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will be called a "solid solution” or a "nol ecul ar dispersion”. The state of

mol ecul ar (CSIPRPYIMER @t FPOPEIRIS Of b virblapiaRisnBsASs 5dY% P%’F‘@p%ﬂﬁ%@@ﬂdf&ti on of
t he cuBoumpaRntrs of N-hRyNBtriolidene, WY, BORINPARPHIABET (FRRR03IPOREIEO bf B-vikiyown
analyticaI£gﬁ%mﬁggaggnrge%%%§g0} PW&Y 5&ggte the state of such solid

I

di spersions; for éxanp eren scanning calorinetry (DSC) or w de
angle X-ray scattering neasurenents (WAXS neasurenents). The DSC anal ytica

nmeasur errentcemiios:md&ﬁlsa%i aidmesrwnuieéé/éétaisl tdRIosE atrRrd afdkSellutBe BRidrieBg peak

whi ch occurs wth t ) i ne ure substance an s .ysually

endot hor i 45rsnGRrih e e PisRInpSS P ehiigRl ipr Ao AlkloBu e L Rprtcu-

non- cr P8t allannyercgyapeyli:@lutdse nyseryaikplalkyleeliuhseasintpart@onr bydrakgeoeye of

typi cal X-nagtnflédililoag ! detlioSé Eﬁiﬁbl%tésrbrfshé‘cir\/éﬁeés|@Béii|¥§ér5cell§ib§@b&ététlé of
curcuminoids i's particularly high under dry conditions. Therefore the
curcu- 10 mn fornulations of the invention preferably conprise | ess than
5% per wei ght, for exanple |ess that 1% per weight, water. In a particular
enbodi nent of the invention the curcumn formulation is essentially
anhydrous. The solid dispersion product can be produced by bl endi ng one or
nore curcum noids, a 15nutritionally acceptable thernoplastic polyner, and
a phosphatide, heating the blend to obtain a honbgeneous nelt, and aIIoming
the nelt to solidify to obtain a solid dispersion product. The ternms "nelt"”
and "nelting should be |nterpreted broadly For t he pur poses herein t hese

- I o o . s . o ..

tat t he uniforniincorporation f the curcum noi d(s)



a) bl endi ng one or nore curcum noids, a nutritionally acceptable

t hernopl astic po- |lyner, and a phosphati de; 30b)heating the blend to obtain
a honogernwous1zmab1s3 c) forcing the thus obtai ned nelt tRCco®EpRolone790r noOre
nozzl es; d) alloming the melt to solidify to obtain a solid dispersion

pr oduct . $ é gerforned in one or nore than one

appar at us QGrtand and Ydrf’r‘iipso%/@%?fpﬂ&} kllosg phipalate {ly IRy PiRRYMmes Y et at ke r
extruder. Ruefieatalbl Bydrbeypdbmidethglcallulijse Gicethtd Lucainaiexi Nng action in a m Xxi ng
section of the extruder. Extruders are known per se. An extruder conprises
a housing or barrel divided into several sections in a |ongitudinal

di rect i on. hgh melecylaisrRal i efiedxides sppkagRelyetiene gxde @pyl polypropylene ox-

2012/ 04825 3R ERHON NS 608 hyI8npaté B poppleay odad, for feedi ng powders of
the curcum noid(s), the nutritionally acceptabl e thernoplastic polyner, the
phosphati de and any further conponents such as the normally solid polyol
and/ or addipolyies! aleshwt-polgethrbos glycelgieit ¢gpolymeis (yeilatile ap Katieept@nRfigns
openi ng so gAwH St ha,dfysafenceBrgnygasi |y fed into the barrel of the
extruder. The 5barrel ends in conveying direction in a die, where the

di spersion is expelled. The extruder conprises at |east one rotating shaft.
Al t er na0i vairaft capolymegys compridinga poly(atiylane diysol ibacktmnatand g \drhd Beatatel M
preferred GrpRAbRISm cbhS rﬁértdrbh‘i’@dorité ttfe térakeoﬁecrawia%ie5§J§aupiu;f@%oﬁhafts
may be co- rotati or coun er-rotating, but are preferably co-rotating.

10Pr ocessi fj® %gﬁ¥¥wﬁﬁ§ s SETHAY2 dj acent shafts closely internesh. Each
shaft carries a plurality of processi ng el enents disposed axiaIIy one

behi nd t he I veyi ng
cection tp%fy'ég@at&hﬁidgéo@ﬁﬁ&ﬁé&gra%s%@%é n%‘iiicﬁ @ﬁtﬁ%mfd g@fa ch%ip’

f eedi n§5andnelf&rf0%tiﬁ??fgj“cs%“d‘t'/m9ﬁ‘yi @eﬁl%iylate ¢IPQIYBRradoYtE M B@W'aﬁ%ﬁ'ﬁ&ﬁy' cl ose
t o the hoppefinssthyl tstieaciyiatdebpolimersapoll @gatox gyl atiyiatgs) semi(h@ioxyglkyl
posrtioneerQMstgggftof t he feedi ng and conveying section, and the

di schar gi ng Sect S positioned farthest downstream close to the

di scharge opening of the extruder. The term "downstreani as used herein,
refers to fﬂioiy@&twa@rndédi which the material is being conveyed in the

extrud ho 1€ the conveying direction. 20 The processing el ements of the

f eedi ng and conveying section as well as the discharging section are forned
by screw t ypyl atedate polymers sifcbrasalopolytrieesel Wiyt acetatppaderadorobsidf partialyn

endl ess scigWwoiayl BeIyliRG dcetk Gidogetdren 1888 pértrHW ié{i’oﬂiﬁ@d bSdininyl @lRbrorhus,

in the feeding and conveying section the powd fed Into the extruder
and conveyed in the 25downstream direction, for exarrpl e at a feed rate of
0.5 to 1.5 ppolyvipyiedlestebl y of 0.5 to 1.0 kg/h In the m xing section(s) the
materi gk to be processed is honogeni zed by m xing or kneading. Suitably,
paddl e neans or kneadi ng bl ocks may be used. These kneadi ng 30bl ocks

consi st of O8gPnadNelsaeNGHReS Shfasearggeqiananglectornannans ENEapiRN ifect i on.
The cam di sks have abutting faces that are perpendicular to the general
conveyi ng C t LV on(s)
are defi neg) [ﬁ &'Jog)rébe”{sas%f’%{gége nés%% X%&t§'ré1%n%rp§b€a(ct'§ Q&dn&ﬁ‘d %g)'(e%g(?réent t hat
is derived CPr%YﬁOhd€§cr ew type el ement. A mxing el enent bei ng derived from
a scregptype element” is |ntended to mean an el e- 35ment whose basic shape
is that of a screw e IP ut which has. been nodified such that it exerts
a conpoundi ﬁgamnon"i’%sn& gePi’éé?'”?rP%&P?iagweto a conveying effect. WO
2012/ 049253PCT/ EP2011/ 067901 10 In a preferred enbodi nent of the invention,

the extrudefocRERRE PESPARRIS sUBRE gtlk@R one, for exanple three or four,
m xi ng sections, which are copnnec ed by i nternedi ate conveyi ng sections

forned by s’EFWPEe?ﬁeO%?Bh@HEes ©®Phe extruder shaft may further conprise one
or nor 85t han one reverse-flight section(s), preferably arranged after the

(last) m X'A[&Qor%ﬁﬁtb%ﬂe%ﬁﬂeét’%f fh@%eﬁYoﬁ ‘?Néaﬁ@tﬁt' dda‘llggéﬁe%ltﬁig Fmo;ﬁastic po-

reverse-fli tive to the
screwtype 'Béi‘%rri%ﬁ?'gc"ﬁﬂf@ﬁ‘ %y'O%darrwaav@Seeswat"M@vr'r@éifﬁ W%H'&S%?ﬂﬁbhﬂ ng
secti on whidedkydrfiamgicthgosgener al conveying direction of the extruder. Thus,
the reverse-flight elenment 10 convey the material in an opposite direction
relative to the general conveying direction of the extruder and serves to
create sufficient back-pressure to allow for a desired degree of m xing
and/ or honogeni zation. The reverse-flight elenent is designed to stow the
material conveyed in the extruder. Therefore it may al so be called a

back- pressure elenent. 15 The substances which are fed to the extruder are
nmelted in order to honogenize the nelt and to disperse or, preferably,

di ssolve the curcuminoid in the matrix efficiently. "Mlting" neans
transrtion |nto a quU|d or rubbery state |n mhich it is possi bl e for one

T o o B I



30 In order to obtain a honogeneous distribution and a sufficient degree of
di spersion of the active ingredient, the curcum noid-containing nelt is
kept in twe heauexs3barrel of the nelt extruder for a sufCir@renti/ob®ogt h of
time. 35According to one aspect of the invention, the barrel of the
extruder is divided into sev- eral a zones. The tenperature in these
heating zoméseHgHh WakrSahPE e ﬁreﬁaerar?@e@asﬂ&omro%ee%ca IHeseMer he

di spersi on thd'&eefPelaabdzqo,at)t balympethbtylatefE udreittED X, By drapgpiromdosiiabsd feudal)r st

m xi ng el e % %h% reverse-flight elenent is maintained at a | ower

t enper a- 8 F 1253PCT/ EP2011/ 067901 11 ture, e.g. a tenperature of
about 50 to about 100C, than the portion of the barrel downstream of the

first ngxi mpeéuelquefeh’eat/vater JorRPle B3lymeErsGire hﬁd}@xgtprdmnétayla@mwseéwc The

a1 ow g sl TN SR B BN SabHERE cob BaREME ! BibBpRN 9™ hapec
into virt uametpoar@ymd@stprreweg Haxaéer—sghmdﬂ it N haweg exneth@atctegmofwelbstltu—
conveni ent li¥n &3AT ARt Q'Stto Byo@ zcalaﬁcmaﬁpdr\&kwoém&a}%baﬁuﬁdhtfmm BBoUt @, daer S

th t | ]
et 1 or i dnd bR RERIERBIPIo AR MBlichy SeHeBRT s BRERTeP AT ge.
pressi 6fs. averagheumberl ermettipl atlogr gnewps mlegant peii anydiogluchss unikefrthacalu-fi | ms
can be ob- |JLtasBE;.. AII)IO%MFCJ ‘ﬁﬁh%lar&ﬂ%hﬁ?ﬁ%ﬁ Hﬁé‘f%% b avelréiﬁ%dn%e? of eledesi red

shape by injection- ternatjve extrud IS subjected to
profile ext‘JF agqpasﬁnaﬁa'deeﬂh'th%aefe5?%%W'teﬁ%%nwe@@w°%%@'t ibg celloset er
sol i di fi camaecule Frefecably) hydiptypmpginefhyldeielose aith lawigsausity,d.edals@eissi on

product is n‘&é Led uQéd g rggﬂg&o&fprgéﬁrﬂg h?%IIuT&% ﬂgﬁo%ﬂﬂﬁb" e tHEYouk ﬁ%’} R

conpact ed. r mass conprising the
granul 83 | ?e&orgr)?dg é'e%f'rﬁhfﬁ@rd'%tsg’ﬁprﬁ?@%iéfﬂﬁ @pwrﬁx'ma&eﬁaer@%“@&ﬁ afi etio®bnpact wi t h
| ow por Ef' tgyoups.aid tihe thardla@t fo@fmgljulestae apprekinidie ppevatage daapodittonusfigl | y done
in a tabl et P | C e Vvd, Ng
nehee. SOONERBRATE SuSREFA 8 o RhBs ol SRR SER R I

uses & Eon ated & dor &
formul ati orgguUeRUS; IRtUtioN @ BATC. |Stwte¢ie iFGIC inglysiarthesenaning a iecasiiy tomiabout

f or mul at i Oﬂsco%i)outh?@ rﬁwa@t.h%m@er RemusRdt 3 B A0t 18R, %Peﬂeraﬁ bout5
ar na | Cctor non or exa e,
D Taoh " ki o RBS b plareibe AR B B P MBS o e Sort

t reat nent mmerpabpmallabdeﬁmCé%@ém &nd conditions including cancer, in
particular solid tu- 25 nors such as colorectal, lung, breast, pancreati C
and prosta arcjnoma. Further potenti pharmacolo ical uses are ip the
reatmont - IepRGp I OSRAIh ot Shett S5 GRS 5o 0p YGRS T AFRE O PR St | on
such as ar tghcetd-3 phosporio boidititaticontiagerad évast snech-aasl, Bl-akyg onBralls-18estese and
Par ki nggn i A

Formt ron Sochar ool o SyaiPafdfend f@%&?ﬁﬁ%ﬁ UNEFsatoatd? o by

Pl asrmodi umabee), %@M%‘tPa"ﬁaT'Pﬁ)@ém P S9b§|ﬁ’8so%¢%ﬁ€h%@h@'%rﬁ”§ Py t hese
pur poses, tpheglcdariadl are dse@nste@hatide@biynirediurdsr paicdie ersbddimeiter @ ial one,

for exanpl e ongthg%)tgéééoh%ﬂé’?kc?rﬁﬁ%te% tin e <0 sPSFs.oW&erJc?péﬁ%eﬁﬁ%r‘eﬂ gats,

drugs or as Strat at’i ons
of the invégfithipnlecithinsiase in Rﬂ*t'%a’@ésﬁf@t'ﬁﬂCh@BGM? perayped Phesahetidesng

l'i qui d3gr 6ipsSed 6F frokpror e, atolRBLAR @ﬂ?acuﬂé croenul si ons and
suspensions, and solid forns such as granul e capsul es, pellets, powders
or tablets. WD 2012/049253PCT/EP2011/067901 12 Emnul si ons and

ni cr oenul siAsasrdingytolope aspedief tielinventiomttes salid digpeesion produdt adgiienaliydogont ai n

formul ati Orﬂ)$|s@§ a hB@naup\éem p&bI&i%. @#ﬁ&%ﬂ@@a@ﬁ nfébﬁ@ﬁfa%tHéonWb%PsohJ Beser

emul si ons gl(l oenul si ons rﬁa be stahi | % gﬁﬁ prese 8

ermul si fier s"RY eppeurg ag FreisUtehil-g- '{5 m Jloggal yo?‘f%' &gk solid
gr ai ns3b6f faotsms amietting point brf@fﬁenmgrptombdepreasamtgndifamht:ﬂerr meemtfomglnaor—

aggl onerat g, EJ oH%‘f‘ﬁFercu n@h&!ﬂ§zintcﬁhle%ﬁd 6id ersfoﬁ k. %lﬂ@gy S tb’B

conpacti ng anu es. can s are selecte ron1P yet hyl ene
gl ycol (e. @OU”‘F\ ‘T‘ﬁ%{ya‘ﬁe belieye thatdhe Reomlly §olsbryol agis Gis sk IBsHCEREOE énem um

st ealr at gs rﬁlmﬁbuaﬂyﬁc@emtslﬂ)le;pbly&feafaﬁd/oﬂ@@nd)rwlalﬁl édll&@ﬁlyglhﬁltlals,emelﬁalathcgae of fered
si ngl e-dos . anul es packed in a sma ag
(sachet), %”%%%gﬁbgﬁﬁﬁgiwg‘%%%ﬁ@qﬁg%%Tgﬁ or nultidose preparations which
require appropriate dinensions. However, in nmany cases, such granul es do
not represent the actual drug form but are internediates in the

manuf acture of particular drug forns, for exanple tablet granules to be
conpressed to tablets, capsule granules 15to be packed into hard gelatin
capsul es, or instant granules or granules for oral sus- pension to be put
in water before intake. As capsules, the formulations of the invention are
usual |y packed |nto a hard sheII conposed of two pleces fltted together or

o Y e o N~ o o o o o -



particularly suitable for fornulations with a sem solid consistency and, if
required, also viscous liquid consistency. Pellets are granul es of

f or mul at iwo0f0493%@ i nvention in the particle size rangecitmeoi30eatdout 0.5
to 2 Mmin diameter. Both with a narrdw particle size distribution,
preferably from0.8 to 1.2 nm and with an essentially round shape, are
preferred. Tablets are solid preparations in particular for oral use. The
meani ng of Themarmaltndaotid pdiyalt dadrbe seildchedfrdrhee. for,anghwoolecabr wWhightpsadstayt

i nvention ijén IJﬁBIsParti cular, that of the term 35"peroral admnistration” or
"ingestion", RIS the tablets are for absorption or action of the
curcumnoid in the gastrointestinal tract. Particul ar enbodi nents are

co?t ed Ba]EﬂFRé@radlﬁ%S\Vv@@br,t@dkh pbiSol i$ a@h@?ctﬁdbhbaw Rigar alt el &t $hydrddenzest f i ed
rel ease 0O L Xt

he curcum noi d tr et efferve nt t.ablets hewabl e
ablets or D PHHTRRE SineE bklry B et RS Al e boiee 6L
| east a pardandfydréry! areuessrid pugailsiooholeney be eelegied Famnmaltitol, w@nnitol, sorbi-
2012/ 049253KGEEEHER Qlild| Oy PRbI A BbMERIB a ddriidufr @mudlinsta bethamelehtidi ineant s,
and di si nt eg&a tS. ail[?I Iets of f&r rruL;tllorqs of the |nvi tion E’E% ?Ilso, i f
necessary, P HJ;'Fi'%’é” AEP "YEPAR B BYCT Bi%Rf%YCOPXW”Biy‘%W"Q”@ braAts whi ch
assi st 10abindt i ng such as lubricants and glidants, e.g. nmagnesium al um num
and calcium stearates, talc and silicones, animal or vegetable fats,
especially _in 5hydrogenated formand those which are solid at room
t enper at ur d N€EQ4S digrergion eredughdessribebRelRINMBBFYPREE suit abl e coati ng
mat eri al s, af) or Oelxtarfole fér dxampiEad to@P%oend s 20% Hhbyoweaithtng tiee cscureispiedE)al |y

t hose nenti@ne . t ' ' et cul -coat ed
tabi ot s and 1 Poneoarel ER e Y89 Bhk, bR Por b nBRbA Al Bbon OB G0

f or mul 4Pi ons ofMAPStE RY¥MENon with particle sizes usually of less than 1
mm  The ab@y;a Stta:zsemfur%xarhprets t0r28m) by sveaghitlof thehossiniad a1l y. The |

cur cum noi o] 3 e _Pie | t | r

bi oavai 1 anid- T8 St PRSP PR RE R o TRF SbaeR gl RGN R R

cur cumi noi d(s) lyofhe oral bioavailability can be determined in experinents
i nvol ving oral adm nistration of the curcum noid fornulation of the

[ ti : . di | f - f I d i.noi t
Lent 80 SPoTSaSi SRS PRVERR e TR S A BB B )
sanpl e obt @ixamdleflulyivantsefiluh jdisitegrasts, preseryvatives og stabliibersisiuchh egactxi-sanpl e

may be derigsgfd fidi?SNRilPOdYradRbl sialende?d afek 8BBHILrS Bh 4Rt tABERatt¥kOb P! 0od,
or cerebrospi nal d/or a tiss ver, kidney or

f|(leId, an , ue, e.g. frombrain, live

heart. For SHHAPRY 87 IYqShBr9RNIC A RAGA P'@W@Ptsig%c*t‘ AR e aNARR e WBYY ™A d or

ti ssue nmy idee opbydd afchaagalianigin, pHmegulatnd, b eethbe aompo@rdstWidctcaiter er (MALKC) , f or
exanpl gzt h taly.ar : f = I f qadmnd ation)
o 120" ( Bel Bl oRg ST ARG R e &P ahohlPRe ARG AT o
e.g. fromw©derants o 25t = 6 h (AUCO_6h), may be calculated. In general, a
hi gher AUC rel ative to the AUC obtained by adm ni stration of non-fornul at ed

absol ut e brssa VALOTHE SO ISR B BUch HeBaiy |k sl ol o
per cent age B digPeIpion REOLIGH 1tds pariaulaty pelerrad that 81st @irelEdineidsmn the salenous

adm ni gbr atgisparsiin S8 G M/ Aeiplésent in3h dd3ep@Il in@mcgrstamﬁi@@fété. s Ehedm-
i nvention, the anp urcu i d as, AUCO 6h,

: es tupet Ofr iC -aﬁﬁiad Irnot h§ r%l .og lﬁjret elrm' ?ﬁ rei - :
after a si RGPESHt 3P Al AN SEPtithagPPhoY SaMaiPs PhEEYPIGIE G e ™Y mul at i on
of the preseatsed invibatmairix gt a stapowterein the caGuminaid(st areamoleautarlyrdisperstsl t o a

human subj §¢iheGhatAR \IREATBAIA SI4BERIIN of REEShHMeNtsti® set @bt the Systb@né EhGARNt |y
hi gher than agfter or a%jm ni stration of e sane anpunt

al 35 th of
non- f or mul 4188 2B PRYSIFAlly HRTU T A INMRSeRSOUSHAUERAHT O FONSIFTS PRONG PRESE (s, at
| east 35t i mefinediih therawtlydaniceiesyched sdlidatidpetsidn wilde catled e &stlid@olutiom'syr aat

| east 10 tin ; st j ; ; LIRS

i gner . v 30T bdabe Rl ap3isly PhRosEl SRR Seontifid B iR
cur cuni noi ®OPFILiEREMPUBBIgatNE ¢idhe yrepminpiddnineymaliyher* neans a statistically
significant increase of this parameter in subjects after oral

adm nistration of 20 ng curcum noid conprised in the fornul ation of the

i nvention conpared to the control (20 ng non-formul ated crystalline

curcum noids). A statistical test known 5 in the art, such as ANOVA or
Student's t-test, nmay be used to determ ne the significance of this

di fference, wherein the p-value is at |east <0.1, <0.05, <0.01, <0.005,

<0. 001 or <0.0001. EXAMPLES 10EXAMPLE 1: Preparation and analysis of solid
di spersion products for curcum noid formrul ati ons Apparatus: tw n-screw
extruder ZSK 18 MEGAl ab (Coperion) equipped with a gravinetric feeder and a
strand die with a diameter of 3 nm 15Screw configurations A and B as

L - - I - o M Y



Screw configuration A conprised four m xing sections. Screw configuration B
conprised three m xing sections and was nore aggressive than screw

confi gur avpan12h4gse t o t he presence of back-pressure el ecempgoidasioghed t o
intensify m xi ng and/ or honog- 30eni z&tion. The extruder barrel was divided
into five heati(n?% zones. Heating zones 1 and 2 covered the feeding and

conveyi ng SEOPNGRalyie mEthgdssaaderysgAdo anestorts Bf sBRPTueh SektHisRRTs wer e
| ocat ed i n sivmat fongxanopie giffdrdntiabscadbindy/alerimatrg (DHYXsroxipes apyle detapskatedrt ul ose

(HPMC 2910, - i Lt hi ' I It PF)
v 2012/ 044 B SRR EmSBE 1L BB ERE ik e hhalyieh eetlferhely SO
Sabi nsa) PrseatiahenorEeyptating it lRekpbRdes!ting Ragkveddch gepursywith the captpling 1. 5
_krgbleac 25_ V\@U%P%fr%%l’cédm@}/s lﬂ&lall)]?érb,tﬁithefmﬁﬂ. mdih@gpmﬁafnityl@fr miin&wytr@lﬁmmhn

abl e in, , S. e brem wer S t to the
ot n sor ew a0t Torba g iar Beis e e0Re R Ry Raf ol AbraP SR RE BRIt ons
summar i zed diffiactigbIsignls iTHe WANRS alysésc e t ested on residual crystalline
curcum noi ds after extrusion (Table 3). No crystallinity was detectable in

b1 2, w1 Syt SR AR ot e o A GBS0 Wt SFPBe SO
di sper $0on nun datoetagions oktaaiventis dreBerayl comprise3esrathan §Yaperwaighti fnoéxd | oad

of 20% w wghawe HoUSs! s by imBhi lhd ity
el ated 0 SR Conr Lt o Lo bt B T FLURAR

Conposi t i ofUEHMH ERYBEOPS&ES N IRINARRAERNYSal  Amount [% w w] Anount [g] HPMC
60 900 |somalt 10 150 #1 Lecithin 20 300

The solid dispersion product can be produced by blending one or more curcuminoids, a
15 nutritionally acceptable thermoplastic polymer, and a phosphatide, heating the blend to
obtain a homogeneous melt, and allowing the melt to solidify to obtain a solid disper-
sion product. The terms "melt" and "melting" should be interpreted broadly. For the
purposes herein, these terms not only mean the alteration from a solid state to a liquid
state, but can also refer to a transition to a glassy state or a rubbery state, and in which
20 itis possible for one component of the mixture to get embedded more or less homoge-
neously into the other. In particular cases, one component will melt and the other com-
ponent(s) will dissolve in the melt, thus forming a solution, which, upon cooling, may
form a solid solution having advantageous dissolution properties. Blending and heating
are conveniently performed in a mixer or kneader which is jacketed for heating.
25
A preferred method for producing the curcuminoid formulation of present invention
comprises:
a) blending one or more curcuminoids, a nutritionally acceptable thermoplastic po-
lymer, and a phosphatide;
30 b) heating the blend to obtain a homogeneous melt;
¢) forcing the thus obtained melt through one or more nozzles;
d) allowing the melt to solidify to obtain a solid dispersion product.

Steps a) to ¢) may be performed in one or more than one apparatus suitable for this
35  purpose, such as an extruder or kneader extruder. Preferable the blend is subjected to
a mixing action in a mixing section of the extruder.

Extruders are known per se. An extruder comprises a housing or barrel divided into
several sections in a longitudinal direction. On the upstream side of the extruder, an



Curcum noids 10 150 HPMC 75 1125 |Isomalt 5 75 #2 Lecithin 10 150
Curcum noids 10 150 HPMC 50 750 |sonalt 10 150 #3 Lecithin 20 300
Cur cum noW0012/049253 PCT/EP2011/067901
9
opening is provided for feeding powders of the curcuminoid(s), the nutritionally accept-
able thermoplastic polymer, the phosphatide and any further components such as the
normally solid polyol and/or additives described above. Usually, a hopper is placed on
this opening so that the powder can be easily fed into the barrel of the extruder. The

5 barrel ends in conveying direction in a die, where the dispersion is expelled.

The extruder comprises at least one rotating shaft. Alternatively, it may comprise two or

up to six rotating shafts. In preferred embodiments, the extruder is a twin-screw ex-

truder. The shafts may be co-rotating or counter-rotating, but are preferably co-rotating.
10  Processing elements disposed on adjacent shafts closely intermesh.

Each shaft carries a plurality of processing elements disposed axially one behind the
other. The processing elements define a feeding and conveying section, at least one
mixing section, and a discharging section. The feeding and conveying section is posi-

15  tioned farthest upstream, close to the hopper of the extruder, the at least one mixing
section is positioned downstream of the feeding and conveying section, and the dis-
charging section is positioned farthest downstream, close to the discharge opening of
the extruder. The term "downstream" as used herein, refers to direction in which the
material is being conveyed in the extruder, i.e. the conveying direction.

20
The processing elements of the feeding and conveying section as well as the discharg-
ing section are formed by screw-type elements. Preferably, these screw type elements
form an endless screw having the feed direction and a uniform pitch flight. Thus, in the
feeding and conveying section the powder is fed into the extruder and conveyed in the

25 downstream direction, for example at a feed rate of 0.5 to 1.5 h, preferably of 0.5 to
1.0 kg/h.

In the mixing section(s) the material to be processed is homogenized by mixing or
kneading. Suitably, paddle means or kneading blocks may be used. These kneading

30  Dblocks consist of cam disks mutually offset at an angle in a peripheral direction. The
cam disks have abutting faces that are perpendicular to the general conveying direction
in the extruder. Alternatively, the mixing section(s) are defined by processing ele-
ment(s) that comprise(s) a mixing element that is derived from a screw type element. A
mixing element "being derived from a screw type element" is intended to mean an ele-

35 ment whose basic shape is that of a screw element, but which has been modified such
that it exerts a compounding or mixing effect in addition to a conveying effect.
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In a preferred embodiment of the invention, the extruder comprises one or more than
one, for example three or four, mixing sections, which are connected by intermediate
conveying sections formed by screw-type elements.

The extruder shaft may further comprise one or more than one reverse-flight section(s),
preferably arranged after the (last) mixing section and defined by reverse-flight ele-
ments. A reverse-flight element has a screw with a reverse-flight relative to the screw-
type elements which may be arranged in the feeding and conveying section which de-
fine the general conveying direction of the extruder. Thus, the reverse-flight element
convey the material in an opposite direction relative to the general conveying direction
of the extruder and serves to create sufficient back-pressure to allow for a desired de-
gree of mixing and/or homogenization. The reverse-flight element is designed to stow
the material conveyed in the extruder. Therefore it may also be called a back-pressure
element.

The substances which are fed to the extruder are melted in order to homogenize the
melt and to disperse or, preferably, dissolve the curcuminoid in the matrix efficiently.
"Melting" means transition into a liquid or rubbery state in which it is possible for one
component to be homogeneously embedded in the other. Melting usually involves
heating above the softening point of the polymer. Usually, the maximum melt tempera-
ture is in the range of 90 to 180°C, preferably 100 to 160°C.

The extruder housing is heated in order to form a melt from the substances fed to the
extruder. It will be appreciated that the working temperatures will also be determined by
the kind of extruder or the kind of configuration within the extruder that is used. A part
of the energy needed to melt, mix and dissolve the components in the extruder can be
provided by heating elements, while the friction and shearing of the material in the ex-
truder can also provide the mixture with a substantial amount of energy and aid in the
formation of a homogeneous melt of the components.

In order to obtain a homogeneous distribution and a sufficient degree of dispersion of
the active ingredient, the curcuminoid-containing melt is kept in the heated barrel of the
melt extruder for a sufficient length of time.

According to one aspect of the invention, the barrel of the extruder is divided into sev-
eral heating zones. The temperature in these heating zones can be controlled in order
to control the melting of the dispersion. Preferably, the portion of the barrel upstream of
the first mixing element or first reverse-flight element is maintained at a lower tempera-
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ture, e.g. a temperature of about 50 to about 100°C, than the portion of the barrel

downstream of the first mixing element that is kept at, e.g., about 100 to about 150°C.

The extrudate exiting from the extruder ranges from pasty to viscous. Before allowing

5 the extrudate to solidify, the extrudate may be directly shaped into virtually any desired
shape. Shaping of the extrudate may be conveniently carried out by a calender with
two counter-rotating rollers with mutually matching depressions on their surface. A
broad range of tablet forms can be attained by using rollers with different forms of de-
pressions. If the rollers do not have depressions on their surface, films can be ob-

10 tained. Alternatively, the extrudate is molded into the desired shape by injection-

moulding. Alternatively, the extrudate is subjected to profile extrusion and cut into piec-
es, either before (hot-cut) or after solidification (cold-cut).

Optionally, the resulting solid dispersion product is milled or ground to granules. The
15  granules may then be compacted. Compacting means a process whereby a powder
mass comprising the granules is condensed under high pressure in order to obtain a
compact with low porosity, e.g. a tablet. Compression of the powder mass is usually
done in a tablet press, more specifically in a steel die between two moving punches.

20 A number of uses may be contemplated for the curcuminoid formulations of the present
invention. In particular, the curcumin formulations of the invention can be used in the
nutritional and pharmaceutical sector for both, humans and non-human animals. For
example, said applications comprise the use of the curcumin formulations in the treat-
ment or prophylaxis of diseases and conditions including cancer, in particular solid tu-

25 mors such as colorectal, lung, breast, pancreatic and prostate carcinoma. Further po-
tential pharmacological uses are in the treatment or prophylaxis of conditions involving
an inflammatory reaction such as arthritis, neurological disorders such as Alzheimer's
disease and Parkinson's disease, cardiovascular disease, pulmonary disease, the for-
mation of cholesterol gallstones, and parasitic infestation such as by Plasmodium (e.g.

30  malaria pathogen), Trypanosoma and Leishmania. For these purposes, the formula-
tions of the invention may be administered alone, for example as dietary supplements,
or together with further excipients, drugs or as food ingredients.

For oral administration of the formulations of the invention a variety of dosage forms

35 may be used comprising liquid or semisolid forms such as emulsions, microemulsions
and suspensions, and solid forms such as granules, capsules, pellets, powders or tab-
lets.
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Emulsions and microemulsions may be of the oil-in-water or water-in-oil type and con-
tain formulations of the invention as disperse or dispersing phase. These emulsions or
microemulsions may be stabilized by the presence of emulsifiers known to be used for

this purpose.

Granules consist of solid grains of formulations of the invention, each grain represent-
ing an agglomerate of powder particles. A lubricant is preferably used in compacting
the granules. Suitable lubricants are selected from polyethylene glycol (e.g., having an
Mw of from 1000 to 6000), magnesium and calcium stearates, sodium stearyl fumarate,

10  and the like. The user can be offered single-dose preparations, for example granules
packed in a small bag (sachet), a paper bag or a small bottle, or multidose preparations
which require appropriate dimensions. However, in many cases, such granules do not
represent the actual drug form, but are intermediates in the manufacture of particular
drug forms, for example tablet granules to be compressed to tablets, capsule granules

15  to be packed into hard gelatin capsules, or instant granules or granules for oral sus-
pension to be put in water before intake.

As capsules, the formulations of the invention are usually packed into a hard shell
composed of two pieces fitted together or a soft, one-piece, closed shell, which may

20 varyin shape and size. Itis likewise possible for formulations of the invention to be
encased or enveloped or embedded in a matrix in suitable polymers, i.e. micro-
capsules and microspherules. Hard and soft capsules consist mainly of gelatin, while
the latter have a suitable content of plasticizing substances such as glycerol or sorbitol.
Hard gelatin capsules are used to receive formulations of the invention which have a

25  solid consistency, for example granules, powder or pellets. Soft gelatin capsules are
particularly suitable for formulations with a semisolid consistency and, if required, also
viscous liquid consistency.

Pellets are granules of formulations of the invention in the particle size range from
30 about 0.5 to 2 mm in diameter. Both with a narrow particle size distribution, preferably
from 0.8 to 1.2 mm, and with an essentially round shape, are preferred.

Tablets are solid preparations in particular for oral use. The meaning of "oral admini-
stration" within the framework of the present invention is, in particular, that of the term
35  "peroral administration" or "ingestion", thus the tablets are for absorption or action of
the curcuminoid in the gastrointestinal tract. Particular embodiments are coated tablets,
layered tablets, laminated tablets, tablets with modified release of the curcuminoid,
matrix tablets, effervescent tablets, chewable tablets or pills. The formulations of the
invention usually comprise at least a part of the necessary tablet excipients, such as
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coating aids, especially those mentioned below. Coated tablets include, in particular,
sugar-coated tablets and film-coated tablets.

10  Powders are finely dispersed solids of formulations of the invention with particle sizes
usually of less than 1 mm. The above statements about granules apply correspond-

ingly.

The curcuminoid formulations of the present invention show improved oral biocavailabil-

15 ity compared to non-formulated crystalline curcuminoid(s). The oral bioavailability can
be determined in experiments involving oral administration of the curcuminoid formula-
tion of the invention (or an corresponding amount of non-formulated curcuminoid(s)) to
a subject and measuring the level of the curcuminoid(s) in a biological sample obtained
from the subject over time, wherein the biological sample may be derived from a body

20  fluid, for example serum, plasma, whole blood, or cerebrospinal fluid, and/or a tissue,
e.g. from brain, liver, kidney or heart. For analysis, the curcuminoid level in the exam-
ined body fluid or tissue may be plotted against time, and the area under the curve
(AUC), for example the total area under the curve from t = 0 (time of administration) to
t =« (= AUCy., ), or the area under the curve within a defined period, e.g. fromt =0 to

25 t=6h (AUCosen), may be calculated. In general, a higher AUC relative to the AUC ob-
tained by administration of non-formulated crystalline curcuminoid(s) indicates an im-
proved bioavailability. The absolute biocavailability may be calculated from the resulting
AUC data as percentage based on the corresponding AUC data obtained from intrave-
nous administration of curcuminoid(s).

30
In particular aspects of the invention, the amount of curcuminoid in the blood, deter-
mined as AUCy.qn, after a single oral administration of a dose of the curcuminoid formu-
lation of the present invention corresponding to 20 mg of total curcuminoids to a human
subject or an animal subject, preferably to a rat, is significantly higher than after oral

35 administration of the same amount of non-formulated crystalline curcuminoids, prefera-
bly at least 2 times, at least 3 times, at least 4 times, at least 6 times, at least 8 times,
at least 10 times, or at least 15 times, and, for example, up to 30 times higher.
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eral direction. The about one third of the shaft positioned farthest downstream was a

3 blocks which consisted of cam disks mutually offset at an angle in a periph-
25  discharging section.

Screw configuration A comprised four mixing sections. Screw configuration B com-

prised three mixing sections and was more aggressive than screw configuration A due

to the presence of back-pressure elements designed to intensify mixing and/or homog-
30  enization.

The extruder barrel was divided into five heating zones. Heating zones 1 and 2 covered
the feeding and conveying section. The mixing sections and the discharging sections
were located in heating zones 3 to 5.
35
Materials:
hydroxpropylmethylcellulose (HPMC 2910 5 mPa-s)
lecithin (Ultralec® F Lecithin)
isomalt (Isomalt PF)



EP (Volts) CE (Volts) CXP (volts) Curcumn 367/133.90 150 -63 10 -43 -7
Desnet hoxy curcum n 306.9/118.90 150 -60 10 -24 -7 Bi s-desnet hoxy curcum n
306.9/118¥0 2084956 10 -24 -7 Curcum n gl ucuroni de 543. PCIZ22@106B0t 63 10
-43 -7 Desnet hoxy gl ucuronide 513. 0/ 1188. 9 150

curcuminoids (Curcumin C3 Complex, Sabinsa)

Procedure:
Four different powder premixes, #1, #2, #3 and #4, 1.5 kg each, were prepared by ma-
5 nually blending the ingredients shown in Table 1 in a PE bag. Samples of the premixes
were fed separately to the twin-screw extruder. Melt extrusion was performed under the
conditions summarized in Table 2. The samples were tested on residual crystalline
curcuminoids after extrusion (Table 3). No crystallinity was detectable in the solid dis-
persion products resulting from processing of samples #1.1, #1.2, #2.1 and #2.2 having
10  a curcuminoid load of 10% w/w. The solid dispersion products of sample #3.1-3 and
#4.1-3 having a curcuminoid load of 20% w/w showed various levels of residual curcu-
minoid crystallinity related to and consistent with the applied process parameters.

TABLE 1: Composition of premixes

Premix Raw material Amount [% w/w] Amount [g]
HPMC 60 900
41 Isomalt 10 150
Lecithin 20 300
Curcuminoids 10 150
HPMC 75 1125
Isomalt 5 75
#2
Lecithin 10 150
Curcuminoids 10 150
HPMC 50 750
Isomalt 10 150
#3 o
Lecithin 20 300
Curcuminoids 20 300
HPMC 65 975
Isomalt 5 75
#4
Lecithin 10 150
Curcuminoids 20 300

15
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TABLE 3: Product after melt extrusion
Curcuminoid crystallinity
Sample| Strand color Comment
(mean of n=2)*
#1.1 brown yellow below detection limit
#1.2 lighter brown agglomerates, more briddle below detection limit
#2.1 brown good homogentity below detection limit
#2.2 dark brown yellow agglomerates below detection limit
#3.1 brown yellow agglomerates ~ 1%
#3.2 | yellow/brown less agglomerates ~ 20%
#4.1 light brown smooth, homogen ~ 1%
#4.2 yeIIow/orange smooth, homogen ~ 28%

* % curcum|n0|d crystallinity based on the total amount of curcuminoid

EXAMPLE 2: Bioavailability of orally administered curcuminoid formulations in rats

Animals:

- adult Sprague Dawley rats (14-16 weeks old, average body weight 260-280 q)

Animals were obtained from Harlan Laboratories, Netherlands. Rats were acclimatized
10  to the study area conditions for 3 days before dosing. Animals were housed in polycar-

bonate cages and maintained in controlled environmental conditions with 12 hr light

and dark cycles. The temperature and humidity of the room ranged between 21 to 24°C
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s Kol 0 o Mol ke SR AU Ui,
0. 05 0. 35 7wein fsggogsFamplig. #ie surgicayreparation was performed under anesthesia two
days before dosing as per approved protocols. In a typical study, animals were orally
dosed with test substance. Blood samples were taken prior to dosing and 15, 30, 60,
10 90, 120, 240 and 360 min after dosing. K2-EDTA was used as the anti-coagulant.
Blood samples were collected from the jugular vein of cannulated rats in all cases.
Plasma was collected by centrifugation and stored at -80°C until bioanalysis. Quantita-
tive bioanalysis of formulated curcuminoids in the plasma samples were processed
using protein precipitation with acetonitrile and analyzed by LC-MS/MS.
15
Test samples:
- curcuminoid formulations: samples #1.1, #1.2, #2.1, #2.2, #3.1, #3.2, #3.3, #4.1 and
#4.2, prepared as described in example 1, stored at 4°C until use
- control: non-formulated crystalline curcuminoids
20
Dosing of test samples:
On the day of dosing, dosing solutions were prepared by mixing the respective test
sample with 0.25% carboxymethylcellulose in H2O. Each animal was orally adminis-
tered with ~2.5 ml dosing solution comprising 20 mg curcuminoids.
25
Determination of curcuminoids in rat plasma:
0.1 ml plasma was precipitated using 0.25 ml of acetonitrile containing warfarin
(1000 ug/ml) as an internal standard. Precipitated protein was removed by centrifuga-
tion and supernatant fraction was analyzed by LC-MS/MS. Details of bioanalysis are
30  given below:
»  Curcumin LLOQ: 30.23 ng/ml ULOQ:3415 ng/ml
» Desmethoxycurcumin LLOQ: 9.339 ng/ml ULOQ: 1055 ng/ml
» Bis-desmethoxycurcumin LLOQ: 1.676 ng/ml ULOQ: 189.0 ng/ml
* r2value: plasma: -0.9800
35 + Instrumentation: APl 4000 LC-MS/MS with 1.4.2 Analyst version
* Mode: ESI Negative mode
* Experiment Type: MRM
» lon source type & ionization mode: ESI
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TABLE 4: Transition details in LC-MS/MS
MS/MS Dwell DP EP CE CXP
Analyte .
transition (msec) (Volts) (Volts) (Volts) (volts)
Curcumin 367/133.90 150 -63 10 -43 -7
Desmethoxy
, 306.9/118.90 150 -60 10 -24 -7
curcumin
Bis-desmethoxy
, 306.9/118.9 150 -60 10 -24 -7
curcumin
Curcumin
, 543./134.0 150 -63 10 -43 -7
glucuronide
Desmethoxy
, 513.0/118.9 150 -58 10 -24 -7
glucuronide
Bisdesmethoxy
, 483.0/118.9 150 -60 10 -24 -7
glucuronide
ISTD
, 307.2/161.2 150 -85 10 -43 -9
Warfarin
Interface heater lon source (GS1) CAD CUR TEM IS GS2
ON 5 6 10 450 5500 45

10

15

HPLC conditions

» HPLC type: Shimadzu UFLC (XR)

» Column: Agilent Eclipse XDB C18; 100 x 4.6 mm; 5 .

* Injection volume: 15 ul

» Auto sampler & Column Temperature: Auto sampler 5°C; Column temperature 40°C
* Mobile phase A: 0.1% formic acid

* Mobile phase B: 0.1% formic acid in acetonitrile

* Flow rate 1.0 ml/min with split at 80:20 (20% into mass)

» Total sample analysis time: 10.0 min

Determination of curcuminoid glucuronide concentration in plasma:

In this study, it was observed that curcuminoids were rapidly converted to conjugates of
glucuronide in rat plasma. Since reference standards for curcuminoid glucuronides
were not available, these conjugates were generated in vitro using rat liver S9 fraction
and further purified. Curcuminoid glucuronides were quantified using the reported mo-
lecular extinction coefficient for curcumin (4.88 x 104 M-' cm-* at 420 nm). (Our finding



#2.2 /] 5 STDEV 0.07 0.08 0.55 633 637 642 Mean #3.1 /32) 0.64 1.24
2.00 1593 3501 3738 STDEV 0.24 0.60 0.00 179 549 361 Mean #3.2 / 42) 1.08
0.67 0.50w04822/933 1945 STDEV 0. 26 0.19 0. 35 PCT/EP2011/067901
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that purified curcumin glucuronide showed absorption maxima at 254 nm, similar to

curcuminoids strongly suggests that glucuronide conjugation does not affect the spec-

tral properties of the chromophore in the curcumin molecule.) Since the response in

LC-MS/MS for curcumin and its glucuronide conjugate were not similar, a correction

5 factor of 60 was applied to obtain approximate levels of curcuminoid glucuronides

formed in rat plasma. (Said correction factor was determined as the ratio of the peak

area counts obtained for similar amounts (~1.4 ng) of curcumin (peak area count:

613007) and its glucuronide conjugate (peak area count: 10103).)

10  Data analysis and determination of PK parameters:
Data obtained from bioanalysis was analyzed using WinNonlin (V5.2.1) to determine
various PK parameters such as K, t1/2, Tmax, Cmax, AUCg.6n, and AUCo., .

Results:

15  Calculated levels of curcuminoids (total curcuminoid glucuronides) in rat plasma meas-
ured from 0 min up to 360 min after administration of dosing solution and the respective
pharmacokinetic parameters are shown in Fig.1 A-J and Table 5.

TABLE 5: Pharmacokinetic parameters for oral administration of curcuminoid formula-
20 tions torats

Test sample Crmax AUCosn | AUCo-.
Ke [1/0] | Taz [h] | Tmax [N]
/ no. of rats [ng/ml] [[h-ng/mI] |[h-ng/ml]
411/5 Mean 0.77 0.90 1.50 3947 7401 7493
STDEV" 0.04 0.05 0.35 737 585 587
Mean 0.74 0.95 0.88 2945 4706 4751
#1.2/42
STDEV 0.10 0.13 0.22 310 384 381
Mean 0.72 0.97 2.00 3743 7357 7547
#2.1/5
STDEV 0.08 0.11 0.00 523 1635 1671
Mean 0.82 0.85 1.10 3795 6639 6702
#2215
STDEV 0.07 0.08 0.55 633 637 642
43132 Mean 0.64 1.24 2.00 1593 3501 3738
STDEV 0.24 0.60 0.00 179 549 361
439 [ 42 Mean 1.08 0.67 0.50 1439 1939 1945
STDEV 0.26 0.19 0.35 406 851 850
#3.3/5 Mean 0.46 1.66 1.00 809 1455 1597




406 851 850 #3.3 / 5Mean 0.46 1.66 1.00 809 1455 1597 WO
of rats Kel

2012/ 049253PCT/ EP2011/ 067901 20 Test sanple / no.
[ h] Trmax Wbomas2spng/ m] AU CO 6h [ h-ng/ ml] AUCo .

[1/h] T112

[ h- RGIMPROISTEM@YI 0. 15

0.61 0.61 332 339 373 Mean 1.20 0.63 M. 35 1377 2149 2155 #4.1 / 5

Test sample Crmax AUCosn | AUCo-.
Ke [1/0] | Taz [h] | Tmax [N]
/ no. of rats [ng/ml] [[h-ng/mI] |[h-ng/ml]
STDEV 0.15 0.61 0.61 332 339 373
Mean 1.20 0.63 0.35 1377 2149 2155
#4.1/5
STDEV 0.38 0.20 0.14 617 720 723
Mean 0.68 1.05 1.38 1624 3403 3502
#4.2 /42
STDEV 0.11 0.18 0.25 355 531 521
Mean 1.06 0.67 1.00 174 377 419
control / 5
STDEV 0.19 0.12 0.00 57 114 109

1) STDEV = standard deviation
2 #1.2/animal-3, #3.1/animal-3, #3.2/animal-4, and #4.2/animal-5 were excluded from

calculation of means and standard deviations.




STDEV 0.38 0.20 0.14 617 720 723 Mean #4.2 |/ 42) 0.68 1.05 1.38 1624 3403
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377 419 SVOERVI249%30. 12 0.00 57 114 109 PCT/EP2011/067901
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CLAIMS

A curcuminoid formulation, comprising a melt-processed solid dispersion product
comprising

a) one or more curcuminoids,
b)  a nutritionally acceptable thermoplastic polymer, and
¢) aphosphatide.

The curcuminoid formulation of claim 1, wherein the solid dispersion product addi-
tionally comprises a normally solid polyol.

The curcuminoid formulation of claim 1 or 2, wherein the curcuminoid(s) are pre-
sent in an essentially non-crystalline state.

The curcuminoid formulation of any of claims 1 to 3, wherein the melt-processed
solid dispersion product comprises

a) 0.1 to 50% by weight of the curcuminoid(s),

b) 20 to 95% by weight of the nutritionally acceptable thermoplastic polymer,
c) 5to 50% by weight of the phosphatide, and

d) 0to 50% by weight of the normally solid polyol.

The curcuminoid formulation of any of claims 1 to 4, wherein the nutritionally ac-
ceptable thermoplastic polymer is selected from the group consisting of ho-
mopolymers and copolymers of N-vinyl lactams, cellulose derivatives, high mo-
lecular polyalkylene oxides, polyvinyl alcohol-polyethylene glycol-graft copoly-
mers, graft copolymers comprising a poly(alkylene glycol) backbone and a vinyl
acetate/N-vinylcaprolactam copolymer grafted onto the backbone, polyacrylates
and polymethacrylates, polyacrylamides, vinyl acetate polymers, polyvinyl alcohol,
oligo- and polysaccharides, polyhydroxyalkanoates, polyamino acids, proteins
and polypeptides and mixtures thereof.

The curcuminoid formulation of claim 5, wherein the nutritionally acceptable ther-
moplastic polymer is selected from cellulose derivatives.

The curcuminoid formulation of claim 6, wherein the nutritionally acceptable ther-
moplastic polymer is hydroxypropyl methyl cellulose.



1) STDEV = standard deviation 2) #1.2/animal-3, #3.1/animal-3,

#3. 2/ animal -4, and #4.2/animal -5 were excluded from cal cul ati on of means
and st andaoco@4pzBi ons. WO 2012/ 049253PCT/ EP2011/ 0679@CTHAP2@LABL a) one
or nore curcum noids, b) a nutritionadly acceptable ther m)pl astic pol yner,
and c) a phosphatide. The curcuninoid formulation of claim1l1, wherein the
solid di sp@r si Off bﬁ'rBWﬂ@P'daf&]Hmﬂl?t@rﬁ‘aﬂflaj?y Bg%'mss?e? L Vhersial h%ﬂ%?t'xﬂscwm yol .

The cur cum noi poljaisabadaraicondl. cl aim 1 or 2, wherein the curcum noid(s) are
present in an essentially non-crystalline state. The curcum noid

formul ation of _any of clainms 1 to 3, wherein the nelt-processed solid

di sper si on 9pr ofiR EUrEWRIBPIdSERNAatian, of clag Bowheypiniee gREMAY sohé PelypldisPnoi d(s) ,
b) 20 te 95% bmauei ght of the nutritionally acceptable thernoplastic
polymer, c) 5 to 50% by wei ght of the phosphatide, and d) 0 to 50% by

wei ght of the normally solid polyol. The curcum noid formnul ati on of any of
claims 1 td04, Thehewreuminplgformulationi ofgay lof claiprsetodh Méerdir thedpioashatice il ymer
is selected frsxtifme group consisting of ho-nopol ynmers and copol yners of
N-vinyl |actans, cellul ose derivatives, high nolecul ar pol yal kyl ene oxi des,
pol yvi nyl al cohol - pol yet hyl ene gl ycol -graft copol yners, graft copol yners
conpri $§0ng 14. pdheg ¢atlypineiddoghyatiain) of lsag kbe nkclaintg ktovidhwherein the amount of

acetat e/ N-vi ny&&al%mbfaqﬁ #o a&w&w&& Sl%JQ(fttd%Qerl‘ﬂmeg a%%é)oaecgﬁé}raes.ngm oral
pol yacryl ates and t hacryl at es am des, vin cetate

ol ynme
pol ymers, pol ywrnvf%tra?’%w‘a dosg q?g@ foﬁﬁﬂa%%l %%%EW”%I@ ’%9 of clrctminoid
pol yhydr oxyal kiorsadt @bjedd @l gtdedsnDd tuates(Hmﬂghept‘rrah@tftasorahatjrpmlsypﬁqm ofdies sand
m xt ures theregrfnouryb@ H?&ﬁma@&i ﬂz&?lh”&ll}@&hﬂmoﬁf claimb5, wherein the
nutritionally accepta er no Ic polyner 1s selected fromcellul ose
derivaflPves. The curcumi noid for nmul ation of claim®6, wherein the
nutritionalbky accepibadlprodutefoniipt @sthiCcuplnyindit forsnUitidh@X wpy onydimaert iy |
cel lul ose. WO, 2012/ 049253PCT/ EP2011/ 067901 22 The curcum noid formul ation
of any of clains 2 to 7, wherein the normally solid polyol is a sugar
al cohol . The curcuminoid formulation of claim8, wherein the normally solid

pol yol is i130mphd curdlMRinGld okt ARINCHf A 'E'Fﬂélaﬁﬂsoﬂtooﬁ BRYsOh tﬁé @ééﬁheﬂat &0 9,
mherelg t he ph

rcu on of any one
of ol aPfs 1 {oNEBRiEPLieph sotisi e A gt ettt lBia . ¢ o
subj ect det er nilisegderss cAUdOYaghlcfdisepsa psinmgiasy dlsadzseﬁmﬂfmrmtloatqf omoles- a dose
of the fornula&hggaﬁgéﬁé§gg@g@@gméQm%@ﬂﬁg of curcumnoid to said subject is
at least 2 times higher than after oral adnministration of the same anount
of non-fornulated crystalline curcum noid. A nutritional product fortified
W th a curddm Ammethddfonpiaaiuciog thef cuacymiobiddbraiutatioh of anyl &f clditne Ictariducomoi d
fornulgglon of oo of claimse 1 to 11 for use in the treatnent or
prophylaxi s of cancer, conditions involving an inflammatory reaction,
neur ol ogi cal dlsorders cardi ovascul ar di sease, pul nonary di sease, the
formation of chgl e:btee.amb ogialdr siope esrcumimdidsas asiritibtally Resstablé airmbplagtichod

for producing the ﬁg!’y(ﬂ‘]l.ép‘le{?](al gpﬁo(r%él%{h%t' on of any of claims 1 to 11,

conprising: a) ble curcum noids, a nutritionally
accept abl e thetbbroplhaghﬂgdhﬁéleﬁﬁ@ obtgifnca BOFD%%]@IQH%U@E b) heating the bl end

to obtgpn a hor@gemau thEEhls o@t)a.nfe@rn%mﬁrdubﬂoha@smbé ﬁd)ﬁ%i nmel t through one
or nore nozzl es, ” omeeprﬂ Iﬁjpo J f O Sr(])al d@é teor obt ai CF solid

ISpeI’SI on pro ct (0) a s carrie out
d Mt biyind e el eoMint oredbiait aafld debePlRidh d

in an extruder and the blend is subjected to a mxing action in a m xing
section of jsheTRXketrof claim 14, wherein step b) is carried out in an extruder and the
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