WO 2007/ 067043PCT/ NL2006/ 000620 Preparation for treatnment of m neral
deficiency The invention relates to the use of a |ayered
doubl e hydroxi de as a taste-nmasking agent in preparations for
treatment of mneral deficiency and to preparations having inproved
efficacy. The term m neral deficiency neans a condition where the 5
concentrat i oWV EAP+one of the minerals essential toPRTNERARU LY
animal health is abnormally owin the body. In sone cases, an
abnormally | ow mneral concentration is defined as that which | eads
to an inpairnment in_a function dependent on the mneral. In other
cases, the conventi dHeRfEyt: OFBTBBEEP?Wé’fEdn%‘Bﬁ%ﬁ%HFX/ | ow ni ner al
concentration as a level lower than that 10 found in a specific

heal t hy popul ati on. . . The mneral cgontent of the pbody nay be
measured by testing 3arpyeatioprelpfessathn e ?I%Y@aa%f%@&% rpgde g

urine. 1n the,aaseslingGabsl MBranta RHASRN B eeh bE MONGY] ddfRne} AGNASI S
may al so involve taking X-rays of we skeleton. In the case of iodine
€

defici ency, tPAePaIRHRIEVERSIEProRd] Cexam ning 15 the patient's neck

\évith the eyes andI haqrhd&%mi Hﬁ_ﬁ%}ﬂl@e‘f&@n@i Fde&ﬂ@a@@fdﬁﬁdrﬁﬁﬁg&e thhe vt
i agnosi s may include the perfqrmance of a stair-steppi test by the
patient. § n&én“é%PFraPH’éOfﬁq“Yélnélogt}éee‘PWr%]ﬁPF%@PH&K? bd‘l“fal“earr&g’fr ¥HEt i ons

in the body, HARhties®rhoNy RenGaE HEGH 0N ShRg cadef, iagi SAcYn ALelowar kedl y
different fromeach other. The ﬁ'%fs %{ i,neral nutrients typically
i ncl udes al | TH&FQ&MmErDation wenned 83 thah FbifRirads 8 PR BPEE MR &y o

required for fhhét®n d%_ﬁeﬁclﬁht %tmrﬂug_{&hbﬁhsl}§ tm@meéﬁtﬁh mbjiBe to

i norganic nutrients | nclude water, sodium potassiu C ride,

cal ci um phodJsfiaeana mrfnsﬁ%}%aﬁﬁ%@fenﬂceﬁtrﬁfﬂn aé@f}ﬁ&@]}mﬁ%rﬁ@,ﬂn it
Manganeseyo | GehdBin S&leeifit URALLRNShpRRitidadenum  Sonme of the inorganic
nutrients, such as v,ﬁ%er,, do not occhr acf si ngl e atorr% gu% occur as
mol ecul es. 25 Ot her 1RGPGERR CoMERE TEdRE bodiaey By meppirad BY &8HPRcI ude
phosphat e, sSuabiie, of Bladd SRkEA| fd bldddekls, o8 usidaEInahe deseast chlbiain aider
inorganic nutrients, .such as.chrom um and, baro a art...in human
and ani mal h%“ﬁﬂfa%%éﬁﬁcﬁeﬁé?’rth? gfa@np§sﬂlﬁﬁra&]l§gllfwog‘§et%r¥gs§§§%s 0f%F]ﬂeori de
has been provgsletdn. (NtHeaASEotibdENS Hekdigich, the diddosis may include examining
2007/ 067043PCT/ NL20Q6/ 0006 bones and .t eet but .there.i.s little
or no rea]s5on%8 PBEW%@\P@C Wﬁ?‘ t%? RESER s'ﬁBrtE%ﬁﬁfﬁr?fgﬂ’a deigieRgy %h'e

i'fe.
lron is an eskgnicsilmHonplage tie mifopaang ol stairsivepmgytgarbycas pyiiag.

complex (pignent) .in the blood. lron is rmal.l v obtai ned through the
foon in 6t neragl feifermis Fereririnlp ARSHTR il 5 Bbarbatt A
bodi es are stfar iletofrespoadingelaficieh@are Snakedly diffdredffrany egdhodiher.

Myogl obi n hel ps nmusgl.e cells stor X . Wt hout .en h iroen, the
body's fuel cannot gllg“ep EBSB8?We§§ﬁ?‘ﬁ§%g§gﬁmc?lﬁyo%c‘tﬁg_Pi %‘?g}?&?&%em a
(al so cal 2@d d1&Ants 8r Mmoegamnth mbletuleditae ase ypqnived fon dife. iAsdaheapiatrean
amount s of irolﬂ ease ;0 .the 10

t.o nmeet bod emands.. It is a decr

anount of red" E&llog 5 ‘f?nf‘ﬂ'@e%Itg%ldmg%at?é%rc’jutﬁﬁ?nhsé\rfgﬁée t'66 1 7T i ron.
| DA i s usual Ippteaiisedhbyida, Glétm| plsasphate] @ifatd, magnesivoy irbn,aopidrpod
| oss. Bl ood | oss,can be agﬁlﬁt e a i.@ henrg)églhﬁ(ge%u%{ St r aumg, or i_%g% term
as in heavy rmERSIFREFTSR CTPom de e BNy INEM S "8 s "o S &8on
formof anem mt::iéhgsu@ﬁ&%’mftemﬂm‘eot ocbfddasofingle epnanbuivenanas aoldedés. of
Ten are | £§ n gﬁ'felr gr'm?gnz;[ﬁic nutrients that are molecules include phosphate, sulfate, and

selenite. There is some evidence that other inorganic nutrients, such as

chromium and boron, play a part in human and animal health, but their role is

not well established. Fluoride has been proven to increase the sirength of



15Treat nent of mineral deficiency typically, in |ess severe cases,
entails prescription of special diets based on intake of foods which
have a high content of the deficient mneral. In nore severe cases,
treatment usually includes adm nistration of food supplenents. These
may take the formof so-called nultivitamn or nmultimneral

suppl enent s, WA N3hg many vitami ns 20 and/ or mi ner FYNLOPHIER | y
in the Recomended Dietary Allowance (which may al so be referred to
as Recommended Daily Al l owance, RDA). Hawever, mneral supplenments
containing only one, or a few, specific mnerals are also commonly

onths. Lo i ndPBELEN i ey e R IBER 8F B troeen oy Bht gt b RElea A

cause irritathmmmin®aniktz ligt omach and di scol orati on of bowel

movenent s. A di sadvant age of m neral supplenments is
that they produce aJr%EI5é‘ae§§wla?g°§?%qneg$‘%5905ﬁ’h‘hﬁheo‘g‘g’lg%%ad%%I y
after oral adonpiet(pipimenit) in@he Blook IFonie hatBallybiBaifiey theugh B Hhel in
taste, for. others a netallic taste. Mny.m neral .suppl ements e the
form of tabl etg% dbett'aléﬁlb"ggﬁwée“gipﬁ%pge ﬁfe ?ﬁsir)\é iDAAYSE g?el%lﬁf%ge&ﬁe 5‘??6"9%8%’:

cost - ef f ect i waygahrironst bib part.of WRogiobihaMyagtbinilslgsab bRl @fls sivedh WO
2007/ 067043PCT/ NL2 000620.3 dosage forng, the unpleasant taste my
e det act ed VIRERFEE NUTHSH RO FRrOraBSHAL cCUME L PR R SRUep -t

t he taste budson Pefidiémysaelmia bysoaded DY) Bal d@hdigioh kthedDs ageok BAM i N
the mouth, by _inadvertent chew ng, or.by sonme other rel ease of the
bad tasting ilﬂ%#]e@&flgenatmc’%?'l&ﬁ n@?%@"%ﬁ%ﬁf“%ﬁdgf FeAfeTREE RS of
their pool0 cceaplunantsduellliaidribitios icaaded by Haeigrenlinie iden DA is aedallgi ng
m neral suppl enent.s. | es. afe .unattractive . a rance, overlarge
si ze, bad tas lésegrbyfaeg%égfr}ﬁﬁlﬁﬁg A Re 0’83%%?3&0#%%356&}3%%‘?% in
the throat. Ratihéansribiage hiaveuwds bf loagliéiness it idave rehstdastage Ifoar s

of ten exhibit .gag. refl.ex ich prevents 1Q adequate 0

i ni ot rati GsRel b il B Bt pieh PORE Apfe 4y of women,

excl usi vel y, 50 affpirégiramn women, and 3% ofnbheugihor hefividate dosage forns
have bee evel oped Lch may over.c . sone_of .t hese probl ens, nmany
phar macelr}]#cal agentrfé@ﬁ%een té%c negalbéa%?g ]tegﬁtg,pw%l.l%.m T4 ?%‘?er%?asﬁ%t allic,
that it cannentdb gresceiptivedt sieelal dhmieded Tnmtdke gifaldsrgach kaspashigk of

the patient t I t_taste may al sQ cause ¢ | | anc
probienm. csuEE o8 A mir B el 0 e SRS S M PRy, 1

i ssue by i ncorgodestddminsiesibe nbivsd supiérasdri Tipsagamtskeaihetfast of so-
maski ng agent gni . fRrus. Th nts.provide a _secqndary
[ avor Cwhpcn craed w8820 ol Bl B AR SRR R SRR
phar mace 0 c aindayenperad) tyghdadly tin Hize Béopmriendedridatapodéf gk wibiald may
tasting phar t] Y- 1olels { S t .1n
accordance vvi%?ﬁ%eo;éhﬂg&g%%sté %tg %ie nve n%?%ﬁ ,ﬂaﬁjl’J ‘ﬂg})g‘%glgg rjj:ﬁjl ‘@i ﬁﬁ]vf/veﬁ’erélhnefr %lu nd
t hat the unplsspslamentsawnininhg valyicoasorgafevosiecifivinne sl sareatsoremmeasike d

. hi ahl . ) . ) i . it
| ayer 6d doubPe-SE0pL R Elce bod AERARLEL Lilthe NETUG Bberplhiadts
| ayer ed doublteiteyensexioddewds ia thabloed Hewkupgleagmts canrapsejpeitatidnds f or
treat mentys0f (i A8EAL dRh ik 80GYich Rr Rl llohl Need ther cof . said

preparation conprising a layere ydroxide into which one or
nmore minerals are i dcdspbeatasd of Magp mintral prredemndnts midat thew ppedace des

a nmethod for i i ; rat ] for : .

2007/ 067043 PSI‘T‘;HN?JE’%S%%%%Z%@E?P%F P 5}5‘3‘8@18%&* fhter T8 a&r%?r?ésrt’éﬁt“’n'
deficiency i ﬁoasmmn@alﬁiﬁsymﬂiy bonpitiesitage. foncahporeaneimdlictasd. Mangr al
into a layer %ﬁngl%ll' Qﬂ}?plg'ﬁﬂgﬁtgﬂagc?the form of tablets or capsule since it provides for

30 easy and cost-effective administration. Upon oral administration of such




By incorporating a mneral into a |ayered doubl e hydroxide, it has
been found possible to effectively mask the bad taste of even such
notorious 5 mnerals as iron. As a 'result, patient conpliance nay be
increased significantly by prescription of a preparation as described
herein, thereby increasing effective uptake of the deficient m neral.
Q her advant ¥§E8GF%he i nvention will become clear fPEFAEIR/000620
follow ng detailed description of the various enbodi nents of the

i nvention. 1.0Layered doubl e hydroxides sare clays of an anionic

nat ure whi ch may be found in nature or prepared synthetically. They
consist of small cgystalline sheets of dinmensions of a few nanonmeters

up to a few t&3asgrP Iﬁﬁ Jeesanf deste mav\hRidetected; when the bad taskpgd. By

these anions fh@ﬁedﬁ@ﬁ@bm@@ir@ﬁl SorRhAGHitH 113Radty HHAX ?Shriﬂc&t%éiﬁsby &»f[éf]lotﬁg
a syntnetic

description o hods preparation
| ayered doubl 01%96%%%%‘%9 ﬁ%émi“%h gﬁa@dﬁ%ﬂ%ﬂ@hemgeﬁ%%y P39, 306
and 3, 650, 704¢ther release Ofﬁelb@ﬁ%@&gqggmhﬁnhydrom de into which one or

nor e m'nergls are |n§ orate rably has the formula _,
20[ (M) (1.20 (vpll)" %%% %F“’F itfereqigpyony fo o‘i% eIAPRfR Sorgplipnce i
nH20(11), administiiRneesinMn of dMés @k dMel thindt 8 sﬁﬁﬁlﬁﬁl@htsVEanﬂBQ or

nmore nono-, bi- and trj-valent netal_ cati.on 251 n royla (1), W

can be one or OGRS IRPEHARE SVerlaner Shge i’%ta{%e apthahghe
trival ent rretﬁhicﬁlewlé\&l&diﬁgx fdr&z aaﬁgémﬁcmgtm@ﬁﬁoﬁc Patiemd whothavy is 1 or

2, nis anu d Ais a nlonseectdfromthe
group consi s{?‘% Ltfesd'ilt %’Fai ?Olmiﬁﬁﬁtgn ox %&2‘ EAEFHR ’é pgrevents
conbi nati ams ﬁdb@ﬁ@@foral'rshﬁmh[sv&hﬁﬁlTlﬁabhél{ibniesm@b@fu% ﬂlbieyofﬁe@tl peied firom

the group of b| a nesium chrom um zinc, germani um
ni ckel , iron, ](\g"ﬁ ’%8‘8&?? calcium WD

2007/ 067043PCT / NLZOOMBMeﬁameIdyMmes hé&é&déw@v@mﬂemh&&ﬂ%e
i ons and conbi nati ons of

% ese vaI ent cations. g;jﬁt“ al ent catl on
o or o er bl PB4 SHHE e P T DAL s Such
chrom um i r obed taetead.k, bitmel ybaetulits, tha nacinnon Bndldraigd areaehe-was Tand
conbi nati ons of theetrlval n 51n a preferred.enbodi nent,
Che bi val Oht WEITER CROPTED G Ehe 5ot 8 splharvihioct TIGHRLTOR and &
bi val ent m negoalpliancerhioblentn Contearidediyp attbrpts Hssre beén siadeto adlhess
stoi chionetri %Br at |e of cmagwgm usmete 0 trh% al voal ent defici ent ner aI
i s preferabl y"BEFREN PEYPERINE- ST HBFE Op FAYBFELIE Bt 18 s
and 0.1:0.9. dgektninseal ddsegd fornalTase ahioprovik Ials)a@@nldﬁrypisﬁrfoewaimhys a
intended to overwhelm any unpleasant taste of the pharmaceutical agent.
20  Unfortunately, for many powerfully bad tasting pharmaceuticals this approach
is inadequate.
In accordance with the present invention, it has surprisingly been
found that the unpleasant taste of various cationic minerals can be masked in
a highly effective manner by incorporating the mineral into a layered double
26  hydroxide. The invention thus provides the use of a layered double hydroxide
as a taste-masking agent in preparations for treatment of mineral deficiency in
a patient in need thereof, said preparation comprising a layered double
hydroxide into which one or more minerals are incorporated. Also, the present

invention provides a method for improving the taste of a preparation for



10 conbination of alumnumand a trivalent mneral in which an
intended patient is deficient. The stoichionetric ratio of alum num
to the trivalent deficient mneral is preferably between 1:0 and 0: 1,
nore preferably between 0.5:0.5 and 0.1:0.9. In fornula (I11), M can
be one or nore nono-valent netals, and MII| 15 can be one or nore
trival ent mefR¥7GKE e n is a number from1 to 10, aREVALAOEOYKR25M| on
sel ected fromthe group consisting of C-, Br, NO3-, PO43-, 8042-,
0032-, and conbi nati ons thereof. 4 The nono-val ent cation is
preferably selected fromthe group of nono-valent lithium sodium
pot assi um aq:(fj iilver gn,d cQmbi n 4&5 of , t hese 20 npno-val ent
cations. The YF3HEIAMPIERp0 ﬁm??gt EPObinA Ruper PRI ah ARBRSIRE oup
of trival ent iatodparatifiy s&ilmOEbMinth & 0fyersDAble hyBb¥bgdenum vanadi um
and manganese ions ﬁ%’d conbi nati ons of theze trival ent cations.

In accordance with tHeFHISHETRER Pinerad infgadpynred dephle bgdropdent baf nal s

and humans f Qe fdiind @bedible €f LfdcEiRElY mask thébdl RERS JrRden SNENEIriout hat
humans 25 are treat A | ae;ered_ doubl e hydr oxi de havi ng

ed. . I
the formul®a (FPeralsayiiet AafepsubRrtienteamnlianss may bednepasedgous to any

known convenisghiificaen ek phekriptiepal 4 fHephaYieh 8 d6RuBbe hhydl exdreigs. An
exanpl e of a.suitable rrgthod [ ﬂ rived fromthe nethaod disclogsed in
%rds 4

US patent 3, 338°%0%: e%‘f YeFptaspo SP Pkl P e agansf the
My6Al 2( OH) 16@andibit AG11 bScopieafdedrEtbnDihebidvASy dWRiled description of the

2007/ 067043PCT/.NL2006/ 000620 ﬁ}an al um num conponent wth a nmagnesi um
conmponent i n YARC AU ARG Ch S YO pr esence of carbonate ions at a

sui tabl e 194, pref er dlalyredtdohisia $iydDxidas ref BHRVE bh RYidntEndt@BUkid tnay

precipitate, erei.n the al um num copponent and t he ghesi um _ .
conponent ha\}’\é\q%‘m%tlﬁﬁlaéuréﬁﬁeré’ﬁr?rHoWgtﬂglc 'gi%ﬁyf’fl’fbg“ﬁ@ Ppalyemstalling, A
in the | ayer edeadoofdimehyidnoxfiadfew dafoR6Res GRACE foud fehs bi@ariomeednti on,

t he al um num,¢ onent. and/ or the nesi um conponent nay conpletely
or partially bﬁgwrgr%’éﬁ‘fehé%heﬁmﬁv %fﬁt‘%ﬁﬁbﬁﬁgg?’ﬁ% 2BIRP BHeReE Ryt a‘%{‘?ﬂé Ogg'gi r ed
trival ent andhar hjpirest e@pdupsaFéirandest@specdfipylible niedhodsel gropatayartad

doubl e hydroxi de..havi ng f [)..10 reparatjon escri bed
herein 036/#{, bé Stgrsiteh(?%fz (&)ary%f%dgtgjogg%?}%%ir%‘ﬁdﬁ’ ﬁ?@gﬁﬁ Sé’i“?’fjfl tog.ﬁ P ons,

such as phar 338306 eall 385A708i ti ons or drugs, food supplenents, or
food or feed products, In.these, applications, a preparat.ion. as

descri bed herein wi fj’lsla{f?ﬁflg%ﬁ %h%‘glgﬁlgﬁﬁtﬁgg”% P BEREP FRYPERENt
typi cal |y enphooymdated psefetabiyr lodiibe frmbfNhen the preparation is used
in a nedicinal conposition or a food supplenent, this conposition or
suppl ement preferably conprises, in addition to the above descri bed

| ayered @dubl e hydr 6 Beyn GHIPhEHEIdALr.c B0y acdgpiabl e exci pi ent.
Dependi ng on the oral desage.for he exci pi ent...may be chosen from
the classes of fdl efdsw, u%f@éalﬁ[ gl],H""Es)weetener s, bpavor ants, colorants,
20 antioxidants, coating materials, and other excipients known to the

person skilled in t L1 araRd; combjnations thereof. Wen a .
preparation as desc?ﬂ% %&ﬁﬁgrgﬁlnanﬁismdsaer PR FEEF BP0l it

wi || preferabhiyalset mexaddatiprish t he ot her ingredients of the end

product i;g such a . vihde a.substantial.ly. honogenou

i ncor por atg i on of Z\Qﬁ%/ﬁtéglb%rag)zilrl\gt §aB oL GEEOFS %%%‘leﬁgfng?aﬁs’iaﬁa%né can

product . be one or theredriyplehbmetds, erhipod iseEntymber hpawéedrollBahd/0.8her ei n

a bivalent catj Qn c .M | .. Wi i.st_in. bival ent. or .trival ent

form (such agstil t?{)ﬁngfl 1%@3{119391' from fpo fB,aXn(? A'i8 o 'aBio! s fe2 oo the group
consisting of CI, Br-, NOg, PO4%, 8042, COs?, and combinations thereof,

The bivalent cation is preferably selected from the group of bivalent

30 magnesium, chromium, zine, germanium, nickel, iron, copper, cobalt, calcium,



to be adm nistered, a preparation as described herein also conprises
an antioxidant. Preferred exanpl es of suitable antioxidants include,
but are not 30 limted to, ascorbic acid (vitamn C), tocopherol and
tocotrienol (vitamn E), WD 2007/067043PCT/ NL2006/ 000620 7

fiavonoi ds, carotenoi ds such as |ycopene and bet a-car ot ene,

oxycar ot enoi 3 BYORYs zeaxanthin and | utein, BHA (buf§TAEReH/000620
hydr oxyani sol e), BHT (butyl ated hydroxytol uene), lecithin and

chel ating agents, as used in iron (bothgfern and ferro) containing
fruit or fruit like juices or iron based supplenments 5 applicable for
anaem a |i ke dextran, dextransul phate, carboxydextran, fiinmarate, and
gl uconat e and2elfdenuge varsiupg ardapaneageseamaiid wrinaitonggithess p
preventing undegbkiadtiond dakitAvaieht Bkva LSt QScth® fbhl tha St of
cations. This js_particularly preferred for treating iron,

defi ci enci es, FikAeREAREPRR( $HPOIYN IR, coRfle mebdengp orpnagdivgnand

iron(l111). | NmacSEaaBEeaM tdintiRhForl BOMEMBMaledthatid. ant i oxi dant is
preferably present in an anount of 0.001 to 0.5 w . % based on the

0 0.5 W
wei ght of R he end prigdurieiesteq enphogdingent; the bivglend cation hapdsad

suppl enent .  combination of haBh&i®hl-8d ROk ERErdl ke wWhichHetergad i On and
the antioxidant, are jn a nplar ratio that al]lows an effective

prevention ofPasientisidelrient ThRstoihemeRe ratie eigpasnesiunpiodhpbwalent t he

case of iron(ddficiRRfmasearibipsefaGbl BebPedti:gahd DAL rd SredBamly 8EaFaR! ¥
bet ween 0. 03: é and 5:1 re preferably between g 1:1 and 3:1
t

Preferably, wWhdR548019E89 fkawireniberavalppieagion (MPQy isarelaablies cr i bed
herein proyvi dembadatloaas hludnifmnide prafat abhiralR0~HRAE ikesded patient

preferably 100Q %, of e recomrended, dai |y dosage of .the ingarporated
m neral per fégeﬁf%erwf {’}eﬁP’& bR {06! BUTRHRRAD th PATRIFG iR

ascor bi ¢ aci dnberdl QCHRALEBIY bdbveRh € :(USAT0:2SmaRidroft AN betwbbt€0.5:0.5 and
preparation %}Sﬂ provides at least 5 % nore preferably 100% and nost

preferably 1 & of the recommended dai |l y dosage of the respective
vitamin per 100 nlL Qh fwehilgl(®E), M! can be one orlfa6redh&SEWledtNEALs] HK MIT

further provides nethods for inproying the taste qf reparation for
treating & RAREPEROOTOR RURIe RAE: RS Riih & R SFRAE O3S Gr OaR Y
conpri si ng prievhdnhg sski@dd fioretial growc ampRtiat o£iCi, B NOJ, &30 doubl e

hyd i de havl t he far.mul , ) 21 [ Ax/y3-.
1{2{)]02(: )? O?V%Q'W‘FC O&%@&%}B‘é@egéﬁg(ﬂ"?? (2L [Axly anrei nin

formula (1), M reprisents-ailent@ationiseprbfevdllefiledted fromshe gdupnd W'
represents one or re.trivalent catiaons, apd, x is,a nunber between
W0 2007/ 0670 FSRCTINES G R SR =s S8 sk er 550 Borgbigations oh these o
nunber fr2m mémw-dentaators. The anvdnitaatise isaabeaalfly estedtébirgin GHP group
consi sting of%ﬁ.\; Br NGB~ A3- A2, 0032 and conbj.nati ans
thereof : and SWHAFEPH 14 PP Ty 1rogy copahy BUERITIEH 2B HG
nono- val ent SmaedanesesSipnamd] toaiiestéont of theee bivalanteatisnsval ent cati ons,
and n is a nunber froml to’'10,..and.A is. an anion .selected fromthe
group consisting of ‘QyAccerggnce 81,8 15%55%-0? ltgf’)fﬁpfs?blﬁ:g%g??t%a?ﬁh afifials
anti oxi dant and loordisifat 4 oiserbhésfiebey. It is preferred, however, that humans

25  are treated.

A layered double hydroxide having the formula (I), as described
above, may be prepared analogous to any known convenient manner for
preparing layered double hydroxides. An example of a suitable method is
derived from the method disclosed in US patent 3,53:9,306, wherein

30  hydrotalcite having the formula MgsAle(OH)16C03.4H20 is prepared by mixing



In a preferred enbodi nent of such a nethod, the mneral deficiency is
a deficiency of a cationic mneral, and one or nore of said cations
in the 10 preparation provide the cationic mneral in which an
intended patient is deficient. In further preferred enbodi nents, the
cationic mneral is chosen fromthe group consisting of cal cium

chrom um geM®AMH%3 ron, cobalt, copper, manganese, PRENASCAIANE

vanadi um and zi nc cati ons. In yet other preferred
enbodi ments, said nmethod further conpriges 15 incorporating an
antioxidant in said | ayered doubl e hydroxide. In still other

preferred enbodinents anti oxidant is selected fromthe grou )
consi sting of% %’BPHP%CO%OBEI(W‘?%WPP%??W%@B‘@HE‘?%m&ﬁc?%%‘t‘%t“i‘%dé‘ﬁml
(vitam n E), if Hamaeendsof cicabeyiehsst £ s@tabasplyseResy atlkast 8, and
g
(butylated 2 , )

I ecibt hi 3 and tﬁ‘@ﬁ:ca@ﬁésﬂgn AGBHIrSnEHER @ﬁtaﬁ%ﬁﬂﬁr ioh€%s bamhp [datiead

car boxydextr an, mar at e, conat.e. e esent. _invention
further pPoviHee fﬁ%@eﬁ%rﬁ?ﬂgéngl ?’ﬁge-én 5?@8%95% “(F]‘Br‘l“‘te%‘%ith‘a a
condi tion of aMimeha codbh&itemRaorithe faBhdiiin @SmEmeAd iRlcomsRisly Bt hod

conpri sing the st of preparing a | ayered doubl hydr.oxj de havin
Che. f or mil a PeRkaty( .fsylgfﬁ@«pw PP ?&WPWEHEeﬁe%F)%FS% ffﬂ("ﬁr%f- 21

[ AY-. 1/ .1 nH2@d/or bivalent cation, respdr®ivelytd WHelllariajdrad Gdyble Mdroxidphesiapt s
one or nore ivaleqi cations, 30and Mnrepresents one or nore

trival ent caf?8H82®nd x is a nunber WO 2007/ 067043PCT/ NL2006/ 000620
9 betweenp0. 15 and @ grepatatidn is O¢scdibedhér@intcanbehesd foi amdodpdratididint@nd

A is an anion selected fromthe gro consi.st.ing of..d - ﬁpr- hﬁB-,
Poe- , 8042 . TesdEsnal camposiHHs; FeP g PORTREF bl CSRBOTHERCIATE FSF il 2
(1), M repesapgshsnit® fogd ¢Ffed] pdacty. dhahése2Dplitaitas, apdpMafion as
represents one or re.trivalent cations, a is a nunber froml to
o7 an i o desePibed Bheub il Seliohy R bonitet B ardpBeligopoely 5
NO3-, PO43-, efpdRed ilBR-pro@ntant i oxi dant and conbi nati ons thereof;
and eithq‘ perfornigﬁgg ani on qgchan e react%Pn ereiﬁ.ani03§ﬁ¢ in
caid 10 hyered doubTi HaPEPRERIYS LI BEN sl CBPOSHRGR ot or
prepari ng saisdpplawmerie thisl canbpeeitioptirexpplemayt prefailily cavpiibresinsadditidohe
presence of sai,d antioxid : I referyed enbodinents of
Blich & met hotb EARATRT S B gRe Py e g Aeyble &y dkoRisp: & PARBARTE R ar | oni
m ner al, and acepeabdy emj;ﬁrmto]f)emﬂﬁgqﬁﬂhs msa:lidnsmifoini,ﬁhpézeﬂagmﬂnmbe
8;]9 :li:ldgnt he %ﬁés‘egrﬁlo%:l me%?arsgés olf %ll\é@sl, fu%r%gnésp é[vs?ert]e eenceiar , E":leoer%tsl, golorants,
20 . antioxidants, coating materials, and other excipients known to the person
skilled in the art, and combinations thereof.

When a preparation as described herein is used in a food or feed
product, it will preferably be mixed with the other ingredients of the end
product in such a way to provide a substantially homogenous incorporation of

25  the preparation as described herein in the product.

In a preferred embodiment, in particularly wherein a bivalent
cationic mineral, which may exist in bivalent or trivalent form (such as iron) is
to be administered, a preparation as described herein also comprises an

antioxidant. Preferred examples of suitable antioxidants include, but are not

30 limited to, ascorbic acid (vitamin C), tocopherol and tocotrienol (vitamin E),



Preferably the antioxidant is selected fromthe group consisting of
ascorbic acid (vitamn C), tocopherol and tocotrienol (vitamn E),

fl avonoi ds, carotenoids such as | ycopene and bet a- car ot ene,

oxycar ot enoi ds such as 20 zeaxanthin and lutein, BHA (nityl ated

hydr oxyani sol e), BHT (butyl ated hydroxytol uene), lecithin and

chel ati ng ag®R¥V968H as dextran, dextransul phate, caPBbERYAERPEHN,
fumarate, and gluconate. In other preferred enbodi nents of the nethod
for producing a preparation for treatingf a condition of m neral
deficiency in a human or animal, the anion is 25 selected fromd -,
Br-, NO3-, PO43-, 42- . and conbi nati ons thereof, and the exchange

i s preforned Biteroe e e B St W%Pwe%ﬂdq{%cw@ﬁa@w&w 5. In
hi ghly pref er setl savhadinkintahd lafam, BHA @itdanid HySrasaasde)s Baai d.

The invention,further, provjdes a preparajion for treating . a conditjon
of i ner al | def e R Eeh 1 R e st aehats: b i S ok o
for 30 producteng asiddérre) phipangtiuttorfaibBkdiReRs bbRen Bl Suppl¥ikents
2007/ 067043PCT/ NL2006/ 000620 10 The inyention furthe roovi des a

pr epar at i 052 f &P {c?glﬁg?rnadlaﬁmbao#m%; Y nogexrﬂ'aﬁ’é}‘lgﬁm{?e?ﬁr ?’&ﬂ&%}rﬁ% a human
or ani mal, sahdhgpaepandthomatoant tivililg. The preesd of an bhifodigeant axdyde:lp
having the formula.n H2O]. (1\19 (OH xM [Ax/fa), or .Symmn 2 | . .
N0 1y ChPRveRtink ekt honiptio gt s t bvagu Do S s
mor e bi val ent pagichlanky, prefadeld/fdrltraatipgecanicficeAde) Whdtrie iroh{Ias avikch
cations, and X is a nunber bet n.0.15 and 0.5, y i .or 2, nis a
manber 1 om 19PE ABCATR The SORHTARR AFouEEe PR thik e ohs

consi sti ng0 of axiigxidBmt i\NRBferatMD BsentSOR-amadd 2f 0.0anth AL we ofybhsaltdnons

t hereof; and . eregin.in fo la ((11), M represents one or
mor e nono- val BS™E ﬁogr%é?enarpcff’%‘bc? Ssge%?‘lé{*lgﬁéug% OW?%B?%i\?ﬁP@ﬁ ent.
cations, and n is a humbérrdireadhoditient 1Be bidakknicdtBnamndahe anticadattaed

fromthe group, conslsting oty

s, Braz. . .NO3-., POA3- 2-, |
antT oxi dant el COSERGY s ello PG ee i Bt L Tiaran of (e it
conpri si ng ancaivhi Bxi kantpld, ic thepasadiachn(il) sial ghebbyetcaiithdoudigle ratio is
hydr oxi de. . Pr ef er abi in n.a_preparatio h nount . of [
yer od abtbl By AR ieneta R R EEF Bishp Biphe pePTRR R Bhed 8 dant
is at |east 70 wt. % Prafereblyr eher alllied ab alvebisle, 82 pabpdatiomaedescribed

oL bl bl M e S B e et
preparation. FWf%chtieyrecanireentied dndy dokefe of Byedycokmorated mineral per 100
mkL of vehicle. In case essential vitamins such as ascorbie acid or tocopherol
20  are used as antioxidant, the preparation also provides at least 5 %, more
preferably 100 % and most preferably 1000 % of the recommended daily dosage
of the respective vitamin per 100 mL of vehicle.
The preseﬂt invention further provides methods for improving the
taste of a preparation for treating a condition of mineral deficiency in a human
26  or animal comprising providing said mineral incorporated into a layered
double hydroxide having the formula
[(MID g M), (OH)2] [Axiy¥-.n H20] @), or
[(MIMI ¢ ] [A¥.1m] nH20 D,
wherein in formula (I), M* represents one or more bivalent cations,

30 and MY represenis one or more trivalent cations, and x is a number between



deficiency of a cationic mneral, and one or nore of said cations in
t he preparation provide the cationic mneral in which an intended
patient is deficient. The cationic mneral in a preparation of the
invention preferably selected fromthe group consisting of calcium
chrom um germanium iron, 25 cobalt, copper, manganese, nol ybdenum
vanadi um and WA HE0HW ons, nost preferably iron or zi RETNENESOHGZY
preferred antioxidant is ascorbic acid. . The invention wll
now be elucidated by the follow ng, nongestrictive exanples. WO
20071067043PCT/ NL2006/ 000620 11 Exanple 1. Synthesis of
My-Fe(l11)-CILLDH in a Fe:My ratio of 4:1 75.12 g of NaOH was wei ghed
under ni t r og@rlBanddkshives d of & nisp pupbsrdEemd iR A8 Fdakje anmpdep sedepbe

of boiled deypenalhsgi-ofiane 6EOOIERI NCY, Bonutsd,24800), awas added
under nitrogen atnosphere. 145 75°g of MJC13 6 1120 was weighed in a
beaker and dicembinatieny fhegepb agdof boi |l ed denineral i zed water (cool ed)
after which 47.05 gyl GR8\ Hrmild B, MRR RAdRE RABGr dfe HoXd-VaBniaS
stirred under nitrogen. The brown solution was added to a droppi ng
funnel and f icxidens; and &' sporesepisme gpEleRtitrivalastt cpiions. and p digppumber

at mospher e. | ftoliib,%aws% dn’iﬁ:ﬁs@?e'cﬁéﬁ'ﬁ’or% gnge %{'Bu eo(;l?,ggu oP L5

added dropwi se until|l 'the reaction m xture p hen, the

sol uti on was NRmtPEd* 59+ CReTiran antioxgent aprkcomfiipations thaxeot i | t er ed and

washed with dem ner g}, hzgekWal embbdikdecht 8 duchadGhethad theRMndrBREC-NcyT he
product was freeze-dried. 15 Exanple 2. Synthesis of M-Fe(ll]l)-ClLLDH

in a Fe: My ratp defipienzy of 2 satimnioympgeralaopdl ouesoraesg 9Eepit aafns i thogen
at nospherg i re%a?@@orf%ro;fﬂ'é €Be MRN8 ninkAs kn whit@hn ihf2d6@ patieRfis boOi | ed

dem neralized water_(cooled to about 40 C) was added _undie_r ni t rogen
at nospher e.  PefigientgInfurfpprprefeged embodimentspihserpgamg minerg!l el and

di ssol ved in plgbi1d 6@51%;?&}11'3&% enanehal izesinal RFmeaRE!, @dh, @bhBl Which
13.10 g of Fed 3 .6 HZ0 was added and the m xture was stirred under
ni trogen. ThECHREBIRAREATGEY Selxpslsnymdedadimy 2ad H56 M unnel and fi xed

to the 500 niL threejpgek@fed hatfrddbntholirhd R eRi BhoMSP AGtier chpliges
stirring intensively the -Fe sql utigon was adiied drogw’ se until the

reaction Y5 rnserpratipgan gnieriganton saidrpesed doyRleRyqieidsy was heat ed
for 6 hours at 100 G ¢fin&t5QlpdiRBd ¥RASodiehey AdioaildnRSBREkeMfilohh the

dem neralized water until _all NaC . has beég renpved. The Pro uct was
freeze-dri ed . BErouRsoasigTne eiassabeEeN SHowr bt d28rasroadigratigrol) n_ it u

?:yntit3 hii i 2 of (?@al\rgﬁdl(_lfb)l, ﬂhvﬁgds%déb@n%dfgiq&@srlydob@neoiﬁdqjeia-ca&'btelaeyi t2 aEi n
.6 go Vas i ghed under nitro rein a
gl ass or st edFYFEACEY ?’S%@ﬁ,ze ?la“@fﬂg%‘ﬁ’gm&h%g% i zed wat er
(1 <7: ogl ed ]Ef.m allgu$~ox§fsc>ni§ale)/\@$1, ; é[a%dgg%ﬂdgd?aro?wol&%gﬁlegitBHizhsdiﬂehe]ati_]iQﬁna .
.6 g of vitam n C was_added. . 0 : was ,wei ghed in

a beaker and HFPRIEGHE @%@@ed@tﬁr‘l&"’b@#ﬁ@dg%ﬁwﬁmw&w%wﬂ%
(cool ed) aft efiydshigeh 23.4 g of FeCl3 6 H20 was added 10 and the
m xture was stirred _ynder nitrogen., The brov\ép sol utﬁ?lﬁa was, added to a
droppi ng funnel and faeREeFepbIvRRtion furthex prqyydes 2 method for producinga
at mosphere. \fhbdLatbn foripngtinghepsdivieh yf kherdlefciend itti lnmabe added
dropw se unti | 'thi r act%o(ﬂ m xture hagl af%H of , 9.51. 'Ijh(gg he
sol uti on %has FEate i GretBOhpReise th §tep ofPRPasne i PEHeAS ™S | t er ed
and washed WHydrsiedd ehiad hedskmvaaser until all NaCl 15 had been
removed. The product[ (Sl.xf(f\/ﬁﬁ)ﬁélq{zi E&y».nﬂzm @, o

[(MIMU! ¢ ] [A¥-. 1] nH20 (I,

wherein in formula (I}, MY represents one or more bivalent cations,

30 and M represents one or more trivalent cations, and x is a number



Anal ysis by X-ray diffraction, thernmal gravinetrical analysis, and
infrared spectroscopy showed the presence of vitamin Gn the

My- Fe(I'11)-ClL LDH Exanple 4. In vitro application of pharnaceuti cal
conposition 20 In duplicate experinents, 1 g of a product prepared
according to Exanple 1 (containing 220 g Fe(l11) per kg of

hydr ot al ci t e VM40 of vitanmin C were ni xed with ar #FFNEIHOEA) | va
and drinking water. The total intake in the gastric conpartnent of

t he nodel was 200 g. 25 Experiments werg performed in TIM (TNO s

I ntestinal Mdel). For a discussion of this rmdel see inter alia the
foll owi ng publications: Freidi A. and Verwei (2004

I ntegration of irPetesnd. Haprd 9% Y(’rsri'e‘trl?cnﬁf)ﬂéllgfb?’bfm’ﬁﬁa‘io &t fdnis

and nutrients. Nethefd-aes 5&8%@%‘6 Lib esistidBioral-, ks endevisd g4 ek, 16:
1-3. WD 2007/ 067043PCT/ NL2006/ 000620 13 Havenaar R and M nekus M

(1996). Si mul at edC@&sand posphipationsdheugof, Apdist ri es | nternational 61

(9): 17-23. M nekysierdih 2 RSmEBY @1 ARAT repResehtb 388 br nidealbas-val¥st em
Eur opean Patent No. 0642382. European Patent Bulletin 98/07, Art.

97(4) and3(5) SEMefiowared MY represpyts qperfaimaze tiyaleptraiigns dadm is R

(1996). In vitro fmeeh (Rfm 8/ kM) a‘:‘xﬁ\ﬁpxs@h%ﬁnls\é&cﬁeﬂaﬁdm thditbesl St at es
Patent; nr. 5,525, 305, dat ed June M nekus, M MVar t.eau, P.,

Havenaar, R and PRFstpsof Gl R} 35033 PQ‘iJ Soff) ¢Qg981 anﬂoﬁﬂﬁ?fl and

conmpart ment al  dynambins1RRPHLEEciEONt rol | ed nodel simulating the
stomach and smal|_intestine. Alternatives to Laboratorlonn mal s

(ATLA) 23: 19ndzifher myrfamingonppips exqhpisereactigh wigreinaniong A mspd

Havenaar ,joR. 147k98Bdoub® hydroxide are exchanz8d fdi‘\éln&fntibhﬂaﬂméﬁ pbagyg @etldt he
cani ne di gestlve tract rej at%cei to the 1h5devel gpnent of itro

systenms. Nut rfxeresh DY Britugsyathesis 1g eﬁ*i‘?@%‘?é:etgti?é i.ments
wer e parforn%tlgﬂggﬁg,the average physi ol ogl cal conditions of the

gastrointestinal tract s g (ged for mans EE se .conﬂ%%ons <
i ncl ude especially tI’HQl fneﬂféﬁﬂl R Ee BTGP Ral
transit times, deffihﬁnc%ﬂofg’@@hbhﬁ r@iferdl, N dionb s tofadf sakd aaaiouefn, saahd t he
conposi tion and acti vi t of . the secretl élécglucts Dﬁgg etslt ed and
di ssol ved'd oR*PRATRERR BE° %ﬁb‘i)ﬁ%&f?‘cﬁlﬁm 6“15' AR 113 %3 fom t he
j €j unum and idegtighconpart ments of the nodel via holl.ow fibre menbrane
systens. The experinen dl% r _30@1 m _nut es ting
in a dialysate of S?E’eée}q}f’\i\eﬁif ’%ﬁ &55{3’@‘ ) tﬁgg’rog’g eﬁo%corralls{_m%?tl
sol ubl e iron E(SEL&(Jida)n)i (mammeaﬁ tisc@pherdVATN thattend (dbsan®)i Havonoids,
spectroscopy) . g}g vitro | i cation_of phar.maceuti cal
conposi tion ‘W?t 90‘6 3 @ﬁ‘ﬂ%@‘@g’é? %ﬁe’ SxyCarbienoids SuEh ds
20 zeaxanthin and lutein, BHA (butylated hydroxyanisole), BHT (butylated
hydroxytoluene), lecithin and chelating agents such as dextran,
dextransulphate, carboxydextran, fumarate, and gluconate.
In other preferred en:;bodiments of the method for producing a preparation for
treating a condition of mineral deficiency in a human or animal, the anion is
25  selected from Cl, Br-, NOg, POs%, SO42, and combinations thereof, and the
exchange is preformed under conditions which prevent the exchange of COs.
In highly preferred embodiments, the antioxidant is ascorbic acid.
The invention further provides a preparation for treating a condition
of mineral deficiency in a human or animal, obtainable by a method for

30 producing such a preparation fo as described above.



14 A syrup containing 60 gram carbohydrate, 0.3 grans protein, O
grans fat and 0.5 gramdietary fiber, 100 ng Vitamn C (100 % of the
daily intake) and 0.2 gramiron containing hydrotal cite prepared
according to Exanple 1 (220 iron ng/g) was nade. 100 m of the syrup
was introduced in the gastric 5 conpartnent of the TIM Model. The
experiments MPHEPPNO s I ntestinal Mdel) were perf 8EHEERNRHNER t he
aver age physiological conditions of the gastrointestinal tract as
descri bed for humans. These conditionsipncl ude especially the
dynam cs of gastric enptying and intestinal transit tines, the
gastric and the intestinal pH values, ;and the cqonpgsition and _ .
activity of the 10 $Bepwenidse %ﬁrﬂﬁaHfgf%deﬁﬁélrawgé’g%ﬁwéwatla.%%awsan

| ow nol ecul aps GAERPAWRESieAdyan & RInYALS: £ORbI, BMAPSparktficiadnliRidugl Anum
and il eum conpartnents of the nodel via hollow fiber nmenbrane

systens. Thelaygprdrdophlgthydygside haapaedbrderid i ng 300 minutes, resulting

in a dialysate of Sydm|pairing @i}?é]xﬁg,tvglggo]aver@ger 3.1 ng/L of
sol ubl e iron was neasured (AASS atgm c absorp;t,\;gﬁn spectroscopy). In

15 total %5.5 (51* EM{Mywelddtubl 85:Pon per 1) bi oavai | abl e
resenbl i ng approxi Maheteyn EHGrHaRI(D! ME 1dpiekdnth bATor Mb@KAvalEABTbES, 6.
Synt hesi s of I\/g Fe(lll1)-CL (Fe: My 4:1). An anount of 75ﬁéé€bm NaCH
was wei ghed- PRI MHY sepgessnis qngor pre Bvalentratipng 2apt 54%@ py qigeen
gt WPSphelr e; 2!1@%(1\&?{?, yiid l&l%ﬂ@,dn iﬂatlgu%gér\@&w g‘% 1@RE A 318k Heid @(liezctel\é/[l

em neralized water (cooled to - S soln. =

flushed withDBY {haETMH QRsisIRGE G diEh 1‘#@',5 %%&?@&m anmount of
141. 759 ab Mo@ABin6hE: thesoehghed i nto a nmeasuring beaker and

di ssolved in 875g boil ed dem neral i wat er (cooled to 25 -40 C) and
47.05g FeCl3.6 H20 WEETeyHEl9r3H ‘ng'i ?“e@ar%fﬁ’btéﬁmmﬁ% DEHDBPSRHER01 ut i on,
was added t 0 catidhsOpil MY fepivRehts 36 ofMBWRd 80 aliht bdifonReid 01s 4 iemberd i t er
t hree- necked ,fl ask._ The caonplete systemwas, flushed w t.h vacuum
bnd kept - una@omBLAT SR BB SURPHE GO e PP S EHBE ROt e

| evel 8-10) awk,PondiSOLNQOH, shhetipkldat ddiecosminttions tharbe, My- Fe

soLt on s 30 LGB .50, 30010 15,120 SELULL SR Lo bl

2007/ 06704 3PediiNbZR06 4 Q06 rd:Bah aateehldy, id QMR £ Prepbraltion the amdvat| y,
AR A e R R
My- Fe( 1 | D- Cl af laistViD wi. %) mdrédprefermablitatdéast 80 5666, aholg@kferidy nilegdicd®- i n
into a 500 nL three- necked fla upnder . N2 at nmo re., g l.ask,was
lushad i t h " oaL ST Pistegeily AT Sabt S5 v qoRL AR RENSY ?9%{3’ Rispdpe

(cool ed t20 - 40k foralwesgladddw (disdhtisn] Preferalily, Mhe dinahbdefivienhy M2/ vacuum

and kept under .N2 at npsphere). An ampunt of 19.72q9 of. C13,.61120 was
Se ghed i nt o SaBOHES GF FAGTe indeh AR et Sa AR 2o RS f g

dem ner al i zegrymbefion roake thd @tioAl finemaidn ¥BichCo ikEGE8d fatidd invas
added and stiyred under N2.° The Qhr.own sol utio s .added to a

it oppi ng. f undERoER SO THLBI BASFRS Resio st oo Bl o

fl ask. The coeaptied &osyidit gmupasniibtisheitalditt, di2dnrmoy geymandulee ponunder
N2 at nosphere., Wth rigorous stiryi top stirrer,. .| -1 and
15 font ¢ 0B ngeRah ERREeh R TEERS: i Pl PRttt e abf il 0% Added
drop w se t o pirdferaNGrbisad dihd. Ghe wnist preferpdd afticdidanthasascerhched. Then

the solution was heated at ,.100C.for .6 houss.,,Finall .the solution
was filtered and washgd™ SR & “%Pﬁﬁ?“f ‘i&%%l%yetr% e&‘ﬁf“.‘“ﬁm%ﬂ"“i\la. Cl was
renoved, and rédigiet e amivgibs.



20 Analysis of My-Fe(lll) LDHs produced in Exanple 6 and 7

A prelimnary yield after washing and freeze/drying of part of the
mat eri al produced in Exanple 6 (4:1) was 35.11 g (46%relative to the
starting anount). The product obtained is a |light brown

(creamcol ored owder. The yield for the material produced in
Exanpl e 7 (2W92000487%40. 23 g (67% rel ative to 25 the s®PEFNLNEF/E Nt ) .
The product obtained is a red-brown powder. Both products dissolve in
HC1 whereby a clear yellow solution is gbtained. The presence of

smal | bubbles in this solution indicates the presence of carbonate
(CG82-). WD_2007/067043PCT/ NL2006/ 000620 16 Fig, 1 shows the XRD
pattern of tHE2mp athesigof MgHell)- (A IHTan a Fedlaratioof d:1 4: 1) and
of Exanple 7 (2:1). The d-spacing values for the 4:1 and 2:1
My-Fe(111)-Cl are 8.08 en 7.98_A, respectively, and are displayed in
Table 1. Ther@ £ Ig%%ﬁiwaé refghed yndersytroperyatagrBery et § L ¥ees-4: 1 to
2:1. A sear ChefRddGihsk. Thid) 987 831 AB838 @mihel@ras StePabbles BSabdidi cat es
that the synthesjzed product is MydFe( 80Cl . x H2 '

0 (l]owaite).
Tabel 1:2-5ThéPaCeragadipdomdgr sitrogen agpespherenid 57 qpﬁl)ﬂg@szlﬁﬁ?@e%eaw e
6) 2-Theta (1aighkQ i94 RAkEandRiR31v38inl87550fhilodadinkPa1R8d 63:d3

d-spacing 8.08 4.04 2.64 :
(cooled) after which 47.05 g of FeCl; - 6 H20 was added and the mixture was

stirred under nitrogen. The brown sclution was added to a dropping funnel
and fixed to the 5 L, three-necked flagk in a nitrogen atmosphere. While

10  stirring intensively the Mg-Fe solution was added dropwise until the reaction
mixture had a pH of 9.5. Then, the solution was heated for 6 hours at 100 °C.
The solution was filtered and washed with demineralized water until all NaCl

had been removed. The product was freeze-dried.

15 Example 2. Synthesis of Mg-Fe(II)-Cl I.DH in a Fe:Mg ratio of 2:1

11.56 g of NaOH was weighed under nitrogen atmosphere in a 500 mL three-
necked flask. Then, 1456.65 mL of boiled demineralized water (cooled to about
40 °C) was added under nitrogen atmosphere. 19.72 g of MgCls - 6 HzO was

20 weighed in a beaker and dissolved in 146 g of boiled demineralized water
(cocled) after which 13.10 g of FeCl; -6 HpO was added and the mixture was
stirred under nitrogen. The brown solution was added to a dropping funnel
and fixed to the 500 mL three-necked flask in a nitrogen atmosphere. While
stirring intensively the Mg-Fe solution was added dropwise until the reaction

25 mixture had a pH of 9.5. Then, the solution was heated for 6 hours at 100 °C.
The solution was filiered and washed with demineralized water until all NaCl

has been removed. The product was freeze-dried.



2.36 2.01 1.56 1.53 1.45 My-Fe(111)-Cl 2:1 (Exanple 7) 2-Theta (
11.08 22.35 34.05 37.98 45.00 59.32 60.54 64.20 d-spacing 7.97 3.97
2.63 2.37 2.01 1.56 1.53 1.45
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Example 3. In-sifu synthesis of Mg-Fe(IID-Cl LDH in a Fe:Mg ratio of 4:1

with vitamin C

41.6 g of NaOH was weighed under nitrogen atmosphere in a 2 L glass or steel
reactor. Then, 467 g of boiled demineralized water (cooled to about 40 °C) was
added under nitrogen atmosphere. Then, 17.6 g of vitamin C was added. 70.2 g
of MgCls - 6 H20 was weighed in a beaker and dissolved in 430 g of boiled
demineralized water (cooled) after which 23.4 g of ¥eCls - 6 H20 was added
and the mixture was stirred under nitrogen. The brown solution was added to
a dropping funnel and fixed to the 2 L reactor in a nitrogen atmosphere. While
stirring intensively the Mg-Fe solution was added dropwise until the reaction
mixture had a pH of 9.5. Then, the solution was heated for 6 hours at 100 °C.
The solution was filtered and washed with demineralized water until all NaCl
had been removed. The product was freeze-dried.

Analysis by X-ray diffraction, thermal gravimetrical analysis, and infrared

spectroscopy showed the presence of vitamin C in the Mg-Fe(I1)-C1 LDE

Example 4. [n vitro application of pharmaceutical composition

In duplicate experiments, 1 g of a product prepared according to Example 1

(containing 220 g Fe(IIT) per kg of hydrotalcite) and 4 g of vitamin C were

mixed with artificial :saliva and drinking water, The total intake in the gastric

compartment of the model was 200 g.

Experiments were performed in TIM (TNO’s Intestinal Model). For a

discussion of this model, see inter alia the following publications:

Freidig, A. and Verwei, M. (2004). Integration of in vitro data in kinetic

models for pharmaceuticals and nutrients. Netherlands Centre
Altern. Animal Use Newsletter 16: 1-3,



10 The Tga curves of the materials produced in Exanples 6 (4:1) and 7
(2:1) are presented in Figures 2 and 3, respectively. The settings
were 10C/mn. to 150, then 1 hour 150C, thereafter 10C mn. to 1000C.
Tabel 2:Tga-anal ysis Sanpl e %Reductionto %Reductionto % 200C 1000C
Residu My-Fe(l11)-Cl 4:1 10.51 28.89 61.56 (Exanple 6)

My- Fe( TI T) - CIYOR0/04784394 25, 06 62. 17 PCT/NL2006/000620

13

Havenaar, R. and Minekus, M. (1996). Simulated assimilation. Dairy
Industries International 61 (2): 17-23.
Minekus, M. and Havenaar, R. (1998). Reactor system. European Patent
No. 0642382. European Patent Bulletin 98/07, Art. 97(4) and (5)
5 EPC, dated 11.02.98.
Minekus, M. and Havenaar, R. (1996). In vitro model of an in vivo

digestive tract. United States Patent; nr. 5,525,305, dated June 11,

1996. . .
Minekus, M., Marteau, P., Havenaar, R. and Huis in 't Veld, J.J.J.
10 (1995). A multi compartmental dynamic computer-controlled model

simulating the stomach and small intestine. Alternatives to
Lahoratory Animals (ATL.A) 23: 197-209.
Smeets-Peeters, M.J.E., Watson, T., Minekus, M., Havenaar, R. (1998). A
review of the physiology of the canine digestive tract related to the
15 development of in vitro systems. Nutrition Research Reviews 11: 45-
69.
These experiments were performed under the average physiclogical conditions
of the gastrointestinal tract as described for humans. These conditions include
especially the dynamics of gastric emptying and intestinal transit times, the
20 gastric and the intestinal pH values, and the composition and activity of the
secretion products. The digested and dissolved low-molecular compounds are
dialysed continuously from the jejunum and ileum compartments of the model
via hollow fibre mem‘brane systems. The experiments were performed during
300 minutes, resulting in a dialysate of 5 L., In the dialysate on average 19
25 mg/L of soluble iron (Fe(IL)) was measured (AAS) (atomic absorption

spectroscopy).

Example 5. In vitro application of pharmaceutical composition



(Exanple 7) 15 Typically, My-Fe(l11)-Cl hydrotalcite
exhibits three distinct peaks in Tga-anal ysis: around 135C for water,
and around 350C and 370C (dehydroxyl ation and | oss of volatile
species, HCl). These three peaks are present in the Tga curve of the
material produced in Exanple 6 (20C/ mn. to 20 1000C) which is

i ndi cative ofVeMO'EFe(111)-ClL hydrotalcite, see Fi guPET/HL2006/Y620
20071067043PCT/ NL2006/ 000620 17 Using | CP-anal ysis the concentration
of Fe and My was determ ned in sanples @f the materials obtained in
Exanples 6 and 7. The results are provided in Table 3. 5 Tabel 3:1CP-

anal ysis Sanple Fe (ng/1l /1) Fe (norn norn) Rati oMy: Fe
(mol | nol) A syrup coz?igini;g 2@ gxgar;?car ohydrgte, O.S)gral\{ngs I(Jrotein,) 0 grams faf and

0.5 gram dietary fiber, 100 mg Vitamin C (100 % of the daily intake) and 0.2
gram iron containing hydrotalcite prepared according to Example 1 (220 iron
mg/g) was made. 100 ml of the syrup was introduced in the gastric
5 compartment of the TIM Model. The experiments in TIM (TNQ’s Intestinal

Model) were performed under the average physiological conditions of the
gastrointestinal tract as described for humans. These conditions include
especially the dynamics of gastric emptying and intestinal transit times, the
gastric and the intestinal pH values, and the composition and activity of the

10  secretion products. The digested and dissolved low-molecular compounds are
dialyzed continuously from the jejunum and ileum compartments of the model
via hollow fiber membrane systems. The experiments were performed during
300 minutes, resulting in a dialysate of 5 L. In the dialysate on average 3.1
mg/L of soluble iron was measured (AAS) (atomic absorption spectroscopy). In

15  total 15.5 (51 * 3.1 mg soluble iron per 1)- was bicavailable resembling
approximately 100 % of the daily iron intake.

Bxample 6. Synthesis of Mg-Fe(II1}-Cl (Fe:Mg 4:1)
An amount of 75.12g of NaOH was weighed-in into a 5 liter three-

20 necked flask (under N2 atmosphere; flask was flushed with N2/vacuum) and
937ml boiled demineralized water (cooled to ~40 °C) was added (NaOH soln. =
2 M, flushed with N2/vacuum and kept under N2 atmosphere).

An amount\ of 141.75g of MgCl3.6H20 was weighed into a

measuring beaker and dissolved in 875g boiled demineralized water (cooled to

25 ~40 °C) and 47.05g FeCl3.6 H20 was added and stirred under N2. The brown
solution was added to a dropping funnel and mounted on the neck of the 5 liter
three-necked flask. The complete system was flushed with N2/vacuum and
kept under N2 atmosphere. With rigorous stirring (top stirrer, level 8-10) and
monitoring of the pH in the solution, the Mg-Fe solution was added drop wise

380 tothe NaOH solution until a pH of 9.5 was reached. Then the solution was



Exanpl e6 (1st sanple) 8.73 15.1 0.157 0.621 3.97 Exanpl e6 (2nd
sanple) 7.54 12.9 0.135 0.531 3.93 Exanple 7 9.33 7.57 0.167 0.312

1.87 Exanpl e 8 Exchange of My-Fe(l11)-Cl (Fe:My 4:1) with
vitam n C under 10 acidic and al kaline conditions. A Under acidic
condi tions: An anmount of 8 g of vitamn C (L-ascorbic acid,

99% Al dri ch WERE78512g/ nol ) was dissol ved in 250g of CHERMEPUPS zed
water in a 500 nL

15

heated at 100°C for 6 houys. Finally, the solution was filtered and washed with

demineralized water until all NaCl was removed, and freeze-dried.

Example 7 Svnthesis of Mg-Fe(IID)-Cl (Fe:Mg 2:1)
5 An amount of 11.56g of NaOH was weighed-in into a 500 mL three-

necked flask (under N2 atmosphere; flask was flushed with N2/vacuum) and
145.65mi boiled demineralized water (cooled to ~40 °C) was added (NaOH soln.
= 2 M, flushed with N2/vacuum and kept under N2 atmosphere).
An amount of 19.72g of MgCl3.6H20 was weighed into a measuring
10 beaker and dissolved in 146g boiled demineralized water (cooled to ~40 °C) and
13.10g FeCl13.6 H20 was added and stirred under N2. The brown solution was
added to a dropping funnel and mounted on the neck of the 500 mL three-
necked flask. The complete system was flushed with N2/vacuum and kept
under N2 atmosphere. With rigorous stirring (top stirrer, level 8-10) and
15 monitoring of the pH in the solution, the Mg-Fe solution was added drop wise
to the NaOH solution until a pH of 9.5 was reached. Then the solufion was
heated at 100°C for 6 hours. Finally, the solution was filtered and washed with

demineralized water until all NaCl was removed, and freeze-dried.

20  Analysis of Mg-Fe(IID) LDHs produced in Example 6 and 7
A preliminary yield after washing and freeze/drying of part of the

material produced in Example 6 (4:1) was 35.11 g (46% relative to the starting
amount). The produc‘t obtained is a light brown (cream-colored) powder. The
yield for the material produced in Example 7 (2:1) was 10.23 g (67% relative to

925 the starting amount). The product obtained is a red-brown powdei'. Both
products dissolve in HCl whereby a clear yellow solution is obtained. The
presence of small bubbles in this solution indicates the presence of carbonate
(COs2).



15 three-necked flask To this was added an amount of 2 g of
My-Fe(l11)-Cl hydrotalcite. The m xture was heated overni ght at 80C
in an oil bath under stirring. The pH of the m xture was 4-5. B.
Under al kaline conditions: 20An anount of 8 g of vitamn C
(L-ascorbic acid, 99% Al drich, Fw=176.12g/nmol) was dissolved in 2509
of demi neral WEEWETE in a 500 nlL three-necked fl ask PCTNE20&EPS on
is alkalinated using a 1 M NaCH solution (50g). To this was added an
amount of 2 g of Mg-Fe(l11)-Cl hydrotaligite. The m xture was heated
overnight at 80C in an oil bath under stirring. The pH of WO

2007/ 067043PCVNL2006/ 000620 18 the m xture was The material was
filtered and Radrfdavaike KRR natiern ofihe synthenieed, M&ﬁ'&(%g DAL dr i ed.

Resul ts of exghanaes (£ %H%Ex%gﬁhﬁ@gﬁ e dMRAEREAaBick Coxht B;vddani n

C under aci d| C condl t| ons produces a hl ack solu |on fter

1 night at 8 M@[ﬁ?ﬂ@cﬁt%éﬁoﬁ@? - rprpertelh rafere displeded Melahls L n

C, the col or 7HErediaahelVs1ERaNa8padis: mm‘ﬁeﬁr@bxﬁ he 6/3aN AesebithGobtoh Of
the solution progresses in time frompurple to black. Thjs material

cannot be o i Il &gaiabase of fefersaps BATT RebcHiAs Do} thefegtheaiser BYyduct is
hydr ot al ci t e i (@HHTANGL HY G Ebwatkdyal | ne condi tions produces a brown
solution after 1 night with a brown precipitate. Also in this case,
the color of the hydrotalcite solution changes to purple inmediately
upon cont act q\g@bglhlthegymem@d,mngflgolneanl S rrat eri aI can be
filtered and S XRD anal ysis. 15
Figure 4 sho :bg*:ﬁ"é‘f’sbf he_exchanged hvdrot aI Cite.

From Fi gure b2{feetc@n pH.94nf2807 gd.98 hd13g 466k 49.18nE9-18 [t%GR2s pl ace in
the directi oNagfacie N Dhey [dolNELal [256W)20h | Foel NdkLafiawe| of a smaller
d-spacing. T asHb-hat_Ro—exchange—has—occurred—bet ween

hydlroot al gi te%ﬁ&‘\t}.ﬂ CreT Exaiple ) 4 2. Theta ()_and d-s My-Fe(l11)-CL
4:1 exchanged WL%”M | LR 2239 8403 hEE8)| 4600 hRAsE | 054 1%2%3 22.53 34.06

d-spacing 7.97 |3.97 (263 {237 [2.01 |1.56 }1563 | 1.45

10 The Tga curves of the materials produced in Examples 6 (4:1) and 7 (2:1) are
presented in Figures 2 and 3, respectively. The settings were 10°C/min. to
150°, then 1 hour 150°C, thereafter 10°C/min. to 1000°C.

Tabel 2: Tga-analysis

Sample % Reduction to|% Reduction to|%
200°C 1000°C Residu

Me-FedIl)-Cl 4:1 | 10.51 28.89 61.56

(Example 6)

Mg-Fe(III)-Cl 2:1 | 12.94 25.06 62,17

{(Example T)

15
Typically, Mg-Fe(IIl)-Cl hydrotalcite exhibits three distinct peaks in

Tga-analysis; around 135°C for water, and around 350°C and 370°C
(dehydroxylation and loss of volatile species, HCI). These three peaks are
present in the Tga curve of the material produced in Example 6 (20°C/min. to

20 1000°C) which is indicative of an Mg-Fe(lII)-Cl hydrotalcite, see Figure 4.



38.41 45.53 59. 36 60.62 64.31 d-spacing 7.87 3.94 2.63 2.34 1.99 1.56

1.53 1.45 My-Fe(111)-Cl 4:1 (RJ-1241) 2-Theta () 10.94 21.97 33.92
38.13 45.07 59.19 60.38 63.93

WO 2007/067043 PCT/NL2006/000620
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Using ICP-analysis the concentration of Fe and Mg was determined in samples

of the materials obtained in Examples 6 and 7. The results are provided in

Table 3.
5

Tabel 3: ICP- analysis

Sample Fe Mg Fe Mg Ratio Mg:Fe

(mg/l} | (mgfl) | (moll) (mol/l) (mol/mol)

Example 6| 8.73 15.1 0.157 0.621 3.97

(15t sample)

Example 6| 7.54 12.9 0.135 0.531 3.93

{2 gsample)

Exaraple 7 9.33 7.5% 0.167 0.312 1.87

Example 8 Exchange of Mg-Fe(II)-Cl (Fe:Mg 4:1) with vitamin C under

10  acidic and alkaline conditions.

A. Under acidic conditions:
An amount of 8 g of vitamin C (L-ascorbic acid, 99%, Aldrich,
Fw=176.12g/mol) was dissolved in 250g of demineralized water in a 500 mL
15 three-necked flask. To this was added an amount of 2 g of Mg-Fe(III)-Cl
‘ hydrotalcite. The mixture was heated overnight at 80°C in an oil bath under
stirring. The pH of the mixture was 4-5.

B. Under alkaline conditions:

20 An amount of 8 g of vitamin C (L-ascorbic acid, 99%, Aldrich,
Fw=176.12g/mol) was dissolved in 250g of demineralized water in a 500 mL
three-necked flask. The solution is alkalinated using a 1 M NaOH sclution
(50g). To this was added an amount of 2 g of Mg-Fe (I11)-C1 hydrotalcite. The

mixture was heated overnight at 80°C in an oil bath under stirring. The pH of



d-spacing 8.08 4.04 2.64 2.36 2.01 1.56 1.53 1.45 Figure 6 shows the
Tga- anal ysis of the exchanged hydrotal cite. 25As descri bed above, the
three peaks that are characteristic for the My-Fe(ll1)-Cl
hydrotalcite are positioned around 135C, 350C and 370C. These peaks
cannot be detected in the Tga of the exchanged hydrotalcite. In WO
2007/ 067043P®P IW72G196/ 000620 19 this case peaks are vPSTHIL28064p069nd
190C and 380C. These peaks are indicative of the My-Fe(l11)-008
hydrotal cite. Exchange under nitrogen atgmosphere and boiled water
provi des a Tga analysis resul t asggkfplgyggokp_thur$_7. QLSO inthis
I nstance peaks ar.e 5 visiple at 190C an I ndi cative

:vg-StFeu I I)O - ogg © LS EF%?‘? éf%e material wasifpapdand yashaderid) Al way - CL
hydr ot al ¢l t e removaluat wasbajediddae MyFe(111)-0C8 hydrotal cite. Since
G- is larger than 003, this may explain the shift in the XRD curve.
10 Exanple 9 In-situ synthesis of My-Fe(I1D-C1L (My: Fe 4:1) with
Vitamin C  Results of cAthi¥ béHctith. 41 6g of NaCOH (0.94 nol + 0.1 nol
conpensatlon for Vi ghed ininto a 2 liter flensch

reactor (Gnder N2 a#%géﬁﬁﬁPghy P%@%Eﬂ%%hfﬁﬂ§ﬁﬁauﬁﬂ@hmkb¢VH@HH&? and

467 g of boi IRd1des)nesdlckZLBladabaitis MedetnikR: at’dhe6) UPGS Adged
(PHE13. 40) (NaQH sofu

purple and the change in color of the solution progresses in time from purple to

black. This material cannot be filtered is it is believed that this is degraded

f1yc8:ota101te and the vitamin C, the color immediately changes to

10 hydrotalcite. The exchange under alkaline conditions produces a brown
solution after 1 night with a brown precipitate. Also in this case, the color of
the hydrotalcite solution changes to purple immediately upon contact with the
vitamin C selution. This material can be filtered and is analyzed using for
instance XRD and Tga-analysis.

15

Figure 4 shows the XRD pattern of the exchanged hydrotalcite.

From Figure 5 is can be inferred that a small shift takes place in the
direction of a higher 2-Theta(®) which is indicative of a smaller d-spacing. This

20  means that no exchange has occurred between hydrotalcite and vitamin C.

Tabel 4: 2-Theta(®) and d-spacing

Mg-Fe(IIT)-Cl 4:1 exchanged with vitamin C (RJ-12668)

2-Theta (°) 11.23 1 22.53 | 34.06 | 38.41 | 45.53 | 59.36 | 60.62 | 64.81
d-spacing 7.87 1394 | 263 284 199 |1.56 1.53 1.45
Mg-Fe(JI1)-Cl 4:1 (RJ-1241)
2-Theta (°) 10.94 | 21.97 | 33.92 | 38.13 | 45.07 | 59.19 { 60.38 | 63.93
d-spacing 8.08 (404 |264 (236 [201 |156 |1.53 | 145

Figure 6 shows the Tga-analysis of the exchanged hydrotalcite.
25 As described above, the three peaks that are characteristic for the
Mg-Fe(III)-Cl hydrotalcite are positioned around 185°C, 350°C and 870°C.
These peaks cannot be detected in the Tga of the exchanged hydrotalcite. In



15 =2 M flushed with N2/vacuum and kept under N2 atnosphere). Then
17.6 g of Vitam n C was added. The col or of the solution changes.from
clear colorless to clear slightly yellow. The solution was flushed

wi th N2/ vacuum and kept under N2 atnosphere (pH =13.04). An anount of
70.2g of MyCl3. 6H20 was wei ghed into a neasuring 20 beaker and

di ssol ved i nWBOg/b+] ed dem neral i zed water (cool ed PET/NAQIEPIEHN
23.4g FeCl3.6 H20 was added and stirred under N2. The brown sol ution
was added to a dropping funnel and nougjed on the reactor. The

conpl ete systemwas flushed with N2/vacuum and kept under N2

at nosphere. Under constant stirri ngland moni toring of the pHin the

sol ution, thdisvgpsFeesks @FW@FMWHQ B GeandgFeORC il kase perkistiEe NaOH
sol ution unt%ldh an'oPJhe%&$F @gcﬁgﬁgtaﬂ'lg@n t he sol uti on was heat ed
o)

at 100C for urs. Fina e solution was centrifuged and washed
with demineralized Ezaez}@mg@nndqrnMgema@yovxd@re%m veghey provides a

freeze-dri edT%Eh%QiS]%sﬁQ Z&Q%%%%ﬁ%&'h?ﬁ@@l@@ qiﬁg@n:lztgls mstanc _I%eakpﬂfé ng

the reaction ution changés color to_l e col or

i
the produtt wvisibdd wetPO3F and 38G°andicativ oidle- Ee@&bG)QS hTﬁ@t%R@ patter n | s
provi ded in Figure fohaeifeh Welitdiauialarih R B:abd:ald infs i pe

Tabl e and the XRD curve i1t hat” the in-situ synthesis with
vitamn c i SFS(IIHbW)hYQl@ﬁ]ﬂtQ @dﬂqeﬁa}sd%rgm B CO3 thismeeX Pl v duces

a reduction %(}Hﬁqnm@gg{@gcuﬁgov\ever the peaks are broader and there is
an extra pea 2-Theta of 31.92. Table 5. 2-Theta() and d-spacing
My- Foam Cl 4:1 in-situ synthesis with vitamn C (RJ-1270) 2-Theta ()

11. 13 21485 B4arhd1e3B- BsiflPeySincaf -of 8158 (B D-60AMRAFr8 13 PRt Mignhn T 4. 04

An amount of 41.6g of NaOH (0.94 mol + 0.1 mol compensation for

Vitamin C) was weighed-in into a 2 liter flensch reactor (under N2
atmosphere; flask was flushed with N2/vacuum) and 467 g of boiled
demineralized water (cooled to ~40 °C) was added (pH=13.40) (NaOF solution

15 =2 WM, flushed with N2/vacuaum and ke;;t under N2 atmosphere). Then 17.6 g
of Vitamin C was added. The color of the solution changes from clear colorless
to clear slightly yellow. The solution was flushed with N2/vacuum and kept
uncier N2 atmosphere (pH =13.04).

An amount of 70.2g of MgCl13.6H20 was weighed into a measuring

20 beaker and dissolved in 430g boiled demineralized water (cooled to ~40 °C) and
23.4g FeCl13.6 H20 was added and stirred under N2. The brown solution was
added to a dropping funnel and mounted on the reactor. The complete system
was flushed with NZ/:\racuum and kept under N2 atmosphere. Under constant
stirring and monitoring of the pH in the solution, the Mg-Fe solution was

95 added drop wise to the NaOH solution until a pH of 9.5 was reached. Then the
solution was heated at 100°C for 6 hours. Finally, the solution was centrifuged
and washed with demineralized water until all NaCl was removed, and freeze-
dried.

30 Results in-situ Mg-Fe(IID)-Cl / vitamin G synthesis.



2.62 2.35 1.99 1.63 1.54 1.41 My-Fe(l11)-C 4:1 (11J-1241) 2-Theta ()
10. 94 21.97 33.92 38.13 45.07 59.19 60. 38 63.93 d-spacing 8.08 4.04
2.64 2.36 2.01 1.56 1.53

WO 2007/067043 PCT/NL.2006/000620
20

During the reaction the solution changes color to light black. The
color of the product obtained after freeze-drying is brown. The XRD pattern is
provided in Figure 8 together with the starting material. From the Table and
the XRD curve it shows that the in-situ synthesis with vitamin ¢ is slightly

5  shifted towards higher 2-Theta which produces a reduction in d-spacing.
However, the peaks are broader and there is an extra peak at a 2-Theta of
31.92°,

Table 5. 2-Theta(®) and d-spacing

Mg-Fe(III)-Cl 4:1 in-situ synthesis with vitamin C (RJ-1270)

2-Thela (°) 11.13 { 21.956 | 34.13 | 38.33 | 45.61 | 56.58 | 59.87 | 66.40
d-spacing 794 | 404 | 262 [235 1199 |1.63 | 1.54 | 1.41
Mg-Fe(Ill)-C1 4:1 (RJ-1241)
2-Theta {°) 10.94 | 21.97 | 33.92 | 38.13 | 45.07 { 59.19 | 60.38 | 63.93
d-spacing 808 |4.04 (264 (236 (201 |1.58 | 153 J1.45

10
Tga-analysis of the in-situ synthesis with vitamin C is displayed in
Figure 9 and in Figure 10 the product is compared with the reference and an
exchange reaction.
From Tga-analysis it is clear that an extra peak is present at 415°C,
15 which is not present in the starting material (reference product) or the product
of the exchange reaction. This exothermal peak coincides with a weight loss of
17%.
The presenc:e of Vitamin C was assessed using IR. The IR spectrum
is presented in Figure 11 together with the reference material. In the case of in
20  situ synthesis with vitamin C extra peaks appear around 2925 and 1161. The
intensity of the peak at 1624 is also higher than in the reference material and
a shoulder is visible between 1700-1800, which is not present in the reference

material.



1.45 Tga-anal ysis of the in-situ synthesis with vitamn C
is displayed in Figure 9 and in Figure 10 the product is conpared
with the reference and an exchange reaction. From Tga-analysis it is
clear that an extra peak is present at 415C, 15 which is not present
in the starting material (reference product) or the product of the
exchange readq @K/ 6PH s exot her mal peak coi nci des wi t BCENE96RE62q oss

of 17% The presence of Vitam n.C was assessed using IR
The IR spectrumis presented in Figure2il together with the reference
material. In the case of in 20 situ synthesis with vitamn C extra

peaks appear around 2925 and 1161, The jntensity of .the k 1624
i s also higher thanTPhlR pRECIEME? E“’émﬁé#@rdil iay& dnil%ﬁaag-ﬁ?eﬁ@e

vi si bl e bet WegdkshfSGdlBO8 anwhii 6D atccldioly REiBIBEALso, the hbsk sphed ¢6uE
material. WD, 2007/ 067043PCT/ NL2006/ 000620 21 The IR

spect rum of Vitheshopider sdigiblep| ayed in Figure 12. Here, the peaks
around 2925 and 1161 are clearly visible. Al so, the peak around 1600
with shoul der.is visible 5 Exa -‘- 0 nt hesi of My-Al -003 LDH at
pH 7.86 ¥hela [Opgvnthesisiol Me-al-Ll)d A0 “romAppl ied Catalysis A
General 287 (2005) #%88fl9Qing 19biHd6 WAk @dested eloat Aplied Catlghk A:
hydrotal cite catal ysts for. hiodigsel synthese". A.solutio f. 51.45¢g
My( NOB) 2. 6H2&eapkal b 8P ABENER) Shoig F‘PF@@EE?W@‘ @%@%ﬁﬁ%d wat er
and a sol uti QaaBfsts¥8r Figdibl cNIth) OB sdl a6k A T4peddaiNG) 26 HAGadadded
drop w se (droppi upn Qv riod of hour to ano of
200m. don ner ks AINGRESHL0 %8 8hs B Sfratrd ghtiant s SfpE o 8818
procedur ap t NFHAMOVESInGODBTH UeMS stek@ple adtedihop. Wie (IBbrinafudnéh NHACH
solution and a pHstat. After the additi 8&1 lte(?e 'S%a:ﬂt%]é)n ties ér%ifo t ai ned
at 65C for 3CRGRETIPAGE ! hovy torqmymovrtof 2O4mileryreRaia Yaela t er ed
and washed t qnpét stirging. Didiggltras prot&fur,ahe pH wxoatinmemipkept i pHl

Synt hesi s of -AlL-0Q8 | . 86 ' dgsi mat

(2.5m/ min.) 78 wHER %/hgé%fdﬁgﬂ?é&“ apd ﬁ/ﬁﬁ%@é‘%ﬁ%‘i@ﬁ ""gﬁlé“’&u%"eof

Al (NOB) 3. 9H2Qolukioh 20 aditaidehings 8l fozeHowa iaderanotriag. Bl tite sofut@ 1450
m of a sqlutjon of 96.20g, ( ) 2003. i.n engLneralized water were
added drdp Wigé"ér‘idoa’%@nw%ﬁﬁﬁgm% %ﬁle&atgg%%néfgp i%%‘ér(?‘ wat er at 55C
under stirring. During this procedure, the pH was continuously kept
at pH 7.86 us] OH sgl ut.i on ang t. After the

addi tion, theZE0PR+oR PSS HEr it artet—a és%‘-’%ﬁg hour s under
stirring. Then, tUengaldosian(2.5ml/ini4.pnedl2bnafd2fhalhaddg@OSHE.FHa0d

dried at 118C faor, 1 . ul synt hesi s.. M3- Al -0

7. 86, s e PR T P DS AR i A, Al BF
synt hesi z@d Nijo AGHR sollufibh 6H36. 26T 2003 hosEgpleminertzakwvatef wernce
in the | iter%:[dﬁéc‘iad

A/
AR

\Ié\év&lrzsgel 3% n amount of 75ml of demineralized water at 55°C under
stirring. During this procedure, the pH was continuously kept at pH 7.86
using a 35% NH4OH‘solution and a pHstat. After the addition, the solution is
maintained at 65°C for 3 hours under stirring. Then, the solution is filtered

25 and washed to pH 7 and dried at 118°C for 18 hours.

Results synthesis Mg-Al-CO3 LDH at pH 7.86.
The reflection values (2-Theta) measured for the synthesized Mg-Al-
CO3- LDH correspond to those provided as reference in the literature (Weiging



WO 20071067043PCT/ NL2006/ 000620 22 Meng et al., Material Research
Bulletin 39 (2004) 1185-1193, see Table 6 en Figure 13). Tabl e 6:
2-Theta() values for My-Al -003- LDH conpared to products synthesi zed
in BExamles 10 and 11. LDH ref (Weiqging Meng et al) Exanple 10
Exanple 11 11.6 11.66 11.76 23.4 23.45 23.41 35 34.87 35.02 39.6
39.46 39.51 ®D2NAENS/ 46. 93 PCT/NL2006/000620
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Meng et al., Material Research Bulletin 39 (2004) 1185-1193, see Table 6 en
Figure 13).

Table 6: 2-Theta(°®) values for Mg-Al-CO3- LDH compared to products synthesized in
5  Examples 10 and 11.

LDH ref Example 10 Example 11
{(Weiqing Meng

et al.)

11.6 11.66 11.76
234 2345 23.41
35 34.87 35.02
39.6 39.46 39.51
47.1 46.87 46.93
53.4 52.56 53.21
56.8 57 56.87
61.1 60.7 60.94
62.4 62.15 62.24

Example 12 In-vitro model of the gastrointestinal Tract {TNO-TIM model)

In duplicate experiments, 1 gram of clay as produced in Example 9

(RJ-1270), containing iron Il and vitamin C, was mixed with artificial saliva
10 and drinking water. The total intake in the gastric compartment of the model
was 200 g.

The experiments in the TIM model as described in Example 4 were
performed under the average physiological conditions of the gastrointestinal
tract as described for humans. These conditions include especially the

18  dynamics of gastric emptying and intestinal transit times, the gastric and the
intestinal pH values, and the composition and activity of the secretion
products. The digested and dissolved low-molecular compounds are dialysed
continuously from the jejunum and ileum compartments of the model via
hollow fibre membrane systems. The experiments were performed during 300

20  minutes, resulting in a dialysate of 5 1. In the dialysate on average 5 mg/l of
soluble iron (Fe(II))was measured (AAS).

Legend to the Figures




53.4 52.56 53.21 56.8 57 56.87 61.1 60.7 60.94 62.4 62.15 62. 24
Exanple 12 In-vitro nodel of the gastrointestinal Tract (TNOTIM
nodel ) In duplicate experinents, 1 gramof clay as produced
in Exanple 9 (RJ-1270), containing iron Ill and vitam n C, was m xed
with artificial saliva 10 and drinking water. The total intake in the
gastric compdANEW0X t he nodel was 200 g. THENERPERM Nt S
in the TIM nodel as described in Exanple 4 were performed under the
aver age physiol ogical conditions of theggastrointestinal tract as
descri bed for humans. These conditions include especially the 15

dynam cs of stri.c tyiLn nd intestinal transit tines, the
gastric and tHE™er 5@3%@?%43&% wateriad pepduped Bohiseutle b dhDand
activity of tiensect e:1)on products. The di gested and di ssol ved

| ow nol ecul ar,.conpounds are dj al ysed continuously fromthe jejunum
and il eum co n%éﬂ?%aﬁﬁyﬁelﬁ%‘ltﬁﬁé@te%ﬂé’r%@%w E%/%F@er@e(ﬁﬁ?-ajhej
systens. The Fegparst TENbSalpaECofRBS T tdvRd pedHucsDindDnglle MY es,
resulting._.n dial ysate of. 5. 1. In the dialysate on average 5 ng/1l
of sol ubl & i 6?&“(’%%????%!?é%sﬂfeé%maé%fl%lm@m yBRRl8 6t he Figures WO
2007/ 067043 PETNe ZORADOAGAD ot haterial of Bxample 6 (starting material; RJ-1241)

and material of Example 8 (exchanged hydrotalcite under alkaline conditions;
RJ-1266B).
Figure 6: Tga analyse of material of Example 8 (exchanged hydrotalcite under
10  alkaline conditions)
Figure 7: Tga analysis of material of Example 8 (exchanged hydrotalcite under
alkaline conditions)
Figure 8: Xrd analysis of material from Example 6 (RJ-1241) and Example 9
RJ-1270)
15  Figure 9: Tga analysis of material from Example 9
Figure 10: T'ga analysis of Material from Example 6 (RJ-1241), Example 8
(exchange under alkaline conditions; RJ-1269), and Example 9 (RJ-1270)
Figure 11: IR analysis of material from Example 6 (RJ-1241) and Example 9
(RJ-1270)
20 TFigure 12: IR analysis of Vitamin C
Figure 13: Xrd analysis of material from Example 11 (RJ-1289).
Figure 14, Tga-analysis of material of Example 11 (RJ-1289). The Tga analysis

of the material of Example 10 was similar to this.
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Figure 1. XRD analysis of the material produced in Exanple 6 (4:1)
and Exanmple 7 (2:1). Figure 2: Tga analysis of the material produced
in Exanple 6 (4:1). Figure 3: Tga anal ysise of the material produced
in Exanple 7 (2:1). 5 Figure 4. Tga analysis of the material produced
in Exanple 6. Figure 5: XRD analysis of material of Exanple 6
(starting material; RJ-1241) and materdal of Exanple 8 (exchanged
hydr ot aki t e under al kaline conditions; RJ-1266B). Figure 6. Tga
anal yse of material of Exanple 8 (exchanged hydrotakite under 10

al kaline conditions) Figure 7: Tga éﬂéL¥%is of material of Exanple 8
(exchanged hydrotal cite under al kaline conditions) Figure 8: Xrd

anal ysis of material from Exanple 6 (RJ-1241) and Exanple 9 (RJ-1270)
15 Figure 9: Tga analysis of material from Exanple 9 Figure 10: Tga
anal ysis of Material from Exanple 6 (RJ-1241), Exanple 8 (exchange
under al kaline conditions; R -1269), and Exanple 9 (RJ-1270) Figure
11: IR analysis of material fromExanple 6 (11J-1241) and Exanple 9
(RJ-1270) 20 Figure 12: IR analysis of Vitamn C Figure 13: Xrd

anal ysis of material from Exanple 11 (11J-1289). Figure 14.

Tga-anal ysis of material of Exanple 11 (11J-1289). The Tga anal ysis

of the materialyof ExanpbLadsh M%e%ﬂi@ﬂt@f a &éﬁcfeﬁ&ﬁof azc‘éj;mlgl:éﬂ&@a} daid
Preparat|0n for treatnent of a deficienc a cationic mnera sai d

preparation corfFPRERRe esipiiEaayersf e %%1%]1%‘&% TR§ % Aot patippice
cationi ¢ m ner aherdM)eheidin thdalaye iadidoadbh-eldhdrRxotaniaas t he

formula RM9a. x) (111 7 i _a }a),wherein in formula
(1), MI represents oi@'}'ﬁ?&%}’%’?@f@gﬁ%ﬁ %ﬁons ®and Almrepresents
one or nore triwkekdnin Eapub@), P@‘rmpwis@taomme bivelesbertpng AndAdrIO. 5,
y. is 1 or 2 @eﬁﬁs@tmmrmeﬁs %aleﬁtqa&&s mlAalﬁnmramanéqB%g&ed

fromthe group conslstlnq1 ,
conbi nations tHeh&FLorsd lptaé‘ﬁéq‘béf FE’BPF ]aiiﬁ’(f'@r%‘}%mﬁ? aon splepted fFase Hien
the cationi c nigharpabnsisthghd<RNBE T HOwT P@.SQBO0MD COM Sind kbmbinafioaheia i

chrom um ger mghi um ?%e%grat%%tﬁ%hc}rdmg Gim 1TA98 n%%e ¢at %”’Bzc%%?r g

vanadi um and zinc cati | on'accor di o claim
wherei n the bi vhesenfrogsiie grave @é?léféﬁ%fli ctleigm. phemg;wr@ﬁni@m:mne.nt

ma?nesn um th %Ballltfrhopéblﬂ%a:ﬁ@ﬁé%@d%b!?bdeﬂhﬁk%mdiuﬁapﬂmd ﬁﬁ@érf%{ons tCobalt f
cal cium nol ybdenum yanadi um and.nmanganes conbi nati ons, o
t hese bival ent “tati on ePaﬂam%ra@fféﬁlﬁgq‘gﬁ%gﬁ‘%“ﬁ’ﬁretlﬂﬂé"n?/wﬂfmt%é“m s
precedi ng cl ai melectwhiomithe givep bf bivaleshhagesiuon chondeh cihe gefuomuthe
group of trivalgnt; ﬁbﬁ%ﬁﬁé@coﬁ%}% Q:'Elng.{ﬁ zﬁtﬁ%emﬁﬂ ntadiu@ﬁdo:gig%ﬁ%se

vanadi um and nanganese | ONS t1ons ese trival ent
cations. ions and combinations of these bwalent catmns

4, Preparation according to any of the preceding claims, wherein the
trivalent cation is selected from the group of trivalent aluminum, chromium,
iron, cobalt, molybdenum, vanadium and manganese ions and combinations of
these trivalent cations.

5, Preparation according to any one of claims 3 or 4, wherein one or
more of said cations in said preparation provide the cationic mineral in which
an intended patient is deficient.

6. Preparation according to claim 5, wherein MY represents a
combination of magnesium and a bivalent mineral in which an intended

patient is deficient.



5. Preparation according to any one of clains 3 or 4, wherein one or
nore of said cations in said preparation provide the cationic m neral
in which an intended patient is deficient. 6. Preparation according
to claimb5, wherein WE represents a conbi nati on of magnesi um and a
bi val ent mneral in which an intended patient is deficient. 95

7. Preparation according to claim®6, wiérein the stoichionetric ratio
of magnesiumto the bivalent deficient mneral is between 1:0 and
0:1. S.Preparation according to claim7, wherein MEl represents a
conbi nation of alum numand a trivalent mneral in which an intended
patient is deficient. 9. Preparation according to claima8, wherein
the stoichionmetric ratio of alumnumto the trival ent deficient
mneral is between 1:0 and 0:1. 10. Preparation according to any one
of the pr ecedi]I ng. cl ai n&epimibiﬂedfcuﬂﬁﬁ@ﬂbicw:iﬂgﬁ. #heRN 1heX%idthlmdtes ratlio of
preventi ng undeg| . OX l.valent catlons Srival ent
cations. 11. P?’S‘B‘g‘%é I gogﬁtg'g%ga%e i ﬁ%ﬁ%%eg]tgjﬁ?/er%nla%%tfwe?rﬁg'laﬁpé@eldi ng

cl ai ns, wher ei n&t he biEResbaation atcosking o cR@R -7, whd:2in WHeppreadriion

accordi ng to any, i : r.gi i | Onl I .

i ncorporated i n.yos ai_d tf%?;"g?%ak ntj'fi%[ﬂl:%gﬁggé}%%g?ﬁﬁ]%I{S%ﬁggggﬁtgﬁegr? atient
according to an¥ dsidesf cl ai ns 10- 12, wherein said antioxidant is

sel ected fromthie gr oupepnatbsidngitftodRuRBWERR e (MichREediDatBRd

chelating agentgs, .14 . Food.syppl nt, food. qr feed product for
treatment of a %‘é?ﬁf%“ir%ﬁoct?/’ eg'fwagg%afa fq% R et‘ﬁ??ﬁ‘g‘r(f%rf%g[git he
prepar ati on accHrdi ng Arepaatiororeongicgth anyrenelof i predegingviading) fnather

conposi tion forghheehEBRtan®bxifaeh ﬁ%@%g%d&h@@%ﬁiﬂ%@i&l d};isglﬁrbgvjalent
conprieing the preparatign according to any one of claims I-13.

11. Preparation according to any one of the preceding claims, wherein
the bivalent cation is Fe?t,
12, Preparation according to any claim 10 or 11, wherein said

antioxidant ig incorporated in said layered double hydroxide.
13. Preparation according to any one of claims 10-12, wherein said
antioxidant is selected from the group consisting of ascorbic acid (vitamin C)

and chelating agents.

14, Food supplement, food or feed product for treatment of a deficiency
of & cationic mineral comprising the preparation according to any one of claims
1-18,

15. Medicinal composition for treatment of a deficiency of a cationic

mineral comprising the preparation according to any one of claims 1-13.



