cariert SoBtasn e PUTHEREE s o mea s e a U EUTY BF T IHeE0s T0pas as
di scusgeskentdd i md@aed@soth@rbioatérwr v&i’brﬁ;ﬁérrrmg thy mmehazide td be b@rmmeomitutfwn

ie. a dissolved state and pmintainin i oIved state until | ease
s a6 AOHTHGOT Eek PUTIASEGNMA Pareatd STV P pee trasats i Padr e

princi plueemddet@ngaubS. aAmerhata/egDItublduhw@bo%t Mae ENddpireitenrt sekheaprtyot i |
the target rel ease zone 8 colon) is reached. Individual exanples bel ow

shel, ieXaERE b7 PivsRIRY @anBtS‘H ﬁ@ﬁ%’e&PWI’féSP%U‘éﬁ’l?lsﬁ}g'e @blpt ag Hegqiibed glsewhgre i n
Vitro giease! AtdretiveRyatnd ini-BefShbPlbe fli8d 8. 8nphdsse R8edPeciafisttRiic cap
further 5|toe0| fic neéd within the general requirement for the active

princi gre hegwise fill @ IPss1in @) heciagsatheotiaicar ehathee elsmank of p sepledfoatingst(Pve
princi RhRtaar fo Bb$39UPdust MaBedS oWalvlst tHéTH&‘% gl 6! t}‘le%h%eads are rgle]e\sed

di spersion/egress fromits carri'er or nmatriXx. vi dual exanp

show, iimo@rficer etherecontdndslpitbabottieforvigd such/ibat ﬁhgrbeadshate ¢I§p€ir§eqo(§>§ dissplee} o
addkess, & M Sy e Y ; or
rors entrubBat g BRI s EBHenls Aol SIRTRIER DAMEN. o aplacaRg
dosage b[ydiumarraoIPdna/r/rﬁadhtesma@@nalr(HlPa)l $.p.AalMilaof ltalreA eatated ©r plrmllac amreaq:hsns also
15sol ubi li zed and di spersed (w thout necessarily maintaining dissolution)
invitro in a conpendi a! nedium (w thout adding surfactant to the nmedi um
following a standard USP/ EP/ JP etc nmethod. [0262] In relation to the

probl em of how to formulate active principles in a dissolved state when it
|s aI so desired to coat such dosage forms W|th poI ynmers |ntended to nodi fy

. S ~~N 1. . " o, . .




WO 2010/ 133609PCT/ EP2010/ 056838 71 [0264] As nentioned in the introduction,
in drug delivery systens having distinct conpartnents within a single

adm ni st raDi2vm/f3860m it can be difficult to achi eve contcolEreao®sa$3s

si mul t aneous rel ease of nultiple drugs contained in a single form

| ndi vi dual exanpl es bel ow show, in one3%r nore enbodi ments of the

I nvent icontentgited ifér ¢.§. NSS rdlbssd 6f rali-sagsulsahtode réactdry fdedngildratroomentdigch
5addre§s these chal  enges. [0265] As noted previously, it can be desirable
but di f#PCNEORET 6r nulate 1iquid, enulsified or pre-sol ubilized active
principles with surfactants. |ndividual exanples bel ow show, in one or nore
enbodi nents of the invention, that it is possible to obtain oral delivery

f or nul 101w]srh\éhmmhbaédsowbtort%ehee%aprbet 08 sm‘gles Hiea@r PdpsIatien) skl deebt
gquantities of surfactants) therein. 10 [0266] As discussed, peptide drugs

such adnultinie ters N ROPUIRGPNB:HCATRSING PEEARANORIMIALIANS PAeEtieB iR ﬁ”e ﬁr @@Fehfeé'iures

lacti cigascitfe® Hbkln Y. dif@epd MmN Gt ffe@hldx¥ipfintd OF iRt pRYsic &eomet

adm ni stration because of the unique physicochem cal properties of pep i d

i ncl udicgtespMetiiglyaqoaiddz encqsdkst eiol ubi lity, short plasma half-life,

requi renent for specialised nmechani sns for nenbrane transport and

15susceptibility to enzymati c breakdown (intestinal, pre-system c and

Sy St emgianthy bifBlinfrRTRE e AR OANGRAGY minlloong v.rt@%?ne%tmgsﬂélmt(ﬁa of

the inventron It 1s possible to provide a solutron to these probl ens.

FoflOexahplasieristies ¢.avaringmomost, iedtesic-only apatoreedat designed toeprevent ogleaseon

conpri sj . . ic

br cakdona SLASPEROT Bt SRag URERE S o lmESF g TR y P, T om

occur i pyasdn sndmaagmbedlptleysmteolomtnooaalllows fpr nhiaFeaels hzmmgsieiayhéloent to the

corrp05| t| chenj cal ase/ al kal i NaG—i) or acid

(og o crramgdrelpaie, K TRl tbrRheT et bertinash et REFUR I Phereh 6B e v,

[0267] dlh‘bCr&IE‘dém mdreﬂdeM“éB&WheDea’fHDéIESpélﬂd:LOWI}SIh@NE sédtion reatited ‘mjaatmgerfbmm ment s

t%helnv ntion, qa B% eto addre(fs t he chalg)ngs and

6 |er‘r%"68 o B'ISWF%W er?do "f‘Q:F’ES‘ B F’teH BIHITHIMBRPGLPTatEMHEER 8% and/ or to

Iseg_t io drpﬁoc{tfcetj hec<|ﬁhtT nétrcmnwwhie sestabaRyléae dethYrﬁllélﬁIR@Iﬁgﬁ‘ej {GR) rhiffi- b?adis th 0268]
ndi vi dual. exanpl e w sosowmoneor omentso t he

i nvent V8R/N& 1 H{’?Pft ”%1 gﬁﬁgﬁﬁﬁl”@rﬂe ialit tlgase mial- %adéﬁaﬁﬁ’é RTNEdHIt & vitro
exper i 'B%Bfaﬁnedaor@fﬁh@ﬁéd te%hseQﬁ'ﬁfb&dr@)n@dbnéﬁt ih \tige f@illb\nmg%t%sf(\mw'b? g@ﬂﬁt@y) n
the colon with rel ease prevente tract; 30to avoid

or redé® OkemaedialsiRglegpediR)+ eqoe/a§és"ﬁ't”8fj |($'8)/89etm"€ri rﬁ?'qqsér@&ur e pH based

andot i FRnicheGeLk; QM%'[Iﬁméo%tSR/@‘F@'3@%OI'R+'7@%U§IQ/OF@V4'O%3FRUGU% SRio®8Rd Besl thy and
di seased bowel; ‘and with a particle size which prevents or reduces delay in

passi ndRtPR% $¥/6Rus and/ or reduces residence time in the il eo-caecal
junction. [0269] Individual exanples bel ow al so show, in one or nore
enbodi nents of the invention, W) 2010/ 133609PCT/ EP2010/ 056838 72 that it
i s pos#diive Ingredients n an oral dosage form which can be manuf act ured
relatively easily. Exanples 5[0270] In the followng exanples 1 to 13

i nclusive, mni-beads are produced as generally described . Unless

ot her wifer403 el grégsht inlvBetidNprodides 8 dehitledesddives df Betiveoserlds Wiish adrebe
provi ded in wei ght One i nportant test conducted

0/ { d 027
on the é%rtﬂ%sé SHPHPg'B%éEg%“?‘%C ClPJ‘RSS:*aEQS’?‘?tSé'LiP'eHB%%”UW%’“?L@?e%fta”?”é‘i’eé{“@%Sto

t he actigugeuMurd) Gt ItcanntsEintiai heheprinbPIdaruarat senlisatiodst pwdichtided pl e
whi ch has successfully been incorporated in the mni-bead followng its

manuf adeliedinated Bﬁtﬁ'@%%ﬁt W@t%éoetammaée%w'tt Rathpaetshior 8xamria beetetar e out thi s
anal ysicgmpb¥iRb 8t th¥ ifeBtide BarPOUSEd 960 t80SATRER e FinklBhE Brddd Forakdmple
extracted in a suitable diluent. Standard techni ques and mnet hodol ogi es are
ut BPi z el reeovRarAliytapts fk%\iﬁﬁ @r@nrgemeah@clyﬂmg|atfd>rvﬁatqrné frgm the iRfesting qrel at i on
to est 8 I @eia. For exanple, in the case of CyA, the
di | uent%Bhgegslggg%E%tﬁo t\Cr%!%I e/purified water /methanol/ortho-phosphoric acid
inthe following ratio 64%32%3 5% 0.5% The extraction is carried out by
sanpl e i e ,
i1t adt o abdfor e Corfigédin Sind AL hETRELE el ® LV Biies, .. o
t he remmcsvaa,dalnldlta@auasier ovhicoin-telgelataepdyencis . gjura el mieetlhalmm@ tfdne

l e ha r ed, via OHPLC er b t [
ed TATBRIRsPS PEaFREsr e BnERBANR puPrFeil Hipe IREHARE TR °
absor bance at a pr eset wavel ength Thi s generates a chromat ogram which
delivers a peak and a peak area. The peak areas are then used to cal cul ate
the % active ingredient present in the sanple. 25[0272] It is ideal to
achi eve 100%incorporation in the content assay although in practice |ower
| evel s of | ncor por at| on are accept able (note that occa5| onal measurenent

N T o o B I A NN A A e



73 points are recorded e.g. proportion dissolved in the period fromstart
(0 hours) up to 4 hours, then up to 6 hours, then up to 8 hours etc. In
gener al (Wwot2otdnizssodepends on specific objectives), the lpomgerothsssss me t he
experinment is continued, the nore active principle is dissolved with each
successive proportion being a cunul ati 9@ assessnent of dissolution at that
time pafettionldndorits faetiedtelthd dbsbRSinf d&elr atin@npringipsshvieosechdsuiptivhendyl e i n

which that |s a ved is also i ortant and depends on the therapeutic
obj ect |‘\%§"Vf’58rbet%t§ Cedrmius eﬁﬁym ‘mi ni shing (or a sudden drop in)

di ssolution over tine signifies precipitation. Full dISSO|UtI0n |s usual |y
nor e |Egortant for quali control than for pred| ction of in-vi

per f or i8HA Therompesiipe OE%FOQVPJT'OWHV&%?Q weeddorepaye mistemibe é‘t?ﬁi'ﬂé fofs
desegri @Qmﬁf@%ﬂn&l%@ﬁ%@a 213Bs6BELEr ﬁaps@%@mxﬁ (f}rgotflé’lr aghitdRpable of

experinment a tail The resulting CyA bead fornulation had the follow ng
conposikindsng. (W@/fsgbly@hot@ea/vlye knlgtssnresary IW@lI@t@gw’ralwrmergz 87 Celatin 551.93
D Sorbitol 74.61 Transcutol 144.95 Crenophor EL 75.43 Labrafac Lipophile
1349 W. 60.21 CyA at 25% (W w); was dissolved in the oil phase which was
made f {03 Seaataielpior in(¢canfungtiert with popof the preedling functng athe sotpesitipi of thEL
and 10 I I ded to

t he gel'@% nénsg);{ g%%%%ahde J@%gﬁ@*n&{p tﬁé o Iﬂ%ﬁ Soa% etr% bead@t\;\?%re

20 0busixampts b}(ﬂellsenycdfyantltﬂ‘hta:sc(mnwmtg Iammlcgar/bactemdlrys) %ﬁ/@pécmg/rzbrtion of

61 06" MEGN RasiTa SN B 51 bieTail ol bERIMAR oy Rrtdur il o
pr epar édnasedrefation: as@mdssspdwomgrﬁthé&bpéﬁetmatl n 544 39

[0144] Other active principles contained in the same or a separate composition may sequester

15  antibiotics e.g. in the lower small intestine, ileum or colon. Thus in one embodiment, the
composition of the invention delivers antibiotics relatively proximally and reabsorbs them
relatively distally to reduce the amount of excess antibiotic remaining in the colon and/or
excreted. In a related embodiment, the composition of the invention comprises enzymes to
break down or neutralise or deactivate antibiotics e.g. beta-lactams and delivers and/or

20 releases these to target locations in the Gl tract e.g. in the colon.

[0145] Active ingredients may also be included in the composition of the invention to enhance
absorption of nutrients e.g. in the small intestine or to provide nutrition or nutrional
supplementation. In a related embodiment, the composition of the invention comprises

25  functional oils in combination with a natural plant or marine extract. An example of a natural
plant extract is berberine which is a quaternary ammonium salt from the group of isoquinoline
alkaloids. An example of functional cils (the term also includes “designer” oils) are medium
chain triglycerides (MCTs) derived from tropical oils which have had longer chain and "bad"
palmitic acid removed to leave medium chain "good" fatty acids behind. “Good” oils, such as,

30 for example, omega-3-rich flaxseed oil may then be added to achieve variant functional oils.

[0146] The compositions of the present invention may be administered to an animal e.g. fish

or mammal by any appropriate route including oral, anal, rectal, vaginal, urethral, intravenous,

subcutaneous, transcutaneous, intraperitoneal etc or may be added to the environment e.g.
35 food, drink, water etc for absorption by the animal. The invention also relates to a method of

treating one or more animals just desribed by administering such a compostion via the oral,



Transcut ol 158.98 Crenophor EL 54.63 Labrafac Lipophile 1349 W. 59.93 WD
2010/ 133609PCT/ EP2010/ 056838 74 No D- Sorbitol was added in the gelatin

sol uti on,weizome13dgoanscut ol and Crenpphor EL al so act asPprapbei0iozess. | n
the oil phase, the weight ratio between Transcutol and Crenpophor EL was
increased from2:1 (Exanple 1) to 3:1 Bf was possible to obtain an oi

phase coal, adiaineaghitponbthdlyiftraveoises, %cméﬁ@cb@i trahdcufanaass obm&ap@rdow‘aﬂen t he
oi | phase angyggl atin solution V\?re m.xed The 08 (ﬁ{ent assa The

rel eas&OPPSf diag theyCHRPOsHInHO fire 9AVIEEMERt oF. fppd Rk water g fQQa%%"rp

Exanpl &y ahé%m] The beads of this exanple were prepared by dissolving CyA
i n EtOH (et hanol ), then adding Cremophor EL and MCT oil, and finally
| etting EtOH evaporate overnight. The resulting CyA sol ution was very

vi SSOUfimﬁgd\ é&t.&dlaﬂf@m &rafe a#&enﬁm&ﬁ.omwhegjemrg of PrarfRkaltdalsS Fhidt i on.
15Exanpl e | om ng conposition Al 83 Crenophor EL 111. 30

Labr af @@DLQSpQﬁﬁFﬁlJ'@W:LtQQ'ZB enbgdmept icavhigh Hesemppygitipp %ﬁ@lﬂt%florm'é oBmini-beads
e.g. for oral administration. The composition may comprise one or more active principles (also

referred to as active pharmaceutical ingredients or APIs) and it is preferred to incorporate
lipophilic APls (if any) in the oil phase and hydrophilic APls (if any) in the aqueous phase. More
10  than one active principle may be incorporated in a single mini-bead and/or in distinct
populations of mini-beads within a single dosage form, e.g. hardgel capsule, and specific
binary fixed dose combinations are discussed in a separate section below (although this
section is not to be taken as a limitation on the full extent of possible binary combinations).
Ternary, quaternary etc combinations are also contemplated.
15
[0148] In relation to its pharmaceutical applications, the invention applies to a wide range of
drug types e.g. as classified according to the Biopharmaceutics Classification System (BCS)

which comprises 4 classes:

20 Class | - High Permeability, High Solubility
Class Il - High Permeability, Low Solubility
Class Il - Low Permeability, High Solubility
Class IV - Low Permeability, Low Solubility

25 [0149] In relation to the APls incorporated in the oil phase of the invention, Classes Il and IV

are of particular relevance.

[0150] For the purposes of this description and claims, a drug substance is considered highly
soluble when the highest dose strength is soluble in < 250 ml water over a pH range of 1to 7.5
30 (and of low solubility if not meeting these criteria) and highly permeable when the extent of
absorption in humans is determined to be > 90% of an administered dose, based on mass-
balance or in comparison to an intravenous reference dose (and of low permeability if not

meeting these criteria).



SDS 23.71 Content assay was 48% wth the followng release profile: 0 O 1h
48,31 2h 50,26 3h 50,59 6h 51,13 Exanple 4 [0277] In this exanple, CyA was
di ssol vedworoftBbkoot hen a m xture of Tween 80 and Labr afch/pvedi944636S was
added; EtOH was evaporated overnight. The conposition was as follows: CyA
145.30 Gelatin 539.39 D-Sorbitol 74.113%8DS 23.04 Labrafil M 1944 CS 126.70

WO 201¢61533 0QRACTIr N BlGbOeH&FIBis desdiiion aBALhkirMS, a drilgereduet Rdongigisry twas
5% an%edriaps)ial(y)/l dlilstsioﬁl?ngp v(/r?e];nl lz%S%agf:thg Ia%eloe'd5a¢n01u5n’t Z)? drlug Slzjgét%r?cezgllsszo \’/e538wit ri]n %8 92
minutes using USP apparatus | or Il in a volume of < 900 ml buffer solutions. Usually the buffer
is phosphate buffer (PBS) of pH 7.4.

5 [0152] Regarding solubility determination, further details are provided below and in relation to
specific examples. However, in general terms, solubility determination is carried out by one of

four methods:

Visual disappearance of drug

pH-solubility profile of test drug in aqueous media with a pH range of 1 to 7.5.

10 e Shake-flask or titration method.
¢ Analysis by a validated stability-indicating assay.
[0153] Permeability determination can be carried out by assessing the extent of absorption in
humans or other in vivo permeability methods. Approaches include:
* Mass-balance pharmacokinetic studies.
15 e Absolute bioavailability studies.
¢ In vivo intestinal perfusion studies in humans.
e Invivo or in situ intestinal perfusion studies in animals
e [n vitro permeation experiments with excised human or animal intestinal tissue
e [n vitro permeation experiments across epithelial cell monolayers
20

[0154] Permeability determination methodology is not standardised and results can therefore
depend on experimental conditions. For example, some APls e.g. cyclosporine A (CyA) can be
classed as either Class Il (high permeability, low solubility) or Class IV (low permeability, low
solubility). Chiu et al in Pharmaceutical Research Volume 20, 5 2003 assign CyA to Class Il,
25 while Sharma et al in Farmaco. 2005 60 (11-12):884-93 assign it to Class IV. Although there is
agreement on low solubility, there is apparent disagreement on permeability and this is
believed to be because permeability changes with the formulation and/or tissue site under

study with Chiu et al. for example apparently discussing jejunal permeability.

30 [0155] For pharmaceutical applications, the composition of the invention may be applied to a
very wide range of active principles with a particular focus being on hydrophobic/lipophilic

active principles for incorporation in to the oil phase bearing in mind that hydrophilic active



5 Exanple 5 [0278] In this exanple, CyA was again dissolved in EtOH
(evaporated overnight), while the other conponents of the oily phase were
Labrafi|l wokodhs&soand Epax 6000 TG (onmega-3 oil). No prolveromsesss
encountered during preparation. 10 CyA 83.56 Gelatin 538.46 D Sorbitol
72.66 SDS 22.96 Labrafil M 1944 CS 141339 Epax 6000 TG 140.97 CyA

I ncor periatipes m@sald2 bbIadudtinéhd adese ppaed (ih@uding in Bielnibryu8buslghdsh if
104, 55 2h@%03,48 3h 108,24 15 The CyA | oading was 8% w w. Exanple 6

20[ 0274f¢ Pr}f%ﬁeé%lat"goﬁgﬁ‘éb‘?@' 1, CyA loading was increased by decreasing the
wei ght ratio between the oily phase and gelatin solution from1:8 to 1:7.

CyA 103.23 Celatin 504.16 D Sorbitol 58.21 SDS 23.00 Transcutol HP 160.91
[0156] For example the composition of the invention can be used in the case of insoluble

5 active ingredients such as, for example, nifedipine, lipid soluble active ingredients such as,
for example, gemfibrizol, and pH sensitive active ingredients such as, for example,

captopril.

[0157] The composition of the invention in the mini-bead embodiment is also suitable for
10 the administration of active ingredients which are sensitive to the pH environment in the
stomach, such as, for example, omeprazole and other proton pump inhibitors used in anti -
ulcer treatment. Active ingredients for the treatment or prevention of H. pylori infection are

particularly contemplated.

15 [0158] The formulation according to the invention can also be used to improve the
bioavailability of active ingredients such as, for example, terfenadine which have a low oral
bioavailability. Moreover, the composition according to the invention can also be used to
dramatically increase the absorption of active ingredients which are poorly absorbed from
or are destroyed in the gastrointestinal tract such as, for example, captopril, cyclosporin,

20  calcitonin, heparins and heparinoids. Certain antibiotics, including some lantibiotics e.g.
lacticin are destroyed in the gastrointestinal tract by the action e.g. of enzymes such as,
for example, a-chymotrypsin and pepsin or by acid. One embodiment of the invention
relates to compositions which prevent or reduce such destruction and release such an
active principle at a target site e.g. distal to the stomach or small intestine. Thus, in distinct

25 embodiments, the invention provides compositions comprising captopril or cyclosporin or
calcitonin or heparin or low molecular weight heparin or pentasccharide heparin derivative
or heparinoids or lacticin. Nucleic acids such as, for example, siRNAs, may also be
formulated in this way and the invention includes embodiments in which the compsition
comprises one or more nucleic acid.

30
[0159] Suitable classes of therapeutic agents which can be delivered using this invention
include but are not limited to poorly water soluble drugs such as, for example,
cardiovascular agents, lipid lowering agents, anti-diabetic agents e.g. PPAR-gamma
activators, anti-epileptics, anti-infectives (including antibiotics such as, for example,

35 lantibiotics and bacteriocins), anti-fungal agents, anti-viral agents, antipsychotic agents,

immunosuppressants, protease inhibitors and cyclic peptides. In a related embodiment,



Crenophor EL 84.98 Labrafac Lipophile 1349 W. 65.51 This exanple 6

contai ned 91% of theoretical CyA, and showed the follow ng rel ease profile:
00 0. 5h79%6Qo10v¥B3&@010/ 133609PCT/ EP2010/ 056838 76 1h 88, @dTAiP2010/02338h 89, 76
6h 86,28 Exanple 7 5[0280] Simlar to exanple 5, the follow ng conposition
was manufactured.. The content assay ré8ult was 87% CyA 82.85 Gelatin

538. 67 the &empoditdn ofZ2h8mvaRionZbnilflisEpan aﬁﬁ&@pﬁrﬁldéea;%ﬂé_amal%ﬁnd\PMR4 CS
141.69 10 Exanp Ieg% 0281 the foll ow ng, composition

has mo g SenloNigNAEORE i chpOliang. ToE Nce RIS AR S BRHE! at | 1

treating inflammatory bowel disease by administering such a formulation to a mammal,

e.g. a human patient, in need thereof.

5
[0160] Suitable classes of therapeutic agents which can be delivered using this invention
include but are not limited to peptides, proteins, vaccines, and oligonucleotides, including
non-covalent or covalent modified versions thereof including —NO, -HS and -CO2
derivatives.
10

[0161] It is to be further appreciated that the present invention may be used to deliver a
number of drugs, singly or in various combinations, as well as nutritional supplements or
various nutritional or pharmaceutical adjuvants. The term "drug" used herein includes but is not
limited to peptides or proteins (and mimetics as well as covalent, non-covalent or chemical
15 analogues thereof), antigens, vaccines, hormones, analgesics, anti-migraine agents, anti-
coagulant agents, medications directed to the treatment of diseases and conditions of the
central nervous system, narcotic antagonists, immunosuppressants, immunostimulators,
agents used in the treatment of AIDS, chelating agents, anti-anginal agents, chemotherapy
agents, sedatives, anti-neoplastics, prostaglandins, antidiuretic agents, DNA or DNA/RNA
20  molecules to support gene or other nucleic acid-based therapeutics and entities leading to
various immunotherapies, including antigenic and nucleic acid-based vaccines or
immunotherapies, primers and adjuvants of such as well as organisms that synthesize and
secrete therapeutic or health modulating entities. The present invention may also be used to
deliver NSAIDs and in one embodiment relates to a composition of an NSAID in particular for
25 preventing and/or treating bowel cancer and/or polyps and/or to block PGP to enhance the
effect of anti-cancer agents. The present invention may also be used to deliver bile salts or
other active principles or primary bile acids e.g. chenodeoxycholic acid (CDCA), or derivatives
e.g. salts thereof which are capable of binding to and activating the nuclear farnesoid X
receptor (FXR). The invention also relates to a composition comprising such active principles
30 and also to a method of treating or preventing hypercholesterolemia or diaorrhoea or
chemotherapy-induced diaorrhoea or constipation-predominant irritable bowel syndrome (IBS-

C) by administering such a formulation to a mammal, e.g. a human patient, in need thereof.

[0162] Moreover, the active pharmaceutical agent(s) included in the composition of the
35 invention may be in a solubility-modified form so that when released in the colon or other

target part of the Gl tract, it (they) is (are) more or less readily absorbed (depending on the



610. 08 SDS 25.41 Epax 6000 TG 138.33 Labrafil M 1944 CS 139.36 Example 9
20[0282] Simlar to exanple 8, the follow ng conposition was nmanufactured..
The cont ewD 2as8By60wesult was 79% CyA 74.80 Cel atin 600p63/EBRE0D56828 Epax
6000 TG 149.91 Labrafil M 1944 CS 149.93 25 Exanple 10 WO

2010/ 133609PCT/ EP2010/ 056838 77 i ncl udétl vi scosity of solution and shape of
beads, ewtunetd wEitle absurptidraik loé s not tBsirgnt ent assay result was 97%

Di ssol ution Exanpl e 11 10[ 0284] The beads of this exanple are simlar to
t he beads of Exanple 6. The CyA content was increased to 11% by excl udi ng
D- Sor bi fromthe formyl ati gn. The content assa% dat was 98% and

di ssol J{"l%”rl Asr BPiefeahpys: g Ackid Pharmegdestics) agents 4a gall molecule, a

macromolecule or biopharmaceutical and includes any varlant, derivative or conjugate
5 designed to enhance permeability, increase lipophilicity, and/or increase hydrophilicity or the
like (or reduce immunogenicity and increase stability in the case of a biopharmaceutical such
as a peptide, protein, nucleic acid or carbohydrate). The active pharmaceutical agent may
alternatively be an amino acid such as, for example, glycine. Glycine is of particular interest
given its ability to protect human intestinal Caco-2 and HCT-8 cells against oxidative agents
10  and its ability to reduce the intracellular concentration of reactive oxygen species and its ability
to preserve intracellular glutathione concentration. The invention therefore includes a
composition of the disclosure comprising glycine. In a related embodiment, the invention
provides a composition for use in protecting human intestinal cells against oxidative agents or
to reduce the intracellular concentration of reactive oxygen species of such cells or to preserve
15 intracellular glutathione concentration or to prevent/treat inflammatory bowel disease or
ischemia-reperfusion (IR) injury. The invention also provides an embodiment comprising a
method of maintaining intracellular glutathione content or treatment of inflammatory bowel
disease or protection of mammalian intestine against oxidative damage caused by IR injury

wherein a composition of the invention is administered to a mammal in need thereof.

20
[0164] The pharmaceutical active may be an immunosuppressive, for example cyclosporine A
or tacrolimus or sirolimus or derivatives thereof. The pharmaceutical active may be a
hydroxylase inhibitor, for example a propyl hydroxylase inhibitor or an asparaginyl hydroxylase
inhibitor. Particular examples are: DMOG, hydralazine, FG-4497 and FG4095. The
25 pharmaceutical active may modulate oral tolerance. For example, the active entity may be
gluten or a gluten derivative. The pharmaceutical active may be an ion channel blocker such
as, for example, nimodipine. The pharmaceutical active may be an opioid. For example the
pharmaceutical active may be morphine or morphine sulphate or may be an opioid-induced
constipation modulator for example a peripheral opioid receptor antagonist such as for
30 example methylnaltrexone, naltrexone or naloxone. The active principle may be an antibody
e.g. a polyclonal antibody. Thus the present invention may be used to deliver one or more
antibodies to the Gl tract, e.g. the colon, to inactivate viruses or bacteria such as, for example,
enterotoxigenic Escherichia coli (ETEC). The invention relates to a composition comprising
such active principles and also to a method of treating viral or bacterial infections of the Gl
35 tract by administering such a formulation to a mammal, e.g. a human patient, in need thereof.

The present invention may also be used to deliver one or more antibodies e.g. infliximab or
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cancer (CRC). The invention also relates to a composition comprising such active principles
and also to a method of preventing or treating inflammatory bowel disease or of preventing or
5 treating CRC by administering such a formulation to a mammal, e.g. a human patient, in need
thereof. The present invention may also be used to deliver other types of active principles,
especially anti-cancer active principles, such as, for example, tyrosine kinase inhibitors e.g.
erlotinib or targeted receptor tyrosine kinase (RTK) inhibitors such as, for example, sunitinib
malate, or pyrimidine analogues such as, for example, fluorouracil (5-FU or f5U). The invention
10  relates to a composition comprising such active principles and also to a method of preventing
or treating inflammatory bowel disease or CRC by administering such a formulation to a

mammal, e.g. a human patient, in need thereof.

[0165] Where the active principles are for vaccination, the vaccine may for example be to
15 prevent or treat gastro-intestinal infections including those caused by Helicobacter pylori,
Vibrio cholerae, enterotoxigenic Escherichia coli (ETEC), Shigella spp., Clostridium difficile,
rotaviruses and calici viruses; or respiratory infections including those caused by Mycoplasma
pneumoniae, influenza virus, and respiratory syncytial virus; and sexually transmitted genital
infections including those caused by HIV, Chlamydia trachomatis, Neisseria gonorrhoeae and
20  herpes simplex virus.. Adjuvants (one or more in admixture) may be chosen for example from
the group consisting of a-galactosylceramide (also known as alphaGalCer), chitosan, cholera
toxin e.g. rCTB (recombinant B subunit of cholera toxin), E. coli heat labile enterotoxin e.g.
mLT, oligodeoxynucleotides such as, for example, CpG, monophospholipid (MPL) e.g. MPLA,
BCG, saponins including those derived from the soap bark tree (Quillaja saponaria) such as,
25 for example, QS21 and QuilA, Poly I:C (polyinosinic:polycytidylic acid or polyinosinic-
polycytidylic acid sodium salt), various oils such as, for example, cholesterol-related or
cholesterol-derived oils such as, for example, squalene (IUPAC name: (6E,10E,14E,18E)-
2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexaeneoils. Such a vaccine or
immuno-modulating composition may optionally also contain one or more emulsifiers e.g.
30 mannide monooleate. If it is desired to utilise both squalene and mannide monooleate as
components of the composition, it is possible to introduce both components into the
composition of the invention during manufacturing by using a commercially available water-in-
oil emulsion which includes squalene and mannide monooleate (Montanide ISA 720 by Seppic

Inc, France).

35
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the invention which comprises an antibiotic susceptible to enzymic or acidic degradation not
combined with a degradative enzyme and also a composition according to the invention which
comprises a degradative enzyme not combined with an antibiotic susceptible to enzymic or

acidic degradation).

[0167] The present invention also provides methods of treatment of an animal e.g. fish or
mammal e.g. a human, and/or of one or more of the above diseases comprising administering

to the animal the composition described herein.

[0168] Nourishment, medication or vaccines for non-mammalian animals including fish or other

aquatic life forms is also contemplated.

[0169] The composition of the invention may be formulated in capsules, suppositories,
pessaries or may be used in extracorporeal devices or other health-related e.g. medical or

other devices.

Combinations of Active Ingredients

[0167] As noted above, more than one active principle may be incorporated in a single mini-
bead and/or in distinct populations of mini-beads within a single dosage form, e.g. hardgel
capsule. The composition of the invention lends itself to fixed dose combinations of particular

drugs.

[0168] In one such embodiment the formulation of the invention comprises a methylxanthine
and a corticosteroid. The methylxanthine may be selected from theophylline, pentoxifylline,
and A802715 and the corticosteroid may be selected from dexamethasone, prednisolone,

prednisone and budesonide.

[0169] Other preferred fixed dose combinations include:-

14

t he

-beads were produced through ejection of the fluid o/w enul sion through

th
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o a combination comprising a methylxanthine and a nitric oxide donor such as, for example,

nitroprusside, 02-acyl diazenium diolole or NO-NSAIDs such as, for example, NO-aspirin;

o a combination comprising a methylxanthine and a reactive oxygen species scavenger such

as, for example, stephenhenanthrine or uvariopsine;

o a combination comprising an immunostimatory agent such as, for example, inosine or other
10 adjuvants and an anticancer agent such as, for example, cisplatin, paclitaxel, daubomycin

or vincristine;

o a combination comprising various antiretroviral agents for the treatment of HIV/AIDS,

selected from sequinivir, stavudine, ritonivir, lipinavir, amprenevir;

15 o a combination comprising various antiretroviral agents for the treatment of HIV/AIDS

together with immunostimulatory agents;

o a combination for the treatment of malaria comprising Artemisinin-based actives, including

artesunate plus sulfadoxine/pyrimethamine or artesunate and amodiaquine;

o a combination for the treatment of tuberculosis comprising isoniazid, rifampin and

20 pyrazinamide;

o a combination for the co-treatment of HIV/AIDS, Malaria and TB, comprised of, from one of
the following: HIV: Sequinivir, Stavudine, Ritonivir, Lipinavir, or Amprenevir; Malaria:
Sulfadoxine/Primethamine/Artesunate; and Tuberculosis:

Isoniazid/Rifampin/Pyrazinamide;.

25 o a combination comprising various cardiovascular agents, selected from one or more of
ACE inhibitors, antidiuretics, statins, anticholesterol agents, anti-coagulants, beta-blockers

and anti-oxidants;

o a combination comprising immunomodulators including vaccines, antigens and

immunotherapeutic agents with immunostimulatory agents and/or adjuvants;

30 o a combination comprising a proton pump inhibitor (PPI) [which may be selected from
omeprazole, lansoprazole, rabeprazole, esomeprazole, pantoprazole], an anti-H-Pylori
antibiotic [which may be selected from metronidazole, tetracycline, clarithromycin,
amoxicillin], H-blockers [which may be selected from cimetidine, ranitidine, famotidine,

nizatidine] and stomach lining protectants [such as, for example, bismuth subsalicylate],
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f ol Pows: @ofRIBRINGL 0N comprising an antibiotic susceptible to enzymatic degradation and a

degradative enzyme, the antibiotic have a controlled release profile in the stomach and

small intestine and the enzyme being released in the distal small intestine and colon;

o a combination comprising a narcotic, anti-psychotic or other potentially addictive agent with

an antidote or irritant, the former drug classes being released in the stomach and small

10 intestine with the antidote, an innocuous or non-systemically absorbed agent, being
released in the colon, the irritant may be irritating when injected but innocuous when taken

orally;

o a combination for the treatment of Alzheimer's Disease comprising a cholinesterase
15 inhibitor (such as, for example, donepezil, rivastigmine, galantamine) and a N-Methyl-D-

Aspartame (NMDA) antagonist such as, for example, memantine;

o a combination for the treatment of Alzheimer's Disease comprising a cholinesterase
inhibitor (such as, for example, donepezil, rivastigmine, galantamine) and one or more from
the following classes: vitamins, statins, estrogen, nootrophic agents, ginkgo biloba, anti-

20 inflammatory agents, anti-depressants, anti-psychotics, vasodilators, mood stabilizers and

calcium channel blockers, including Nimodipine;

o a cholesterol lowering combination comprised of a HMG-CoA inhibitor and a intestinal

cholesterol uptake inhibitor;
o a combination for the treatment of diabetes comprising insulin and an insulin sensitizer;
25 o a combination for the treatment of diabetes comprising insulin and an oral
antihyperglycemic agent;
o a combination for the treatment of diabetes comprising insulin and a sulfonylurea agent or
metformin;

o a combination for the treatment of diabetes comprising insulin and an oral PTP-1B
30 inhibitor;
o a combination for the treatment of diabetes comprise an oral memetic agent with an

appetite suppressant or fat uptake inhibitor such as, for example, orlistat;

o a combination comprising an anti-cancer agents and a potency enhancers, including

isoflavanoids, polyphenols and anti-cancer agent derivatives;
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o a combination containing a potency enhancer such as, for example, an isoflavanoid and

either a heart disease therapy, osteoporosis therapy, autoimmune disease treatment or

inflammatory bowel disease treatment;

o a combination containing an opioid (such as, for example, morphine or morphine sulphate)
5 combined with an opioid-induced constipation modulator (for example a peripheral opioid

receptor antagonist such as, for example, methylnaltrexone, naltrexone or naloxone;

o a ternary combination containing an opioid and peripheral opioid receptor (as exemplified
above) combined with an ion-channel blocker for example a calcium channel blocker (eg
nimodipine).

10 o PUFA (polyunsaturated fatty acid) with other natural extracts, including antioxidants and/or

pharmaceutical actives
o diuretics and aldosterone inhibitors with differential release profiles
o an anti-inflammatory agents with a steroid
o an immunosuppressant with acetylsalicylic acid (ASA)

15 o a methylxanthine with a corticosteroid; e.g. for use in the treatement of chronic obstructive

pulmonary disease (COPD) and/or asthma or inflammatory bowel disease (IBD)

o a COX-2 inhibitor with vitamin D.

[0170] The present invention also provides methods of treatment of one or more of the above

20  diseases using the composition described herein.

Other Active Excipients

[0171] The heading of this section is for convenience only and does not imply strict
25 categorisation. For example, a category, substance or active principle described within this
“other active excipients” may also be considered to fall within another section or category in
this patent application. One (non-limiting) example is the group of substances known as
phospholipids which, according to the invention may be excipients, permeability enhancers or
active principles (eg phosphatidylcholine which is useful for instance in the treatment of

30 inflammatory bowel disease).

[0172] However, in general terms, the invention foresees incorporation into the composition of
one or more of the following substances or categories of substances in addition to the primary
active principle. For example, the composition may contain a protectant such as, for example,

a proteolytic enzyme inhibitor or a protector against acid degradation or both (eg an alkali for
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and/or an adjuvant(s) to induce an intestinal mucosal or a systemic immune response.

5 [0173] Regarding permeability enhancement, the typical excipients include but are not limited
to sodium caprate, sodium dodecanoate, sodium palmitate, SNAC, chitosan and derivatives
thereof, fatty acids, fatty acid esters, polyethers, bile salts, phospholipids, alkyl polyglucosides,
hydroxylase inhibitors, antioxidants (eg ascorbic acid) and/or nitric oxide donors, including
nitric oxide donor groups covalently attached to various active pharmaceutical ingredients. The

10  preceding list is of particular interest to enhance permeability in the ileum.

[0174] To enhance permeability in the colon, typical excipients including, but not limited to
sodium caprate, sodium dodecanoate, sodium palmitate, SNAC, chitosan and derivatives
thereof, fatty acids, fatty acid esters, polyethers, bile salts, phospholipids, alkyl polyglucosides,
hydroxylase inhibitors, antioxidants and/or nitric oxide donors, including nitric oxide donor

15  groups covalently attached to various active pharmaceutical ingredients.

[0175] The composition may further comprise excipients to enhance the therapeutic potential
of active pharmaceutical agents in the ileum and colon including, but not limited to absorption
limiters, essential oils such as, for example, omega 3 oils, natural plant extracts such as, for
example, neem, ion-exchange resins, bacteria degradable conjugation linkers such as, for
20 example, azo bonds, polysaccharides such as, for example, amylose, guar gum, pectin,
chitosan, inulin, cyclodextrins, chondroitin sulphate, dextrans, guar gum and locust bean gum,
nuclear factor kappa B inhibitors, acids such as, for example, fumeric acid, citric acid and

others, as well as modifications thereof.

[0176] The composition may further comprise excipients or other active pharmaceutical or
25  other ingredients to enhance systemic bioavailability following absorption in the small intestine
including efflux pump inhibitors, including, but not limited to PgP pump inhibitors, and

metabolism inhibitors, including, but not limited to, cytochrome P450 3A inhibitors.

[0177] The composition may further comprise excipients to reduce systemic side effects
associated with absorption in the small intestine including, but not limited to, antioxidants, such
30 as, for example, curcuminoids, flavanoids or more specifically including curcumin, beta-

carotene, a-tocopherol, ascorbate or lazaroid.
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ascorbic acid or -"butyl hydroxy toluene) taste-masking or photosensitive components or

photoprotective components. Antioxidants may be incorporated in the aqueous phase (eg

hydrophilic antioxidants) or in the oil phase (eg hydrophobic antioxidants such as, for example,

5 vitamin E) for example up to 1% by weight, preferably between 0.01 and 0.50% by weight,

more preferably between 0.10 to 0.20% by weight.

[0179] The composition may further or separately include an adhesive to ensure that if desired
eg. for the mini-bead embodiment, that the mini-beads remain, or remain for longer, in the
gastric environment. Mini-beads according to the invention may also comprise materials
10 facilitating or enabling floating or density reduction e.g. as a means of localising mini-beads in
desired Gl sites. The invention may also, in the mini-bead embodiment, have the means to

swell and/or aggregate in the stomach or other Gl site.
Cyclosporine

15 [0180] The composition of the present invention is applicable to a wide range of active
principles with a range of industrial applications as described above. Within its pharmaceutical
applications, the present invention is particularly suitable for the formulation for oral delivery of
low solubility drugs as described above. The following section describes by way of extended
example, how the present invention can be applied to one such drug, cyclosporine (also

20  known by its International Non-Proprietary Name of ciclosporin).

[0181] Cyclosporines form a class of polypeptides commonly possessing immunosuppressive
and anti-inflammatory activity. The most commonly known cyclosporin is cyclosporin-A. Other
forms of cyclosporines include cyclosporin-B, -C, -D, and —G and their derivatives. It should be
25 understood that herein the terms "cyclosporin" or "cyclosporins” refers to any of the several

cyclosporins, derivatives or prodrugs thereof, or to any mixture of any of the above.

[0182] Cyclosporin A, available in soft gelatin capsule or oral suspension form, is indicated for
the prevention of organ rejection in kidney, liver and heart transplants, for the treatment of
30 severe active rheumatoid arthritis (RA) and severe recalcitrant plaque psoriasis. Other
potential indications include Bechet's disease, anemia, nephrotic syndrome and Graft Versus
Host Disease (GVHD), including Gastro-Intestinal Graft Versus Host Disease (GI-GVHD),

myasthenia gravis, psoriases etc. Furthermore, a range or other diseases may benefit from
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[0183] The present invention also provides methods of treatment of one or more of the above

5 diseases using the composition described herein.

[0184] Among other things, the composition of the invention enables successful colonic
delivery of active principles. This is of particular interest in the case of cyclosporin formulated
in the composition of the invention as mini-beads, particularly when the beads bear a
10  polymeric coat of the sort described elsewhere herein. The coat prevents or limits absorption
of cyclosporin in the environment of the upper gastrointestinal tract (GIT) but allows abrupt
and/or sustained release into the proximal colon, which is the optimum site for colon-targeted
delivery of cyclosporin for certain diseases. Such colon targeting is particularly of value for the
treatment of diseases of the colon such as, for example, Crohn's disease, ulcerative colitis,
15 and GVHD, including GI-GVHD. It is particularly preferred to have a composition of the
invention adapted to release drug, especially cyclosporin, for absorption from the small

intestine (for systemic bioavailability) and in the colon (for local effect) in a single format.

[0185] Loading of cyclosporine in the mini-beads of the invention is preferably such that a
20  sufficient quantity of mini-beads can be loaded into a hardgel capsule (size 0 or size 1) to

achieve 25mg of CyA in each size zero capsule.

Process for Making the Composition of the Invention

25 [0186] The reader is notified that it is important to refer to this section in relation to the

Examples.

[0187] The basic method for making the composition of the invention is to mix a fluid form
(preferably a solution) of the polymer (or mixture of polymers) chosen to be the water-soluble
30  polymer matrix material (eg gelatin, gum, alginate etc as described more generally elsewhere
herein and in any event optionally in admixture with other components described above) with
an oil phase to form an homogeneous fluid emulsion. Taking account of the final composition
required (as described elsewhere herein), the oil phase and the agueous phase may be mixed
in a proportion in the range 1:6-10, preferably approximately 1:7 or 1:8. In general, only gentle
35  stirring of the components is required using a magnetic or mechanical system e.g. overhead

stirrer as would be familiar to a person skilled in the art to achieve emulsification. Continuous
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Overhead Stirrer (by KNF or Fisher). It is preferred to set up the equipment in such a way as to
minimise evaporation of contents such as, for example, water. In one embodiment of the

5 process of the invention, it is preferred to utilise a closed system for stirring in order to achieve

this aim.

[0188] In the embodiment where the polymer matrix substantially comprises gelatin with the
addition of sorbitol, the aqueous phase of polymer matrix is prepared by adding the

10  appropriate quantities of sorbitol (and surfactant if desired) to water, heating to approximately
60-75° C until in solution and then adding gelatin although the precise order and timing of
addition is not critical. A typical “gelatin solution” comprises 15-25% (preferably 17-18%)
gelatin; 75%-85% (preferably 77-82%) of water plus from 1-5% (preferably 1.5 to 3%) sorbitol.

15 [0189] The choice of temperature at which the emulsion is formed depends however on
various factors include the temperature lability of the active pharmaceutical ingredient and the
amount of plasticiser included in the gelatin, the type of gelatin, as well as other factors.
Generally however, the gelatin solution (especially in the case of standard or normal gelatin) is
maintained at 60°C-70°C to maintain it in a fluid state.

20
[0190] The processing temperature can however be reduced to a desirable target temperature
e.g. 37°C by use of lower melting-point gelatin (or gelatin derivatives or mixtures of gelatins
with melting point reducers) or other polymer matrix material such as, for example, sodium
alginate for example when the active principle to be incorporated in the composition of the

25 invention is temperature-labile. Alternatively, temperature-labile active principles may be
processed at higher temperatures by using appropriate apparatus or machinery which limits
the time during which the temperature-labile active principle is in contact with the higher
temperature medium. For example, if gelatin droplets are being formed by machine extrusion
and immediately cooled e.g. in a cooling bath, additional appropriate inlet tubing can be used

30 tointroduce temperature-sensitive active principle into the fluid gelatin solution (and the
mixture can be immediately homogenized) very shortly before ejection from a beading nozzle
or other dropletting process such that the duration of exposure of the active principle to the
higher temperature gelatin is limited so reducing the degree of any heat-dependent
degradation of the active principle. This process may use any appropriate device such as, for

35 example, a homogenizer, e.g. a screw homogenizer, in conjunction with an extrusion-type



63.89 dissolution profile: DI H20 0.15% SDS 0.3% SDS Ch 0 0 0 1h 50, 20
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apparatus as described for example in WO 2008/132707 (Sigmoid Pharma) the entirety of

which is incorporated herein by reference.

[0191] Surfactant, if included, is added to the aqueous phase conveniently at the same time
5 the other components are added e.g. polymer matrix material and plasticiser if included e.g. at

the beginning of the processing session. The physical form of the surfactant at the point of
introduction into the aqueous phase during preparation may play a role in the ease of
manufacture of the composition according to the invention. As such, although liquid
surfactants can be employed, it is preferred to utilize a surfactant which is in solid form (eg

10  crystalline or powder) at room temperature, particularly when the aqueous phase comprises
gelatin. Surfactant is added in the appropriate amount required to achieve the proportion
desired and as described above. In general this leads to presence of surfactant in an amount

between 0.8% and 1% (by weight) of the aqueous phase.

15  [0192] Generally, the oil phase need not be heated and active principle and in this case other
oil phase components are added at room temperature with stirring until clear. These other
components may include a volatile (or non-volatile) solvent in addition to the co-solvent and/or
solubilizer if selected.The appropriate amount of oil phase active principle (if any) is added to
achieve the target proportion as described elsewhere herein and in the examples. In the case

20  of cyclosporine for example, incorporation of too much CyA (35-40%) in the oil phase can lead
to precipitation on mixing with the gelatin solution and 25-27% is a reasonable target if for
example a dry weight CyA target of 10% is the objective. Stirring can continue for a few
minutes to a few hours, even overnight, depending on the active principle (for example,
cyclosporine takes several hours to be fully solubilized). Where it is desired to use or include

25  an oil e.g. a wax oil which is not liquid or fully liquid at room temperature (eg Solutol or

Cremophor RH40) as the oil phase slight warming e.g. to 40-50°C is appropriate.

[0193] The emulsion is formed by addition of the oil phase to the heated aqueous phase with
stirring as described above. The resultant emulsion then has the composition of the solidified

30  mini-beads described above but with water still present.

[0194] The emulsion is then poured or introduced into a mould or other vessel or poured onto
sheets or between sheets or delivered dropwise (or extruded) into another fluid such that the
polymer matrix-containing aqueous phase, on solidification, takes the form of the mould,

35  vessel, sheet or droplet/bead intended. It is preferred to progress to mould-forming e.g.

beading without delay.
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[0195] Alternatively to moulding, specialised machinery can be employed for example to create
the hemispherical beads described above (see section above entitled “Shape, Size and
Geometry”) in which the invention takes the form of hemispherical beads. It is possible to
manufacture a single bead made from joining two such hemispheres (ie. a single bead having
5 two distinct halves) by using specialist apparatus in which two tubes through which two
different emulsions are flowing, normally of circular cross section, are joined shortly before an
extrusion point or nozzle (which may be vibrating) into a single dual lumen tube with a flat wall
separating the two emulsion flows and which prevents the two emulsions from coming into
contact until the point of extrusion. The cross-section of the joined dual-lumen tube up to the
10  point of extrusion therefore appears as two semicircles. In operation, the two hemispherical
emulsion flows combine to form a single, substantially spherical, bead on extrusion such that

normal droplets are ejected/extruded for solidification..

[0196] Solidification can occur in a variety of ways depending on the polymer of the matrix, for
15  example by changing the temperature around the mould, vessel, sheet, droplet/bead etc or by

applying a solidification fluid or hardening solution so that the moulded shape is gelled or

solidified. In certain embodiments both temperature change and application of a solidifying

fluid or hardening solution are employed together or simultaneously.

20  [0197]In the preferred embodiment in which the composition of the invention takes the form of
mini-beads, the mini-beads may be formed for example by dropping the fluid emulsion
dropwise into a fluid which effects solidification. Where the viscosity of the emulsion to be
beaded reaches a certain point, drop formation becomes more difficult and specialised
apparatus is then preferred.

25
[0198] In the case where solidification can be achieved by raising or reducing temperature, the
temperature of the solidification fluid can be adapted to achieve solidification at the desired
rate. For example, when gelatin is used as the polymer matrix, the solidification fluid is at a
lower temperature than the temperature of the emulsion thus causing solidification of the

30  polymer matrix. In this case, the solidification fluid is termed a cooling fluid.

[0199] In the case where solidification can be achieved chemically, e.g. by induction of cross-

linking on exposure to a component of the solidification fluid, the concentration of such

component in the solidification fluid and/or its temperature (or other characteristic or content)
35 can be adjusted to achieve the desired rate and degree of solidification. For example, if

alginate is chosen as the polymer matrix, one component of the solidification fluid may be a
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HPMC 0'0?8%) g&%e%né%@n?&%%n%ol%ification. Alternatively, the same or similar calcium-
containing entity may be included (eg dispersed) in the aqueous phase of the fluid emulsion
prior to beading and triggered to induce cross-linking e.g. by applying a higher or lower pH to a

5 solidification fluid into which droplets of emulsion fall dropwise or are introduced. Such
electrostatic cross-linking can be varied as to the resulting characteristics of the mini-bead by
control of calcium ion availability (concentration) and other physical conditions (notably
temperature).The solidification fluid may be a gas (for example air) or a liquid or both. For
example, when gelatin is used as the polymer matrix, the solidification fluid can be initially
10  gaseous (eg droplets passing through cooling air) and then subsequently liquid (eg droplets

passing into a cooling liquid). The reverse sequence may also be applied while gaseous or
liquid cooling fluids alone may also be used. Alternatively, the fluid may be spray-cooled in

which the emulsion is sprayed into a cooling gas to effect solidifcation.

15 [0200]In the case of gelatin or other water-soluble polymer destined to form the immobilization
matrix, it is preferred that the solidification fluid be a non-aqueous liquid (such as, for example,
medium chain triglycerides, mineral oil or similar preferably with low HLB to ensure minimal
wetting) which can conveniently be placed in a bath (cooling bath) to receive the droplets of
emulsion as they solidify to form beads. Use of a non-aqueous liquid allows greater flexibility in

20  choice of the temperature at which cooling is conducted.

[0201] Where a liquid cooling bath is employed, it is generally maintained at less than 20°C,
preferably maintained in the range 5-15°C, more preferably 8-12°C when standard gelatin is
used as the polymer matrix. If a triglyceride is chosen as the cooling fluid in the cooling bath, a

25 preferred example is Miglyol 810 from Sasol.

[0202] If gelatin is selected as the polymer matrix, respect for appropriate temperature ranges
ensures solidification of the gelatin at an appropriate rate to avoid destruction e.g. of tertiary
protein structure in the case where the active principle is a protein.
30
[0203] If alginate is selected as the polymer matrix, a typical method of making mini-beads
involves dropwise addition of a 3% sodium alginate solution in which oil droplets are dispersed
as described above into a 4°C crosslinking bath containing 0.1 M calcium chloride to produce
calcium alginate (this method can be referred to as “diffusion setting” because the calcium is
35 believed to diffuse into the mini-beads to effect cross-linking or setting). Using a syringe pump,

or Inotech machine, droplets can be generated or extruded (eg at 5 mL/h if a pump is used)
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above @hn be applied downwards over the needle to reduce droplet size if desired. Newly formed
mini-beads can then be stirred in the calcium chloride bath for up to an hour. If carrageenan is
5 used as the polymer matrix both salt and reduction in temperature e.g. by dropping into cooling

oil may be used to obtain solidification.

[0204] An alternative approach when using alginate is internal gelation in which the calcium
ions are dispersed in the agqueous phase prior to their activation in order to cause gelation of

10  hydrocolloid particles. For example, this can be achieved by the addition of an inactive form of
the ion that will cause crosslinking of the alginate, which is then activated by a change in e.g.
pH after sufficient dispersion of the ion is complete (see Glicksman, 1983a; Hoefler, 2004
which are both incorporated herein by reference). This approach is particularly useful where
rapid gelation is desired and/or where the diffusion approach may lead to loss of API by

15  diffusion thereof into the crosslinking bath.

[0205] Following shape-forming, moulding or beading, the resultant shapes or forms may be
washed then dried if appropriate. In the case of mini-beads solidified in a solidification fluid, an
optional final step in the method of production described above therefore comprises removal of

20  the solidified mini-beads from the solidification fluid. This may be achieved e.g. by collection in
a mesh basket through which the solidification fluid (eg MCT) is drained and the beads
retained and is preferably conducted without delay e.g. as soon as the beads have formed or
within 5, 10, 15, 20, 25 or 30 minutes of their formation. Excess solidification fluid may then be
removed using a centrifuge (or other apparatus or machine adapted to remove excess fluid)

25 followed by drying of the beads to remove water or free water and/or removal of some or all of
any additional solvent e.g. ethanol or isopropyt alcohol used to dissolve or faciltate dissolution of
the active principle in preceding steps optionally followed by washing (eg using ethyl acetate)
and a subsequent “drying” step to remove excess solvent (eg ethyl acetate). Isopropyl alcohol
is an example of a solvent which is preferably removed later in processing to reduce residues

30 inthe oil or aqueous phase. Drying can be achieved by any suitable process known in the art
such as use of a drum drier (eg Freund Drum dryer which may be part of the Spherex
equipment train if used) with warm air at between 15°C and 25°C, preferably around 20°C
leading to evaporation or entrainment of the water by the air. Use of gelatin as the polymer
matrix (eg as principal constituent of the agueous immobilisation phase) in most cases requires

35 adrying step and for mini-beads this is preferably achieved by drying in air as above
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[0206] In terms of the way in which emulsion droplets may be formed in the first step of the
5 beading process described above, variations of the above described method are possible

including introducing droplets into a variety of solidification fluids.

[0207] In general, the mini-beads may be generated by the application of surface tension
between the fluid o/w emulsion and an appropriate solidification fluid such as, for example, gas

10  orliquid in order to create the spherical or substantially spherical shape of the ultimate beads.

[0208] Alternatively, the mini-beads may be produced through ejection or extrusion of the fluid
o/w emulsion through an orifice or nozzle with a certain diameter and optionally subject to
selected vibrational frequencies and/or gravitational flow. Examples of machines which may be
15 used are the Freund Spherex, ITAS/Lambo, Globex or Inotech processing equipment.
Operation of the Spherex machine manufactured by Freund as may be desired to manufacture
mini-beads according to the present invention is described in US patent 5,882,680 (Freund),
the entire contents of which are incorporated herein by reference. It is preferred to select a
vibrational frequency in the region of 10-15 RPM although the ultimate choice (and separately
20  the amplitude of vibration selected) depends on the viscosity of the emulsion to be beaded. If
the polymer matrix is chosen to solidify at lower temperature, it may be appropriate to maintain

the lines to the orifice/nozzle at a certain temperature to maintain the fluidity of the solution.

[0209] The Spherex machine (and others) may be adapted to make use of a dual concentric

25 lumen nozzle to ensure simultaneous extrusion of two fluids, the fluid in the inner lumen
forming a core and the fluid of the outer lumen forming a capsule. The fluid forming the
capsule is solidified according to one of the methods described. It may or may not be desirable
for the fluid forming the core to be susceptible of solidification to yield a particular embodiment
of the composition of the invention.

30
[0210] The above machinery adapted in this way can be used to manufacture the composition
of the invention in the form of a capsule in which the core of the composition is filled with a
fluid (a gas or a liquid) as described in the section above entitled “Shape, Size and Geometry”
(noting that the core, like the capsular material, may be a composition, albeit optionally a

35  distinct composition, according to the invention ie. susceptible of solidification according to one

of the methods described above). A three-lumen nozzle and appropriate tubing may be
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employed if it is desired to include an intermediate internal layer e.g. internal film layer of non-

aqueous material on the inner face of the sphere with the intermediate layer conveniently
being solid at room temperature. Thus, in terms of the softness/hardness of successive layers,
the composition may for example be described as solid:solid in the case of two layers or

5 solid:solid:solid in the case of 3 layers or liquid/semi-liquid:solid:solid in the case of 3 layers.

[0211] The preceding paragraphs describe the formation of uncoated beads. It is a preferred
embodiment of the present invention to have coated beads which are described in more detail
elsewhere herein. Such coatings may be single or multiple and may be applied in a number of

10  ways (see separate section).

[0212] With regard to one of the methods described above (ejection of emulsion through an
optionally vibrating nozzle) with two concentric orifices (centre and outer), the outer fluid may
form a coat (outside the mini-bead) of e.g. polymeric material (polymeric coating) which may
15  contain an active principle or may impart controlled release characteristics to the mini-bead
and the inner layer (core) may be a composition according to the invention. The Spherex
machine manufactured by Freund (see US patent 5,882,680 to Freund) is preferably used (the

entire contents of this patent is incorporated herein by reference).

20 [0213]Use of the Spherex machine achieves very high monodispersity. For example, in a
typical 100g, batch 97g of mini-beads were between 1.4 to 2 mm diameter or between 1 and 2
mm. Desired size ranges can be achieved by methods known in the art for rejecting/screening
different sized particles. For example, it is possible to reject/screen out the larger/smaller
beads by passing a batch first through e.g. a 2mm mesh and subsequently through a 1.4mm
25 mesh.

[0214] The 1.4 to 2mm diameter range is a good size if it is desired to coat the mini-beads (if
smaller, the spray of the coating machine may bypass the mini-bead; if too large hard, the
beads may be harder to fluidise which is necessary to achieve consistent coating).

30
[0215] The mini-beads are preferably internally (ie. cross-sectionally) homogeneous ie.
monolithic although processing conditions may be varied for example by altering the
temperature of the fluid emulsion, the solidification fluid and the concentration of components
in these fluids and the time allowed for certain processing steps to occur including drying.

35  Although not currently preferred, such variations may be applied in the case of mini-bead

manufacture to achieve heterogeneity such as, for example, a harder skin and softer core with
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emulsion to be beaded can help avoid the drying conditions affecting symmetry.

Coating
10
[0216] The composition of the invention may be used for a number of applications as

discussed elsewhere herein. When used for oral delivery of active principles, the principles

may be advantageous released immediately (immediate release profile) or be released after

some delay and/or over an extended period (delayed and/or extended release profile). For
15 immediate release, the mini-beads may be uncoated or coated enterically to protect against

stomach acid for immediate release in the small intestine.

[0217] Alternatively, if controlled release is desired (ie. delayed, extended or site-targeted
release etc), or if media-independent release is desired, it is possible, according to the

20  invention to apply a coat to the mini-beads. Application of the appropriate coat may, for
example if colonic release is required, allow for say less than 10% of the active principle to be
dissolved (in dissolution medium) at 4 hours and then a burst (sudden release) towards a
maximum dissolution (approaching 100%) in the subsequent 24 hours. Many alternative target
profiles are possible and this example is purely for illustration.

25
[0218] Thus according to one embodiment of the present invention, the composition is in the
form of mini-spheres at least some of which bear a coat (ie. are coated) in order to control
release of active principle from the mini-bead. In one embodiment, the coat is a film and in
another embodiment, it is a membrane. The coat, film or membrane comprises one or more

30  substances preferably of a polymeric nature (eg methacrylates etc; polysaccharides etc as
described in more detail below) or combination of more than one such substance, optionally
including other excipients or active principles, such as, for example, plasticizers, described e.g.
in the sections above on active principles. Preferred plasticizers, if they are used, include
hydrophilic plasticizers for example triethyl citrate (TEC) which is particularly preferred when

35 using the Eudragit family of polymers as coatings as described below. Another preferred
plasticiser, described in more detail below in relation to coating with ethyl cellulose, is DBS.

Alternative or additional optionally included excipients are glidants. A glidant is a substance
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that is added to a powder or other medium to improve its flowability. A typical glidant is talc

which is preferred when using the Eudragit family of polymers as coatings.

[0219] In the case of combinations of polymers, combinations may be selected in order to
5 achieve the desired delay (or other change) in the release of the drug and/or poration of the
coating and/or exposure of the mini-bead within the coating to allow egress of drug and/or
dissolution of the immobilization matrix. In one embodiment, two types of polymers are
combined into the same polymeric material, or provided as separate coats that are applied to

the mini-beads.

10
[0220] It has previously been stated that the composition of the invention may comprise more
than one population of mini-beads. Within the coating embodiment, the differences between
populations may lie in the coat ie. two (or more) populations of mini-beads may differ in a
number of respects one of which is the coating.

15

[0221] The coat may be applied as described below and may vary as to thickness and density.

The amount of coat is defined by the additional weight added to (gained by) the dried

composition (eg mini-bead) of the invention. Weight gain is preferably in the range 0.1% to

50%, preferably from 1% to 15% of the dry weight of the bead, more preferably in the range
20 3% to 10% or in the range 5-12% or in the range 8-12%.

[0222] The polymeric coating material may comprise methacrylic acid co-polymers, ammonio
methacrylate co-polymers, or mixtures thereof. Methacrylic acid co-polymers such as, for
example, EUDRAGIT™ S and EUDRAGIT™ L (Evonik) are particularly suitable. These
25 polymers are gastroresistant and enterosoluble polymers. Their polymer films are insoluble in
pure water and diluted acids. They may dissolve at higher pHs, depending on their content of
carboxylic acid. EUDRAGIT™ S and EUDRAGIT™ L can be used as single components in the
polymer coating or in combination in any ratio. By using a combination of the polymers, the
polymeric material can exhibit solubility at a variety of pH levels, e.g. between the pHs at which
30 EUDRAGIT™ L and EUDRAGIT™ S are separately soluble.

[0223] The trademark “EUDRAGIT” is used hereinafter to refer to methacrylic acid copolymers,
in particular those sold under the EUDRAGIT™ by Evonik.

35 [0224] The coating can comprise a polymeric material comprising a major proportion (e.g.,

greater than 50% of the total polymeric coating content) of at least one pharmaceutically
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acceptable water-soluble polymer, and optionally a minor proportion (e.g., less than 50% of the
total polymeric content) of at least one pharmaceutically acceptable water insoluble polymer.
Alternatively, the membrane coating can comprise a polymeric material comprising a major
proportion (e.g., greater than 50% of the total polymeric content) of at least one
5 pharmaceutically acceptable water insoluble polymer, and optionally a minor proportion (e.g.,
less than 50% of the total polymeric content) of at least one pharmaceutically acceptable

water-soluble polymer.

[0225] Ammonio methacrylate co-polymers such as, for example, EUDRAGIT™ RS and
10 EUDRAGIT™ RL (Evonik) are suitable for use in the present invention. These polymers are
insoluble in pure water, dilute acids, buffer solutions, and/or digestive fluids over the entire
physiological pH range. The polymers swell in water and digestive fluids independently of pH.
In the swollen state, they are then permeable to water and dissolved active agents. The
permeability of the polymers depends on the ratio of ethylacrylate (EA), methyl methacrylate
15  (MMA), and trimethylammonioethyl methacrylate chloride (TAMCI) groups in the polymer. For
example, those polymers having EA:MMA:TAMCI ratios of 1:2:0.2 (EUDRAGIT™ RL) are more
permeable than those with ratios of 1:2:0.1 (EUDRAGIT™ RS). Polymers of EUDRAGIT™ RL
are insoluble polymers of high permeability. Polymers of EUDRAGIT™ RS are insoluble films
of low permeability. A particularly preferred diffusion-controlled pH-independent polymer in this
20 family is RS 30 D which is a copolymer of ethyl acrylate, methyl methacrylate and a low
content of methacrylic acid ester with quaternary ammonium groups present as salts to make

the polymer permeable. RS 30 D is available as an agueous dispersion.

[0226] The amino methacrylate co-polymers can be combined in any desired ratio, and the
25 ratio can be modified to modify the rate of drug release. For example, a ratio of EUDRAGIT™
RS: EUDRAGIT™ RL of 90:10 can be used. Alternatively, the ratio of EUDRAGIT™ RS:
EUDRAGIT™ RL can be about 100:0 to about 80:20, or about 100:0 to about 90:10, or any
ratio in between. In such formulations, the less permeable polymer EUDRAGIT™ RS generally
comprises the majority of the polymeric material with the more soluble RL, when it dissolves,
30 permitting gaps to be formed through which solutes can come into contact with the mini-bead

allowing pre-dissolved pharmaceutical actives to escape in a controlled manner.

[0227] The amino methacrylate co-polymers can be combined with the methacrylic acid co-
polymers within the polymeric material in order to achieve the desired delay in the release of
35 the drug and/or poration of the coating and/or exposure of the mini-bead within the coating to

allow egress of drug and/or dissolution of the immobilization or water-soluble polymer matrix.
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Ratios of ammonio methacrylate co-polymer (e.g., EUDRAGIT™ RS) to methacrylic acid co-

polymer in the range of about 99:1 to about 20:80 can be used. The two types of polymers can
also be combined into the same polymeric material, or provided as separate coats that are

applied to the mini-beads.

[0228] Eudragit™ FS 30 D is an anionic aqueous-based acrylic polymeric dispersion consisting
of methacrylic acid, methyl acrylate, and methyl methacrylate and is pH sensitive. This polymer
contains fewer carboxyl groups and thus dissolves at a higher pH (> 6.5). The advantage of
such a system is that it can be easily manufactured on a large scale in a reasonable
10  processing time using conventional powder layering and fluidized bed coating techniques. A
further example is EUDRAGIT® L 30D-55 which is an aqueous dispersion of anionic polymers

with methacrylic acid as a functional group. It is available as a 30% aqueous dispersion.

[0229] In addition to the EUDRAGIT™ polymers described above, a number of other such
15 copolymers can be used to control drug release. These include methacrylate ester co-
polymers such as, for example, the EUDRAGIT™ NE and EUDRAGIT™ NM ranges. Further
information on the EUDRAGIT™ polymers can be found in "Chemistry and Application
Properties of Polymethacrylate Coating Systems,” in Aqueous Polymeric Coatings for
Pharmaceutical Dosage Forms, ed. James McGinity, Marcel Dekker Inc., New York, pg 109-

20 114 the entirety of which is incorporated herein by reference.

[0230] Several derivatives of hydroxypropyl methylcellulose (HPMC) also exhibit pH dependent
solubility and may be used in the invention for coating. These include hydroxypropyl
methylcellulose phthalate (HPMCP), which rapidly dissolves in the upper intestinal tract and

25  hydroxypropyl methylcellulose acetate succinate (HPMCAS) in which the presence of ionizable
carboxyl groups causes the polymer to solubilize at high pH (> 5.5 for the LF grade and > 6.8
for the HF grade). These polymers are commercially available from Shin-Etsu Chemical Co.
Ltd. As with other polymers described herein as useful for coatings, HPMC and derivatives
may be combined with other polymers e.g. EUDRAGIT RL-30 D.

30
[0231]1t is particularly preferred according to the invention to use a polymeric coating
substance which is pH-independent in its dissolution profile and/or in its ability to release active
principles incorporated in the mini-beads of the invention. Examples have already been given
(e.g., Eudragit RS and RL). Another example of a pH-independent polymeric coating

35 substance is ethylcellulose, in particular a dispersion of ethylcellulose in a sub-micron to

micron particle size range, e.g. from about 0.1 to 10 microns in size, homogeneously
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suspended in water with the aid of an emulsification agent, e.g. ammonium oleate. The

ethylcellulose dispersion may optionally and preferably contain a plasticizer, for example
dibutyl sebacate (DBS) or medium chain triglycerides. Such ethylcellulose dispersions may, for
example, be manufactured according to U.S. Pat. No. 4,502,888, which is incorporated herein

5 by reference. One such ethylcellulose dispersion suitable for use in the present invention and
available commercially is marketed under the trademark Surelease®, by Colorcon of West
Point, Pa. USA. In this marketed product, the ethylcellulose particles are, e.g., blended with
oleic acid and a plasticizer, then optionally extruded and melted. The molten plasticized
ethylcellulose is then directly emulsified, for example in ammoniated water optionally in a high

10  shear mixing device, e.g. under pressure. Ammonium oleate can be formed in situ, for instance
to stabilize and form the dispersion of plasticized ethylcellulose particles. Additional purified
water can then be added to achieve the final solids content. See also U.S. Pat. No. 4,123,403,

which is incorporated herein by reference.

15 [0232] The trademark “Surelease®” is used hereinafter to refer to ethylcellulose coating
materials, for example a dispersion of ethylcellulose in a sub-micron to micron particle size
range, e.g. from about 0.1 to 10 microns in size, homogeneously suspended in water with the
aid of an emulsification agent, e.g. ammonium oleate. In particular, the trademark
“Surelease®” is used herein to refer to the product marketed by Colorcon under the

20 Surelease® trademark.

[0233] Surelease® dispersion is an example of a combination of film-forming polymer,
plasticizer and stabilizers which may be used as a coating to adjust rates of active principle
release with reproducible profiles that are relatively insensitive to pH. The principal means of
25 drug release is by diffusion through the Surelease® dispersion membrane and is directly
controlled by film thickness. Use of Surelease® is particularly preferred and it is possible to
increase or decrease the quantity of Surelease® applied as coating in order to modify the
dissolution of the coated mini-bead. Unless otherwise stipulated, use of the term “Surelease”
may apply to Surelease E-7-19020, E-7-19030, E-7-19040 or E-7-19050. E-7-19020
30 comprises ethylcellulose blended with oleic acid and dibutyl sebacate, then extruded and
melted. The molten plasticized ethylcellulose is then directly emulsified in ammoniated water in
a high shear mixing device under pressure. Ammonium oleate is formed in situ to stabilize and
form the dispersion of plasticized ethylcellulose particles. Additional purified water is then
added to achieve the final solids content. E-7-19030 additionally comprises colloidal
35 anhydrous silica dispersed into the material. E-7-19040 is like E-7-19020 except that it

comprises medium chain triglycerides instead of dibutyl sebacate. E-7-19050 derives from
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0, 00  blending ethylcellulose with oleic acid before melting and extrusion. The molten plasticized
ethylcellulose is then directly emulsified in ammoniated water in a high shear mixing device
under pressure. Ammonium oleate is formed in situ to stabilize and form the dispersion of

plasticized ethylcellulose particles. However, E-7-19040 is preferred.

[0234] The invention also contemplates using combinations of Surelease with other coating
components, for example sodium alginate, e.g. sodium alginate available under the trade

name Nutrateric™.

10  [0235]In addition to the EUDRAGIT™ and Surelease® polymers discussed above, other
enteric, or pH-dependent, polymers can be used. Such polymers can include phthalate,
butyrate, succinate, and/or mellitate groups. Such polymers include, but are not limited to,
cellulose acetate phthalate, cellulose acetate succinate, cellulose hydrogen phthalate,
cellulose acetate trimellitate, hydroxypropyl-methylcellulose phthalate,

15  hydroxypropylmethylcellulose acetate succinate, starch acetate phthalate, amylose acetate
phthalate, polyvinyl acetate phthalate, and polyvinyl butyrate phthalate. Additionally, where
compatible, any combination of polymer may be blended to provide additional controlled- or

targeted-release profiles.

20 [0236] The coating can further comprise at least one soluble excipient to increase the
permeability of the polymeric material. Suitably, the at least one soluble excipient is selected
from among a soluble polymer, a surfactant, an alkali metal salt, an organic acid, a sugar, and
a sugar alcohol. Such soluble excipients include, but are not limited to, polyvinyl pyrrolidone,
polyethylene glycol, sodium chloride, surfactants such as, for example, sodium lauryl sulfate

25 and polysorbates, organic acids such as, for example, acetic acid, adipic acid, citric acid,
fumaric acid, glutaric acid, malic acid, succinic acid, and tartaric acid, sugars such as, for
example, dextrose, fructose, glucose, lactose, and sucrose, sugar alcohols such as, for
example, lactitol, maltitol, mannitol, sorbitol, and xylitol, xanthan gum, dextrins, and
maltodextrins. In some embodiments, polyvinyl pyrrolidone, mannitol, and/or polyethylene

30  glycol can be used as soluble excipients. The at least one soluble excipient can be used in an
amount ranging from about 1% to about 10% by weight, based on the total dry weight of the

polymer.

[0237] The modifications in the rates of release, such as to create a delay or extension in
35 release, can be achieved in any number of ways. Mechanisms can be dependent or

independent of local pH in the intestine, and can also rely on local enzymatic activity to
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achieve the desired effect. Examples of modified-release formulations are known in the art and

are described, for example, in U.S. Pat. Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123;
4,008,719; 5,674,533; 5,059,595; 5,591,767; 5,120,548; 5,073,543; 5,639,476; 5,354,556;

and 5,733,566 all of which are incorporated herein by reference in their entirety.

[0238] As noted above, Surelease is a particularly preferred polymer coating owing to its pH-
independent dissolution character. However, the inventors/applicants have found that it is
difficult to select the appropriate amount (weight gain) of Surelease to achieve optimal
dissolution. It has been found that too much Surelease leads to incomplete (or over slow)

10 dissolution while too little leads to over fast dissolution.

[0239] The inventors/applicants have now surprisingly found in a particular embodiment that by
addition to Surelease™ of a second polymer (eg a polysaccharide, especially a
heteropolysaccharide) which is normally degraded by bacterial enzymes (and optionally or
15  alternatively by pancreatic or other relevant enzymes) unexpectedly resolves this problem and
provides flexibility in modulating the amount of polymer added to the mini-beads of the

invention in order to achieve optimal dissolution profiles.

[0240] The invention therefore also provides a novel coating for compositions (whether of the
20  invention or not) intended to release their active payload in the colon which is a combination of
ethylcellulose (preferably formulated with an emulsification agent such as, for example,
ammonium oleate and/or a plasticizer such as, for example, dibutyl sebacate or medium chain
triglycerides) and a polysaccharide susceptible of degradation by a bacterial enzyme normally
found in the colon. Such polysaccharides include chondroitin sulphate, pectin, dextran, guar
25 gum and amylase, chitosan etc and derivatives of any of the foregoing. Chitosan is particularly
preferred in connection with obtaining a colon-specific release profile. The invention also
includes a composition comprising a combination of ethylcellulose (preferably formulated with
an emulsification agent such as, for example, ammonium oleate and/or a plasticizer such as,
for example, dibutyl sebacate or medium chain triglycerides) and a polysaccharide susceptible
30 of degradation by a bacterial enzyme normally found in the colon; the composition may include

a liquid vehicle, e.g. water.

[0241] The use of polysaccharides by themselves for coating purposes has been tried with
limited success. Most of the non-starch polysaccharides suffer from the drawback of lacking
35 good film forming properties. Also, they tend to swell in the GI tract and become porous,

resulting in the early release of the drug. Even amorphous amylose, which is resistant to
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degradation by pancreatic alpha amylase but capable of degradation by colonic bacterial
enzymes has the disadvantage of swelling in agueous media although this can be controlled

by incorporating insoluble polymers like, ethyl cellulose and acrylates into the amylose film.
Amylose however is not water-soluble and although water-soluble polysaccharides are not

5 excluded, the present inventors have found that use of a water-soluble polysaccharide (WSP)
susceptible of bacterial enzymic degradation brings particularly advantageous results when

used as a coating in accordance with this embodiment of the present invention. A particularly
preferred polysaccharide in this embodiment of the present invention is pectin. Various kinds

of pectin may be used including pectin of different grades available ie with differing degrees of

10  methylation (DM), i.e. percentage of carbonyl groups esterified with methanol, for example
pectins with a DM of more than 50%, known as High Methoxy (HM) Pectins or Low Methoxy

(LM) pectins, or a pectin combination comprising an HM pectin and an LM pectin. It is also
possible in this embodiment to use pectins having various degrees of acetylation (DAc). Taken
together, the DM and DAc or the degree of substitution is known as Degree of Esterification

15 (DE). Pectins of various DE’s may be used according to the invention. As an alternative to
pectin, sodium alginate may be used as a polysaccharide according to an embodiment of the
invention. However, other embodiments may conveniently include amylose and/or starch which
contains amylose. Various grades of starch, containing different percentages of amylose may

be used including for example Hylon V (National Starch Food Innovation)which has an

20 amylose percentage of 56% or Hylon VIl which has an amylose percentage of 70%. The
remaining percentage is amylopectin. The polysaccharides pectin, amylose and sodium
alginate are particularly preferred for achieving colon delivery ie for compositions intended to

release active principles in the colon.

25 [0242] It has been found that pectin can act as a former of pores in the coating otherwise
provided by ethylcellulose (preferably Surelease). By “pores” is not meant shaft-like holes from
the surface to the core of the mini-bead, rather areas of weakness or absence of coating

occuring stochastically on and within the coating of the invention.

30 [0243] Pore formers have been described before in connection with Surelease (see e.g. US

2005/0220878) but in relation to “gastro-insoluble” substances such as, for example, alginate.

[0244] According to a particular embodiment of the invention, where the water-soluble
polysaccharide (WSP) is pectin, the proportion of Surelease™ to pectin is ideally in the range
35 90:10 to 99:1, preferably, 95:5 to 99:1, more preferably 98:2 to 99:1.
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0. 00 0O.[02451 M this particularly preferred combination (Surelease™ + WSP e.g. pectin) the weight

gain and ratio between Surelease™ and WSP can be varied to refine the behaviour of the
coating and the composition of the invention when it bears such a coat. Thus to the
inventors/applicant’s surprise, the advantages of this preferred combination of coating

5  polymers were further pronounced by selecting a weight gain in the range 0 to 30%
(preferably 5 to 10%) and a Surelease to pectin ratio in the range 95:5 to 99.5:0.5 preferably
97:3 to 99:1 inclusive. Particularly favoured weight gains using Surelease are those in the

range 5-12% or in the range 8-12%.

10  [0246] Although the focus above has been on extending and/or sustaining release of active
principles from mini-beads according to the invention, also contemplated are uncoated or
simple enteric coated mini-beads providing early, small intestinal API release with sufficient

enteric coating merely to protect the minibeads from dissolution in the stomach.

15 [0247]1t is preferred to dry the mini-beads before they are coated with a suitable polymeric
coat (as described in more detail above/below). It is also preferred, in certain embodiments to
apply a first coat before applying a second. In general the first coat and the second coat may
be of the same or different materials and be chosen from any of the classes of coating
material described herein. In specific embodiments, the first coat optionally protects the core

20  (bead) from interaction with the second coat and/or prevents leaching of bead contents into
the second coat. For example, the first coat may be made of a mixture of hypromellose,
titanium dioxide and polyethylene glycol and the second (outer) coat made of the surelease-
pectin mixture described above. If it is desired for the first coat to use a mixture of
hypromellose, titanium dioxide and polyethylene glycol, commercial products corresponding to

25  such mixtures are available including Opadry White, a product commercialised by Colorcon.
More generally, various products commercialised under the trade name Opadry and Opadry Il.
Further nonlimiting examples include Opadry YS-1-7706-G white, Opadry Yellow 03B92357,
Opadry Blue 03B90842). These compositions are available as dry film coating compositions
that can be diluted in water shortly before use. Opadry and Opadry Il formulations comprise a

30  cellulosic film forming polymer (e.g., HPMC and/or HPC), and may contain polydextrose,
maltodextrin, a plasticizer (e.qg., triacetin, polyethylene glycol), polysorbate 80, a colorant (e.g.,
titanium dioxide, one or more dyes or lakes), and/or other suitable film-forming polymers (e.g.,
acrylate-methacrylate copolymers). Suitable OPADRY or OPADRY |l formulations may
comprise a plasticizer and one or more of maltodextrin, and polydextrose (including but not

35 limited to a) triacetin and polydextrose or maltodextrin or lactose, or b) polyethylene glycol and

polydextrose or maltodextrin). Particularly preferred commercial products are Opadry White
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36p’rc:)3 ucts for initial protective coats include polyvinyl alcohol-polyethylene glycol graft
copolymers such as is available commercially under the name Kollicoat IR and methyl
metacrylate ammonium-based copolymers such as are available commercially under the name
5 Eudragit E. Another preferred example is low molecular weight HPMC. The optional inner coat

is applied in the same manner as is the outer (or sole) coat (or coating layer).

[0248] The coating process can be carried out by any suitable means such as, for example, by
use of a coating machine which applies a solution of a polymer coat (as described above in
10  particular) to the mini-beads. Polymers for coating are either provided by the manufacturer in
ready-made solutions for direct use or can be made up before use following manufacturers’

instructions.

[0249] Appropriate coating machines are known to persons skilled in the art and include, for
15 example, a perforated pan or fluidized-baed system for example the GLATT, Vector (eg CF

360 EX), ACCELACOTA, Diosna, O’Hara and/or HICOATER processing equipment. Most

preferred is the MFL/01 Fluid Bed Coater (Freund) used in the “Bottom Spray” configuration.

[0250] Typical coating conditions are as follows:

20
Process Prameter Values
Fluidising airflow (m3/h) 20-60 (preferably 30-60)
Inlet air temperature (°C) 20 - 65
Exhaust air temperature (°C) 38 —42
Product temperature (°C) 38 —42
Atomizing air pressure (bar) Upto1.4e.g.0.8-1.2
Spray rate (g/min) 2-10 and 3-25 RPM

[0251] Whether as part of the polymeric coat or independently thereof, the mini-beads of the
invention may be coated with additional drug layers using methods conventional in the art of
pharmaceutical science (such as for example using coating machines as just described) to

25  produce a composition having one or more layer(s), each layer containing one or more active
pharmaceutical or other ingredient/excipient as described elsewhere herein. Drug layering
means the deposition of at least one or successive layers of drug entities from solution,
suspension or dry powder on nuclei e.g. minibeads as described herein. Drug layering includes
solution/suspension layering, powder layering and powder drug layering. In

30  solution/suspension layering, drug particles are dissolved or suspended in a binding liquid. In

powder layering, complete dissolution does not occur, due to low liquid saturation, irrespective



91,88 3h 40,6 96,27 4h 39,95 96,3 6h 37,15 96,68 12h 23,42 96, 83 16h 14, 39
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85/15) so,_'u%gn (I)S |rgt(@p§elq:§/sedcg}1tc9proeviously prepared inert seeds e.g. minibeads as described
herein, followed by the addition of powder. Conventional pan coaters may be used as
described above for polymer coating although modified forms of pan coaters are preferred
5 including fluidised-bed and centrifugal rotary granulators. Examples of suitable granulators
include the Rotor granulator. (Glatt), the Rotor-processor (Aeromatic), the Spir-a-Flow (Freund)
and the CF-granulator (Freund).The use of mini-beads as seeds for drug layering according to
the present invention is superior to using traditional non-pareils as initial substrates in the
preparation of pellets by a drug layering process. One reason is the optimal size of the mini-
10  beads of the current invention. Another reason is that sucrose, the main component of
traditional non-pareils, has well-known drawbacks including harmful effects on diabetics and
potential cariogenicity. According to the prior art, microcrystalline cellulose (MCC) has also
been tested as a substrate for drug layering although the inventors/applicants are not aware of
successful use of MCC for the preparation of initial cores/beads in a centrifugal granulating
15  process as may be used in embodiments of the present invention. Thus in one embodiment,
the invention provides a process for the manufacture of drug-coated pellets comprising using
the mini-beads described herein as seeds or as non-pareils (i.e. instead of non-pareils) on
which the drug is coated. In a related embodiment, a composition of the invention comprises a
mini-bead of the disclosure coated with one or more drug layers. &naother ambaodiment is a
20 process of enhancing the solubility of poorly waler-soluble gotive principles by using one or
more of the above described methods of drug layering, including spray-drying-based
processas. The polymeric coat, described in detail above, may or may not be applied to a
drug-layered mini-bead. However, if desired, it may be applied after such drug layering. In
applying a drug layer, the drug to be layered onto the mini-bead may optionally first be
25 admixed with appropriate excipients such as, for example, binders as described elsewhere
herein. A particularly preferred binder in this context is polyvinyt pyrrolidoneg (also spelt
potyvinyipyrrolidone and also known as PVR or povidong). PYPs of various K-vaiues may bg
used. The K-vaiue of PVYF is a funclion of g average molecular weight, the degres of
polymerization, and the inlrinsic viscosity, H is particularly praferred to use PYP K-32. Up i §%
30 of the dry weight of the compaosition of the invention in this embodiment may be made up of
such binders. Approximalely 1% or less is prefarred. Other suitable binders which may be used
in drug-layering include gelatin, carboxymethyl cellulose, hydroxypropyl methylcellulose and
hydrolysed starches e.g. maltodextrins. Compositions embadying drug layering may alsoe
optionally be coated with a polymer coating, or include a polymer layer, 10 conlrdd release as
35 dsscribed more generally above including the option 1o include the same or a different aclive

principle in this polymer coat
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a core comprising, or consisting of, a water-soluble polymer matrix material in which
are dispersed droplets of oil, the core comprising an active principle; and
a layer surrounding the core and comprising an active principle, which may be the

same as or different from the active principle comprised in the core.

[0253] The layered bead or minibead may have a plurality of layers, e.g. 2, 3, 4 or 5 layers,
comprising an active principle, wherein the active principle of each layer is selected
independently from the active principle of each other layer. In one embodiment, each layer
comprises the same active principle as each other layer; in another embodiment, no two layers
comprise the same active principle. The term “active principle” in this paragraph embraces
both a single active entity and a combination of active entities. The layered bead or minibead
may comprise one or more polymsr lavers, (o control release as described more generally
above., Such a polymer laver may conlain an active principle and therefore constitule a drug
laver as well as a release control layer. Alternatlively, a polymer layer may be free of active
principle. A polymer layer, whether or not it containg an active principle, may be Incated
between the core and a drug layer oulside the polymer fayer, or belween two drug layers, or

may form an ouler layer,

[0254] The invention therefore includes a layered bead or minibead comprising

a core comprising, or consisting of, a water-soluble polymer matrix material in which
are dispersed droplets of oil, the core comprising an active principle;

an active principle layer surrounding the core and comprising an active principle,
which may be the same as or different from the active principle comprised in the core; and

a polymer layer free of active principle.
The polymer layer may be located between the core and the active principle layer. The
polymer layer may be located externally of the active principle layer. The layered bead or
minibead may comprise a plurality of active principle layers and, additionally or alternatively, it
may comprise a plurality of polymer layers. In some embodiments, there is at least one active
principle layer which comprises a release-controlling polymer. In some embodiments, the
outermost layer comprises a release-controlling polymer, which may contain an active principle

or, in another implementation, be free of active principle.

[0255] The optionally coated mini-beads of the invention may be formulated directly following
their manufacture in the ways described above. In an alternative embodiment, it may be

desired to impart different properties to the mini-beads and/or to a final solid dosage product.
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at 11. 2% wei ght gain using Surel ease/ ABginate in a ratio of 95/5. This gave
t he foldrawagofichsaingtthigracpording toshe inddntidoiditHro@dregranulQbdrbgg.3d irbprvéiaid
0. 15% |E))VSV ogg)ogvdgr mixtures of mini-beads with other components as e.g. described above in

relation to binders. Granules of intact or broken mini-beads may be obtained by adding liquids

(eg binder or solvent solutions) and effecting a granulating step as described in the prior art.

5 Larger quantities of granulating liquid produce a narrower particle size range and coarser and
harder granules, i.e. the proportion of fine granulate particles decreases. The optimal quantity
of liquid needed to get a given particle size may be chosen in order to minimise batch-to-batch
variations. According to this embodiment, wet granulation is used to improve flow,
compressibility, bio-availability, homogeneity, electrostatic properties, and stability of the

10  composition of the invention presented as a solid dosage form. The particle size of the
granulate is determined by the quantity and feeding rate of granulating liquid. Wet granulation
may be used to improve flow, compressibility, bio-availability, and homogeneity of low dose
blends, electrostatic properties of powders, and stability of dosage forms. A wet granulation
process according to this embodiment may employ low or high shear mixing devices in which a

15  low viscosity liquid (preferably water) is added to a powder blend containing binder previously
dry mixed with the rest of the formulation including mini-beads. Alternative granulation
approaches which may be utilized include high-shear, extrusion and conventional wet

granulation.

20 Examples

[0256] As noted in the introduction, it is desirable to have a solid composition which presents
fluid active ingredients in a way which can be easily and directly manufactured and shaped
while retaining the benefits of fluids. Individual examples below show, in one or more

embodiments of the invention, a solid composition comprising a fluid which meets this object.

25 [0257] For successful oral administration e.g. in the fields of active pharmaceuticals, the active
principle must be in solution for local effect or systemic absorption, it must be usually be
stabilized before release and it must be permeable, it must ideally demonstrate ease and cost
of manufacture including scaleability, reproducibility and shelf-life and e.g. deliverable and/or
releasable in the colon. As noted in the introduction above, “stabilized before release” includes

30 protection from degrading stomach acids, proteolytic enzymes etc. Individual examples below
show, in one or more embodiments of the invention, that it is possible to resolve multiple such

problems simultaneously in a single oral dosage form.

[0258] The above described formulation issues are often greater for water-insoluble or poorly

water-soluble active entities. Individual examples below show, in one or more embodiments of



1h 5,93 31,39 3h 24,42 61 4h 25,44 66,75 6h 21,94 74,28 12h 11,13 83, 24 16h
7,5 83,24 18h 6,51 83,5 20h 5,64 82,8 24h 5,65 82,8 GHOST 43,66 - Exanple

40

[WBL16]o/iBh@om ni - beads of Exanple 17 were coat ed PortEP2615/036339€

(Eudragit polyner based on 15nethyl acrylate) for a 22% wei ght gain to give
the followi ng dissolution profiles: (2266 FS 30 D) 0 0,00 0,00 0,00 1 10, 46
10, 92 1He #dention, that it is possible to provide a dosage form which resolves some or all of these
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20

25
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issues for such difficult-to-solubilize molecules or active agents or principles.

[0259] As discussed, it can be desirable for an active principle to be in solution ie. a dissolved
state and maintaining that dissolved state until release thus avoiding the need for dissolution in
vivo (a “pre-dissolved” active principle) and to maintain the solubilized state and prevent
release until the target release zone (eg colon) is reached. Individual examples below show, in
one or more embodiments of the invention, e.g. on the basis of in vitro dissolution that it is

possible to solve this problem.

[0260] A further specific need within the general requirement for the active principle to be in
solution is the maintenance of the formulated active principle in a dissolved state as well as
immediately after dispersion/egress from its carrier or matrix. Individual examples below show,

in one or more embodiments of the invention, that it is possible to address this requirement.

[0261] Individual examples below show, in one or more embodiments of the invention, that it is
also possible to obtain a dosage form from which substantially all of the active principle is
solubilized and dispersed (without necessarily maintaining dissolution) in vitro in a compendial
medium (without adding surfactant to the medium) following a standard USP/EP/JP etc

method.

[0262] In relation to the problem of how to formulate active principles in a dissolved state when
it is also desired to coat such dosage forms with polymers intended to modify drug release
characteristics without the coating preventing full, sufficient or predictable release of active
principle in the gastro-intestinal tract (GIT) and without excess variability in release, the
individual examples below show, in one or more embodiments of the invention, that it is
possible (eg on the basis of in vitro experiments) to obtain an oral dosage form which achieves
full, substantial or sufficient release of active principle in the GIT and/or with appropriate inter-

and intra-patient variability in a clinical setting or in vitro surrogate thereof.

[0263] For hydrophobic active principles, it is particularly desirable to increase water solubility
or miscibility as well as to increase stability and reduce volatility and to control the availability of
the active principle, particularly the bioavailability. At the same time it is desireable to avoid or
reduce manufacturing and quality control complexity. Individual examples below show, in one
or more embodiments of the invention, that it is possible in a simple way to obtain an oral drug
formulation which addresses one or more of these goals especially an increase in water

solubility/miscibility; increase in stability; reduction in volatility; control of bioavailability.
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[0264] As mentioned in the introduction, in drug delivery systems having distinct compartments

within a single administrative form, it can be difficult to achieve controlled e.g. simultaneous
release of multiple drugs contained in a single form. Individual examples below show, in one or
more embodiments of the invention, that it is possible to obtain oral delivery formulations which

address these challenges.

[0265] As noted previously, it can be desirable but difficult to formulate liquid, emulsified or
pre-solubilized active principles with surfactants. Individual examples below show, in one or
more embodiments of the invention, that it is possible to obtain oral delivery formulations which

allow the incorporation of surfactants (or sufficient quantities of surfactants) therein.

[0266] As discussed, peptide drugs such as, for example,, for example, cyclosporin, calcitonin,
niacin or lacticin, are difficult to administer orally or formulate for oral administration because of
the unique physicochemical properties of peptides including molecular size, poor solubility,
short plasma half-life, requirement for specialised mechanisms for membrane transport and
susceptibility to enzymatic breakdown (intestinal, pre-systemic and systemic). Individual
examples below show, in one or more embodiments of the invention, that it is possible to
provide a solution to these problems. For example, the invention provides, in one embodiment,
a composition comprising a peptide drug susceptible of enzymic, acidic or hydrolytic
breakdown wherein the composition prevents or reduces such breakdown from occuring. This
may be physicochemical e.g. barrier means inherent to the composition of the invention or
chemical e.g. base/alkali (eg NaOH) or acid (eg citric acid) to create a protective milieu around

the peptide drug.

[0267] Moreover, individual examples below show, in one or more embodiments of the
invention, that it is possible to address the challenges and problems of formulating ciclosporin
A for delivery to the colon and/or to sections of the GIT from where absorption of cyclosporin is

limited.

[0268] Individual examples below also show, in one or more embodiments of the invention,
that it is possible to provide, e.g. on the basis of in vitro experiments, a composition comprising
an active principle for release in the colon with release prevented in the more proximal Gl tract;
to avoid or reduce the variability of release profile resulting from pure pH-based and time-
based systems; to avoid or reduce variability between healthy and diseased bowel; and with a
particle size which prevents or reduces delay in passing the pylorus and/or reduces residence

time in the ileo-caecal junction.

[0269] Individual examples below also show, in one or more embodiments of the invention,



91 *First 2 hours were carried in PBS (pH = 7.4), then sanples were
transferred in water, 0.15% SDS and 0. 3% SDS. 5 Exanple 41 [0317] The

m ni - beadwoabioasasvpl e 17 were coated with RS 30 D ( Eudr ®girtEpp@bysmss based
on nethyl acrylate) for a 5% weight gain to give the follow ng dissol ution
profiles: 10(5% RS 30 D) H20 0.15% SD&Ch 0 0 1h 0,91 2,23 3h 13,1 7,66 4h

22, 53 1Rat9%is pbssidle 2d oltindeh drahddag84orAaBwhizh t6h bé mahdifadturdd rdi8livelbealy.38, 06
20h 12,31 40,17 24h 13,42 43,52 GIOST 31,42 63, 14

Examples

5 [0270]In the following examples 1 to 13 inclusive, mini-beads are produced as generally
described . Unless otherwise specified, the units used to describe the compositions are

provided in weight 0/00 (per thousand).

[0271] One important test conducted on the resultant mini-beads is the content assay. This

10 test relates to the active principle and establishes the proportion of active principle which has
successfully been incorporated in the mini-bead following its manufacture. A representative
sample of the batch is used to carry out this analysis. Typically a given amount of the sample
is weighed out and extracted in a suitable diluent. Standard techniques and methodologies are
utilized as would be known to persons skilled in the art e.g. in relation to established

15  Pharmacopoeia. For example, in the case of CyA, the diluent used is acetonitrile/purified
water /methanol/ortho-phosphoric acid in the following ratio 64%/32%/3.5%/0.5%. The
extraction is carried out by sample sonication for 2 hours, at ambient temperature, followed by
filtration and dilution to a predetermined concentration, equal to that of the reference standard
against which the sample is quantified. Once the sample has been prepared, it is analysed via

20  HPLC, whereby the sample is passed through a steel column packed with silica and then
detected via UV absorbance at a preset wavelength. This generates a chromatogram, which
delivers a peak and a peak area. The peak areas are then used to calculate the % active

ingredient present in the sample.

25 [0272]lt is ideal to achieve 100% incorporation in the content assay although in practice lower
levels of incorporation are acceptable (note that occasional measurement error can lead to
figures slightly above 100%). The content assay (sometimes referred to as CA) is also
therefore one measure of the “quality” of the formulation in the sense that a formulation which
fails to incorporate sufficient active principle is of lower quality than one able to incorporate a

30  higher proportion. The present inventors/applicants have used this measure along with others
to define the parameters of the composition of the invention for example the type of

components the composition may comprise and in which quantities..

[0273] Another test conducted on the examples below is the dissolution test which garners a
35  dissolution profile for the composition of the invention. Typically this test is conducted using a

U.S.P. Type Il apparatus (paddles) at 37 degree C. and 50 rpm, in pH 6.8 buffer. Various time



Exanpl e 42 15[ 0318] The m ni - beads of Exanple 17 were coated with a

conbi nation of Surelease and Pectin in a ratio of 98/2 for a total weight
gai n of Mo2éPh 1386091 ve the foll owi ng di ssolution profil eciEpeéwessssedi a:
dei oni sed water with pectinase, phosphate-buffered saline and Hanks buffer
solution with SDS and pectinase: (16.5786 Surel ease/ Pectin 98/2) 20 D H20
c. 0. 5%okesbi@serdeBe.§Hrépdrtion disQolvan ks hd2ikriod.fidh S28; (0thda?e)Reciol NAsSEsOh

RENINN N IMAL ENCE R N RIE RO E
the longer the time the experiment is continued, the more active principle is dissolved with
each successive proportion being a cumulative assessment of dissolution at that time point. It

5 is useful if 100% dissolution is achieved but the time in which that is achieved is also important
and depends on the therapeutic objectives for the formulation. Diminishing (or a sudden drop
in) dissolution over time signifies precipitation. Full dissolution is usually more important for

quality control than for prediction of in-vivo performance.

10 Example 1

[0274] Cyclosporine A (CyA) beads were made as described above (please also refer to
Example 48 for additional experimental detail). The resulting CyA bead formulation had the

following composition (mg/g, on a dry basis):

15
Cyclosporin A 92.87
Gelatin 551.93
D-Sorbitol 74.61
Transcutol 144.95
Cremophor EL 75.43
Labrafac Lipophile 1349 WL 60.21

CyA at 25% (w/w); was dissolved in the oil phase which was made from 4 parts oil (Labrafac
Lipophile 1349 WL), 5 parts Cremophor EL and 10 parts Transcutol. The resulting oil phase
was afterwards added to the gelatin solution in a 1/8 weight ratio. After drying, beads were
20 robust and not sticky. The content assay gave nearly 95% of CyA incorporation. The

dissolution profile in water was:

0.5h 62,16
1h 61,49
3h 61,05
4h 46,65
6h 34,26
Example 2
25
[0275] The following composition was prepared as before:
Cyclosporin A 182.07
Gelatin 544.39
Transcutol 158.98
Cremophor EL 54.63
Labrafac Lipophile 1349
WL 59.93




72,40 86,03 20h 14,80 65,29 88,32 24h 35,37 54,74 83,66 WD

2010/ 133609PCT/ EP2010/ 056838 92
1GHOST128w b 2od136%4. 1, 23% Di ssol uti on was carried out WCIiEPR6®/086%dS ti on oOf
pecti nase 5 Exanple 43 [0319] The m ni -beads of Exanple 17 were coated with
a conbination of Surelease and Pectin V% a ratio of 98/2 for a total weight
gain of 22.5%to give the follow ng dissolution profile in a nmediumvaried
over t o DBUTBiR| OfastdtRiediis #@) gdiatns QRS simes tTrémscdd @n@@r@kﬁﬁpﬁ(ﬁ HL 8o iabt
hours) 10starting with hydrochloric acid and swtchi ngl hos hat -acetate

(PA) b@ef "?‘St'iCFrF"E% 4l fRF Qi brassplie \voighbealia hedy el LrapgeytPla NPNEHYaS

0, 00 0.jddedded flond 250(ERarbieH0lto 3: LR whé PoséibBubiottaifad ¥ §P§sepbbrﬁalﬁln 459, 8
P-A Buffer 0.1% SDS pH = 7 24,28 P-A Buffer pH =7 6 42,54 P-A Buffer pH
— 7512 CyA. Some CyA precipitation was observed when the oil phase and gelatin solution were

mixed;. The content assay was 91%.The release profile was:

0.5h 12,03
1h 21,52
3h 29,71
4h 31,22
6h 32,83

10 Example 3

[0276] The beads of this example were prepared by dissolving CyA in EtOH (ethanol), then
adding Cremophor EL and MCT oil, and finally letting EtOH evaporate overnight. The resulting
CyA solution was very viscous, and so it remained also after mixing with the gelatin solution.

15  Example 3 had the following composition:

CyA 139.83
Cremophor EL 111.30
Labrafac Lipophile 1394
WL 89.22
Gelatin 560.12
D-Sorbitol 75.82
SDS 23.71

Content assay was 48% with the following release profile:

0 0
1h 48,31
2h 50,26
3h 50,59
6h 51,13
20
Example 4
[0277] In this example, CyA was dissolved in EtOH, then a mixture of Tween 80 and Labrafil M
1944 CS was added; EtOH was evaporated overnight. The composition was as follows:
25
CyA 145.30
Gelatin 539.39
D-Sorbitol 74.11
SDS 23.04
Labrafil M 1944 CS 126.70




66,43 P-A Buffer pH=7 16 70,74 P-A Buffer pH =7 18 70,94 P-A Buffer pH =
7 20 70,57 P-A Buffer pH =7 24 67,05 GHOST 15,41 15 Exanple 44 [0320]
The m ni -weadn/BisoExanpl e 17 were coated with a conbi natcworEred108s6888 ease
and Pectin in aratio of 99/1 (pectin content decreased over Exanple 43
from2 to 1%in terns of solid weight 7atio to Surel ease) for a total

wei ght gain of 10%to give the Twdn®oi ng di|ssobudé on|profile: 20 (10%

Surel ease/Pectin 99:1) On O0.IN HC 0,00 1h 0.IN HC 8,31 2h 0.1N HC

9, 59 3h ThE-cAnfHf Asyay Wak%055Dnd Missoldtidn3profiledis: P- A Buf fer 0.1% SDS pH = 7

0 0
0.5h 15,79
1h 22,13
2h 23,58
3h 23,52

5 Example 5

[0278] In this example, CyA was again dissolved in EtOH (evaporated overnight), while the
other components of the oily phase were Labrafil M 1944 CS and Epax 6000 TG (omega-3

oil). No problem was encountered during preparation.

10
CyA 83.56
Gelatin 538.46
D-Sorbitol 72.66
SDS 22.96
Labrafil M 1944 CS 141.39
Epax 6000 TG 140.97

CyA incorporation was 92.5% and the release profile was:

0 0
0.5h 90,17
1h 104,55
2h 103,48
3h 108,24

15  The CyA loading was 8% w/w.

Example 6

20 [0279] Compared to Example 1, CyA loading was increased by decreasing the weight ratio

between the oily phase and gelatin solution from 1:8 to 1:7.

CyA 103.23
Gelatin 504.16
D-Sorbitol 58.21
SDS 23.00
Transcutol HP 160.91
Cremophor EL 84.98
Labrafac Lipophile 1349 WL 65.51

This example 6 contained 91% of theoretical CyA, and showed the following release profile:

0 0
0.5h 79,60




30,04 6h P-A Buffer pH =7 47,22 12h P-A Buffer pH = 7 65,31 16h P-A
Buffer pH =7 72,67 18h P-A Buffer pH =7 70,50 WD

2010/ 133600RCI/1BRD910/ 056838 93 20hP- A Buffer pH = 772, ptTAdbiohsd36é f er pH
= 776,71 Ghost2.79 Exanple 45 5[0321] This Exanple is simlar to Exanple
44 except that the weight gain was increéased to 15% This gave the follow ng
di ssol ution profile: (15% Surel geaseiiPect|i gg99:{1) Ch 0. 1IN HCI 0,00 1h 0. 1N
HCl 0,00 2h 0.1N HCI 0,00 3h P-A Bufder [094% SPS pH = 7 1,05 4h P-A Buffer
0.1% SDS pH = 7 3h 89,76

6h 86,28

Example 7

5 [0280] Similar to example 5, the following composition was manufactured.. The content assay

result was 87%:

CyA 82.85
Gelatin 538.67
D-Sorbitol 72.86
SDS 23.08

Epax 6000 TG 140.85
Labrafil M 1944 CS 141.69

10 Example 8

[0281] Similar to example 7, the following composition was manufactured.. The content assay

result was 75%:

15
CyA 86.80
Gelatin 610.08
SDS 25.41
Epax 6000 TG 138.33
Labrafil M 1944 CS 139.36
Example 9

20 [0282] Similar to example 8, the following composition was manufactured.. The content assay

result was 79%:

CyA 74.80
Gelatin 600.63
SDS 25.28
Epax 6000 TG 149.91
Labrafil M 1944 CS 149.93
25
Example 10

[0283] Similar to example 9, the following composition was manufactured. It was possible to

increase the CyA concentration and incorporation in the beads. Issues during manufacturing



4,72 6h P-A Buffer pH =7 16,81 12h P-A Buffer pH =7 17,71 16h P-A Buffer
pH = 7 21,94 18h P-A Buffer pH = 7 25,25 20h P-A Buffer pH = 7 25,94 24h
P- A Buf f ewopbleasde0d5, 11 GHOST 10,31 10The | ow anpbunt eCTgresi/os@spl e
suggested that the actual dissolution after 24 hours was higher than the
55% recorded, so the 0.1% SDS was nai nfTéained from3rd to 24th hour to

achi evendldgedf asdogity bOsdtdn drel sKApelor BYatiE] whlcld) eld 10D g ANIddCI TH, Ehteth a@sdyN
HCl 0,00 3h P-A Buffer 0.1% SDS pH =7 1,28 4h P-A Buffer 0.1% SDS pH = 7
5,91 6REPAVERH4%T 0.1% SDS pH = 7

Dissolution
CyA 106.59
Gelatin 605.06 0 0
SDS 24.36 0.5h 93,93
Epax 6000 TG 128.58 1h 94,55
Labrafil M1944 CS 135.39 2h 96,13
3h 95,7
5 4h 94,15
Example 11

10  [0284] The beads of this example are similar to the beads of Example 6. The CyA content was
increased to 11% by excluding D-Sorbitol from the formulation. The content assay data was

98% and dissolution profile was:

CyA 109.40
Gelatin 537.20
SDS 24.51
Transcutol HP 169.85
Cremophor EL 89.82
Labrafac Lipophile 1349 WL | 69.22

15 dissolution

0 0
0.5h |77,32
1h 77,21
2h 79,91
3h 83,07
4h 81,05
20
Example 12
[0285] Similar to Example 11, this Example contained approximately 12.5% CyA, a lower
content of gelatin and a higher content of SDS. Content assay was 99.5% and dissolution
25  profile:
Dissolution
CyA 124.30
Gelatin 507.76 0 0,00
SDS 50.26 0.5h 39,80
Transcutol HP 172.02 1h 46,96
Labrafac Lipophile 1349 WL 59.26 2h 56,89
3h 56,75
4h 56,08




32,17 12h P-A Buffer 0.1% SDS pH
70,83 18h P-A Buffer 0.1% SDS pH
79, 90 24hwB-2010Bu3Bdoer 0. 1% SDS pH
of AP

7 64,87 16h P-A Buffer 0.1% SDS pH
7 77,71 20h P-A Buffer 0.1% SDS pH
7 89,18 Thus, ipoTiHPRGL0BEEEP! €,

7
7
89%

was rel eased after 24 hours, which is in accordance to the 15ghost
results obtained. Exanple 46 WO 2010/ 183609PCT/ EP2010/ 056838 94 [0322] The
beads (trdmophrmlee 18 were doategsy3d th 4. 9% Surel ease to give the follow ng

dissoluytion profile : Tinme (hrs) AV water AV 0. 15%8DS AV 0.3%6DS 1 0 0
10,195 3 3,765 1,74 29,425 4 4,535 4,675 41,12 6 7,99 10, 745
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Spherex CyA Examples

[0286] The following examples (Examples 14 to 17) were made using the Spherex machine
described above equipped with a single lumen nozzle with a diameter of 3mm. Unless
otherwise specified, the mini-beads were produced through ejection of the fluid o/w emulsion
through the single orifice (nozzle) subject to vibration at a frequency of 15-40Hz. The
temperature of the emulsion was in the range 60°C to 80°C and dropped into a cooling bath of
medium chain triglyceride oil kept at around 10°C. See also Example 49 for additional

experimental detail relevant to these examples.

Example 14

[0287] This example had a content assay of 98% with the following composition and

dissolution profile: Dissolution
CYA 116.26 0 0.00
Labrafac Lipophile 1349 WL | 61.90 0.5h 37.43
Cremophor EL 88.42 1h 4174
sDs 30.84 oh | 4157
Gelatin 525.48 3h 41,77
Transcutol HP 177.10 4h 41,92

It was observed that it was difficult to obtain good beads (spherical shape, size uniformity).
Example 15

[0288] This example was similar to Example 14 but with the addition of D-sorbitol. The beads
had improved morphology and dissolution profile compared to those of Example 14 and

achieved a content assay of 100%:

Dissolution
CYA 109.91
Migyol 810 46.78
Cremophor EL 93.98
SDS 25.21
Gelatin 499.16
Transcutol HP 167.37
D-Sorbitol 57.59




55,875 8 10,98 6,895 69,2 12 16,69 17,095 82,535 16 22,715 18, 235 85, 97 20
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5 [0289] This example is similar to Example 15 but with a different oil phase resulting in a

different weight ratio between MCT oil and Cremophor EL.The content assay was 95% and the

composition and dissolution profile were as follows:

CYA 110.39
Labrafac Lipophile 1349 WL 58.83
Cremophor EL 83.77
SDS 23.53
Gelatin 498.13
D-Sorbitol 57.46
Transcutol HP 167.88

10

Example 17

Dissolution
0 0,00
0.5h 53,32
1h 51,91
2h 53,64
3h 53,26
4h 54,98

[0290] This example is similar to that of Example 15 the only difference being the increased

15  SDS content. In this run, more than 90% of beads were in the range 1.4 — 2.0 mm. The

composition and release profile were as follows:

Cyclosporin A 107.91
Miglyol 810 46.06
Cremophor EL 92.40
SDS 40.21
Gelatin 492.38
Transcutol HP 164.36
D-Sorbitol 56.69
Dissolution
0 0,00
0.5h 64,80
1h 71,48
3h 73,79
4h 78,04

20

Tacrolimus examples

25 [0291] Beads exemplified in Examples 18 to 23 were made in the manner of Examples 1 to 13.



98,16 6 69,99 77,03 104,18 8 71,34 80,08 103,12 12 67,02 76,28 101, 38 16
66,18 78,42 101,50 20 63,16 80, 31 106,47 24 63,77 82,99 99, 46
15Di ssol woaenioasaspl e 47b Tine (hrs) Water 0.15% SDS 0. per8P012/08:8880 3 0 O

31,14 4 4,33 12,78
80

Example 18a

[0292] In this example, the oil phase was made from Labrafil M 1944CS (40% w/w), Tween 80
5 (30% w/w) and Transcutol P (30% w/w). The oil phase weight ratio was 1:8 and this yielded
good quality beads (beads prepared with the same oil phase to gelatin solution ratio of 1:6
weight ratio were sticky). Drug incorporation was 93.5% and the composition and release

profile were as follows:

Composition mg/g
Tacrolimus 11.10
Gelatin 506.80
D-Sorbitol 70.64
Ascorbic Acid* 48.40
Transcutol 108.77
Tween 80 106.19
Labrafil M 1944 CS 148.09
10
*Ascorbic Acid is used as antioxidant.
15
Dissolution (two media)
Time (hrs) Water 0.15%SDS(aq.)
0 0 0
1 47,22 73,26
3 49,00 76,76
4 44,39 68,86
6 50,91 70,20
8 53,52 71,02
12 66,75 70,15
16 52,67 79,90
20
Example 18b

[0293] In this Example, Transcutol was not used and the APl was dissolved in EtOH, then
Labrafil M 1944 CS and Tween 80 were added, finally EtOH was evaporated overnight.
25  Gelatin solution was added keeping the 1:8 weight ratio. The content assay was 81.55% while

the composition and dissolution profile were as follows:

Composition mg/g
Tacrolimus 15.78
Gelatin 496.88
D-Sorbitol 67.33




46,06 6 18,43 21,08 56,89 8 27,61 31,89 65,52 12 39,49 43,13 75,88 16 46, 38
51,44 82,56 20 51,91 57,23 87,39 24 55,86 59,78 91,45 CGhost 19, 28% 38, 25%
Exanpl e 480 2000/138¢b0/ 133609PCT/ EP2010/ 056838 95 [ 0324] | ectrher24d10lo56338 ng
exanpl e the oil phase and the aqueous phase are mixed in a proportion in
the range 1:6-10, preferably approxima8&ly 1:7 or 1:8 with gentle

cont i nousassérbicrAcag of t he3Zonponents using a Magnetic Stirrer

(manuf act urpgkdhgoSt uart )146Pbe pgqueous phase (gelatin 5with sorbitol) was
pr epar ed_hyarieddongcEhé agopmwepr| ate quantities of sorbitol (and SDS as
surfactant) to water, heating to approximately 60-75 C until in solution
and then adding gelatin. The "gelatin solution"” conprised 15-25%

(pref erpoyutibdildBe Rbqgge! atin; 75% 85% (preferably 77-82% of water plus

from 1; ) Li59, 05 379 358gg fol . The gelatin solution was

mai nt airmedat, 16 to ngiptarn il’Zﬂ 1 a fluid state. In a slightly
vari an m:'tiué s SDSG;I"’? ol.ddt:b’i the aqueous phase at the same tine
t he ot lrer €01} u“.zmr‘%a are ‘5& Ed e tin and sorbitol at the begi nning of
t he pr messi?3 "z“"é:gi Slir Sﬁf stfaciant ) was present in an anount between
0. 8% ard—1%{by—wetght)—ot £hé agueeds’ phase. The oil phase was nade at

roomtenperature with stirring until clear. The appropriate anount of CyA
(se ti_.lé)%ﬁmtiel ﬁvv) was added to achieve the target proportion. Stirring was
contin e i ght. The 15emul sion was forned by addition of the oil phase

to the heated aqueous phase with stirri ng_gras descri bed above. The resultant
enul si 40234l En tiadEample dhp@si deddedofo use E@ns@iteli B8 a3 solupdigers and SDS as

surfactant in the gelatin solution. The content assay was 98% while the composition and

10  dissolution profile were:

Composition mg/g
Tacrolimus 14.57
Gelatin 496.03
D-Sorbitol 67.60
SDS 23.70
Ascorbic Acid 47.33
Transcutol 104.87
Tween 80 105.45
Labrafil M 1944 CS 140.45

Time (hrs) Water 0.15% SDS 0.3% SDS
1 67,68 | no sampling 91,09
2 67,71 67,35 90,98
3 66,10 69,63 90,71
6 63,50 63,86 90,15
15
Example 20

[0295] In this example, HPMC E 100 (100 is the viscosity in mPa/s of a 1% HPMC solution)
20  was introduced as crystallization inhibitor. More vigorous stirring was required as HPMC is not
fully soluble in gelatin solution. Content assay was 102% and composition and dissolution

profiles as follows:

Tacrolimus 14.95
Gelatin 506.10
Transcutol HP 107.06
Labrafil M 1944 CS 142.77




but with water still

pr esent

Once the enul sion was forned,

t he beadi ng

step was begun wi thout delay by dropping the fluid enmulsion into MCT
(cool i ng wbubdy13smbnt ai ned in the range 8- 12C whi ch ef PettrPdo10/056838

solidification of the droplets.
20t hr ough whi ch the oil

renove

HThKegBDt i f

ugati or

105260 ¢

Beads

was drai ned an82t he beads retai ned,
Iri ed and washed with ethyl

dried §
15C an

Shsc

Drying was

| 2W-Wo WY

23

+od o~
T CuU T

95Ne

gener a

urmoeuaca

BEMC vy g Cya 80-1

28578a)

1scut ol

818orRiel60 SDS 15- 5

M gyol

0688201

bi t ol

were then collected in a nesh basket
excess oi
acetate then

Freund Drum dryer with warmair at between
having the foll ow ng conposition were

HP ' 150- 190 Crenophor EL 80-120
30-80 Gelatin 450-550 25 Exanple 49

WD 2010/ 133609PCT/ EP2010/ 056838 96 [0325] The beads of this Exanple were
pr oduc @isdonitiohrdfife:as f or Exanpl e 48 then through ejection of the fluid o/w
enul sion through a vibrating 3mmdi aneter single |unmen nozzle applied to

of the Spherex machi ne manuf actured

anuf acturer's instructions. The |ines

at 65-85C to maintain the fluidity
chi ne achi eved hi gh nonodi spersity -
'res were between 1.4 to 2 mm

e rejected by passing the batch first

rough a 1.4 mm nesh. The resulting

[0 Conponents Lower limt (nmg/q) Upper
0 D-Sorbitol 55 75

the Freund Sefwsey g5y 865 [CeeiRSDY!
by Frefmgl wWaS— pTT gcTor gance T g e 1
t 0o t heortrficernozzreSwerehantained
of thelsHlutitdo 0 ’
out of [a3h 00 G8.35at|ch, 8879 of | mi A8.54phd
di amet e€reh Laragess and gpad | er| beaglss wer
t hrough 43, 2mggmsh and, sgibsepuegg Ly th
beads I the_f gt fowr g _conppsi L o
Limt (rdiey 9BER 80 18B2EetabindBbY 6
24h 55,67 84,09 97,86
5
Example 21

10

[0296] This example is of a formulation very similar to that of Example 20 except that the

gelatin solution/oil phase ratio was decreased

to 6.5:1. The CA was 96.5% with the

composition and dissolution profiles as follows:

Tacrolimus 16.76
Gelatin 469.90
Transcutol HP 120.02
Labrafil M 1944 CS 160.05
Tween 80 119.51
sSDS 22.23
HPMC 27.63
D-Sorbitol 63.89
dissolution profile:
DIH20 | 0.15% SDS | 0.3% SDS
Oh 0 0 0
1h 50,20 73,23 96,32
3h 44,24 72,17 96,59
6h 53,54 71,52 97,23
12h 55,10 79,45 98,39
18h 55,70 80,16 98,80
24h 56,45 79,90 96,28

15

Example 22



SDS 20 40 Transcutol P 100 180 Crenophor EL 50 110 MCT oil* 45 180 Labrafil
M 1944 CS 40 150 Epax 6000** 80 150 *MCT brands used include: Mgliol 810,
Labr af ac wopophisbe9o1349 W., Captex 355, etc... **Orega- dcuidr261@r5esgs a EPA

(ei cosapent anoi ¢ aci d)/DHA (docosohexaenoic acid) ratio - 1.5 15 Exanple 50
[ 0326] Uncoated beads in this Exanple &&re nade in accordance w th Exanple
48 exceqp297]hathid BrarAgle] the $DYcefichnivayairéset ab i4piton Myteer) ahd disdoRnshd he

ot her conponents were as stated .in the table Co, nents Lower
limit ("Y?&?ﬁ?”%l&ff‘é’r'”l”i‘ 13 COHRINGY REBFYNY ﬁ’ﬂ‘é’“ritlot%i"f’?\&-l é’%ﬁ 1%%’-510 D- Sor bi t ol

63 70 DS 22 42 Transcutdl P 104 119 Tween 80
14.81
Tacrolimus
Gelatin 497.67
Transcutol HP 105.72
Labrafil M 1944 CS 141.18
Tween 80 105.64
SDS 40.00
HPMC 27.39
D-Sorbitol 67.59
DIH20 | 0.25% HPMC | 0.50% HPMC | 0.75% HPMC
Oh 0 0 0 0
1h 31,27 4213 53,72 24,17
4h 58,03 43,99 47,28 49,38
8h 57,50 31,38 43,97 61,08
12h 61,00 32,39 39,19 54,10
18h 56,29 47,28 35,41 48,69
24h 58,65 49,14 4472 46,83
5
Example 23
[0298] In this Example, as in Example 22, the SDS content was increased to 4% (on dry basis)
and dissolutions were conducted in media containing increasing amount of HPMC. C.A. =
10  107%.
Tacrolimus 15.27
Gelatin 510.82
Transcutol HP 108.97
Labrafil M 1944 CS 145.51
Tween 80 108.89
SDS 41.75
D-Sorbitol 68.78
DIH20 | 0.25% HPMC | 0.50% HPMC | 0.75% HPMC
Oh 0 0 0 0
1h 32,19 63,76 18,23 35,06
4h 59,57 50,91 39,45 49,99
8h 45,73 39,68 40,26 48,91




106 146 HPMC E 100 27 30 Labrafil

Vacci ne Exanpl es

M 1944 CS 140 203 Ascorbic Acid 47 48

WO 2010/ 133609PCT/ EP2010/ 056838 97 The follow ng three

exanpl es wbl2usm3adoe f ormul ati ons accordi ng to the inventcoErdiookssas e nmade
by follow ng the process described in Exanple 48 but using the ingredients
(eg using oval bumin instead of CyA as f#in active principle) and quantities

n nmg/ g Oval bum n 6-10

M 1944 CS 280-320

0-80 NaOH 1-10 HPMCP

ment i ohedni N 47y tjabl eg Abel ow. Bgggl e S Coppgsiti g
al phaGat CeTT O..1-.0.[5 VoI gni de| I SA (2 70- \or af i1
Spgn gb- BNl 520 100" oa s o  Bd0sse B Sodbit of
30-80 |.24h | 67,49 53,46 57,52 54,55
5 Coated CyA Beads
[0299] The following Examples illustrate the embodiment of the invention in which the mini-
beads bear a coat (are coated). In all this group of examples, coating is conducted following
the manufacturer’'s instructions using the MFL/01 Fluid Bed Coater (Freund) used in the
10  “Bottom Spray” configuration. Typical coating conditions are as described in the table above of
process parameters. Where Surelease is used, this refers to Surelease E-7-19040.
Example 24
15
[0300] The mini-beads of Example 1 were coated with 5.82% Surelease and dissolution were
carried out in 3 media (water, 0.15% SDS in water, 0.30% SDS in water) and gave the
following results:
H20 0.15%SDS | 0.3%SDS
0.5h 0,00 2,50 1,62
1h 0,00 1,60 1,38
3h 0,00 1,81 29,15
4h 0,00 1,84 44,12
6h 1,27 2,46 65,49
12h 9,73 4,18 88,59
18h 16,82 6,11 98,11
24h 22,69 7,77 101,35
20
Example 25
[0301] The mini-beads of Example 1 were coated to get a 10% w/g but as expected release
profile was slower (data not shown).
25
Example 26
[0302] The mini-beads of Example 6 were coated with 2.43% Surelease and gave the
30 following dissolution profile:

H20 0.15%SDS | 0.3%SDS
Oh 0,00 0,00 0,00
1h 7,77 25,73 45,03
3h 34,85 58,39 85,75




10The aqueous phase was conposed of gelatin, D-sorbitol, oval bumn,

al phaGal Cer, HPMCP and NaOH. The ot her conponents, Montanide |SA 720,
Labrafil wbhoth3&sy Tween 80 and Span 85) constituted tlpeTaprkophasss

HPMCP (hydr oxy- propyl - met hyl -cel | ul ose-phtal ate or hypronel | ose pht hal at e)
was used to 15prevent release in the g88tric environnent, since it is a
pol ynmer sq ubl eszaaove pl7235 Thegsasi 9 used between oil phase and aqueous
phase ywasghl: 1. gaxanp| e 528 s36onppsiyopn |mg/ g rCIB 1-5 al phaGal Cer 1-5

Mont ani dgoh SA 7gAheB80F 12Q@glsgbr af I b1 My 1944 CS 250- 300 Span 85 10-20 Tween 80
25-35 CGehghl 1 4R555P0 Dopabbi TPl 939760 WO 2010/ 133609PCT/ EP2010/ 056838 98
NaCOHS- 10 lPMIP3(-50 ulg1|8§ tne pgepMi nant subunit B of Cholera Toxin (it
repl aces—Ovat bum m o g 51). Cornposition of aqueous and oil phase are
t he sa 0 1

Tween “%Eeffﬁ%%ﬁ%%as&fgﬁs\s@%@géff‘ﬁéﬁ‘ﬂ“‘%a”%%”g‘;ﬁfw%%%@ 15 AP Ryl
al phaGaiveetimg- 8n nderdniesémiaAthe2@ G0 -ab0int ab dafi ¢|sml\n®44h60$uzaﬁ>n2€6tb in the

coating shell after the dissolution (ghosts) was analyzed and found to be 11.5% ie. nearly 90%

5 of CyA was released in water after 24 hours.

Example 27

10 [0303] Coated beads of Example 26 were further coated to get 4.89% Surelease weight gain

overall coating to give the following dissolution profiles:

H20 0.15%SDS | 0.3%SDS
Oh 0,00 0,00 0,00
1h 6,23 2,10 3,92
3h 14,51 12,70 38,10
4h 23,97 23,07 48,87
6h 38,23 36,53 63,30
12h 57,33 61,17 85,69
18h 30,18 76,78 91,33
24h 13,65 84,35 93,08
GHOST SAMPLE | 12,55%

Example 28
15

[0304] The beads of Example 11 were coated with 3.5% weight gain Surelease) and gave the

following release profile:

H20 0.15%SDS | 0.3%SDS
Oh 0,00 0,00 0,00
1h 0,00 4,01 8,93
3h 36,69 45,10 83,04
4h 52,61 62,44 91,12
6h 69,33 80,54 92,77
12h 82,19 92,74 93,66
18h 70,12 93,50 94,17
24h 26,50 94,00 95,33
GHOST SAMPLE | 4,46%

20 Example 29



Span 85 5-20 Tween 80 20-50 Celatin 500-600 D Sorbitol 50-70 1In this
Exanpl e, neither HPMCP nor NaCH was used in the aqueous phase. The beads
10pr epar estovreroei3deen coated with 5.5% of L 30-D 55, an BeompRopobssser

sol ubl e above pH 5.5. Also in this exanple (as per Ex. 52) Tween 80 was

di ssol ved partially in the aqueous pha8eé. The ratio enpl oyed between the 2
phases [0805]Th6 beassdr Exandpsl9 11 kbré keatedaniha. 45 swdighitjairas ireRaise bhd gyasmes 54
The fol |l ow n hree exanples illustrate formulations according to the
|nvent|@HMWH? aZPEMEkle by foll owing the process described in Exanple 48
but using the quantities of ingredients nentioned in the tables bel ow and
using facrolinus i nstead of Cypg HOWEVET g 15916D91 | BReSZDHsZ0( Sol utol ) was
war med[T0 40-50C befgpe adding and di gsol ving {Jig tacroligius and the BHT

t her ei | Composi t1 oMMy _/g racrotimus gl 2T Sof gy pr HS 1504 2.62 BHT 0. 15
WO 20107 133609PCTEPZ]) UI u%S@B_Sm—qEQT_HS_TEB J&| POl yeE L’é’é ene gl ycol 660

12- hyd UXZ’rb\rLUEdI at & T, Al chtie pobygEycot &5/ of J.L-7\Slgél oxystearic acid
makes P~ 7U70 01 1S IUl. ot—antd |>r43.|2/5: My O OpPATQHT € COoN g)élg t and in which
t he polyettyt c"'lc gl y\2J= rakes—tp—3 of —the tot—=& 21 5 the hydrophilic
T a4 LN TN RN +t68,.8l5.”-. VA0 N 193« i
conponetit oo+ Sy nyGioXy—taQ zgllc, & 6 SANASZSH b i i oxi dant. Mean
di ssol pti-en—oef—3—runs was—as—fol 0‘7‘1’. H-reih H 345 %&i\,:an 115. 93 118. 27
h 73,37 65,61 94,25
GHOST SAMPLE 5,68% 26,08%
5
Example 30

10 [0306] The mini-beads of Example 14 were coated with 2.44% weight gain Surelease and

gave the following dissolution profile:

H20 0.15%SDS 0.3%SDS
Oh 0,00 0,00 0,00
1h 14,02 51,46 86,14
3h 27,42 69,39 96,26
4h 30,18 70,37 96,32
6h 32,08 70,34 96,54
12h 30,01 71,27 97,90
18h 22,48 71,65 98,84
24h 15,22 72,71 99,12
ghost anal. 12,68% 30,87%

Example 31
15
[0307] The beads of Example 16 were coated with 4.5% weight gain Surelease and gave the

following dissolution profiles:

H20 0.15%SDS 0.3%SDS
0 0,00 0,00 0,00
1 2,64 3,78 4,92
3 8,93 13,48 36,21
4 13,17 17,43 4515
6 21,51 23,32 58,87
12 33,60 34,75 83,07
18 15,59 40,72 90,16
24 7,08 44,32 93,21
ghost 38,60% 48,01%




121.38 122.25 123.23 119.96 Dissolution Method 10Apparat usUSP Type |1
(Paddl es) Medi aNa3PO4 pH 6.8 RPM/5 Tenperature 37' C 15 Exanple 55 This
exanpl e wae 20uis3dpy fol |l owi ng the process of Exanpl e 55PpPhutEPosiongsssse
proportions of materials indicated in the table bel ow Conposition ng/g
Tacrolinus 20.54 Solutol HS 15 390.02 8HT 0.14 Gelatin 493.05 D Sorbitol
56.26 SDS 39.98 20 Wth the addition of SDS in the gelatin phase, the
enmul si @xahie!BRI Nng by m xing the oil phase and gel atin phase was
transparent (mcroenulsion - ) as were the beads subsequently produced
(solidified mcroenulsion). 25 Exanple 56 This exanpl e was nmade by

f ol | owilRP8] Beaght sirwastodhese piferpmnie EQ ¢a5¢ €0aigd myith & %\d"et'g’fﬁ galﬁ‘a$HrP|Le?é%tcbf
I nggedi ttﬁerp@@wrgﬂﬁ%dmlo}] ofii@bl e bel ow and using tacrolinus instead of
Oy A

2010/ 13 PCT/ EP2010/ 056838 100 Conpasition nmg/g Tacrolinmus 21.68
Transcut ol 37g#ne6 BHT 0. 19420 0.15%SDS 0.3%SDS
0 0,00 0,00 0,00
1 1,02 1,36 2,83
3 3,43 9,11 30,13
4 5,94 13,01 37,39
6 10,91 19,24 48,18
12 12,14 33,00 70,88
18 8,72 41,77 81,42
24 7,50 47,11 84,88
ghost 48,41 43,62
Example 33
10
[0309] The beads of Example 17 were coated with 3.6% weight gain Surelease to give the
following dissolution profile:
H20 0.15% SDS
Oh 0.00 0.00
1h 36.50 67.11
3h 65.64 92.00
4h 70.23 93.70
6h 62.61 94.64
12h 28.65 95.04
16h 11.94 94.56
18h 9.66 94.50
20h 7.50 94.76
24h 6.86 95.08
GHOST 12,86%
15
Example 34
[0310] The beads of Example 17 were coated with 5.4% weight gain Surelease to give the
following dissolution profile:
20
(5.4% Surelease)
37.5mg H20 0.15% SDS
Oh 0.00 0.00

1h 3.40 13.37




Gel atin 452. 86 D Sor bitol

M gl yol

a solution in acetate buffer (approximately pH3.5).

51.57 Eudragit EPO 128.66 Crenophor

EL 104. 96

810 N 51.5 Eudragit EPOis a polyner souble in acidic nedia. It
was addedwbaotohs3s@gueous phase (gelatin and sorbitol) decirmp2poepasati on as

Time/h 1 2 3 45 6 Man

90.6820 9 102.841 104.395 4 101.601 7 8®0.896 2 103.344 5 5Dissolution

M Na3PO4 pH 6.8 RPM/S

npl e 57 The net hod of
e change in active

The anpunts used were as

Met hod] Appargt usUSH Type b of Paddl gs) Neg,a0. 2
é?l’gg{r) :+r at Erghd/ C l.gcr i Pr i af L(BD?S&iAb Fi(,
T I UII VWVaAAS C{O LI AYAl LATTT T I UAUU'JL Ul |
i ngredient a8l that [SDS \/\nzrﬁlhqf i tued f&408BHT
shown i|n thetZhol | owi|ng t abh&11 Conpogi ti 080.17
16h 8.69 82.81
18h 7.47 82.27
20h 6.64 81.04
24h 8.74 78.47
Ghost 32,82% 13,76%
Example 35
5 [0311] The beads of Example 17 were coated with 8.7% weight gain Surelease to give the
following dissolution profile:
(8.7% Surelease)
37.5mg H20 0.15% SDS
Oh 0.00 0.00
1h 1.86 4.28
3h 6.01 24.54
4h 9.82 29.86
6h 14.23 40.15
12h 10.84 48.73
16h 7.69 49.98
18h 6.27 49.74
20h 5.19 49.64
24h 5.22 49.70
Ghost 48,27 42,80
10
Example 36
[0312] The beads of Example 17 were coated with Nutrateric, that is an association of
15

Surelease and Na Alginate, at 4.6% weight gain using Surelease/Alginate in a ratio of 85/15.

This gave the following dissolution profiles: (4.6% Nutrateric 85/15)

H20 | 0.15% SDS

Oh 0 0

1h 36,33 91,88
3h 40,6 96,27
4h 39,95 96,3
6h 37,15 96,68
12h 23,42 96,83
16h 14,39 96,17
18h 11,23 95,46




ng/ g Lacticin 35.93 Solutol HS 15 332.17 SDS 42.91 Cel atin 529. 42
D Sorbitol 59.57 20 Exanple 58 WD 2010/ 133609PCT/ EP2010/ 056838 101 Thi s
is the sawe08/B3@9pl € 57 except that the beads were coatCedpresmnhsesss
Sur el ease/ pectin mxture (98:2 ratio by weight) as described in Exanple 17.
The wei ght gain was 11.8% Exanple 59 889327] This exanple is simlar to
that of Bxamplieghs {heggnpby difference being the increased SDS content. In
this rum, r %gzn UU‘:é% 5 bgads were in the range 1.4 - 2.0 nm The

hag af

conpos DR and Pat easeédfoti]l e were as fol lows: Lacticin 40.01 M gl yol
810 55/ 6H@%%q EL %8 01 SDS 40.41 Gel atin 498.62 Transcutol HP 200. 15

D-Sorbitol 56.10 Exarrpl e 60 This is the sane as exanple 59 except that the
beads were coated with a Surel ease/ pectin mxture (98:2 ratio by weight) as
descri lxa@mpte BXanpl e 17. The weight gain was 7% Two wat er-sol ubl e pol yners
formthe matrix. Exanple 61 Conposition ng/g Cyclosporin A 179

5 [0313]The beads of Example 17 were coated with Nutrateric, that is an association of

Surelease and Na Alginate, at 11.3% weight gain using Surelease/Alginate in a ratio of 85/15.

This gave the following dissolution profiles:

(11.3% Nutrateric 85/15)

H20 0.15% SDS

Oh 0 0
1h 30,95 90,13
3h 38,79 95,04
4h 38,81 95,35
6h 37,61 95,51
12h 22,81 96,21
16h 14,18 96,47
18h 10,86 96,1
20h 8,64 96,11
24h 6,39 96,14

GHOST | 23,33 2,23

10
Example 38

[0314] The beads of Example 17 were coated with Nutrateric, that is an association of
15  Surelease and Na Alginate, at 6.2% weight gain using Surelease/Alginate in a ratio of 95/5.

This gave the following dissolution profiles:

(6.2% Nutrateric 95/5)

0.15%
H20 SDS
Oh 0 0

1h 22,76 52,23
3h 38,71 77,13
4h 40,09 84,44
6h 37,64 92,43
12h 12,3 93,94
16h 8,23 92,98
18h 7,72 92,36
20h 7,47 92,36
24h 7,47 92,36




Transcutol P 272 Crenophor EL 152 M glyol 810 76.5 Agar 178 Gelatin 142
This fornulation was made in the sane way as were Exanples 1 to 13. The
agar was wonstods@sol ved in water heated to about 90 degcTEPEMOMSisBE

sol uti on becones clear the tenperature was reduced to around 70 deg C and
gelatin is added. In the nmeanwhile the99il 25 phase was nmade by m xing all
the comaMeetd deyese{her (CyA| Transcutol, crenmophor and nygliol). The two
phases were m xed together in a ratio of 1:10 (oil:aqueous phases). The
gel atin/agar m xture of this Exanple yielded a stronger bead than agar
alone. Also the mxture WD 2010/133609PCT/ EP2010/ 056838 102 al |l owed for a
reducti ofle%?e total amount of gelling polynmers present from around 500
ng/g to 38 nyrg (=178+142). This also allowed higher incorporation of
Cycrlos

j fromaround 1 / 0,179 my/q). SVoid/ Dead e filled
w7 O Ths SR B R at et teche i MG NEeie (YSRGS ¥ aidingl o
Cycl ospardon weid9 gdihaonsiegtDlrelBad@Bldinaegaphorafid. Db .gMiiel gBED tHES fSHokmrid ol
56 SDS 40 |atin 490 10 The above beads (fornulation A - uncoated) were
made byiSSARIUBR 8&2‘?&?' used for Exanples 14-17. Using the Diosna machine,
these hends NGirstetib®s/x0ated with 4.6% (B), 7.4% (C) and 15.0% (D) wei ght
gain of Surelfgase and ggegj n |at the ratio of 98:2 in the manner descri bed
in Exa b%iél-ﬂ&p. Har §e| atin capsules then filled with a liquid nedia
conbi n¢ uht reagn of 1:)6||e bove uncoated and coated beads, as per the
t abl e bel

PO g

1th | 593 31,39
3h | 24,42 61

4h | 2544 | 66,75
6h | 2194 | 7428
12h | 11,13 | 83,24

16h 7,5 83,24
18h 6,51 83,5
20h 5,64 82,8
24h 5,65 82,8
GHOST | 43,66 -
10
Example 40

[0316] The mini-beads of Example 17 were coated with FS 30 D (Eudragit polymer based on
15  methyl acrylate) for a 22% weight gain to give the following dissolution profiles:

(22% FS 30 D)

0,00 0,00 0,00
10,46 10,92 | 11,44
33,87 32,39 | 32,89
46,34 55,81 54,16
52,86 66,98 | 66,07
6 55,35 73,72 | 78,28
12 46,71 80,17 | 85,35
16 42,48 81,31 86,72
18 41,62 81,64 | 87,19
20 40,86 81,79 | 87,68
24 39,89 81,76 | 89,04
ghost 14,37% | 5,91% | 1,18%

BWIN A [O




Li quid Medi a Beads Neor al
A B C D Trancut ol
Span85

10

15

20
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*First 2 hours were carried in PBS (pH = 7.4), then samples were transferred in water, 0.15%

SDS and 0.3% SDS.

Example 41

[0317] The mini-beads of Example 17 were coated with RS 30 D (Eudragit polymer based on

methyl acrylate) for a 5% weight gain to give the following dissolution profiles:

(5% RS 30 D)
H20 0.15% SDS
Oh 0 0
1h 0,91 2,23
3h 13,1 7,66
4h 22,53 10,97
6h 34,21 16,47
12h 35,04 28,32
16h 17,13 35,37
18h 15,26 38,06
20h 12,31 40,17
24h 13,42 43,52
GHOST | 31,42 63,14
Example 42

[0318] The mini-beads of Example 17 were coated with a combination of Surelease and Pectin

in a ratio of 98/2 for a total weight gain of 16.57% to give the following dissolution profile in

three media: deionised water with pectinase, phosphate-buffered saline and Hanks buffer

solution with SDS and pectinase:
(16.57% Surelease/Pectin 98/2)

DiH20 c. 0.5% 50/50 Hanks/H20; 0.1%
Pectinase PBSpH 7.4 SDS; 0.5% Pectinase
Oh 0,00 0,00 0,00
1h 4,81 7,88 8,75
3h 17,07 37,55 40,00
4h 19,52 46,15 48,90
6h 19,26 56,90 62,15
12h 12,35 71,13 79,03
16h 10,45 73,61 84,29
18h 11,06 72,40 86,03
20h 14,80 65,29 88,32
24h 35,37 54,74 83,66
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|  GHOST 28,11% 14,36% 11,23%

Dissolution was carried out with the addition of pectinase

5 Example 43

[0319] The mini-beads of Example 17 were coated with a combination of Surelease and Pectin
in a ratio of 98/2 for a total weight gain of 22.5% to give the following dissolution profile in a
medium varied over the course of the dissolution experiment (middle column is time in hours)

10  starting with hydrochloric acid and switching to phosphate-acetate (PA) buffer initially with
SDS:

(22.5% Surelease/Pectin 98:2)

0.1N HCI 0 0,00
0.1N HCI 1 3,50
0.1N HCI 2 10,11
P-A Buffer 0.1% SDS pH =7 3 15,97
P-A Buffer 0.1% SDS pH =7 4 24,28
P-A BufferpH =7 6 42,54
P-A BufferpH =7 12 66,43
P-A BufferpH =7 16 70,74
P-A BufferpH =7 18 70,94
P-A BufferpH =7 20 70,57
P-A BufferpH =7 24 67,05

GHOST 15,41

15 Example 44

[0320] The mini-beads of Example 17 were coated with a combination of Surelease and Pectin
in a ratio of 99/1 (pectin content decreased over Example 43 from 2 to 1% in terms of solid
weight ratio to Surelease) for a total weight gain of 10% to give the following dissolution profile:

20

(10% Surelease/Pectin 99:1)

Oh 0.1N HCI 0,00
1h 0.1N HCI 8,31
2h 0.1N HCI 9,69
3h P-A Buffer 0.1% SDS pH =7 13,61
4h P-A Buffer 0.1% SDS pH =7 30,04
6h P-A Buffer pH = 7 47,22
12h P-A BufferpH =7 65,31
16h P-A Buffer pH = 7 72,67
18h P-A Buffer pH = 7 70,50




Corn Q| Time(H Replicatel (% Replicate2(% Mean 1 1 7.8 4.4 2 0 16.5
8.25 3 16.8 49.4 33.1 4 29.2 61.7 45.45 6 63 73.3 68.15 12 69.6 83.6 76.6

16 73.5 850&01091366918 75.3 86.6 80.95 20 PCT/EP2010/056838
93
20h P-A BufferpH =7 72,51
24h P-A BufferpH =7 76,71
Ghost 2.79
Example 45

5 [0321] This Example is similar to Example 44 except that the weight gain was increased to

15%.This gave the following dissolution profile:

(15% Surelease/Pectin 99:1)

Oh 0.1N HCI 0,00
1h 0.1N HCI 0,00
2h 0.1N HCI 0,00

3h P-A Buffer 0.1% SDS pH =7 1,05
4h P-A Buffer 0.1% SDS pH =7 4,72

6h P-A BufferpH =7 16,81
12h P-A Buffer pH =7 17,71
16h P-A Buffer pH =7 21,94
18h P-A Buffer pH =7 25,25
20h P-A Buffer pH =7 25,94
24h P-A Buffer pH =7 55,11
GHOST 10,31

10  The low amount of ghost sample suggested that the actual dissolution after 24 hours was
higher than the 55% recorded, so the 0.1% SDS was maintained from 3" to 24™ hour to

achieve the following profile:

Oh [ 0.1N HCI 0,00
1h | 0.1N HCI 0,00
2h | 0.1N HCI 0,00

3h | P-A Buffer 0.1% SDS pH =7 1,28

4h | P-A Buffer 0.1% SDS pH =7 5,91

6h | P-ABuffer 0.1% SDSpH=7 | 32,17
12h | P-A Buffer 0.1% SDS pH =7 | 64,87
16h | P-A Buffer 0.1% SDSpH =7 | 70,83
18h | P-A Buffer 0.1% SDSpH=7 | 77,71
20h | P-A Buffer 0.1% SDSpH=7 | 79,90
24h | P-A Buffer 0.1% SDSpH=7 | 89,18

Thus, in this Example, 89% of API was released after 24 hours, which is in accordance to the

15  ghost results obtained.

Example 46
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[0322] The beads of Example 18 were coated with 4.9% Surelease to give the following

dissolution profile :

Time (hrs) | AV water | AV 0.15%SDS | AV 0.3%SDS
1 0 0 10,195
3 3,765 1,74 29,425
4 4,535 4,675 41,12
6 7,99 10,745 55,875
8 10,98 6,895 69,2
12 16,69 17,095 82,535
16 22,715 18,235 85,97
20 26,54 9,7 87,87
24 29,395 21,325 87,69

5

Example 47 (a) and (b)

10 [0323] The beads of Example 19 were coated with Surelease at 2 different weight gains:
2.47% (Example 47a) and 4.89% (Example 47b); dissolution profiles are shown below:
Dissolution (Example 47a)

Time (hrs) Water 0.15% SDS | 0.3% SDS
1 19,25 29,00 55,64
3 56,66 51,95 95,38
4 65,42 64,82 98,16
6 69,99 77,03 104,18
8 71,34 80,08 103,12
12 67,02 76,28 101,38
16 66,18 78,42 101,50
20 63,16 80,31 106,47
24 63,77 82,99 99,46
15  Dissolution (Example 47b)
Time (hrs) Water 0.15% SDS | 0.3% SDS
1 0 0 0
3 0 0 31,14
4 4,33 12,78 46,06
6 18,43 21,08 56,89
8 27,61 31,89 65,52
12 39,49 43,13 75,88
16 46,38 51,44 82,56
20 51,91 57,23 87,39
24 55,86 59,78 91,45
Ghost 19,28% 38,25%

Example 48
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[0324] In the following example the oil phase and the aqueous phase are mixed in a proportion
in the range 1:6-10, preferably approximately 1:7 or 1:8 with gentle continuous stirring of the
components using a Magnetic Stirrer (manufactured by Stuart). The aqueous phase (gelatin
5  with sorbitol) was prepared by adding the appropriate quantities of sorbitol (and SDS as

surfactant) to water, heating to approximately 60-75° C until in solution and then adding
gelatin. The “gelatin solution” comprised 15-25% (preferably 17-18%) of gelatin; 75%-85%
(preferably 77-82%) of water plus from 1-5% (preferably 1.5 to 3%) sorbitol. The gelatin
solution was maintained at 60°C-70°C to maintain it in a fluid state. In a slightly variant method,

10  the SDS was added to the agueous phase at the same time the other components are added
ie. gelatin and sorbitol at the beginning of the processing session. SDS (surfactant) was
present in an amount between 0.8% and 1% (by weight) of the aqueous phase. The oil phase
was made at room temperature with stirring until clear. The appropriate amount of CyA (see
table below) was added to achieve the target proportion. Stirring was continued overnight.The

15  emulsion was formed by addition of the oil phase to the heated aqueous phase with stirring as
described above. The resultant emulsion then had the composition of the solidified mini-beads
but with water still present. Once the emulsion was formed, the beading step was begun
without delay by dropping the fluid emulsion into MCT (cooling fluid) maintained in the range 8-
12°C which effected solidification of the droplets. Beads were then collected in a mesh basket

20  through which the oil was drained and the beads retained, excess oil removed by
centrifugation then dried and washed with ethyl acetate then dried again. Drying was with the
Freund Drum dryer with warm air at between 15°C and 25°C. Uncoated mini-beads having the

following composition were generated:

Mg/g

CYA 80-120
Transcutol HP “150-190
Cremophor EL 80-120

Migyol 810 20-60

SDS 15-50

D-Sorbitol 30-80
Gelatin 450-550

25
Example 49
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[0325] The beads of this Example were produced initially as for Example 48 then through
ejection of the fluid o/w emulsion through a vibrating 3mm diameter single lumen nozzle
applied to the Freund Spherex machine. Operation of the Spherex machine manufactured by
Freund was in accordance with the manufacturer’s instructions. The lines to the orifice/nozzle
5 were maintained at 65-85°C to maintain the fluidity of the solution. Use of the Spherex
machine achieved high monodispersity — out of a 100 g batch, 97g of mini-spheres were
between 1.4 to 2 mm diameter. Larger and smaller beads were rejected by passing the batch
first through a 2mm mesh and subsequently through a 1.4 mm mesh. The resulting beads had

the following composition:

10
Components Lower limit (mag/q) | Upper limit (mag/q)
CvA 80 140
Gelatin 490 610
D-Sorbitol 55 75
SDS 20 40
Transcutol P 100 180
Cremophor EL 50 110
MCT oil* 45 180
Labrafil M 1944 CS 40 150
Epax 6000** 80 150

*MCT brands used include: Mygliol 810, Labrafac Lipophile 1349 WL, Captex 355, etc...
**Omega-3 oil having a EPA (eicosapentanoic acid)/DHA (docosohexaenoic acid) ratio ~ 1.5

15 Example 50

[0326] Uncoated beads in this Example were made in accordance with Example 48 except that
the active ingredient was tacrolimus instead of CyA and the other components were as stated

in the table below.

20
Components Lower limit (mg/g) | Upper limit (mgl/g)
Tacrolimus 11 17
Gelatin 470 510
D-Sorbitol 63 70
SDS 22 42
Transcutol P 104 119
Tween 80 106 146
HPMC E 100 27 30
Labrafil M 1944 CS 140 203
Ascorbic Acid 47 48

Vaccine Examples



44.5 4 55.7 69.3 62.5 6 62.8 77.9 70.35 12 77.1 90.6 83.85 16 80.7 91.3 86
18 81.2 92 86.6 20 83.3 92.7 88 24 83.4 93.51 88.455 For mul ati ons
conpri si ngoaiomseosal ci tonin (sCT) Exanple 63 sCT was asdeadre@otbes3gel atin
solution and it was m xed at 60C over night by follow ng the process used
previ ously. Conponent sngng/ g% Sal non Cafcitonin 18.70 4.05 0.41 Transcut ol
HP 1068. 78 231.64 23.16 Crenophor EL

The following three examples illustrate formulations according to the invention which are made
by following the process described in Example 48 but using the ingredients (eg using

ovalbumin instead of CyA as main active principle) and quantities mentioned in the tables

5 below.
Example 51
Composition mgl/g
Ovalbumin 6-10
alphaGalCer 0.1-0.5
Montanide ISA 720 70-120
Labrafil M 1944 CS 280-320
Span 85 1-5
Tween 80 1-5
Gelatin 450-550
D-Sorbitol 50-80
NaOH 1-10
HPMCP 30-80

10  The aqueous phase was composed of gelatin, D-sorbitol, ovalbumin, alphaGalCer, HPMCP
and NaOH. The other components, Montanide ISA 720, Labrafil M 1944 CS, Tween 80 and
Span 85) constituted the oil phase.

HPMCP (hydroxy-propyl-methyl-cellulose-phtalate or hypromellose phthalate) was used to
15 prevent release in the gastric environment, since it is a polymer soluble above pH 5.5

The ratio used between oil phase and aqueous phase was 1:7.

Example 52
Composition mgl/g
rCTB 1-5
alphaGalCer 1-5
Montanide ISA 720 80-120
Labrafil M 1944 CS 250-300
Span 85 10-20
Tween 80 25-35
Gelatin 450-550
D-Sorbitol 30-60
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rCTB is the recombinant subunit B of Cholera Toxin (it replaces Ovalbumin of Example 51).

Composition of aqueous and oil phase are the same of Example 1, the only difference being

the addition of part of Tween 80 to the aqueous phase.

Example 53

10

15

20

Composition mgl/g
rCTB 1-5
alphaGalCer 1-5
Montanide ISA 720 60-100
Labrafil M 1944 CS 200-260
Span 85 5-20
Tween 80 20-50
Gelatin 500-600
D-Sorbitol 50-70

In this Example, neither HPMCP nor NaOH was used in the aqueous phase. The beads

prepared were then coated with 5.5% of L 30-D 55, an Evonik polymer soluble above pH 5.5.

Also in this example (as per Ex. 52) Tween 80 was dissolved partially in the aqueous phase.

The ratio employed between the 2 phases was increased to 1:9.

Further Tacrolimus formulations.

Example 54

The following three examples illustrate formulations according to the invention which are made

by following the process described in Example 48 but using the quantities of ingredients

mentioned in the tables below and using tacrolimus instead of CyA. However, the oil phase

(Solutol) was warmed to 40-50°C before adding and dissolving the tacrolimus and the BHT

therein.

Composition mgl/g

Tacrolimus 21.21
Solutol HS 15 402.62

BHT 0.15




Crenophor EL 229.32 99.55 9.95 Mglyol 810 172.22 74.76 7.48 SDS 65.70
28.52 2.85 D-Sorbitol 125.60 54.52 5.45 Celatin 1167.40 506.77 50.68 Tot al
2303. 60 MWOQo3360. 00 Exanple 65 A solution of sCT inpeatrreoremsesagided t o
the emulsion and it was m xed at 60C for -5m n. otherw se follow ng the
processs of Exanple 54. This Exanple i891i ke Exanple 65 except that citric
acid was used. Corrpocg@g{:"§ gy ng/g % Sal " daal citonin 9.40 3.92 0.39

hAar [ |

Tr anscutot—HP—535-69223-23 2232 Crenb 234. 71

D-Sorbitol Igé 9|5_

Solutol HS 15 is Polyethylene glycol 660 12-hydroxystearate in which the polyglycol ester of

12-hydroxystearic acid makes up 70 % of the Solutol and is the hydrophobic component and in

which the polyethylene glycol makes up 30 % of the Solutol and is the hydrophilic component.
5 BHT is butyl hydroxy toluene, a hydrophobic antioxidant.

Mean dissolution of 3 runs was as follows:

Time/h 1 2 3 4 5 6
Mean 115.93] 118.27| 121.38] 122.25] 123.23] 119.96
Dissolution Method:

10  Apparatus USP Type Il (Paddles)
Media Na3PO4 pH 6.8
RPM 75

Temperature 37'C

15 Example 55

This example was made by following the process of Example 55 but using the proportions of

materials indicated in the table below.

Composition mg/g
Tacrolimus 20.54
Solutol HS 15 390.02

BHT 0.14
Gelatin 493.05
D-Sorbitol 56.26
SDS 39.98

20
With the addition of SDS in the gelatin phase, the emulsion resulting by mixing the oil phase
and gelatin phase was transparent (microemulsion - ) as were the beads subsequently

produced (solidified microemulsion).

25 Example 56

This example was made by following the process described in Example 48 but using the

quantities of ingredients mentioned in the table below and using tacrolimus instead of CyA.



97.81 9.78 Mglyol 810 173.89 72.47 7.25 SDS 69.90 29.13 2.91 D Sor bi tol
119.00 49.59 4.96 Citric Acid 120.00 50.01 5.00 Gelatin 1137.10 473.85
47.39 Totwb 288983600 1000. 00 100.00 Exanple 66 sCT poaxpacideshss® t he

oil phase and it was m xed with the gelatin solution at 60C for -5mn.
150t herwi se followi ng the processs of ®¥anple 54. Conponents ng ng/g % sCT
13.00 4.17 0.42 Transcutol HP 632.60 202.88 20.29 Crenophor EL
Composition mgl/g
Tacrolimus 21.68
Transcutol 188.66
BHT 0.12
Gelatin 452.86
D-Sorbitol 51.57
Eudragit EPO 128.66
Cremophor EL 104.96
Miglyol 810 N 51.5

Eudragit EPO is a polymer souble in acidic media. It was added to the aqueous phase (gelatin

and sorbitol) during preparation as a solution in acetate buffer (approximately pH3.5).

Time/h 1 2 3 4 5 6
90.6820 104.395| 101.601| 100.896| 103.344
Mean 9 102.841 4 7 2 5

5 Dissolution Method:

Apparatus USP Type Il (Paddles)
Media 0.2M Na3PO4 pH 6.8
RPM 75

10  Temperature 37°C

Lacticin formulations.

15 Example 57

The method of preparation was as for Example 54 except for the change in active ingredient

and that SDS was substitued for BHT. The amounts used were as shown in the following

table:
Composition mg/g
Lacticin 35.93
Solutol HS 15 332.17
SDS 42.91
Gelatin 529.42
D-Sorbitol 59.57

20
Example 58




320.90 102.92 10.29 Mglyol 810 221.50 71.04 7.10 SDS 86.25 27.66 2.77
D-Sorbitol 130.25 41.77 4.18 Citric Acid 156.70 50.26 5.03 Gelatin 1556. 83
499. 30 49W623010t334093118. 03 1000. 00 100. 00 Exanple 67 2@cThiroosésas at i on
was prepared as for previous sCT fornulations. 106 Dried Beadsmmat % Sal non
Calcitonin 9.63 4.18 0.42 Transcutol H®1542. 18 235.28 23.53

This is the same as example 57 except that the beads were coated with a Surelease/pectin

mixture (98:2 ratio by weight) as described in Example 17. The weight gain was 11.8%.

Example 59
5
[0327] This example is similar to that of Example 15 the only difference being the increased
SDS content. In this run, more than 90% of beads were in the range 1.4 — 2.0 mm. The
composition and release profile were as follows:
Lacticin 40.01
Miglyol 810 55.69
Cremophor EL 109.01
SDS 40.41
Gelatin 498.62
Transcutol HP 200.15
D-Sorbitol 56.10
10
Example 60
This is the same as example 59 except that the beads were coated with a Surelease/pectin
mixture (98:2 ratio by weight) as described in Example 17. The weight gain was 7%.
15
Two water-soluble polymers form the matrix.
Example 61
20
Composition mg/g
Cyclosporin A 179
Transcutol P 272
Cremophor EL 152
Miglyol 810 76.5
Agar 178
Gelatin 142

This formulation was made in the same way as were Examples 1 to 13. The agar was first
dissolved in water heated to about 90 deg C. Once the solution becomes clear the
temperature was reduced to around 70 deg C and gelatin is added. In the meanwhile the oil
25 phase was made by mixing all the components together (CyA, Transcutol, cremophor and
mygliol). The two phases were mixed together in a ratio of 1:10 (oil:aqueous phases). The

gelatin/agar mixture of this Example yielded a stronger bead than agar alone. Also the mixture



Crenmophor EL 238.64 103.56 10.36 M glyol 810 175.68 76.24 7.62 SDS 64. 70
28.08 2.81 D-Sorbitol 114.70 49.77 4.98 1158.9 GCelatin 0 502.90 50.29
2304. 4 1000.2010/1B8d0al 3 0 100.00 5 Example 68 Thi s for mecatEresnowsssspr epar ed
as for previous sCT fornulations. 10 Dried Beadsmmat % Sal non Cal ci t oni n
9.55 3.71 0.37 102

allowed for a reduction of the total amount of gelling polymers present from around 500 mg/g
to 320 mg/g (=178+142). This also allowed higher incorporation of Cyclosporin A (from around
100 mg/g to 179 mg/g).

5 Void/Dead Space filled with fluids

Example 62
Uncoated bead formulation (A):
Composition mg/g
Cyclosporin A 109
Transcutol P 165
Cremophor EL 93
Miglyol 810 46
Sorbitol 56
SDS 40
Gelatin 490

10
The above beads (formulation A — uncoated) were made by the process used for Examples

14-17 . Using the Diosna machine, these beads were then coated with 4.6% (B), 7.4% (C) and
15.0% (D) weight gain of Surelease and Pectin at the ratio of 98:2 in the manner described in
Examples 14-17.. Hard gelatin capsules then filled with a liquid media combined with each of

15  the above uncoated and coated beads, as per the table below.

Liquid Media Beads
Neoral A B C D
Span 85 A B C D
Corn oil A B C D
Labrafac A B C D
Trancutol P A B C D
Tween 80 A B C D

Dissolution Experiments

Span85
Replicatel Replicate2(%

Time(H) | (%) ) Mean
1 0 0 0
2 0 0 0
3 4.1 0 2.05
4 18.3 27.6 22.95
6 47.8 67 57.4




Transcutol HP 555.29 215.60 21.56 Crenophor EL 237.85 92.35 9.23 Mgl yol
810 180.96 70.26 7.03 SDS 71.00 27.57 2.76 D Sorbitol 115.60 44.88 4.49
Citric AcwoO 200013860946. 59 4. 66 1285.3  Celatin 0 499. 0#c4&P3@10/026836. 5
1000.0 Total 5 0 100.00 Exanple 69

103
12 69.1 85.4 77.25
16 74.3 88.4 81.35
18 76.5 91.9 84.2
20 77.7 87.3 82.5
24 79.9 92.7 86.3
Corn Oil
Replicatel
Time(H) | (%) Replicate2(%) | Mean
1 1 7.8 4.4
2 0 16.5 8.25
3 16.8 49.4 331
4 29.2 61.7 45.45
6 63 73.3 68.15
12 69.6 83.6 76.6
16 73.5 85.8 79.65
18 75.3 86.6 80.95
20 77.2 70 73.6
24 79.4 88.4 83.9
Labrafac
Replicatel
Time(H) | (%) Replicate2(%) | Mean
1 0 0 0
2 0 6.7 3.35
3 13.9 34.4 24.15
4 324 58.1 45.25
6 56.7 72.1 64.4
12 69.2 83.1 76.15
16 72.4 85.6 79
18 74.9 86.9 80.9
20 75.8 82.6 79.2
24 79.1 89.7 84.4
Transcutol
Time(H Replicate2(%
) Replicatel (%) |) Mean
1 0 12 6
2 131 15.7 14.4
3 12.7 26.7 19.7
4 17.7 28.2 22.95
6 24.7 30 27.35
12 24.3 35.7 30




15 This fornul ation was prepared as for previous sCT fornul ations.
Beadsmat % Sal non Cal citonin 9.55 3.76 0.38 Transcut ol

21.94 Cr ewophon13&d09238. 46 93.98 9.40 M gl yol

76.90 30.31 3.03 107 D Sorbitol

1223. 5

10

15

130. 70 51.51 5.15 NaTDC 120.00 47.30 4.73

Gelatin O 482.21 48.22 2537.14
16 27.8 40.9 34.35
18 32.9 43.9 38.4
20 32 45.6 38.8
24 37.5 51.2 44.35
Tween
Replicatel
Time(H) | (%) Replicate2 | Mean
1 1.5 23.21 12.355
2 3.6 34.01 18.805
3 26.3 62.7 44.5
4 55.7 69.3 62.5
6 62.8 77.9 70.35
12 77.1 90.6 83.85
16 80.7 91.3 86
18 81.2 92 86.6
20 83.3 92.7 88
24 83.4 93.51 88.455

Formulations comprising salmon calcitonin (sCT)

Example 63

Dried
HP 556. 72 219. 42
810 181. 42 p¢1/EPR016/03€335DS

sCT was added to the gelatin solution and it was mixed at 60°C over night by following the

process used previously.

Components mg mg/g %
Salmon Calcitonin 18.70 4.05 0.41
Transcutol HP 1068.78 231.64 23.16
Cremophor EL 462.56 100.25 10.03
Miglyol 810 342.36 74.20 7.42
SDS 182.90 39.64 3.96
D-Sorbitol 272.80 59.13 5.91
Gelatin 2265.80 491.08 49.11
Total 4613.90 | 1000.00 100.00
Example 64

A solution of sCT in water was added to the emulsion and it was mixed at 60°C for ~5min
otherwise following the processs of Example 54.

Components mg mg/g %
Salmon Calcitonin 9.40 4.08 0.41
Transcutol HP 533.96 231.79 23.18




1000.0 Total 5 0 100.00 Exanple 70 5This formnul ati on was prepared as for
previous sCT fornul ations. Dried Beadsmat % Sal non Cal citonin 9.55 3.98 0.40
Transcut owoMP1051826083 226. 03 22. 60 Crenpphor EL 232.21 9&c8Zr01685d¢sg! yol
810 176.67 73.66 7.37 SDS 80.80 33.69 3.37 D Sorbitol 118.90 49.57 4.96 010

120.00 50.03 5.00 1118.2 105
Cremophor EL 229.32 99.55 9.95
Miglyol 810 172.22 74.76 7.48
SDS 65.70 28.52 2.85
D-Sorbitol 125.60 54.52 5.45
Gelatin 1167.40 506.77 50.68
Total 2303.60 | 1000.00 100.00
Example 65
5

A solution of sCT in water was added to the emulsion and it was mixed at 60°C for ~5min.
otherwise following the processs of Example 54. This Example is like Example 65 except that
citric acid was used.

10

Components mg mg/g %
Salmon Calcitonin 9.40 3.92 0.39
Transcutol HP 535.69 223.23 22.32
Cremophor EL 234.71 97.81 9.78
Miglyol 810 173.89 72.47 7.25
SDS 69.90 29.13 2.91
D-Sorbitol 119.00 49.59 4.96
Citric Acid 120.00 50.01 5.00
Gelatin 1137.10 473.85 47.39
Total 2399.70 | 1000.00 100.00

Example 66

sCT was added to the oil phase and it was mixed with the gelatin solution at 60°C for ~5min.

15  otherwise following the processs of Example 54.
Components mg mg/g %
sCT 13.00 417 0.42
Transcutol HP 632.60 202.88 20.29
Cremophor EL 320.90 102.92 10.29
Miglyol 810 221.50 71.04 7.10
SDS 86.25 27.66 2.77
D-Sorbitol 130.25 41.77 4.18
Citric Acid 156.70 50.26 5.03
Gelatin 1556.83 499.30 49.93
Total 3118.03 | 1000.00 100.00

Example 67

20

This formulation was prepared as for previous sCT formulations.




Celatin O 466.22 46.62 2398.4 1000.0 Total 5 0 100.00 10 Exanple 70 This

formul ati on was prepared as for

previous sCT fornul ations. Dried Beadsmat %

Sal nron Calwoi2vmmizBs09. 75 4. 07 0.41 Transcutol HP 541. 45 226T1/EP2018/056838

Cr enophor
29.73 2.97 D Sorbitol

10

15

EL 232.61 97.00 9.70 Mglyol 810 175.64 73.24 7.32 SDS 71. 30

116. 80 48. 70 4. 806PI ant acare 818 130. 90 54.58

Dried Beads mg mg/g %
Salmon
Calcitonin 9.63 4.18 0.42
Transcutol HP 54218 | 235.28 23.53
Cremophor EL 238.64 | 103.56 10.36
Miglyol 810 175.68 76.24 7.62
SDS 64.70 28.08 2.81
D-Sorbitol 114.70 49.77 4.98
1158.9
Gelatin 0] 502.90 50.29
2304.4 | 1000.0
Total 3 0| 100.00
Example 68

This formulation was prepared as for previous sCT formulations.

Dried Beads mg mg/g %
Salmon
Calcitonin 9.55 3.71 0.37
Transcutol HP 555.29 | 215.60 21.56
Cremophor EL 237.85 92.35 9.23
Miglyol 810 180.96 70.26 7.03
SDS 71.00 27.57 2.76
D-Sorbitol 115.60 44.88 4.49
Citric Acid 120.00 46.59 4.66
1285.3
Gelatin 0] 499.04 49.90
2575.5 | 1000.0
Total 5 0| 100.00
Example 69

This formulation was prepared as for previous sCT formulations.

Dried Beads mg mg/g %
Salmon

Calcitonin 9.55 3.76 0.38
Transcutol HP 556.72 | 219.42 21.94
Cremophor EL 238.46 93.98 9.40
Miglyol 810 181.42 71.50 7.15
SDS 76.90 30.31 3.03




5.46 1119.7

Celatin O 466.90 46.69 2398.1 1000.0 Total

5 0 100.00 15

Exanple 71 WD 2010/ 133609PCT/ EP2010/ 056838 108 Tacrol i mus beads were made
cont ai ni ngo2ott3s@er ol i nus dry wei ght and then coat ed wpCh/EPbapnsdssn by
drug layering using the Vector CF 360 EX granul ator follow ng the method

described in the body of the specificadtd/on above.

Materials were used in
i ghts given in the table bel ow

5binder) in the appropriate ratio

| ess than 1 hour). The

tthen coated in the manner descri bed

gthyl cel lul ose (EC 10) and a

approximately 2 hours in the

i mus bead 800 62.39 | buprofen 200

e | b oo Pprs
bef ore %aﬁéglng War's %gPF cu4?g 'at.gzs
R ol By e, L3 ol %” A%Eazqsa“géﬁzf
pl asti ¢i_ser, dlbutyl &t ¢ 09 S) .over
approp'T tiog. [ |nd ol [0) .
15.60 PVP K-32 9.4 0.73 DBS 24.8 1.93
Example 70
5  This formulation was prepared as for previous sCT formulations.
Dried Beads mg mg/g %
Salmon
Calcitonin 9.55 3.98 0.40
Transcutol HP 54213 | 226.03 | 22.60
Cremophor EL 232.21 96.82 9.68
Miglyol 810 176.67 73.66 7.37
SDS 80.80 33.69 3.37
D-Sorbitol 118.90 49.57 4.96
S0 120.00 50.03 5.00
1118.2
Gelatin 0| 466.22 | 46.62
2398.4 | 1000.0
Total 5 0| 100.00
10 Example 70
This formulation was prepared as for previous sCT formulations.
Dried Beads mg mg/g %
Salmon
Calcitonin 9.75 4.07 0.41
Transcutol HP 541.45 | 225.78 22.58
Cremophor EL 232.61 97.00 9.70
Miglyol 810 175.64 73.24 7.32
SDS 71.30 29.73 2.97
D-Sorbitol 116.80 48.70 4.87
Plantacare 818 130.90 54.58 5.46
1119.7
Gelatin 0| 466.90 | 46.69
2398.1 | 1000.0
Total 5 0| 100.00
15

Example 71



EC 10 248 19. 34 Total 1282.2 100.00 10 The coated beads were tested by
standard USP di ssol uti on nethods and had the follow ng rel ease profle: 15
Exanpl e AROThios13baot he same as exanple 71 except that tireTiHPR@EOOSESES | ayer ed
tacrolinmus beads were coated in the manner described in previous exanples
with 10% 15% and 20% total weight gait8of a m xture of Eudragit RL-30D,
tal ¢ (aacalimdamehdaivdrdiBSdé Exaaplng.52aacré@ausog Waght%mﬁeﬁ@ecddtwwh :

Dupr o153 by AHaBOARES i VA 15 e oA etan Ol o8 o808 02 Tal ¢
127 7. #sdiedlin 1!'@2500@/ k@l SbcindBicDAtYVvE3RRAIRBIE T EB2L6Q/DHB83%s L0ficiexetap! es

72a and 72c were simlar (sane weight ratios between ingredi ent SF} except
for t hebtan the gt waighisiergp tlpg_ta@tﬂj)elow The ibuprofen was first' mixed with PVP

5 binder) in the appropriate ratio before layering was conducted (duration: less than 1 hour). The
ibuprofen-layered tacrolimus beads were then coated in the manner described in previous
examples with a mixture of ethylcellulose (EC 10) and a plasticiser, dibutyl sebacate (DBS)

over approximately 2 hours in the appropriate ratio.

Dried Beads g %
Tacrolimus bead 800 62.39
Ibuprofen 200 15.60
PVP K-32 9.4 0.73
DBS 24.8 1.93
EC 10 248 19.34
Total 1282.2 | 100.00

10
The coated beads were tested by standard USP dissolution methods and had the following

release profle:

15 Example 72

This is the same as example 71 except that the ibuprofen-layered tacrolimus beads were

coated in the manner described in previous examples with 10%, 15% and 20% total weight

gain of a mixture of Eudragit RL-30D, talc (as glidant) and DBS (Examples 72a, 72b and 72¢
20  respectively).

Example 72b (20% RL-30D)

Dried Beads g %
Tacrolimus bead 920 56.53
Ibuprofen 230 14.13
PVP K-32 11.7 0.72
DBS 30.8 1.89
RL-30D 308 18.92
Talc 127 7.80
Total 1627.5 | 100.00




The rel ease profile of the coated beads were tested by standard USP

di ssol ution nethods. 5Tests for ibuprofen and tacrolinus were run on

separ at e worrploes3@b beads. i buprofen was tested in aci dpoedipaoionkess§ 24h) .
Tacrolinmus was tested firstly 2 hour acid & 22 hour buffer ph 6.8 (24 hours
total), The USP Type Il (Paddl es) appar® us was used at 75 RPM and a

t enper &Exanplesf 723743 72¢Rakra sidikir (sahie Welgheratiepbetiveah ifgredibmey tdepter thaf t er 2
hour s if} acid nedia,_ 0. Na3PO4 pH 6.8 was added. 10 Rel ease profile of
Exanpl &ifpsent@pyngg of ? ime/h % Di ssol ved Tacrolinus |buprofen 1 7.68 2
40.57 14.88 3 32.62 4 66.36 53.6 5 67.15 6 94.95 75.45 8 82.2 12 90.85

86.29 24 80.79 85.39 15Rel ease profile of Exanple 72b (15% RL-30D) Tine/h
% Di ssdhgdglease profile of the coated beads were tested by standard USP dissolution methods.

5 Tests for ibuprofen and tacrolimus were run on separate samples of beads. {uprofen was
tesied in acid media only (E4h) Tacrolimus was tested firstly 2 hour acid & 22 hour buffer ph
5.8 24 hours tolal). The USP Type Il (Paddles) apparatus was used at 75 RPM and a
temperature of 37°C. Media was 0.1N HCL except that for tacrolimus, after 2 hours in acid
media, 0.2M Na3PO4 pH 6.8 was added.
10
Release profile of Example 72a (10% RL-30D)

Time/h % Dissolved
Tacrolimus | Ibuprofen
1 7.68
2 40.57 14.88
3 32.62
4 66.36 53.6
5 67.15
6 94.95 75.45
8 82.2
12 90.85 86.29
24 80.79 85.39

15  Release profile of Example 72b (15% RL-30D)

Time/h % Dissolved
Tacrolimus | lbuprofen
1 6.76
2 24.82 11.27
3 26.03
4 54.51 48.92
5 60.81
6 83.62 69.29
8 77.69
12 81.17 81.83
24 76.88 81.72

Release profile of Example 72¢ (20% RL-30D)

Time/h % Dissolved
Tacrolimus Ibuprofen




Tacrolinmus |buprofen 1 6.76 2 24.82 11.27 3 26.03 4 54.51 48.92 5 60.81
6 83.62 69.29 8 77.69 12 81.17 81.83 24 76.88 81.72 Release profile of
Exanpl e ARO 2080%sd8k- 30D) Ti me/ h% Di ssol ved Tacr ol i mus| beprapesio/05¥d3s

2010/ 133609PCT/ EP2010/ 056838 110 1 0.36 2 24.69
110

1 0.36
2 24.69 6.72
3 19.56
4 52.6 36.59
5 47.98
6 75.51 55.15
8 63.61
12 71.29 71.17
24 76.02 73.1

Example 73

5 This is the same as Example 72 except that the tacrolimus beads were first layered in the
manner described in previous examples with ibuprofen and subsequently coated with
theophylline by spray drying. The resulting ibuprofen-plus-theophylline-layered tacrolimus
beads were then coated, as in Example 72, but with Eudragit L-30D to provide an enteric coat.

The L-30D was first mixed with talc (as glidant), TEC (triethyl citrate) and HPMC E5 (Methocel).

10
Dried Beads g %
Tacrolimus bead 920 47.21
Ibuprofen 230 11.80
Theopylline 100 5.13
PVP K-32 11.7 0.60
TEC 29 1.49
RL-30D 288 14.78
HPMC E5 20 1.03
Talc 350 17.96
Total 1948.7 | 100.00

Release profile of Example 73 determined, in relation to tacrolimus and ibuprofen, as for

Example 72.
Tacrolimus | lbuprofen

1 2.73
2 0.55 5.58
3 6.72
4 0 7.66
5 8.6

6 0 9.48
8 11.26
12 0 14.95




6.72 3 19.56 4 52.6 36.59 5 47.98 6 75.51 55.15 8 63.61 12 71.29 71.17
24 76.02 73.1 Exanple 73 5This is the sanme as Exanple 72 except that the
tacrol i mmwohenxssewere first |ayered in the nanner descr ipbgdP2ovopsesss ous

exanples with ibuprofen and subsequently coated with theophylline by spray
drying. The resulting ibuprofen-plus-tHdophylline-layered tacrolinus beads

wer e IEQQ ant @d, aE ify‘gﬁxa[rpl e 72, but with Eudragit L-30D to provide an
enteri : - first mxed with talc (as glidant), TEC
(triethyl citrate) and HPMC E5 (Methocel). 10 Dried Beads g % Tacrol i nus
bead 920 47.21 | buprofen 230 11. 80 Theopylline 100 5.13 PVP K-32 11.7




0.60 TEC 29 1.49 RL-30D 288 14.78 HPMC E5 20 1.03 Talc 350 17.96 Tot al
1948. 7 100.00 Release profile of Exanple 73 determned, in relation to
t acr ol i mmwoanth/izbsepr of en, as for Exanple 72. Tacrol i nugcirterpeiofssssd 2. 73

2 0.555.583 6.72407.665 8660 9.48 8 11.26
112

CLAIMS
1. A composition comprising a water-soluble polymer matrix material in which are

dispersed droplets of oil, the composition comprising an active principle.

5 2. A composition according to claim 1 in which the water-soluble polymer matrix material is

comprised in the aqueous phase of a dried oil-in-water emulsion.

3. A composition according to claim 2 in which the aqueous phase comprises at least one

surfactant.

4. A composition according to claim 2 or claim 3 in which the aqueous phase comprises

10 gelatine as the water-soluble polymer matrix material.

5. A composition according to claim 4 in which gelatine is substantially the only water-

soluble polymer matrix material.

6. A composition according to any preceding claim wherein the water-soluble matrix
material is selected from a hydrocolloid, a non-hydrocolloid gum and chitosan and

15 derivatives thereof.

7. A composition according to any preceding claim wherein the active principle is included

in at least some of the oil droplets.
8. A composition according to any preceding claim in the form of a mini-bead.

9. A composition according to claim 8 wherein the mini-bead is monolithic, optionally with

20 layers thereon.
10. A composition according to claim 8 or 9 in which the mini-bead has a coat.
11. A composition comprising a plurality of mini-beads according to any of claims 8 to 10.

12. A composition according to claim 11 comprising more than one population of mini-

beads.

25 13. A composition according to any preceding claim in which the active principle is of low

aqueous solubility.

14. A composition according to any preceding claim in which the water-soluble polymer

matrix material is associated with at least one surfactant.

15. A composition according to claim 3 or 14 wherein the surfactant is a readily diffusible or

30 diffusing surfactant.

16. A composition according to any preceding claim in which the active principle is soluble in

the oil droplets.



12 0 14.95 WD 2010/ 133609PCT/ EP2010/ 056838 111 24027. 39 WO

2010/ 133609PCT/ EP2010/ 056838 112 CLAIMS 1. A conposition conprising a

wat er - solwbl2e10pebgoaer matrix material in which are di specsap2eioopdsss s of
oil, the conposition conprising an active principle. 52. A conposition
according to claim1 in which the wat er3sol ubl e polyner matrix material is

conpri sed7i A cbimposifivre attrdiR@seciaim 86 thrwisich el adtite pat@sle @ritIssRin. 3. A
conposition according to claim2 in which the aqueous phase conpri ses at

| leaSt one 8Sl§ﬁ:6ﬁlﬁb§ﬁ<bn according to ahrﬂ/ prAc&MmgpoISing inOﬂhla?ImFdilli phaisé Qc;:lcdrablms? or
claim3 in ich the ueq phase ¢ rises 10Qgel ati ne as the

wat er - sol ubreQreﬁ(?PE/‘Jﬁ%ma'ﬂEﬁ@}JEy Hﬁ{\@?lggqu@e Cong: ition according to claim
4 in whic elatine is su stantlall he onl ter-sql ubl e polyner matrix
mat eri al .| % RcémpﬂS'EQj"rrﬁ%%’iré)P%FP %‘?:VCFEIP @9 ?'8'”&%?%3‘@0‘?"%?‘6? é‘?'ré%ﬂ'@ﬁéi n the
wat gr - sol Ub&&n;ﬁ?&brdtka@ﬁbt% bifhnd 5t 188dcL6iesbifisiideya hydrocolloid, a

non- hydrocol | oid gum and chitosan and 15derivatives thereof. 7. A

conposi t i2ONA 6APLEItOYatRdr@RY tdEISHEH MOwEtRBIMe¥RNRIdN HaB& I8%iH \BEak AtNeadl! e
is included in at | east some of the oil droplets. 8. A conposition

accor di ng t ¥ urfuRizeEEa% AGF'A AP i n the formof a mini-bead. 9. A
conposi tion according to claim®8 wherein the mni-bead is nonolithic,

opti onal ZYR WWWW@F'%@/@‘F@@'H@F%@?\W 4Qin whighyHgdstie poeil @d‘é‘%l"@-lBrF@ solybilirari o 8 or

9 in which {ibgHIBNE 1rPRRFahES1-2; 1€ BRlferabl- 1 é’ssQPFBQWei hen conprising a
plurality of "m ni-beads according to any of clains to 10. 12. A

CORpOSI t'ZQ”A%B@BQh&Qa&&r&%h?'td%rilylpr%%mﬁg SlaYin Whieh tHaadi %e@&Pd’rbélbls?n of

m ni - beads A conposition ‘according to any preceding claimin’which
the active mmmseplaéleuage@ﬂep@woaqueous solubility. 14. A conposition
according to any preceding claimin which the water-sol uble polymer matrix
mat eri al %BSAE§§§‘@@§|H@@QC(WF ihg # clpighdz ingmhicks thefeactaivant is 2-(2-ethoxy)ethanagl and

conposi ti ony, | ﬁ or 14 wherein the surfactant is a readily
di f fusi bl e or@%%gvdéj pid ‘ﬁbscés"g‘!r) actant. WD 2010/ 133609PCT/ EP2010/ 056838 113

17. A conpogig %@BB%%?%&MH Ed’cl&uh@bé‘%&rﬁph&nd‘@t‘l&&t%ﬂ@ g%tf |o‘6\FH9B'éI‘?éé%|tmEnés

ci cl osporin. 0si tY on accor to any preceding claimin

t hd5oi | phasaulgilirer Oﬂhlgbll-kkiBs)at Ieeﬁrcmeamtubﬂuzemmoowaﬁ%nuyedpgwa/mrlgmﬂe isf the
conposi ti onocnorin.  19. A conposition according to any preceding claimin
whi ch the 0|f p%ase (oil droplets) 5conprise at |east one oil and at | ease

one sol ul%|5l A%Sanosmon according to any preceding claim in which the mini-bead has a low water

content.

26. A composition according to any preceding claim which is coated or has at least one coat
20 or coating which preferably comprises one or more substances preferably of a polymeric

nature.

27. A composition according to claim 26 wherein the coating comprises ethylcellulose
optionally in association with an emulsification agent such as, for example, ammonium

oleate.

25 28. A composition according to claim 27 wherein the ethylcellulose is also in association

with a plasticizer, e.g. dibutyl sebacate or medium chain triglycerides.

29. A composition according to claim 27 or 28 wherein the coating also comprises polymer

susceptible of degradation by bacterial enzymes.

30. A composition according to claim 28 wherein the polymer susceptible of degradation by

30 bacterial enzymes is water-soluble, preferably pectin.

31. A composition according to any of claims 1 to 29 preceding claim for the absorption of

active principles e.g. from the environment, gastro-intestinal lumen, polluted water etc.



20. A conposition according to claim19 in which at |east one oil has a | ow
HLB and at | east one solubilizer has a high HLB. 21. A conposition

accor di ngvoaonlssew20 in which the ratio of oil of |ow HcBHPeo190kasks | i zer
of high HLB is in the range 1-4:1, preferably 1.2-3.0:1 by weight. 1022. A
conposition according to any precedindg1dlaimin which the oil phase (oil

dr opl et s)B2cAarpmpssiiobcdorEifg tOasy CaizimkVen 29 fadthe Aterilisgtidi dndwr padfieitidhng to
claim?22 in Whl h the (f gol vent is 2-(2-ethoxy)ethanol and the active
principle i & @PETYeREHilAYIds: 24 A conposition according to claim 22

conpri si | east one oil of HLB, at .| east one bj i zer of high
HLB, at %ga'gtw@ﬁ@s' on ﬁ‘molrﬁ"ﬁ%?o %Wdov}(v&‘?é’f“éﬂﬁotzﬁéor ‘iquU‘éat\SPu 'HLE B'loé 9r gown-

ci cl ospori NregdRtioMoESIIARih e inestidiunged.0 any precedl ng claimin which
the mni- beag has a | ow water content. 26. A conposition according to
anyspr ecadi AgofpasiloMBtsoRdihg ot 6ictidims Nas 28tfol Bia%el RN ofARhctRBYPrinEiPRL | NY
whi ch preferably conprises one or nore substances preferably of a polyneric
nature. 27.2Qle&RE5astibPagtsiBr ding to clai m 26 wherein the coating
conprises ethyl cellul ose gptional Ify in association with an emul sification
agent sucR- A$OMpesitig aFRIrdng inaBheiARIBsddpe9 forhs Se%“%‘h%‘?ﬁﬁ”&h“ﬁ%@r di ng
to claim27shglgpi N the ethylcellulose is also in association with a

pl asticizer, e.g. dibutyl sebacate or nediumchain triglycerides. 29. A
CONpOSi 1 ixBNARBAREAIAIad@rdhGIBRoriaiRE WHSHSIH 8% rﬁﬂ@béé@c@été@tocr%@é%éses
pol ymer susceptible of degradati'on by bacterial enzynes.

coﬂéom t i onam@eityediringiptedn dheasaiereBhaledt Gmcliyrepinsiniersrnal siooiigenty @Sbeed
degradati ong by y30bagteri al enzynmes is water-soluble, preferably pectin. 31.
A conposition accordl ng to any of clains 1 to 29 preceding claimfor the
absorpti ap R [f)él}fgn Qédo%\'lhﬂcﬁ% of%lal%gq%b@%vf@%weré%@g?% ractive principle
gastro-int estin umen wat er et

2010/ 133609@@1}&/5?210@@116'5683@ Gl ya@znd sealenopess Bedunstaas gwutialiagst Dastivatest
clainms 1 to t [ nat ed
i qui ds. a&ia{eg r(rpé)gf fetin (%{10% I?o d{jrﬁg) {Wéda(cﬂve r#]’r\'c! Célé 6Rh d%ﬂ\{é%f\/;igr?egggfm

dedbt i vatl orreJatwaIWdlmtaliyormtr@rGumm regul ation of enzynes in the intestinal

| umen. 534. A conposition according to any of clains 1 to 29 for the

del i very 38f Aametbad ofwealgng thel qdnaooatbibe accordimgdo aoy of\laimsbhatt 280 which 86mphses
conposi tion accor di terin

ant | bodi es. T ebpure Whagea ol Mhas (T uieralt s Be TR e v 4
to 29 whi chmaterial toifoim beachutiat @di then cal@es theldauisias to saidify.i nci ple in the
col on wherein the active principle is not significantly absorbed fromthe
col on. 3B9. Armmnbsédoirdmg anc@andﬁmg whictathy evhulsibaistermed ntdropletchhickeases
an_active principle rel ati roxi.mally in the G tract and reabsorbs,
seqUest ers, thﬁ@l‘?f(g eldst8§‘ Scﬁ"%ﬁﬁ%ic\g (g Mactivates (eg by acting on a

pro-dr ug) the ac l.e or erivative thereof, 15rel ativel

di stal |y +0 RE‘ ﬁ@“iﬁont? ”S' L ‘KOP#EI%ng%Peé?edffﬁ%”r?@“?ﬂ‘és Bﬁﬁfﬁc?é‘?ﬁc&ﬁﬁ'sﬁ@z’br di ng
to any Of Cﬂhatm@ahubmé&]a@hld@hm@wémm srmmengolgzxﬁeprmbtn&mgnaruahb.raﬂhat
aqueous phase cor‘rl)rl sing . a water sol ubl e(yp yner matrix materjal to form an
enul si on andetaTRfisienGRTRESasHE 25ie BIivgiPle @SIQO&PPS‘P phase or the oigpNask 4fpt hod
according tgotgl @i m 38 in which the enulsion is fornmed into droplets which
are 20t hen exposed to a solidification nmedium 40. An emul sion conpri sing

0i bsdr oplsat A nslteRESSRGhthG oR Ro@FNARUS MIRSFERASAE behdramdl byorhat the
aqueous phase conprises a water-soluble polymer matrix material and in that

the emul si o#dBBIFYRIIQES BpCTERASIHAS %CPW(EWQOWO@WYWWWGQX@@W@S&&?@“%F e Ré oil
phase or bogdyg 2541. A nmethod of treating or nourishing an aninal
preferably a mammal by oral adm nistration of a composition according to

any of the Aeh&NGNAcBRERg & cifihfd Ror ihd PeadheRl oftfseases ofthe @ iR} hod

according to claim4l for the treatnent of diseases of the G tract.

43. A mMeyYRoH nAdred Qéd&g(fuﬁé)tocéléhmﬂér & wﬂ@remﬁé%'cf\/et &%cﬁﬁ%ls‘%@leléé&‘ﬂo“l‘h@ I's

rel eased into the | ocal fect, hatic sorption
ab86r pti on ¢alervfasiasebeféact, flmphaﬁmﬁ)@p@@p@aﬂbsetpﬁ@@nnto blood or for Immunologlcal
effect.

44. A method of coating a composition e.g. mini-beads, of any previous claim comprising

applying a solution of a polymer coat to the mini-beads e.g. using a coating machine.



44. A nethod of coating a conposition e.g. mni-beads, of any previous
claimconprising applying a solution of a polyner coat to the m ni-beads
e.g. usi ngoaoomaséomg machi ne. WO 2010/ 133609PCT/ EP2010,09623@0034683815. A
met hod according to claim44 wherein the coating solution is a dispersion
of ethylcellulose in a sub-micron to ril®ron particle size range from about
0.1 to 1@s5nAetiansd hdtosdidg td@ampenenein/the esptmpssution ivvatdipevdidioft he ai d of

an enul sification agent e, g.. a ni.um ol eate.. 546. A conposi.tion of. any of
olaims 1. 37 RyrIERE o sobdyenap MisTah PaBALS Sice EHOE G9Hl TP HOD OJBETI: | ¢
coat . in size homogeneously suspended in water with the aid of an emulsification agent e.g.

ammonium oleate.

5 46. A composition of any of claims 1-37 comprising a layer of drug coating optionally with a

polymeric coat.



