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Preparation for treatnment of m neral deficiency The

invention relates to the use of a | ayered double
whyaroxiode as a taste-nmasking agent in prepar abCDNE2006/000620

treatnment of mneral deficiency and to preparations

havi ng i nproved efficacy. The term m neral deficiency

means a condition where the concentrati on of any one

f th ' X j al h '
neal t n BPaaHsn R OBk Of BBl Caces,

an abnormally | ow mi neral concentration is defined as
that which leads to an inpairment in a function )
dependéftie Drvenhionmiehateslto tha userdia laaered dewele hydroxide as a

oA B PR BEReYBFOnS gk DERMCTRAL IHBEHY Jepaeney and to

SR ehfibgs ReH h@%‘éh%tf’ _The mineral content of
pt E’e %édlgf/s mayn%g asure 1%byt esting sanpl es of bl ood
pl asma, Thetbri andecsl deficiencyumienas al condidon asleerefthe
cal ci um and, phospha defi ci ency, the diagnosis )
coxceBtLAHIPH) qf@rxya@%@f She layge%ﬁﬁs efientiadto timan pdler animal
. o 2 h . . .
e
miifieidl @ofesttrafion i9definéd aisghay witle let dsgrocsi fmpajrment in a
i ncl ude the perfornmance of a stai r-stepg%ng t est

b
funssiopadapendensppdbe apinarpb Iy ofbencasesef C%@qu‘?fg)f%ﬁy be to
Lfferent funetions i.n .
adtins BB P nar R Ty PR mifel 1S RO bR o3 eel Rydihem tha
foR@eNin0d Bdcifid RealhgSfopeflatibher al nutrients typically
includes all inorganic el enments or inorganic nol ecul es

t hat arBhe oyjperaldcondent of gre edy mayde mesanretby itesténg

i S _congerne the ingrganic qautrients 4 nglud tef,.
saBafH O LR o GPrheo T RN St oflcium and
pAYSTIAHE deARANES] tHB dicAsisCRABPSlso Alvlve PHRAARTRSEYs of the

I odi ne, selenium and nol ybdenum Sone of the
skelotgadndhecase eficling deficEncyatler Jiagnosistmay dueluds examining

singl.e atons, but occur as.nolecules. O her..inorganic
R PR ERTS REHARH: BTt aReanel HTbp RSpHrRs dahtichcy, the

t : i _
d%#@?fsﬁ%g?ggﬁlﬁgleﬁme rplfeggc%%és’ lgclja'c(ﬁf ag gﬂﬁr SMIRAS Cedt® the patient.
Since all the minerals serve strikingly different functions in the body, the tests

for the corresponding deficiency are markedly different from each other.

The class of mineral nutrients typically includes all inorganic
elements or inorganic molecules that are required for life. As far as human
nutrition is concerned, the inorganic nutrients include water, sodium,
potassium, chloride, calcium, phosphate, sulfate, magnesium; iron, copper,
zinc, manganese, iodine, selenium, and molybdenum. Some of the inorganic
nutrients, such as water, do not occur as single atoms, but occur as molecules.
Other inorganic 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 1s

not well established. Fluoride has been proven to increase the strength of
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chrom um and boron, play a part in human and ani nal

heal th, but their role is not well established.
wao-Lwoise3 has been proven to increase the strePQlt/NL2006/000620

of bones and teeth, but there is little or no reason to

believe that it is needed for _human and animal life.

Iron is an essenti al conponen? of henogl obin, the

oxygen carrying conplex (pigment) in the blood. Iron

' | bt ai ned t h the food, n. the,djet.
birfer b e Rt Fatifs TR FyroBde sidie VP bR} Ruiscpesded for
hehrsidd wedmhelifoxygen. Iron is al so part of

myogl obi n. Myogl obi n hel ps nmuscle cells store oxygen.
W t hout Irendagin éssential bemponsnisof hexhoglhbmmttheeoxygen carrying

r oper synt.hesi.zed. |ron Deficiency Anema.(als }
Rl R AD S HE sl 15 i Bp B g L GBS ugh the food in
. L : b
USSR e V550 TR ROy b
oxgyegese drday ishabsd part obmlyogidbén i Myogldbhé hesp usakleycells store

causeq@bgea di et Jinsuffjci ent iniron or from bl ood .

oxyged. VRItheHt pBQUEk dionp Ehe botEs A4l rrmatierpregeriyrsynthesized.

h@hﬁ%ﬁa%c %Q&n!iﬁf@s%s dlf%dﬁ??ﬁ}’i&@éﬁ#iﬁ%h‘ v%?ﬁere' glgg?rson has
efrcrency’ anema 1s fﬁe nosSt ‘conmon T or m Oof anem a.

inAded a2 Yaafurt® BE ironT0meét PéBodantandeNBNis adekrddedin the
men are iron deficient. Treatnent of m neral

ageppg ot siey cellpin the ploodcaused bydvasringdae distle dpamilDA is usually

r i pt4.0n. of ci al. diets. based on i ntake, of foods
AR S R AR RS SRR Rle R dossh e tivh B BRI acute
ad T BefRYEhLeE 85 BRuni4 6AlcEN terus Ualih heak§ @S ruation. Iron

adm ni stration of food supplenents. These nay take the

dé¢fagienest anopad iethermost vomammiam of knemiachAbout 20% of women,
ppl. enments, containin vitam ns d/ oy mnerals,
SRR AT L R R AR ek oGt AP AROGRhce. (whi ch
may al sprhan&itesfiethdrQl dshfeaePRiiegly ol le¥s severe cases,
Al'l owance, RDA). However, m neral 'supplenents
extentsaineisogptiohyfepeciabdieds bared spaoidkeoffoods atlsichihmve a high
al so cgjﬂoalﬁ prescribed. For instance, iron
can{pRl Bheht Selighng gringialn B aeresaysra rashsntieatignt usually
: i ,
e R T b B CI0b T sBREI DI, THeRl nAPRURTRIN form of so-
cadiedomdtivivaweinont mul dmdhead saippigaents, tanyaifimendiny vitamins

sgpplenents is Ihat,theyEProduce ] .
and/or minerals, typically in the Recommended Dietary Allowance (which may

also be referred to as Recommended Daily Allowance, RDA). However, mineral
supplements containing only one, or a few, specific minerals are also commonly
prescribed. For instaﬁce, iron supplements can be taken over several months
to increase iron levels in the blood. Iron suppleme‘nts can cause irritation of
the stomach and discoloration of bowel movements.

A disadvantage of many mineral supplements is that they produce
an unpleasant taste, either during or immediately after oral administration.
For some minerals this may be a bitter taste, for others a metallic taste. Many
mineral supplements have the form of tablets or capsule since it provides for

easy and cost-effective administration. Upon oral administration of such
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an unpl easant taste, either during or imedi ately
after oral admnistration. For sone mnerals this may

wheood/olioss er taste, for others a netallic tastRCT/NREDP6/000620

m neral supplenents have the formof tablets or
capsul e since it provides for easy and cost-effective
admi ni stration. Upon oral adnini stration of suchdosage
fornms, the unpl easant taste nay be detected when the

S TRIE FOa B AT i
11%%}%69@11: %{hﬁ%eé ThitbREnFRY ith BMe %Q%@W&s? E»tarﬁmgg‘%% tB’frerlong
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hBhtingrthe dgisage feamy idithé exerth, bedsadeerftont theiing)ooby some
onpl iance wiith adm njstration regi nen of drugs,
OC}#‘é] 3% ofi ther d%ﬁ!gé#@ﬁ?‘il.enﬁxanpl es are

UNat 1 aght a8 BRRALANG NS R0 0SS ;&gce P odiARr PAnce with

fear that an ufchewe osage form na

atlhriaidtratted iregime o d dhasss iskl hifllgihdihefalwippl@hahts. Examples
dosage forns often exhibit a gag reflex which prevents

axe upabiracHv e appgarancs; preularge sire.Pashtambaendeaoaian
ften, b not . excl usi yel i,n_chi ldren. Alt hough
QR GRS e S S A S TR S
dﬁ’ﬁ%ﬁﬁ@é@wSﬂfTﬁraﬂfddsﬁgé GriRiPHieTexhiFDY fitFdTR&SMhichddrevents
agents have such a bad taste, e.g. bitter or netallic,

afpauate ongd meanimpstratipar Bhisco tremermweeursineorsr effenduy not
exlg‘osuiﬁ .of LE‘& ?‘ati ent to the unpl easant taste may

eXFIUSTVEN: 8 PiIfeRance probl ens. Convent i onal | y,

at t enpt A 18P EIeR ARE Vo Rz A HIES Ratdbeh A8VELOPYd which may

i ncorporating sweeteners or flavoring agents as taste
omarzimegysaye wf shese prablendssmgayfmrarmacEwisal agentsshave such a

r,ovi de a secondary flav ich is.intended.t
bgégaﬁ}?eﬁrﬁ-iﬁ&eaﬁm%%@éﬁ%% tecrpmalipe il sthareghewed. The
ofPRRked HEBAIA! Biobatl e STARK AL habPtheh b Riluse
campdiachen peobldnhs. tGenveneeally] amtenipterhavietbdemsmade to address

surprisingly been found that the unp| easant taste of .
thigrisse by anremoratingsmeetenagn opdlayesiagiagents as tgaPe masking

a%é{/lgbffé{;jé{%& %@,ggé £5md "EYRBURL LN Prdi8e T D2bAMai Qv which is
intended to overwhelm any unpleasant taste of the pharmaceutical agent.
Unfortunately, for many powerfully bad tasting pharmaceuticals this approach
is inadequate.

In accordance with the present invention, it has surprisingly been
found that the unple;alsant taste of various cationic minerals can be masked in
a highly effective manner by incorporating the mineral into a layered double
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
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hydr oxi de. The invention thus provides the use of a

| ayered doubl e hydroxi de as a taste-nasking agent in
w@e@pacatd ons for treatnment of mineral defici ePC/NLZD06000620

patient in need thereof, said preparation conprising a

| ayer ed doubl e hydrOX|de i nto which one or nore

m nerals are incorporated. Al4o, the present invention

provi des a nethod for inproving the taste of a

BB iy iine i EA iR it fpithad by aimal comprising
1n'c rRADBIdaRE nFidledalIit6 %qlziyéfét(f)d(%ﬂl@w&gxﬁféum e

roxide. By incorporating a mneral “into a | ayered
doubl e By tnarpoesting ahamelnebmtb@magi'emckdohbb: hydroxide, it has

bR sl o eHACH RO suaTk th%&eﬁé??’cei&f%eim Bigrious
mBGeralCAEASTd A aggégdlfgﬁg tQ%nﬁﬁF@‘ﬂe' 18%1;% o 1@ased

preparation as descri’ hereby 1 ncreasing

sighifmenilyeby presceiption bfa gedparheion 48 dedcalbeddietn, thereby
. advantages of the invention wll becone cl|ear fromthe

o 135004 R SeeY Pk TEL G GRIGARIom R SRBly@Fhor Bdvantages of the
L b] e
APy T Bectin PRot AR LR TRt el P NeReuintisaptiope

vafmunjemboaﬁham ﬁrth@rmpam@ln.synt hetically. They
consi st of smal | gst al line sheets of dinensions of a
f ew narle%mrédﬁoublq ydraxides aresclays nhanmetienic najarewdrich may

anlons are | ocat ons .ar e, nea
b R A Rt e bR Bh e iE TReY Canudk eF Fpalanvstalline
s&%t@@ﬁ&ﬂn@é&sﬂﬁé bPE Fe R ndtoeRetedd L rtofaofev@téﬂ‘&f‘x%ﬁ(ﬁneters
| ayer ed doubl e hydroxi de, reference 1s nmade
b@went@@moﬁﬁﬁram%ﬁﬁﬂﬁy igeke amibay ealrednehmhimons other
ne or. nore mperals are

thRf PR ggg%s oF By F5FCH LI BO3ETALP B FiERfS pf preparption for
a Q%‘dﬂe’émﬁ%’r@?&]d a8d1e (Hs)d’roﬁrde[ ﬁé\ﬂaMélée 1% n]la(ﬁ@'i:o itf.8] Patents
nHssO (|

, Wherein ,
3,683,386tandeB 650 DHr rmre rmno- bi - and tr| val ent

nmetal cations.
jfl tlayel red double hydroxide into which one or more minerals are

incorporated preferably has the formula

[MT)1.xy M), (OH)2] [Axiy¥-.n H20] D, or
[MIMII 5 ] [AY-.1m]- nH20 1D,

wherein MI‘, MU and M are respectively one or more mono-, bi- and
tri-valent metal cations.

In formula (I), M can be one or more bivalent metals, and M can
be one or more trivalent metals, where x is a number between 0.15 and 0.5, y
1s 1 or 2, n is a number from 1 to 10, and A is an anion selected from the group
consisting of Cl-, Br-, NOgs-, PO4%, SO42-, COs2, and combinations thereof.

The bivalent cation is preferably selected from the group of bivalent

magnesium, chromium, zine, germanium, nickel, iron, copper, cobalt, calcium,
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In formula (1), ML1 can be one or nore bival ent

nmetal s, and Mpi can be one or nore trivalent netals,
wob@r 63043 s a nunber between 0.15 and 0.5, y iBCI/NDR0O0&/N00620

nis a nunber from1l to 10, and A is an anion sel ected

fromthe group consisting of d , Br, NGB8 PO 3-, SO 2

, C082 , and conbinations thePeof. The bival ent cation

is preferably selected fromthe group of bivalent

nesi um chram um .zinc, gernmani um, nickel,.iro

Ol leAIR A A RE A SRR RS SHOR DO AERRI B igHa Of these
b 50 AR PhEH th

HR AN el Tho D SN AR RHreRrabl SRR the group of
tdivadent Abugimowup, ohrdmiuwm) eoh, edbabt, mishybdbham, wamadiwn, and

cobal t, ol ybdenum  vanadi um and manganese, i ons and
MEASSBNASR 1B combirations f thege suyaland cafipns.

pref er red ' ; i [ i - | S

D o oni e PLERGHE Blabolificft, (b Btia Bl c@Roh IO /% d

cothbitativn ofMihagaesiupatindnd bivaldaf mehaal in Witich an intended
stoichionetric ratio of magnesiumto the bival ent

paldentciscdafigenieridie stoighianetrapratiop of masnesiwyndndhe bivalent

oS P SEEA baH B BR A P e BBl otmeen
0GBt 0. 9K0.9f LatdtiisBUReath Achtf EMAdie (Mm_lpg RepAdfetdbly a
whi ch an intended patient is deficient. The

carnbingticonef aluminam endfa tiivaientminerahien whicafeintended patient
R AP N 3B S BB T, Bt dotcions
mfiREF i@ pldfe) ab VSRR B8 0O NI 0: TOERrIPRefVab B betiRba! $5:0.5 and

and Mm can be one or nore trivalent metals, where n is
0d4:hOnber from1l to 10, and A is an anion selected from

the gr consi st jng_of -, Br, Ng 3 PO 3 SO 2
CoB2 it EBAE A DoNE eRdcBHe O roReIY RIS Tailprnd MU
r = V-3
o PR 384 AT EERE BRI WHled RUP Rl WoiL 8140, and A
iscaranitai selastedffroimeide gronp-coabhingcalt CbnBr-, NG, PO43-, SO42,

trivalent catiaon is preferably selected fromthe group
CEk*t and gpeunatigns fheseobhr oni um iron, cobalt,

I PSS AR RRANSEEY) 2R ot o o
mono-valent lithium, sodium, potassium, and silver and combinations of these
mono-valent cations. The trivalent cation is preferably selected from the group
of trivalent aluminum, chromium, iron, cobalt, molybdenum, vanadium and
manganese ions and combinations of these trivalent cations.

In accordarice with the invention it is possible to treat both animals
and humans for a mineral deficiency. It 1s preferred, however, that humans
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
hydrotalcite having the formula MgsAl2(OH)16C0O3.4H20 is prepared by mixing



10

15

20

25

30

In accordance with the invention it is possible to
treat both aninmals and humans for a mnera

waledwosmacy. It is preferred, however, that huPEIYSL206/000620
treated. A | ayered doubl e hydroxi de having the fornula
(1), as described above, may be prepared anal ogous to
any known conveni ent manner f&r preparing | ayered
double hydr oxi des. An exanple of a suitable nmethod is

ived fromthe ased in

s CSTREPEPh IR AEBP LA ThGUPROPRC O Agpgous medium
m'm@/iir@é&@el B AL ibfis BE ARATBL10Y HT prefGaB1AhH Y, and

conponent w th a nagnesi um conponent in an agueous
rep@chirumg the réwltpamsnncwltﬂte cwhboeiatihei domiaunacesmipvaeheand
ef.erably at recgverln

r ast d
theégag %ﬁwmpff%%m% V%‘é‘rt%n]ﬁ oRatey ww%am%?mﬁwe%wed
arftbfl pg tﬁ@%{%‘%& b6 Lidiatg a%betqea}ﬂc@ Wi h@ int@8on, the
to obtain t esire ubl e

anion Ain the ere
alhydnox cempbnemcand/danhe mvagiestilna oommnemrmay Ia:empletely or

DR TP IBIOpaY 6PN OBEAS s@@ggiéﬁ ok Pt paylent
arg(g{;'}) B%T%%tgéaézfot%e rg%f/écrtfgli/rﬂo\ﬁglaﬁn% 1 %rdgg };ﬁaiéﬁﬁlltoxide having

fohindil@xde haV| ng formula (1). A prepar ation as
descri bed herein can_be used for incorporation into
medi ci HaPreRATBEIONL a%ﬁ@scr&whh%rgnp BaR e casgd;fey Incorporation into

t d d
SRR SRR LR o SR AB BT R Bl S oo
sulpisheRf RESR] Br Mddl pladRicea I Thythiase ﬁ@E‘hb@ﬁ@lnéMd prépiahigtion as
ingredi ents tdglcall enpl oyed in suc roducts. Wen

desioeibpd dyeaeiat wdh typicalp dei conzbimediveith @Ith@onmgdmﬁ typically
p this conposition or suppl enent
eIBPLP’@ dBﬁ?‘ t 5}1% in addition to the above
descr i Weh%@ ep Q%& ifye Pl Q@mecﬁcﬁmrcﬁﬁlgﬁ@m&abf % food

accept abl e ex0|p|ent Dependi ng on the oral dosage
sUpplemenhehex cmmpesnltlommm bepdhosart pfre&m'ab}yecmhpssw infaddition

fillers, ]ubr fl t
toddrest elmesfiesaﬂ P %egﬁaf ‘@E%SV%OWA? & PhpEmageticalie
adbpt 18 kSipkIR VD p8nbiifs BR'tE8ral dosage form, the excipient may be

chosen from the classes of fillers, lubricants, sweeteners, flavorants, colorants,

. 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 prefer‘ably be mixed with the other ingredients of the end
product in such a way to provide a substantially homogenous incorporation of
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

limited to, ascorbic acid (vitamin C), tocopherol and tocotrienol (vitamin E),
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skilled in the art, and conbi nations thereof. Wen a
preparation as described herein is used in a food or

wo e@d/oproasiuct, it will preferably be m xed w tPCT/NE2006/000620

ot her ingredients of the end product in such a way to
provi de a substantially honogﬁnous i ncor poration of

the preparation as described Herein in the product. In

a preferred enbodinent, in particularly wherein a

[ t Loni ' i C exi i n bival ent .

ﬂ%&%?blﬁf\%fz%ﬁo&é]&%}igns%% ?ﬁqg%o;} . 8n%‘hc?§(¥ aéé%rértene, og&cgro%ergmds
sadiragizéheagthinad RRAMBHA Gutflsed hbatbieneidle R BIIT
conprises an anti oxidant. Preferred exanples of o
(eutiviatsideh ydnoxpidlaeme)s laciidlindad ¢halating agentd, iasiused ingron (both
ascorhic acid (vitamn.C, .tocopherol and tqcotrieno
(83 Rt ol cPn i e i PERR §u%s Biob il SRploments
apPUchbledos ANALANS 1i kWS M, ANt Ben AllFRa RS céﬁﬁ?&#ﬂ%ﬁtxﬁn,

and lutein, BHA (butyl ated hydroxyanisole), B
fumargtetaad glydemadetasididrelikel ‘Ehe phesenzaodf enadntioxidant may help
agents, as ,used.in.jron oth . ferri.and ferr . ..
DEEYRLLA i RPRPY oHdatith of PivRIS T rtiofsdp tF B cadipns. This s
pRtARhBARNhFefeRRYl fSﬁP]Le%tf irBAaRH e di&e WEblRron(IT) is much
dext ransul phate, carboxydextran, fumarate, and
nybreceffind@oas dha érdn(ldé). Thheecprdmerceithfthnembbidorenigihe

y hel p preventjpg undesired oxi dat if’ |%f bi val ent
AEHIORARNY 8 Rrear nPTEEGR} dMeD appunt ef 38 ite {- &ty based on
[ - [

1o SBEHEOr L crd BRI o £ A EhARE b B MIRER fhploment.
accor dafagrefdried binbodithent tienbivaléet etioroxhdahé amsioxidant are
.preferably present in an _anmpunt of 0.001 to 0.5 wt.% _ .
ip gomalagratinthad adlpwonn effecine psewnieen af egxidapigpiaf|thg bivalent
LU ce i | | P . . . ..
ohHBBSTREsEAPRIPTR T S4B LTRRITN AREORHE Ml the gy ravio i
piréfeabBl Bétwedh ROSHBREnd!3: 2028 peéfeeshbly i tiied @11 1104nd 3:1.

of oxidation of the bivalent cation. For exanple, in )

t he casd&referpbbm@hen applied toebiehiclei the prepasagpn as described

Pl LR Y SR s P S o e

18PD! % 4 the r8coteienliBd dallly dSsRRFthe in@tpafRedihAfbral per 100
herein provides at least 5 % nore preferably 100 %and

mbof vpheflerlabtase b8son il vitamine sucan decombad hgiddodtagepherol
a% utste]g eisnaf:r&ri x?(rilgrtﬂs %hgi pgg{)gll*atgoer{ ailsgoprovides 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 preser;t invention further provides methods for improving the
taste of a preparation for treating a condition of mineral deficiency in a human
or animal comprising providing said mineral incorporated into a layered
double hydroxide having the formula

[(MI) % MIx (OH)2] [Axy¥-.n H20] ), or

[(MIM™ 5 ] [A¥-.1n]- nH20 D,

wherein in formula (I), M represents one or more bivalent cations,

and M represents one or more trivalent cations, and x is a number between
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mL of vehicle. In case essential vitam ns such as
ascorbic acid or tocopherol are used as anti oxi dant,

WO b@7psmpar ati on al so provides at | east 5 % nMPECENL2006/000620
preferably 100 %and nost preferably 1000 %of the
recomended daily dosage of the respective vitam n per
100 nL of vehicle. The preseﬁi i nvention further
provides nethods for inproving the taste of a

reparation for t t ndi t
055 ARdI Chcy 5 h 0 %haiars SR AL Jottphf sqri%ﬂﬁé% %‘Pﬂ& selected

f g PSR ED aoh R P o fél’%q"?‘f%%g&?% 75

colifhatibhs thére{ofl\é.ﬁdl 2] [A.i/n] nH2O (11), wherei n |n
formula (1), M represents one or nore bival ent
cat i ongvhesiedn pa farmelsr @De M'srepreseaits pBP OT TRPRRamER-Valent

ca%fcl)tnlfogﬁd @H I‘eﬁ)a'.ﬁ%en%s Elﬂg%?'r ?Iee %\?ﬁgh% %%ﬁggs q{l’éi nXs bsmgmber

‘an ani

fr&ﬁ' Fﬁd Ed 4HQM fshen ﬁhﬂﬂpsél@dtédﬁdxﬁ@h@fgr@hp ,coﬁsrstmw Cl, Br,
sS4 2 , CO8 2 , and comnbi nati ons thereof; and

N@heﬁ)@4h Sﬁnﬁoﬂwaamar:)noMame@n@s@mﬂosn@mnwhqfepfe

T val aita Batieed chalim R of SERGE R pa e fin gl fsfotoncy

isA d&iﬁ@n@nbf)@ céﬁbﬁ&trﬁﬁlérﬁp MAEndbP wibreUFshd tatgord ifdhe
C332-, an anti oxi dant and

pnepammm pwamdeitheeaatlonlmmanwaéfm wisdherbdended patient is

B e
frl\?# E}ﬁe%%h?m s g&hpg{ %\é%l%ll gchﬁ‘oﬁﬁ{lhp Heerd3R&AAirdd) cobalt,
copper, manganese, molybdenum, vanadium and zinc cations.

In yet other preferred embodiments, said method further comprises
incorporating an antioxidant in said layered double hydroxide.

In still other preferred embodiments antioxidant is selected from the
group consisting of ascorbic acid (vitamin C), tocopherol and tocotrienol
(vitamin E), flavonoids, carotenoids such as lycopene and beta-carotene,
oxycarotenoids such as zeaxanthin and lutein, BHA (butylated
hydroxyanisole), BHT (butylated hydroxytoluene), lecithin and chelating
agents such as dextran, dextransulphate, carboxydextran, fumarate, and
gluconate.

The presen‘t invention further provides a method for producing a
preparation for treating a condition of mineral deficiency in a human or
animal, said method comprising the step of preparing a layered double
hydroxide having the formula

[MIT)1.9 MMy (OH)z] [Axiyy-n H20] ), or

[(MIM!T 5 ] [AY-.1m]- nH20 dD),

wherein in formula (I), MU represents one or more bivalent cations,

and M!I represents one or more trivalent cations, and x is a number
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deficient. In further preferred enbodi nents, the

cationic mneral is chosen fromthe group consisting
w@Roocabmezim chrom um gernmani um iron, cobal t PCTNpR®6/)00620

manganese, nolybdenum vanadi um and zinc cations. In

yet other preferred enbodi nents, said nmethod further

conprises incorporating an atioxidant in said |ayered

doubl e hydroxide. In still other preferred enbodi nents

ant L oxi dant_ | | ect ed th i gt,i f .
ST N AR G A
(Vi L3 D sEheteld RYRNAUASroupH R LSE SHCBr-af by CPOFNES 0,42,

and beta-carotene, oxycarotenoids such as zeaxanthin
?Bd CQf2eiamd dBhfbipabioplsahecedfyamdxyani sol e), BHT

utyl ated hydrgxytal uepe | ecithin and chel atin
agent s VERfIRIEN g%@ ?ﬂd@trﬁﬁﬁ%ﬁ?%ﬁ gpe or more mong-valent

car Qgﬁ}gﬂs,X%@Mnrf g?é&tngs 0By %ﬁcggﬂ'ﬁﬁenﬁr BLLiPhESEN n is a

i nvention er ovides a net or producing a
pr epambéofrofldl thridRkindd & anmdiién eelecfednfroer die group
deficiency in a human or _ani mal ., said_method

conpsensistiget st B, DOm RO i9¢%a UQaje porRidemdant and

hydr oxi.de_havi ng t he fornul a M) (1. Mi 2
[Ax/cﬁﬂﬁhlPﬁHPE%)fﬁ?’ie)o?’ or [(M Y |(o 2)]( [Q/-.( 1 )ni( A
arld btheMpeFBiRihd ahGirivh @xthangdMidact@preherdia aaien®A in said

more bival ent cations, and ML11l represents one or nore
layeredad@iitle badirovisle anedxehpnged farmare pptipFEantpon prepaging said

0.5, [ r 2, is a,nunber from,l to 10, a AlS
tegarest dole o Sidemnbin il SERBLRs L BhUf besh s BEFaid |
arﬁ{%@xi g, PO43 , SO42 , CO82 , and conbinations

thereof; and wherein in formula (I1), ML represents

one or Imppefened-evab@hmeds obasch andetitodr der wieenad defigiency is

r nmore trivalent cations, d [ b J 1t
o Borahes ol h e e e e o B R G oRA st

p&%ﬁ?éﬁ&ﬁ rﬂ)go{?ifdeq}xb’ cablomic MPBeralRAvhich an intended patient is
deficient.

Preferably the antioxidant is selected from the group consisting of
ascorbic acid (vitamin C), tocopherol and tocotrienol (vitamin E), flavonoids,
carotenoids such as lycopene and beta-carotene, oxycarotenoids such as
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
selected from Cl, Br,, NO3s-, PO43, SO42-, and combinations thereof, and the
exchange is preformed under conditions which prevent the exchange of COs?-.

In highly preferred embodirﬁents, 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

producing such a preparation fo as described above.
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3, S 2, CAB 2, an antioxidant and conbi nati ons
thereof; and either perform ng an ani on exchange

WO e@comms wherein anions A in said | ayered doubCBNL2006/000620
hydroxi de are exchanged for an anti oxi dant; or
preparing said | ayered double hydroxide by in situ
synthesis in the presence ofl@aid antioxidant. In
preferred enbodi ments of such a method the ninera

one. or Thenevertiahfurthaf msteen Abiehagrtion o HeAting ¥ Condition
of H{lﬂ}éi‘aﬁ%éfﬁ?e 1h°a[]hﬁnfﬂr{‘8 ﬁhnhﬁl Wi e Bré}fhr'a\%ﬁ%%gpnsmg a

at1 ent i cient. Pre erably the anti oxi dant
lamiedcdoeldile‘ hpmwdndae paoing tonfirstulag of ascorbic aC| d

(vitamn pherol. and togoirienol (vitam n E),

f 1 avondiM! (IXQ:QYI 8 ﬁ(ng%] @w’ﬁ Ihg bicoped% 0%nd

bet a-c yeq i ds such as axant hin and
Iutelnﬂ&@agﬂfgu U Eﬁ%roxyamsole)ﬁBBHT (butyl at ed
hydr ox wildreing) forhﬁﬂat(h) MandpeRehtt omgongmrt bisaleht aations,

dextran, dextransul phate, carboxydextran, fumarate,
analrMH@ rmr@ﬁgm@ onerprbmée tpivalentreadionshand rafesnpmbegdetween

% g'ng ad%lf@m%%@f%rh Cinlzo atr{deﬁtﬁ % ﬁnoln selected

Icrency 1n a numan or

frdxﬁ%h@@r@ﬁp Ic§n§1§tlﬁgt<ﬁd31f B K055, Hd 35, SWE; COYS a&d Sle’!
2-, and combi nations thereof, and the exchange i's

coyﬂnﬁ@hﬂ@@thﬁ@efEﬂﬁhdltlons whi ch prevent the exchange
o 3 oo PSSR R B et

caPioQ¥! 888 1\@“%99@5!’9@1% efle fo?rmbf@ﬁli‘i’a(mnﬂcé}ﬁ@ﬂ’é,tdrﬁpn isa number
from 1 to 10, and A is an anion selected from the group consisting of Cl, Br-,
NOsz-, PO43, SO42-, COs2, an antioxidant and combinations thereof,

said preparation further comprising an antioxidant incorporated in
said layered double hydroxide. Preferably, in such a preparation, the amount
of the layered double hydroxide having incorporated therein the antioxidant, 1s
at least 70 wt.%, more preferably at least 80 wt.%, more preferably at least 90
wt%, still more preferably at least 95 wt.%, most preferably 100%, based on
the total weight of the preparation. Preferably, the mineral deficiency is a
deficiency of a cationic mineral, and one or more of said cations in the
preparation provide the cationic mineral in which an intended patient is
deficient. The cationi;: mineral in a preparation of the invention preferably
selected from the group consisting of calcium, chromium, germanium, iron,
cobalt, copper, manganese, molybdenum, vanadium and zinc cations, most
preferably iron or zinc. The most preferred antioxidant is ascorbic acid.

The invention will now be elucidated by the following, non-

restrictive examples.
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of mneral deficiency in a human or ani mal, obtainable

by a nmethod for producing such a preparation fo as
wale®ciopioesl above. The invention further provi deBCENL2006/000620

preparation for treating a condition of mnera

deficiency in a human or animal, said preparation

conprising a | ayered doubl e H}drOX|de havi ng t he

formula [(M)(I-X) (Mii M:(Gﬁ ﬂ [Acly . nFQq (1),
Ezfo%gpr b& L.Mé)%n%m B EA / ih)a o

cations, and Nh1represents one or nore trival ent

cations, and x is a nunber between 0.15 and 0.5, y is
75112 of NaObwas wsipked under hitrogdd atmiodp Ketesinam 5dntlree-

nopiadflaskshon, D8GeRL 3! bofigd deapimpraied Y Alarraglpd tajpbout
4% #hB 2ddeh lr%lgljogbg a]\AErlegﬂéfaes elultlsﬁpg%f Mg@gr % H20 was

val ent ca I ons presen e or

wélrglh»ealmrst bedtdransl dizsolvadiia SVongodboiléd damlnmmlﬂz@d vadigr
i's an ani.on selected fromthe group consisting of C

(Coolsd) aftrowhiclpd 745 g gbifefls - €EpOwas addafanskiheamixtang was
sti:rcr) Iu%%fer%ﬁl‘?rotg g ’fﬁf I’bagxg soli’ut“;fgfril WA £ edl"trotiI aidoqplng fuamel

rrsing St 1 oX I"hcor orate I'n""sal
ardpﬂkab@ t6 )t‘,Hé &X1, @Brecbh edkedamd 8k i a n5t1oBeR apiRphétd. While
t he anount of the |ayered doubl e hydroxide hawg& )
stuwmg pmease@lst tleg Blenle iseludnen widis d dropais¢ vatd the reaction

a 80 wt o
st MR 5088 66 €5 S8H oS A by b g 100 C.
Th&8stution \%s H1tc788 ank WhEh &Pt HL A0Hin 33RE d Wateb fntil all NaCl
total weight of the preparation. Preferably, the
had heemiretotedi Ene produck e freezndyiedf a cati onic

m neral, and one or nore of said cations in the

Example 2. Synthesis of Mg-Fe(1II)-Cl LDH 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, 145.65 mL of boiled demineralized water (cooled to about
40 °C) was added under nitrogen atmosphere. 19.72 g of MgCls - 6 H20 was
weighed in a beaker and dissolved in 146 g of boiled demineralized water
(cooled) after which 13.10 g of FeCls -6 H20 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
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

has been removed. The product was freeze-dried.
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preparation provide the cationic mneral in which an
i ntended patient is deficient. The cationic mneral in
wa2preparat i on of the invention preferably sel BCT/ad2006/000620
fromthe group consisting of calcium chrom um
germani um iron, cobalt, copper, manganese,
nol ybdenum vanadi um and zin 2cations, nost preferably
iron or zinc. The nost preferred antioxidant is
ascorbic acid. The invention will now be el ucidated by
the follow ng, nonrestrictive exanpl es. Exanple 1.
R8s §, b Minfigebs MR- .- &1 FD NN Ak M ratio bf 4:1
) was wel ghed under nitrogen atnosphere
with vitamin €hr eenecked fl ask. Then, 937 nL of boiled
dem neralized water (cooled to about 40 0C) was added
under nitrogen atnosphere. 141.75 g of MJC 6 H20 was
i . : : : of i
A A0 T 3R S Ehed Wapk Sebyal abilpfieid i BT, s or stecl
re6tok ST Re 2B Maofddiled dendnehdizsdwater (casledttb mbedt 40 °C) was
under nitrogen. The brown sol ution was.added to a
addedppidey ritrngen atmaospbeses Then,Hd -6 gofvitasaiy Eoragjadded. 70.2 g

| i it . ) ’ .
orEShc Dl At ERRTRRKE: pll dferlbpd 180 g of boiled
detiifneka iRl (ad6H (@B1eM) Xiftel Sviial 8. oIfFT1H: 6 D washelded

sol ution was heated for 6 hours at 100 C. The sol ution
andbthd infixlemedvas dtineesheeder nitragsm. Tdednosadsaiatiop Wit pdded to

|1 NaCl. had be r ved., {The_ product .was :
a frnpsBe dpael and dsido e & ki ralPL e wifikep aimogpbpry, While
sth@g?gr FfelBivedt £ Mo -FelohkitPwastdddadiopRassvantil €le reaction
undet nitrogen atnosphere in a 500 nL threenecked
mittask hadhepH 4£9.56Theh, te sdittiod wenheated for Schawsat 100 °C.

g 3t o2 9o eSS S8R i a1 e
h§§?l§§ﬁ &%@@g%ﬁ%;ﬁ%& %ﬁ@f&e%-d?@m ed denineral i zed
wat er ( a

cool ed) er ich 13.10 g of Fed 3 6 H2O was
Asdieds by &-tdye diffpdctiog, Wesrnsdli graetnetdenl avialysigeand Mhizared

brown sol ution_was added tq a dropRi.ng, fuynn

sckeageony shewwedEhapretanse o SLlagRiy ¢ ABIEhe M%%ﬁ(ﬁﬁggé rDH
at nosphere. Wiile stirring intensively the My-Fe
sol uti on was added dropwi se until the reaction

Example 4. In vitro application of pharmaceutical composition

In duplicate experiments, 1 g of a product prepared according to Example 1
(containing 220 g Fe(III) 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.



m xture had a pH of 9.5. Then, the solution was heated

for 6 hours at 100 C. The solution was filtered and
woehnearows t h dem neral i zed water until all NaCCHaE2006/000620

been renoved. The product was freeze-dried. Exanpl e 3.

In-situ synthesis of Mg-Fe(ll1)-d LDHin a Fe: My

ratio of 4:1 with vitanin C¥.6 g of NaOH was wei ghed

under nitrogen at m)sphere in a2 L glass or steel

(Bt Soound Afeslms b BlnGn ol e gihiacion. Dainy
at msg/g@&gr gﬁteﬁ?atﬁsor%%‘gl htenpy C was added. 70.2

g of was wel ghed in a beaker and di ssol ved
i n Mi3kgsoM. aid théemmeRal(l&%j Ratetor (systérad Evappeéan Patent

whi ch 23.4 f F 6 H2O ded a
vvalscst Nor 4}?@& eﬂ%“?ﬁ?&@n \A?‘H‘E;a gsh?foﬁr\z’;va@?&) and (5)
added ﬁ;ﬁ;@ (ggtgapllngzbgnnel and fixed to the 2 L

reactor in a nrtrogen atnosphere. Wile stirring

I n\Eikve| YL hﬁlthHEﬁer&cdrutRomm dmid&d,rdrnw&eke)f an in Vvivo
until the reaction m xture had_a

sol ut i digamstyenigackdUngedeStases § a&QntiGH“ & 52151@5’011%1“(‘%'&0’5““ 11,

was fil tggﬁed and washed with dem neralized wat er unti |
al | él ad been renoved. The product was

fr egzfidisi ad., Muhyshs By Haveayad] H.r aadi Huis tinettn®eld, J.H.J.
gravi metrical’ anaIyS|s and i nfrared spectroscopy

showed (1%5)p e seltie compar tragnial dsmanpmvec%p%e(rrqqn)tr@ed model

LDH Ex I It | t f
conpos ;asfn%gb‘liatilﬂgdgbgl (?%\‘?Igg pé%lla | on%ﬁ iRpe%w;%;e%‘rlggiatwes to
pr epar qga%%ﬁ%r?r'zﬂﬂﬁlé?ls%@m& e2d: 195020 i ni ng 220 ¢

Fe(l11) per kg of hydrotal C|te) and 4 g of vitamn
verSmeeteeReatiors) Mrd. E‘,l Waad;onsél' i MengkusdM. nkliawgnwar eR (1998). A

The total ,int C artnent of t

model wsgl%@?éﬁe hoL %r‘%‘ng;g HigSRblyefpakd fplated to the
(TNO s (¢ #Vpdj %o sf&%n% W BEHESE R sPhrdReviews 11: 45-
nodel , see nt er e 'owi ng publications:

Frei d| ®%B9.A. and Verwei, M (2004) I ntegration of in

vitro data in kinetic m)dls phar maceuti cal s .and .,
Thege ¢aersments Were RAHOTRSALY eﬁltb@raﬁ’ Cragh VS]GL%@CEH conditions

fl(\é%gs l es% te]ﬁ%r%ajl &ﬁa&aa\/se ?&%E‘meg'fo%gﬁrﬂ\ﬂﬂhe. Kttose Monditions include
assimlation. Iry o
espec1ally the 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 minutes, resulting in a dialysate of 5 L. In the dialysate on average 19

mg/L of soluble iron (Fe(Il)) was measured (AAS) (atomic absorption

spectroscopy).

Example 5. In vitro application of pharmaceutical composition
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I ndustries International 61 (9): 17-23. M nekus, M
and Havenaar, R (1998). Reactor system European
w@a10e0670M0. 0642382. European Patent Bul |l eti n B&I/8L2006/000620
Art. 97(4) and (5) EPC, dated 11.02.98. M nekus, M
and Havenaar, R (1996). In vitro nodel of an in vivo
digestive tract. United Staté4 Patent; nr. 5,525, 305,
dated June 11, 1996. M nekus, M, I\/Iarteau P.,
Havenaar, R, and Huis | t Vel J.HJ 1995). A
ARyrHp Ceet?aams@atggﬁmdw ﬁh&dwﬁpgﬁegl%%PMei%oO grRfos fat and

0. %I er ﬁtgtlgl vgtilﬂ?o t&ggb}ﬁgt ory W&Obm%ﬁttggﬁggy mt%keZ? d 0.2

greeRbha- oBﬁeileﬂth hb/ﬂﬂoﬂélclté/ﬁfé‘pmied ‘hecording ko FExakhple 1 (220 iron
Havenaar, qg A review of the physiology of the
/N WAS rarag@sl Q/mltqfatb@ SYBVR AP m&rqd%'eéév dihg EASHEIC of
in vitro syste t LGl
colfpatilyeBs SEIAETIN Mottel PO s RFRERERSs IEALEH PErs fdptinal

MBaY lre gie@ﬂnlmféandhaéloﬂﬁe Q'f'exfa%@ pggsidl@glaw@dndiﬁbnts lofiche
as described for humans. These condi ti ons i ncl ude

gastyaniestingl tract dgrdesceibed foyhymans. @ﬂﬁﬁﬁ? icordidinns include

espfipiaLy AR P o 8o St vey B iBBfibl framsts tmep, the
ga%ftmE Q%dst?l‘érlﬁftééﬂhaﬂrﬁq WelSes, B t‘l‘ie%&"ﬁ}%@nﬁﬂﬂ aGidSsivieH of the

I ow nol ecul ar conpounds are di al ysed conti nuously from

setmmrepmdlmtaﬁﬂlhe Hegesteb apddissoinesl ofw-nideerdde lcomppunds are
w fibre rane syst t

laf zear%amwgfy B0t IRatEUE $ P th AR P e G dpg model

Vllﬁrlboﬁlo%v e%ﬁ grgb b ms%%tt&ng '}'ﬁg ek POR mehtTH dre Perf@ndtl Buring

ure (atom c absorption
3@panhutsc epyyltingxianp lalgsaterof\n LrIn ﬁmodlalwawmmaverage 3.1

L
tog yg:(ﬁt argy Mﬁ%ﬂlgbgeoﬁoﬂ%e\{l %%1&&&%1&Q£Sérﬁﬁhng

approximately 100 % of the daily iron intake.

Example 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-
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 amoun€ of 141.75g of MgCl3.6H20 was weighed into a
measuring beaker and dissolved in 875g boiled demineralized water (cooled to
~40 °C) and 47.05g 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 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

to the NaOH solution until a pH of 9.5 was reached. Then the solution was
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gramiron containing hydrotal cite prepared according
to Exanple 1 (220 iron ng/g) was nmade. 100 ml of the
W@ 200a/06™a% i ntroduced in the gastric conpart nePCT/NL2006/000620
TI' M Model . The experinments in TIM(TNO s Intestina
Model ) were perfornmed under fhe average physi ol ogi ca
condi tions of the gastroint inal tract as described
for humans. These conditions include especially the

e R FORE G5 SRR B DL By L 088 vic

deltnl?ﬁe RS At AN 1N AN # s Qémb{i@d safd flebanidried.
products. The di gested and di ssol ved | ow nol ecul ar

conpounds are dlalyzed continuously fromthe j ej unum
and il eu c |, yia hol I ow fiber
HYIE e SYPEREHS O ML aLE L S were per forned

dur ”gAglO %hﬂ%?fn 5%%%{'1%@91 was@véigﬁéamﬁtiﬁt(pa 550lmL three-

In the sate on average 3.1 ng/L sol ubl e iron
nevkéd flagk L(uﬁdef NAS) tnf atphieire; ﬁmeﬂnwyasufbmhspiemthdga/dpwum) and

In total 15.5 (51 * 3.1 |

1450 bboes e aiRbizeAgrHgE GHAIRALRI-H0 160 5 Aqdia (NaOH soln
f

= (et it REFgas A g Jepe okl %2?2 SR aeY

was weighgérouhtiofitl9. 2 gbofl Mig€il 3 BiET2(e mmg‘hedsmw andeasuring

N2 at nosphere; flask was fl ushed N2/va o
begBgrandolised veld i ﬂéﬁﬁlbpklé@ d\ﬁmléﬁr%\fé%fg‘l Watery CQ‘EJ]Gdd&)%O C) and

13\;% E‘ggﬁg&ﬁggﬂ W@s & P??er 4 rfr!aﬁzl a%tr)m]ét hl‘lwéi’%ﬁ' 'émutlon was

Gl LRI Mﬁh@h@ﬁ’d hmm@drmﬁma hauk cbfeta]leeﬁomnm three
I ssolved in 8759 boiled dem neralized water (coole g
ndokedéﬂhsfkctffmmrmgle%wstemmae ﬂ@@eda‘sltbé‘a%laaawam and kept

d d The .b | uti :
B
¢ Hdfedid
A3y Bty e ot i

torth@oNaQd] solutidmngn{it apI of Priewas regeheds Thpp thegsolution was

NEREIE RO R N S—
demi#}éerg engfitfgé‘g‘ §l N%I%% relh6ved R dsRbstd-@Fied.

hours. Final'ly, the solution
was filtered and vvashed vvlth

Analysis of Mg-Fe(IIT) 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;c 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
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

(COs%).
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dem neralized water until all NaC was renoved, and
freeze-dried. Exanple 7 Synthesis of My-Fe(l1DC

W@ E®7NG7023 1) An anount of 11.56g of NaOH was WeCTyNezhos/n00620
into a 500 nL threenecked flask (under N2 at nosphere;
flask was flushed with N2/vacuum) and 145.65m boil ed
dem neral i zed water (cool ed 18 - 40 00 was added (NaCH
soln. = 2M flushed with N2/vacuum and kept under N2

Fige! oRBY S tae XA At ohseriedhesifien M TR LRCL (B gt
E}?%i:\ii%gd(} gfga gﬁgadf' BetnpRUE2: 1 dEd shAcindOrdhie B8t the 4:1 and

H20 was added and stirred under N2. The
2: b MgwFegHI )+l ame 808 anl B Aprespectipeiyngniiamealisplaged in Table 1.

nmount ed on_the_ neck of .the 500 t hr eenecked fl.ask.
Thee 18 dnppnatlehiffspdrsipedng pa r?e-afm Emm%ﬁg%g%- Angparch-match
r ‘ . . .
L oA RO e D Y R0t i
MgaFutOHySOChex M2 Be(Iswhitt).on was added drop wi se to

the NaOH solution until a pH of 9.5 was reached. Then
the solution was heated at 100 C for 6 hours. Finally,

t.hg sol utd fj d ed with
T%}éeﬁ‘ilner alr‘:'?glng\%fledr'géjaﬁ({lﬁg Og?ﬁ %@%ﬁ Wa\é,vI renoved, and
Mg-Peam) @ 4adE-Anglly6) s of l\/g-'Fe':(I II—|) LDHs produced in

Exarpl-e—6—ang- 7 pt-el-t-nary rd-aft rshHighg and
Wéé‘g@/ drylpr% 02f1{§7ar3? 'Q%f 3 ﬁ% r%a"to gr ;Sg.iibl ;éggé Egb?n
despacipg e 6 8(08: 1)4.0dag 238. 12.3§ (426% 1 8154t i| Va3t ¢ 1i43e

4 - 1) } oduct—obtaimed s a tight
e O acder . The yiold for tho
Fitetr (| | gl S8 28BS |F4BRAPBIOB | #500:| PP-38a$0Pd. | $4-28 | (67%
d-SaBhEVE [T07 e $T grldsng saroUnior. | i Aradudiy.abtai ned

er

1S a red-lbrowl pow Bot-h produdtsdilsselve—in-HC

A=A Al

wher eby a cl ear yel | ow sol ution is obtained. The
n X ca |: .
THE 3R of TR PR BB d )8 SIS (06 £A 132:1) are
prdsbnpat ireMgwlesthané BnirdpecdedyMiheaektings @erk IECahin. to

Exanple 6 (4:1) and of Exanple 7 (2:1). T d-spaci n
15Q1, gggnflohémmé%@’-q, tgﬁgeafteranC/mir(l. to }OOOJ&Ze. P J

Tabel 2: Tga-analysis

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

Mg-Fe(ID)-Cl 4:1 | 10.51 28.89 61.56

(Example 6)

Mg-Fe(1ID)-Cl 2:1 | 12.94 25.06 62.17

(Example 7)

Typically, Mg-Fe(III)-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, HCl). These three peaks are
present in the Tga curve of the material produced in Example 6 (20°C/min. to

1000°C) which is indicative of an Mg-Fe(III)-Cl hydrotalcite, see Figure 4.
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2:1 My-Fe(lll1)-Cl are 8.08 en 7.98 A, respectively,
and are displayed in Table 1. There is a small shift
WO noodioePati ng and 2-Theta from4:1 to 2:1. A PCT/NL2006/000620
search-match with a database of reference patterns
i ndicates that the synthesiz e7d product is
My4Fe(OH) 80C . x H2 O (Iovval Tabel 1. 2-Theta en
d-spacing of 2 :1 en 4:1 My- Fe(III)-CI 4:1 (Exanpl e
6) 2-Theta () 10. 94 21.97 33.92 38.13 45.07 59. 19
if) ]%31121%93 d-spacing 8.08 4.04 2.64 2.36 2.01 1.56
Us 19415 kRé kbhderfErdtidn bf FERiMg: whs dethrehime()in samples
11g508 22. 3%@34. 05 37.98 45.00 59. SZN%O. )514 64. 20 0 i
of thespatémalsh9Firgdoin Bxa@pbessd apd¢i Theswespliszare ppovided in
T %a curves of the nmaterials produced in Exanples 6
ak) ) and 7 (2:1) are presented in Figures 2 and 3,
respectively. The settings were 10C mn. to 150, then
1 hour 150 C, thereafter 10C/ mn. to 1000 C. Tabel 2 :

Tabgh3:anal LGPSaﬁ@}ypie % Reduction to % Reduction t o %
2000C-10000C - -Residu—NA Call II\ r~| 41 N -1 950 . .06

v A2 WL L

Seaples (Bl e [BVENG- He( 1 1) - OMS: 1 12 Ry e

(E)If_aE‘_pl e @g/ﬁyp @ad/ly, (MyLBe( | Itmpl/L] hyaodmelci t e

Xt €t IALeLE aksTi d- d SI S: I(
Exemic org'?/\g/ater,uiglhd arootl?ﬁd SE%GC%ignd %%ygyc argund
(1{tdehpldr oxyl ati on and lloss of Vol atil e |species, HC|).
B _ K. ¢ € [ /agent |igssihe Tgascurve of jthe

materi al produced in Bxanple § (20C m|n. to 1000 Q)
Gteeemls) s| i ndi cative of| an My-Re(111)-@ hydrotalcilte,
E§§§p1gvgur§3§. Usi ng7 | CH-@raal ysi|o.d1ke ccnlc@nt ration |of

L4

.17

Ee a—rru I\ Wa s d tel’m ||\,GI HY—S II}JI €S UI lIIC Ilbll CII |S
obtained in Exanples 6 and 7. The results are provided
in

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

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
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:

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 solution
(50g). To this was added an amount of 2 g of Meg-Fe(III)-Cl hydrotalcite. The

mixture was heated overnight at 80°C in an oil bath under stirring. The pH of
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Tabl e 3. Exanple 8 Exchange of My-Fe(H)-d (Fe: Wy
4:1) with vitamn C under acidic and al kal i ne

wa@ondiotioans. A. Under acidic conditions: An anPCFNL2I06/800620

g of vitamin C (L-ascorbic acid, 99% Aldrich, Fw=;
176.12g/ nol ) was di ssolved in 2503 of dem neralized
water in a 500 niL three-neckd® flask. To this was
added an anount of 2 g of My-Fe(lll1)-d hydrotalcite.

- e heat ed .oyernight at 800C jn. an qil
th I fbatl Wk N rCRl-REnRY 1ol (P06l s vasheaagei] all Gl was
rebistesd, ahlabhotresandifelions: An amount of 8 g of vitanin
C (L-ascorbic acid, 99% Aldrich, Fw=176.12g/nol) was
di ssolved in 2503 of demi neralized water in a 500 ni:
Ré e- eclﬁed flask. The solution is al kalinated using
50y). To this was added an anount
of 2 g K¥dMims ] ' | g iti
heat ed over %llgg %if l}llg{%irgac? cl)&é}({? nmgﬁk’%:aﬁﬁga@rh%%g ﬁmfd )englg cfiditions
(Relt 1266 Agprotiveep il kdatlh soluitionuafeemb miighk a8 QEUSHH @bntact

s filtered and washed until all C- was renpved, and
be&ﬁgeprtbsi@f- P?agﬂ.te R@BJ&@s"%m& Eh blag)eolpr dmmegtiately changes to
f it j [ ' nder,.acidi c
D A EhgohaMet ShELEk oF b OISR e fford purple to
blackiGhis matd]Cantipobe diltdredtis beisirdievedahhy §hix 8l doighk 8ded
h d th.% ngfxarri C, the_color jimediately changes to
vsiptAlgtanhe REchangejender aladinegpngdidorapraduss a brown
I ' fr urple to black., This materi al
o FARE T kb vllEh RO i Rire dtihin tisice Pt color of

thddgrdadiedcity dohitRictimecEe fnphanamddisely %?Kﬁldoﬁﬁact with the

.condi tjons produces a brown solution after ni ght

vitgra & sebetipn pFlisi prtenal can beofilieredpaddasmalyiee gsingrfor
. t ofalcite sol ution changes to purple
m?tfr%%g?%l{@%%n%'g%% aclzl&lrsfséﬁt with the vitam n C sol ution.
This material can be filtered and is anal yzed using
for instance XRD and Tga-anal ysis.
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

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

Tabel 4: 2-Theta(®) and d-spacing

Mg-FedII)-Cl 4:1 exchanged with vitamin C (RJ-1266B)

2-Theta (°) 11.23 | 22.53 | 34.06 | 38.41 | 45.53 | 59.36 | 60.62 | 64.31

d-spacing 787 1394 [263 (234 [199 [156 |1.53 |1.45

Mg-Fe(III)-Cl 4:1 (RJ-1241)
2-Theia (°) 10.94 | 21.97 | 33.92 | 38.13 | 45.07 | 59.19 | 60.38 | 63.93

d-spacing 8.08 |4.04 {264 [236 |201 |156 | 153 | 1.45

Figure 6 shows the Tga-analysis of the exchanged hydrotalcite.

As described above, the three peaks that are characteristic for the

Mg-Fe(III)-Cl hydrotalcite are positioned around 135°C, 350°C and 370°C.

These peaks cannot be detected in the Tga of the exchanged hydrotalcite. In
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Figure 4 shows the XRD pattern of the exchanged

hydrotalcite. FromFigure 5 is can be inferred that a
waeemiioe®s ft takes place in the direction of ar¢i/ybhz106/000620

2-Theta() which is indicative of a smaller d-spacing.

This means that no exchange has occurred between

hydrotalcite and vitamn C ]Fagure 6 shows the

Tga- anal ysis of the exchanged hydrot alcite.

descri bed above,, the thr
thig 6 BEaRF aF Ssible HRLIRGEEE TS 360 %%ﬁ%%eaﬁ’e&ktseargr e
ind203%it ¢ BPEK MRHBATHSOS L3aEBtaIERd. 3700C. These peaks
cannot be detected’'in the Tga of the excha
hydr ot Bixchhnrge lintlér nitcemen pentsplare anctb@ﬂtﬂig wademhprovides a

d i, ndi.
TeRgUA SR poeRRSi}ioh Graf oh T ZrARp T mstrpbe feaks are
Vlﬁl@m"% gR4 sBebd: el W%El% of 7@,/ Y. PR TRCOERL AN RILR.

esult as displayed in A'so in this instance

peaks A:p@aveﬁﬂljal ﬂledﬂgéwﬂ)n)a]imﬁﬁﬁwlta ds camversedinto the Mg-
-CO3 hydrotal cite,

Fekﬁlwba hydutaleyiér Smeect és I EBB AR (CA: G meeRpfain the
] Itt%}&%ct& géotal cite. Since d- is larger than

s may explain the shift in the XRD curve.
Exarrple 9 In-situ synthesis of My-Fe(HD-d (My: Fe 4:1)

vvlth Vltamn CAn amount of 41, 6 of NaOH (O 94 ol +
g shansynthesistal MesResHh @ Fe delawidh Vitkamin C

L0, ST SRR A B BTSSR gon o
Vlﬁaﬁm@@)a»ba@ %@@@fdem ineoal Zéﬂtéxoﬂeﬂébho@ac’dhﬁs(u@dde N2

(pH=13.40) (NaOH solution = 2 M flushed wth
athidkphersy rﬂaszdwa@ﬂusherﬂ srithhnN2dvapsphbeail 467heaf halel g

ETRITEICE T e
= %EVT 31?15%%%(}91%’?@2/@5&%%%& kBpNgh¥ar e @h éﬂﬁﬂé) l’mﬂﬁf 176 ¢

at nosphere (pH 04). An anmount of 70.
of Mi 18116 HZ@a\smddwéj ‘Bhe dolonto the sebrion cﬂgammt&emmani@ar colorless

di ssol v led. d q
toglpanmhey RHwAThG SHoteR B opsthed i OICAAGI R Fhadert
w9942 'él%mo-gBﬁepar @ =38!g4Hi on was

An amount of 70.2g of MgC13.6H20 was weighed into a measuring

beaker and dissolved in 430g boiled demineralized water (cooled to ~40 °C) and
23.4g FeCl3.6 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
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.

Results in-situ Mg-Fe(III)-Cl / vitamin C synthesis.
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added to a dropping funnel and nounted on the reactor.

The conpl ete systemwas flushed with N2/vacuum and
whe@u/oemeder N2 at nosphere. Under constant stirPCHYL2006/000620

nonitoring of the pHin the solution, the My-Fe

sol ution was added drop wise to the NaOH sol ution

until a pH of 9.5 was reache@® Then the sol ution was

heated at 1000C for 6 hours. Finally, the solution was

( hed i ; T "
o o i B BN Aol BT cREREae Sabe i e Pack e
coMy-ofehé idro@hct/ obthlddd A& ﬁ*)é@iélﬁﬁj'{i%g- @‘H'rbﬁ'glht’ﬂ% XRP pattern is

0) ' ght bl ack.

reaction the solution changes color to
pravided andfigote BHogpitwd vcth dhe atamthghtaderial démen dhy Daple and
' own. The XRD .patter.n i. royided in Figure 8 .
th% gig@ TVt ﬁ‘%‘ﬂ%ﬂgﬁataﬁa‘ﬁlﬁgﬂﬁﬁg%‘iﬂi S1s W‘fgw%@nrguﬁ glightly
shefbst] tdveartiRIhigheY @-The B \WWRAL | Bkl LGS
nith v A meger 2-Thoth WHR s@?’?ﬁggg?ﬁg?‘g@gﬁ%h@e&%ﬁg'
Howeteat thenpeahks probivmeer anddeet ioaniektth ppaleab@. 2-Theta of
31 ver, the peaks are broader and there is an extra
k at a 2-Theta of 31.92. Table 5. 2-Theta() and
d-spacing My-Fe(I11)-C 4:1 in-situ synthesis with
vitamn C (RJ-1270) 2-Theta () 11.13 21.95 34.13 38. 33

Tabke 51280e58(°5andd-6pacifigd- spaci ng 7.94 4.04 2.62 2.35
1001 _£2 1 41 Mo-Fe(l]1)Y-C |1 4:-1 (R]1-1241)

- 54 1-—A41-My-Fefl 1) -( 1)
M?Iﬁlépé“’(q‘f Iy ity sypihedis with ysamin C{RJ=1250) 59 19 |60. 38
2-68¢88) d- spas npL. & 08 1. [038.33. 16461 [H8.53. (0585 [566.4b- |03

A5 Togarapatysis—of - he-ia-isitusyat-hesis—w-t h

dpstie VS WP % RO g% |0 Sihd 156 A bt d 10

MgiRe (Wbt (RE-186Npared with the reference and dn
X799, e it EromEgaanalysisatsckear t hat
22%6&2@? ? %@k 571? hn[rfs@ 1383% ?f?&bs\%ligch(iq‘% nédgfgcgrrJr esent
dERfcite stfd | ngOhmlt 264 4 2.36 af%¥ler{ceseorjodet) Law |t he
product of the exchange reaction —Thirs—exothermal peak
coincides wth a weight loss of 17%

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,
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 presence 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
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.
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The presence of Vitamn C was assessed using IR The
IR spectrumis presented in Figure 11 together with
wo b@7nefoes ence material. In the case of in sitBCT/NL2006/000620
synthesis with vitam n C extra peaks appear around
2925 and 1161. The intensity of the peak at 1624 is
al so higher than in the refe#bnce material and a
shoul der is visible between 1700-1800, which is not

presen ef er mat . R

{1 £ R TRoteb B3 e §Lis2tisneSpl Ry TNERLS 42, e, the
pedk® 5%8@2529%%111]?611 eclehAghiyibld. A16b stheA stk aidm@ld 1600

peak around 1600 with shoul der is visi bl e. Exanpl e 10
wifly shtvelslies io¥isilpjeAl - CO8 LDH at pH 7.86 The fol | owi ng’

nmet hod was adapt ed fron1AppIied Catal ysis A: Cenera

287 (2005) 183-190, "Structure correlations in MAl

BIR) §yheh&al af A1fon03 b Al et gese" A
Al( Noeme%la@mmg a&:thadgvawemdam]emfmzmd&mh@i Canalyais A

A B e et
00 N
capﬁgétrstfg %(ﬁg@éi%&x%ege ﬁ'soﬂﬁ%ﬁlgf 8l i %M@S)@%}Wa d

irrrn i's procedure,
3TCHEE AI(WS)BW]KE@E 1na2011|?|1§’ d86:1msradgzeal \BS%I'NHM)H solution of 38.7g
solution and a pHstat. After gddl tion,
(I\HM)QQ%m TR ke A “@5@%5@1‘3 Fippyise § H&fpmg funnel)

I oC
T
rﬁé@téﬂﬁ‘i’irfg Turblg ShisEDcbBitaathEIPH wi6 ddSllthgloalsU_fpkeptBAt pH
/mn.), a solution of 128.28g of

7. éﬁ asbigya @rém\kmt@}hscgu@@rxuands@@@%ﬁt d%ﬁ?%éb%ﬁdé@wn the

585 2 SRS 7 P e 250 o i i

fll\eéx%% 41 AAsRERYHHIPY afRIdried a@qmsnerfai: ngahuat er at
5C under stirring. During this procedure, the pH was
contl nuously kept at pH 7. 86 usi ng a 35% NHACH
J an, the

'f-'s under

S t ' r[%l'?l% Eﬂ)‘ﬁﬁlatt @eérﬁghﬂh')oﬂ sbﬁlt‘iéﬂ be128 28¢ of Mg(NO3)2.6H20
and 94g of AI(INO3)3.9H20 in 500g of demineralized water and an amount of
150 ml of a solution of 96.20g (NH4)2CO3 in 500g demineralized water were

added drop wise to an 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

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 (Weiqing
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and washed to pH 7 and dried at 118C for 18 hours.
Results synthesis My-Al -CO3 LDH at pH 7.86. The
wO0 edo7metondn val ues (2-Theta) neasured for the PCT/NL2006/000620
synt hesi zed My- Al - CO3- LDH correspond to those
provi ded as reference in the #%terature (Wi gi ngMeng
et al., Material Research Bulf®tin 39 (2004)
1185 1193, see Table 6 en Figure 13). Table 6:

M oL MR AR QM TR 20 AP TP 1905 0 Tl 6 o
Figans 13)0 nodel of the gastroint esti nal Tract (TNOTIM

nodel ) In duplicate experinments, 1 gramof clay as
produced in Exanple 9 (RJ-1270), containing iron Il

B EIE [ :S % gf'ﬁeﬁg‘gval\{\@ifoml\)fg %1"&";(2? @H' }rﬁ)h%l é a?{dd\é@ts %mhesmed in

cotpa l.ln:|||. gf—the—nodel S—2 —TFhe experinments in
g& F m)de\ﬁxg E"&rl be Fgynpl e 4 were perforned
? e Egaverage phyS|oIog cal condit{ons of the

r M Aocer fa

(e

ract

0

[
i act—as—deseri-bed—+fef humans. These
"‘ffié'qf* espec ,1' m cs of gastric
nd 2|3|415a:f|nal tir it tines |the gastric and

$he intestinatt 8I71H val ues, '3539%1 the composition and
36ivity of [18d9secretion WHducts. The di gested and
#l.5sol ved | aw6®dl ecul ar _cloffp®Bunds are di al ysed

gbht i nuousl y Br5ém t he j ej u¥didh and il eum conpartnments
5.8t he nodel{ Wi a hol | ow f $.& nenbrane|systens. The
€Xperi nent s {wbr7e perf or nededr i ng 300 M nutes,
6rgulting ina.ldialysate o258 1. In the dialysate on
average 5 ng/1 of soluble iron (Fe(ll))was neasured
(AAS). Leend to the ?I guresFl gure 1. XRD anal sis of

.(ﬁ D il lﬁ@leceﬁé gjoe arn%g?}' 3512%3 58 e%‘éﬁ’c?ﬁatﬁ Kefiple 9
HQP@Z’?O?' cdHtREAHAE Frdr Ellﬁ% Tas ﬁhﬂéﬁ %‘vﬂf‘h artifl8ial saliva

anal ysis of the materia pro uced i n Exanpl e
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
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
minutes, resulting in a dialysate of 5 1. In the dialysate on average 5 mg/l of

soluble iron (Fe(Il))was measured (AAS).

Legend to the Figures




10

15

20

25

Figure 5: XRD analysis of material of Exanple 6
(starting material; RJ-1241) and nmaterial of Exanple 8

w@ eoocloeroged hydrotal cite under al kal i ne condi t POTYSL2083/6000620
1266B). Figure 6: Tga anal yse of material of Exanple 8
(exchanged hydrotal cite under _al kal i ne condi tions)
Figure 7. Tga anal ysis of nmatérial of Exanpl e 8
(exchanged hydrotalcite under al kal i ne conditions)

Flgkgg;lZ%%D %ly S@%%%ng gxgﬂlf cgf B é(f 1) and

Exdia Mﬁ?%zq? naterlal from Exanple 9 Flgure 10 Tga
anal ysis of Material from Exanple 6 (RJ-1241), Exanple

FiguteRcFaagmalysie of ahekmataeat pnat udednis: Empkﬁ@)@ Iand

RSB e A B G P o il A7

FlEilﬁé‘ 4eTEd addtya8ak Yﬁé fna%rﬂ{l g%ﬂﬁbe@ i Ek‘é]%g%@) Xrd

analysis of material from Ex Fi gure
Figaure SgXRdhanpbisss of mah¢real of Emamlﬁia Brbmriihg(IRAtd2E9 RI-1241)

and] Tyabagiaf B PKRGRF 5 HEChRT Bodoh G roga ey Gretpv i lias conditions;

RJ“MQF;@Bbde having the fornmula [(RP)(Lx) (MIli)x (OH) 2]
n H2Q (1), or [(MMIi 2] [Ay-. 1/n] nH20
Flgut'e) ﬁ Wgara&laily%mﬁmamrhﬂ dfiBxavple 8eademiged diRlrotalcite under
e bivalent cations, and My represents one or nore
‘ﬂEDLQQP%H 1R ons, and x is a nunber betmeen 0.15 and

Fig}]ur’ea rzly'ggﬁ %T gﬁlg 8f p}a{t&i?}] gf'g?%l%n fle excilg dolay _t"eelciitsé under
alBalkine MoBditidi¥ 3 , SO4

Figure 8: Xrd analysis of material from Example 6 (RJ-1241) and Example 9
(RJ-1270)

Figure 9: Tga analysis of material from Example 9

Figure 10: Tga 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)

Figure 12: IR analysis of Vitamin C

Figure 13: Xrd aneilysis 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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2, CB 2, and conbi nations thereof; and wherein in
formula (I1), ML represents one or nore nono-val ent
W@ 2107 06®43 and M p represents one or nore tri vaP@nNL2006/000620
cations, and n is a nunber from1l to 10, and Ais an
ani on selected fromthe groug consisting of -, Br-,
NOB-, PO4 3-, SO 2 , OB 2-,%hn antioxidant and
conbi nations thereof, as a taste-nmasking agent in a
preparation for treatnent of mneral deficiency. 2.
Use according to claim1, wherein said mneral
deficiency is a deficiencyC®ding cationic mneral, and
wherein one or nore of said cations in said
preparation provide the cationic mneral in which an

i ntend patient is.deficient..3.. Use cgrding to

Leclaim gj,jse &%Yﬁf%(ﬁé%e!‘akeﬁ&f#} Xﬁq#éqxgpg%egﬁggg from
the gr yote] §M$111|X al ei hr ong ger mani um
iron, CO a)l%t? cop)pgg,m%]a[%généggzo}?ml ybrmég’nmlfm vanadi um
and zi pP@OEET pDhEAY- 4] BERCaccording to @iy of the

precedi ng c| aj s, erei he bival ent cation.is .
prefer &a}e}egb}ré THHL fir(m% ée]gqegglatsoqn%plgl g}ogﬁtblvalent cations,

osi . O ! : L

oL L S Tl O aRIATANA) 1Bl pLiRr veomeon

0.1Magdesey iOhor )6 isemvumdel diven df tot T dAVIaladdnion selected
cations. 5. Use accordi \ri%trt 0 ani)[qc))f t he precedin

from ghagrown epasigtingeoli ¢l B eNOss K@ Sn SQ®p (1 6s apdy

segl.ect.ed om the group of trivalent alum num
cog%ﬁg%lﬁrﬁ? {tllrrl%rr?f)%’c%lb(gl t, ol ybdenum vanadi um and

Manganggtere i tn &ich glANMINBLIIepseents BAS @rididNeanenb-valent
cations. 6. Use according to any of the preceding

cagioasnand MiE iepresants ope ot anere Eivalant AakowH agrd nis a number
fr(grr%glngosibl,rgria({] g 3 abrix gralio%nstelénc;tgg rfraolmitf]le Vg}'loﬁ{)] Cglqsii ﬂh%%‘%?ﬂ, Br-,
NOgs-, PO43-, SO42-, CO3%, an antioxidantAand combinations thereof,

as a taste-masking agent in a preparation for treatment of mineral
deficiency.
2. Use according to claim 1, wherein said mineral deficiency is a
deficiency of a cationic mineral, and wherein one or more of said cations in said
preparation provide the cationic mineral in which an intended patient is
deficient.
3. Use according to claim 2, wherein the cationic mineral is chosen
from the group consis‘ting of calcium, chromium, germanium, iron, cobalt,
copper, manganese, molybdenum, vanadium and zinc cations.
4. Use according to any of the preceding claims, wherein the bivalent
cation is preferably selected from the group of bivalent magnesium, chromium,
zinc, germanium, nickel, iron, copper, cobalt, calcium, molybdenum, vanadium
and manganese ions and combingtions of these bivalent cations.
5. Use according to any of the preceding claims, wherein the trivalent

cation 18 preferably selected from the group of trivalent aluminum, chromium,
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patient is deficient. 7. Use according to claim®6,

wherein the stoichionetric ratio of magnesiumto the
whrooaloeron3 def i ci ent mineral is preferably bet we€nNL2@6/000620

and 0:1, nore preferably between 0.5:0.5 and 0.1:0.09.

8. Use according to any of t]%wg claims 1-5, wherein

ML11l represents a conbinati ofi“of al um num and a

trivalent mneral in which an intended patient is

e D5 AR e AR g Mons o

thd@‘tmgﬁght matiensal is preferably between 1:0 and 0: 1,
more preferably between 0.5:0.5 and 0.1:0.9. 10. Use
6.accor dUﬁig acgonshiyne b amtyeofithequereningckiimss, wiheresn M3 aépresents
t her. conpri.ses the ,use. of an anilomd

a g e BRI RET 2l BRIy Bihsaa] POW R aatintpded

pa®lens & defRbidat ent cations to trivalent cations. 11. Use
according to any of the preceding clains, wherein the
7. bi val ebisegatowhingdo kéim 61 ¥ helsia ﬁmcxjnnthnxgnetrnangztmbf

the rece i ms, wherein sajd antjo i
dt.ilagqlﬁa &td{elf%te‘li}l%a ISP WE&Y gétvvq%n 1Qgnd 0:1,
m@z“ecﬂre?ézﬁgw Eeﬁ‘é’erff) 5‘3@ (Pﬁq g claims, wherein said
anti oxi dant is sel ect e rom e group consisting of
8.ascor b[ksemdrc{mgttarﬁny ﬁ)thet(ﬂxmm &5 twlesndin M:Ilitrepmlnts a

lL.tam n f | avonoi ds, ot engi ds_such .as | ycopene
%ﬁ‘ﬁ’an%fé% 05 alunenEn B i¥isplensi mineral in ahicl arimipndpd patient
is HCH{{ ein, BHA (butyl ated hydroxyanisole), BHT
? utyl'at ed hydroxytol uene), lecithin and chel ating

9. agent s Becitcaslidgxb lcdiim SexiheasimwhehbRhiometric ratio of
car boxydextran, fumarate, and gl uconate.14. Method for

alnempR tﬁ’gﬂ‘leﬁél‘taé@ﬁfédﬁﬁmanb malpsar%ltls awefeanbly keimiesy 1O and 0:1,
m&%#ge!fér%ﬂ {,em&ef 35 @g)lf I&{:d 522&; n a human or ani nal

ISIn pr oVl i ncor por at ed into a

10|1 agloer egs{écliltlbgngh?é_bb Q)?ﬂyd@f ﬁP@‘@x@@edﬁ% dl £ vehé ke kald use
further comprises the use of an ant10x1dant in said preparations for preventing
undesired oxidation of said bivalent cations to trivalent cations.

11. Use according to any of the preceding claims, wherein the bivalent
cation is Fe2*,

12. Use according to any of the preceding claims, wherein said
antioxidant is incorporated in said layered double hydroxide.

13. Use according to any of the preceding claims, wherein said
antioxidant is selecte;i from the group consisting of ascorbic acid (vitamin C),
tocopherol and tocotrienol (vitamin E), flavonoids, carotenoids such as lycopene
and beta-carotene, oxycarotenoids such as zeaxanthin and lutein, BHA
(butylated hydroxyanisole), BHT (butylated hydroxytoluene), lecithin and
chelating agents such as dextran, dextransulphate, carboxydextran, fumarate,

and gluconate.
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y .nH29 (I), or [(MiMIIl 2] [A-.iln] - XiHO

(I'1), wherein in fornmula (1), M represents one or
woreoog/olioymnl ent cati ons, and Mmrepresents one PCT/NDRI6/000620

trivalent cations, and x is a nunber between 0.15 and

0.5,,yis lor 2, nis anunber froml to 10, and Ais

an anl on selected fromthe g?@up consisting of O -

Br-, , P 3, S 2, COXB , and conbi nat i ons

th .
one. 3?5\%3@%43“ e tilstﬁas#soi‘%Rﬁéfﬁl&%ﬁf?”éiﬁﬁ%ng a
cogaﬁ:uﬁ{ oﬁﬂi'lﬁefdl'&éﬁbfé?fcyciﬁtd Hﬂﬁlarﬁ&daﬁlmﬂ GripBRIg providing

0, I's an anion selected fromthe group
satd rmmrah@calfpoﬂa’sed Brtp al\@eredi’d))@b],e }S@romd,e legdng-thefarmula
anti oxi . _Met hod
accor dil %H}(bk)%%@mmvél%?@g r¥  deficiency
S a d %anﬂd/[jgj 2 cafjepni c m neral (I@pd wher ei n one
or of ‘said'cations In said preparation provide
t he catwmem i fi@madla @), Wi acepeeseinnd eneed npaei limaleind cations,

deficient.. 16. Method according to cl a| m 15, wherei,n
anchM'E seprarentnppePEMATE EHEIEH $3titHS RBAGY thpnumber between

0. g%nSIdts(s SCg 191 653 ¢ 1M HGRnP t‘lﬂg%dg% TGN 'sraqpang)n selected

pper, ‘Tanganese, num’ vanadi um an

fréinNtheCaou@tBnsikling\bt OBABa¢ Nﬂ)ﬁ,l PQ4%,B@Ry, GDe-,aind
claims 14-16, wherein said nethod further conprises

conmoimapionatthateofnamdt i oxi dant in said | ayered doubl e

hydr OXIV‘\jrﬁerem in formula (II), M! represents one or more mono-valent
cations, and MII represents one or more trivalent cations, and n is a number
from 1 to 10, and A is an anion selected from the group consisting of Cl-, Br-,
NOs-, PO43, SO42, COs%, an antioxidant and combinations thereof.
15. Method according to claim 14, wherein said mineral deficiency is a
deficiency of a cationic mineral, and wherein one or more of said cations in said
preparation provide the cationic mineral in which an intended patient is
deficient..
16. Method according to claim 15, wherein the cationic mineral is chosen
from the group consisting of calcium, chromium, germanium, iron, cobalt,
copper, manganese, molybdenum, vanadium and zinc cations.
17. Method according to any one of claims 14-16, wherein said method
further comprises inc‘orporating an antioxidant in said layered double
hydroxide.
18. Method according to claim 17, wherein said antioxidant is selected
from the group consisting of ascorbic acid (vitamin C), tocopherol and
tocotrienol (vitamin E), flavonoids, carotenoids such as lycopene and beta-
carotene, oxycarotenoids such as zeaxanthin and lutein, BHA (butylated

hydroxyanisole), BHT (butylated hydroxytoluene), lecithin and chelating
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18. Method according to claim17, wherein said

antioxidant is selected fromthe group consisting of
w@e@ankioas acid (vitam n C), tocopherol and tocPCT/Nerxob/000620

(vitamn E), flavonoids, carotenoids such as |ycopene

and bet acar ot ene, oxycarotengjds such as zeaxanthin

and |utein, BHA (butyl ated dr oxyani sol ), BHT

(butyl at ed hydroxytol uene), lecithin and

chel at{ ngagents such a s.dexir u
e S R T R
glucBhafy.0ducing a preparation for treating a condition

of mneral deficiency in a human or aninmal, said

19.met hodMiedhpd fei ppdicenssa @pepdrasiapior tigatang yeendition of

o S oG k1T A et e o
pl‘%(%réﬁ%blaf&ﬁerded(fhﬁ 5 Hyarsxilie Having Mid fh@paRsent s one or

rval ent cations, and Mnrepresents one or nore

tri val fMDgas (MADx (QHkR]{Aks-.a He@ber HELween 0. 15 and

0.5 vy.is or. 2, n.is nunmber froml o 10, and A
is an HMIB/#H%I é&'th“d rHsR t he group ccmst?'r sting of d -,
Br _ : . : _
: : ); P@qse CbrfeCEPIRRE bRRent cations,
t her g&?’?eén@d%sfé)ﬁ“é‘?‘%?% or m}[ﬁrgs‘fﬁ}’) Ife(Iz/ll repr esen?lic,1 cations
oneafd MO fepresentéainendr maté trisaleandadions cpud sasasnwmber
nore trival ent cations,

d ' f .
o 1DsteRn R 1osaah OgnioR et Ak atamgnpehiogy b 10, and A is an

consistin f - r, - o of I Br 3. 92
ant 98}8%3%? gtélerql B et Enc’gnF ]f?élrnego?; a’n%r ert ﬁe’rﬁoz1 B0,
per 0w, Rg daddndsinatioay ¢hangs, 1ed@dcti on wherein anions A

in said |ayered doubl e hydroxide are exchanged for a
ant i ox wherein oy fqyngggr(ﬂ)gl\@gpgresents one or more mono-valent

cations, and MII represents one or more trivalent cations, and nis a
number from 1 to 10, and A is an anion selected from the group
consisting of Cl, Br, NOg-, PO4%, SO42, COs%, an antioxidant and
combinations thereof;
and either performing an anion exchange reaction wherein anions A in said
layered double hydroxide are exchanged for an antioxidant; or preparing said
layered double hydroxide by in situ synthesis in the presence of said
antioxidant.
20. Method according to claim 19, wherein said mineral deficiency is a
deficiency of a cationi;: mineral, and wherein one or more of said cations in said
preparation provide the cationic mineral in which an intended patient is
deficient.
21. Method according to claim 19 or 20, wherein said antioxidant is
selected from the group consisting of ascorbic acid (vitamin C), tocopherol and
tocotrienol (vitamin E), flavonoids, carotenoids such as lycopene and beta-
carotene, oxycarotenoids such as zeaxanthin and lutein, BHA (butylated

hydroxyanisole), BHT (butylated hydroxytoluene), lecithin and chelating
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| ayered doubl e hydroxide by in situ synthesis in the
presence of said antioxidant. 20. Method according t o
w@b@7ivD83 wherein said mneral deficiency i s BCT/NL2006/000620
deficiency of a cationic mneral, and wherein one or
nore of said cations in said reparatlon provide the
cationic mneral in which anZ4&tended patient is
deficient. 21. Method according t o C:C aim 13 or 20,
sai ntio ant sel ected fromt grou
%hnﬁi %&ﬂi‘ ‘gerx%ﬁ%%o‘f% ﬁhifiﬂ» AR YEpXtrage m@re e, and
glaBehd c ot r| enol (vitamn E) fl avonoi ds, carotenoids
such a s |ycopene and betacarot ene, oxycarotenoids
2%uch a Methekamdridmgiudahybee of cBiAs(1942Y lvlic@din the anion is

selp TR ThoNE: 3o mE2C e cauntibabionn tabicot, and

WH@fglfl qhs @x@ﬁﬁﬁ@e 1§ﬁf§3‘9ﬂ%ﬁc ¢ Eild%g c?rflmnast Whid nlgrelvgn%he

gl uconat e 0 any one 0
ethaﬁ@ewiﬁﬂCejzn the anion is selected from a-, Br-, NGB

corrbl nations thereof, and wherein
he exéﬁoﬁg@ pec @%ﬁqﬁalrar?é’ekae@ﬁm saidrantigiidant is ascorbic
event the exchange of CO32 . 23. Method according to
‘F'ai m 22, wherein said antioxidant is ascorbic acid.

204. Pr dhmpatration foF ticheia D oralicoRdiftrhBibral d@ﬁﬁ%ﬁé‘& in a
def|C|ency in a human or ani mal, obtai nabl e

hymapsr sl Ph’gﬁlfl@b]@rﬁy @metbpdcacamrrbnggomy o of claims 19-23.
1t f
o P S R AR A Sl ey i
| .
hwaHArdrsirieh 4 dadd presh 1@@% O_Dn’i‘[)z(ﬂﬁ% féﬁ"ﬁﬂ ﬁ‘%&bh%lllsﬂ’irogrlde

fornula[(M (i.c) (m -.n
hgving the foripple i/ n] - nHZO(II) vvhereln in fornula

(1) My ERLEREN) SE) PL., 0L B opfy G2t ons
[(MIMII 5 J [Ay-.1n]- nH20 1D,
wherein in formula (I), MY represents one or more bivalent cations,
and M™ represents one or more trivalent cations, and x is a number between

0.15and 0.5, y is 1 or 2, n is a number from 1 to 10, and A is an anion selected

from the group consisting of Cl-, Br,, NOg, PO43-, SO42, CO3s2, and

combinations thereof: and

wherein in formula (II), M! represents one or more mono-valent
cations, and M™ represents one or more trivalent cations, and n is a number
from 1 to 10, and A is‘ an anion selected from the group consisting of Cl-, Br-,
NOg, PO4?, SO42%, COs2, an antioxidant and combinations thereof,

said preparation further comprising an antioxidant incorporated in
said layered double hydroxide.
26. Preparation according to claim 25, comprising at least 90 wt% of the
layered double hydroxide, based on the total weight of the preparation.
27. Preparation according to claim 25 or 26, wherein said mineral

deficiency is a deficiency of a cationic mineral, and wherein one or more of said



and M p represents one or nore trivalent cations, and

X is a nunber between 0.15 and 0.5, yis 1 or 2, nis
w@2evantmea3 from 1 to 10, and A is an ani on sel eCENLEG000620

the group consisting of -, Br, NOB3, P04 3, SO 2 ,

CO3 2 , and conbi nations thergof; and wherein in

formula (I1), ML represents e or nore nono-val ent

cations, and Mp represents one or nore trival ent

S . . . A .| 3

AR B a8 refor Btk PHIAGE chE Qitnlcnbleradif hibf gfftutended
paNIBnt isRRfcientSO4 2 , CO32-, an antioxi dant and

conbj nations thereof, said preparation further .
2&onpPrefiargtion ansprdRE daslaimdér whereiadhercasiginic mipevalds

lee hydroxide. 26. Preparat.ion according to claim
IR ol e Bt cobSis eGSR BT BB RebSafifing on,
cdbyd, @spger, rhaﬁggnéyé, 2y B m\Weh 883 udh alnld®zinc cations.
greparatlon: 27. Preparation according to claim25 or
296, Rrenagahionadagordinegtalanyeafiecofariaims 852 ofhevietmsgidof
a.catioch nin%ral.dand wherei n one or nore of
antipxidant 48 aserbiGadtdor epar ati on provide the cationic
m neral in which an intended patient is deficient. 28.
Preparation according to claim27, wherein the
cationic mneral is chosen fromthe group consisting
of calcium chrom um germanium iron, cobalt, copper
manganese, nol ybdenum vanadi um and zi nc cations. 29.
Preparation according to any one of clainms 25-27,
wherein said antioxidant is ascorbic acid.



