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Li gand Modified Poly Oxo-hydroxy Metal lon Materials

Their Uses and Processes For Their Preparation Field
w@pRooslogs1Bvent i on The present invention rel at eBCT/GB2008/000408

i gand-nodif ied poly oxohydroxy metal ion materials

arldigdrel Madbieli ed rPgiby tOxaH Iy dfaxty Mgtal | Dol Materials,

medi cal , co%net|c Qr b|0|o.|caII¥ rélated appllcatlons

for excH THsf -

to a conponent of the material or for the renmoval of

an_endogenous substance capable of binding to the
Fheldrefl theThavepbi@nt i nvention further relates to

ef [ erials.and 39P timsi
Pt opERSERL! O BEERSE PALLOETRLEL G BaRHuORL 3L09 o
hwéeexyBaek@lomnﬂ météhEaIBV&ﬂﬂi6hekf0ﬁsd§fl@hepayth&ular
npst. co n n1 ronutrient deficiency_ in the wo

f?Bd%§tr F128% Fe2L haRCFMBFEF| B8R Bé@&P@lﬁﬁé%§|F913ted
aﬁ%liéa@§éh§af§g éﬁéﬁpgebfbk'QHeDEQQEEmenQVSE §03%9301ency
e world's population - are anaem c (
rﬁl@be¢lmmmﬁmﬁ©mpﬂﬂ¢nut¢fd§hﬁtmata€¢eéseu gorDebentemoval
) f] S p m.sQl e
82 enab g HE T LabEPaN oL o DRk R PREPRERLERECLY  Fne
maUereg$.peTherpedsentEﬂn@eﬂamoﬁOﬂnfthes sématébatolron
deficienc%?concerns 10- 30% of  nenstruating and

PYPORS et i En@?eﬁﬁﬁéﬂgat??E%&tirBa%% iﬂ@b?FEF@b%F@gthelr
pﬁ§81coZQQémlggﬁdﬁfgpgftﬁés and00Rir ﬁé@ﬂcgﬁfhgégncy
anaem a can resu I n decreased intell ectual
performance, decreased physical capacity, alterations
B%gkéggagagiyrghéegﬁ!g%{ggn alterations in the
and conprom sed i mmune and
In@ma@@ficién@ytignsheambsafcwhm@h nfipachudpoangual ity

gé, | fe and health econom_.cs (Edgerton et al, 1979;
A2} CheR G etRabhe 2601 SERdRY  eRfBFCtiBg 7 ore than 4

billion people globally. It is estimated that 2 billion

people - over 30% of the world’s populétion - are anaemic
(WHO, http://www.who.int/nut/ida.htm, accessed 20 December
2005). Iron deficiency is not a problem solely confined
to the developing world. Epidemioclogical surveys
performed in European countries show that iron deficiency
concerns 10-30% of menstruating women and iron deficiency
anaemia (IDA) 1.5 to 14% (Hercberg et al., 2001; Goddard
et al., 2005). Iron deficiency anaemia can result in
decreased intellectual performance, decreased physical
capacity, alterations in temperature regulation,
alterations in the development of gestation, and
compromised immune and metabolic functions, all of which
impact upon quality of life and health economics (Edgerton
et al, 1979; Hercberg et al, 2001; Scholz et al, 1997).
The standard first line treatment for simple mild IDA is,

commonly, supplementation with oral ferrous sulphate.
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The standard first line treatnent for sinple mld |IDA

is, commonly, supplenentation with oral ferrous
w@iophadiao More conpl ex or severe iron defici eneCEEBA@E/000408

be treated with intravenous iron or bl ood

Md e NSl ¥ Sor bk v et SEALE e MPABGEIBEE hey Wbé heBEdted
jron preparations. In spite of the w despread use of

Wil IR G TRV SH TR PR R t PP o ¥t ek, | RUBoor
sd%&éﬁdéhﬂ“ﬁhﬂéﬁe&éﬁtvfg'ﬁ%%ﬁ Pr PLbRbre aratlons In

characteristics and (i1) side effects resul T ng I n
spoor Thrighe ancdespiStadtess est f@ral herqm qv:ee@amtbcbns

ncy i ncl ude the e, of , fort
R TR AR ot 80T 11 CORE TheRlie Fir Fohevariable
alsadfftaten cfraxfaccté;fﬂ@tticd@ afi@r (1L) sofhdeine FEA-@nflesulting

ferric pyr fhosphat es. However, despite fortification
iR RORR F AP LIFRFE def $ EFRFRI-F2ERPHsCRE doFPipRl oBaPt iron

d&fﬁi@rﬁf“ﬂaciﬁ&@ ciehean. angd efdeckbve; SUpR! £oBALS are
requi red. WO 2005/ 000210 describes the synthesis of

Ccmmgmltmlmﬂ afoxiel fhtantonisebedar farcowonphbplaste,

f or.ned r eshl reC| ltat ron., hydr oxi des are
I sequgcﬁy Hgg %%a Jt‘ﬁmsugaiﬁ 1 LT e85t o form

PYRESEEESTYa 05| ameveﬂ'haﬁ@@}_ﬁi)tf@| Bxesi Bt @aatsnow edged
to be agglonerated m xtures. WO 03/031635 relates_to

S Rt TA AR | B Rt FREL L RF B AR ERT (B LFRTTRR ofhPR2 hher e
pi 81 &f Yol @l Scii g, mﬂ@ap%&ye@f@c@w@ é%ﬂ?é&méﬁﬁ’s M

2005/ 0209322 'destri bes a process for making sodi um
régrired gl uconate conpl exes for i.v. iron

adm nistration that requires the initial step of

preparing ferric hydroxide with a subsequent step of

W3 e2wds N o1 d déectigasdihs oshnithgd Ue opat Bigh/Snolecular
2005/ 0209187 relates . to a simlar_process for _naking

WeIPH st ST EIMPY EHES ‘F%if‘PIJéFX‘?%a*?P“F‘P%‘?ﬁ ‘gh%%oﬁﬁ%%hly
pfé%géf%gﬁéd iron hydroxides are subsequently aggregated

with sugar molecules to form secondary complexes. These

complexes are acknowledged to be agglomerated mixtures.

WO 03/031635 relates to an enzymatic method to prepare
calcium gluconate where the crystals are high purity and

high solubility.

US 2005/0209322 describes a process for making sodium
ferric gluconate complexes for i.v. iron administration
that requires the initial step of preparing ferric
hydroxide with a subsequent step of reacting with the
ligand, sodium gluconate. US 2005/0209187 relates to a
gimilar process for making iron sucrose complexes rather

than iron gluconate complexes.

US 2003/0049284 describes a method for increasing the
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US 2003/ 0049284 descri bes a nethod for increasing
thesolubility of salts of al pha hydroxy carboxylic

wa@eiod®9e1by reaction with an al pha am no aci d, BCEGBRIWAN00408
the material would have inproved nutritional

sl ermntet | 0 ¥ OPerd18a - hkr P (Gadddxy Bl At £8149, by
t he provision of an agronomcally effective source of
TGN ITh VB At MREF SRR3R idn Hch Srptupilee featerial

sld atp; @{@5 Bed AOR £XAMN Ol SE{Gh S

v pr oducede ar coneilenti ona'Teﬁfi gand-prgit%‘&?%n conpl exes.

PP 235 014332 U discl oses netal -organic
nanopowders for use in materials engineering such as

the formati on of polyneric conposites through

U3 1§ 6519 @BV B A s Ofo Ciad i phebwisidie danopoygiessomdéQl 1y
or onto an existing material. Jugdaohsingh et al . (20
efpcties ripEEra e i 17Tl IpraR Rt ati e Rrayseation as a

f I Ut ] td j i at ri
S o o e R L N1 O % o

magfent irel o xordiuckk sabet oeerert Lonal U gaodsneéral heon

<§’O| nmerisation process, limting the growth and
CYERTEEEI ng the branching of the pol yhydroxy al uni ni um
speci es (Jugdaohsingh et al . (2004); Powell et al.
%200?&3 . The assay is usabl e because the efficienc
Df2q 15 QR 3h Tht@FFapRser TRFR! (r6TRREC | B2RePAVEFTS

. e M | | n .
e fork Tt Hir e ol ag phade 5 ooy By et fon of
pployeuyicr cxgmbsities unhspegh etnj ¢ hiel Om osipedyigg | byandating
{)e%?mes [ ncor por ated within the olz¥rrer. Su [ .o%
OF N AR I B Daths° TheoBrasdnt T hTeHRY o ret At bs
to processes for preparing solid ligand-nodif ied poly
oxo- hydroxy netal ion materials, and optim si ng their

TygfaekRBLRRR R ot br opt? 8# bsdeThel RIFPRBSFET BHS? bener al | y
pfé%ggiéﬁifgﬂ'égsay that utilises a solution phase

reaction in which, at peri-neutral pH, organic acids
compete with the formation of the oxo-bridges between
aluminium atoms in the polymerisation process, limiting
the growth and decreasing the branching of the polyhydroxy
aluminium species (Jugdachsingh et al. (2004); Powell et
al. (2004)). The assay is usable because the efficiency
of the ligand in interrupting this process is related to
its affinity for aluminium. It was also noted in this
work that during solution-phase growth of polyhydroxy
aluminium species, the ‘competing ligand’ becomes

incorporated within the polymer.

Summary of the Invention

Broadly, the present invention relates to processes for
preparing solid ligand-modified poly oxo-hydroxy metal ion

materials and optimising their physico-chemical



10

15

20

25

30

i gand-nodif ied poly oxo-hydroxy netal ion materials
represented by the formula (MLy (OH) n),wherein M
WO e@Be%a@Bi S one or nore netal ions, L representGI/GB2008/000408
nore |igands and OH represents oxo or hydroxy groups,
paupenayebe utkd tompobittonsagengedilgl compgieti sotid
1othe g gg Ili relevan% aggllcatlons . These
TPErOTBOdF FORrHOLY PRe HUPEPTdl BSpRl ien BRtERé2dSe
Q% é@@nﬂ@&ebyafﬁefEbr&ﬂﬁad¢MH¥ﬁkﬂﬂoi @h@?gﬂﬁnﬁnke9§esents
e material, such as the netal ion, as a suppl enent

OR/f? @6r@@¥@c@ﬁ?abrl©@§d hddepreecnbe eohe asemofet hagands
aﬂatﬁﬁ'ﬁé LQSESEQV x8ro£n g8£§§gc§98§§96”5?8”%ay be used

i Of At & any un eS|rab nmay- cause.
iTheusoitiohagamdedbdal , i edspoetycoxnp- byﬂé8Xb16Eb§hcany
terials disclosed herejn constitute _new forns

TYRPCt REPLhETELRBE - beEHeEES&PFBBGGpg§%F8§§Vy°FntPﬁe

m@ﬁéri@ls?%@? yeesoandnuhi;ch sanche fdetbpedisi BLEM the
alia h reference to structural, spectroscopi c or

d%bhﬁ%%Yt@@nalC@@P@ﬁ@ﬂbr§f(th§ maéEﬁgaihesaﬁh|9s|cas metal

S PCR A oBuEh S UPhE, EOLELE gl LRSeBLACESERDE, o
th@tﬁkeOdb bhdreatdeipbwder seaveeveryinklibiknawrotpohbat

field norgani ¢ chem sty n_the present invention
a?# ey"a éoﬁ%HFf?EH B?dﬁﬁ6F68¥@a?ﬁ§685ﬁpﬁpﬁﬁlé | PgEng8g4use-
i.e. other than oxo or hydroxy groups) to alter their
phyS|caI and/ or chem cal properties to produce new
Thet epi aflslaganfonodsipd p@&yapﬁprbxﬂr@ﬁy mepglpapn of

nb D, V01 0181 BEPSESAALEEH £00PLLIT8B00 BLARNGR hUE cor

e matéerial’s are
theconarednas Besﬁldés&@hbemﬁpgepieusmytahlohefamnlfor

sol ution ) ueous sol ytiogn) hat the
SV?BaHﬂe?n%ﬁﬁpﬂpégpoﬁaPnPS @ﬁglﬁﬁgy 6?% ﬁiaﬁéﬁy HetH
rkBBr&ALEA BhagSuLEurh?r 8bebeastc8pecObrt B8mbbaaRdSNal
pgg;gezggs (i.e. using the analytical signatures of the
materials) or by the processes by which the materials have
been obtained. Thug, while metal oxo-hydroxide powders
are very well known in the field of inorganic chemistry,
in the present invention they are modified by biologically
compatible ligands (i.e. other than oxo or hydroxy groups)
to alter their physical and/or chemical properties to
produce new materials and for use in new applications. As
part of the unique processes used to optimise and produce
the materials, it is notable that (i) the materials are
recovered as a solid following precipitation from solution
(e.g. aqueous solution) and (ii) that the ligand
incorporation into the poly oxo-hydroxy metal ion solid
phase is, for at least one of the ligands involved,

through formal, identifiable bonding.
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t hrough formal, identifiable bonding. Thus, by way of
exanpl e, the present invention differs fromthe

W@ 2008i02@B0 preci pitati on assay di scl osed i n JugPenbsRevgioo0408
et al . (2004) because that assay was carried out in

Tolyt ion wend dhesspEmesliepi tiaie braieart anwas vt differs
ﬁ;pbs%g§$ntly i sol ated or, further enployed. In
chitiqhl mresmitahian iseeay wE sokerrd okt of

FRRRUMBTRIS SO NUEH IO RN 1fe It%[1 | Pifa i Ayrieq

and it isthe solid materials that are
qyﬁaﬂébﬁ%ﬁl%ﬁﬂpnuﬁndﬁﬂhﬁ|H¥Q£unmﬁ&ﬂqd(Mauﬁnmakxwasnnnt

ent nt ors ave that
?}rsggﬁ{ i!:lgf A;glean{rea 1] ausrtexeﬁ ki ﬁpﬁ?’fs ‘co- tﬂaset
ipr ey lpx&&dﬂtatlrﬁfemt&m’if’l tihee Iforeepade it upen ;tcmeymers
exact solution conditions used in the production of

IRES it | Co PEHmATe RURS GG B andadd (i Ehrl

g18ld nERRGSHTARL WS L@lérh%tha%faéé&fg%@'aﬂ@msed in a
These materials are not, as m ght be expected, sinply

V@é”cl@ItYomfd@&misﬂcﬂaD@Ql@s V\AFtLtrtélmrlqrail fifley |mmgx ees

f HA% aII| ref btl.y. di.fferi
néii:Eé‘J“ als p%lraoperftound uatt E‘s ek iesqugda &*ta%e maqcerlals

emwm@i@wdmmmmwﬂdpemfldé&m Yar@X Qe B 1001y
nmet al |on preC|p|tate t hrough substitution of ox_or

t JRATpEheTIRaGts SRR W RHCiang dehelt ithe

drangt 3% G S hrgh-forml tﬁfé“diﬂlﬂlc@@f
'eads to distinct and novel alterations in the

loigemidstsny arst ytedld iqunaersmh tietre et sys dgertt i s tite metal

the salid. Thus, .the co 03|t|ons uced accordl
1B patste e ls SO IR i oGRS SRR
ARgh1af enenﬁl dxmies theiresuds wiftialduting dihefdegiee
of crystallinity of the netal oxides /hydroxides .

d&ﬂ’r@qssﬂf-glﬁfysttf?é'-]c’(ﬁﬂﬂjﬁrbnsar@f thessinta TGk do Hotfering
J.JJ}élpr gyérﬁl@s praperiiasLf dihe P.Q}alr@i(sg)ucihc%rporate

t e conditi its re-dissol ution and
within the matrix of the poly oxo- hydroxy metal ion

precipitate through substitution of ox¢ or hydroxyl
groups. This is generally non-stoichiometric but,
nonetheless, occurs through formal bonding, and leads to
distinct and novel alterations in the chemistry,
crystallinity and material properties of the solid. Thus,
the compositions produced according to the present
invention are chemically novel entities and are not simply
the results of altering the degree of crystallinity of the
metal oxides/hydroxides. Surprisingly, the conditions of
precipitation do not easily predict the properties of the
solid, such as the conditions of its re-dissolution and,
for example, using this system it is perfectly possible to
precipitate a material at pH 7 which can also be
completely re-aguated at pH 7 using only a slightly larger

volume of solution or by making a subtle change to the
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for exanple, using this systemit is perfectly
possible to precipitate a material at pH 7 which can

wab®e/opa3conpl etely re-aquated at pH 7 usi ng oPCTH/GB2008/000408

slightly larger volune of solution or by making a
selibtlienchargestayt. hesohsthenesbemiatiey. thenekheltessme
under, the e act same reaction conditions, material is
r?%?ﬁéanwFPﬂ AEGRPFr e PREGELPDI &SpipBeei wd thTidehlyhe

régeadueﬂgnéyE&apea%laéese@huan%ﬁE'QBehSuhﬁé 1&Hh  the
process can be used to producé M: L : OH sol

Pﬁ?ﬁ@ﬂ§eP?V?QFPQﬂeéSph?§tc§bh§nptabeshaca@t@elQsedstbor
|
pULLLR! 6Bl 6h0gLSaLi,BRLLCRL LRI SUCh 28 L JTedl clng.

nat rition or cosmetic
chhmmaaﬂechakacﬁeaﬁetﬁequfbedmuIbuﬁlepb&aaaﬁlﬁa& not

eviously. disclosed and it is surprising that
28R EheBhEPRe Bhinges iR FRELBLEE: pRUEELbRoP 6ROSeSaRESRS

wﬁ@réabbsc@haegﬁatéelhmecﬁakaétebﬁée1EEaar%aE %?1%%%d
to produce such precisely tailored physicoche

Thés gargreashuhpgniothheant previpuslyr dpsopeseidesnd it is
SGEEOTELNG. ¥nalhelich LabLaBReRLnable BT BR8N, LINBRL A on

es~a for prodacin
predepslglmmw budtabyenehahgeenlﬁataélablﬁakphéga)thht can

wher ei.n M represents one or nore metal iaqns

b?eb?%@eﬁ?spﬁﬂguﬁ? ROFe PF@Eﬁﬁ?lﬁnHaEﬂPFéﬂrE@Eﬁﬂ§°ﬁxo

c@émb&glo¥¥,$r05@§so§ﬁ€1$ﬁ?r@hQr&Q@eQEQ%%céobkd roperties.
i gand-nodif ied poly oxo-hydroxy netal ion ma erPaF

has one or nore reproduci bl e physi cochem ca

APEGRILALES 18 o soLars MLCRennoeLocegl, Legatons

pfﬁﬁh@égU&SprbhésprﬁOES§r60ﬁﬁih§Iﬁgsoiaﬂ mTtiybAg-hbaified
tal ions Mand the_ligands L at_a first pH (A)  at
p Ycﬂx?h@yéﬁﬁﬁﬁn@ﬁF§laF@nsBFE%Féal(6¥Q6H5ﬁ§m hg Wherein M

rObk&ehPs2088CORINBHEBLeL 91 CRYSE, a1, represents one or
more ligands and OH represents oxo or hydroxy groups, and
wherein the gross solid ligand-modified poly oxo-hydroxy
metal ion material has one or more reproducible physico-
chemical properties and displays M-L bonding for at least
one ligand that can be detected by physical analytical
techniques,

the process comprising:

(a) mixing the metal ions M and the ligands L at a
first pH(A) at which the components are soluble;

(b) changing the pH(A) to a second pH(B) to cause a
solid precipitate of the solid ligand-modified poly oxo-
hydroxy metal ion material to be formed; and

(c) separating, and optionally drying, the solid
ligand-modified poly oxo-hydroxy metal ion material

produced in step (b).
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solid precipitate of the solid ligand-nodif ied poly
oxohydroxy netal i1on material to be fornmed; and (c)

w@epanatisng, and optionally drying, the solid PCT/GB2008/000408
| i gand-nodif ied poly oxo-hydroxy netal ion materi al

Bpreduced erampep, (bhe. BitvRyalE p¥ampbed bhethat gibaksses
roduced by the processes of the present invention naﬁ

OhetBRPPEFRENE nTRVERELPBNERY RBdPRRIOYESsABt PULHE taPRE
m@aP&QQ'Cébé%eﬁﬁée¥§n5t389|bEé&bQEéa Qypkaiegaﬁ@

exanple of such an application Ts use o
appierabions. dehi peefeheednesaingle of auphr ant hppédfation
u t i on, or and, .to_a ub'e t,.for
l%xéﬁ%les?oggo?#%c?ageﬁé?}c#§ §§1FHth hﬁgﬁgﬁ?ROrogo
p&hﬁtthéfe@ﬁnﬁﬂﬁﬁn&spaOMEdalalbﬂnﬁfl@l&hg&ﬁﬁeCtota t he
ubject. An alternative exanple is the use of a
SH%@%?Fa|f?5 BXREPLE ERgGREYeFtadcBRbORARTCYNAR KB® be

I t e n t rpa
cBigatahel or b BARL ELLTLCopEAGA! oo pobobiricsas

etﬁﬁpbnbﬁtthﬁdsahaecbraténaaytanUesnvabéaampﬂecus thet use
caus view of this,, the praces y
ITEEETIRE ForPhaE QFeBoRrSPbrmParPRGIRECLSPRY may be
pfeg@ﬁﬂ iRdthei edspehyinke- widenxynet ahteenamaterial in
onposition for admnistration to a subgect I n any
1%%5@%?C%¢ t heeprB¥ehP rAVERE: B8R, 1RRéPpEOE §§e§°mponent

aﬂ&sgﬁ8§§gr%géShﬂg?@ﬁd@ﬁl?gﬂhgyggfé@tgnghageﬁtoﬁay cause.

optimse t em cal properties of
Inaveewvabf tbnsexahplgrogesanmaylcomprdssschatfumther step

rofile or.the dsor i-0 r of.i I simlar
ofr Epkpiy b b sAtarerrar T Br8a pOni 2k oRoReT e Py pyarony-
magyaniegematethelpincassempdeselibhedorebamintibatratiey to
are highly anenable to such optim sation studies.

apgdbi@fhgly, in a further aspect, the present
i nvention

In any aspect of the present invention, the processes
disclosed herein may be employed to engineer or optimise
the physico-chemical properties of the material, for
example to control the dissolution profile or the
adsorption profile, or a similar property of the material,
and it is a considerable advantage of the processes
described herein that they are highly amenable to such

optimisation studies.

Accordingly, in a further aspect, the present invention
provides a process for producing a solid ligand-modified
poly oxo-hydroxy metal ion material and optimising a
desired physico-chemical property of the material to adapt
it for a nutritional, medical, cosmetic or biologically
related application, wherein the solid ligand-modified

poly oxo-hydroxy metal ion material is represented by the
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provi des a process for producing a solid |igand-nodif
i ed poly oxo-hydroxy netal ion material and optim sing
w@2aesvd1ed physi co-chemi cal property of the naPE&r/GRR00BO00408
adapt it for a nutritional, nmedical, cosnetic or
foimhingi ¢mlly(Oml,at edhappliincHt reprevkarebnet be mokbdmetal
,Iigand nodi f ied poly oxo-hydroxy netal ion materia
1985y opr ESBREERTHT PREf BENRIPES( MQEW&—W“H) OW&P&FﬁeMtS

ok8p5§5393reﬁ9 akoggée WBE2kihORSe brb%@r%%§&6519@%ngf
more |igands”and represents oxo-or hydroxy groups,

mmﬂefeed pnéygpaeshydhfpdyl mgéﬁd iompuiptieadagolys one or
%édr8é¥cgg %%g% t%ﬁ' cg§8 %@ e 3 %nd dlS 1ays

emca prop €S an
MM‘_.LbbﬁElﬁihgg fb@r aat 1kaast onge lhiiggadd tihhat caan bee detected

detected by p éSIca| ana%¥ﬁlcal t echni ques, the
b§r88¥§§c€8nﬁpﬁ vhgcatarermriAySthe nmetal ion(s) M and

the kigapdotabsl cblpaikeagti on mediumat a first pH(A)
at which”the conponents are sol uble ; &@. changlng t he
pH( A)(ad omdxdegoirdiepHEBR 1t dopdgseMaagel itdheprdcagict(@e L in

SOLeARE PRI (oS B0 RO N TPl Shprence
ageyisagubillee solid |igand-nodified poly oxo-hydroxy

Uhe dedi CEaTgNFS, CHecRePaaltoC farBResr] S B &P SR 2
1] Dot e 8 L UTSERLS6 ettty oot
mas arle oy o@ tey ivdr }tlm@eoﬁ@rmedmre of : (i) the

Io:jetn:](l t)y Orgﬁ%%%é)%%t( rL)atndoQ)ﬁ gjlg.e_l.ll?t(ﬁlafl %1( Sehé ?o]ﬁr&j/
l(llglahd—hﬁ)dfl&tlle@ @fo 17 toado -inyairxy( Me ttad. Imcgamht(esr)la(l)
produced in step (b).

(d) testing the desired physico-chemical
characteristic(s) of the precipitated solid ligand-
modified poly oxo-hydroxy metal ion material; and

(e) repeating steps (a) to (d) as required by varying
one or more of:

(i) the identity or concentration of the metal ion(s)
(M) and/or the ligand(s) (L) supplied in step (a); and/or

(ii) the ratio of metal ion(s) (M) to ligand(s) (L)
supplied in (a); and/ox

(iii) pH(A); and/or

(iv) pH(B); and/ox

(v) the rate of change from pH(A) to pH(B); and/or

(vi) the presence or concentration of a buffer

thereby to produce a solid ligand-modified poly oxo-

hydroxy metal ion material having the desired physico-

chemical property.
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supplied in (a) ; and/or (iii) pH(A) ; and/or (iv)

pH(B) ; and/ or (v) the rate of change frompH(A) to
w@Ri{oBp961and/ or (vi) the presence or concentrat PORGB2008/000408

buffer thereby to produce a solid |ligand-nodified poly
ERinpYeE0ny pebahbuenmﬁaherhahshamﬂnglghﬁd@eskke@rovided

hysi cochem cal propert Ies of p035|ble et al
bgéﬁg’ and™ F@g‘ﬁd@HPQle%&?deB FeMweTrrRlsSomE the Pl’esent

ﬁ{}eﬁéwﬁnh&y bh@m?t abi-al ngh bhe %%%%ts loFveRtQN ion or
may enpl oy nore than one species of ‘nmetal ion or

lipgadd, fPar cerappretiao, thiteee, ffvugrr ogr ffiiviee ddififeaneast
séﬁggl SO%fmg%%ﬁelP%nO%rléégﬁﬁd @@fﬁf@% 1%.%%HE

nent s I"'gand o have''s
ehbbbiemengsGapae Lygaaddescri heg aﬂsllmav@eG@Me mﬂﬂﬁaring
As part of the process for optimsin desired
CBB?§PEé’cﬁ§md€§ICQBPSEeFPym8Fet RECRdtle eI o provi de
for its application, it may be desirable to vary
physi cal or chem cal reaction conditions used in the
AprDa§§sOﬁo¢h¢ap¢nge§ﬁef§6lp@tumgﬁﬁ@gn@d@ﬁﬁhﬁ@ﬁﬂﬂbVSlCO'

h f
RERGERD: BronSE oo By PRy B BERMER % 45
apbnerath oof, hhemagl%bldﬁslhubﬂermngveaga@hyﬁudahIur

sol ution (eC%F using a huffer h as , MOPS aS||1é
chbgBrFPds 2 OFhQ°€§ﬁ&PPP§n§%§ SRR TS T°F

g?ﬁn R neeachant 31 gbRddaiceriFiRe %h%kdﬂﬁ¥dﬂbﬁj'Métal

ts one or noré properties of the material.
ibur Umlera@riectfort leecapyod Se e mmamqm%\ﬂfdé‘élea reactlon,

E’iocess for nrr{r‘getl n%,nsdmslt tePQ%In%ﬂ(ﬂe elqltﬁ%ry buffering

i Oonh “ma s for mnistration to

c&p%.ldﬁjt@/be the pleRIDIC oRAIY .S iuzg a\a rtgmﬁnn rdwssd s MOPS
solid ligandnodi fied poly oxo-hydrox (?I i on
apatiay the é%%ﬂﬁ&@ﬁﬂlt@r the conditions and apparatus used

to mix the reactants, to determine whether and how this

affects one or more properties of the material.

In a further aspect, the present invention provides a
process for making solid ligand-modified poly oxo-hydroxy
metal ion materials for administration to a subject, the
process comprising having optimised a solid ligand-
modified poly oxo-hydroxy metal ion material according to
the process as disclosed herein, the further step of
manufacturing the solid ligand-modified poly oxo-hydroxy
metal ion material in bulk and/or formulating it ih a

composition.

Tn one embodiment, the processes of the present invention
have been employed by way of example to optimise and
produce ferric iron compositions, e.g. for use as iron

supplements, fortificants or therapeutics. As is



10

15

20

25

30

the process as disclosed herein, the further step of

manuf acturing the solid |igand-nodif ied poly
wo@shydsoxy netal ion material in bul k and/ orPCT/GB2008/000408

fornmulating it in a conposition. In one enbodi nent,
géﬁmf$ﬂryeﬂses bh the aresesbppheeshte&nahavaubeetional

e ed b of ex le to optimse and produce
CPTROF L7 %@%ﬁo§¥%. en gy, Stgiegse he FevRect.
pﬁé@@h@“&ﬁt§nsu9été§éfﬁﬁﬁSa°&efb§£@ﬁ@§tiﬁsa f%neral or

i sgenerally used in the art, supplenents are
oy i dieraly corpesienbns Ahé@rblﬁlcakbnlbysgmbwb@ts to

s SRLIE0 e o PLoYENL ShcbOSHe AgRl0aL. 2 flpfLoLency Lo 2

m neral mycmmo

c@mpmmtﬁﬁoﬁsnthat &0e aa&dpp| eoROINOLY tS geo&saﬁfys to
lied to, conpositions that are_added routine

Qe LFRSLY oMbt bRt heT 3L weit r FOF ofSPPLGaF B, a@@Ftlon

o@xﬁaai&ét@@ @leé'gél@f BQ@fé@pt91ééﬁiﬁsséétbrEEEEQEQ
vitam ns to breakfast cereals or iron to cereal

C@r©@h@t@r 1vordept ¢ercat appodietdns ﬁnya@@lUs@u,

§rea¥§%§Q$£%a?%3#§ééytﬁ@r%ﬁ&u??@éf%gu gBéEY?Eiﬁ”Qhe

on ¢
cd@ﬁeztemtypr@venﬂiﬁ@raf oreat ey dlpaahylogyponeﬁbndiﬂlon
ase of iron, the ferric iron con805|t|
S

C%W%%&d@%d therdehiGhgiee Bhpt ofbpese! BpPEH%ﬁtgletarY

céﬁﬁéhéntcaniﬁ Bhe 88aLbesAPLHLAC €REPESHLE BNSrohOr
exanple in the treatnent of iron deficiency in

conegRabion: @iecloeadpagsalnvibdEnbecanpepyed as

o TR e BPRS Cap ¥ s 8 RSS2 B E S ko
fonecRaneTE , ihhehpr eseatmenvest i bnohudebeeipnoyi das a

ferric iron conposition for admnistration to
PEeBREt Whi RRScBAprPIesal Yonea: I?@%ﬁarnBHiFnFEBm%GFQrY

dP%?%%Q;oxguEﬁt@hek&ﬁeﬁ@i@é'Qfer€9§§§§ml?daaﬁlhh§tered

orally or intravenously.

Accordingly, in one aspect, the present invention further
provides a ferric iron composition for administration to a
subject which comprises a solid ligand-modified poly oxo-
hydroxy metal ion material represented by the formula

(MxLy (OH) ) , wherein M represents one or more metal ions
that comprise Fe’' ions, L represents one or more ligands
and OH represents oxo or hydroxy groups in which the
ligands L are substantially randomly substituted for the
oxo or hydroxy groups, the solid ligand-modified poly oxo-
hydroxy metal ion material having one or more reproducible
physico-chemical properties and demonstrable M-L bonding

using physical analysis.

Generally a useful dietary iron supplement needs to share
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(MLy (OH) n), wherein Mrepresents one or nore netal
ions that conprise Fe3+ ions, L represents one or nore

wo p@angig3@nd OH represents oxo or hydroxy gr oupSI/GB2008/000408
which the Iigands L are substantially randomy

sotbsthdtdetef bstibe @ﬂ0sbmphgdf@xyogsosa$tsthﬁaaenydcost

and-nodi f i ed poly oxohydro nmetal _ion mater
=HLAF NG Dot or £t oHEA BRaD By £b. CRERTEGR, Dut at

tRE OPShd | espandodelppast Fahbe &@El@@nghaghéﬁbéglééastéaé
anal ysi s. GEneraIIy a useful dietary iron suppl enent

1@@ed@cx@e@©©r@§oﬁ%d%h@f§@©b$+st$@meofe§rnp|éaiéﬁrdgsnot

SSRHLS: cDaEl: 08t L8l ALLYELY LI LiLG 2nd D Leagonably
oﬁtdiy@danﬁn@e@fe teatlefora 19msupzoﬂente pkdox activity

side-effects., Some, ferric ,salts do not suffer from

b?ﬁ?gsﬂlE%%v%%%%b%t%gntﬂgylﬁ?% BPPBGHYOBxBi §B8, and

gREErb L LE 01 Rl eBSnBRONE 1855CER¥oALELYE ¥nhBCaHSE the
Initiation of iron reduction in the gastrointestina

1huheatlgnl@ésltgnogxa@ablphan Ypsepweri athencentirpdhed

OXIda i on ver, 0 I 1 S C

LR, PRapdBERISE hRE EOTLER! LS TVRRS L cEBAICH 00

DEVOR| dfad pabeiaénatfageslﬁmlﬁmngtEEepnfby aheuennryoof
the circul ation,_which woul d Iomeéd EB prod ctlon of

1EPRCHP ab RRGCHERULRFARET eVRIARLBEH we(N? Py PTORgfion

oﬁaxlksaﬁaEQnQthﬁttysngﬁe§9§nlBohha ¢irbaUl(RTREN, NTBI
endot hel ium and the nore vascul ar organs. Fbmever

m3y npeadf eor pxidatbiveadanage eanEEeﬁﬂr§ué9Fé@§nts

because.their |d dISSO | sto i .
PaPEHR LRy rhan BB reFBo Aok a s Hrbaiat o Bk yet, simple
fé@k&ﬂEéa$abiaﬂelﬁothefsmahbnbomappwamehtsnbebahsethhbdr

absorption, Thus, while ferric_iron _salts, i call
rpBifi e1gRPAREHED, 1ﬁa§€eb§EﬁmﬁFPe&Sa§°$ PWF@I%%htS |¥

cgﬁEéﬁEQaEQBHSdebgﬁégnﬁr%XBOBQBEOQQS96@?%e@ﬁsatlon in the

suppl enental or therapeutic doses _
small bowel which inhibits their absorption. Thus, while

ferric iron salts, typically ferric chloride, have been
tried as fortificants in certain foods, these are poorly
absorbed at supplemental or therapeutic doses due to
uncontrolled delivery of ferric ions into the small bowel
at bolus dosesgs. Chelation of ferric iron, for example
with maltol, may help overcome this small bowel solubility
issue for bolus doses, but has not proven commercially
viable due to production costs (WO 03/097627). 1In
addition there are concerns over the safety of chelators
such as maltol. The compositions disclosed herein are
engineered to overcome such absorption, safety, side
effect and production cost problems. Thus, these solid
ligand-modified poly oxo-hydroxy metal ion materials can
be tailored to have distinct dissolution profiles in the

stomach environment compared to the small bowel
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uncontrol |l ed delivery of ferric ions into the smal

bowel at bol us doses. Chelation of ferric iron, for
wez@spdaswi th maltol, may hel p overcone this sh@&i/GB2008/000408

bowel solubility issue for bolus doses, but has not

eI DVEmEDETer T at hys Virap) ersipied t @i psodueibpnisoshe (WO
03/ 097627) In addition there are concerns over the

SEIRtYy Dt HEIeR ot ERCH adndRF TPl Heo beapdel iYeRy of
1665 ¢ 9586k harel 1 188Fe BNGL HESELG L OF Q¥ eL £8F®e SHEProus and

absorption, safety, side effect and productlon cost
ferobt mltsrhusantb@s@vcsmw imgfalm@ dedignied poege
X0-h L OXyy i als n be ta or ed
n e A LT e a0 B S S EE et e RSk of
dﬁ%l@ttttmtcmrwr@dgmeéf@dsmlmab@mei:@@uif@maﬁﬂb In
this wa rapi d dissolution in the stomach, that then
Polerpisia %nd%%??%&ﬁ%ﬁ%ﬁﬂ@%a%%l1%%?9dd$°¢%€he@np?%% OXO-

hydBbky k%&f%lca§r&EQMﬁée££ﬁlé'Q@ufdfﬁéf9£§1éPQdf€6fkgense'
salts can be avoided in the design of these

1m@mere@msremﬁm¢stheK@$bnth®ss©fuir©n &namt beerave ghmen
ssol utji.on can neered to nat ui re t
20 SR oHPS Sffelfa €l (550EEs o TERAD SO LSRR Pequire

1ﬁd@hydI@XUhé§éTWEold@nn@ﬁtféqﬂiﬁeCDﬂbﬂ bﬁefaIWDIEdbéo
sense' iron requirenents_ . Absorption, of iron from
1HHelduer | RAEHPIEPTHED TR %?F%u%ﬁ??oﬂl%%cﬁ?@aFﬂ in the

1AL Vi dpgl sg v oi@ﬂﬂbﬁeofrﬁfsa ?ré&géﬁoﬂhgfdghggé solid

require iron there wl e Oor no absorption and
phose 11@@n@wm¢dléneﬂnpohythEO+bﬁénOXYh§eurssoLn@hon or

di s h |jd f _jed
mah e Rk e SRR .o re e FRoh WReE: ars aberaths phet-
dssebgtbgicé heyrdbseptve on dhsagyieganenef thatensl yownin

an environnent that is lowin aquated iron, but
agwetedciERR| yPRR AACERITIBRREK 1RhAP PEVAFGRATEAC that is

hf@#aiﬁdaaﬁgﬂedbeénagaTH1§DHbglﬂe%Bu§9 h@ﬂﬁcﬁoskgauce
ects out conprom sing-absorption in those who

side effects without compromising absorption in those who
need iron. Whether these materials are designed to
dissolve or disaggregate under gastrointestinal conditions
depends upon the optimal mode of iron absorption in the
gut as both soluble iron and very small aquated
particulate iron could both be absorbed but, either way,

the ligand-modified poly oxo-hydroxy ferric iron materials

could be so designed.

In a further aspect, the present invention provides the
use of a composition of a solid ligand-modified poly oxo-
hydroxy metal ion material (MyL,(OH),) as obtainable by the
processes disclosed herein for the preparation of a
medicament for therapeutic delivery of the metal ion to
the subject. Alternatively, the present invention

provides a solid ligand-modified poly oxo-hydroxy metal
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need iron. Wether these materials are designed to
di ssol ve or di saggregate under gastrointestina
waeendiogdians depends upon the optinmal node of i PORGB2008/000408
absorption in the gut as both soluble iron and very
1Gmmmit@ﬂﬂ318d%a@ﬂbH¢g)a&@ bboninavld bt bhbepabsesbed
either way, the |igand-nodif ied poly oxo-hydroxy
d¥%$}?%e@r%%r%%?eﬁ?%lEh%o@?ﬁlﬁ%rgooﬁeghﬁnﬁﬂtainlﬁn to a
shiyjdber aspect, the present invention provides the use
of"a conposition of a solid Iigand-nodif ied poly
oxohydroxy netal ion material (MxLy(OH) n) as
b rocesses_di scl osed erel for th
b e TR IRk G A
oxd-hhdroRy ahetaD ionthetsubabet didblesaat hyekyn ifhelude,
present invention_provides a solid |igand-nodif |ed

b%%l%r%x%oﬁyﬁ+%k99ﬂeF%i|Bﬁe%a?%r|QFGF%FXLV%@FEa}

%&$féﬂ@§£§ Pt PorPL PLEESSES; dtﬁ&k&ﬁ@éthérﬁiﬂeEQE the
ivery of the metal ion to a su bj ect. Exanples_of

stpelesestof (¢he. S@$I@dmlgaﬁﬂehﬁdlbYIEdeohyd oral

r S0 Y QXN Al LoD, Rt 6F | Al dl 36! 0sed feLoln
PREPOHE, THUTS ar 5% ? Hi Ted“To usEs 3 ar é ary

compBead s s Uphb eprRat s BﬂﬂdiﬂgtaﬁehﬁﬁntSthéhebﬁﬂduthor
m neral supplenents (e.g. as adm_ni stered by i.v. and

S%ﬁ%$SF%E%%§)apE?hﬁétlﬂH?r|Eﬂ?g BrdébsKeei canti-

p&fggsiféﬁégOCQHHLgfséeceheﬁpggéﬁtgl n%eelﬁgega§uvahe§r
bi ndi ng or sequestering applications; food additives;

imntipens@iiahosy - asentprodececbncagmﬁtsc gRpdimations
j uyant s nndula%ory agents: 8 gg% cosnetic
efts 0

.ad
Sl TS RS S e ne_and
fdenéa) céikhest cenppast hapbanbleaiatiaisngnbkadhggherapy,
brachy therap and i magi ng and contrast agents .
aEﬁbbﬁ?ﬁ%ﬁﬁsaB% tpetprESefBIRYention will now be
descri bed

Embodiments of the present invention will now be described
by way of example and not limitation with reference to the

accompanying figures and examples.

Brief Description of the Figures

Figure 1: Examples of the effects of weak (succinate,
closed square), intermediate (malate, open circle) and
strong (maltol, closed triangle) ligands on the formation
of solid ligand-modified poly oxo-hydroxy metal ion
material (A) and the disaggregation of the wet solid
materials in buffers at pH 6 (black bars) and pH 4 (grey
bars) (B), using the method described in “screening
asgay”. The ratios indicated are M:L ratios that were
selected for formation of the materials. The iron
concentration in the initial solution (prior to

precipitation) was 27mM.
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by way of exanple and not [imtation with reference to
t he acconpanying figures and exanples. Brief
wOe®sndqso on of the Figures Figure 1 : Exanpl eBCDEGBRGV8/000408
effects of weak (succinate, closed square) |,
internediate (malate, open circle) and strong

N R U TR

prateph abtffh a@dSBEQdduigaaee&@bh@aeef P Web -$Qki ey
materials in buffers at 6 (bl ack bars) and pH"4

megpdy 1pEr BRteBialsuyihg @ﬁ@rﬁashag pHsesi begcimibed in
tlﬁgéﬁgghﬂgfgﬁgggl ﬁ %Eggb (P§%59%5%%1%re ¥gr aric acid

rat t were-se rimation o
(mdberdabguaréheandonatdrceant dat(cdbsied th&am@ﬂbnal All
ution re0|%|tat|on) was 27mMVL Fi g

WEFFeBFeBF&gb}géréHW | MGRRAENEN Or RE WY El Heddn the $xon

cBheehpirhatbaniaf caal idikigandonodiibn 48R0k to
oxo- hydroxy netal ion materials with increasing pH as

ryesépibadiipn)t wesali’eM - protocol : no |igand (open
circle), tartaric acid (closed square) and malic acid
(closed triangle) . All were prepared in 50 MOPS and
Fﬂgﬁ%@mﬁv BaGhpléhefi tae eﬁﬁeeﬁtb&th&ﬁyhngthaei@Mtb&lthe
rior. to precipitation

solutio Fi qure_3 :
fE?ﬁ EﬂﬁgPﬂedQFFEQttBF PﬁPPPHG%PHQ Bﬁ &Pet %Fﬁn&ﬁgand"
méah@&ban emylagoth9dgb§9amakaqnleh hBee3ebild on the
Ilgandnndlfled pol % oxo- hydroxy netal ion materials on
6

diBagdirsag§iegaprifofheret Wesemaserialer pal siidfegientepdist in

REcpkertls MpBalst e fBe RaskRda TRy ey FRTRMLL:2-
MppsparaWE@e pmepamea de&abwbag itheMptrepasanibh @ro®%col
and_fi nal ﬁrey bar s pH 7 %strlped

d8§¥§}b89 pA gGEBPQékWBEPs IS THEY @ﬁG& inal pH 6
(B€¢ Bht3hi 0pHOBt qished peas Hhe¥) %Qw%ﬁn@ 48%ack bars). The

percentage precipitation obtained was 10%, 30% and 48%
respectively. The iron concentration in the initial

solution (prior to precipitation) was 27mM.

Figure 4: Example of how the presence of an electrolyte in
the preparation of the solid ligand-modified poly oxo-
hydroxy metal ion materials can affect the disaggregation
of the material at four different pHs in the buffers
indicated. Materials were prepared following the
preparation protocol described in Methods and oven dried.
The materials, namely FeOHT-4:1-MOPS50, were prepared at a
final solution pH of 6.5 and formed in the absence of
electrolyte (grey bars, n=2) or in the presence of 0.9%
w/v NaCl (stripped bars, n=1); the percentage
precipitation obtained was 97% and 98% respectively (A).

The material, namely FeOHT-2:1-Niacin50, were prepared at
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respectively. The iron concentration in the initial
solution (prior to precipitation) was 27mM Figure 4 :
wex@spda3of how the presence of an el ectrol yt ePCTIGBR@®8/000408
preparation of the solid ligand-nodif ied poly
aoxXdimpdr exy utdical proiTet.er iiad Sheamafdee dihelectrolyte

di saggregati on of the terial at four dlffe nt_ pHs
(BFeThEBant 8r2)i i OBt ddhe MRESERAS Ste Sl (black

oha@ls|, OWLhY ; tf&%aob%ﬁ%reéiﬂa‘gleh@fx@&ﬂta@eﬁﬁf 'ol?ﬁc%.ﬂrfed was 88%

Met hods “and oven dri ed € materials, nanely FeOHT-4
angl MORSEGSpReTtd vislapaied atThe finea omﬂlqmtmatrmmflm tHe

LT T TS AE0GS U LSS (e A
bg(r)/sang Igzgo/; IrEehee(r:)er cent age pr ecrhgl :Tgt |e:)_n Iobt f]u neld was
SREHF. 2 TPAGELE 0 DA A B SRa e Eb i =

p%'ﬂ%/ofox% ~hyldkdie n@%%@.n%%rpfma@e%ﬁta{l@ el (o tarss
or in the presence of 0.9% w v KO (black bars,

dqsa)gg*retgraecm céntiaye rﬂ'lécﬁemetrd?t iRste dist 4 @wﬁ@%%

es t t
L
p&@i%lre'a M&&Ln@i)«ﬂiﬁ)l;ﬁ:e!}faﬂ%&cd‘[ g ddrel stdsakibed in

d dif d | - h d |
MESHOR B 1A & G ST dur dit O ADIES PE
éﬂ@%t9¥f33ﬁ§ | Ag{C Btk ety dTB I d 18 i a thidte | b el dvas

, was prepared foll owi ng the preparation
Prot odBle duslcid wde was oddadh T ddireslakigrpH and

S5 4k W AL O BLec Lol o T, B S50 0 ac

i deﬂ:mntd:r tdmr@e ved i Ut s @l ebddeer rmae)n driete: some
(gre bars, n=2) , or freeze-driged (black bar

Qi?r%élﬁ%tal(%ﬁq"bp%%?}o]ar%o Re-2jievadt e: Dasfoﬁmss"é?%r%n grey
k%ﬁI 15 "B dwil GRS M eyesl. 1%%@@%' N H&Yiron

ave een shown previously in Figure 4A. The iron
concentration in the initial solution (prior to

precipitation) was 27mM.

Figure 6: Example of the effect of “ligand B” on the
evolution of precipitation of the solid ligand-modified
poly oxo-hydroxy metal ion material with increasing pH in
presence (i) or absence (ii) of “ligand A”, namely
tartaric acid, at M:I, ratio 4:1. *“Ligand B” showed were
either 50mM adipic acid (squares) or 50mM MOPS
(triangles). All titrations were performed following the
protocol described in the methods and in the absence of
electrolyte. The iron concentration in the initial

solution (prior to precipitation) was 27mM.

Figure 7: Example of the effect of ligand B on the
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concentration in the initial solution (prior to

precipitation) was 27nM Figure 6 : Exanple of the
we@bdosove1ad "1igand B " on the evolution of PCT/GB2008/000408

precipitation of the solid |ligand-nodif ied poly
doragbydygekyonebdl oven dated ablw'dt hlganﬂeaasidngiald o> Ly

b |
Rt AT Exchatear Tr ROFaTiLs: 0 CEPgaHd TEoT cBoRFEeTs
T%E@a@étﬂglﬁl@@gﬁ' ggu?r exaChdaegyares)yier maeaMi MRSt

(triangles) . ations weré perforned follow ng
Mt he ratpx@t‘bcbl ‘db%,l@rtm@raheth@lmt hogendnd {ha)thevere

oPRPEPER Th SrECKERRMSe PE°oiedtsbRir RabrRliace, bhght soms
MBbPgurgréy: bexanphe20f themef beatzoat bicddndbBaeik bars,

t hedi saggregati on of oven dr.i solid_liga mpdi f i ed
053 sy°6xggﬂ%%i‘f?1Het(§|trr18iﬁ’eﬁa§éir?al o= %85:&%%3&%‘&
p?é%&%&%:Loﬂa?ﬁ.fb@b%b@@léfs'c%‘ib@:@' ¥ noyetRAdEO%Y 8kl absence

erials at ML Aratio 4:1, with tartrate being

ofi garatmolynp,. wehe pﬁégaméagenp@rﬁélpnégéﬁ@@ gbtained was

Lfferen [ ds (oK \
936 i Borz0) G008, HoCHESEL BaTs,  NEIFe OF OB ECk Faes axe
tost snppedtbabe, viedkd. othewdagat Iiadnbamaldaumogrey bars

prot ocol described i.n Methqds _i,n the absence of
h@V@CPFSPy?E‘OW*FhQrﬁé"llé’é‘ﬁtlé’génplFé&uﬁlet 46§ 81%Btai ned was
97% 94% and 100% respectively. Note: sone error bars
are too small to be viewed. The data indicated in
FbgugehaveEn@mySﬁ@\ﬁ@ep*rseveoeﬁsw@y ﬁ\lrzurgw@lafﬁlﬁm(@ )70t a

ur.e r r cr:oan EDX)
AR g TR 900, SRy Lol s
(rabarr-3l: 1¢ Ea@dT %holwﬁ@Z@:hasmmmpa:g;ﬂth@mmfpcmd m@tteoilal
the material to be predom nantly Fe and

tonG6T BEPAOTSRAOE 1S B ST Wi L AS I OPA Bt A Gakbus

vgkgfg&gﬂg??dﬂkﬁﬁ§ﬁ£4¥ﬁ?bﬁ§%ﬁuﬁkﬁ?iﬁ%mﬁ&ﬂﬁﬁblé%ﬂk&iﬁﬂé
[ .
used (t%g Cu %1gnal is due to the support grid).

Figure 9. Typical infrared spectra of solid ferric oxo-
hydroxide in (A), the tartrate-modified ferric oxo-
hydroxide in (B) (i.e. the ligand-modified poly oxo-
hydroxy metal ion material; FeOHT-4:1) and tartaric acid
in (C). The band corresponding to the C=0 stretch of
tartaric acid (1712 cm™ in spectrum C) is replaced by two
bands (1356 and 1615 cm™* in spectrum B) showing the
presence of bonding between the carboxylate group of
tartaric acid and iron in the FeOHT-4:1 material. Note
also the presence of a broad band circa 3350 cm™t due to -

OH stretch in spectra A and B.

Figure 10. Percentage of iron disaggregation (without

ultrafiltration, A) and dissolution (with ultrafiltration,
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Figure 9 . Typical infrared spectra of solid ferric
oxohydroxide in (A , the tartrate-nodified ferric
wo@@kypoiexi de in (B) (i.e. the ligand-nodif i eRPCPGBY008/000408
oxohydroxy nmetal ion material; FeOHT-4:1) and tartaric
BachdteR EGnulathe papBdager tRspagHi BPet etbhecE=P@or the
stretch of tartaric acid (1712.cm 1 in spectrumC ) is
C18pI 4BEdCBYSfwo BaRAE RIB56SafBCTB1STcMLPSER SPEPCLEm

ngmé%ghggkggctgﬁop g??BQQde QQngggs%ﬁB Wegh tﬁ%lﬁofer

car boxyl ate group tartaric aci rron’in
(éé@hﬁd4chrn&esbhafermoue aldphbhe fdréserde tofiaadiesad

ThRa kSahi paat16Y BerYentRsbyar RO NG A g o R e aLe
atyl bh@wh mht b@EEIﬁ;;/a\be@,, AaneaRd rdosigoluytLi-ad 20w (blpen

ultrafiltration, B ) after sinulated passa%e throu
dipecsdsimends BeORNe 4t LmBicREi doPes. trirsa 1R &Kfn

| d
bh?sck8§§gsé%gF?g?§ynqgﬁose ﬁ%%'%e?%glﬂyg&Q%&d%a&% @3ed too

square , circles) , ferrous
smalphabebeckvasaetlendi.angl es) . The |igand-nodified poly
oxo- hydroxy netal ion materials are shown in open
synbol s, nanely FeCOHT- 3 :|-Ad20 (open di anonds) and

FEgREd 41 12Beg23 tliopeddriieangkes)igh Bhgle bamsilar dark
re resent STDEV (note that certain error bars are too
Pl seenpdng $rBReyLssiiogued eFET ORp BYCHOSG Y Yo rect ed

@'ug@r%‘i%\\ﬁ :111'1 W @es@?ﬁff: 1l liGhaSean '%'1'1'3)971&1@3'@1@@ Yrfinised,

ctron mcr scopy superSTE hi gh resdl ution inages
celyswbng itkatregrigasi sew, l@ﬁwsﬁ@dqwa&ﬁhxydmﬁﬁamﬂ;bk%sﬂl
fre entI ( di cer i ble i and dele

oty R i2 Mg (oo

F%@ﬁ Q@@QGIQEhyam@.E%?%EuaalyiaﬁR@B@HmQQ HHERPIT (C)) than
simlar sized unnodified ferric iron oxo- hydrOX|de
in piguder] ®ized apnedifiss ferHIs A& VMY ‘E"r“%eA)(A)
and the ligand-nodified poly oxo-hydroxy netal ion
mat eri al
Figure 12. X-ray diffraction pattern of Maltofer (A) and

the ligand-modified poly oxo-hydroxy metal ion material
FeOHT-3:1-Ad20 (B) showing a clear presence of iron oxo-
hydroxide crystal structure in Maltofer and a clear lack
of detectable crystalline structure in FeQOHT-3:1-Ad20,
apart from the co-precipitated electrolyte, sodium
chloride. Reference lines for iron oxide and sodium

chloride are shown below each graph for clarity.

Figure 13: Examples of the serum iron increase (A) and
percentage iron absorption (B) in human volunteers
following ingestion of ferrous sulphate, ferric oxo-
hydroxide or different solid ligand-modified poly oxo-
hydroxy ferric materials. A: ferrous sulphate (open
triangle, n=30); FeOHT-3:1-Ad20 (+ symbol, n=4); FeOHT-
2:1-TRP15 (- symbol, n=4); FeOHAdipatel00 (x symbol, n=2);
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FeOHT- 3 :1-Ad20 (B) showing a clear presence of iron
oxohydroxi de crystal structure in Maltofer and a clear

wo 20R/0of13@et ect abl e crystalline structure in FRCHGB3008/000408
:1-Ad20, apart fromthe co-precipitated el ectrolyte,

reodiustchi pende. (Rebeeansgubirgesniol ;i Feonmxude -gne2s
sodi um chl ori de_are_shown bel ow each_graph for
(epaRi pguaregupe313 FefligapresierOt heleaprtnftrignale, n=3);
F ﬁﬁ'f%.sf-l(rﬂcﬁﬁgop%,irSEHF 898ch £ONLak5or pEbAN (CBLskA
uman vol unteers folTow ng ingestion of ferrous
csutpbate=2f err Be Brohypdtagedéron dbEbepénvnsdipdculated

e s
0. o AdBOoh+Eeyihel oxB=AYydiroke@ETor2the TBB13d( 1 igwabiol ,

n=4) ;. FeOHAdi patel QO (x symbol, n=2) ; FeOHHi
medi §iadl poLlYcPseclydgaaYefenray mafstimls (Plpckokars)
q , oRF g€ 1620 £( e [ '
i S i Bt Sl gy
sttpbased tbrckbe saff grBup Pér ebntiggeaitigsimbosspticpen

calcul gted as the_red bl ood, cel |,_i,ncorporati f

b§§§ -di GFE8Y ?r6.§8PrFF8H?f§§Fi%EQXo-ﬁﬁﬁkg%igg $2e
p&9ki gl yaapdaedinf nedopal,y egxephy Gbex ¥ efreilisC stRipdkital Sn

(bIacE bars) conpared with estinmated_absorption of
theoRePHUAPEdAinad 09uPpRPe WhaFt H8Ssdne group of study

participants (open bars) . Error bars represent the

SEM Nunber of each pairing vary from2 to 4 , except
Flgurkeldoudisabgiragetiont bé EeORHRTigion 100 1gGtegh passage

i ch 1 . Figure 14: Di.sagqgregat.i of__i.r i ng
<ETROP SHopASSTIEN APBuGR CREDN SAGth Ala PRUSdeR
cbheBuGAL : Preefriaf bwmitef €iLio®s ey [dphesplat €erric

(CPosed dianogg%, erric chloride (C osed squar%)d
chaprriidet Clp@ecolsqUersded Terrdifgte) ~Mapldloud-tose

cQi SOy Ehnale LR WAL na @4 ol BRhRAN ehel(3) a
conmpounds tested 1 n our “in vivo study in .
selection of compounds tested in our in vivo study in
Figure 13: ferrous sulphate (Open square), FeOHT-3:1-Ad20
(Open diamond) and FeOHM-4:1-Bic25 (Closed circle). For
details of the protocol see In vitro gastrointestinal

digestion assay in the Methods.

Figure 15: Examples of the effect of different ligands, at
differing M:L ratios, on the percentage of iron
disaggregation (A) and on the percentage of iron
dissolution (B) of solid ligand-modified poly oxo-hydroxy
metal ion materials, after 30 minutes incubation at
gastric pH 1.2 (black bars, n=3) or 60 minutes incubation
at intestinal pH 7.0 (open bars, n=3); error bars

represent standard deviations.

Figure 16: Evolution of the formation of the ligand-
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Figure 13: ferrous sul phate (Open square), FeCHT- 3
;1 -Ad20 (Open di anond) and FeOHW 4 : 1-Bic25 (C osed
w@Reosle)130 For details of the protocol see |n vPET/GB2008/000408
gastrointestinal digestion assay in the Methods.
m&ﬁﬁﬂi@d1§ol§k6ﬁ@LB§d@6xtheﬁfiECMaﬁérﬂhﬁéerﬁamely FeOHT -
gands, at differing M:L ratios, on.the percentage
o* ?@%% dVs 58 gt REEEREANE APHandS ofcBRELBEAC et 558 of
tiﬁfgtﬁbﬁsgkakbeal(ﬁh ftcaehid hhaapdynoedibai gd paky
oxo- hydroxy nefal ion materials, after 30 minutes
pencﬁma@genoéttgasirnCOpkum tne(btacklbarsolnfipnor 60
nut es i ncubat i intesti (ope S
P%r%?nt%??o%rggr rE egddt “Etan ngargkég%g%tggnghgah by the
cfb@@detiﬁangE¥Q|whhmB ehet pertentageobfotrbhein both the
I i gandnodi fi ed poly oxo-hydroxy ferric nmaterials

29gRRIFLPECRId 2apakgdopa LRULALPCHSFRE.BAE 48 Shown by
cHESELbhed Lhubpe Ul KbRLLORNRY pbRaohihl Ybhods, candhne

expresse the percentage of total iron in the
izomarthay $el ubtohn Pbecegpagegatednoknagbateggpegitieyglate
rial

hown t he I sed triangles while the
fﬁgwgeﬁ?abg 8% |F8%u%%e P% ghe aggr egat ed and aquat ed
particul ate materials is shown by the cl osed square
Note: the remaining iron ron that s n |n

.e. th
Figuragdy &ghtedrsr QéuﬁpgdgﬁggFFgGgahégﬁapﬂ)Mi& |ﬁ and
f?ﬂgﬂbESlﬁFﬁéﬁ gﬁ'@%r%ok%atgﬁﬁwghetﬁg theagbhechktabon of

and tinal solution pHof formation
tha thetﬂaSaggpdgﬁnednpoﬂytDBOtayﬁraxy fmmmut‘maiqﬁy%}s

X0- h ri.c jmateri, Is t hr
BB B E) B BB, R N5 T (G o
agﬁhbodésczﬁab&dr epr esehodshe parti tlepreiseatditdter |;iau¢t|1mie
of the dlsa%%regated materials as a percent

stgeafiptgRbutios of §W§S€lsgﬁﬁéeﬁéﬁ§@%“@59&#% (ﬂ?%@ﬁe
pe?ggh@§§%'8@6@6%§¥'1 , i9r 40 se. Size ranges

determined were <5nm (stripped section), 5-20nm(grey
section), 20-300 nm (black section), and 1-10 pm (white

section) .

Detailed Description

The Metal Ion (M)

The solid ligand-modified poly oxo-hydroxy metal ion
materials may be represented by the formula (MxLy(OH)n),
where M represents one or more metal ions. Normally, the
metal ion will originally be present in the form of a salt
that in the preparation of the materials may be dissolved
and then induced to form poly oxo-hydroxy co-complexes
with ligand (L) some of which is integrated into the solid
phase through formal M-L bonding, i.e. not all of the
ligand (L) is simply trapped or adsorbed in the bulk

material. The bonding of the metal ion in the materials
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section) , 20-300 nm (black section) , and 1-10 mm
(white section) . Detailed Description The Metal |on

W@ 2osvassol i d |igand-nodi f ied poly oxo-hydr oRgT/GB2@E/000408
ion materials may be represented by the fornmula (M

cahyb@HﬁemkxnmmeﬁeuMim@p@@@@ﬂb&lommaﬂyuﬂmaiIﬁﬁuﬂnﬂqmes

Normal ly, the nmetal ion will or L1y b t
SURE Py &Péfrag@a|8petcﬁgp%cr?whévh%?f'@2§hay@@e@ eatsre‘fglll' ‘have

pEBier icdksaReAedics e el aprpaheR dwadicedd qdtiMion

poly 0oxo0- hydr oxy co-conpl exes with ligand (L) sone of
apkli Ehei éllgﬁltf@gr(é{)ed aaSnmhlh@smaadi:Spmqqﬁe@u@tlc of

BT BONNG. o GGl A F L5, L3 (10 Sina

rap sor It he
bbmﬂd;l rigl ahet Ilaglaqeidalspiemielsn (the netrerfedrschAmdiml ions (M)

agg erm ned usi ng%éégg% anal yti C?%t echglt_‘%ues fﬁg}%whlch

thed Iﬁt%_t“elieira@&t QS tds‘édOfarId"' QR0 %%di%v\%&ré dig tiiadle from

ion and the ligand (L) , as well as peaks
am:aoan@t edilsttiierno oyotieamimen exphewskexides he Banagrled of

RS 32 Ol AN BOnds I e dd BN ARO U BR: { Dopper,

eferred né 1 ons are bi dl ogic y Conpatible
maidemddas QﬂmmbmyumuaﬂamahumnﬁlumhexnﬂierLHﬂpannxnukaﬂﬂy

and are readil y precipitat abl e fro agueous sol ution
P&)‘Fffe@rrlﬁqwé}‘ rlo"{z n@ "nmetal ions

i ncl ude iron, cal cium magnesn um zinc, copper,
manganese, chroni um and al umi ni um i ons. A particularly
Byr @faa/r ol meefteteriaon tos the rier il e FOMROBE I@BE of

SIS AL B el 0 YR SO one
ddpdcuraimty nm:&m;ngimahes_:;umermtt&re an\asté:rmﬁsatfuewm other
products such as "jron tose in .
BAACH Trartudulat ¢ rfst ]1 GIn on%% | e gpich
ﬁ%gﬂfBUEH%E crystalline iron oxo-hydroxide is surrounded
by a sugar shell formed from maltose and thus is simply a
mixture of iron oxo-hydroxide and sugar at the nano-level
(Heinrich (1975); Geisser and Miller (1987); Nielsen et al
(1994; US Patent No: 3,076,798); US20060205691). In
addition, the materials of the present invention are metal
poly oxo-hydroxy species modified by non-stoichiometric
ligand incorporation and should therefore not be confused
with the numerous metal-ligand complexes that are well
reported in the art (e.g., see WO 03/092674, WO
06/037449). Although generally soluble, such complexes
can be precipitated from solution at the point of
supersaturation, for example ferric trimaltol, Harvey et
al. (1998), WO 03/097627; ferric citrate, WO 04/074444 and
ferric tartrate, Bobtelsky and Jordan (1947) and, on
occasions, may even involve stoichiometric binding of

hydroxyl groups (for example, ferric hydroxide saccharide,
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by a sugar shell forned frommaltose and thus is
sinply a m xture of iron oxo-hydroxi de and sugar at

wo b@snogiiee | evel (Heinrich (1975) ; Gei sser anPCIVGBR@B/000408
(1987) ; Nielsen et al (1994; US Patent No:

US, Paber O8N0 : US20960202H91) The | 1saddEt holrok® groups to
materials of the present invention are_netal poly
b%%%nﬂﬁdF%iycgaéaﬁe@nﬁna?Pm%erbyoﬁoﬁetg%aiéaﬁaﬁeppmelexes

1&'géﬁdcbﬂfgéﬁoﬁéilOPeﬁBﬁtééoﬂhthQeéﬁgor8 BOtl?En—

confused Wi th the nunerous netal-[igand | exes t hat
hydeowpthatapert¥d P4/0Hhe0akt @edgunrséatyd D@/@926$¢11d

1SRl Loy ook B bR kD) toroheBREd R

r@p@ﬂte@fhéﬂé&ﬁsaturatlon for exanple ferrlc
trimaltol, Harvey et al. (1998), WD 03/097627; ferric
citrate, WD 04/074444 and ferric tartrate, Bobtel sky

wf@ﬁoderQéalf%Qézloﬁndth@np9§ﬁ§§y0P§rtEEXe§V8@ kpyol ve
stoi chionetric binding of hydroxyl groups (for

m@&enpaés hevei vehgdr oxide sacehaandemesapahvdrowéde

21 192 use of -hydr oxyl _grQups _to_bal anc h
S C A e R DA e
tﬁodésﬁet&ﬁ|bxﬁdéérbedmeﬁalhﬂydfbxideg i rashydeox¥- the
mal ate, WO 04/050031) and unrelated to the sol.id

t??ﬂanﬂxﬁDBYﬁFéﬁypoPy ORBONPURERFLABE alSi dRERBESF &Ps
ré@@?ﬁigg EﬁégénfagﬁghQHEhgﬁg'£h9aké9€rehhé Rb PRBYortions

particles of the materials have netal oxide cores and
ofrevab bydhydicdsysgrbupes aHvdwokii-axdidef epead equally be

di scjplines e ref err 0..as_netal
B I s S N e
pPEsEXE 1hyéﬁeibﬁearé8auﬁé@édedttﬁhéeﬁegﬁﬂsefthhseprlmary

facts_w thout any reference _to proportions of oxo or

PAYEEEXS §Fobips MeHpdr 8%§- B¥§H@X&§§IHléﬁuﬁFl§eﬁétU§83e of
th@eifﬁgha LAﬁeﬁﬁ cthbedaabayeinthepBt etirabe el YEethe

present |nvent|o are altered at the level of the '
ppimgEyyparticle, i.e. leading to doping or contamination

of the primary particle by the ligand L. This may be
contrasted with the formation of nano-mixtures of metal
oxo-hydroxides and an organic molecule, such as iron
saccharidic complexes, in which the structure of the

primary particles is not so altered.

The primary particles of the ligand-modified poly oxo-
hydroxy metal ion materials described herein are produced
by a process referred to as precipitation. The use of the
term precipitation often refers to the formation of
aggregates of materials that do separate from solution by
sedimentation or centrifugation. Here, the term
“precipitation” is intended to describe the formation of
all solid phase material, including aggregates as

described above and solid materials that do not aggregate
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particle of the netal oxo-hydroxide with at |east sone
of the ligand L being introduced into the structure of

W b@spedieary particle, i.e. |eading to dopi ng PCT/GB2008/000408
contam nation of the primary particle by the ligand L

but ThésaRYabencansoashbed mbibcibe {ArsBEPEAsObn, whether
nano-m xtures of netal oxo - {drOX|de s and an_organic

oxpheturley shehrastieehasaccha l@%@aéoﬁﬁ|éubscoihomﬁaéh
th t
(%$§%§ £H£§§i§t8£> eTﬂéé£9i¥ tP&L é&%?é hétggﬁﬁ%gi??gdalso

mary particles of the li
b@orgf@mnh@dtoxysnaga&te@npantecuhhﬁedes&mdbed herei n
are produced by a process referred to as
precipitation. The use of the termprecipitation often

11 ef1ee Spt@séne {AvEBtion, Ofc £gPEREAT B8y ObeMRLEEI BbSthe
t hat  do segarate from sol ution by sedi nentation or
medhfied UpatRonoxpepEdreREdeer FpvEREcPRLVEEF A" SFEUCtures

t%%%§§?§€r£?1g6§8£Mb§b59§ £RLMBEL PR ?k%ggBEtQtEBﬂng.

udi ng aggregates as desc above an
Asoﬂ$@dnhesenatsthhatsUpuh@tneggbegaakbntasemadmcaslng

non-,_ sol u ietie suspensi on, _whet h
cBoE, R BorurEurar 6ot chiP o ALr or LeuBY BopPovBaFiE in the
st AEPOPaEhEEUbAL BSYing Theseghdhterepoht Engahenbaks TAYL
also be referred to as aquated particulate solids. In

b?%@U%@es@ﬁthaﬁv%ﬁ?noﬁtaFéﬂeréhﬁ@nﬁaynﬁerﬁaaétﬂenthéf
HRLLE ! 6 BB ShopuOnDUCH AXAAEECDEKE BACLRL KTE! ifie 11 gand

es t at gener al form above the critical
speerepliatLnnrp&ucéd31n59dthereoh;dtphsssheukdcnurebby

en_as,indicati st t f..th
SRR b FAELDEr EopoiePF Y HESKE. FPREE  SeRdndr Rapi Fanoe
iR é@gyaa%hageeakaeg nopAMBemENthsBECaEse, ekGmpas baen
stated and incorporation is, except by co-

PTRdHaEhes, OﬁohhesﬁéréhFohﬁPﬁl@ate¥ﬁélﬁ|Sﬁﬁﬂpéégéﬁés is
hépéigggg d hQ%QthS Qhé% ghaa SLr YaLuLaubYg into_the

roxy groups leading t
sohﬁdgphase structure by the substitution of oxo or

hydroxy groups by ligand molecules in a manner that
decreases overall order in the solid phase material.

While this still produces solid ligand modified poly oxo-
hydroxy metal ion materials that in the gross form have
one or more reproducible physico-chemical properties, the
materials have a more amorphous nature compared, for
example, to the structure of the corresponding metal oxo-
hydroxide. The presence of a more disordered or amorphous
structure can readily be determined by the skilled person
using techniques well known in the art. One exemplary
technique is X-ray diffraction (XRD) which will produce an
X-ray diffraction pattern for the ferric iron materials
exemplified herein having poorly identifiable peaks for L
or MO/MOH, XRD relying on a regular arrangement of atoms

to diffract the X-rays and produce a pattern.
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in solid phase order. In sone cases, for exanple the
production of the ferric iron materials exenplified

whersiomi3d he | i gand species L may be i ntroduceRCT/GB008/000408
the solid phase structure by the substitution of oxo

Altte iyt Dyl g rau peddpye 1 drgel il ol eded ©Sasd Bnmewa@er t hat
decreases. overall order in the solid phase, nateri al

c fael hHC % 9 F | B ottt i I‘F]@%\rfﬁla‘h%’alrﬂ SHPP Py

SO QX Yo Bl B | A SREE] il SrdMdhi & &1 &b eeQé@é:?oﬁ orm
have one or” nore reproduci bl e physi co-chem cal

nigraperepies, High rmessolel Somdvearsmbs @i eimoe phousonat ur e
r ed X structure of .the
mlccor:gfsgsop%%aa omrz%?tg?e %ﬁ&ﬁ%f e PAne P €3 es%n%%e opagerial
tee ﬂ@mmy ek s S/ plmtu&:m r Ligd Lk £t € abhé epdihyrpe
determ ned by the skilled persaon using technlques wel |
Padiobit § P17 aid . SERCExetpl SHGR t2 HhT FRRCTRIX- paY give

séﬂéffﬁfﬁfﬁ&ti@ﬁ“&nV@Héﬂhfﬁéflﬁﬁ@g&ﬁeb@@wgéﬁaﬂmorphous and

diffraction pattern for the ferric iron material’s
crxeepl 1 inednalegeial ha\ﬂﬂwg)ddniry t@l@lmlmlabl gt peaks

for L .or RD reI on gul ar_arran
snptapnbreet de Rt Ty St el ABPOREES e
arstpresus AbhLsdad £ vehy @éscaﬂibéd anet éyiabs deswpasedi to
the crystallinity of_ the structure of the materi al

C%r%f%?%%dn%fyeﬂ@}ﬁ rekorRiE obhe r HRCPTRSTBhe e | %2:&?%%
T £1RSE 5{;@&5@9' Albh ORe A ¢ aRSTHhS Sh PGh eaﬁgié oannular

n1croscopy allows the crystalline pattern of "th
damgit ef i@ld tdbderat somt ¢groecesd eﬁcammlngntrmsmaﬁ giphe

CPLLIREY PELLSLS,D 855200 BLL UL SodpERoathnscvea

with Bd rdolih ¢ 910 Digd Weled :aér@cbnhr@mn atigusr yslawihgethe surface
material. Using this technique, it is apparent that
a2 Heebhetd strs @%%%r?%eﬂh%U%V%m?ﬁ%r%%§Eéc fe ShoFPRous

mPhase; P QUEe deschiped-guterial s conpared to

corresponding materials w thout the incorporated
I i gand.

The reproducible physico-chemical property or
characteristic of the materials of the present invention
will be dependent on the application for which the
material is intended. Examples of the properties that can
be usefully modulated using the present invention include:
dissolution (rate, pH dependence and pM dependence),
disaggregation, adsorption and absorption characteristics,
reactivity-inertness, melting point, temperature
resistance, particle size, magnetism, electrical
properties, density, light absorbing/reflecting
properties, hardness-softness, colour and encapsulation
properties. Examples of properties that are particularly
relevant to the field of supplements, fortificants and
mineral therapeutics are physico-chemical properties

selected from one or more of a dissolution profile, an
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This may be especially apparent using high angle
annul ar dark field aberration-corrected scanni ng

WO e@BAM13Gi on el ectron m croscopy due to the hP@iiGB2008/000408

contrast achi eved while maintaining the resolution

tagsrpliont pgolfieesuif aceepsomidirae enkdalofrddiee. 1In
primary particles of the material to be visualised.

Fhe Sr EPRGEHEr bPe PERPSFEY- OhefSARCHES IS SRy be
9@@%@@h@&b§%‘9fogegﬁgc Letl E%lﬁenkge al¥'e® oducible

i nvention w | epen ent e application for
whichint Be skaha@eird desibgtiended. pEeErpla@y vof Hb%, and more
properties that can be usefully nodul ated using the
prefempbilpvénblkonandckude: mdicss piratticoablyawd thpl a limit
depgndence and pM dependence) , disaggregation,

S fion and absorption characteristics, reactivity-
inertness melting point, tenperature resistance,
particle size, magnetism electrical properties,
&éﬁsdﬂysOHMQthapsoﬁbﬂﬁgbfrehbeebﬂd@ ﬂd@p@dtmaﬁified poly

hard s _-softne col our and encapsul at |

SR erRE ety ERRRD efonabFadala Sott ke Zergesented by
patteeehar byag@beb@nthbopﬁsbeefslsel thagie 19URRIseRHYat ion and
fortificants and mneral therapeutics are

6&§§P&Htéﬁ@m cahepitepsy dissodutdened sf MeRCoke @iesmn@e the
Bséa bs§ at Ls%seaﬂfcb' %roﬁ”@@ﬁ%mt' 01 RGP ‘i)h% More

epro u0| l e elemental ratio n this context,
ppepefuyadﬂychdnaaggresataomaysbenmemﬂ@du¢mbbesd%1be the
Ellcate ex nts gre re roducihl.e within

RRIPdChet et MBRCBR AAFef PPy 50146, 299 FRred phase to

ahe&quabbu ph¥scandagvel KBEE speber abley sW1tbilR dhase and
limt of 2% The dissolution proflle of the solid

FhgapaVaAb8rf PREGipEILe tex Bhamedridx e - n@p&mqw PEEr i al s
S88pRAs, BAr BREBESY . byﬂb%%g'b%%t $h20e3 . JiREARIRES as
nangly I saggregati on an I ssol ution. e term

oppsekdt tondiisaggedght idasooirke speeifically represents the
passage from any solid phase (aggregated or agquated) to

the soluble phase.

Preferred specific examples of the metal ions (M) include,
but are not restricted to, Groups 2, 3 and 5 metals of the
periodic table, the transition metals, heavy metals and
lanthanoids. Ekamples include, but are not restricted to:
Agz+, Al3+, Au3+, Be2+, C,azar’ C02+, Cr3+, Cu2+, Eu3+, Fe3+, Mg2+
Mn®*, Ni%*, sr®*, v®*, zZn®**, Zr?**. Moreover, many of these
metal cations take on different oxidation states so it
will also be appreciated that these examples are not
restricted to the oxidation states shown. In many cases,
the solid ligand-modified poly oxo-hydroxy metal ion
materials comprise a single species of metal ion, for

example Fe?®*
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passage of a substance fromsolid to sol ubl e phase.
More specifically, disaggregation is intended to
waele®snydizo t he passage of the materials from a BOI/G#$2008/000408
aggregat ed phase to an aquated phase that is the sum
Tafe thiggssml uftl)e phase and the aquated particulate phase
Therefore

solu on plu u h .
T oo ok SRt R Eaa A B B Bl

1er91e-<:|sfpeeqlésvxr R e a@asmendrapnowrﬂ%(émw, L
phase (aggregated or ated) to the sol ubl phase
IRpafesard@ SIeEcio @oeﬁagprg@@dﬁ qm@rrmrrﬂ, o (a9

1nrlccl lé(iela? @#h iHE lpr}:%g‘.on%t otre%ql rans S_L %drn? %%tS can

e peri |on
kﬁe&mpdﬂ@nﬂataﬂuiﬂmmﬁhanmciid pﬁaﬂqﬂkxgandﬂmnﬂifﬂnd poly
are not restricted to: 2+ | A13+, Au

PYesy et Lo FACETEa, | RSl o PN A e
to \éﬁ'ﬁ anzrt%'b mo%ﬁ%"icat!\_{%?@fera PBBL - diesi- dBtgdoperty

cations take on different oxidation states so it wll
o stéﬂ-eoescatp& aRteEd it hat - 3 -hese et @ & maly oxo-

H. %%:Ior et%& 91] t%ﬁl (_)L)gnd%tﬂnncgr.efsst a.'l?l’?%ﬂl’?l[wlché M d (s) are

ases e %o i"gan ol'y oxo-hy
amteait I omrradcatd anfoceinaritse of SJl'reglpese&}EE&m e&m:éntmaira,l the

ion, f | e Fe3 The L h |
SRR (3)gdn Ao @S 41750 SPSHTE8 AR Db
ISREEI RS TSPrespH@Ad thatd Mg B éd—iﬂ}ﬁhénpreéent

represents one or nore | i gands or ani'ons, such as
dimiearitwidy ineluds prlottorre dw M neans et tedrig : t hat

L L e

vt tisc doned t aadl itk igvidie swokfntataoid ofaspartic acid,
Bvsleo-chen col poneiLy o (e, SO EILELs ot o
BREL £5 4 i &dbd Nead 1 ARk (Sdclr$£s maltol, ethyl maltol
or vanillin; ‘classical anions’ with ligand properties
such as bicarbonate, sulphate and phosphate; mineral
ligands such as silicate, borate, molybdate and selenate;
amino acids such as tryptophan, glufamine, proline,
valine, or histidine; and nutrient-based ligands such as
folate, ascorbate, pyridoxine or niacin. Typically
ligands may be well recognised in the art as having high
affinity for a certain metal ion in solution or as having
only low affinity or not be typically recognised as a
ligand for a given metal ion at all. However, we have
found that in poly oxo-hydroxy metal ion materials,
ligands may have a role in spite of an apparent lack of
activity in solution. Typically, two ligands of differing
affinities for the metal ion are used in the production of
these materials although one, two, three, four or more

ligands may be useful in certain applications.
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absent. In sonme enbodi nents of the present invention,
the ligand (s) L nay al so have sone buffering

w@apaoydiye Exanpl es of |igands that may be enpP@l6e82008/000408
the present invention include, but are by no neans
limted to: carboxylic acids such as adipic acid,
%Eutarlc acid, tartaric,acid, nalic acjd,_ succinic

| PR SHEPH L €2 bEPES , pt hBRTES kPR EPt PRcPAelggically

dﬁ&@fbfeaﬁhéerl@ﬁé'@oﬁ§i918ﬁsbﬁgé9'QnacbgneQQQQy have
ditives such as maltol, ethyl maltol of vanil

ohel| axshent anPoasSWinint# Iogannapropéreﬂégtgg@ﬁ at the

blC rb nate sul ph and phaspk I I ds
LR 8E B e SUhP oo RRSPhAL SuasThATERL  LaED
1a@aﬂ@saan63ssnchgaslgau@sophamgagaataaynhavprebmee
valine, or histidine; and nutrient -based Ilgands sy

1RETIRE A LURERE!BYt E2PPTH FUORMREPSr hPaEPACT 9B|caWF§E°ut

wigﬂﬁﬂgstaauebsowﬁalbyea09ak§§eunarteﬁp@ahae§ohthag
high affinity for a Certain netal ionin solution or

1asehavrﬁgbehuyveomhatfthetylganﬁéthbﬁetywpcmpﬂys of
sed a v I t I
HERRTEr180e "RalohaaREeuRioR, S BPOTEE rr8eR) Blia
th@ﬁeﬂat@r:ahﬁor%bgaﬁdsnnaythaue1argeng bnvamene chaazacter
apparent lack of activity in solutign., T
Egéﬁd§h6fm§FFFéﬁﬂn@n§fﬁ%hlPPESSPGFlFHS %§§8Fptgﬁna%00n
p&%?dbemQEEOHSOdU%BEQB eaotﬁgagsnﬁﬁﬁéu§|%eQEEEOQQh
wo, three, four or nore |i gan s may be useful in

dméfeaunggppgaé?ﬂngﬁQdFeffﬁanylaﬁpInc§t|§ﬁ§0n9|éaﬁé§ds for
t
chEe ok R R kRl RibyRaIDaLiBLe HRICEALNSR000) ! Ofere

ipakbmef eoli@eheens nabutrheupeient wbrkeambmomheThmo types of
| i gands i nclude ani ons, weak [i ands and ron
lnggaﬁdyemgalﬁaglﬁﬁ&%avemgéﬁéa AfE FAESE

&393%%%%1@%&%@9o%h%h%eﬁ%EbQEaJ¥yEﬁ%ﬁ“ ﬁ@f%ﬁ@%g E%EQ%fore,
by a particular explanation
in determining other characteristics of the material. 1In

this case, two ligand types are used and at least one
(type (a)) is demonstrable as showing metal binding within
the material. Ligand efficacy, probably especially for
type (b) ligands, may be affected by other components of

the system, particularly electrolyte.

The ratio of the metal ion(s) to the ligand(s) (L) is also
a parameter of the solid phase ligand-modifiedpoly oxo-
hydroxy metal iron material that can be varied according
to the methods disclosed herein to vary the properties of
the materials. Generally, the useful ratios of M:L will
be between 10:1, 5:1, 4:1, 3:1, 2:1 and 1:1 and 1:2, 1:3,
1:4, 1:5 or 1:10.

Hydroxy and oxo groups
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inventors believe that the |igands have two nodes of
interaction: (a) substitution of hydroxy groups and,

wao besedase, incorporation with a |argely coval BCit/GB2008/000408
character within the material and (b) non-specific

TRESPEREEND (ho8nPabh heyMBhblBYy anyheae b0 fBRACHg
likely relate to differing nmetal -ligand affinities
hydrexider 4R8I PHaRBBCPBETRREOTSr FBRLaRBNWRERV1de for

hgéigéﬁ sLapkQps LPbubBeshat bek) prd ?Eh@ L% $BREformation

vidence 1 n our~curtent work tha e"two types of
ofi ghadeapelygynsoghgtiroxynmabduliaileng Bkemplesi anclude but

h teristi ft teri d h .
2ERorBF of anIFREGERe: PRPRY. SPHEF SoRa KEPE: Fr FOSLBR ¢ he
nyakekiak, pBthbEsusaBgdrbwidei gagdsbypem ahieaubetagead

at | east one (type ga),) i s demonstrabl e as_show ng
thataroBilAdbPrgadheri kot hBCKERER 4PH] LigaRd Mif pdaéyre, or

aE?ﬁbQBhﬁtgéﬂgc%ﬁbhyagoﬁihgggl(QkihggéQd%rggﬁﬁcbgcids,

affecte y ot her conponents of the system

thaktt woulldr by ebdetlr sbytiecrEheer dOH) of BheMiemdkture.
ion(s) to the ligand (s) (L) is also a paraneter of
the solid phase |igand-nodif iedpoly oxohydroxy net al

cohen tABher ugkdt Aat teanpheceasi ed according to the
met hods di scl osed herein to vary the properties of_ the
Thet 8KP&Es Corgasianpy oft Réxdagr andr Rresdpiftapion {h [the

‘ 105 1s Bk A 1, 2 : 2
R Mot b a8, A riickos 10k bt
wpilésentyi deprtidongmapocanthey dasy nadyl cofchegaritieyistics of

ydr oxi,de ions . at cqpcentrations.that n provide for
P OL o TP AZd Agr o dE Lo ORG BEE R4t he
(hor matdei-tfnd gﬁ-ﬁe( PH Y O HOXYhIGH el iaatG . L. are
Exanpl es include but are not Iimted to, alkal

ndatedd i-onThdgc i sag labdisum Ky dfeneas Hotasditgh at which
oPc%qﬁq ir%?cf%%&%,?@ﬁ@a@i%@f %cé&at M&aﬁﬁﬁdqﬁﬁj is a
0 I'ncrease In an ML m xture, or
more acidic pH, more preferably below a pH of 2.
(2) The pH at which oxo-hydroxy polymerisation
commences. This is always a different pH to that of the
starting pH. Preferably, it is a less acidic pH and most
preferably above a pH of 2.
(3) Final pH. This will always promote precipitation and
may promote agglomeration of the solid ligand-modified
poly oxo-hydroxy metal ion material and preferably will be
a higher pH than the pH at which oxo-hydroxy
polymerisation commences. It will be appreciated by the
skilled person that where a pH difference exists between
commencement of oxo-hydroxy polymerisation and the final
pH value, addition of further M, L, OH, HY, excipients or
other substances may be undertaken before the final pH
value is achieved.

(4) Rate of pH change from commencement of oxo-hydroxy
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acid solutions such as m neral acids or organic acids,
that woul d be added to decrease [OH in an M. m xture
WO 2801180 ons used in the process The exact coPdi/GBRIVS/000408
of m xing and precipitation of the solid |igand-nodif
poedmpoi yaokonhydr osypletabni 68 fBhetish.W ffhi¥awy1ll occur
deﬁendin% Uﬁon the desirable characteristics of the
b Fatériharr E?BFEQP PaPLabRBsYarathin) an: hppirngepiiod

aﬁ& Rost NgrokLabp i GheMiandolnangrakxed) . This is
always a different pH to that at which oxo-hydroxy

C@@Pyhﬁraﬁa@nanOéoMnﬁndeb Phaler beyconcensrataoneof OH

c rg.,PL be ow. a H of 2 . (2) The
l%kkgkgaﬁtgﬂggxgyh g y po rlggtlgﬂr8XXnences .
pdhigeirssat vays ahdlééﬂéeﬂtrathbﬁstbﬁttetalhﬂ ghar tbegl L

H . Preferably, it is_a |l ess acjidic pH and 'nost

grE?%r%bFEe%bH%%l aPpHE 6%ed bY(§PeF?HaFt5PB FHPENES| Lo the

ﬁ'M@%SaH&OBHéefEﬁEQ'Qb&é&heﬂ 89unBY PTOBRLE11y, this
aggl oneration of the solid |igand-nodif"Ied Vy

whkd- pydeestyl Bt aoliaan Heat doitd Nhr@dl%rlefa@damWaM Il be
p?e?é%%§ig2¥ktaffltQchghaEP 5%ﬂ1oxo %%gﬁ£raE}Q§s of M

on CONMENCES “be appreciate
ahJiEL skit| eddppesdant hahdwbroeea pblrdohtebenmerexdskired

bet ween comrencenent of  oxo-hydroxy poI&nerlsatlon and
CFﬁEa?FﬁEFSb%F%aPGethﬁdéFFP%nméFeF&ﬁ9héP MeSPeclagly so

tﬁat @ﬁgl@bﬁ@éﬁtQatQ&Heafsub§gaﬂeesteayh9§hugq@ht%hse the
before the final pH value is achieved Rat e of

rghangé Pxorhydnasriceadynesisak @or:y(;icguypol:ynerapatiﬂyn and

I f h
oS §90R £ 0, ESREbher, oThls il cBECHE LD 8 8t

L pweier asdt ybw tbbnh2fhnteupesvefbnmensl abxanﬁyaﬁ:obdyand
. While the concentration of OH is established by
p@%gmg;pa@F}ﬂ@ oxgoHyagaygle, the ligand-modified poly

oxo-hydroxy materials in which M is ferric iron are
produced preferably with iron concentrations of the
initial solution below 300 mM and most preferably below
200 mM, providing ranges of ferric iron concentrations
between between 1mM and 300mM, more preferably between
20mM and 200mM, and most preferably of about 40mM.

(5) Solution phase. The preferred solution for this work
is aqueous and most preferably is water.

(6) Buffer. The solution may have a buffer added to help
stabilise the pH range of oxo-hydroxy polymerisation.
Buffers may be inorganic or organic, and in some
embodiments will not be involved in formal bonding with
the metal ion(s) M of the solid phase material.
Alternatively, one or more of the ligands L involved in
formal bonding with the metal ion(s) M of the solid phase
material may have some buffering capacity that is

additionally favourable in achieving the desired
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pol ynmeri sation, the concentrations of total M and
total L in the systemw || be fixed by the starting
wa@pmaned3o n the Mo m x and the final sol uti on ROI/GBR008/000408
Typically, this will exceed 10~d nolar for both M and
chmpoditnos pfethealﬁh;aant matklkiaiceeButie? mbhaentrations
entrations of and L are_i ndependent and chose
aF%r‘i%ﬁE BPaPmFBOd‘@%[v r BHCERERRLY e PSEI E52BF 20Re ™ ﬁ&g most
pPREethBhyandsgspaghahby #@.that the concentration of M
is not too high such that the rate of oxo- hydr oxy
(B0l ynBiempariesirssc fine M@f@mfedi R Rtavaentiss |above 0
c at g0 S entrat [ P
ahﬁ 8%9890 ﬁ.c ng%gééé 9%5%%%503%0ﬁ EQRQQEaEdW% (20
3pebynandsaboeu khostexgppkellyhetl nfg:amdtm@leﬁ:alteld'epol y
oxohdr materials _in which Mis ferric_iron
BY odudet Lt SRR Wil iR Yioh SR A9 o ot imd ted
bn'bb@ﬁs%@hﬂtbﬁ@o?@ﬁ@wéﬁaosgﬁhﬁﬁdcﬁgéklﬂbef%&@bbé used in
bel ow 200 mM providing ranges of ferric iron
tbenpeaceduirens Thet weahchetweag thrvifafie3eoiMt ipsr @ay thus
ferably 0 refer apl
BB LD ST IR Tor oG8l UELaY Ghatom ThE prapeRerye a8
ceabittionsf GUttLliln&d\Ndihk (03 —aqueam:@vendrmmmprteﬂeerfa:mmer
IS water. Buf fer. The solution ma hav a buff
aééaéaomoﬁe? e§F58|1V|t§ewﬂlr€%pmaﬁ’a%§e o(rwcf@

pn}ekwsmgahboeo Baf f ghgy H{%\étb%x‘e&%&&@l*yc <qrb .or gani c,
In s nmbodi ments wil |l not belnvolvedlnformal

(BOndEngentt bt méxdbgaloti ¢ies Fompenerke soITh(}Spﬁﬁéle

mat eri al AIterai Ly, @n I re_of
“Haﬁ%}gp’vgglaﬁeﬁo %ieégfn [ r?% \;%\Ilt?'ﬁm')tl% r?gltdal [ on(r%) %/llsof
sthersebi dsphane evatiesiualh iy thave somethiofdf edingions

capacity _that_is additionally f vourabl e | achl Vi.n
({he& -d¥si fedBEnPuSiteran 3dE Al iRgce d
hoRREER AL iLpRS A8 ess than 500 mV preferably | ess

R St

It will be apparent to those skilled in the art that while
the above variables may all control the physico-chemical
nature of the precipitate, further variables such as the
collection system and/or excipients used for the recovery
of the precipitate, which may involve purposeful
inhibition of agglomeration, its drying and its grinding
may subsequently affect the material properties. However,
these are general variables to any such system for golid
extraction from a solution phase. After separation of the
precipitated material, it may optionally be dried before
use of further formulation. The dried product may,
however, retain some water and be in the form of a
hydrated solid phase ligand-modified poly oxo-hydroxy
metal ion material. It will be apparent to those skilled

in the art that at any of the stages described herein for
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preferably | ess than 100 mM (7) Tenperature. The
preferred tenperature is above 0 and bel ow 100 0OC ,
wo ypsoadiBy bet ween room tenperature (20- 300C PCHOB2M8000408
OC, nost typically at roomtenperature. (8) lonic
refaoaregtyh .o fEltdet remlyitde phicde assxdigiiartis Inay tied ddded that
ot assium. chlori de_ and. sodi um chl ori de, may be used jn
e "ot et LR TG 1R tth B THE BT adP
nlafHes-izangid remddiatnsol @) Verde rdveh Af Ziiﬁﬁﬂ'h?cle and are
cog?onents and conditions outlined in (1)- (8) above
usred MarRlt [fe iAW Her qridind oo fismastatsign eqihitde may
: t % (Wl V) ef Vo qup t o st
1glr%e eregglfglt%<8ltg}(n\lgrt 9 £ eeﬁrfa[ %lll)rlﬁlx'i ngﬁf) élheg“pdo ese
coaripdient dutlThire issud inmitdd/ tragl atlggedlniwhedy ee of
tirri and pref erahl tirring i.s achieved such that
SRS R St GRS Qo rHge S an
JAR} S A HE Ptk ANt R 1 Ll SHb TP NRI N O UL B BIONOWo 1 ymers
It Wil be apparent. to those skilled in the art that
(Bhid -e rHe sdiudenaalivinles(RRS) Jaland dgryichgeic acid.
physi co-chem cal nature of the precipitate, further

vari abl es such as the collection system and/or
el et s setd fiised he recovery of the precipitate,

whi ch _n; i.nvol ve purpaseful .inhibition of
S HARE MALRI A T Shd 1 ST g FRgEion may be
s acHery |soaffectid he MRl icd B {d£61y Hoempdnt
these are general variables to any such system for
aqgl i i addtareset | e fudbina Sl ani ghaker v9¢ e3s

e i.an. t i pitate Lal . .i ;
SRR Sl P G P oA et Plor Vo Bpay ipicne
cbigpdl i teicbrpy odurtie nEympdwitel@ts cRtithe Soneemat Brveamdion

be in the formof a hydrated solid phase I%g&ﬁd-nngié
W%%iﬁﬁﬂ@?%ﬁ&%fﬁﬁh%ﬂ%& | tF St ertafe ¢ F15%e!

PRRA et 40 4 19S8r Stkihd | 8vention, a pharmaceutically
acceptable excipient, carrier, buffer, stabiliser or other
materials well known to those skilled in the art. Such
materials should be non-toxic and should not interfere
with the efficacy of the solid phase materials for the

application in question.

The precise nature of the carrier or other component may
be related to the manner or route of administration of the
composition. These compositions may be delivered by a
range of delivery routes including, but not limited to:
gastrointestinal delivery, including orally and per
rectum; parenteral delivery, including injection; dermal
delivery including patches, creams etc; mucosal delivery,
including nasal, inhalation and via pessary; or by implant
at specific sites, including prosthetics that may be used

for this purpose or mainly for another purpose but have
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in the art that at any of the stages described herein
forrecovery of the solid phase, excipients may be
w@eosdodibat mx with the |igand-nodif ied pol yPCT/GB2008/000408
oxo- hydroxy metal ion material but do not nodify the
tiptd nvsyephrticle and are used with a viewto
optimsing fornmulation for the intended function of
the material . Exanples of these could be, but are not

Pﬁéf&ié%hﬁfbagl¥8ﬂbb§ig§®n§h9§9h8fép'Qémiﬁlgtratlon may be
phosphatidyl choline), sugars and pol ysacchari des,

igugarakleohotartely, g@y@@rolgelpgryhbqs1@efgrm A

RGE Yy CREELIIS R K5 P EEER F BRLe o

a@i esimt . |n@&ptub@snmaybhaﬁerﬁpé61&M1éed psepentaesaegeh

of biologically relevant  a i cations, |ncl
2f AMPBESHIC { B2 BLRS ne. bhaRARCERRFERReuRbER L PONRPSLCions

gERSFRI1¢, iRE1REE SANRE Y Qi €8 £8PPESERI 8BSwatdhe _
conpositions of the present invention may conprise, in

p@uu®l¢@m,t@n@m@lo@rnﬁegebablﬁeosbSvdmpﬁa§élnﬁ@érpals
ﬁgtléngfftloph 91 T H@gfu 5 f Eyséiﬁ€95 blﬁextrose or
ef

xc prent;-carri I'ser or o
oﬂnéfrsatehweiaekﬁomnttonthﬁsglykonbeduch hbeeahyleﬁach
mat eri als should be non- toxic¢c and shoul

9%%?%%fePany%ﬁn?h@leP%caEyPBEY?EEYiSPngbHaQé may be

1Bl gaLal s &ﬂéréh@h@psbngathQaha fugeskien. pEmg BkecCi se
nature of the carrier or other conponent m e

hY@rax@dmebalheonamaéﬁrgalr@ae@SOthbﬁ1maéﬂtaﬂnéﬁ R a
sibTa PEREe' &1 90 FOVERGFRTPERL] Lant IRy BE dCLLNBbAdn: o

Fvery routes I nc
thémbedrial, gast mainbeshenaksdeli ver gelenel adimpgnents of

orally and per rectum, parenteral ﬂeliver | udi ng
thﬁjg@?WB%ata@PnﬁFceﬁgﬁvgﬂy'|ﬁcgudw ﬁrﬁaﬁcﬁégu %reans

f8£ﬁulayseﬁabfdehéVﬁéxerhaqluglmgdeasal i nhal ation and
via pessary; or by inplant
For intravenous, cutaneous or subcutaneous injection, or
injection at the site of affliction, the active ingredient
will be in the form of a parenterally acceptable aqueous
solution or suspension which is pyrogen-free and has
suitable pH, isotonicity and stability. Those of relevant
skill in the art are well able to prepare suitable
solutions using, for example, isotonic vehicles such as
Sodium Chloride Injection, Ringer's Injection, Lactated
Ringer's Injection. Preservatives, stabilisers, buffers,
antioxidants and/or other additives may be included, as

required.
The materials and compositions used in accordance with the

present invention that are to be given to an individual

are preferably administered in a "prophylactically
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at specific sites, including prosthetics that may be

used for this purpose or mainly for another purpose
whoeioskgeiad hi s benefit. Pharmaceutical conposi t PONEBR@B/000408

oral adm nistration may be in a tablet, capsule,

epoedet yegaehoanthi gui d Fenerapectidbkal 15y fifraekude amount”
solid carrier such as gelatln or an_adjuvant. Capsul es
(Riy thavE2EBelPY| PSedap Bﬁéﬂpl@§°§H¥Ha§§5aﬂa¥npgrlc

ceﬁéﬁaagestHHkQ 9'5‘6” ‘&Bﬁ%%'e%b %QﬁgéiEhQn%og%ﬂ%Wlbleheflt
i nclude a |1 qU|d carrier such™as water, petroleum

tanthallndlvegsaébKe gllblonwneﬂabléntyar s{¥heheriteial

a%iln P SI% 0 |cg sallnea qutlog mde>étrose or ot her
ggcﬁa? g&"35 uFlgﬁ 8 ch8|§ % as SPﬁy e e

aghyaoktrpeopyl enelgl ﬁépbnﬁf opokyet hyleme ghyc @lev&yid@e of
I ncl yded. VWhere the solid ligand-nodif ied po

whREhy8r BRYPHetEPALEER - e PEFFSE 1REGE O6 B%%’&F“ﬁf%vn@dg

akRi8i80ki dnf BhThgR: Gt cl 0160RLikak nt REcdekisyen 1918ty of
component of the material, it may be neceSsary to

gsekwel puApbAsADDETE taimel fod;hnturl atqedonaécei@nc@pﬂrgl yyang g.

ere I id fornul rial
c0FE R e TR 00 B LBeTBRRLL ot TR, e
cohdinfieat b@ntak tlheuszuaelaqf paftfikntt, i ahe tsliaea@;tﬂ velivery,
ingredient will be.in the formof a parentera

thecBgthBre O&qasBieissration Grds @EhERs TG TRrS #ﬁ§¥n to
pE&EQQ%@onEE%e a%&a&@ie%ubEaQE% E@chhﬁ %%'@ﬂ&fﬁ¥8iocols

tability. Those of "rel evant skil he art are well
mablteotledpabpmee cemi bablfeound g @wlmt@gl o Ghogymagsautical

t h d i,.d
SRR Yo, D 2 RO m g Do i
wRIesekvat v %&mp’i)tsa.b;lﬂdrﬁ &l=S, B@Jfafchfmlsa:ré;‘clsﬂ(laimﬁa or in

and/ or other additives may be included, as required
cPRbLpatd ona M thn @ ek SGSa a1t b e 4T eﬁcé&“ﬂ&ﬁ%‘%‘i 4

o&h%equentlally, dependent upon the condition to be
treated.

Examples of the uses of the solid ligand-modified poly
oxo-hydroxy metal ion materials disclosed herein include,
but are not limited to, uses as: dietary mineral
supplements and fortificants; therapeutic mineral
supplements (e.g. as administered by i.v. and oral
routes); drugs, nutrients or cosmetic carriers/co-
complexes; phosphate binding agents; other binding or
sequestering applications; food additives; anti-
perspirants; sun-protection agents; vaccine adjuvants;
immuno-modulatory agents; direct cosmetic applications
including exfoliating agents; bone and dental
filler/cements; implant materials including brachytherapy,

and imaging and contrast agents.
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present invention that are to be given to an
i ndi vidual are preferably admnistered in a
wO prospdoaBact i cal | yef f ecti ve anount” or a PCT/GB2008/000408
"therapeutically effective amount” (as the case may
Lhganalmbatughepr pphyl axos hyayohedeonsi-eeniad st herape) used
this being sufficient to show benefit to the
ABNAPRPUGRPREE. §OThREEFALESBAL PY) mediga labengt idnmoud

tﬁﬁglgkégergﬂer@ngréa grggdmghﬂeeﬁgﬁﬁigsof

adnmini stration, w | epend on t ature and severity
of mhat i's belng treated Prescription of treatnent,
O..deci si osage.etc, is within the .,
(FLSBBRERREPRS JP-GRRETRThR . FRpPORBrE R viiRe: axe
gandiraallydaahohs standdt ppi €akl prhakes aceQuibutkst For the
di sorder to be treated, the_condition of the

LrRAFPEBRGaPEpaRfdRRtipRe dncaugingelireer fefind smsihod
aﬁgeﬁggln&§EhaHb9Qc§€ﬂcgtgﬁﬁ Lackens %%OWﬂrbﬁlC disease.

practitioners. Exanple t he techni ques and
Theotbevhpentnti edmdnabsvetdien bé ﬁa&&dlBﬁSR@ﬁlﬁ@Eowreﬁent
.Phar pmaceutical Sciences t.h Em
lE?’ﬁBﬁSBt FEYwWR FEwSOEJW‘Fgﬁﬁ?. v o%&?r‘ft 8‘ﬁrﬁ€;}e€e and
c8pBtnhsler @btal 6Re ebnicBmEerhiNAkkeon Wellythiddoietin.
treatnents, either sinultaneously or sequentially,

dependent upon the condition to be treated. Exanples

(9h) tﬂﬁ§¥§%§oﬂgltnge§9|#gesbgaﬁg VF@EEhb%@dp%hég%ements)

oxo- roxy nmetal ion raterials disclosed h
whmchudee betadly Mot brailt de¢ltiveryses as: dietary

m neral supplenents and fortif icants; therapeutic

m neral supplenents (e.g. as adm nistered by i.v. and

(9hah Fewtes) cafityQs, Thelkl @als ber teasiRtichal forms- in
carriers/coconpl exes, - phosphate bindi ng agents, -

LeirRer Ofi RELRG afid§éqG@stf@Pﬁn§ra§51 tOaPNE$2sLo g OF more
rggghEI%%§El%akéﬁﬁr%8&%%n%%ﬂh %n @g&ﬁ?&hb%n IS are

vaccl ne adj uvants; | nmuno -no ul at ry agents di rect
addsdet(ilé kappbkiltatiropepper) to food at the time of

ingestion.

In all formats, but most especially for fortificants,
subsequent formulation, such as addition of a protective
coating (e.g. lipid), may be necessary to make the
material compatible with its intended usage. In addition,
any of these supplemental forms can be co-formulated,
either by incorporation within the material through use of
co-formulated material(s) as ligand(s) or through
trapping/encapsulation of said materials, or simply

through co-delivery of said materials.
As described herein, one particular application of the

solid ligand-modified poly oxo-hydroxy metal ion materials

of the present invention is for the treatment of mineral
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i ncluding exfoliating agents; bone and dental
filler/cements; inplant materials including brachy

W b@sapsi30 and i magi ng and contrast agents . Li geemeaoaisioo40s
i ed poly oxo-hydroxide materials may be used as

dstippl enends, f bor netkampl OndtonrdasedeLahcpenefnt anl n
this area, there are three mai n exanpl es:

a MRtV ¢ CAPPpHESRE BRI BRS @%E@E%%%%t@?ymhéL%maieyed to
bfﬁﬁa&@'éa RE51L 0154 eL S e b e PLALNOT 1h- ¥n [RYLIESaHAN .

treatfrent of indications including iron deficiency
Buanesyr @f é¢xamptef i thenfgrahd dneentempbsihionscdisclosed

di sease. The therapeutic.adm nistration of .mteri
ngr SR BBt o Tt O RE) BET neoR} uBERT SRCUREhEOT
u®d hefi therppopayaadiespectabiymeht hot herenncenitashcy or

.use of erythropoietin. (ii) Nutritional (self
i¥pséef belepey cAB3elia uEPLeheht ) PanPeaParEedsusFl v

dié’%%&’éé‘é gﬁ:#)ﬁ(?ﬁystéﬁ&é}dFﬂééliné.tbff@@iéal dhese1nayche

traditiona orms- I1n terns of being added to food

cmmmﬁstrp g?chhﬁﬁees.3L1nonedeétehencwrahﬁ Leant dpipgency
such, as_' Sprinkl es’ ich_are added (L]

aSREBiA) MY PEOHT At RECERREOR: “ThestrbRTe) AUk B0

ih888GLSte bHLt PR  ofSpechatk! yof ekcéoslive ieant 8psses, or
subsequent fornulation, such as addition of a

thevteeyi be esaprhgted. yithi praySSRtly SBEPnBEeBERRPREY °F
1$§%§E%QE,"B£eEhé§ pagﬁﬁélQégoéﬁsheht§ﬁhﬁta&ggaségagach as

rtion, any o ese suppl enent a ornms can be
indlafwahukgt ddsoeideler bancarer podareos lwinsiug fikdency .

mat er.i.al. thr h u f.co-f | at ial
T gaRaELshor CHRPBLGR EYARRPRG) BHERpEIPatr ool sad
cPptREbBbSesE SkBBLYatBaOWgRhCandehtiveny ehreaiid disease

materials. A s described herein, one parthuI%r ,
mappbRc AMPERVEE Pie COSIEEtRAgRYdEREJRELEF thgrRy delivery of

s%é%éﬂxgr9§$n”5hﬁ'tk%% @%L%%hﬁb%ry of iron with

erythropoietin or its analogues may be especially
effective in overcoming reduced erthropoietic activity.
Thus, by way of further example, the ferric iron
compositions disclosed herein may be used to deliver iron
to an individual for use in the treatment of sub-optimal
erythropoietic activity such as in anaemia of chronic
disease. Anaemia of chronic disease may be associated
with conditions such as renal insufficiency, cancer and
inflammatory disorders. As noted above, iron deficiency
may also commonly occur in these disorders so it follows
that treatment through iron supplementation may address
iron deficiency alone and/or anaemia of chronic disease.
Tt will be recognised by those skilled in the art that the
above examples of the medical uses of iron supplements are

by no means limiting.
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of the present invention is for the treatment of

m ner al deficiencies, for exanple iron deficiency. In
wa@eooaloe@snat i ve application the materials nay PEI/GB2008/000408

enpl oyed to bind or sequester a conponent present in
ExperidienitdlalDedtripbicof exanple, the ferric iron
ositi.ons disclosed herein may be used to deliver

#ﬁgﬂ%iifgi?q ndi vi dual for use in the prophylaxis or
T2l Ahdr=0n HefdL interien d R <defidd d

anaem a which may be suspected, or diagnosed through
bsodedidicg lhaopdtisladdicns Bt dncdives: cHatiastyr yupplements,

_ques.. | .Gl en iSO | Ci

SRR T SRR R A S g

(lananche q waice amﬁnb idetdsgn remtdu g atlang xc e SBiase iauwE dfissesso-

or the y. be associated wi.th stresses such as .
8 5 IRHETRA ORY At & T s OB 021
HopRaT8e SUGUES dNfldaamiar Widissandarch L s and

renal insufficiency. In addition, there is evidence
disaoomeg atdube @1 atesdive Sl apeshditatasy afkappt to

. ja.ef .chrani.c, djsea '

R S L S S S S
it ddiate aredelbw emhe afctiuadn stitdrtema hredpditet i kel of

i.ts anal ogues may .be ecially effective.in .
té%rpé&maﬁg' rﬁ?o‘ifc]éﬂleer&ﬁ%oé%ﬁ:’é‘ﬁyréf é’é}‘icrvi"f’s?hlfhu?}e ppttice
é@éﬁ&:fuxfégr,t hein emde £ ide it dsik aarpastidons

di scl osed herein may be used to deliver iron to an
mimgindldual Thirs U T8 tc tyigiednl ofeadib-@ R apund
SIHIUORY Gt APl MY UG A5 dd) Alacl2 0 CEaRi G

I'sease. aem-a of ‘chronic di sease nay be associ at ed
pMiYid%ﬂmﬂﬂém&m'ﬁiuﬁlpmeaigﬁﬂyispaﬂiﬁiﬁdwphysiﬁwmmhemical
and inflamatory disorders. As noted ove,,iragn
Qﬂﬁﬁ%QQQﬁﬁﬁqﬁﬁﬁzﬂsNP%ﬁﬁNﬁﬁﬂ%P?xﬁﬁﬁhqqp ?%%el%ig%?%%r%nd
S e :ﬁl{#ﬁ"@d thatad reatdend ddMUHE if&fuired. The

suppl e tation may address iron deficiency al one
et for i e gk ofaxhiraht v kegkeally compatible, food

grade ligands allowing rapid introduction of novel

materials to human subjects. An exemplar of these
materials is the production of a novel class of iron
supplements that may have therapeutic parenteral and oral
applications, as well as widespread roles as fortificants

and dietary supplements.

With supplements, we believe that one desirable property
is that the rate of nutrient absorption mimics that seen
for the same nutrient when ingested in a food. For
example, with iron, the rate of dietary iron absorption
can be controlled through the rate of iron dissolution.

In the following examples, we have produced a number of
different solid ligand-modified poly oxo-hydroxy metal ion

materials using the process of the present invention, with
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It will be recognised by those skilled in the art that

t he above exanpl es of the nedical uses of iron
wGaupplhsirent s are by no neans |imting. Experi nePCEGB2008/000408

Description Introduction Inorganic mneral -based

tatfihabs Dayer WEdesyr eedpbs ot oghsathappketabkensrbhatin a
i nclude: dietary suppl enents, phosphate blndln%
cyeRPslednfagien - | nRRRe ] 4§ aRRat (BRanfFaERdO

dﬁ§§6P§E§8hr@fi§ é@iH theT?S§P1@r§r8£t€8 BQfBBHHEéBego

I n such e m neral physico-chem cal
tm$om@¢®$@$ rs@uhtaserébestbf tnsaofashbonahbiAtoprevents

di t dest | | d
o P8R TRt Fonr P oulR ERheH 58 B TBocroRBs B i gt tne
cProcesuienwhee ebiet heraghuah steugéyieabat.t henligvehe

of the primary particle (the primary unit within the
f?%f%?cérgFrGEWBP%}tloﬁﬁnOBetHEdP¥?§§nRA#ﬁVﬁnB%PHeShould

hé@édigﬁéPe%Qkﬂféﬂhﬁesgbhél”QE %EEQEEHthgtﬁQQ 1,834 not

to profound changes in mnera aracteristics and can
ubdetgnefatdleroedde avading wint hheregutsel ynspddiftied,

si co-cheni c ar act
B R o) S05PF <CRnAaRLaR o ChanchiBanhPi Rt hondtrapyes
dﬁﬁﬂéﬁeﬂﬁlYeﬂﬂl@&QtrIBepHDdéf¥UBglﬂgéﬁtﬁna&epﬁ|| There is
bi ol ogi cal |y conpati ble, food grade |igands allow ng
a¥%9|ah¢nP@%aab%iéHYonnéeéﬂOﬁﬁﬂérFaﬁscpﬁpﬁaﬁﬁﬁons £o

d§ngf9&SatAa f@ﬂpherrgﬁeghaé efBL 8L absni $nkhe

producti on ot “a hovel ass o I ron~suppl enment s that
congehavatmbarapemron parEheeiabaéndObuahoapdblgattbﬁsgut

pread roles.as fortificants _and
14t Tr yoEipoEEREnEES aPPROEabEPRRcheY. “AERBelT &78™ hat
régeidesthabl erpeppeehyikénhbat &ha thue @fkoAUkeb@Atrements
absorption m mcs that seen for the sane nutrient when
oﬁngagtégdpﬁlgupéed Thgr remaining, unabsorbed luminal iron
would be largely unavailable for undesirable redox
reactivity within the lumen and would pass harmlessly into

the faeces.

Nomenclature of materials

Throughout the examples the FeOHLp-i:j-Lgk nomenclature
was adopted to describe the preparation for ligand-
modified poly oxo-hydroxy ferric iron materials; where La
refers to the ligand with higher solution affinity and L
to the ligand with lower solution affinity for iron. The
ratio i:j refers to the molar ratio between iron (Fe) and
ligand A (Lp) and k refers to the concentration (mM)of
ligand B(Lg) in solution prior to the precipitation of
ligand-modified poly oxo-hydroxy ferric materials. Where
only a weaker ligand (ligand B) was present the
nomenclature used was FeOH Igk. For example, the material

defined as FeOHT-3:1-Ad20 was prepared using a molar ratio
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exanple, with iron, the rate of dietary iron
absorption can be controlled through the rate of iron

wale@sobaisé on. I n the foll owi ng exanpl es, we haR&I/GB2008/000408

produced a nunmber of different solid |igand-nodif ied

oPOLNrOXOFBY Hh08Me Mehatrh 08 SR EAI abficHBLRELERA BEOEBSHate
of the present invention, withthe aimof identifying

OofoAPoBYt | oRBSt hEPTr EPBESBLTABRONN1IE EBABEAPReyas 40 mM
o) LALL-S4 Lhat 4t r ' tion wll
ué?%%%/?ﬁggggrgrgé#ﬁéﬁ t%nbgﬁ%o%gggggtgééﬁghﬁﬂcosa
reductase (DcytB) in a fashion that prevents build up
Mo{ irog in the |unen or bolus absorption into the
RrFEtfafi on- neither of which are desirable. Thus the

aferehemieanscRapesplirensasel thempregRat AlByeshi Oborset,
shoul d have | ower gastrointestinal side effects as

UKheyndesf abhegndeegereadfieds edbklcyebPrgtrayt Warguivas
' tian. : s o h & gur
42@?@%@@%@8%%@ A5PREiLPsdRSLEANh %g%gge%a&amn

ferently at gastric pH ver
of nthst LighngHuodhéiedi podlysoxbhbygussiybifkirtrycofiron

tail th i ti tq dj | t _diff
maERES bEnSRE ! FGoupdn "tHE SEHEEntFRE BRoBREFFolER CRET
gkagal caehtith®8 6€. Phathgceutiktdregradsuehetiatlhalso

conposi tions may sense' iron requirenents of the
feani poamanblandchbhuyithoRhee§UFERREANS O6f thRe Fe

h ndividual h .nipd, inal s ;
oL SRR ALl ro TRt TL T, pUOpRACER LOTLRR i eric
cheartdei Witivht hes phecheped &mdmweheogpass Boaloigess| y

into the faeces. Nomenclature of nmaterials Throughout
FFABCExanpl es the PeOHLA-i :j-LBk nomencl ature was

adopted to describe the preparation for |igandnodified
poly oxo-hydroxy ferric iron materials; where LA
Meghefls to the |igand with higher solution affinity and

SE?eESi%HeaE%g§nd with |ower solution affinity for

1 ron. e

A series of dietary ligands was tested in a screening
assay for their effects on the formation of solid ligand-
modified poly oxo-hydroxy metal ion materials. Briefly,
in a centrifuge tube, a fixed volume of stock solution of
ferric iron (400mM FeCl; with 50mM MOPS, pH 1.4) was mixed
with varying volumes of a stock solution of ligand (400mM
with the exception of maltol which was 200mM, plus MOPS at
50mM and 0.9% NaCl) to obtain the desired metal: ligand
ratio. The volumes were then equally adjusted to parity
with a solution of 50mM.MOPS and 0.9% NaCl. All the
solutions obtained at this stage were fully soluble at pH
< 2.0. A small aliquot was taken to confirm the starting
iron concentration and then the pH was raised to ~6.5 by
drop-wise addition of concentrated NaOH to avoid high
volume changes. After centrifugation at 2500 rpm for 10

minutes, an aliquot of supernatant was taken to analyse
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ratio i:j refers to the nolar ratio between iron (Fe)
and ligand A (LA) and k refers to the concentration

W@ edup/ood130 i gand B (LB)in solution prior to thePCT/GB2008/000408
precipitation of |igand-nodified poly oxo-hydroxy

ther ironmatraialiag YWerselanliypna wehketrehmbdaicg( sugperdaBant

was present the nanencl at d.v OHd LBk .. F
W%iaﬂbﬁg?rtiﬁg ratleRi Lxg fVﬁiﬁgﬁggge@mﬁgogﬁﬁﬁ%%f%&? at

pRI EPWBBsUSbRAM) ac#0bar ar ahtaehict hrea e @28 then added
tartrate and a concentration of adipate of 20 tnM The

tprbhecwateaphati of eAcbobubropndad nggbaiednieesndghteat

rgégeEg%ﬁgrg@uEg? f&%grEHEEQeQQEFggggﬁ{%%%%ﬁékggFgeﬁ?soo

chem cars Were pur chased from
rpif, forl essmahbeew)seanspaai dileduoAl bfl asbpeathatpmvateken to

was i n pol ypropyl ene. The materials used in_t{he,
IBFERRIAE Bﬁeoﬂrpﬁ_e tihﬁgawa?néaﬁﬁgﬁéagﬁ-&ﬁg‘-ox -&“ﬁy&lré’%’y
cbBEERErhEIRnMBLEeERRNS afi 9GubRe whB Me¥gusledd HLyWaic®oES

prepared with food grade ‘chem cals or pharnaceutica

agrayeieheni cal s al so from Sigma-Aldrich, with the
exception o f the 58Fe el emental iron used in the
preparation of the 58Fe ferric chloride which was

TRYt-akdsed eikpeniGhengas, Boul ogne, France . Methods
Screening assay A series o_f dietar

N1 | i d :
Afedradicn cRUeEneERihy S5O8YF £or U o rects G dRETic
eI R el SRl thd GaRGTREibn @GrRelin g dindeax the

qptal lon materials. Briefly, in a centrifuge tube, a
lfigrad ol igaed Bstagclotdl dtiigemdo & omsk B @b mapyepriate

TS 3t 9% SPCTR Doty 88, RS0 i e
ceiskly toheexgeptdorledtrahttel (urc kxsaple 0N gt &C1)
wyg %fstq %%M%fnd Tcl)iegoé)o%%i)ont (x)na%btma:i.ix%c{ r1‘3’1odrectsl,ilgrheldy and an
aliquot collected for analysis of the “starting iron”
concentration. The pH of the solution was always <2.0 and
the iron fully solubilised. Next the pH was slowly
increased by drop-wise addition of a concentrated solution
of NaOH with constant agitation until the mixture reached
a basic pH (generally >8.0). At different points during
the titration, a homogeneous aliquot (1mL) of the mixture
was collected and transferred to an Eppendorf tube. Any
aggregate formed was separated from the solution by
centrifugation (10 minutes at 13000 rpm). The iron
concentration in the supernatant was assessed by ICPOES.
In some cases the supernatant was analysed for the
presence of aquated particulate iron and the size
distribution was measured (see below). When aquated
particulate iron was present, the supernatant was
ultrafiltrated (Vivaspin 3,000 Da molecular weight cut-off

polyethersulfone membrane, Sartorius Stedium Biotech GmbH,
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ratio. The volunmes were then equally adjusted to

parity with a solution o f 50rM MOPS and 0. 9% Nad .
wWa\RdosIa3sol uti ons obtained at this stage wer erdTGB008/000408

soluble at pH < 2.0. A small aliquot was taken to
ceevtingehhecetashi/ngahtopheoneent cahtentaadibhednt hie

pH was raised to -6.5 by drop-w se additiaqgn, of
fé%ﬁ%@ﬁ?ra%e@-hﬁ@PﬂPHlﬁngBnhPgWa§oFBﬁ%Y§ﬁ§n8¥S;CRPF§r

centrifugation at 2500 rpmfor 10 mi nutes, an aliquot

of supernatant was taken to anal ysethe iron remaining
PrapsubbtponofThelidmiiigang -wage £agta o Lia xdi-doskeed

and.a f.ixed val f dissolution buffer at pH 6 (MOPS
T Ohif 6FOBHm2%€%g§#%C acid 10mV) was then added tg t he
Thet maekiriadlk @aeh pubeaand Eotlbated avetvitghilatsimidam

tenperature. The tubes were then centrifuged (250Q.rpm
tpokheotArKatde SH¥RSEAMERLqE6ECETPE @k ggant &F%&ygoan

adeheENLBa-ERe rhiel LRaEWaS10k38A0680aLR whike dddd to a
concentration in each aliquot was neasured by | CPOES
sahakyens contatinangosiskeer thentdoandadi dildgand B or both

concentrat ed_sto ti f Al 1,QNn feer i
1&ﬁﬁggiée?n g'adggdggggacggF%tpdﬁ°co SZFﬁﬁﬁgégﬁﬁ%% te was
attbe bidgaad AThel irgaadtBnor phot bfl itiendoAvaricrBwats always

appropriate concentrations_to qhtain the desjred L
<Rai: 0dnd| kheofgogadad 1y, §%]1}&P\}%&Iseé31'ectT Ffde Sollr\éhen

%ﬂgj Ga g G hreRs «alss0 sadded.onlheE $0lddrimtsated
S%%xe ?ﬁg?bﬁghly ng an aliqugt qolfgéted for analysis
sofLutthen" sifaiNeiOfy wirtdn'constreer eatiitet.1iothargH fraardiing

ol utian .al <2.0 and the iron fully
tg&lﬁﬁﬁﬂﬁ?%@%1ﬂ5§$¥§%e pH was sl owy increased by
drop-w se addition of a concentrated sol ution of NaCH
wi t h const ant %g{tatiqn until the m xture .r acﬂg%%a fire
st TSRS PO OFRE K Ao Fri Pt < g
nFi@c%tL&let LAld Qe R OO @ iduinddifigdfbddele and
m Xture
gspun at 4500 rpm for 15 minutes. The supernatant was
discarded and the aggregated solid phase collected in a
petri dish. When necessary, the solid was then dried in
an oven at 45 °C for a minimum of 8 hours. Alternatively,

the mixture (precipitate and supernatant) was freeze-dried

at -20 °C and 0.4 mbar.

When preparing the solid material as agquated particulate
material, the total mixture was either freeze-dried as
above, or concentrated by ultrafiltration (Vivaspin 3000
Da molecular weight cut-off polyethersulfone membrane,
gartorius Stedium Biotech GmbH, Goettingen, Germany) and
then air dried in an oven at 45 °C for a minimum of 8
hours. In some cases the mixture was dialysed (1,000 Da
regenerated cellulose membrane Spectra/pro 7, Cole-Parmer,

London, UK) in water to remove excess iron, ligands and
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was collected and transferred to an Eppendorf tube.
Any aggregate forned was separated fromthe sol ution

whyoosentise f ugati on (10 minutes at 13000 rpn) .PJTEBRI08M00408

concentration in the supernatant was assessed by
d1EROES: 1 e ss dreef cpas esnddrycsiuperarat avft  whes dm}ain@qdrcﬁmsses

d{ﬂh r% ean e of aquat ed particulate iron and the size -
Was neasured (see below) . Wen aquated
particulate iron was present, the supernatant was

ultraf iltrated (Vi vaspln 3,000 Da nol ecul ar wei ght
gan ofins IBjaardonate Gre Iigichrie 2 SRt ien Qe dihie

PSR G, Goed tqﬁ&%g;zi:tcfgms}e e cpe £ /A

concentration int ubl'e | ron",
txm%ﬁmdn;es:eabrb)oﬂ CROES bdRragyEa raet |aamdnfc spi d The starting

and- rmdlfled pol oon;ydr ferrlc Hﬁ] rmte(ilals
S Ao e T Dedt

bidaﬂ&fnat&a tvh;% éixter;ﬁiﬂé?ﬁ aﬁ:X&ﬁ{IST@t dﬁﬁé:ragb@do
Briefly, an acidic concentrated stock solution of iron
Wﬁélémeﬁjd%fd 4 H & FIQRIBH B TRk eﬁctjﬁé?lqrheoﬁ i el wes

A %fﬁﬁ&%%&?%@%}n ?L{E}?st 0L fgflb%t,g%

(qfrdgleamlmﬂ}omdm a:lcwet;kae wixuenchs heequioredul 1ty order

S UGS TR 00 it “Corirent I M S5 1 Gh 1 NaoH

o ddbeaniddMaad tation until reaching the desired
final pH Wen preparing the solid material as a
pellet, the entire mxture was then transferred to a

[?Jﬁgeéi%lgg t c%téses d spun at 4500 rpm for 15 mi nutes.

ant di scarded and t he aggregated solid
m’fmael e a&m:bdxetﬁtwlf IS‘D]aic]Del:'rgaIdﬂ'l-SﬁDdiNlEéEd' rp@bzssaxcy—hy@eoxy
solid was then drjed in an n.at 45 C for
o MRS VeE et 32t SiPh  fafolt &

ARsh shpernAant ) Masn f reaqe-¢if ivgifer (see below) were
added and the tubes shaken vigorously and incubated at
room temperature overnight. After centrifugation at 4500
rpm for 15 minutes to separate the aggregated solid phase
from the aguated phase, an aliquot of supernatant was
collected to measure the disaggregated iron concentration.
The remaining supernatant was discarded. The mass of
remaining material (i.e. the wet pellet) was recorded.
Concentrated HNO, was added to this pellet and the new
mass recorded. The tubes were left at room temperature
until all the pellet dissolved and an aliquot was
collected for ICPOES analysis to determine the iron

concentration in the wet pellet.
The buffers were either 50mM MOPS with 0.9% NaCl at pH

7.0; 50mM Maleic acid with 0.9% NaCl at pH 5.8-6.0 and
1.8-2.2; 50mM sodium acetate/ 50mM acetic acid glacial
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at -20 C and 0.4 nbar. \Wen preparing the solid

materi al as aquated particulate material, the total
worRooBMv@a3mas either freeze-dried as above, or PCT/GB2008/000408

concentrated by ultrafiltration (Vivaspin 3000 Da
wirohecubar Naellght pHt4006f4pblyet hersul f one nenbrane,

Sartorius Stedium Bi otech GrbH, Goettingen, Gernmany)

and then air dried in an oven at 45 0OC for a m ni num

Iﬁfv§tB@U§§stk81§@E§t9ﬁ§§Sd&?@sﬁh&hué%sW§S di al ysed
(1,000 Da regenerated cel ose nenbrane Spectral/pro 7

AR gopenpapfieEhelsndds, ligpnfnmedti i edo PP PECe RYEE XY
f%%?ﬂg hkgﬁ”HétSPQShScé£°£¥£§§89ggg§§ &Q&%&%Qgg?ﬁgR%19f

Ng processes descr
fértaﬁboeanphaSeligandlB ahvaridei, onrotintbds fpedt dealric

was. used to avoi d,re| ease of CO2 fﬁon1tra sfornation

O¥P-BYCaPEOASt eSFHINRLEPE HPL 6TRE SLEFERNGLsIFQP offSTe

aaaaaatelagsyheﬁeelé ga@eelapmgteaaba» aedubiicar hgnake of
was prepared at pH . The appropriate vol une of
2a9/§|Haﬁémc@nﬂEaMeHCét@@ﬁ SoBUE/ B8R BPICLOS WEPSiRenand

%ggggtgdogt %%:dgo%°$é%F%ﬁﬁéé%“%l@h“?&é&&f'Eﬁ%§l?%.

progressive € mxture as require
Thetfers WD alffwaye masunanngagaatzzcsmliharéumam pHdefi to 30

e _preparation 8. 5. 'sa ation, Ki
mﬁnﬁén?¥n5Pe§6F|3uP§§Hﬁg ﬁgh Q as%ﬁz no$P
paﬁ&&bsthhoanaabg ralgcuene gd%ﬁdwl@b@bb@aﬁé trirger Pu

nmg iron per tubé) . Then, 3 nL of buffer (see _bel ow)
9méﬂe a&@edfanéltM@lum§e§a§héﬁemlv@@§r6@§|ﬁlﬂﬁ& PH was

CUb ed at 5%% %gng%Eﬁkg%%dp%gr%Wgetfoé“%@rmln with

ntrl uga |on mnutes to separate
rhheaagghegahgd sabmdgpheﬁasfmﬂﬁqmbasaqaaﬂedvph&ssohi&cted
al i_ quot of supernatant was Qolleifed to neasqu t he

a&l§é§§ﬁ€§§Fe&lmﬁoﬁoéaﬁéeﬂPF&Fﬁbﬁ € process an

centrifuged at 13,000 rpm for 10 minutes to separate the
aggregate and aguated phases. The supernatant was
analysed for iron content by ICPOES. At the end of the
experiment, the remaining solution was centrifuged at
4,500 rpm for 15 min and the supernatant analysed for Fe
content by ICPOES. The mass of remaining material (i.e.
the wet pellet) was recorded. Concentrated HNO; was added
to this wet pellet and the new mass recorded. The tubes
were left at room temperature until all the pellet
dissolved and an aliquot was collected for ICPOES analysis
to determine the>Quantity of iron that did not
disaggregate / dissolve. The starting amount of iron was
calculated from the iron in the wet pellet plus the iron

in the supernatant.

To differentiate between soluble iron and aquated

particulate iron in the supernatant, at each time point,
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The remai ni ng supernatant was di scarded. The mass of

remai ning material (i.e. the wet pellet) was recorded.
w@ovsentisat ed HNO3 was added to this pellet aneCT/G820081000408

mass recorded. The tubes were |eft at roomtenperature

thpéi frattibhewpsl hebodi:3eph ¥ Ut anddanvaihgpeh 82800 Da
collected for | CPOES analysis to determne the iron

MR bRACBHAF at E B E nC¥heohbt PREY P ERETTRET BURT BREDHRRE .
SELLHEL, 5QEML b &0 O 9% Na 0 : e
T h 0 Syn Rt o o Do 6 R ge: , 35 aeR R
agath uanatesedepy SOARPESet ic acid glacialwith 0. 9 %
NaCl at pH4 . 0-4 . 5. In vitro gastrointestinal
di gestion assay An anount of the solid |igand-nodif

Thedgaet Yo OxPeBY Ihaxydigest Cohl 68 gBhAEralis10hireantro
iron materials namely ferrous sul phate, ferric,
PEPPRFRBEONSr VARNBYUPPI EESFRrr VethBxBhiAyBPERY dEs1ing the

asgyi ¥l edt 41 05 B0AY éb@ﬂﬁ@ﬁ?&di?9”th$5?2n69989 tQ,a.
synthetic gastric fstonach solution (50 nL or 2 g/L
Féati¢c OyiSphéichahadldmg3fhlrbipor cBoetpepsitayrand
i ncubat ed_at _37C fqr nm nutes_with radi,al shaking. .
oA REIVELRRE8! 2008 (BEnt et iher PP LORFL U BERAS DR Egide
pbOyRel bsef copleet Bomguodenabreel ureeruficaatianahay ;
10g/L pancreatin and 2g/L NaC in 50rM bi carbonate
fepFier tpirvatiol FABIT (RELNIOFOke WASRIENALMAREN he
final pHwas 7.0. The m xture was incubated at 37C for

60 mn wth radial shaking. Honogeneous Aliquots (InlL)
MediEied| incvédrat gdptieinhestimelpdipestdon agseale

rocess.and centrifuged at 13,.000.rpmfor 10 mi nute
6 BPGI TG FhacaBl: LBt L ANACAN0Sr CacphRSaY CRTRaYdroxy

£8HPEENa-aAt muesranakyafdetokintidAteaNyaBE by BERCES.

At the end of the experinent, the remaining solution

inksSEERRL| FOREALAPNE ¥RY PBRPIBANES HEADGnd™: REaPted “in
v§HPSr8§E@95iﬁE§E¥§ﬁglfeﬁgggtion assay” in which no

protein was in solution. The absence of proteins was
required to measure particle size as these interfere with
the measurement but the procedure was otherwise identical
to the “in vitro gastrointestinal digestion assay” with
extra aliquots being collected at various time points for

the determination of particle size.

Inductively Coupled Plasma Optical Emission Spectroscopy
analysis (ICPOES)

Iron contents of solutions or solids (including wet
solids) were measured using a JY2000-2 ICPOES (Horiba
JobinAYvon Ltd., Stanmore, U.K.) at the iron specific
wavelength of 259.940 nm. Solutions were diluted in 5%
nitric acid prior to analysis while solids were digested
with concentrated HNO;. The percentage of iron in

solution or solid phase was determined by the difference

42



10

15

20

25

30

content by I CPOES. The mass of remmining materia

(i.e. the wet pellet) was recorded. Concentrated HNO 3
wormsagded to this wet pellet and the new nassPCT/GB2008/000408

recorded. The tubes were left at roomtenperature

beittbédn athe tdieaPel hpt i Hbis S@bvEShBNEh@Ne 2thEHOoth¥asron in

collected for | CPCES anal ysis to determne the _
thriFR 1IN PREHH Phathei TPt 11 Shggrelht ePhraar sdaperding
od NenStasding anount of iron was cal culated fromthe

Iron in the wet pellet plus the iron in the

supernatant . To differentiate between sol uble iron

.Dagd aq&a ed pg%ticu atf iron in the supernatant, at
aTH PR P0I At XHT s Fr2ct19h was also ultraf iltered
THY| yB5P1 dh St 060 EBoM0b £Ctl @Foes Ohéd CpareiEles was
pol yet her sul f one nmenbrane, Sartorius, Stedi um_ Bi otech
AL TRt i HYR e MRF HefT) Zehd? 808 W BRaR ySedrayrP
ai &S on T&&ﬁ‘i@aﬁﬁémé‘{ﬁsﬂé@}uﬂéﬂ%%ﬁ& Of1a $QBPE! CHR) ana
ITon preparations was also tested with this assay
nasdngizée poseloles ovate i doneretoneadewiied dyZehasizer Nano

2Sonia et chieimiirats B aarie Shngn Rl e PpBREFEizer
n&ob@vnent § eF&deir &3 dnoxsseppol yral t pestnenp! exe868¥

(Maltofer, Ferrum Hausmann) ; ferric tri-maltol_ 30ng |,
CRTEF HERIDFLON réme URPeRPE By TeMBURT1B3BIFNPIFELELES Prior

i t j Lon assay The particle size of

t?ﬁ%é§?%g%§§&%%%%“?%%S%%%y oxo- hydroxy ferric iron

mat eri al s under sinulated gastric and intestina

condi tions determ ned using an adapted "in vitro
SReteta e%%gﬁﬁfl%igestion assay" in which no protein
TWABshlsS0bUt kDBt Fbe AbeeBSEopl Bhat BhBSgyasikpEukied X-

to nmeasure particle size as these interfere with the
ra¥aALFLYeh® (BBK) t he procedure was ot herwise identica

pbadPesdfip YL RePaSLAQ  PLES HPat 1 HhgegibpBr83AgY tnYl N
powder in methanol and then drop-casting on standard holey
carbon TEM support f£ilms. Commercial tablets were
similarly analysed but were first crushed to release the
powder. Analysis were undertaken by the Institute for

Materials Research, University of Leeds, UK.

Scanning Transmission Electron Microscopy

Powder samples were analysed by first dispersing the
powder in methanol and then drop-casting on standard holey
carbon TEM support films. Commercial tablets were
similarly analysed but were first crushed to release the
powder. Analysis were undertaken by aberration-corrected
scanning transmission electron microscopy (Daresbury;

superSTEM) .

Infrared Analysis (IR)
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extra aliquots being collected at various tine points
for the determ nation of particle size. Inductively

w@ewpload3®Pl asma Optical Em ssion Spectroscopy BCHGB2008/000408

(1 CPCES) Iron contents of solutions or solids

(IR clpeditig Welres @ld1ds)c verT exdieas W ashmsd iR L H¥h@ ATR -
| CPOES (Horiba Jobin Yvon Ltd., Stannore, U K. ) at the
BEGTSSRE MIEa ISRt vy P fReSoTans iR Widie a

. . % it i g arat N . | .
e, T o it L Paf e PR 0 B som.
paedaitisgevege unoiertaksol Uy AITOrTesuldimdy Heaselaess (UK) Ltd,

[ 17 t he differencebetween the starting iron
%%%’t%ednyt} % e tr‘{%{f'

and "€i € iron in the sol ubl e phase or
the iron in the solid phase depending on the assay.
Determ nation of particle size The size distribution

M_Rgfm@f%iamcgﬁ@gaqlﬁsigvas determi ned using a
Mast ersi zer 2000 with & Hydro- nP dispersion unit
ERBEPLEEN Werrst apaditssd B, dvil wawiensk) dlmhmeanoi-agl Awmblets

rticl re _d rg_ne ith Zet asj zer Nanq ZS
e, ST, P e et B U B e ey x-way
dedSueentons anadyistied ano tsmrmrﬁvm%ilﬁyr et rtmnqxvﬂlweeaﬁsing
centrifugation was _needed to renove |arge particles
B PO i & B8 ol M HOSOur Eheed 2 LRetdot i ALy ST up
EoAnaMheeioR cBhe @l hen M 50s6epY  8RE - ERRT @ﬁKQ‘l?HQ[ sive
X - ray Analysis (EDX) Powder sanples were analysed by

first dispersing the powder in nethanol and then

#hfgig@sgbggrggighaqu{ hol ey carbon TEM support
'l ms.

Commer Cial tablets were simlarly anal ysed but
wetbg eiditisst crushed to rel ease the powder. Analysis
ndertaken by the Institute for
ﬂ%%it%ydgohng wom%n aged 18-45 years) with mild iron

deficiency anaemia (defined as haemoglobin between 10-11.9

g/dL plus either serum ferritin below 20ug/L or

transferrin saturation below 10%); or clear iron

deficiency (defined as serum ferritin below 12ug/L) were
recruited to take part in the study. Exclusion criteria
were pregnancy or lactation and known coeliac disease,
moderate/severe anaemia (haemoglobin levels <10 g/dL),
cardiovascular disease, chronic respirafory disease,
chronic liver disease, renal disease, chronic infection,
or chronic inflammation. Other exclusion criteria were:
surgery in the past three months, cancer diagnosis in the
last ten years, known history of hereditary
haemochromatosis or haemoglobinopathies, current
medication that could alter iron metabolism, recent blood
donation/heavy blood loss (in the past 3 months). \
Subjects who regularly consume vitamin and mineral
supplements were asked to discontinue supplementation 2

weeks before the screening for the study. wWritten

44



10

15

20

25

30

Materi al s Research, University of Leeds, UK. Scanning
Transm ssion El ectron M croscopy Powder sanples were

w@anaBpsas by first dispersing the powder in nepdiEG8R008/000408

and then drop-casting on standard hol ey carbon TEM

siupfeomted idarser(fo Wy ollaimdd efSomes Bl Séubjeddy. The study
analtig%eotsjL but were first crushed to rel ease the powder.

REASREY i RISk & Byieabots 5 ook (RRSqRECh Ethics

SCRARMIIH¥EL ransni ssi on el ectron m croscopy (Daresbury;
super STEM . Infrared Analysis (IR IR spectra were
coll ected using a Durasanpl | R di anond ATR accessory

i [ col et Avatar 360 spectroneter with a
V\\g;atz/"rg}gréﬂg}%érgnge of 4000-650Cm "1 and resol ution of

Jivd Expefnaleysissl werea turder tvakeredinhdd S Tsﬁﬁ‘th:gQ dose of
Services (UK). Ltd, .Sunbury on Thames, UK. X- o
u#?rg%?ﬁﬁgﬁnw%@smﬁhﬁi%é DRtE FharhEenoxy ﬁ?ymc iron
REWRGTIS 1. Hla 1t alll)s ereeSrdghed; tshd el efeisginég

the powder. Analysis was by X-ray diffraction ana
FoteHe Wgsinver siRernsfusCawlinlige vsi nped RIS |4 peferdre dose

P (t het t.het.a,. Qrs) W th up tqg 14 hour .
BN e 953 el il il ot it (etinea
als atptseonvist GdyreSutly eciigh iHealddty neungrawmeud®@gat curve
18-4% year? wth mld irgon deficiency anaem. a

(P ndP ad R0 giITH T PSHMERT FRILY FHIPIR LR
Qrigeft 16 UM FeTdidddbRRe! QR i ds Qfn WANSIRId iWith each
saturation below 10% ; or cléar iron deficiency
(Veeiinteg e cddmamaisefian iqvrbelaowriddng/ L) wer e

recruited to take part in the study. Excl usion

criteria were pregnancy or |actation and known coeliac

dics ésernii ey atts bospst ora et qhvdenoigliehinryadiiels of
R g#ﬂé)stable—isotope label 14 days after the intake of

labelled iron test compounds. The test compounds and the
reference compound (ferrous sulphate) were taken (with or
without breakfast), under strictly standardised conditions
and close supervision, after an overnight fast with 14
days interval. No intake of food or fluids (apart from

water) was allowed for 4 h after the iron compound intake.

Ten blood samples (12 mL) were taken during each of the 2
vigits to determine the absorption of Fe at the following
times: before intake and 30, 60, 90, 120, 180, 210 and 240
minutes after intake of the iron compound. An additional
blood sample was taken at baseline (before intake) to
confirm iron status (full blood count, ferritin, soluble
transferrin receptor, transferrin saturation) and

determine erythrocyte °*Fe incorporation.

Total serum iron concentration was analysed by a standard
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cardi ovascul ar di sease, chronic respiratory di sease,
chronic liver disease, renal disease, chronic

wo pdogo9d1en, or chronic i nflammati on. O her excPCEGBR008/000408

criteria were: surgery in the past three nonths,
cdrncgrcadi atpeosist riyn preddaste tersaedeans,  tHenadt HUdbs 8f Yemith
of h restarg haenochr onmat osi s _or haenogl obi nopat hi es,

E&r PentSHEg SRTOTPROFS FeHSE i ron met abol i sm

recent bl ood donati on/ heavy bl ood loss (in the past 3

months) . Subjects mhgsregularly consune vitam n and

RBfe AAiCcospeFadmem oinerke avkedle e seoht isireg an Elan DRC
I N ret screeni.ng far th .

BRI SR R R A B i e e kin

Elbeec ssieckhe Behudyypfdieddy| UMS afpieo\sathdlye tilroduction

Suffol k Local Research_Ethics Commttee. Study design

FHE CED SPPRERT Eiredt HeAEORTS o 8875 1fgide RIS T

2Bkayl 2bahedd,i gandmReithbied RRINE 0y 0 felhibrt -
iron material (60 ng total iron) or ferrous sul phate
eBg em§orot(dl mny dmternpdr dédased@iphat &liag et tdpred

c 0S8 - 0 I, f L ndi v I are poor
R SR eSO RS ALY B
Bebcaned iedder Uk e wetky aselUEb ernlplaasilysgsan Baseline

fol Low ferrous sul phate ingestion) . A crassover ,
40505 BeCrgn SRS LeSed [Fodacty =76} e P GHgaass in
Ree @whaGoRhRli kR 19D$RR @B WRiRASRG @A on of a 60 mg
erythrocyte incorporation of the 58Fe _stabl e- isotope

paBd| Fe4syppdeaens: lekeliledand téf 2mgbéiFed andm testond

u AT t est unds t r ef e .
BB 0T st 81 SATRN A0S AV LIS b racson.
wihbheublbpeakbas bl 1uteddarn ostfilel i tsi amdakgicstts solution
condi tii ogns and cl ose suggrvision, af ter an _over ni ght

FREEAMPERILE - 38y SEACEr a0 ONo Lisn PRIEE TG Pdod CorP ¥ ammonia,
Ehui ds 008Par hikkQ® acid. Instrument conditions were tuned
for optimum signal sensitivity (via the measurement of

Mg, **°In and **°U isotopes), minimum oxide formation (via

*%ce and '°°Gd isotopes to allow

the measurement of the
monitoring of the degree of CeO formation at m/z = 155)
and minimum doubly charged ion formation (via the

measurement of the 38

Ba and ®’Ga isotope signals to allow
monitoring of the degree of “®Ba** formation at m/z = 69).
Further adjustment was then performed to reduce mass bias
between °®Fe and °'Fe (approximately 5%). Detector
voltages were dropped from the typical -2400 and 1550 V to
-1725 and 1050 V for analogue and pulse stages,

respectively.
Preparation of °®*Fe labelled ferric chloride solution

A solution of °°Fe labelled ferric chloride was prepared

by dissolving 100 mg °®°Fe enriched elemental iron
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water) was allowed for 4 h after the iron conmpound
intake . Ten bl ood sanples (12 nL) were taken during

we@amk/0fi3d he 2 visits to determ ne the absor pt PONGBR00B000408

at the following tinmes: before intake and 30, 60, 90,
12hentBE;, Zdhlartha4Frdnud)esiml4 efr itakecofid he pepn-
conpound.. An addi tional bl ood sanple was taken_ at

SRS S 56T eSS, donf [ANIRGI St AR Hearqd at

hlgoed; gounfarber bhthh, FALURLGOLL-ARSHEr (AR LagGeROr,
transferrin saturation) and deperm ne erythrocyte 58Fe
igrecyusdrdat icer Tomms tserkenp rdre coviosntorathainil wes as the

! st rdcl i ni cal chem str r.ocedur e
PRot bt b AR P L i Sheneay
dhroonpehidieg kerse e (g91ved3BQ imnaal R @i myelrdfde p@soxide

determ ned using .an Elan DRC Pl us Inductively Coupl ed
Megmd%&%s t%@?&l%&?& TR R ISEEE Bedeonsfhe

ifal@k W thihe SAMRlE IdHIOdud id%ﬁd%)@cﬁi“%iﬁ%r?d
of a V-groove nebuliser, a double-pass spray chanber,
& igémdiet alil-€ -qeaasz they dlermatd cn qufarzz bubpdesostopped.

[ rnal..di ter) ... Platinum t.ipped sanpler and
T L RN s ol O Rt
deterudewd Gy adpom®alatse chBasalrom nehelssdi} etk used to
sanpl.es were collected fromparticipants in the study
Chmediat B¢ FRSERS Hdhshrtdsatitswof a 60 ng oral Fe
suppl enent | abelled with 2ng 58Fe, and a second bl ood
sanpl e was collected 14 days after adm nistration.
Wasrersitdeon Wil tdid (B 1abelled dl igahd amodyfiteds poly

ut, | taini. 5% Tr,iton X-100, 1% butan-1-ol,

%%%hgmﬁ%cg);,faear%l&r&g.%ﬁ (%antletrﬁa acid. Instrunent
Ttrdichioses: L8 genidHird ifftre D pid 1IRU & gRAlr S8NFddid Yiron
via the nmeasyrenent of 24My, 115In and 238U isotppesg
MR T GXFAE RO AElHon (Vi Y hePFRRATREnERt LoFingethe
4068 ca1d 91226 HeIPLIRAR: 1R |%FH§;HE£H W Yot N8 1igand-
egree of CeO formation at mz = 155

modified poly oxo-hydroxy ferric iron materials) using a
ferric chloride stock solution containing 3.5% w/w °’Fe (2
mg of *®Fe per 60 mg total iron in the ingested solid
material) from the °®Fe labelled ferric chloride solution

discussed above.

Results and discussion

Effect of Ligand A

A series of ligands, namely maltol, succinic acid, citric
acid, lactic acid, tartaric acid, malic acid, gluconic
acid, aspartic écid, glutamic acid, histidine and
glutamine, were studied for their effect on ferric poly

oxo-hydroxide precipitation from solution.

Initially, the ligands were all tested using the screening

assay described above at ratios of 1:1 to 1:5 and
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and m ni mrum doubly charged ion formation (via the
nmeasurenent of the 138Ba and 69Ga i sotope signals to

w@bdosmodremi t ori ng of the degree of 138Ba2+ f orP@EL/GBRO0EN00408
mz 69) . Further adjustnment was then perforned to

cedgee FARgES b anrkel weomptFe TaRd 5 (@ERRIOXIvERINg

59 . Detector voltages were dropped fromthe typica

13 gapgsand Wesso Wgpgds Femngh ¢ o1 e ifto it hen fiasgipd iamd of
BYlkSe rSLRQES 51568 Lvely .o Pr rati.qn of
Iabe?ledﬁ%e§Fﬁé%b %%%igglsgfufﬁgﬁquso S?F%ﬁ§§?L§§E%
babebhnég feridi c cdlirac eeidasingr epdited. by Thies s@ladmy group,

100 58Fe .enriched el.emental_ir Chenygas,. .Boul o
A R o L
aht abbedmbong egngenser mtdHeat edraleA8Gii0% athatier the
bath. The tenperature was raised gradually over tine

ratieep terEedol ardod nsdiudesy as®amhd cc t Fadcgmist acid,
ghlening droPRede Mhen | l; ditQn payder,

di Esol veg, 0.% m:cao %38%1% P?ﬁﬁ%éﬁ&)?%ge \j\.fg%e tgl ed
proopi, di*Zeteemedis tier dd.gemdisdr, r werier digafide ficasid was have
t hen al ed, once the oxidation reactiqn finjshed,
pilcingileTiehe POTHEE0R (oF e BUDALAY doshger. ik the
eeBCaRt bat senidf mhterian tHemlkdale seltutiieektWasne of the
determ ned by | CPCES and the Ferrozine assay was used
rataeff CEMtERe 2aHs dRcd USRS Evrldds dicish. tPrdsariat iasnidbfand
%{Iigtfgﬁlgﬁel_abel | ed I'igand nodified poly oxo-hydroxy

erric 1ron material The chosen ligand-nodif ied poly
oxo- hydroxy ferric iron materials enriched with 58Fe

re prepared_follow ng.the .protocal described above
B8 BrERRrar e o mid I BaRo A b o res dxoups
a¥echyBeaxybbeer e rel ¢ RIS F s ith@ i ffifdcd s on both
chloride stock solution containing 3.5% w w 58Fe (2

shesgpemaéd o0 Oy fesirdic Mdiy ioror ke drisgdsice presiiing tation
at varying M:L ratios, and the dissolution of the solid
materials formed in pH 6 and pH 4 buffers (see screening
assay above). As expected, the ligands had variable
effects on the percentage of poly oxo-hydroxy iron that
was precipitated depending upon (a) the group the ligand
belonged to and (b) the M:L ratio. Yet, the solid
materials formed, showed variable re-aquation properties
that were not predictable from the precipitation
behaviours. Examples of results using a strong affinity
ligand, namely maltol, a weak affinity ligand, namely
succinate, and an intermediate affinity ligand, namely
malate, are shown in Figures 1A and B. Re-dissolution
clearly depends upon the ligand and its ratio to iron
which may be expected. What is not expected is that the
strong ligand, maltol, did not promote any re-dissolution
of the iron at pH 6.0 in spite of the fact that soluble

iron-maltol complexes can be formed (for at least a

48



10

15

20

25

material) fromthe 58Fe | abelled ferric chloride
sol ution di scussed above. Results and di scussi on

webdosoee1ad Li gand A A series of |igands, nanel BCTaBR@i/000408

succinic acid, citric acid, lactic acid, tartaric
oo ritdlore ofCitthe glretOnist agiis pspaMdredadd, the
glutan1c acid, histidine and glutam ne, were studied

B eppeciader ddgasit f é}arﬁa&epowl@%@%ﬁﬁ%a% dissolution
BreqiBint 3N HHe0mRalut tglf%%e I Halé R ttlﬂa.g‘l lt'l‘féaréq%ong
were all tested using e screenlng assay describ
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acid, tartaric acid and gPdt@antne . In a sBlofd PH 4

iEﬁE@EE?c §E§dlig§Ugs I'Of65“e.t“'ee groupy desc'ib%d
above were re-screened for their effects on both the

fbr hactba e&iﬂerrlclpoly 6% 0- hydr oxi de pre@ipitation
ng M:L rat the di ssolution of the

a%?¥§ %aterlals fg d in %H 6 and pH 4 buEfers (se&3

SCHEEAYNE assay aboye) . #s expected, the kkgands hago

vari able effects on the percentage of poly oxo0- hydr oxy
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Two ligands, namely malate and tartrate, that showed most
effects in the screening assay, were chosen for study in
greater detail. The re-dissolution profile was studied
using a more defined assay in four different buffers (see
Disaggregation Assay in Methods). The buffers contained
0.9% w/v electrolyte so that the results obtained would
reflect the behaviour of the material in a biclogical
ionic strength environment. Also the pH environments were
chosen to reflect different parts of the gastrointestinal
tract from gastric (pH 1.8) to intestinal (pH 7.0).
Firstly, the results shown in Table 2 confirmed that the
two ligands affected not only the precipitation but also
the disaggregation profile depending on the ratio used in
the preparation of the ferric poly oxo-hydroxide materials
as seen in the screening assay above. Generally,

increasing the ligand ratio decreased the formation of the
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i gand bel onged to and (b) the M:L ratio. Yet, the
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f sults. with other.|igands . ratios are, shown
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re-dissolution of that iron. M:L % Fe % Fe Li gand

&t iTSEGSH%k%d at di saggregated at pH 6.5 pH 6 PH

4 Succinicyagid 1:1 1@0:Q O L-lactig ggid 1:1 65 00
Maltol 3:1 55 0 13 Tartaric acid 5:1 85 36 100 Gitric
&Giogrst 1 42abio Two | pyardpiteied ydimbggeegated at pH
tartrate, that showed nost effects j7not heSS%reeni ng

assay, were chosen for study in 1.8
Malic 2:1 59 6 7 19 14
acid® 1:1 45 12 20 55 15
1:2 (n=4) 27410 6+4 4915 6315 18%+4
Tartaric 4:1 99 13 61 99 22
acid® 3:1 91 71 100 100 28
2:1 43 100 100 100 14

Ligandjmodified poly oxo-hydroxy ferric iron materials
were prepared at pH 6.5 in 50mM MOPS and 0.9% NaCl.
Starting iron concentrations were 26.7mM. Precipitation
steps were either carried out in individual tubes (a) as
per the precipitation procedure described in Screening
Assay, or as a batch (b) as per the preparation of solid
ligand-modified poly oxo-hydroxy ferric iron materials
(see methods). Disaggregation of all materials was
performed according to the method outline in

Dissagregation assay (see methods).

Secondly, the effect of the ligand on the rate of
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greater detail. The re-dissolution profile was studied
using a nore defined assay in four different buffers

W@ s@e/0®i1slmggr egat i on Assay in Methods) . The bedT/6B2008/000408

contained 0.9% w v electrolyte so that the results

Catradateibrivaift tHeflapind heoddetiaad sl Piotdeny@t ek aferrlc
in a biological ionic strength environnent . Al so the

P AN IATSNEES Wast e teibiesh I%Solrrgeftffeeettﬂomfap@%tpmwgol
e dia ast rrP't'HéaStﬁéﬂ'}%dé réagte £4,0m giﬁl%%&sé‘lpgh&wg) th® rate
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afhet e Ifiex rmacte[mlay.L cnm@wcpm&e;mtaajsaicﬁe ast smgam@
t he screeni ng assay above. Generally, increasing the

TP PRI UST dR P PTG GF Jlt:rﬁ-;emcamnpetes
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and increas di saggregation profi
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t the xtent of the effet seen W t.h anoth
s i USSR e dHHEREShS eteﬁret]%?ntoe 5T rr:‘?‘énd to
Haefer e\swmmsq \eentF et et @{@Mn{ﬁ&c&ﬁ dﬂ’ldﬂ@@tsﬁﬂli@
table 2 with nalate at M:L ratio 1:2. Table

EPtSCadf afallaemmi t arftiat dqeg innt cﬁPIflﬁ%l%Rﬁ .c"élfﬁfagfehe
Q:forripreft’ﬁtﬁrcﬁf:'s@érﬁﬁ% afedd g8ty 'M’vfé e%rpotllﬂyls case the

oxo-hydroxy ferric iron materials and
@lgéglg‘?rlemrltofmt(ﬁ, tdpamtsericlls erldndiriee hde Li gand

RS B, SRR o e P ek dered, ac
Qdas'i)c @)?I+J(G>7654 ,49ﬁcﬁ§3|f5>nl:8;‘é disaggregation of this
material. Indeed, Figure 16 shows a typical profile of
the formation of two solid phases, namely aggregated and
aquated tartrate-modified ferric poly oxo-hydroxide with
increasing pHs following the titration protocol described
in Methods. These results were also observed with other

ligands A and ligands B (results not shown) .

The disaggregation profile of the ligand-modified poly
oxo—ﬁydroxy ferric iron solid material formed at different
PHs was shown to vary as illustrated in Figure 3 for
malate. As the pH of preparation of the material
increases, the disaggregation profile decreases. This is
in accordance with an increase of polymerisation and
formation of oxo-bridges with increasing pH, probably
limiting the modification effect of the ligand on the

material.

The presence of 0.9% w/v electrolyte, as sodium (NaCl) or
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6.5 in 50 MOPS and 0.9% NaCl . Starting iron
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wbanaanhmgaBOmmomﬁebd&)wnth the pol ymeri sation of_the
poly oxo-hydroxy ferric iron entity that results in
the formation of the solid material. However,
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effect "on the formation nater i a
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rio.de I n_thi.s e l.i.gand
PSERALkocUoner Bt B0RYEy | ekl Bt RER, MBI Yeperaty
Apatiheb abmeaeatlaedwaelbhahntatbraheagyrégaﬂﬂbﬂﬂds
ronot e dlsag%regatlon of this material.

%ﬁﬁ@@ lfFF&uE@ theshiews ratey preaf ighopotly epco-hydroxy

ferric iron material at M:L ratio 4:1 which is illustrated
in Figure 5. Small, inconsistent differences were
observed between oven-drying and freeze-drying methods

(Figure 5).

Effect of ligand B

Almost all of the studies described above were carried out
with ligand-modified poly oxo-hydroxy ferric iron solid
materials produced in MOPS buffer. MOPS is often used in
metal speciation studies due to its very weak interaction
with most metal ions and hence it rarely interferes in the
formation of metal complexes. However, MOPS has a pKa of
7.2 and so has a buffering capacity around neutral pH.
Thus, although MOPS would not interact directly with iron
or prevent the formation of the solid material, it may
indirectly influence the formation of the solid by

controlling the rate of change in environmental pH. In
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the formation of two solid phases, nanely aggregated
and aquated tartrate-nodif ied ferric poly
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4A sh ha t 0.9 tf ect
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behzoaxe hydepiynbeer i Borhes , matiacial aald Myl datiine
1 conﬁared to the sane mat eri al prepared w t hout

@jr00§ RIEESRly, FEPYLRe C4BLIHERE LRS! thife SFEESENSE of
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haréraab mdeEledraDﬂy Rxb- bydkaxyoﬁecmnnmumqu;dﬁbﬁﬂ

cin I the eff of dry |n and dif ,
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éfﬂébedowl ther espeetvite dhsapdrigdat @61yDroydonmxytdi%xy
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8PER4Gr 5 SR1AS BRERBIAL dF1BYTENE (ddrtrat &onbgith cases,

h8YUpReLY n9¥O2NYIEAXY ing effect on the rate of formation of

the solid material.

Following these observations, the formation and
disaggregation profiles of the tartrate-modified oxo-
hydroxy ferric iron solid materials were studied using
varying M:L ratios. Adipate reduced the disaggregation
capacity of the materials formed (Table 3) compared to
MOPS (Table 2), except at gastric pH (pH 1.8) which showed
low disaggregation capacity with both buffers. In
contrast, in the case of malate-modified poly oxo-hydroxy
ferric iron materials, bicarbonate had a negative
influence on the percentage of precipitation and the
disaggregation capacity of the material (Table 2 and 3).
These effects fell off‘with lower concentrations of

adipate but not bicarbonate (Table 3, data in bold).
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Tartrate-modified poly oxo-hydroxy ferric iron solid
materials were prepared following the protocol
“preparation of solid ligand-modified poly oxo-hydroxy
ferric iron materials” (see methods) at pH 4.0 in either
50mM adipate (Ad50) or 20mM adipate (Ad20) without the
presence of an electrolyte. Malate-modified poly oxo-
hydroxy ferric iron solid materials were prepared
following the same procedure at pH 8.5 in either 100mM
bicarbonate (Bicl00) or 25mM bicarbonate (Bic25) without
the presence of an electrolyte. The disaggregation of the
materials was performed according to the method outlined
in Disaggregation assay (see method) using the non-dried

material for FeOHT-AAd50 and FeOHM-Bicl00 and the oven-

dried material for FeOHT-Ad20 and FeOHM-Bic25.
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effect on the otherw se un-nodified poly oxo-hydroxy
ferric iron solid material (Figure 6(ii)). In both
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illustrated in Figure 7 with niacin and benzoate .

Table_3 % Fe % Fe Material M:L ratio precipitated _.
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by Energy dispersive X-ray analysis (EDX) clearly shows
the presence of carbon atoms in the iron- and oxygen-
containing particles (an example is shown in Figure 8).
Furthermore, the infrared spectrum of the material
demonstrates the presence of a covalent-like bond between
the ligand and the metal (Figure 9) in addition to the
abundant presence of hydroxy groups. This illustrates
that the ligand is incorporated into the structure of the
metal oxo-hydroxide lattice through formal bonding and not
simply adsorption or ‘entrapment’. The changes to the
dissolution characteristics of the material can be readily
explained by the manner in which the ligand alters the
metal-oxo-hydroxide lattice. In freshly precipitated iron
oxo-hydroxide a ferrihydrite-like structure is observed
with some clear crystalline regions: the addition of
ligand B, in this case tryptophan, reduces the extent of
crystallinity while the addition of ligand A and B, in
this case trypotphan and tartrate, almost negate the
crystallinity entirely (Figure 11). Maltofer, which is an
organic ligand coated iron mineral particle, appeared more

like freshly precipitated iron oxo-hydroxide, indicating
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FeOHT- Ad5 0 and FeOHM Bi cl OO and t he ovendri ed
material for FeOHT- Ad20 and FeOHM Bi c25 . Structura
& sl 1d1 ts trilie Is el dicp A G dopah cpfivodief | seadl o | 34 aohyreydid ed
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%)}h%ﬁc{)w@ﬁ{ ci%ll%ol@%aﬁ%g% i"%ésélg’lra[ehdar ed above
tlief foempbiret ciie enidaygasajdtdllre 08 eororgrilat RS drd
that they _are not a sinple inorganic ferrous ion salt

CEM e HoPro dE SUIHROEF At 9 ir e GHpltdie i gt it ied
RIS Jx®-RRirdRAtRd- Mid R e ifand {9 s fflTdt%ea

trimaltol) ", nor an organic |igand coated iron mneral
gastireliatestgnalr eengdibimalst dsseecoMatifid=of. erThg gasthwic

LSRRty Syl PO She LAV Sl cian,
prafined o Ener g diheparisjare] -Xddyf iamipesie EPydroxy
%g%%%kngggyﬁmterials, in comparison with ferrous
sulphate, ferric oxo-hydroxide and iron polymaltose
(Maltofer), are shown in Figure 10. PFerrous sulphate
disaggregates and dissolves very well at acidic pH as is
expected for a metal salt. Conversely, Maltofer
disaggregates very rapidly in the gastric conditions
(after 5 minutes almost 80% of the iron is disaggregated)
but remains in an aquated particulate form (typically
around 20 nm diameter: results not shown) (Figure 10).
Percentage iron dissolution from Maltofer was less than 5%
although it should be noted that there can be a loss of up
to 10% of iron through binding to the ultrafiltration
membrane. In comparison, the two novel ligand-modified
poly oxo-hydroxy ferric iron materials had an intermediate
disaggregation profile compared to ferric oxo-hydroxide
and ferrous sulphate. 1In addition, the dissolution of
these materials closely paralleled the disaggregation

profile under gastric conditions although this need not be
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megerials showed a degree of controlled release although,
clear differences can be seen in the rates of
disagreggation for the novel materials, indicating that
their properties can be tailored as required (Figure 14).
It should be noted in Figure 14 that whether iron remains
in solution or not at pH 7.0 is merely a function of
whether chelators/ligands are present (as they will
naturally be in the gut) and so the data for ferrous

sulphate and ferric chloride (where no ligand is present

in the compound) should not be over-interpreted.

Iron disaggregation and dissolution under both gastric and
intestinal conditions for some ligand-modified poly oxo-
hydroxy ferric iron materials that were tested further in
human volunteers (see below) are presented in Figure 15.

Again we show a range of different disaggregation and
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pol y oxo-hydroxy ferric iron materials under sinulated
gastrointestinal conditions (see Methods) . The

w@2®B09@a3adi saggregati on (pHL. 2) and the gastriBCT/GB2008/000408

di ssolution profiles of two of the ligand-nodif ied
ok¥o0¥eibyndpexyifiekr feor LoR meken ateriR1GQMRaANLERFating
W th ferrous sul phate, ferric oxo-hydroxide and iron

SOy RaEEaSa Ltk £&f &R 1ordng $heWn disn rRdydredto .

Ferrous sul phate di saggregates and di ssol ves very wel |

at acidic pH as is expected for a netal salt.

Bortedyeby, thkl pafrer cdies adgredabes iberty onapifdley pastshge

stri nditions (after 5.m nutes al mast 8Q% of the
TRERUEE P eaBgragaetap B oA haT AT ks idiey 2seay of
pafki edk-at-etbomdul Y piic gblly @k@u&gd%x@mf@ix@w Qfron
results_not shown) (Figure 10) . Percentage iron ,
Br&ssiati 46 FROWTMAR: FLeMRad /|-es STEmar nsudtdie ModgRratio

%?995@ be @@Eggdt Rat-)t hege o%agrgga@a't%% s Rt vE0%n i ra
0 u

iron through binding to th trafiltration
bambr and. typecodpadigsod, Bt HEoumahndaal) ldlgamiymediffects the
ied poly oxo-hydroxy. . ferric iron. materials had an
Fﬁ??rﬁgdnggl&¥§§g§¥EaéPanaﬁﬁonﬁge Sffared to ferric
a;@ag?@égétd@naad skeniueysns phpfates | neddid ighesiRRially
di ssolution of these materials closely paralleled the
arsadggregaci 6R FrofileE RAFEL Cdes Blizesc ohidy ilyeasing

ghi-hough E%}'—r%eﬂ%?%tﬁ%sb%h'&%c%]ﬁ%ﬁf g:ﬂefs%g% A&l on of the

mat eri al s. ese data show a clea ce “bet ween
primadiyf padtiedeisc wixd- iydrerisdeag Whldoaftent .f ellmoesidition,

| fat i d-nodi f .i ed I -hyd
Pl FShedn TRt 87 e B SBRe AP Byaltrio SOF 1ate OF our
peweh thhgapdriadik ikg8depol y oxo-hydroxy ferric iron

materi als under gastric and intestinal conditions was
al so conpared to dissagregation of other comrercially

?r%in' aRy e, thQEmC 91559 SISy .'8%"%\% TR L PYLRNIRH g
erric chlforide, ferric trimalto

poly oxo-hydroxy iron ferric materials

Seven ligand-modified poly oxo-hydroxy ferric iron
materials have been assessed further for their absorption
in human volunteers and the results compared with
unmodified ferric oxo-hydroxide. A summary of the results

is shown in Table 4.

Table 4: In vivo absorption of different ligand-modified

poly oxo-hydroxy ferric iron materials:

Compound Serum Fe % absorption
increase
at 180 min
FeOHT-3:1-Ad20 9+ 3 5.8 + 0.9
FeOHM-4:1-Bic25 5.2 % 0.6 1.9 +£ 0.5
FeOHT-2:1-
o 3 2 2.8 £ 0.7
Niacin50
FeOHT-2:1-TRP15 8 £ 3 5+ 1
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and ferrous bisglycinate. The conmercial conpounds
either failed to disaggregate properly (e.g. ferric

w@Eespiasphat e) , or they disaggregated very rBpi/GB008/000408

(Figure 14) . This rapid disaggregation, if paralleled
by di s&sditicenicks believedsto be responsiblg fof
giving rise to bolus delivery of iron ions in the gut

I urrenF%Qiﬂ{ﬂSitRétLyelQQwer ef 0|6ep th(e 4occurrence 3f+sa de

rel eals@O@though cl'ear diTiergnges can be gegmn, ijn the
rates of disagreggation for the novel materials,

indicating that their properties can be tailored as
SEFYIY ddOUFiigerears) thuee digouisd afé:amtlezgastmmmei 14

I%@"tce %.y%erff ng%bosa% tnl\slc\a,]I n(caq. Utl dora nocthgearwrfoé)d{_l&?jeood

her
peéﬂeﬂhcba@drﬁe)idm Idf reatRer ai:Jwidmi udy tdme QUL aul isD

%\%%@F@ta for ferro Oisyprsogclé)gll’]}%tq%ﬁ%{tnyﬂéferrl c chloride rals.
ﬂ%%an %ﬁﬁr(n % %%%re%%%m 2r%2 ghé%%%{gﬂﬁlng& %%%mln there

di ssolution ‘un 56t h gastri

eoidiat deeschae Sowm lthgandoaldide iseduaol i OX aRyIdIOXY
ferric iron materials that were tested further in
human vol unteers (see below) are presented in Figure

i B RN T 3098 LI SEe SR8 90 )

BhbWSthatlﬁ@eth@v@QS$ﬂ@dﬂdFmdaiﬁﬂ§d(@61 dﬂM¥HYﬁioxy
required. A study of the particle size distribution

éféﬁrérlcpéggélg@attﬁff&@&ﬁ 17 SEcH é'd’“ij’é—”strra&efﬁ & iirqan
dibgesbiyenaesan Her3OMER RN tt% edidh hed, ﬁdvantageous

oxo- hydroxy ferric iron matérial is shown~in Figur
2p. tOienyildd Phrevint sytsitemif mﬂpmr@e(amid ;tsrawe)nt,lqu

SHREP T PR B, IR S e s
clear iron absorption from all formulations (Figure 13)
and for at least one preparation this is estimated to be
equivalent to ferrous sulphate. It is especially
noteworthy that literature reports indicate that ferric
polymaltose yields no detectable rise in serum iron
following ingestion and, that absorption of iron is very
low (Kaltwasser et al, 1987) and would be consistent with

our data for ferric oxo-hydroxide.

The compounds FeOHT-2:1-TRP15 and FeOHGluconic20 are
examples of how changing the composgition of these novel
materials changes their serum iron profile but maintains
the same percentage of iron absorption (Figure 13) again
indicating that the materials can be tailored to achieve

desired outcomes.
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size of particles obtained and therefore
di saggregation/ di ssolution profiles. There is

we@Eend@Bd y an increase in smaller particle siREFGHBR108/000408

increasing tartrate concentrations indicating |ess

Fgdfreewaidesnt of the primary particles with increasing L
tent. .In addition, the higher the pH of ) )

éﬁgp iTGRE R s ARSI t RAGATE APRartaciensjGided
e 180 SR Bl WAt pdihieat0ldd including

| i gan00d- nodi fi ed poly oxo-hydroxy iron ferric
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6.0 0.4 3+ 2 FeOHAdi patelOO8 4 18 1 FeOH -1 .3

+ 1 Serumiron increase three hours after
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cell incorporation of 58Fe divided by 0.80) of solid
i gand-tnodi fied poly oxo-hydroxy ferric iron

woraiosnd@Bes. Mean SEM (n ranges from 2-4) ; * POI/GB2@@B000408

at 180m n there was a decrease fromthe baseline serum
iHe(Imbea:igJeS e Sieydimmabs @giid0p profdod eisem‘cidrt&:y in
ounds Figure 13) show that the novel ,?and nodi f
é’éPepoI Ryt RFR R Nt an P Hat e a'? ‘AR much
Iomer rates of i ron absorptlon than ferrous sul phate
whi ch may be advantageous as this will prevent
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anaem a and its effect on worker productivity and
gdhimisty patterns. British Medical Journal 1979; 2

&6204 : 1546- 1549 . Ceisser P and Mller A . .

har mic BEPFESEC £ O8F PEPONCRG & &%d ieddigansydaskifded poly

o&BL BYRYEEAt &GPl % Sha tARARA wxieté@rnzhuwﬂ{e@éﬁ M
Reseafch 1987; 37 (1): 100-104. Goddard AF, James MV
MepmepeatASoard o3c orreBBet@li denisned: frepuesents one or

g nt .of _iro eficiency anaem a. ,BSG Cui del i nes
R BB B Ao Tt SR ray et RIS SO B g
WwAerbbenahel matElied RBs BhempsarrRiRHstand tieweldnd Jsherein
Ferric trimaltal _.corrects iraon deficiency anaema in

pafi ERPSSi RPSHEr drTn0 -TreHEiaG PedvacrPhaidheed! spFad ion
fbecapen! hes bAISO 1AL Rdoditd IR Rk enemical

Bi oavailability of trivalent iron in o
preparatiesnendAdimpilaiyist #-fLobomdigiDifey Résdarct 1925,
3), :.420-426, Her.cher Prezi asi_ ,P_Gal.an .P
FRaRR o Frataran Fh Earase=tphy) PEVdLrn s ioaH
28@hhi4uesh37-545. Jugdaohsingh R, Afsharrad S ,
McCrohan CR, White KN, Thonpson RPH and Powel |l JJ. A
rapi dtREnPrEGEFEEI FPMRRIEARSi‘cal preci pitation assay to

asses |yl Al [ [ Laet i '
Specigﬁ?oﬁqggg%gFggvg??ggi?F?f §%8§@§f€'3ﬁqb%%kS%F at a

Ralrehapsdn) JRL Woriodr thE coNperkzital ar Et98H)le;
D oY ab) 2B bt L BRATSL oSSRl 3 e o
ebshungi-BeugiRaseanththd7cbalid 12%4ahd®@modified poly oxo-
hydroxy metal ion material to be formed; and

(c) separating, and optionally drying, the solid
ligand-modified poly oxo-hydroxy metal ion material

produced in step (b).

2. The process of claim 1, further comprising

formulating the solid ligand-modified poly oxo-hydroxy

~metal ion material in a composition for administration to

a subject.

3. The process of claim 2, wherein the step of

formulating the material comprises adding an excipient.
4. The process of claim 3, wherein the composition is
for use as a nutritional, medical, cosmetic or other

biologically applicable composition.

5. The process of any one of claims 1 to 4, wherein the
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plication of the critical precipitation assay to

ESnﬁIé% d&%51-es: al uni ni um bi ndi ng capacity of human

gastroi ntestinal fluids. Chem cal Speciation and

Bi oavailability 2004; 16 (3) :97-104 . Smth, FE

Ber befhe processdiof, ady, cHenwds sylaidhs; Maﬁqj4m}wh€§§ﬂnnthe

ir r ti f ne triazin
SEOBRHTHSEP, N0 U500 R08 L) A3 G omponent
Bebgkhicnk nWtheSasijeat disdne $he Awrddmi a.u@rﬂﬁ-m:lﬁtl@i

i th reduced productivity of wonen_workers even in

Wi

P8§¥ OFRy SYEZIORY- MsitEdn d6Ws "BASkda1Br i ti sh Journal of

Nutrition 1997; 77 (1) :47-57 .Clains : 1 . A process

for producing a solid ligand-nodif ied poly

8x0- hfbeopyroreral dfomnyaoms gif el prededing wiadisisn M
n 0 HieRr egen r

HEREERRERCBE @ oY SPEESR BP0y SHRDLEE N

pbembmitshelmt erﬂ alhehasra eplopEiaC n&ttralctdﬂcer@r&iroxide

wherein the gross solid ligand-nodif ied poly

6XBMRVEFSxy metal ion material has one or nore

r epr oduci bl e physi co-chem cal properties and displ ays

ML bonding for at |east one ligand that can be

Qet eclfog pyoplees od aalyaloylta o4l t&@cmmng lelaims,

Qcess pri.si:n %ﬁ taI a

PR Bara o et feghy Wi, i) 6 e
aaﬂﬁaﬂaﬁtﬁfabﬂkaahuble (b) changing the pH (A) to a
second pH(B) to cause a
9. The process of claim 8, wherein the alkali is added
as a solution of sodium hydroxide, potaséium hydroxide or
sodium bicarbonate to increase the concentration of OH in

the mixture of step (b).
10. The process of claim 8 or claim 9, wherein pH(A) is
less than or equal to pH 2 and pH(B) is greater than or

equal to pH 2.

11. The process of any one of claims 1 to 7, wherein the

pH is changed from pH(A) to pH(B) by the addition of acid.
12, The process of claim 11, wherein the acid is added as
a mineral acid or an organic acid to decrease the

concentration of OH in the mixture of step (b).

13. The process of claim 11 or claim 12, wherein pH(B) is
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solid precipitate of the solid ligand-nodif ied poly
oxohydroxy netal i1on material to be fornmed; and (c)

w@epanatisng, and optionally drying, the solid PCT/GB2008/000408

i gand-nodif ied poly oxo-hydroxy netal ion materia
pesduchdni prskepalblo pE 2 Ehe pHICYSY sOfgredaaien khan or
further conprising formulating the solid Iigand-nodif
F@Hag 9 BXo2hydroxy netal ion material in a
conposition for adm nistration to a subject. 3 . The
process of claim2 , wherein the step of fornul ating
iLlAe nﬁh@rpépcééﬁppﬁs@@ya@@ﬁn@faﬁh@xﬂq@qgﬂiHQAClaﬂmﬁ,

%ﬁgggiﬁ %Ee o% nm@Q?%%?Qodﬁ%l%ﬂgpo%y%f@% é%emlcal

as a nutr t cosmet iFC*or
pmobegtdablarapanQQMea @&mmoﬁubs&ﬂutﬁon'mrameQﬂss
gf any one of clains 1 to wher ei n t heconposi ti on

SPPBretEeri Eﬁypyfdﬁﬁ@“ﬁ@?&@)voﬁdéPWH%%QWgi%ﬂjﬁh§9¥9t1°n

eHbirgeterfstithe PLACRIS il -ameRRR s @laitihdl Jadt
wherein the conp03|t|on is for sequestering or

LeRPBIrBtHgca resistRaTE p@@géﬁﬁlﬁnSﬂﬁ@:sM@Qﬂﬁtuﬁﬂmg

if i y y .
LiBgtpubds) onn ey QR IBID dehoring
pkapﬁﬁtlwherhamdmhesphoﬁﬁhess ah&ueu& pdatendipculation
0x0- hydr.oxy pol yneri sation of the correspondi ng net al
BXSBPRYHLERi-de conmences . 8 . The process of any one
of the preceding clains, wherein the pHis changed
frompH (A to pH(B) by the addition of alkali . 9
The pﬁb§e9§O@ES§l&ﬁmqialﬁwﬂénemhegﬁGHMHhﬂ|IGH¥QﬂHﬂ&ble

8y 2438l utig gaggo dguncydroxide.porassl ynddr oxidg

o“l ncrea e conce Ion O
QH b@eferably + 10%, and more preferably + 5%, and even

more preferably within a limit of + 2%.

16. The process of any one of the preceding claims,
wherein the polymeric structure in which the M, L and oxo
or hydroxy groups are distributed within the solid phase
structure is such that the substitution of the oxo or
hydroxy groups by the one or more ligands is substantially

random.

17. The process of any one of the preceding claims,
wherein the metal ion (M) is a Group 2, 3 or 5 metal ion,
a transition metal ion, a heavy metal ion or a lanthanide

ion.
18. The process of claim 17, wherein the metal ion (M) is

selected from Ag?*, al%*, Au**, Be?%, ca?*, co®**, cr’*, cu®,

Eut, Fet, 1\,19.2+’ Mn?*, Ni2*, sr®*, V5, zn®* or zr?*
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the m xture of step (b) . 10. The process of claim38
or claim9 , wherein pH (A) is less than or equal to
w@kboR/0ga160 pH( B) is greater than or equal to pHQI/GB1WM8/000408
The process of any one of clainms 1 to 7 , wherein the
pEl.i sThhapgedetsomEfpHLAYmt @ 7pHEBr1hymt he , adthetriedm athe
acid. 12. Th rocess of claim1l, wherein the acid is
aaﬁea é?na(wsngﬁaﬁeacid or an organic acid to decrease
the concentration of OHin the m xture of step (b) .
13. The process of claim1l or claim 12, wherein pH(B)
P8l es¥henhruoeeseqedl any pHe2odndhgHPEAFedd ngr ededims,
%ﬂé&le% %ggahiggnal_lsf)e\tﬁﬁ%é' .(I‘S‘e%%r 06635, Qly 39y, 0ne of
€ preceding arms, €rein'the oné or nore
cepbogytibl ecplysuch- abeaddali cprendr,t gésitard cselodet, ed
gronmdLssqution %rate, gH,dependence and pM | |, )
BpEfddficarid, adSbAptionaand aB8stft PG, Succinic acid
ghar agterbshkes, heaebuvihbMithber LessS asMhlitdd RN ethyl
tenperature resistance, particle size, magnetism
BReEPL can priper Wilsd, ldeasdt propeghies such as
' ef ' p erti rdne -sof t
Bt BBt bR SR bbb gPpale) 8RR s 1IR3 suen
ab sliainnté, whaybdatkhantepeddnaibl, eaphpmicw- eldm calch as
Ero ertg is reprodycible ]thgg,a limt of pneferabgy
TYBYOPRAR  nB B EAMEREr 25 ?x”ls% F18Rd O&v 8n Tigrd ent -based
m&gaﬁaa9h¥eh%bh EB1atk, nhtscle&ba%%n o¥bnifleprocess of

any one of the preceding clains, wherein the polyneric

structure in which the M, L and oxo or hydroxy groups

e di.Skr| wit-hiin_t sqlci h . N
255 k: LRHERdGbERT oy Hhespl, RRease oty haati
gheupinbyhtha igaadohasobeafifegands propeutdieantiralal yuffer is

random . . , .
present in a medium for carrying out the process.

22. The process of claim 21, wherein the buffer is
selected from an inorganic buffer, such as borate,
silicate or bicarbonate, or an organic buffer such as
MOPS, HEPES, PIPES or TRIS, or a buffer selected from
adipic acid, pimelic acid, tryptophan or

hydroxymethylcellulose.

23. The process of any one of the preceding claims,

wherein the composition is for use an iron supplement.

24. A process for producing a solid ligand-modified poly
oxo-hydroxy metal ion material and optimising a desired
physico-chemical property of the material to adapt it for
a nutritional, medical, cosmetic or biologically related
application, wherein the golid ligand-modified poly oxo-

hydroxy metal ion material is represented by the formula
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17. The process of any one of the preceding clains,
wherein the netal ion (M is a Goup 2, 3 or 5 netal

WO 2008/026180 ansi tion nmetal ion, a heavy netal i oPCDGB2008/000408
| ant hani de ion. 18 . The process of claim 17 , wherein
Kh@menag)iOWhéMklh Bl 3ebeebedtfbaﬁlA@ZmoreNmé%aL ions, L
Au3+ , Be 2+ , : 2+ Cu 2+ , Eu3+
F@@Jﬁese%Sz@ne o wre P«ﬁgémds srlszH TGRFeSEPLF, OO OF

d%é 18rolips , PLReeesnotnel 179" neld
eref% ?ﬁgu%eta I on ?N@ |sﬁllLng?T#?L.aq h%STﬁgb%Egggggcbf

ahyu@h@r@fanﬁewpegéed|hgecgapﬁﬁ spiaédeiln gemel ~-mogddd ed poly

c ' te arbox lic acid such as
8%8 hgargk% h%F% a?%o %3% g?gr ari & Fﬁl“ﬁ%ﬁbrtic
aepﬁoduahbaeaphgslﬁuechamdcamlgrapértuéeian@cbdspaays M-L
good addi tive such as maltol and ethyl naltol

AREADS £RY) FEangasFopBRt LegaBtckhas GrBakBofitected by

_#EE@&Q andi1phosphatecnhaigegral Iigand such as
Silicate, nolybdate and sel'enate, an anmino acid such

as tr?bﬁoﬁﬁ@ﬁesglapmnrnélag hi stidine or a

nut 90} hasedsl LAangoushian Lol o en PSSR BILEONS) 1 in

ni aci process of ne o the pré
alaea&tlmhemedmumhatlagamdshaﬁﬂumﬁfatlmglnhommaldampmhents
a buffer is present in a nediumfor carrying out the
BF6cESSUP3S The process of claim 21, wherein the

bufferbbscﬁahgqhgdtheognqa>leeraa@beoaufb%ﬂa S%th%%se a
borate silicate or bicarbonate, or an organic buffe

80t hdaprNORBi tREPESE PhRESigendRmsdisried pofliveoxo- hydroxy
t i¢c acid imelic acid, tryptophan or
RELEst el ramadue! oagkdy B,

roxymet hyl"celrrul cse™. rhé process of any one of

the pre¢edepgraktangs, andeogtiohbe 1§0dReinii, Ofthies slorid
use an irqn _supplenent. 24. A process_faqr producing a
%6BFHdFW@Qﬁ§lﬁQdPPlVeﬂxﬁoPydroxy metal ion materia

produced in step (b).

(d) testing the desired physico-chemical
characteristic(s) of the precipitated solid ligand-
modified poly oxo-hydroxy metal ion material; and

(e) repeating steps (a) to (d) as required by varying
one or more of:

(i) the identity or concentration of the metal ion(s)
(M) and/or the ligand(s) (L) supplied in step (a); and/or

(ii) the ratio of metal ion(s) (M) to ligand(s) (L)
supplied in (a); and/or

(iii) pH(A); and/or

(iv) pH(B); and/or

(v) the rate of change from pH(A) to pH(B); and/or

(vi) the presence or concentration of a buffer;

thereby to produce a solid ligand-modified poly oxo-
hydroxy metal ion material having the desired physico-

chemical property.
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oxo- hydroxy netal ion material and optimsing a
desired physico-chem cal property of the material to

w@a@pnodiso for a nutritional, medical, cosneti cPOI/GB2008/000408

bi ol ogically related application, wherein the solid
i gand-nodif ied poly oxohydroxy netal ion material is
represented by the formula(MxLy(OH) n ) wherein M
?épregéﬁtp6ﬁ§e@ﬁ fér € Ladmak4i o £1CP A AeEn COTRTE. S61
gﬁ&?l gﬁﬁgqgagHo&eﬁﬁgﬁggg Qégc%ﬁchQﬁﬂﬁ%igkﬂy%%ed in
e e| th terial has a polyneric structure and
wher pirpceke gpasmakQMQdthegandldndugam@dmmdqﬁled poly oxo-
g %drox |o% ﬁﬁrlal has one or nore
¥§F8 ticihl-& Hﬁ§1@8 Efiéfical properties and di spl ays
M L bondi ng for at least one ligand that can be
detect ed by physical anal ytical techniques, the
BPocedbecBApEESENGL CARiM RPngvhrEeist Ahs Gy alamd
bigmibaandebtl b Boadieachl 98 WRdLtll dd e PHA
at whi he conponents are sol uble; fb changlng t he
pb@gﬁraouaeseiom@epheaptuoncaMSe Frasel icd precihpings ©r the
of the k and- ie g % 0XQ- h¥%§o§y taI |on
HetefFal ocﬁg Fﬁ@& uﬁ % Spar-&t Y%nal | y
drying, the solid ligand-nodif ied poly oxo- hydroxy
metal ion material produced in step (b) (d) testing
the d&ser @&%ﬁy’ﬁ ©6- BR¥NPES CEharadmer 24t it @é) sheriedn
c t [ i i gan f d
RREareres BN 4P, o B PSRk SR pRO L, S p ¥ hygrony
pelymguiised by wﬁryhagcomeespondnagometaalbmdmhydrox1de
identity or concentration of the netal ion(s) (M
SRYFGPC %ﬁe li gand(s) (L) supplied in step (a); and/or
(ii) the ratio of netal ion(s) (M to ligand(s) (L)

28. The process of claim 27, wherein pH(A) is less than

‘or equal to pH 2 and pH(B) is greater than or equal to pH

2.

29. The process of any one of claims 24 to 28, wherein
the pH is changed from pH(A) to pH(B) by the addition of

acid.

30. The process of claim 29, wherein the acid is added as
a mineral acid or an organic acid to decrease the

concentration of OH in the mixture of step (b).
31. The process of any one of claims 24 to 26, wherein
PH(B) is less than or equal to pH 2 and pH(A) is greater

than or equal to pH 2.

32. The process of any one of claims 24 to 31, wherein

the pH change from pH(A) to pH(B) occurs in a 24 hour
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supplied in (a) ; and/or (iii) pH(A); and/or (iv)
pH(B) ; and/ or (v) the rate of change frompH (A) to

w@Ri{oBp961and/ or (vi) the presence or concentrat PORGB2008/000408

buffer; thereby to produce a solid Iigand-nodif ied
pekyoaxehydesxy fetal pir@tﬁeﬂ‘&b&iyi ahithavi Bg herdesiried and
physi cochem cal e . 25. The process of claim 24,
Wﬁ?EhPFGﬁFﬁ@P1¥oWﬁFg§ QaMyPH§Ss -physi cal or chenica
reaction condition used in the process for making the
solid ligand-nodif ied poly oxohydroxy netal ion

Aat er Tak preees¥hefproyesneobfcldrpimes24ntser 8iln tierein

PRE B ReRErRlRahE: roFCEne Pebat: oo i, 3¢ Srian

thgage oL)t heeugeeakelrthenhgaandotd ersidiseddd nbe t he
reactants. 27. The process of any one of clainms 24 to
EEEfﬁﬁ@PéVnaFﬁegFFP§?rpHPﬂ? 18 aHafel ow t he pH at

whi ch oxo- hydroxy pol ynerisation of the corresponding
met al oxo- hydroxi de commences . 28. The process of

gkai nTRE, pubergisnofHEAY bgele§SCﬂhamsoQ4eq@aB3Loprrzin

ﬂd ggggé.is rgater.than ar e% g . 29. The
grgc § %Ognge AeTof ScPai VST Y0 %28 ﬁﬁ%&eln the pH
is changed frompH(A) to pH(B) by the addition of

acid. 30. The process of claim?29, wherein the acid is

afdedTHE RYRFREFaPLaBIY BRCaRLoFSFAME A4i # S 4dedbhexsdn
Eﬂ?f@?ngggjoﬁ.%.bgg eheChul Ra ?@ BlEX bY6e hoars) (b)

he process of any one of clains 24°to 2 mheréin
pH@Bmerssaesgnthan or equal to pH 2 and pH (A) IS
greater

36. The process of any one of claims 24 to 35, wherein
the buffer is selected from an inorganic buffer, such as
borate, silicate or bicarbonate, or an organic buffer such
as MOPS, HEPES, PIPES or TRIS, or a buffer selected from
adipic acid, pimelic acid, tryptophan or

hydroxymethylcellulose.

37. The process of any one of claims 24 to 36, wherein
the buffer concentrations are less than 500 mM, preferably

less than 200 mM and most preferably less than 100 mM.

38. The process of any one of claims 24 to 37, wherein
the temperature of the reaction is between 0 and 100°C,
and more preferably between room temperature (20-30°C) and

100°cC.
39. The process of any one of claims 24 to 37, wherein

the ionic strength of the reaction medium is varied by

addition of electrolyte.
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than or equal to pH 2 . 32. The process of any one of
clains 24 to 31, wherein the pH change frompH (A to

wWQERBpIaacurs in a 24 hourperiod or |ess, norePCT/GB2008/000408

preferably within an hour period and nost preferably
within 20 mnutes. 33. The process of any one o f
clains, 24 to 31, wherein the concentrations of total

Bt al ThEnBTERRESEnATt 6LARM RGandherpisy &g SoEPNERES are
%Qxédr@hagt nqdookg poef gr ﬂgh%g‘%h%oglr ealghttian 10-3

e
nol ar . . The process o any clainms 24 to 33,
wher ei n the reaction nedlun1|s an aqueous sol ution.

T f f 34,
Aher ofnPROPFER ERRLMAIAEE B doRcr dTBE70 - Tost S iRgu RSy
pabyhpoireati fatald3bonThaetpireees Foef adid naRe ref iehaites a

24 to 35, wherein the buffer is selected from an
PHBY §5ki c tHBf PEPCE8THc RORBTRE/-APe Na¥iNg. gPE igised a solid

@h%@h@o{%&l@f 10 BB19' 63BLAy B%ﬁcgf metsA @%nW%exHﬁ'iES

ES or TRI'S, or a buffer”sel eCted fron1ad|p|c acid
ppnelrdcnacm, thEypurgphaﬁ o laylsrr omyen@tfhycll@elrﬂsmzase:o 40 as
cess_of

dherd PR BeE T pe, RGN cBRERSE sFeBLPE Ficliptimigy the
salliaprebenabhpdi€ssdt bany28&orMyardxRosie thnefiemlayerial
less than 100 mM 38. The process o f any one of
ePaPhek2angaon7 LFofmEdatAnohé tt éfpér SOMPESE thomhe

reaction is between 0 and 100 0 C, and nore

preferably between roon1tenperature (20-3 0C) and 100

82C .ASQQmWheipioue§9roﬁdmd¢ismea®ﬁoolabn@ zmbU@c37

mhereLg.the ion sg&eg t.h_of %he react | onow5 etal
varred %i?ga&dﬁf’ 39 LEeRrsEpas yte RO YT REC Y SESE Yo
ebal Mma2eriwherephetbateanponents f@mumaxquLp(@ft)qp (a)

to for a honbgeneous sol ution.

wherein M repYesent one or more metal ions, L represents
one or more ligands and OH represents oxo or hydroxy
groups, wherein the composition is as obtainable by the

process of any one of the preceding claims.

43. The composition of claim 42, wherein delivery of the

metal ion provides therapeutic benefit to the subject.

44. The composition of claim 42, wherein the material is
for use in the therapeutic removal or inhibition of an
endogenous substance present in the subject that is
capable of binding to the solid ligand-modified poly oxo-

hydroxy metal ion material.

45. A ferric iron composition for administration to a
subject which comprises a solid ligand-modified poly oxo-
hydroxy metal ion material represented by the formula

(MxLy (OH) ) , wherein M represents one or more metal ions
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41. A process for nmaking a solid ligand-nodif ied poly
oxo- hydroxy netal ion material for admnistration to a

W@ ipBeed130 t he process conprising having opti m BEOG&2008/000408

solid |igand-nodified poly oxo-hydroxy netal ion
maaer tehpadteer Befly ilomst, ha, pregoessemifs ane @ wre|ldigends
tQ 40 as di sclosed herein, the further step of

ﬁﬁﬂuPHcFﬁPFﬁﬁeFﬁé SBPi 8| NYSRAXHOEFPIBS pofy wherein the

% 0ePYHI OKY 5B Bb1{ABrIB! §EkAbtliRebYhK wAREHOkhe ligands L
formulating it Tn a conposition. 42. A conposition for

addi avbecantonliy aasdbméytsubﬁpﬁtgtﬁg éogoth@ OXO oY

L8208y BILLLE, PR eBESrn AR BBy LI R mvarony
nepaksenh maEeﬁEamDh&vmﬁgabnEOD$ mbréemépﬁedhelbne or

re.ligapds,and OH represents oxo or hydroxy_ groups
¥F PR ERE™ORpORT PPERCL S a8 n0pPEIARBTE by < MaL Ponding

85 068spnokiany ang1pkithe preceding claims. 43. The
conposition of claim42, wherein delivery of the netal

ion provides therapeutic benefit to the subject. 44.

%Qe Ceﬂgofé%kgg Loﬁlebﬁkégit@@%rﬁkncﬁgg nﬁgerM%ErFin M is
use’in € t erapeutfrc remova PAfi BTt o

Batfogenmus substance present in the subject that is

capabl e of binding to the solid |ligand-nodified poly

oxohydroxy nmetal ion material. 45. A ferric iron

@@"p0§hé'98r§95 §Q8hnb§ﬁb85hgﬂohoo§ %EQh%CﬁSW@&CQlalm 46,
conprises a solid ligand-nodified poly oxohydroxy

wbﬁaelnohhﬁas@bséantepﬂéyeﬁa@domﬁytﬁ@lﬂdrﬁbaae(wtxucture
S8R0 pacWELE! BNl EBRCRONLALRNS BT 1R BBl Aoy or oxo

represent’'s one-or
grgapdsbgndhékungandsanﬁs dmaemmlhmﬁnex%yganuera@d
&Eereln the material has a EP meri ¢ structure

a

FERCRAOR: BARHETT BRYIBESPaNtPAFLY IARIGoRERKS for L or

ﬁgpﬁbgtuted for the oxo or hydroxy groups, the solid
i gand-nodi f ied poly oxo-hydroxy :

48. The ferric iron composition of any one of claims 45
to 47, wherein the substantially randomly solid phase
structure of the material produced by substitution of
hydroxy or oxo groups by the ligand L is an increase in
the amorphousness of the structure of the material as
determinable by high resolution transmission electron

microscopy.

49. The ferric iron composition of any one of claims 45
to 48, wherein the reproducible physico-chemical property
is selected from one or more of a dissolution profile, an

adsorption profile or a reproducible elemental ratio.

50. The ferric iron composition of claim 49, wherein the

reproducible elemental ratio is reproducible within a
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metal ion material having one or nore reproducible
physi co-chem cal properties and denonstrable ML

whendiong3usi ng physical anal ysis. 46. The f er rPCT/GBRIVS/000408

conposition of claima45, wherein Mis Fe3+ ions. 47
ThRitenk prbFeRaB9gPeShbbOn,ah Enb%”b%@f%&a%‘l?‘ and

wher ei n t%e substantially randomy solid phasé

strencingie pEeEEQaE&Qewu&hlﬁraduﬁﬁdtbbe&bSPltutlOn of
hydroxy or oxo groups by the ligand L is determ nable
by an X-ray diffraction pattern having no identifiable

Beaksphar £by 0k <M MMHoom é%SﬁEE%DT E 50y 2R of clai s 45

conp05|t|on of any one o 5to0°47, whereint
sgbéﬂanWhakbynraheonhﬁrsmbddspba$easﬁmm¢m@meC@Mpmhses one

mat eri al _produ S bstlt on of dr gxy, or

BFoTpE 2opBrRE EPgantiel bPBus, Beroped Mt Dkt "ar¥ L alone.
anor phousness of the structure of the naterial as

deternmi nabl e by high resol ution transm ssion el ectron

Afcr oSBEpySTHAC FHETF EPRPESEEIRTC OfpGEIt B¢ OF &tpiBiFe 48

98 gha'Wﬁeéé;hotﬁé 1¥hghel B LB &ﬁ%r%d%%&Q%§ate or adipate

physi co-chem cal propérty Is selfected fromone or nore
ot sudicéseketi on profile, an adsorption profile or a
reproduci ble el enental ratio. 50. The ferric iron
conposition of claim49, wherein the reproducible

shemenhal featiie Lgohepbagueillienwofhicladh mit, @herein the
referably 10% and nore preferab%y + 5% and even
Sgangr &f EPRBIY SRSt RRHLATRLR ANgF adiRAtSL. The ferric
iron conposition of any one of clains 45 to 50,
wherein the infrared spectra further conprises one or
ﬁére peek §efror ct heobordspbet weemn Mﬂachaim 5&nd wherein the

erric_iron conpositia f, any one of
n'%.gghl c1n %

Fgﬁﬁg ischpgiseﬁhE?gFﬁaFﬁe rises

tartarate or adi pat e

55. The ferric iron composition of any one of claims 48

to 54, wherein the ratio M:L. is between about 1:5 and 5:1.

56. The ferric iron composition of any one of claims 48

to 55 which is FeOHAJLl00 and FeT-3:1-Ad20.

57. The ferric iron composition of any one of claims 45
to 56, wherein the composition is a supplement, a

fortificant or a food additive.

58. Use of a composition of a solid ligand-modified poly
oxo-hydroxy metal ion material (MiL,(OH),) as obtainable by
the process of any one of claims 1 to 44 or as defined in
any one of claims 45 to 57 for the preparation of a
medicament for therapeutic delivery of the metal ion to

the subject.
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or succinate. 53. The ferric iron conposition of claim

52, wherein the ligand L conprises tartarate and
w@eaiopas@a3o 54. The ferric iron conposition of cPEI/GB®E/000408

wherein the ligand L conprises tartrate and succi nate.

§5. ThesberH ¢ighaa-mRaReSkEl PB19f oY nYde me%bnslon
48 to 54, mhere?n the ratio NP gfs betmeeﬁ&%bout :

BAgesial SEhLﬂ%%ﬂhérﬁﬁcobﬁéﬁn@@%ﬁo§WtF@ﬁ @¢O§@¢80@€ @my
[ 5 [ l a E I
B8 R et o ) O TR oart 1 on o e 6y SPCi faim
45 to 586, fmheusen1hh£hemapgsibmodeasvarsupﬁlQMEnmﬁtal ion
%flca or a food additive. 58. Use of a
n% §|FF ASG6F-a solid |igand-nodif ied poly
oxo- hydroxy netal ion material (MLy(OH) n) s
obt ai nabl e by the process of any one of clains 1 to 44
or as defined in any one of clains 45 to 57 for the
preparation of a medi canent for therapeutic delivery
of the nmetal ion to the subj ect .59. A solid
| i gand-nodi fi ed poly oxo-hydroxy netal ion material (M
xLy (OH) n) as obtainable by the process of any one of
clainms 1 to 44 or as defined in any one of clains 45
to 57 for use in therapy for delivery of the netal ion
to the subject.
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