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Li gand Modified Poly Oxo-hydroxy Metal lon Materials,

Their Uses and Processes For Their Preparation Field

of the Invention 5 The present invention relates to

i gand-nodi fied poly oxo- hydroxy netal ion materials

an@lt;rheudr Mas'lei,leldn Ppayt Cxol-Aydrbey HMetalt LonaMaterials,
bi oI 0| caI A el at eq

L Processey For Theiy b -

defi ci ency reI at ed to a conmponent of the materl al or

for. the renoval 10 of an endogenous substance capabl e

Eﬁfem itf A e CRYRD AT i al . The present invention

I r , r
mat 3r| aﬁiﬁaﬁl oeplwlncfrgl%;l elr &%f%a?%g “lcﬁﬁéiré poly oxo-
Iprcoperyt ives: sdndi drhedart aveidi loalarus eshe 115 WRBack grioundimafi cular

BT B adf oy TTTTeAuoH G g Sally zelated

Al ecdd i P resd a1 diddd ahdeoplfo@bald o ddfisiency
estimated that 2 billion people - over 300 of the

TS Populwimmnenty el diematexg siwdg, for the removal

/ c
Tot) AR M Al R IS S Y T
neoredineed.  tthe heratewed opiwentviesrd o‘iuzﬁmedemedladmmajo
surve%séﬁ perfor msd in Euro Qean cou tries, show t hat

4617 d“aé'tﬁﬁflﬁr St AR HE WS e i
;ﬁgﬁegldmmléale% @inaed {HHAr hdidildbes.
(Hercberg et al 01; CGoddard et al., 2005). Iron
deficiency anaem a can result in decreased

BdUel el e AU ARG oflecr eased phys! cal

capa nperat ure regul ati on,
Tatdrercad f ions=ndy tiwe tdey etapmerdmmetn gﬂs:tminma.emtd 30
conpr.om sed i nmune and met abol i c j{? unctions, al I of
%ﬁ“&%eﬁ%a‘& o Gut i 130D 13 Ui h &S then 4
SOOI Gedhdoerihi B, alzt 1Oy UstHeraher areit al billion
2001; Scholz et"al, 1 97) The standard first |ine
neetarentover Xl We WIDAis PORbmtsYy - are anaemic

SURP! enent atjon, with ara), ferraus, syl Rhat&sda 20 pecember

2005). Iron deficiency is not a problem solely confined

to the developing world. Epidemiological surveys
performed in European countries show that iron deficiency
concerns 10-30% of menstruating women and iron deficiency
anaemia (IDA) 1.5 to 14% (Hercbhberg 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 guality of life and health economics ({(Edgerton
et al, 1979; Hercberg et al, 2001; Scholz et al, 1997).
The standard Ffirst line treatment for simple mild IDA is,

commonly, supplementation with oral ferrous sulphate.
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More conpl ex or severe iron deficiencies may be
treated wth intravenous iron or blood transfusions,
but subsequent managenent is with oral iron
preparations. In spite of the wi despread use of ora
Mg dunglansatdro e e tdairorefdegdbiiveness maypoer trébited
is dye to: (i) variable _absorption characteristics

WHrid mt)ra«;f@a@U@r FERS FesHiXh§TaPF Tger Eonpitance.

&S rfdfa et SLenkicon LG 1 Q%n defieheRG¥%ns. In
i nclude the usé of i1ron-fortified foo S. Cbnnnnly used

sfrovtts fofc drtss winsapiedknseusis gplatieon pepemeitd ons

hI Orledﬁ% ferrlc sodi um EDTA a@d ferrl

pyrophosﬁ% SHHGweVer, despite *f oft i ebgﬁ o) variable

Hgatrgies cnarx@ﬂ:ﬂw:usmemmmrmlms sd deo TR clsob@sulting
probl em and,. thus, cheap and effective supplenents are

I (R EOTES ARB F005/ VOCLRY s Efh &6t ke STFmtHes §3f0f1ron
U Rleoulan (eIl Jdohsaceharidic el

n freshly precipitated iron hydroxides are

GanQﬂﬂﬂuudqﬁ.éggﬁE@&mQ&ntaMunmknﬁgaﬁeﬁgm@ﬁuk%%inhﬁtﬁorn1

ecandar conpl e These, .20 | ex I
S CGEd T B S STV AT A X F e S - A
@ﬁ&fx@ﬁwﬁﬁiﬁt eS{dv@\azﬁ: enmsmtiec Metthidd d=a iprepar e

cal ci um gl uconate_where the crystals are high purity
HR ESAIGE s HTB 19aHL CHNAYS BRYTSAT2 Go ISP G UES a

g&&fé@ 9, making S d it UC QRAA LRITRILX8%

i.v. Iron admMinistration that requires the
dayuiirald .step of preparing ferric hydroxide with a
subsequent step of reacting with the 30 Iigand, sodium
gl uconate. US 2005/0209187 relates to a simlar

W 0RRssy o2 Bk di 116k UG O8GRIl L XaS Hnajkheﬁoiédla'lrar
iron gluconate conpl exes. US 2003/0049284 descri be
Wﬁ#gﬁﬁjxqgn|qﬁqqggﬁ4ﬁ%qiﬁ9mg§exes formed when fresh y

precipitated iron hydroxides are subsequéntly 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
similar process for making iron sucrose complexes rather

than iron gluconate complexes.

US 2003/0049284 describes a method for increasing the
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solubility of salts of al pha hydroxy carboxylic acids,
by reaction with an al pha am no acid, such that the
material would have inproved nutritional

suppl enentati on properties. 5 US 3,679,377 relates to
dNeHRngkSHen af ran A9 %1%%1 ?B'r%xyef:fatﬁﬁbk}@ 180 HE@E@S‘?f by

|ron|napant nutrient "solution as a ferric
:@@ICﬂ:ap@ W@ﬁﬂoﬁyﬂ aé@tlﬂptl exiani esidTheunht &hpbl §h9r vatesdal

nvent.i onal and net al 0 xes. DE 20

555 g Bea. PRz TheRan. Blemt Pe s RS b e o
p&@@e&&&ebn mat eri al s engi neering such as the fornmation
of polyneric conposites through injection spraying or
coating 15 of the nanopowders into or onto an existing

Iﬁﬁﬁe%h@l377J%QQQQ@%'@th%E %&ovﬁ%@gﬂ)o§e§%rh9§%n%mlcally

crltlca preci pltatlon assay that utilises a solution
qﬁﬁa&§lveea©Mm@@ iork whmmhlnaa péentnautribngHsodganincas a

agc conpet e for tlon of t oxo- hridges
B Ben TR oty e SBOry At Fedpfen The
TRREesS s IphidicfiicRgl atﬂ@e @it iand 1decreasi-ngthhe ion
branchi ng of the pol yhydroxy al um ni um species
CONRIGFSFsi ngh et al . (2004); Powell et al. (2004)).
The assay is usabl e because the efficiency.25 of the

ligand in interrupting this process is related to its
E&fﬁMnQEWSf@ﬂ43B@nﬁﬁi@mSQMDSW@smatgé eggediicn neficpowders

rk that durin ol ut | on hase h of 0

SRR i Spaeag i RES RN g ey AR TBo g oA oA of
pdisRkparatespistiticy the ety 18 ecdi obummaty iy tdre coating
I nvention Broadly, the present invention relates t

éé@sg@@wde&ﬁewq%ﬁrsmt& Py &rfd-Siradich e 53-
oxo- hydroxy nmetal ion materials and optimsing their
physi co-chem cal 3
Jugdachsingh et al. (2004) describes a critical

precipitation assay 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 procegs, 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
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properties. The conpositions generally conprise solid
I i gand-nodi fi ed poly oxo-hydroxy netal ion materials
represented by the fornula (ML.(OHn),wherein M
represents one or nore netal ions, L represents one

wropesrELdd garits: SanesCHt ireepr esertrs 1dx0 comphyigreoxplid

r oups, %gg, be used .in nutritional,, medical.,1
SRR O A5toh 1O 51 ST AR MEtBuarP apied A s,
s diEdds, deld viefmafa thgr, [BEEDI, ke REen $2 rePresents

the use of the materials for the delivery of a _
FEEEh EMroMmealtivel st & reprsead st paemeramorg ilggands

t at
AR, PR A Ll P I iRl lgreRh F ol e ¥ usea
iconponeirticrald arelicrlat ecmetindesi rcablesr éfifedetes dalaty
it may cause., The solid._ligand- j fied . .pol

L i SRR L i R B S e &
nRaRstii L1 ﬁoéke%é,ord’@ 1ofe TRid &Jr dRatnhave Net Leernhe

described " previously in the art for such uses and
deiiciecarribe demiprent mierthy imgtagied , Fafrey éfcdhgp metal
Structural e capi e i L Qs r

T o o ey RS W GG SRR o PR, A o
et erdeaals) mre yatidel 4 ooe ssevey arhiictnitthe: ratemm@irsesnt

have been obtai ned. Thus, ile tal .@xQ-hydroxi de
PRS- L HE S dY w&qeﬁéﬁiﬂ/ﬁf‘% FRIREE STt tof AbHgartee -
chem stry, in the present invention they are nodified

by biologically conpatible Iigands (i.e. other_ than

Beo 1l i drivepdroupsied Rl valwer- KR Ep i 1on

mad”cgé fafgleﬂscﬁoégc?%e{#éﬁ? éo%sﬁrtggéé%&?%%{%@'ﬁatmr
an or"us€e 1 new applications. part of the
#HH H Uea i Qees Sesem ik di10i opt ipdse andlypricdude dhe for
materials, it is, notable that_ (i) the materjals are

FEEDWRSFRY HE PR FFDIPOVFHG 5% ci P 1D r o
SOt 00 305 ($118: 0 ARHEOUSsd tUtd p BN o [ ddmb et t 1dieal

[igand incorporation into the poly oxo-hydroxy netal
paorrwiens phase Wsing orhatanaastidhe BIItHET¢YHMesthe
MYty SPnQYahnd U PBLesddent e BAdhdGerfhis nave
been obtained. Thus, while metal oxo-hydroxide powders
are very well known in the field of inorganic chemigtry,
in the present invention they are modified by biclogically
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 1s 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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Thus, by way of exanple, the present invention differs
fromthe critical precipitation assay disclosed in
Jugdaohsi ngh et al. (2004) because that assay was
carried out in solution and the precipitated materi al

BRS sNobySwayhsEquennby e, sehat ptegent uLhhent eonl @yeders
In contrast, .,in_the present i1nvention, the formation
oFORhENBOFy A salc BREFARSSAE SORNRSHBY nflieelosed 1n

Queahghg%gﬁne%ngyt (b%owebeéghgg Hﬂaeraegéyt DAL akfried

then characterised and used in a vari et
applnuaspéngloﬁuanﬁetharprechplpaee@nmaﬁermamewaarsot

found.that th ried_.so phas er

Bl ehReBRo YT SouAERcRE SRORRFF, BOSFRURT g, lh contrast,
sansnblpebgen&e@andgﬁ&oupoahéheOgm@eioﬁobﬁttne polymers
conditions used in the production of the materi al
PBPté%Hﬁﬁléotﬁéecﬁ8P8€ 6f PF?@éﬁaFéylaﬁda?ﬁeFF is the

%B@SS”E&@EE@%l%eEﬁH% %Q@ttﬁEBtBﬁa?&&é&r%éeaoﬁndTﬂgéﬁ in a

materials are not, as m ght be expected, sinply netal
U&rdesyhydrappdesamubnssubFuytuermerengthdegreesnbf

srystattisation. and theretpre subtl vodi ol eing naceriane

éﬁﬁ@bﬁ@r@hgs1Wbtﬁhﬁmhﬁalﬂgkbpér@ﬁebhEhQQ|arexsehydtQX¥ly
metal ion 20 precipitate through substitution of oxb
SEPRPEEBRY MPOGr Glifs SXTRTs SPSugénBr gPpgitions used in the

g? %%QEBE'Q@EEE!C %%r&a@ongggegﬁiﬁglgcﬁﬂésCEBEQHQBE

ondi n Iea s to distinct and novel
ahgemdtB@nanﬂntMHaxchemnsntyatlonyseasusnﬁhytaﬁé the metal

t f th d. Tk
CBpos treaR Naraaeed AEEording Fort AR pPRsERp= ted

b&%@ﬁ&l&ﬁt&ﬁec&h@@bq oRevieb @ftht estanddareeming
sinply the results o Iterln% t he degree of
d

éﬁﬁﬁt@éiﬁl oA Oy Yo alAd safecal: aR é@ﬁﬁ?é%% gubtly differing
1§ﬁn%§¥E>EQ%e%on@hk'QB%t@ ? RLECHRLLAKI (20 QQc%@borate
eaS| t e propertfies o

he 30 SO|Id such
mﬁeha@ndhblﬁmxxa&:mﬁsthe—@péyobuplbwdanay megel ion

SHABS Y Ml LT B (B Ly, agagitba o

t.el yurigs Q%U@te@féz%tllﬁ}""nﬁnu%t@gc@lﬂbmeaﬂ]d ghid,y
L%;%%Eeless, oceurs 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 conditilons of
precipitation do not easily predict the properties of the
solid, such as the conditions of its re-dissclution and,
for example, using this system it is perfectly possible to
precipitate a material at pH 7 which can also be
completely re-agquated at pH 7 using only a slightly larger

volume of solution or by making a subtle change to the
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vol une of solution or by meking a subtle change to the
5 solution chem stry. Nonethel ess, under the exact
same reaction conditions, material is formed with
hi ghly reproduci ble properties. Thus, the idea
smbler 1 gm mghdaﬂﬂmt:py esembng tiveind s N Urkidhathd s ocass
can be used é groduce ML:OH solids with precisely
TR Tiordy PRt CheRR et i L tharhdterieadt iV grahly
Fabtdhei bl Ol 98bsatti appl iGald ONShes %Qiba@%ﬂdbf@ﬁi:&‘g Nehe
nutrition or cosnetics, where specific nateri al
R¥RI e efiffﬂ‘s@ﬁi‘(‘—:ismarbs r@@m’fp réels Prsieesppradte hasedoto

| y 1 hat
L Y 2L P W R 28
até:rmw:ashlctMm@dsraﬁge:sce rﬁdmenus]oimpﬂqﬂmmgméman be
used to froduce such precisel. tallored P

Ve UK 3D i W racteri st 3&% r “Cosnetics,

me@@r@@@lfﬂé RCEOF t NG rd dt & ffdidds aBRECGtaqiNEeq.
present invention provides a process for producing a

Tols bRk noelh fred beot prsxotaadnoxdd sreteged ommd 1t is
SRS Ao d MU QAL O\ Mo L PRLPSIIN 008 01 ey

i 'on represents o nore
Brberepr esends ©x0t bl dycHaxyegriouphe ansl 20 mtmeeltrhat can
the gross solid |igand-nodifjed pot¥,oxo hydr %geo_

BRrKioS o iRERiGT RASH GRS SHF &
Phwsi &or  chegi C@is@é?@@féﬂﬁ%ﬁi@a@dé&eﬁyﬁcé\ﬁ& bonghdit ies .

for at least™ one ligand that can be detected by
physi cal analytical technlques 25 the process

ing t 4o
ORI, (B L R SR lfrien
o v s b @rcﬁcbe)s@hﬁastglpngodﬁte;,rm-l(ab\)sdnca Bﬂ;mmi—rpdwdﬁﬁaled
to cause a _solid precipitate of the SQ

STYAROH T OB FBFS oo™ S0 H5bhy gy 4PH] oy whezein

etddhe d oo be $erpde Anth( Closepar atd e dts one or
optionally drying, the solid Ilgand nodi fied poly

oxee hyidyaoxgs merdl Of ovepeg gt 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
golid precipitate of the solid ligand-modified poly oxo-
hydroxy metal ion material to be formed; and

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

produced in step (b).
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produced in step (b). 6 By way of exanple, the

materi al s produced by the processes of the present

i nvention may be enployed in nutritional, nmedical,
cosnetic or other biologically relevant applications.

By praef erft exkaexdng| eclef rsutedy ianl sappldaatddo iy s thecesses
u %iOf the material to deliver the material, aor a, 1
%‘gr N RS SHTs Ul T PThets 98Oy 99 dand U it e ona s

i Rsl, dmBRIL JihHORALA La1e Ir@N&@Yart the
conponent or so that the conponent provide a _ .
lefqains of fedraieurrsl AFwde o saictemataRRl lcation

£xampl §,4$ ééq%kkésqngfe%a a %th%{)lii%'ext QR %t%frihal, or a
Sequest €r” a conponen at may bé Tpresent 1n the
st ethdrdaf whicth ddhes medterdi alon ©x iantiriggueed, td lker eby

to remove_or inhibjt that co onegt and anel, orate

Y Gtidest Fadt @ et 1HaRC TEUSECY |1 Vil of

ddfsond-te ¥ %&%&@W@%ﬂ&%éﬂ&ﬁﬁ&ﬁi@ Stremmdd ofal
formul ating the solid |igand-nodified poly

oy dioxyhe st etlon et erlit@rTat iy Gipesi ke oFF flore use
I Nj fi taq.. a; subj.ec [
B S IREAADT S b I E e d LA ARl (IS may pe
Pyedies el ke s - @ndimeerwitictoptianimssecetidel is
physi co-chemi cal properties of the materi

|, f
BRI dORTDY tHe TRIE |{Y o proth he qppoonent

24501 Q0 PrOfdhe, Qe Sl d als U aperina©fit htay cause.
materral, and it"is a considerable advantage of the

Pr ocess est 251 des crivbaerdresd mathaomhesridia Griner step

a able to. su optj m sat | i Lngl
RS Y ope R Sl B 558 S0 ooy
1 @€ SSoit Ofa e DY & c@hpekdtigandéamddmioti s Boepobly to
0oxo0- hydroxy netal ion material and optimsing a

YeBHP B bhysi co- chemical property of the material to
adapt it for a nutritional, nedical, cosnetic or

biologically related application, wherein the solid
T gaml -k £ edlf 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 similaxr pfoperty of the material,
and it is a considerable advantage of the processes
described herein that they are highly amenable to such

optimigation studies.

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

poly oxo-hydroxy metal ion materxial is represented by the
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pol y oxo-hydroxy nmetal ion material is represented by
the 7 formula (MLy(OH)n), wherein Mrepresent one or
nore netal 1ions, L represents one or nore |igands and
OH represents oxo or hydroxy groups, wherein the
grasslsolnd. (ogand, winshd-ired podprasanthysitoxyr netrd metal
jon material has one or 5 nore reproducible

YSi Clo-EHSTR A HrIperty e Pty M BoHA R
&5 & heastconerbigandhhati candedetededi g byigand-

physi cal™ anal’ytT cal” techni ques, the process
oot ied nge Ly a)xon Xydigpthengistlal idmnEeMahdiahene or

| igand(s i 10_.a reacti.on i f

A e e ot anint 86 o R B A dnd D A v
PH( Aoh@ivg Sesengt pHB t tene alismrad tSodt dogn dos pidtateed
of the |igand-nodified poly oxo-hydroxy netal ion

atRryalcib HeRior et 4SCRRYIEPar ati ng, and
Opti0€§é|gr§é¥é§9moﬁﬁﬁi§9£§9 | i gand-nodi fi ed poly
ydr o

0X0- h y nmetal ion material produced in step gb;. ,
(d) tés}imgzthe desimedsphyshtel chemdafhe ligandis) L in

FolT 1 BTy cib- Ry f of 7 NECHr Ut ort el or Tl - Ind (Y <

sepeabingisteps (a) to (d) as required by varying one

or nore of: (i) the identity or concentraliopn of the

met al (PongBInatny BRA/BY (Bhet?i Yafitrsy (Fal)‘“éﬂpb?i E4UPR #
R o PR S It e R e SR el
pECA) ; iandhaterfal) tpHeB) foameador (v) the rate of

chandse (" SRBELPlabe BRALy, Safkety a8, (i) Lbe, soria
prgdueendaselbd bbygnexaodi/firedypakbyabxbon material
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:

{1} 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/ox

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

(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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hydroxy nmetal ion material having the desired physico-
chem cal property. 8 Exanples of possible netal ions
and |ligands are provided below In sone enbodi nents,
the materials of the present invention may enpl oy

IR 8D 1 SN0 O NS0 SPEE1 & medfa el = 1:008 Wigddgantke fdfovided
exanple two, three, four or five different 5 species

Lot al Irrlo'ﬁor@@ FReRHIICEE addit iBHEe iR kbRE the present
|
%&%, ng C%p%ié,}g%é)tﬂa 69 SEIE $OMetal ion or

as descri innore detail bel ow.
Yisgpad! Obr taeambeesse f drhmm i Maimga ffost rédi ferent

sico- 10 chem cal of he terial to
B epmetal’ Ja%rbr?%of Pt Tyt Gl ot 9%
MRy Physteal tiee 1 call m&@@;}lﬂbcﬁﬁtdxl'élmﬁe UsedFd #1ing
the process for making the solid |igand-nodified poly
XA BV EY 0%y Re?aribedniRetere aﬁet?ﬂ&gﬁ& i e t he
tenperature of the reaction, 15 the ionic content and

strength of the sol ution, bufferlng capacity of the
B9l peionof etge psmagsa.imwf@@txmmﬂnwg amm&slxgﬁ|ph3$m¢0w

les), or the c itions an aratus use
sl e L B T e e S e
é\ﬁ%@%&@@ﬁ Of £ MR5E P& OREE1+2S1Of td heanpt pﬂiy@ica]ZOo:t n
urt her aspect the present invention provides a

ph@mself@@aﬁﬁk@ngcg@qiwl@m@a%ecﬁrﬂfF%%i pepyess tor
% géy?ﬁﬁ&ailggﬁd%gﬁfé& Oy B9 DhPRESL) Ofet &1

essS conprising having optimsed a
sohlﬁategaam ZBOﬂDdx&mpﬁepbhg pxophyEtroxe ﬂéthhelﬁﬁaCtlon

mat eri al accordi ng t [oce s di

hBeefADLE hEoRGPEheRnY: 8 abr%frl Rertt Gt uF?iul%% sSpfgerng
&agaegtgogff ted pehMroxe- f(léd@oxus:.ﬂgt al buﬁﬂeﬁabenhahs MOPS
I n"bul k”and/ or fornulatin in a nposition. 30 In

aneianbbei aBARPLleRe . pﬁécég§e§°%¢th@nﬁr@§@nﬁppﬁ€@HPFoHSEd

ro 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 &
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 hereiln, the further step of
manufacturing the solid ligand-modified poly oxo~h¥droxy
metal ion material in bulk and/or formulating it in a

composition,

Tn one embodiment, the processes of the present invention
have been employed by way of example to optimise and
produce ferxrric iron compositions, e.9d. for use as iron

supplements, fortificants or therapeutics. As is
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have been enpl oyed by way of exanple to optim se and
produce ferric iron conpositions, e.g. for use as iron
suppl enents, fortificants or therapeutics. As is 9
generally used in the art, supplenents are nutritiona
Opesilh ered Hal tiee arak eruylsulneet sirieo neartedbnal
prevent or insure against a_deficiency in a mneral or

GIRES 1 iersr FhednidirerekeR Par BRI eane 8 SoMERRAt 5

ﬁ?é@éﬁﬂ'&f3£%§%&%PE@ﬁﬁﬁktb%tdE%iQS%%E%‘Hﬁ.épmik%@ahoor
conpositions that dre added routinely to foodstuffs to
diynsyro v atiseiyr ammdniangnal A akge fiftente Xxsmslosemiat

additi o of jodide t able salt, B.gro i.tamns to
Pridarade S aBiehe® MY 3" Beheatdnodhals
aflidd i1,onk) teRipesid i=eide dTays ke nes §d ticha@oagetttiidal by,
usually in the context of preventing or treatin .
TR0 BT IeRa lc ¥FSE§ by OFh EXFERLE é‘ﬁ’@y%id%l&lon

dJ8 ri‘%fdﬁl'%eortoo@éﬁléj's%lﬁr,ya PRNEAt-anlitd Be ¢A%81Ghst
Iron, the ferric iron conpositions disclosed herein
ameddes enplioyed tas cEy eslppiredeintts,. f dirt @flddédntost .or as

t herapeutic co sitions, ., for l-e.in_t :
L A e
dure-dIBN QA YSalvarely anceatdng Bf kammilegy o seasd.tion
Such therapeutics are typically adm._nistered orally
Grugest R ersusisi i DETRst diditngliyieiat SHe fSirdc it aHREY

&fnfggﬁmne nvent QR fUdh &S SRRV 48% & 8Mld GaldiPn
composition for admnistration to a subject which
wonrsE iseisrs sl sl ddsghithurddi friced bgolgmrebayechyedr oxy

tal | terial,. t ed t he for.mul 5 ...
TS S Sl el o, R LS L Bl cions.

fONSexdifle CQIUHS & fednans ofl el ekemiisi caney am nor e
i gands and OH represents oxo or hydroxgﬂ%rpu s in
RIFEHIheT Rt QP ks (is8teht iSANSPT fHdorftytammatory

! i t r I . l . .
ilstd t ed hor iR X0 NG SroUpSa e aokich
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

(MyLy, (OH) ;) , wherein M represents one oOr 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 ox more reproducible
physico-chemical properties and demonstrable M-L bonding

using physical analysis.

Generally a useful dietary iron supplement needs to share

10
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30 hydroxy netal ion material having one or nore
repr oduci bl e physi co-chem cal properties and
denonstrable ML bonding using physical analysis.
Generally a useful dietary iron supplenent needs to

Shay @halGc$eFE thakaciferdisiiles refrraiupplkelfarr asmely cost
salts, nanmely cost relatively little _and_be

SO0y Wil eageet bd TeRFeRaP 1Yt e ldaReSOrhed pEut at
tﬁ%?%g%&@%?, ct e 1and, Q%Q&%LQQQQV%Oa%d.E%ﬂcanb@%n%% a
or sl de-e C

ts. Some ferric salts do not 5 suffer
chrv\omrtdiidsarmesaacfvamd@g@fa:s%qtﬁey §|oexealf|ee"ardryc ewildiss €, not
% ther ore Iegﬁr rone to dox actl |t d
oﬁre et for ¥

cﬁ@.ﬂ:ﬂe@d}t %@Id %ade Iuﬂf@@ﬂc&é a3 of aveueaklce rtdﬁmic theivity
initiation of iron oxidation. Mreover, the controlled
bETanRfodale redidrEtdrrofof difae TaiFtia ihéHRucosal

sogx%ll}lte%trétl %eqf é 4 & rf_%.tv%dfa‘ﬂlté ri-gzasi ame or

e entr iron to e circulation, which would
:l:mmraﬂztmn [rfo ductri @:rxlciﬁt.mrr cuIMa@mn-ﬁ%m@mHEd

bound i ron NTBI ead to jd a
TG i o TG RET urh I P e1n
ARG/ Mawrmdéwg{a 1slurn1ﬁle1g fsﬁferp @csalttrsa atree motof

efficient supplenents because the|r |d di ssol u |q?
PR Heo st FSLFGIAbWal iRR BhGk 31‘ &Pedéﬁaﬁ%’é% ton

| r t dn b whi aftre
[ nhljg‘ycﬁho‘%—h ﬂ%goﬂr%tﬁ?%%kf %sﬂ&v\%ﬂ&? 2I10 er r:E c iron
sk tissad yo G:ahlc}atf:e\rer i Gareddorimehe avecwednionri ed as
fortlflcants ertain foods,., these a p
SR b BT R R A TS dodbev e ¢ fimple

f@%%&@rééiﬁgjéﬁ%'ﬂ@EYEEﬁléfﬁﬂﬂCéugﬁﬁemémmstwﬁnamméIthelx
bowel at bol us doses. Chel ati on of ferjlc ron, for

exabp| &L T8 W trmat ofhe nelP TR Jcﬁ/e??% i sl |

@M £@goMoin th
901‘6"5\;%%&3%&”'%9} &%ﬁ’?ﬂé&l@% %&g {0 mtl on costs
éﬁKlDS%@@iBZﬂhlcmn1nhﬂh1t$omheher@b%WEP%b%@erﬁgh%%erWhlle

%gﬁ}fgffé n safhelaﬁ§£fcally 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 doses. Chelation of ferric iron, for example
with maltol, may help overcome this small bowel solubility
igssue for bolus doses, but has not proven commercially
viable due to production costs (WO 03/097627). In
addition there are concerns over the safety of chelators
guch as maltol. The compositions disclosed herein are
engineered to overcome such absorption, safety, gide
effect and production cost problems. Thus, these solid
ligand-modified poly oxo-hydroxy metal lon materials can
pe tailored to have distinct dissolution profiles in the

stomach environment compared to the small bowel

11
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such as maltol. The conpositions disclosed herein are
30 engi neered to overcone such absorption, safety,
side effeect and production cost problens. Thus, these
solid ligand-nodified poly oxo-hydroxy nmetal ion
drptiefdralentcan rbeHial hefed regiiave stiostitieh in the

di ssolution profiles in the stomach environnent

Fhed thens psadsh dRe MEesd ragh@ Podiente limery oF
é@@l’% @n%%g_l %to‘v\%g i ot RR o 3LomReh LiRak of @%Q'rjo%%d%nd
t 0 unae e

si r abl olu ivery of iron in“the smal
frowe]q mt@ccuxasa foer agiopled fier rtdws dassd gof exfr |téle§@l ts,

he -avoi n.the de of .t hese 5 t rla
TR TG DHETE IO (o e THE gt abr Lhe Befe of
il SR0lutiicen ean Hée ee@gm&@e@d HoO miERiceh He@fid ixetietisS .
Potentially, these solid phase _|igand-nodified paly

P@F@UWMy e @9lish e |1éigsan@dmodhi§éetda|903fyedmo"
VST o%ﬁpsfleerrlcr Qr% %treq_"ﬁ LS .o ABSORRE QN 10f-dd o, FrRmse:

nto the circulation occurs in
Sk \mamaﬂ@mmrtsr eql.m:r@rptrzm din mtwlséxwho tde mott lumen

requjre iron ther be little .or Qr p .
] e SO e P Y P Fequize
sl utd ahe AiEAGH Qﬁ:&l i@ ofrd Hass &Qiax@ wahas e

| i gand- nodi fied poly oxo droxy ferric iron 15

Ieittels 1% nep PR Ll 'arg%é‘f??%%é‘trqrhéﬁ/ﬂ& SEIRE o the
i 5aggr %fgsfdl% S Yool Myan, gaoaawtog hateds dma

In aquate Ineffrcrently 1n an environnment
pﬁ&ﬂeikngdnqﬁmodnﬁmnﬁnpuﬂyraxp HEhirsoxgy diavrmicul idedyel p

to red si.de .ef fects w thouyt conpraom si

TR P BPTH se S0, 20/ Hbod T o e MBI Thee

dred £ d-a o 1 @ seid 10Ned | Ol n dir S v indlits aggregat €low in
under gastrointestinal conditions depends n th
optaRd Wode diuh rgie Bhbserien i acrheem@mmf{%e fﬁlat is

éjb%#dirgo%% (l:j)lsOC%E)edsjg@i %%m%rﬂ%&ylgeré&%

& { ranet: ot § e polly oy oy fErFoxptiem Hatdrous $vho

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 (ML, (OH),) as obtainable by the
prgiesses 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

12
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could be so designed. In a further aspect, the present
i nvention provides the use of a conposition of a
solid ligand-nodified poly oxo- 30 hydroxy netal ion
material (My(OH)) as obtainable by the processes

ihh:s alnsad drer gia, {on) hhewprepariataor ofy andedicerimis
for therapeutic delivery of the netal ion to_ the

Gasaed Aersimathisreltne id iesemt ithremated ion to a
folster | des a solid ligand-nodified poly oxo-hydroxy
metal 12 ion material (MLy(OH)n) as obtainable by the

processes disclosed herein for the delivery of the
tal.ion to.a subject. 5 Exanples of fhe s pof the
BHTHLAS G o di T ol SOt hy Ry et sh oY
d¥ed -G kSl gt 0 eitbrh @Bl d1-di TG Ubiesc1dddd atea-gietl include,
l[imted to, uses as: dietary mneral supplenents and

LT 1349 éﬁ?ﬁ Sl,inljﬁéfcbﬁ@yt iLeSaf s aldialii eHeRE (e, g.
%ggr?fé;aéﬂéé ered Ay-d ;Mo and ;orglegacbgmcemn&rﬁgs,

nts or cosmetic carriers/ co- conpl exes;
phosphatre:di heliqng agentsinictheredidiing orrnd oral

ter] lications; food addjtives:. j -
RIS AU UL FF S e T At ant s:
¢ SFRINO A Ub1a S5 15 20 SFHrEd 1 16H refdnGOS Mitiar appldiat ians

15 including exfoliating agents; bone and dent al
Fe Ty eF Y oehEmn 2P} ki BN St 9@l A HE R n@nti-

%ﬂ%%%&g SPYay %@ﬁé@@i&g CONLFASt AI8 M Bavant s ;
I'ment's cﬁ £ present invention wll nowbe

tesotd -hestiu 20t dyy veayerof s exdimd et anobmeitic iappbt¢anions

W t eference to the acconpanying fiqures and

BT BT Tobtd | IO bioTHe FIOUEEH gure 1.
EXept pSeint e Bidects it ek 4 suecinaley b2bcleydsethpy,
square), internmediate (nmalate, open circle) and

SRR ohppq et thd ePRSEREE rageigte®) |igands on the

formation of solid |igand-nodified poly oxo-hydroxy

metal ion
Tmbodiments 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 {sucecinate,
closed square), intermediate (walate, open circle) and
strong (maltol, closged 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
assay”. The ratios indicated are M:L ratios that were
selected for formation of the matexials. The iron
concentration in the initial solution (prior to

precipitation) was 27mM.

13
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material (A) and the disaggregation of the wet solid
materials in buffers at pH 6 (black bars) and pH 4
(grey 30 bars) (B), using the nmethod described in
"screening assay". The ratios indicated are ML
ratios that were selected for formation of the
nmpterials. The iron _concentration in the initia

So¥ut? ont (Privrtiet pretpitatt vhrdae2im TPhighan of
gre&f f L4+ Obn dbE T 8L EN8 ii@@:@ﬁn&%%{l% e%cgj[);té%‘w}%‘;droxy

precipitation of solid |igand-
xoa hydroxyeteetal ¢ i whtat mered sivg thH o rasssd nigogH s
escribed in 5 titratiaon, protocol: no, |igand (open . .
EFPETESes ifederat Lot TR cfn e B0 s oia
(closed tqiang edndAhdliqeieiPr epesed | thr S0 MOPS ind
0.9%wv NaCdl . The iron concentration in the initial
R UtFOPPTHRE of 7 t DUPF SEPPT t3F o) ey DAL - 10TH% ghir R
' @%ﬁg@% : e-ef f V gt h f.t he
%Drrlla SO %t”%n&gu??%gﬁg %P%F e%%%/%t?ig%{n % t 12 %%I id
Preaipt tabtdi) edapolymidxo- hydroxy netal ion materials
on the disaggregation of these wet material s at
different pHs in 15 the buffers indicated. The

rogere ab 5, mpaiEel ¢ &AM le 2F o MORSS Craeley prlePagiebf the
followi ng the preparation protocol described in

FeRhbdEO W D, FOEWRY NI DBERP 3 kP gif 6thg gFeyld ligand-
2 1 , T

B R L e e SO 3050 And 8%
2 agspegd tieh yof Thirese oretonstemtial$ oot i i fheremt tpid¢ in

ol uti rior,to precipitation). was 27nM. Figure 4:
B St PR R &) oehie Y B RS FRofef -
REBPSE At 4&Fe Obrépers@| £6h 1 bgang- tmeli hiesk pot YorXer@docol
hydroxy netal ion nmaterials can affect the

W eeEHPegatt ofe topde Helrat @ralval ¥k Wdreient Piss
;%}gao%é{gf bnleplsds HREES o) Soues e (DI EPRIBEs) . The
percentage precipitation obtained was 10%, 30% and 48%
respectively: The iron concentration in the initial

golution (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 FeQHT-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 FeCOHT-2:1-Niacin50, were prepared at

14
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preparation protocol described in Methods and oven

dried. The materials, nanely FeOHT-4:|-MOPS50, were
prepared at a 30 final solution pH of 6.5 and forned
in the absence of electrolyte (grey bars, n=2) or in

L hei e eSEHTE: 0bn OpR% £ Ws V2 Nall i St Ppeck hef Selddddolyte
the percentage precipitation obtained was 97% and 98%
fS5pECPRAYRI yREA) . Or The Haeepresengmmf (0.9% w/v KC1 (black

-2:1: Ni acj r ; ; j o
BE SRl S o0 i EPA B e i BT g vas 09
fofeylbarsspacl)velyi (Bi he Phesence ofn@:@9% aiokKCin the

bl ack, bars, n=2); the percentage precipitati
LBt B Pb St 889 BRUCS1 56 REpEER AT R Yo Y on
concentration in the 5 initial solution (prior to
precipitation) was 27nM Figure 5. Exapple of how . |
Higung BheExampde| P§ahavnavinedtipofy: bk ol hydroxyodified

| _j.on ' n.aff ' di, sag [ at

i S b L T A
ahkeggaksatnanely FeQHTAAf e MORPS50Hs was tipe epaf édrs
follow ng the preparation protocol_d rib '

HBhGACar h SoFi L CCoRaPr HOBRLST FEoRr b ErEOBEEEncaes
ﬁEepﬁksatE@hx&@in§h%heeb§@ﬁé§3€i@ﬁ3§£@t©@©1oae@btabeedin
was~ 97% The solid phase was divided into three
abthadt wikhdal5isptheplovéandpledt (GreyiBakhe pRogncg,of
freeze-dried ( c = N uet eRpey.
BAPSEREL &\ FaE EspERhTanl B fin ke Rt B! ohehihiRchas
yirewedThBakalshophace graeydibadsdhaveobbbneshahguots and
previously in Figqure 4A. The iropn, concentratiqn.i
BREDPRI OVER SBRGET GREEH: PBFor 0n20 pr 6ti b EREFoR) “oas 1Ak
%%@yk ELayr .61, cE%ameke okt Beeaf haek, oh=24)i.ganetB: ebme
the "evolution of precipitation of the solid ,
eirgamdbrpdi Rired topobyadiothy §roXyeetal PBRangterfaf? 9reY

ith increasing pH in_25 pr ce, (i a@senceni k)
B, baSRaBRen By pRRyReRREl dol Lot ARa T 2y thom
4ohcenkirgandnBinshowed nieriel ebfhéioBOnhradirpite aci d

(squares) or 50mM MOPS
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 (1) or absence (ii) of “ligand A", namely
tartaric acid, at M:Ln ratio 4:1. “Ligand B” showed were
either 50mM adipic acid (sguares) 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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(triangles). Al titrations were performed follow ng
the. protocol described in the nethods and in the
absence of 30 electrolyte. The iron concentration in
the initial solution (prior to precipitation) was
ﬂﬁ%gﬁa@ﬂﬁ:ﬂ'oﬁ@&x@h edofed heoBid actg0fd Ingnigt &1 agoly
the 15 dlsa gatlon of oven dried soljd

w@a%dwayfm@e otgRt XA Ox et G0 SRt iRt ifers
T8 £ QA o A4 £F 204 Lbﬁial{e(s;@o -hy @ dFatfspdi frhad ool s at

0xo0- hydroxy ferric erials at LAratio 4:1, wth
X akbt rx@tte’.Obéi Ag Migdmdaxtamg, bnemer Slma@@aﬂedlmh t tiere

resenc i fferent and
BEFEEAE, T O (T Serott Choti TRac: Tariad g g som
1BOPM ey od 8 lmp;[eﬂdb;am anwérv%éich;%iblaﬁwdmg Hihe:;]k bars,
reparation rotoco escCril pe I N t hods_ | t he
p En%‘é S%ﬂmgmﬂe%%%w Brinped peicentige %ﬁw%%q.%e

ﬁ@éﬂ@@l&@ SpAQ: L4 gég@fgﬁhéfghéﬁéﬁﬁﬁﬁg'ﬂ@'ﬂhepﬁﬁéénce

error bars are too small to be viewed. The data
@ﬁdeb@mmxblym@reyTh@r@erﬁanba@@ammgmmmiiﬁxﬂnmﬁkﬁ@ﬂnﬁﬁ was

FL QU S AR sl UL B BT DY 2Pl Sl @ 260 B are

038- @Mﬂlpxﬁ/on@éawlrlé@@dﬁai“ﬁél@dxta(ﬁ&ﬁ'ﬂalﬁ’ed Ad2§yey bars
showi ng the conposition of the material to be

P88 oRE PRANT YL BRAL UG Y hif nBbYHeT atd ofof° C pl us

very small additions of Na and d fromthe electrolyte
used (the Cu signal is due to the support grid).

Figure 9, EW@I@EIdlﬁPEHS@ﬂEs&e@%Yanb¢r@%m@ $b$rKEDK of a

DG i Fot ) oxh My PR e R Sh ot LEET e

oxecrhydr OXyaPef akhbeingateei abmpd:?@ﬂ:ﬁ]'eﬁ 4f and material
tartaric acid 25 in

( %C). The band corres ondi n ? % 1
t2Orst PEERPMBRANEAYt HEi BNECPdWE B 1DNEHTP I?ElQ%eE’ nP s
g%r s&gf a&& 1P¥o£§0ﬁfbﬁgd§né1§§6f§8§ 1845tk tolPte
trum show ng t presence of bondi ng between
ﬁhedcathexyhaseggabupsoﬂue 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 (¢). The band corresponding to the C=0 stretch of
tartaric acid (1712 cm™? in spectrum C) is replaced by two
pands (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

-1

also the presence of a broad band circa 3350 cm 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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tartaric acid and iron in the FeOHT-4:1 material. Note
30 al so the presence of a broad band circa 3350 cm 1
due to - OH stretch in spectra A and B. Figure 10.
Percent age of iron disaggregation (w thout

# tyadd+ tg Bl ke d)padsh b ssolditdionHeMdtomach for the
ultrafiltration, 16 B) after sinul ated passage

Hﬂ%@ﬁh%@%hmﬁmweﬁw%éSﬁmwnmﬂé&%wdﬁwﬁp%ﬂ

0X oé%\cli\@% %dd qiu(gef esr)rtL er éé()c’l oNéeeldtOfer

cmxmm)cmexemm J‘sentmm eet(?t;bms:eﬁ ¢q1cam;1 sy AIBy IR -

Li d- nodi fi 0XO0- h drox net al n nater al.s.
kS Lol RaE S s S Sl (A TR b S PR

shanpndsy andok dl@l Cﬁéndgp%dﬂwaﬁgie@dzo Et dygdn

bars represent ST (note that certain error bars are

dbororndal |and PROWY st bl e§ic2D FPRfR £RFENIEF ) at i BHFOF
l§£££ ecl Qegélg‘@ %@?ﬁr‘@ &Q&Hé arpdark, -fd gl d.Sean %éhgs are too

ransn1 sion el m Cr oscopy (superSTEN@ hi gh
sesDl utd obe | whgElsishowi ng that organi sed, crystalline
regions are less frequently discernible in 15
Iigand nodi fi ed poly oxo-hydroxy nmetal ion materials

e TeORIRPISL{B) addrespesiwldly dmgle annular dark
%}ﬂ'Z |-TRP15 (C)) than in simlar sized unnodified
fe¢l@csca@mlegotﬁ§ﬂ$@¥$ﬂeO@A§1eC¢W@%r%lQQpS§PP§y

?é%éé%&%h@rfﬂ %ﬁe£€58iu %ﬁoiﬁé é95ﬁ891££ Eﬂ&t organised,

ydro netal 1on materia

Efﬁkﬂaslinéﬂﬁégiﬁﬁsshnmﬁhgsa ﬁre@me@teye@cecernlbbﬁ in
oxo0- hydroxi de cr

ture in
é%e%edrlaeﬁlfbeddeﬁxt 3§Pe£¥$’§%¥3él ‘P?’ﬁ%@ c{‘%‘?gg%ﬁm (e.g.
E@@TUTﬁphsA@'ﬁP anapéégeémmyhencpe@mczpumaems (C)) than
el ectrolyte, sodium 25 chloride. Reference |jnes for

inomivkide ahdedodhuaiighper BT af eI EABWATBEIBHTE%LAS !
graph for clarity. Figure 13: Exanples of the serum
iron increase (A) and percentage iron absorption (B)
Fhghivenan2vokuptgetd ffraction pattern of Maltofer (A) and

the ligand-modified poly oxo-hydroxy metal ion material
FeOHT-3:1-Ad20 (B) showing a clear presence of 1lron Oxo-
hydroxide crystal structure in Maltofer and a clear lack
of detectable crystalline structure in FeOHT-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: BExamples of the serum iron increase (A) and
percentage iron abgorption (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-Ad420 (+ symbol, n=4); FeOHT-
2:1-TRP15 (- symbol, n=4); FeOHAdipatel00 (x symbol, n=2);
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30 followi ng ingestion of ferrous sul phate, ferric
oxo- hydroxide or different solid |igand-nodified poly
oxo- hydroxy ferric materials. A ferrous sul phate
(open triangle, n=30); FeOHT 3 | - Ad20 (+ synbol,

e fee 15 d - [HRR A ¢ -3%4)Féaﬂﬂ#¥“ﬂﬁgﬁﬂﬁ@
(x synbol, n=2); 17 FeOHHlstldlneI (cl osed square

Ry GV 4 1B © EEONBPEPERA doleiEs friangle, ne3);
éﬁ%ﬁiégﬁl |£§é§ﬁ)€§%éﬁn%irc ,:¢E§y§ﬁﬁﬁﬁ+%%‘%§§h

circle, m=2). B: Bercenitage iiam aim:rmtim (calculated
(calculated 5 as the red bl ood cell %$o§atl on

f
ardhf izt dPIRPd - Bb) IR O Tidss e
$Add éf&@%rf@éléx@%ﬁ%ﬁcﬁ@ ded}@wscfmt 16 gand-

materials (black bars) ~ conpared with estimated
redybiof pgd cmﬂc»f mx@mﬁmmf efeots maligiHae f frlatte

N L e L A R b

é&lﬁhaﬁgcﬁﬁﬁ 108 éﬁmécgwbﬁgﬂ¢ﬂuﬂundy1pafEﬂCLPants (open

FeOHHi sti di nel 00 group whi ch ‘”%S,ﬁﬁwg Lg{@g Shddt R

% Salggr SR ONPHFS | FITSRFEh

2 EKWP%SEP&RCQ 28d, d U@;@t%ﬁﬂ“ﬁé@'@éﬂo@é'@ﬂ;ﬁﬁite in
onpound erric pyrophosphate (C osed di anond),
fles rFeOH ol dikee 1 @) ogedup quiake) ,wder¥ic tri-maltol
(G osed triangle), ferrous bisglycinate (Open
square); and (B) a selection of conmpounds tested in
Pikdutd y&VODﬁéaggre@aQDoﬁl@ﬂrfx&ﬁ dmamm@u31mul@h©@epassage

(Open square), FeCOHT-3;1-Ad20 CE 8§FD % and
ﬁ@mwla ghgj gognaehodd ERPLPBYT ATL51 %t he
ﬁ%&ﬁﬂﬁssefekgl¥'ﬁggogﬁ§%§ﬂéﬁée§@18§éd digeshipn ferric

in the Method ure 15: Exanples of the
e]ﬁ_iertdef dlbéedeammrghndﬁermc ariferi kgl MELPEEHOS,

on.the perc nta ; g 068 . andaons) a
EhusparEln Egboane; ponetarLsr AT PoEeRr e el 1"
béﬂéﬁglﬂﬁdbfl@dm@@hﬁd@xaebyéﬂoxy tetalini gnveasendgl sn
after 30 m nutes incubation at

Figure 13: ferrous sulphate ?Open square), FeOHT-3:1-Ad20
(Cpen 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 (8) 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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i ncubation at intestinal pH 7.0 (open bars, n=3);

error bars represent standard devi ations. Figure 16:
Evol ution of the formation of the |ligand- 18 nodified

RS e -y Qo fieFdF Sx ettt ial satwells Fe@flely FeOHT-
2:1-Ad20, with increasing pH as described in the

313123 On Do oo reds g 13bs 2t ssiiisssédt 449 he

fmcﬁg?%té%fl i%rﬁé‘tﬂ&‘ié,hearﬁi AL NG 30| W Qihe S

ercentage iron i n the aggregated material is shown by

péecertiagedf ricingl esrowni ire the gendentageloftigon in
both the aggregated and aguat.ed, particul.at.e terj

PR ity i mest ) DR S R SR T Pl H a7 the

dIoded | tBiahdiBes | 10N & hathe iSen@dntdayd hef aggihegat dsbih the

aquat ed particul ate 10 for is in the soluble pha

FGRE T Bdnmpierbrd tprr efTekatoMATartt s M1 ¥ 21 oY
%@g ciéggﬁ S ££ pntﬁ5kgf éﬁgfﬁﬁm iﬁbtfﬁbn (i.e. the

I 'Saggregation o e tartrate-nodi fi‘ed poly _
bxen hyleioxys feot | tn meher aadsedht ¢droughiudteedroghf F egulate

in vitro gastrointestinal, digestion assay described
??F%%t%%de BAF 57 B?£§eﬁ?a?%e particle size

di stribution of the disaggregated materials as a
percentage of total iron in solid phase. Size ranges a

Hegwrei hed Werebksnaf (58ei phEACE Y | 0HYENG: Mt HTEYC: 21
0_section 0-30Q.:n SECt L) 41 8dyladfebn of

%ﬁ%%feéog%%%?%ngg %Etg%%g%gﬁé%c§§p$ion lThe.Nb al Irc;nO

M 25-Thetsohbdifigdndeipdoke ey @odbyy okexhydrogyerials

tal | ‘mat er i al b t X
Rl R0 T Bt ohoentf b Do doumia
Lons, Aororlb¥a theme®BbAk. | Opavs| Lepregenal thebparticle

present in the formof a salt that in the ptegaration
pizehéimbrébiraionnay bbediisagyeasabeantctRenditAdtced

Lo, Lormpol ¥-0xgrhydtoxy ¢9-cATRkeYREse. 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 (MyLy (OH) 1) ,
where M represents one or more metal ionsg. Nermally, 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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with ligand (L) some of which is integrated into the
solid phase through formal ML bonding, i.e. not al
of the ligand (L) is sinply trapped or adsorbed in
the bulk material. The bonding of the netal ion in
the batectalsidod canibe slefetda hethalsingephystcatiques
anal yti cal _techni ques, such as infrared spectroscp

RS 2% hen SHRETT a5 MR F T EvePY pliics® cHiff SRer st i thof Bave
bbechonds-between: theoretiad hois anckddun | iganteddd .ion

as well as peaks characteristic of 5 other bonds
pnésepe 1hgan@ Ml erdal welibhpaspdis Craradeer bdhts ¢h

t | igand species, (L). ef e [ ( F:

pPirb ot PESHERE | B it R Tondn S a Q) o e
bbedsaier thd sl agendsedeands al®) r eaplre fepretipetat abbes (M)
from  agueous_sol ution g% formn qgo-hgqioxides.f Hich
EX&nP 05081 Cabl e APPEbHELf neidtie FronCCiat bty For Wit
QﬁgnﬁétéﬂlaZén&reCQQ@QTaRdnﬁf&&ﬁﬁé@ilﬁh@ﬁ@&ﬂﬁl@ﬁgablg from
alumniumions. A particularly preferred nmetal ionis

kenedesi sohutFes' pyBjowminef oxefleydpesides  heExeppies of
B

aspec
dhathpgykshesrbheumabndi al smindomoides. phodactscslghly
as "iron _pol ynal tose" (Nhltofer% in mhgﬁh particul ate
pEgEeRFEFNBeFRbniBR01 Ay AFERIHet TS sif Fodnded by a
sugar shell fornmed frommaltose and thus is sinply a
20 m xture of iron oxo-hydroxide and sugar at the
Banwealewél refeebncecho( 1BZ5f erGhf ssEPafi@REFLEACRS

1987); Nielsen_ et al 1994; P i 4 ;
51594bhs8) B-B&3n06 56sBETp o e Cadhrrioh SpRging is ome
HBpektaksaef mkhe1pr esentingnyehtonhar maerablspdlrgm other
oxo- hydroxy species nodified by non-stoi hion§tnic %5 n
PrgaHa tEnE8FPoREL i"éﬁoﬁnH%H@ﬁFgOFﬁerZwahgoﬁgf: pgtt e

%ﬁggﬁéﬁgat@'Egy%%%lﬁﬁﬁ%rQQ%nWER@Lh§B9@&Qd%0EB|%&Q&ounded

at are well “reported in the art (e.g., see WO
B3 0926F4r WDel06/£03Medofron madtigRegenar sy 46 GRFelY &

%ﬁ%@a&%ﬁ%&ﬁé%%n %%%— %d%%%&%%i%%h?@u%%&"b%okﬁg Rl 1evel
(Heinrich (1975); Geisser and Maller (1987); Nielsen et al
{1994,; U8 Patent No: 3,076,798); UsS20060205691) . 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 numercus 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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30 supersaturation, for exanple ferric trimaltol

Harvey et al. (1998), WD 03/097627; ferric citrate,

WO 04/ 074444 and ferric tartrate, Bobteisky and

Jordan (1947) and, on occasions, nay even involve

ust ehebinemebr:i ¢, BAdhRg)of rhydnexyhbs ghgaeéxgﬂio Groups to
exanpl e, ferric hydroxide saccharide, 20 US Patent No:
bglapeel $2p. chhEggseangsr grpaesxyl O§r 88psit é1igparareBPERESS
.char.ge eo y = Li d Lexes.._is, of
Eourse erRr Wy sprRtERe 1t PARCaEETRECKeS 1xb8
hiyyidbeyy-menbake, WAD0@4065003]) aaddunmeébatdd tbo thkesolid

soli 5 I.i gand- nodi fi ed, pal y oxo-hydroxy netal .ion

Y GPEr AP T aportad REpPH e UnOaE odtt: BREEGH= Ehe
rBhbiREY Paktlieles of the materials have metal oxide
cores and netal hydroxide 10 surfaces and within

di fferent disciplines may be referred to as netal

i .al r oxi des. . u : e
B e S e e g L
mheeadrilse Hahes ecftadt exdidechaut-eanpndefetaic&dytizoxide
praoportions aof oxo Qqr._hydroxy . grqups. Hydroxy-oxide
SEGEPE SSq AR ¥ 115 SALEG TR Bigrer ASCHedE g <e-erred
rebavendihe Mmheldaly eletbhenybhesetks.nVend ezl the
altered at the level of the primary particle of the

teetal* oo hiygdioawi’ d @i ‘i catryideess ded nd Sofl nterelad ¢and

L. _being introduced,.in S I h i ¥ ;
e e
oFf okide it ihnyRImbxRaririctipe: .by Hyke cdygaxd de. cEhilsl maualdy be
contrasted with the formati on of nano-m xt

f
UeCa |t NeGeE IFdr oBiTEESETd 8 GRS ¢ ThG! regc,%agﬁc PLadhe

ﬁfé@%nt?qgﬁﬁﬁﬁﬂﬂyﬂ3é%@nﬂﬂ¥@¥%didE\MﬂéﬂléﬂéiEHﬂWﬁ?é“ﬁtﬂﬁéry

the primary particles is not so altered. 25 The

pevritrerlye e tilh eetefl e -hvgass-ifed vitdd agolApasosome of
DR R T YA T30 B0 Tt e o che
oHiease wirdiile, 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 lron
saccharidic complexes, in which the structure of the

primary particles is not so altered.

The primary particles of the ligand-modified poly o0Xo-
hydroxy metal ilon 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. Herxe, the term
*precipitation” is intended to describe the formation of
all solid phase material, including aggregates as

described above and solid materials that do nct aggregate
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termprecipitation often refers to the formation of 30
aggregates of materials that do separate from sol ution
by sedinmentation or centrifugation. Here, the term
"precipitation” is intended to describe the formation

R 1@ i$01ad RAASS 1RBLQS hlieth el Yai %&s@%&%@%t,e%h@%her

descri bed above and solid materials that do not
cag@ragatey? bebentdenilatas woaloddabl ermsivdriced lioddal

U nsi.Qn et her r. not, .th rticul ,
(%éﬁ%§%;§1Qﬁl%nf%dolIoﬁﬁ% 1 ﬁ%%b%%}?%%hﬁ%%%?%ﬁﬁTﬁggealSO
Heatdedflex3@ld ddmaisekicalas sty aaltdeulbeer ebdried to as
aquated particulate solids. 5 In the present
i nvention, reference may be made to the nodified

R QB A0S iRAVI RG FROLYIRS kS el Gl o it
generally form above the critical precipitation pH
maslifsled! ertel In oxchily dtesuilde sn s vbact dkeiy ey lich @teadtvg es
Q.that the.structures of .the ri_al '
it RE GO e o h AT A read S SR Be.
NPORRT Heddin betadusehas chasptbeen tskatredis limghHmohting

incorporation is, except by co-incidence, o
GEGHF. 108 HRIHRATISS OPha g JRTET Sdc e S IMTTfudgy the

JHtit hesal |1 gk phase sty Yl DY cbe ke infdidne: hefic

oxo or hydroxy groups leading to a change in solid

hetves s eor dey hdn smre dadest, flagaadaipleeneration 18,
roduction of. the ferric ir ri exe [.fie
9%§ﬁ:b¥tﬁ?7%%ﬁ%?I%%%cﬁggl%ﬂﬁgsﬁbém%% ﬁ%ﬁugggk{#?'and

dgteisolid phaseisdddictnte the tded isuhttd gaits omofumx oy

or 20 hydroxy_ groups q¥ | i gand nol ecul sa%y.a r%)nnerh

FURAC L ERSEE Gt AT TR ARRPS ol G Pithsy # chandge

FRLLH B ondMl | 8 ddii s S Idonl Qaiieas, Sl dostdngind che
modi fied "‘poly oxo- hydroxy nmetal ion materials that in
rihelyrioiss: fof mimvieroine igrommed uigrlet weipelified

MSLEO-ShET ERPIRRRCILES, AP 20 TSRS 1M, de
ST UE g Of st hec 0ofd espaiith ngietidutoder 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 materialé 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
gtructure 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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hydr oxi de. The presence of a nore disordered or

anor phous structure can readily be determ ned by the
skilled person wusing techniques well known in the
art. One exenplary 30 technique is X-ray diffraction
AQXERhavtivell ywold agddueaaany, Xar dgctdehbeadhi chepattern
for the ferric _iron materials exenplified, herein

KAFItAG LEEdLYy O déhE FtaBrEUpears For PatSFiRdy e, PRrD
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the X-rays and produce a pattern. 22 Alternatively or

rradmasw@@an | y Highdeeredss ion tth‘@nsmw%@m EAREFEYER t he
% rg%&?%%h%gggpenlsgsglYgtgg 1n§ pg%kg&%?%%dt%é Rﬁggrlal

ron ~mcroscopy
veesel wtisan lransiessiedn ellectnanihditeartes tt(fmy pailh\awy

the crystalline pattern of the material taq .
aﬁrs?}éﬁ@y S¢S 86 STRUICEHFS (diHCRt 85t He Sﬁﬁ%ﬁgﬁ and give

R 116)58 1§48 AN rSIAC TS i SUER @S pdtaRael Rebrpidus and

glve sonme I nformation on the distribution between
Gﬂﬁﬂﬂﬁﬂﬁkﬂ&ﬂmﬁtan$ﬁﬁtalmsm@9W§b@ﬁléEChDQMW@rtH¢515
t echni

ar ent
S0 g Ao e ACFRRBREN R ChHEF ohone nace erost, s
aﬁc@ﬁ%ﬂﬂd@@ PRl il o uomRaced Hea ma@mpmwd:dn@axed to
naterlals W t hout the |ncorporated i tﬁ#fjdﬁy q.
q%f@sﬁ@@a A TESFAES BRI FrCartd) rwa R
f‘é Ched g)o%r d ﬁ%&%ﬁ%&@ﬁnws&g@ FARHTESR 10N Ak lar
ectr m croscopy due to the high contrast achi eved
danﬁefua%dnahanna}ndnyqquﬁqnﬂdm$QHmm§nﬁIQﬁﬂﬂﬁ?%ﬁﬁ%Oﬂ

eglfe{c{%g)% rr[rbltc‘g:rqsgoz:[yo Ciugevr)glug’i i seéﬂl ﬁ%dﬁ?g repr odlumeﬁse

WS eerichenirtalg peperdgplert ighaact erlilstvingftitcheurface
materials of the present invention wl| be d:@aﬂgent

agh vl mmf@ath% o GhR EFIEREY matdriies &
:§g§¥p} fs properties that can be
usé%ﬁ%?y nodu atgﬂﬁggﬁ%gﬁthe present invention

i nclude: 25 dissolution (rate, pH dependence and pM
fk¥x¥g¥¥5éﬂdlbie 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
pe usefully modulated using the present invention include:
dissolution (rate, pH dependence and pM dependence},
disaggregation, adsorption and absorption characteristics,
reactivity-inertness, melting point, temperature
registance, particle gize, 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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di saggregati on, adsorption and absorption
characteristics, reactivity-inertness, nelting point,
tenperature resistance, particle size, magnetism

el ectrical properties, density, |ight

absesbp nytm eprett 1agoB80a prapesdineSeld aémﬁastasbf:tacteﬂs, In
col our and encapsul ation properties. QPIes of '
pF%b%r‘E‘P%‘ée%ata AEORFF Y O drIFE 2RV (TR e

fiebdogficsuppl eFents 5 dord i digantigeand oM e oducivle
t herapeutics are physico-chenical properties selected

f wOth D ea of t Ak Lr Of dav Thisboh Wb oprefafaltey M @3, and more

adsorption profile or a reproduci ble elenental ratio.

|:ﬁref¢|r@bbbrrt ext, anpropeEr oy riefectsky stitthima pPelnit
roduci ble if repllcate experinments are reproducible

m? hf % standard deviation of preferably 100, and

nore 5 preferably 50, and even nore preferably within

alimt of 2a. The dissolution profile of the solid

IT@@n@ia@@lmté@npprqfibaosﬁy@h©xw0h®dalig@mdﬂnm@ifb¢@ poly

an he resented b 0_di ff ent_st.ages of th

R ARREr ROl Ef B AL et P e AR Y
t @1 AT eresol it 4085 | 6f usSied poocese) ihenédhe dpassagegatian and
substance fromsolid to sol ubl e phase. Mre )
SPpeeFPieRaiPy; dTiaghpenatisrrletion ehtlcdEed Hesderpeioe the

theseh S@ﬁeaoéuw@aﬁ@ée +&h Ss j:pan@os 1@5@@9;;@9@&% More

phase To 15 an aquatedpaset |st e sumo
sap©©;é1©MBS£,a@usag@ee@@uamﬂdlwaxmt@@daﬁetghégecrlb@ the

| ph f th
radondti on See HRRRERET Py bRy o heyatod BELRL o
specidiigadd YolhL£ps €5t Sié hiehe passage fromaenybsel pase and

phase (aggregated or_aquated) to 20 the soluble
pHA% 2 TPR 6P @ PRHL SPetR b cPRRBP[£sC of SPhet HeR AP ¥8ns

(éﬁs%@ﬁéygﬁ thQéi?re QL L ESEET CLRd {0y QOYPS14xidn as

and netals of t periodic table, the transition
neprd sed heavyl setarsgantorSmbant sipeol 8scaEkanpeesesents the
|nclud é gémaégyngélggséﬁégée?aégregated or aguated) to

the soluble phase.

Preferred gpecific 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. BExamples include, but are not restricted to:
ag?*, al%, aut, Be?, Ca®t, co?, or*, o, B’Y, me’t, Mg,
Mn**, Ni%t, gr*t, v, zn®t, zr**. Moreover, many of these
metal cations take on different oxidation states so it
will also be appreciated that these exampleg 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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Ag2+, Al 3", Au3+ , , Be2+ Ca2+, Co24, Cr3+, Cu2+,
Eu3+, Fe3+, My2+ , M2+, Nt+ Sr2+, Vb5+, Zn2+, Zr 2+,
Mor eover, many of these netal cations take on

di fferent oxidation states so it wll also be

appr egigaked (that these exanples are not 30 restricted
to the oxidation states shown. |In nmany cases, _the
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i ncorporated into the solid phase |igand-nodified poly

oxe-hydroxy wetal ion waterial. TypPeapri)y. tRhés|ss done
8n§1dt9natg ﬂohgﬁﬁHgGEgbcgk'?npﬂ§s@cBhXﬁEQQCQEeﬁkgﬁérty

property e solid materia as conpared
pdl yhexeol@Qdhydraxybat ed.get ak compaped|ES gnpwhi chxo-
the |igand(s

) are, absent. ILn sone dipents of .th
il RRVEnTEGA] LRE SPEGART( O Phneh EPeo nageaiffeare
bubbteri ng reapafk! ¥mboBXARREESc8f thikgpRdsehhatntraycthen, the
enployed in the present invention include, but are by

Acgmedrs)| Lniveedaleo EQV@aE@@%ybpéfééﬂég SEERCASY -
% %pie%CB% 1% E%r'%h%%' By bgrggbiggéﬁ'gn PRkl fregent
c I'ic acid,

§GcCirni¢ 9acta aspar

Qmw@mtlaaldncghdeonbutaemd byamblmeamﬁdldmitbdnzgic
acid; food additives_ such etg%] maltolcld
FRAPORYRLC Erassi 5r afFo aP%Ftﬁcﬁlga 5PopSr £&8 20

%%E@a@%cbbﬁﬂﬁboﬁéhﬁc sulighatecandikhesplgt aspairierakbeid,
l'i gands such as silicate, borate, nolybdate and
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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, glutamine, 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 éffinity 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 applicaticns.
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fol ate, ascorbate, pyridoxine or niacin. Typically 25
i gands may be well recognised in the art as having
high affinity for a certain netal ion in solution or
as having only low affinity or not be typically
recognised as a ligand for a given netal ion at all
However, we have found that in poly oxo-hydroxy netal

Hqsrn e AL sl c gl ngandoanale mars £ dice Gl lesiica gy
%1%%{@@% ;a{ ercao%dl\ejf%g S oprgenml ;} e

gan |n|t|es t he net I on
cmee as egbden atttmnsprmohlcta drores pat:lresﬁ nﬂIEETtlIa:IIEB at the

al t hough one, two, thre ou [ ands ! be
SRUFOIoh AR aphis dhaoie TR A JERk
PRAUALAL QNS b gandyhieed t q.beurhiohegl ealdey some

conpati bl e under the conditions used and gener al
inivel noie I FreatGrA G hh @ iee Hig rorcel Bt 1 c?ﬁsthou‘:

Mt N8 SCCPQ:h@tlfoancigzgf rtlllqil aé?ﬂgg.alﬂlaqll&? the

ani‘on I gan trong Li'gands may
hraven tsore belﬂeﬁvmsttlﬁatbuﬁﬁeerlmmqu oy inggsheot

reaction, Wthout wshing to b nd by a particular
R R, (b SO DT SR TR cHis
?@%@efc‘!% MoaesSe A odd 1Y aFaet | DN akd 1y Uhskdland athofacter

roxy groups and, therefore, incorporation with a
W:atrlg?emytm)\ﬁadLWJ-@haimt 69) n@RHIRPehel G It ey (ion

eC|f t '
A oTRRRnEL ) PRSP LR e TRy TReeo
cﬂlﬂﬂérim@aﬁ@t@iflﬂga&m@%fflnmlm r ohge | |@@mgfbiga®is for
the former and weak || gands/anjons %or the tter

trer Eorper st ERtHehE 9 séﬁﬁl%%ﬁr Ft EQEk a%rzhe There

Eé{‘ns&r?f@eévﬂﬁenfcé 0fR0-@F EcSYPEREI S HE tHa POEK athdgtypes of
dissolution characteristics of the materi als and,

peghapsare heyetogbsti¢nig eltl@ﬂ‘ﬁrl@aﬂq@g ofhepolution
Fhscasteriaiass SF L FRLEHALS {Au20olphapsrosyetanone
denmpastrabhengsoshen oganetatrbénicagodi thenmatpsial. In
mRterial, tLgand, effheacy, SPLoBARLYCSRECLR! L ¥aLer one
(type {(a)) is demonstrable as showing metal binding within
the material. Ligand efficacy, probably especially for
tyvpe (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 ©xo groups
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type (b) ligands, may be affected by other conponents
of the system particularly electrolyte. 25 The ratio
of the netal ion(s) to the ligand(s) (L) is also a
parameter of the solid phase |igand-nodifiedpoly oxo-

T 6 IR Blnvich@n JFRLRR @nptiR3t 268N whe war ifedming
according to the nethods disclosed herein to vary the

Imd@mu@eeg-cms 3¢ enoeRtaEtdons GERér élaWPTPWéd@sépﬁl
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ﬁdl@;ﬁﬁf gf@@p&%h}l’f&q&ayemrﬁanm;l&nt i manwte@rrplm%l;alffy but
orm rQxl 1 Ons concentrati o a

S OV Sy AL s (RS PO BT Gt

ﬂydfgﬂﬂﬁé"ﬁ&ﬂ%%éﬁﬂﬂ“ﬂ?d%hxﬁiaEﬂﬁﬁ%cﬁﬁhMlQﬁﬁxhyﬁﬂﬁxw

nateri al s. "Exanpl es i ncl ude but 5 are not limted to,
Hakalmouslsl e arileslicly asassdiaem (95 dridk ifde Mip FHaLe§m ©F

8 a5 ol ST EHORA R ad A oM DA

, or acid sol utions
tsuch v&ﬁllrﬂ net alddel dso atearegard clCadi dsy art T mwvictiuwrebe

added to decrease [OH in an M. m xture. 10 Conditions
used in the process The exact conditions of m xing and

BLES ﬁ A '@é‘ec@flﬁ henhe S@td&k 44 gand- nodi fied poly

0XO0- roxy nmetal ion material wll vary, dependin
Ttpmna}tatret m&m@@mﬁ ACiEiG (3 e CYE kel @y §Y the

TR g T et

and his I's always a

wﬂiifﬁéﬁﬁ d&téﬁdim@tupmnwﬁm@kﬂemmmawwwr@h@xacterlstlcs of

pol ymeri sation conmmrences. Preferﬁgl Is a nore
Bles el H, MHER el bt of BYRHEFT DEFOWE %il%‘fez 20 (2) The

R o B o ey B B o ot o the e
mixed) . ThlS is always a dlﬁferent pH to that at which
oxo-hydroxy polymerisation commences. Preferably, it is a
more acidic pH, moxre 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 preqipitation 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 appre;iated by the
skilled person that where a pH difference exigts between
commencement of oxo-hydroxy polymerisation and the final
pH value, addition of further M, L, OH", H', excipients or
other substances may be undertaken before the final pH
value ig achieved.

(4) Rate of pH change from commencement of oxo-hydroxy
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starting pH Preferably, it is a less acidic pH and

nost preferably above a pH of 2. (3) Final pH This

will always pronote precipitation and 25 may pronote

aggl oneration of the solid |igand-nodified poly
pxbyrhmdrsmylmtta:b ¢ qp et Bon abf amhcm:e:fzer ablyisv#ilbeoccur

he H than t he, at whi ch .oxo-h
BT RrR b b e PYELSAT o d b AR pyperLod
dhe moki | féif&eat@py D@k s hes en b gli fference exists

bet ween 30 commencenent of oxo-hydroxy polynerisation
Gerrcemerdiians HNang, L adiilontit dapadrrraiion of OH

er%%?eﬁﬁégé ﬁ %i %§|né§ qégsvéfjgp égﬁyesgd (4)

ﬁal;an@fi@&tixm,ngt&lé ol toﬁ)ftcm@:ﬂ: hyohmxytot%?l L
g@l ner|sat|on to conp u%et|$q%§f reaction, This w | n
e Wi Wbk o e*?teaf%tkﬂ%ﬁ vﬁ”?%’%t%nm the
ﬂ?@%ﬁl}@esﬁﬂz@dch@n@lﬁ@ﬁtsﬁ&tf%@b&dldﬂlé hi nI’y%QuE& ESthis
Concentrations of Mand L. Wiile the concentratlon of
OHLL exeerdt HbI i BRédrbyorhBoph MuanﬁgLoﬁt@dhwr@xy
isati e nt r-at
PO AP L Pl LD Eonee M oD kB0 EBhBLnli B0 ons of

@D UNt Sré N ddepeddent Xadddoidesd | iftast csmé ubi Cn‘ib:rsi@l cﬁmmlred
Typically, this wll exceed 10-6 |ar for both and

TR BT B U pref o) §ingl ﬁ??e%&]ee%“Cio@%p%% Y 80
£Q£§eﬂﬁéfﬁéﬁ&@hé&a&&aﬁﬂgfHwa£§ ﬁ@@e@§94§ﬂ§ha§@cﬁh@§§@ the
for one or nore desired characteristics of the fina
materdhl oxmdiednecy an>¢3/yrs©rmmtaxom hec@ene e afaphcbf and
M i.S not o0_high such that
L3Rt L e el o kR o F B AL G QL8 Yon of
1L nedI ponat i 1en. t&b Fﬁhi@lﬁH;/otﬂS\:@e@@ﬂﬂtC&ﬂéttaﬁl | @io oy dtoxy | |
not be too high to prevent netal 0xo0- hyd

RROTYMEFIRAE I TR, FOPT exampPES: tHRe | LRt %%%ffiﬂe%dpiawy
OXO-1Y QXY ﬁ@é@fiéié .ua Mi&@ Mis ferric 1ron @f@

produced preferably with iron concentrations of the
produced prefersbly with iron concentrations of the

initial solution below 300 mM and most preferably below
200 mM, providing ranges of ferric iron concentrations
between between 1lumM and 300mM, more preferably between
20mM and 200mM, and most preferably of about 40mM.

(5) Solution phase. The preferred solution for this work
ig agueous 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 invelved in formal bonding with
the metal ion(g) 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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20 initial solution below 300 mM and nost preferably
bel ow 200 mM providing ranges of ferric iron
concentrations between between 1mM and 300mM nore
preferably between 20mM and 200mM and nost

PsRbes abl yn ob £ atigat £ AM m4 o9 rSol ut imnfi]?;rhra&a;nd'eha:rations
preferred solution for this work . 25 i s agueous an

woRt L pref erapl 509 sthatRFeieeb Burteis HiRn s%%mﬂ%rﬁ‘%yﬂost
5@@ 2014 f 8L 2dded, t-pphelp, stabilise the pH range of

0XO0- ydrox polynerisation. Buffers may be inorganic
6?)org§ﬁmp¢rahdrﬁn Sheeprefibodedenesparitunet ipeabove 0

v bondi MAth 30 the
e R Tl S iiret 19, B ed 408 B et 2liad HMo-
ﬁ@v@}oan&hﬁo®¢©ﬁnﬂ§st tovotyetyiat fesnetetond: ngrai t h
the netal ion(s) Mof the solid phase. materi al

e séﬁﬁiﬁuﬁ§€%ﬂﬁﬁhcaBé@FF§°9M5? FYChaddr t Hﬁang limited
%ﬁéoﬁgég%gluﬂ aghi Pyﬁgg?ﬁgesg§§uﬁeghg§r£@§p0§é§'E@ ®fed in

rnal “nateria er concentrations are |ess
thanp560edite prefer abhyc| essentih D0t spduber may thus

refer bI es th n.10Q nM_ (7 Te a

TEas, PRt bt SoEraY Gehhred o8 B bihSar by ana
&Mﬁﬂﬁ@hbﬁsbéhﬂﬁﬁﬁeﬁoﬂﬂWKﬁﬂpeeatab@véZGr 806Gy and 1G6Cher
most typically at roomtenperature,

sdfehgen. oE|@ eFBr9LBC8urRiEs, mﬁﬁtbﬁgFP|Fﬂ1%%d SR
B E%é%gﬂ %°£§d§zangnaoﬁbgﬂ’g?éﬁékgslynayobe used in

e proc he ionic strength of the solution may
Khus ﬁ@téaﬁgeffmmnlngabfsbhelyompﬁnesdsﬁroﬁh@ﬁelssue

t d iti l d i
B PLnTERaCrbr ERORCERA BF ok CoF Le SobPg VS WAreR nay
Q€1991hg %90a6wﬁé%ed puehernbky tup beaﬁs;ngndomusuons
preferably <10. (9) Extent of m_xing th

donpon@nt@ amﬁlbuﬁ§§ﬁé ars ﬁﬁPﬁﬁ%Yr@F§?@saFg BagrEaiged
F%Q%%%ﬁ S?gP? éﬁ%ﬂgl stirring is achieved such

sol'utions (i.e. M L and buffer)
are rapidly m xed and nai nt ai ned

Tt 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 guch 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 solid
extraction from a solution phase. After separation of the
precipitated material, it may optionally be dried befoxe
use of further formulation. The dried product may,
however, retain some water and be inn the form of a
hydrated solid phase ligand-modified poly oxo-hydroxy
metal ion material. Tt will be apparent to those skilled

in the art that at any of the stages described herein for
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honogenous throughout. 20 It will be apparent to those
skilled in the art that while the above vari abl es may
all control the physico-chenmical nature of the
precipitate, further variables such as the «collection
systerrgndfothexebpiénphaasedefkoipihetrenayeby adfieflhghat

recipitate, 7 ch may .i.nvol.ve purposeful. 25 .
Rk BEErohtt LaGoPonEPaiesRa ety byPngvanary Betal ion
geieek B LORY ssubseduentky ahbestihheynBhetiale and are
properties. However, these are general variables to

aApdsiéhhspsveaif 5p sptiniserer Aermohariem &o5oFlei on
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[ [ y be be

rmay optiona rie ore 30 use of further
teumd| ati, obutTheednbed Ipmddedt tomyglyhowepeds, ret ain

some water ,and be in the form.of a drated solid
e P Rk BB IOPYRGAE y BPaty Do et BRIRGR 21
g%ﬁ?%b@bhakﬁd@stlsQ%a@pEQE%ﬁblbo(EUQSGgQ tkled) ,i pollf@ers
art “that at any of the stages describe erein for 29
rlec avepplut thiye eselild cphas EEGe X c PpRe AEYYREVOBE Cadlidd -
that mx with the Iigand-nodified poly oxo-hydroxy
metal ion material but do not nodify the primary
pairimdlke iatd arel ueed With a view to optim sing
formul ation for the 5 intended,function_ of, thet.O nav be
FReerPAlid BRaRSI BEtoriptese EOR 4768 bul "HFEtieR ™Y
lFAA 8D @ FHhY e@d RS raPReSREOLiRIEY: 010y relevant
phosphati dyl choline), sugars and pol ysaccharides,
sigpgpdri caltdomel, s e lgdigidy Eensrulataery Fers USEe 3.

|_yet hyl enegl.ycal .(RPEG) nd r.eGhol i Cleorkl nyai
BEARIPA TGS arid i L O S the -
RIRGRIRE tiidvent | ahenayontyes iftdromsl atfed Heopneseritn igvention
range of biologicah%ﬁ‘nelevant applicatians, e =olid
el AR 1S mifa BB 6P (e BE 15 fidrmicedtical

Jdd o3k, i LOSTRL 16 e OmRESRE! hyHeRticeutically
onpositions. The conpositions of the present .
ianceEptiadiie excipient, carrier, buffer, stabiligser 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 wmay be delivered by a
range of delivery routes including, but not limited to:
gastrointestinal delivery, including oxally and per
rectum; parenteral delivery, including injection; dermal
delivery including patches, creams etc; mucosal delivery,
including nasal, inhalation and via pessary; oxr by implant
at specific sites, including prosthetics that may be used

for this purpcse or mainly for another purpose but have
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may conprise, in addition to one or nore of the solid
phase materials of the invention, a pharmaceutically
accept abl e excipient, carrier, buffer, stabiliser or
other 20 materials well known to those skilled in the
taris suedtitgraterial s shoul d be non-toxic and shoul d
not interfere with the efficacy of the solid phase
materials for the application in question. 25 The

B S NBtY e Qind 8 Cadd &0l tiNanBoRRANRM] B Ynay be
be related to the manner or route of adm nistration o

the tedipdsi tdaasulfhegovebnposal s Tnayise T verfed

by .a ., range of, delivery routes . I ' : £ -
A ed g 1l of Ml ety A 4, Jg o =

araldantand @efs B3k eedMaparardcdlicel iprerperties such
including injection, dermal , delivery inQIu%Ln ¢
ParEh ¥ AP BRI mudosit USSR S G diogpositions
%}%%%!e%n'gﬂ*&?}lﬁdcf&‘ Ang: Wi 83 RESSAIY Alcibyad MRplant, at
pecific sites, including prosthetics that my be used
darrdaldsn punpose. orr megiyalle ailot herlgngdosel bRy
hay, 0 this benefit. Phar eyt Si L
SPHPSIAA Sk oty OF HRy DI 1 1t a1 G sy e fBse ox
Povsiersa@elarad i swi gefot mr Abyda etuatayes ethudeeree
solid carrier.such as gelatin or an %%guvant.
TCHEU e LTREY Hatbe $PEET-al P8 P HFTPEFtTs SuetPt diabe
ﬁ%ﬁ[dﬁ?om L Qui gh phaf FRGeUH SR £ LUReSi§ | SfS-
generally include a I'iquid carrier such as water, |
melraheurytahi bl erteetet awedoite, beimriaiabred okt 1@

I [ il. Physiological | i ne. t
i o P e B T o T SErY ooy SEHbERSE: of
etdyvheneri gl ycot , my opy | gaecgbycpl torsebiyet hyhpoments of

gl ycol may be included. Were the solid _
thlegamprmlvﬁﬂ%@ FOFGLr ORI 1 ¥y of oky PRELF 7 oh-Fat@ri al

] iohai gedeipap 19 s04dd form e.g. to
g%n r%ﬁﬁ%ﬁg %§|?%§r§ o? aaconponent of the materi al
it may be necessary to sel ect conponents of

For intravenous, cutaneous or subcutaneous injection, oOr
injection at the site of affliction, the active ingredient
will be in the form of a parenterally acceptable adqueous
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
aodium Chloride Injection, Ringer's Injection, Lactated
Ringer's Injection. Pregervativeg, stabilisers, buffers,
antioxidants and/or other additives may be included, as

reguired.
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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the fornmulation accordingly, e.g. where a liquid
formul ation of the material is made. 20 For

i ntravenous, cutaneous or subcutaneous injection, or
injection at the site of affliction, the active

d N et eNtamomdd r her i thesf5dnofca Iparentertaldy anount”
accept abl e agueous sol ution or suspensjon which is
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in"a "prophylacti y 31 effective amount™ or a
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adn1n|stered and rate and ti ne-course
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eCi ST ohs on e étc, is wth
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M@Jkyhgua' nPabhghkitiBe shievefadeihvetyredt Akonet bodin
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poabinatboer¢itExaippes topatnentechfii foes ghgultaneously
rotocols b 0 gthan' s
agﬁgggn%lgf 158%@@388%@ ﬁggth€E% Haﬁdh818ﬁwte

ca I'ences, ition, 2000
Li-pptagott, Wlliams & WIlkins. A conp03|t|on may be

adm ni stered alone or in

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 ageants; 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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conbi nation wth other treatnments, either

simul taneously or sequentially, dependent upon the
condition to be treated. 20 Exanples of the uses of - -
the solid |ligand-nodified poly oxo-hydroxy netal ion

Ned£hd ahsSd dF 86k 0560 hek 8Ly ARG LGS ma il 1 21 £ be used
limted to, uses as: dietary mneral supplenents and
FOr PP Lene Rt st fer apeurielpimbrar wElbepbl ksmef st (e. 0

@ﬁ'éd&%%‘é?t%ggebé{ L. ¥, 804, 0f lexa{c;gfe? ); drugs,
FUTT i @NTS' OF GOSNMBLT C GAFTi &rS/ Co- npl exes;
phosphat e bi ndi ng agents; other binding or

equestering applications; food additives; ant]j-
g%}s%@?%%@%?t%%niB?%%%%%PBho%be%%%?l%%%%¢%e W T et S ;

Fond FIUNG - RHUL 8L 0L Yo AT8PT She AbFLLIoL08MBL i foutes for the
applications including exfoliating agents; bone and

demptnent i of einéepmhiens | hpt bwndinmt Brerl def hel eniyg
h , N ' t .
R ASHUA e PR, O LR A 0 SOIL 921 R0BILS, ffoace

Tsedthasaseppl enefusni et rauicht bdnaht of iakdi chl the present
benefit. In this area, ,there are, three naighexa | es:

EOVEYC PR rBREURE c1T pFeRErRpEE o) L uppP eiiEht SESTRPLRS and
%%?e%%ﬁff%aﬁiﬂhagﬂénbéﬁ@&ﬁﬂt@ﬂtt@§eQ&ﬁlefﬁtbr&poi@@iﬁS

reat nent of i1 ndications including iron
deficiency anaenmia, iron deficiency and anaem a of

hronj ¢, di sease The_t her apeut i 1] at i
ot ErvarEL SFORRL orate P Eaer IR AR RSt ach 0 Bhente)
ReNFHNELE ORsWa L Dy ofber okherapl eseapd especially with
the concom tant use of erythropoietin. (ii)

Nutritional (self prescribed/ purchased suppl enents)

p%k?h fber veyabhysforrpeal gg&iﬁgr¥raé§Fibﬁéi fﬁrms— in

rtificants. ese may be traditional fornms-
terms of being added to food prior to purchase - gr more

ggégnt fortificant Forms such as ‘Sprinkles’ which are
added (like salt or pepper) 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/encapsuiation of said materials, or simply

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

s0lid ligand-modified poly oxo-hydroxy metal ion materials

of the present invention is for the treatment of mineral
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recent fortificant forns such as " Sprinkles' which are
added (like salt or pepper) to food at the tinme of 20
ingestion. In all formats, but nobst especially for i
fortificants, subsequent fornulation, such as

RAdidilcont iQfs a 1y Ot8aye GeH IR i(B.chct.i pid) ,ariray be
necessary to make the 25 material conpatible with its
& Ifreared s &R0 1 1ontadagt thilsn natgriagde tRgsde employed to

uppl t C - f t it her.
SIS SR, A IR O 100 s
Bo-fz0f rafl abedpgat erited (Brase lHgandeipaeritimoughisclosed

trappi ng/ encapsul ation_aof, said materials,, or, sinply 30
RO 6 Rfel 195 - OIS B Treitert 'S = Sy b

D&t el NS RASUJ et B8 PRl et off titeon spdibiency or
I'i gand- nodified poly oxo-hydroxy metal ion materials
igfort hie raisanty | Fvaeitddriviiic Giet Re (TUEERSRERE ofoT

i nera L.Cl encl | &4 400 | &1 B0CYa1
@naga%ogea{fﬁ: eh%ﬁcglk%\/egé%g altl::cga?l{ on the (%alt ec% a%gg may be ®
e Dyed, teecthi hgues . senrmstdsr s aiconporent reasemiigiency
an individual. By, way of exanpl i ron

, the ferri
FHAOST TV LHTEE | T etP B HetFtn BT C%%e deti ver
1040 A A ndi- Vi gyl of Ofiye USE diid 481 <RE Ophyh axbSs@F, or

treatient of 1ron deficiency or iron deficiency

Erae may e o sayldecd ushidet edrevres diighadR Y RIRRIGRY ©F
t andar d haematol ogi cal, an L i ] h

e M e e o B A i il

ANEELR: tEYy 08Lebriars sotatdens dod examp| ensubfioiency.

i nadequate nutrition or due to excessive i%on cIiosses,

B 2dfEypRy %}ée’%sbﬁi%‘t’%‘aeﬂﬁ htREY 53R %ﬁéas

(fo‘%ﬂ%ﬁﬁé{i@éisl 36L8LE QPea OFi thexndByi Heopsenebal eddisease

Wi [

eases such as inflamatory disorders, _cancers
angl benakproseff ori encyected by Hadi efbactivier gefsvery of

AR aehT e ofRF DA CCdr SE R e hay b P Rprvad. or
spyerebpdibyihherefitechhubogebivieay bé 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 wedical uses of iron supplements are

by no means limiting.

34



10

15

20

25

30

system c iron and that co-delivery of iron with
erythropoietin or its anal ogues may be especially 20
weef $0e%/096v3® i n over com ng reduced erthropoi eti c PCI/GB2008/000408
activity Thus, by way of further exanple, the ferric
ﬂrlmenpéélDﬁsn319tsohosed herein may be used to
gellv ron to an individual for use in the
PSﬁP fit*8f sub-optimal erythropoietic activity such
28ok-BaBnachk acehlChheBtCnZbedi sEaSRavANALaRapOEad
chroni c di sease nmay be associated w th conditions
@@@ﬁOEQCﬁénappﬂﬁ§a¥ﬂpﬁﬁeﬁé?t eBAtede andic ATy afEPbEYETES,
e e, fi
S S R et
EéammeahdthnomgbrspdmaﬂUppleh&mlatIﬁheﬂayaaddpéQQHSOO'

i_ron deficien one and/ or apaem a_of
GpEBatesoS) ERFrPhoE PaTob AP ohiey M RGBTSR Pegor fiemical
bhepart ithat slibe a@bgm@e@xaﬂpaags@tutm@nnaﬁa¢ak uses
of 1ron supplenents are by no neans |In1tln%
Q@@&HGQG%QGiPGW/@B@O@@ﬂ@@@ vsaLlERperi Bnkal 2 tempt o
Eﬁg%gbgtkgglkn%%gg%gk WE”B&G@”h8waE§faévgﬁ%géd 2

eri al s"hav ead bi ol ogi cal applications
ph&bedu@budaer@h@taM¢ suppbémentectBrphosphate Beneilngf

nts ant aci ds, |nnun ad uvants | u

| PELEBIYaReS CiaEm)' FEeNary Bflgtg W%hlflo CR6 ARSgies
%Qx%%%ﬂr@ Ve aihhafe Hﬁ@;&h@@r%htﬂﬁMSb&Qthﬁyﬁﬁaklde
propertles such as rates of dissolution and/or

diiseygiegat Tovs APEATEIEICTyrargerad iLf2gh tat PEMFCUES
10 REOLE, LSir 51 Kieack. 06 ghavs Bowevsn gavehoped v

Whet & hé actual structure, at the | evel
%&ov&@% a5l s 0=V m&ﬁh(ynac&mhéypﬁpmamﬁiadlphmamquqhgglcal

attice structure) can be difi
shrgertgarsivas . migears His RARGCRERL 0 (8, 20
a%éﬁ.%%ﬁQnﬁéuﬁhéﬁgﬁﬁ d RBEiReRY reRariacider i Sties
can t uned

modlfylng agents are all biologically compatible, food
grade ligands allowing rapid introduction of novel
materials to human subjects. An exemplar of these
materials ig 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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provide mneral with precisely specified

physi co-chem cal characteristics. Mreover the

nmet hodol ogy is cheap and can be applied on as large a
scale as required. The nodifying agents are al

tHeOl 06 G |Me§ﬁ'ﬂ3_a}iir§ onfRed 120ng ated irgdrdse iron in a
allowing rapid introduction of novel materials to

e st} dashiion ex@fpledm of thede Ehtardtical™d is the
d&é&%?&ﬂf&ﬁfwifi'&%ﬁﬂw‘ﬁﬁﬁﬂ%éykﬂd“l or?%#phﬁgmﬁgﬁ%ﬂéﬁﬂto

r
may have t herapeutic parenteral” and ora
Appliwcatdadnseddsstwedd @sywitdesipr ead asdlies: ddiat prevents

fortjficants, 25 and _dietary suppl enents. Wth .

it Soritls, L5 el iV THA™ Gife “Fasit a8 podt dyico £he
disrdihate tdie. natie oy A RieHh ahsorRIJIemBTdT Cartiatthe
seen for the same nutrient when ingested in a food.

flayr 130 isempanpad ttiianomt thhe mressit ditsteylqn gifould

or-pt | r ol ed {hr foodqr
R R e R P B s S R i TP ot
ycehteee F sec ilarherdat oy fifrer eint S icdhd i galid -arbdi fiad,
pol y on-q¥drox tal] iQ mat eri al s, USiQ%hQ¥e 1e
PrGess® R 9 Nt TS TS5 The el o
d-dendid W ng Lonposi+i onsy thatsuL9asesdineN igha There is
controlled fashion. The aimis that the rate of
adi s gt ixors SR A LY ovf tivel ¥ Gheorr aer et Wit et

0. _the 0 [ tase i hi.gh that
éﬁ%ﬁ&%ﬁ%q%ggﬁﬁ%F%E%%f |H%%?%@%ﬂ%¥ﬁ%ﬁ§%ﬁ%r bol us
BRSOEPi 0N drnt®F tieon cin cihatiorel neduteromf (awg chtlag egut
desirable. Thus the ferric jron cquosjtions,of the

bredent $eRntidh SRout IPRRVE W= hast T it estThal
%@ﬁﬁrﬁ&%é @8 theYeNl Fotdnt Undergoud abtde refekrements

ng in the gut. In addition, 10 there is scope to .
afesilm idichipositiBee Temaisie) vanahseerent fynapal iron
asfri,c pH versus in ' T - | he
%ﬁﬁiétﬁ?i %F%ﬁf¥a??%§$%%é$ﬁ% @%hﬁ€€$%$%%§b%% ﬁ%?ésolve‘
Béadi {Fetentiteiestdepentdinganporothe paonceatrnaesshy into

of iron in the local solution (e.g. the gut
the faeces.

Nomenclature of materials

Throughout the examples the FeQHLy~1:7-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 Is
to the ligand with lower solution affinity for iron. The
ratio i:7 refers to the molar ratio between iron (Fe} and
ligand & (L,) 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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15 lunen), such that the conpositions nmay "sense' iron
requi renents of the environnent and thus iron
requirenents of the individual. The remnaining,
unabsorbed lumnal iron would be |largely unavail able

dorcndestd all e;dLdax-teadd iaHd ¥ WdRighthe: ddHei® afipate

woul d pass harnlessly into 20 the faeces.,
NorfEhaMht urBreoflra erdr entiwtogghddt s teeahpiass 4heM

QHLAdcde c| at. ﬁggpt escri be
Lﬁﬁé pré%%%x%?g% or ﬁ%ﬁéﬁgqggyﬁ%' |edﬁ%gﬁ%§éi
oxo- hydroxy ferric iron materials; where LA refers to

the ligand with higher solution affinity and LB to
el d wwth [ ower solution affinity for iron. The

A@t ihdmicd Bf afsrd pubhedmi@rs st ifduel-veelridion fdedet,
and ligand A (LA) and k refers to the concentration
V) wilesds |digmanvBie Bpersblag i ot ok ilgPrap ey ware was

‘ oitati ] ] S . ] L
T T R L i e
B) tves Presedtmddrer iadnEsich atxo-ehyuedmase FeCH LBk

For exanple, the materjal d‘{?{{i ned as FeO—ﬂ'-é%: 1"@%2%0061
e Drebar e isthgla TVArs THt ¢SE - Thit e P& ne
g%fﬁcié aligeRith B CONCOM Fid O Qo RdiRAE c10dm 20T 2 The

ron concentration’in solution was 40 nM unl ess
Bran ot guheklvisech n whidh f il rexcdenfelers . o5 Weker F&l s

| chem cals were.purc ' - | ch ;

BBt e St eed "HE RO AT P e e fomwic
d1EhOF BEOT Yh 1\l ewa@Sput Fhpedy pfopy | @nergdhe Botbrgad s
used in the preparation of the |ligand-nodified poly
o5y droxy ferric iron 10 materials for the in vivo
study were prepared wth food grade chem cals or

phar maceuti cal grade chem cals also from
Begmed#l drich, with the exception of the 5BFe

glenental iron used in the preparation of the 58Fe

ef PP E€nforfde whi ch was purchased from Chengas,

Boyd 0088, 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 golution 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
somM 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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15 France. Methods Screening assay A series of

dietary ligands was tested in a screening 20 assay for
their effects on the formation of solid |igand-

nodi fi ed poly oxo-hydroxy nmetal ion materials.

Bid eftyn rduminOentih fagradidee, atd xednaiotime smfpernatant

stock solution of ferric iron (400mV FeClS\Mtlkqégﬂw
W@Wm%} WS i XBEd WA ARA SR U ogEter at

fodigand (40 2 t XS epid:OMhdded
Eﬁ?& fﬁ&%y\/&n chp\/\%]lt, }g@ i pl us h?{[%g ajfrbrmg)gmw and 0. 9% ©

NaGthe twelobiel idt dié @m‘mr’mbmrai indyeieed rareolidgine 2t
vol unes were then ly, adj uste p
SO TSR o S0nM NP oD BN n Ty e e fosoo
Ut bO NS0 q@iﬁuﬂéﬁl and his &t bgeotese fubdynsohnbl eslen to

g@ 30 < 2.0. Asmall aliquot_was taken to conQ%rn1the
R NS ﬁﬁ%nlé%c@ﬁ%‘?a‘ﬁ%ﬁi%‘%ﬁ@% 8- pH

%§%§§St££tl %agﬂo 1%%&5%3WE%tméabﬁée@OByeﬁép©E§d

0 avol anges. After

@mmlysiugation at 2500 rpmfor 10 mnutes, an aliquot

of supernatant was taken to analyse 37 the iron

remai ning in solution. The remaini ng supernatant was

@Iggggﬁggg apdeaikkbxed vol une of dissolution buffer at
S

pH 6 (MOPS 1 or pH 4 (Acetic acid 10nw% wa en
Addedldie ¢ABCRBETBPHASBPEatRlT bR anY EBbZ?Ed erric
QueLni ghg géfzggggg]ESnEeEQiHE§onT@Sni&?ﬁ§n§£é§th€§nthe

Centri 10 m nutes) and an al i quot
i gatiperpal aghntiakenrt botdel dgandeit #adi Boﬁtt RERPr@ARElate

Ch3o8BLegetdy Ineablel FRRCBRLIoLNTY, gt | Hokone
£XPELI BeBLS M) 8¢ @Q@c@@&@.?ﬁéf ated skamjglsomacaonroml)
iron (as ferric chloride) was added t%_%h%%L%thﬂ and an
vont ailsbngddiether Thresolution was mixe ghly

aliquot collected for analysis of the “gstarting 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
+he titration, a homogeneous aliguot (imL) of the mixture
was collected and transferred to an Eppendorfi tube. 2aAny
aggregate formed was geparated from the solution by
centrifugation (10 minutes at 13000 rpm) . The iron
copcentration in the supernatant was assessed by ICPOES.
Tn some cases the supernatant was analysed for the
presence of aquated particulate iron and the size
distribution was meastured (see below). When aquated
particulate iron was present, the gupernatant was
ultrafiltrated (Vivaspin 3,000 Da molecular weight cut-off

polyethersulfone membrane, gartoriug Stedium Biotech GmbH,
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ligand A, ligand B or both ligand A and B at
appropriate 15 concentrations to obtain the desired
ML ratios. In sone cases 0.90 wv of electrolyte
(for exanple NaCl or KCl) was also added. The
@@e%tlmim%m?sc;é&m | )trmm;ngtéh yixnd concattigpioton in the
col l ecte or analysis of the "starti

Eoheents att oh- Wl o LN s Il iR rﬁé%ecg%ééyfs‘j@%
and 20 the iron fully solubilised. Next the pH was
slowy increased by drop-w se addition of a
EDﬁp@h&t@@@dogo$@14@nllﬂﬁﬂﬁkm§dw¢4$dd@%%faﬁ%oa@Y@%@¥5n

gntl t he n1xt€re rfached a basic pH (generally
B3¢ W OWiFPFER? Tpoints during the titration, a

hRavgenerls: &l wgﬁ@tpféme@ffcbhrsomxxg U epPat sl similar

collected and transferred to_an e rf tube
bggklegatttrarhed %ﬁ@e§%%%?%t%%S?Yﬁﬁ?gh%bgﬁ?ut|%ﬁ1%€1y’ an

&SE&{éfHgﬁééﬁgréﬁgﬁnkEHEESséiuéﬁgﬁqofpﬂ}onTﬁﬁslﬁ@ﬂed to a

concentration 1n the supernatant was assessed b

$EPCESon tonSannlngsestth Sh@elh@@%@tAma%l%ﬁ%@yEeﬂr both
or the 30 sence of aq agil a 21+ 2R+ s

LRhation 20Ri8 T hEE, Shododated pood ‘?&egg F%w) Wen

é@gétéédeaaftwﬁdlabeatt@ﬂgmpﬁ"poESEhé sbhetsapewnat ahvays

was ultrafiltrated (Vivaspin 3,000 | ecyl ar
%8} ht apdt thef 1rps| FBLAEr SOLPBALIRRThr arﬁrﬁ %gr Fapi i

?&8&'1 "&&9%58%%9%&? -GogLt éﬁ&?ﬁﬂ.oﬁebﬂaﬁyboﬁﬁénthated

oncen ratron’int I[trate, i.e. "soluble
Eb@ntlomasfamabyswdtbycbﬁPCESt a?ﬂé@ﬁﬁ@ﬂléﬁtéﬁ §85F81n9

gand- nodi fi_ed poly oxo-hydroxy 5 ferric iron
ﬁﬁ?e@?ﬁFge?hg Hﬁﬁe? als were prepared following a

protocol simlar to the titration experinment
descri bed above. Briefly

, an acidic conc ﬂﬁrat%%e entire
¥heok prebariios &he Podifa®248dd8 1t 552 &6
Comath%mAnan dt‘g‘é%{ Lhe dd.gand Ao Li gand B repcbeidttl@ and

n sone cases 0.96 wv of electrolyte
wasin alsasaddetn Hoer 1St avirivtgspH' Te EH@SIBIAREN ids

< ] . . )
%ggﬁ%ﬁgﬁd?a%d.%EﬂaEi?%ééé%%é&“é&ifﬁ“ﬁﬂ%ééf%éiléﬁ%%dﬂin 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 aguated 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 celliulose membrane Spectra/pro 7, Cole-Parmer,

London, UK) in water to remove eXcCess iron, ligands and
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slowy increased by drop-w se addition of a

concentrated solution of NaOH with constant agitation
until reaching 15 the desired final pH Wen ,
preparing the solid material as a pellet, the entire
BiLxtyrelyasst herokeanstieryednyooaecent hbugeyhatt peocesses
and gun at 4500 rpm for 15 m nutes. The supernatant -
Hgscroerselrdeéd and the aggregated solid phase

collected in a petri dish. Wen necessary, the solid

was then dried in an oven at 45 C for a mninumof 8
WbamSMSAhgebﬂaarbehyte aheldgﬁndré gpreciipttianeodnghis

supern nt) was .freeze- dr ed O 4 mbar .

DE R o ebal TRy EReoTor iy Chae BrraP Ta b RgtETEG

RebhkEuh-ahe i ofeber bakarbbeatet ak Hb&ﬁubepwas thhetarting
freeze-dried as above, or concentrated

@ptlﬁi&ﬂpn eaEtas i voy 44FPRA3800 W ReR ﬁﬁl@éé&?‘&lle\)\e?&ﬁt
% n%?Ey%EE Enbhﬁeea oenbrages 30.rar ke riate

ot ec Goet'ti Agen, Germany) "and  t hen
abﬂumE|e¢ anldncowemcanttatedfstoaknﬁﬁﬁwﬂnp@fOg iron was

hours. jn.s cases the m xtur )

ey & grgFQQ @3ﬁluﬁgsgoﬁéH€F§ﬁe Spgggr progj%l%i('ZS
GeheuPaliBie 1yl addes, tUKknen gt asr erond rexidess order
iron, |ligands and 39 eIectrontes before under ng
@@eaéﬁvaﬁfﬁerr@mtﬁlgublao@élseas -d&ser tged lapby &t %ﬁ’@n

?%IQF_%&pgggg as ligand B a variation of this 5

was use ‘to avoid rel ease of CO2 from
transfornatlon of bicarbonate at acidic pH The
star%ﬁag solutlon containing ligand A (when
9= LHd 2951%ar bonat e was prepared at pH 8. 5.

E@%w@ﬁ RERRIHA & WJIURE 10fy-a6i-dics icdnree nidlat etk tock oxy
sol ution of iron was 10 then added drop MAse
e tizem wWatiemNads pEneesided g agﬂﬂ’etd 389

tJE#f&%L%%&%%@ ﬂH#ﬁ?E%%PﬁJQﬁd%ﬁffé%zﬂé@@“&éﬂﬁﬁﬁ*ﬂé&e
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 agquated phase, an aliguot 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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preparation was 8.5. 15 Di saggregation assay Known
anounts of solid |ligand-nodified poly oxo-hydroxy
ferric iron materials were added into tubes (about 3
nmg iron per tube). Then, 3 nL of buffer (see bel ow)
weire o asidetdh@ndat hes taless shaken vi gorously and

i ncubated at 20 roomtenperature overnight. After
centrifugation at 4500 rpmfor 15 mnutes to separate

phe, Aoss ogal edy 50l 6 phascus g omancaaguat ed phase, an

"supernatant was Tcollected to neasure the
Hi. sagyregat o le orpXcioh cergarat o 1 £ Ifve pakai axdngly droxy

dj ded.
SR O AN R 8 S oo (P ord Ind e LA i1y

£oneand raiBehd NG ﬂ@@rﬁgﬂdﬁmaﬁd@ sopeaktmid afited heemee
mass recorded. The tubes were |eft at roomtenperature

VR TRYEFPXiFR, pRATECAERRE OF Y P HT A F ot T s WeTe
fidgol e, T LIEOES analyel S@fb o BAEADS | (00 . of

conce fon Iint e buffers were
EI ghermé@hj\/l VOPS wvi G Oad (Namg,értm m@rd?lm)e Eopain) and

Mal eic acid with O 9@6 d, at d 2;
EHAP S LT abbat SO FREAR: "Bt S He a0 ¢ h

B S0 Nafd, af @lﬁb“r@s&lélnér?éléttfﬂc gﬁﬁit@r@tﬁééim@ﬂed to 30

di gestion assay An anount of the solid Iigand-nodified

rprm cyf o&bnﬁly@%gyducsd@%ﬂ i 20} Wk Rral ePR R STHRY chA/ Bl

%% cre fﬁ gﬂé %g?flﬁa { €1y OMg R UL PEREBond €E M b fer pH

ferrlc oxo- hydr oxi de,
BQﬂ)valené fbnﬁmngobtmaenaal35rmh an@rehe afdedlt pHawas

synthetlc astric (stomach solut on_4&.50
Rat SQkFFEie ﬁsol%ﬁﬁ%ﬁE “Pof |g%(%é%2%-§gan %%%th
kQ&HQ§t§ﬁaﬁ§n 7C f18ho3EnBbaYt RSigubhsr 4lina) ebaki ngllected

hen 5 nL of tThe resulting gastric m xture was added
ab QOffrrent tymehpeintaududimy §BEUPFBRSFEOAPH ni ng

gﬁgﬁg%fgﬁpﬁrS@tiE,éﬂg %g&Lfé?C&c'Hlﬁgﬁkkbheaéégaﬁaee the

aggregate and agquated 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 TFe
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 aguated

particulate iron in the supernatant, at each time point,

41



10

15

20

25

30

9.5). The final volunme was 35 nL and the final pH was
15 7.0. The m xture was incubated at 37C for 60 mn

with radial shaking. Honbgeneous Aliquots (1nmL) were
collected at different tinme points during the process

2k eendidiged atl d3,1000-1m tfdfed O VEwHEES:) 10, 000 Da
separate the aggregate and iggated phases. The
e arite Wt 20l § Sl vorh e 5oh (Uit SmRAne

QES,, At ; erdmnt,, r@MRIANNY and
éso ut o%ﬁv\?a%&gleﬁ?%%%% ac%rﬁ%gf, 5%0 rplrﬁﬁ%r?' 15 mn }gndan

ddmelits upst hatahtbanet33etl. for Fe content by | CPOES.
The mass of remaining material (i.e. the wet pellet)
was recorded. Concentrated HNO3 was added 25 to this

el el eliend d hes DM JEBsSi dre o deshmeihei 4 ubeson wer e

left” at roomtenperature until all the pellet -

Rif R lekbam v 2 Fquets Vel ol edtietl 3TN CpoEY the

RN YSE Seot ) ABLAL T OE A AR Lo Olid 1198 d Do £l

no I saggregate / dissolve. The starting amount of

a0 sasy 3o load e tag ethdig oth tdef ¢ orBdattshe fwtrpet | et

plus . the iron in the supernatant.. To differenti.at ,

REETRILE LA TR s v a’q’{f%ﬁ“edédp%af’ﬁ Eut G T BTy greide
datedhp 18k € tAE: PR R] , Fedduh Nisudmiaet) on

was also ultrafiltered (Vivaspin 3,000 Da polecul ar

freight ot -3 tebl Jend et BoltdHeo e bran el Sak ket us

St edi um Bi ot ech GrbH, Coettingen, Germany) and again

anal ysed by ICPCES. 5 The gastrointestinal digestion

mhdcome@r ¢i al-i Erongaptepiradsonsaediabsbiorsaedani t h

this assay using th dose, of total.Lron recomen

BHe Fer hoht o1 07 ere: ol P SRR ar LS A T oy

£&4-POL ef o BORL 8211 £ €L T QUSe A Us DS DA tY&d Ngd et 208Tak&ent | e

iron, Solgar); ferric-hydroxide polynaltose conplex. .,

BObgs ¢ Mag i of endiFeenanviBudeeerlined eppindt #R- RaRPEE 21

§9990(§££9P£58£e3££821L@ﬁ&&%ﬁfgﬁ-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 “inm vitro gastrointestinal digestion assay” with
extra aligquots being collected at various time points for

the determination of particle size.

Inductively Coupled Plasma Optical Emission Spectroscopy
analysis (ICPOES)

Tron contents of solutions or solids (including wet
solids) were measured using a JY2000-2 ICPOES (Horiba
Jobin.Yvon Ltd., Stanmore, U.K.) at the iron gpecific
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
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Modified in vitro gastroi ntestinal digestion assay 15

The particle size of the ligand-nodified poly

oxo- hydroxy ferric iron materials under sinulated

gastric and intestinal conditions was determn ned

BesdwR@ran rdaptized iHgh indd cergash! end estiveal thegesinonn

assay" in which no protein was in solution, The i
FE WS 2T Fedd 66 colnchdhpse depending

L8 shZze as these interfere with the neasurenent
ut the procedure was otherwi se identical to the "in
vitro gastrointestinal digestion assay" with extra

| i quots bein ol | ect at, various tinme points for
e B A T R %6 o1 26, 251 nduct i vel y
Geupied Riasm HaHidgalo Emissien sSpeet mesadpleanalsysi s
(1CPCES) Iron contents of solutions or solids
qatramidiaty Wwemng solMaddenmeize hedddr &btk ien Gy LY 2500- 2

: (dHor ' , ! , st an
R o e 11 e orat oAt ettt brg! anc
rwerce- sdidat gehrml (Q%s nidrd cledmimhipradowittdy andatgissizer Nano

i]le _solid re di gested i t.h _conc r at .
Z\‘Irglee%vceé:rﬂ mﬁﬁu“ferrg:ﬁ ilﬁd'smal}t"ieﬁ'or ol | gpap ASE VAS
et Rrramad Pyrdhs Hd ey eneed? el weem dnfen s tvllld dags

iron content and either the iron in_the soluble phase,
eRnHE UG dh Wate nRAdefl pase e ddiady B tifetes prior

, ] ' particle size The size
%ﬁ?%ﬁ%%‘%ﬁ%&%ﬁgied particles was determ ned

using a Mastersizer 2000 with a Hydro-uP dispersion

unitt§rhlvern Instrunents Ltd, Malvern, UK) and
IR A Pyt %s were determined with a Zet asi zer

Nyl L6514 Nl e Foth 81 F i Sy 46 Avbd vy i e rsive X-

Mast ersi zer neasurenents required no sanple
pre-Anabryen(ERPer eas centrifugation was needed to

§5%§Q§3A§%§E%énwéf§|§ﬁéf¥§éﬁ 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 the Institute Eor

Materialg 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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to Zetasizer measurenments. 15 Structural analysis
Transm ssion El ectron M croscopy and Energy Di spersive
X- ray Anal ysi s(EDX) Powder sanples were anal ysed by
first dispersing the powder in nethanol and then

drepsgastiagwenestanlaedehohigyng28 parbheampElksapgestd ATR -
films. Comrercial tablets were simlarly anal ysed but

WBFECEFPEY w?ugh@dN@6o}@Feagétﬁﬁe36Boﬁa%?tr%marygigith a
WeLeetBdeEL aken Qyofh@PbBSEBBH&a 2 MaLARialS, of 4cm™

Resear ch; Unlve sity of Leeds 5 Scanni ng
ThanénB$S|mﬂrélenﬁennaREUrbycmmﬁ FbauengsaﬁpVesemeKEK) Ltd,
ag sed b¥ %ﬁrst d| ersing the powder in nethanol

Hgﬁ d %Q%?rn on standard hol ey carbon TEM
support films. Comrercial tablets were simlarly
anal ysed but were first crushed to rel ease the 30

pRuRSE. pARralystSoWeRBa pdett aken by
aberration-corrected stanning transm ssion electron

nﬂ@mpéeapyer@amsbmsgd asupey SPEMlersnf r @oememawstsblets

43 | spectra re C ected using a Durasa
She ol bR oEh B bELSaPhe S5LFdet ) g VLSRR  bF x-vay
specfragei eh &h&hy@lsm@tetﬁﬁgﬁﬁlﬁ@ﬁgﬁtyfoﬂoaﬁmﬁ59@§blu81ng
and resolution of 4cm 1. Analysis were undertaken b

| FSPRESLPRGY SBRYT cBY3 PRK) Ehata/%téﬁﬁ@ur% @ﬁt?ﬁﬁhe§1¥h up
UKo ﬁRaauP éém%w@ éﬂé' ¥Sh 5 SATRES Wer&Riabysed

as dry powders. Conmercial tablets 10 were crushed to
release the powder. Analysis was by X-ray diffraction

I Universi.ty of Canbridge using a

I%%ggxgé%r¥siﬁﬁﬁzg£??%eta/2theta, 2 notors) with up
tSubﬁebegr scan tine and 5-70 2theta on CuKal pha. 15
In vivo absorption study _Subjects , ) ,
Healthy young women {aged 18-45 years) with mild iron

deficiency anaemia (defined as haemoglobin between 10-11.9

g/dlL 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 anaemlia (haemqglobin levels <10 g/dLr},
cardiocvascular disease, chronic respirafory dizease,
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 ‘
haemochromatosig 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. Written
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Heal t hy young wonen (aged 18-45 years) with mld iron
deficiency anaem a (defined as haenogl obi n bet ween
10-11.9 g/dL plus either serumferritin bel ow 20g/L
or 20 transferrin saturation below 10%; or clear iron
defifereaey cogebhredaas operdietieti-bini A1bekow 28kL) The study
were recruited to take part in the study. cl usi on .
CPIPEPFRL Wefe2pPagiigfc PYokthrabatrélh &rGaknBRAcarch Ethics
ceelia¢ rdi.sease, noderate/ severe anaem a (haenogl obin
| evel' s <10 g/dL), 25 cardiovascul ar di sease, chronic
respiratory disease, chronic |iver disease, rena
gk%e%se, chronic infection, or chronic inflammation.

&Y e€Fd8 on criteria were: surgery in the past
t hneeenpat-hfencancek«diagnesSSsi Bither hastinke@B WeakSof

kpown history of hereditary 30 haenmochromatosis or =~
ha%d{a&tﬁ%ﬁ%d{w@—mﬁﬂr@rﬁd nrddi eata-dvdaaty dewndc iron
a LLen ok.| - t bl nat.hanlLhea

IeGa 6ds (Frn Pns At “IoHnthe o mal ser e ang (v Mo

r égbar Lyoconsulervotancolahdtm ner akedsapphemefiesence dose

re asked.tq discqonti,nue_suppl enentation 35, week ,
bePorEotRB s EPEentig FOFoLAe "BPUTY S WPPEL BROCKESFS |defined
| BkOEABdC RS AL vAas 0B, ahned hhemak! ssuhj aghsr The curve
study protocol was approved by the Suffol k Loca

R4E8) cHOEt Rilasmacaiprt fedlowiggudgrgegsgauipbate

e [ | tre s .el.lhe SN .. 58
I e e ik s
I rollunhater rak i060apyheat akvni ronyrof .f errous sul phate

(65 mg total iron). Ferrous sul phate is used as a
reference dose 10 to control for individuals who are

p&er ahbsopbeérs (def breedd as thysbrohythavecpoporation of

signi 4 cant net areg under the curve ( f.or pl as

TEGR 1019 GG S orFOuP S uiiar & ¢ (s EIg A Litake of

crLespsoven studytdesi gpmpasndsed Thet RegaChlompoludieand the

acting as her own control. .
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 gamples (12 mL) were taken during each of the 2
visits 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 incorporatiomn.

Total serum iron concentration was analysed by a standard
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15 Fe absorption was based on erythrocyte

i ncorporation of the 5BFe stabl e-isotope |abel 14

days after the intake of |labelled iron test

conmpounds. The test conmpounds and the reference
conpaundi( ERELOHS rSUbRBALG) rWeh8scakBNthM HBLRAAZ20y Smith
W t hout breakfast), under strictly standardised

cBhdRli BR&NTakBecrbsensnberei EpsaneStter an over ni ght

fast with 14 days interval. No intake of food or

fluids (apart from water) was allowed for 4 h after
tRECiinnorpnpaumdninEa%@é a&sT@@thmmmeﬁamﬂhag'@hZEﬁah DRC

n duri each_ of t visits to dete n .
R San oo FoRcor FouRt Stk Rerrolipeg SprRECOhEEFbr SPerkin
| atake 8RHe20, BBAcoR9rid28, 48P, 21Q-apdmg#e iALPYEEStion

after intake of the iron conpound. An additiona
bﬁﬁéae§aﬁﬁnélﬁﬁ§6taﬁeﬁ dtopaseri hpebybésere fntarb}etpass

?fgyfhhgthQ” étQEH8u£E££? &8?9t£° BEchfegﬁatanquartz

rans’ferrin recepto rans erri
sahyeatonanamd 1dEEEnHinélemgthfbcytEléBEﬁum tipped
[ [ Total serumiron concentrati on was

|ncorgorat|8n. cg

afarpsed By aStARaEr 4°098 (PERIERI EERBRI SEHGX-
paeseddse; bageduRn (Be-"gEbadsryY SMithnatysak. UShAfeline
t he chronnphore Ferene. RBC incorporation of 58Fe was

debet &i hédodsEagransErancDRELIscPedsEradupel véFypants in
I a e r r_SclLe

g T R T T R

conalsFedsaﬁpaembgtomabemEbﬂlW$Eh zmgdﬁmbleamasﬁ.second

spray _ chanmber, a denpuntabl e quartz torch, g

qﬁi?¥§ STHY %t%?s(ﬁnﬁﬁ?FE?@rﬁél wang E?§ adninfstration.
P%ﬁbl@“ﬁléb@pﬁgs1@1§é€853£0@090§&'ﬂﬂ@ﬁ &ﬁnﬁéuégﬁékbalutlon
El mer Sciex, Beaconsfi el UK) were used for al

aﬁ@ﬁ?@@@lnﬁageﬁ%n@rlmhnlé bD@odlsahﬁt@E hepé, c@lﬁécﬁ@monlar
f
a%8518?p65ch %6356 S&ng ngﬁglg%ﬁdXt?EPgrw%?gdtuned

mni stration o ora Fe-Supprenent “I'abé
WEbh apglﬁﬁﬁes1gﬁdlassﬁsmﬁﬁv15ybkﬁod shaphkeavmasemnent of

c IIec d 14 da after adm ni stration.
g E% ¥§U‘1sotopes), mln%mum oxide formation (via

e 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

382 and °°Ga isotope signals to allow

measurement of the
monitoring of the degxee of °Ba’" formation at m/z = 69).
Further adjustment wag then performed to reduce masg 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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Whol e bl ood was diluted 100-fold with an aqueous
solution containing 0.5% Triton X-100, 1% butan-1I-ol,
0.50 ammonia, and 0.007 %nitric acid. Instrument
conditions were tuned for optinmumsignal sensitivity

(\taekbgsreasyn egBAat @Ea%ge¥4yg 41%§|§7anﬂc33§g a pear-
i sotopés), m ni num oxide formation (via

nﬁﬁégﬁ@nﬁhﬁséffﬂhéklﬂ@@échﬁd Iss&ﬁcosdenpes andahE@med at
bl osin h ree, of CeO or,mat i on

BB O A el y O ar R BT b TR (B (RA a

tgeaﬂeasmyenﬁat efimthecl28Bp and 68Gatisatppelshgnaksthe

to allow 25 nonitoring of the degree of 138Ba2+

f GPREEFORARECOR PE=ChépringyfrREPedd] uShRBEnENGaglERBRTAL

perbar pedate ﬁﬁgug§sg3§§eé'a§ 5bﬁi“@§n3§8Fﬁg§9ggéﬁFﬁerox1de

(approxi mately 5% . Detector voltages were dropped
fW@ﬁﬁtﬁéd@§pt©aDXlQi@e énerESOlvbnoto fZ28iandr®f50 Vne

d
P heR ol an BPisaRa PipoPlon Fabr PECOREOPPAE=E P on

Arfsal uhean of e58backabakl edrinetiba QB|O£IE&waé% stopped.
pr epar ed bé di ssol ving 100 ng 58Fe enriched el enenta
i FOR 48U¢en ﬁ@%éonBﬁﬁléﬁﬁé ipr BReef iRAl 45 AL UBF9RHERSI n

ad@%é&mlﬁQépﬁg Qb@@ﬁsfhﬁéktﬁétﬁéPﬁgziﬁe ascondenser ,and to

heat ed at In a water bath e tenperatlre was
rapréirmgrhduabbygnoveprtt Eaertoskéepnt he sol ution
boiling as the 5 concentration of chlorine dropped.
When the elemental iron powder was dissolved, 0.5 nL

obr3parhydengen pﬂéo%h&elaﬂamae@UQQ@dnacmedﬁﬁﬁéd poly
ferrous iron to ferric iron. The flask was then
se%PelY IBAEE fREYES daProRateséeion finished, i.e.'

oRGE &Hgséﬁrﬂﬁgéﬁa HEdQ%lQﬁﬁB?fﬁaﬁkep Qy ot ngrlc iron

concentrati on iron int t|on was
deteeniakd byriCROESwanl {ive Mereoprepaassayfoddowised the

oo hRl eI P AR PP GR PR yBnd T a P RA-Rbign o8 1:4"1igand-
oxedhydeaxyol er bke-hiapompt eekakc 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 ferxrric chloride solution

discussed above,

Results and discussion

Effect of Ligand A

A series of ligands, namely maltol, succinic acid, citric
acid, lactlc 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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The chosen |igand-nodified poly oxo-hydroxy ferric
iron materials enriched with 58Fe were prepared
following the protocol described above (see
Preparation of solid |igand- nodified poly oxo-hydroxy

fenkksiEren At enrabSkrdshbhy aTRe fergtcgebhpli detrong
stock sol ution containin% 3.5% w w 58Fe (2 gg of 58Fe
peiIBDARY. t veEE FioAnAR LRuENfingesiv@ibali BhenpPEPRELPn of
frgm L he F e L e i de. s th

B S
LygandnAcAased| esiokiki gandsandamel yolal t The sacondi group,

agid, citric. acid, lactic acid, tartarjc acid L
ek g LEBRRE ™ aERS dSRPERe TN, Lyl hikey CAERR, SEfect
hbst LHENgnandr 38 9kHl 3/l ReteveRe sbugbed (konsthei k11l the
effect on ferric poly oxo-hydroxide precipitation

f rehissl berbad) | aRdi apryudeHeabPgahds Wei 8. aPlcEeBigdacid,
usLpg.Lh reen) . aS d ri : e a a

R R e

f grstipgr dupretstddnge Nigands®, were Ligands found to have
inhibi% the formati on of 800 of .the ?oiLd terial ﬁt

r &t OMEFECHAE. | REFYEEE SHFEE8nFEdaltTas CFEFPCSacPl HRG

Mhkbaht dhes6eeanflade@ynl Sorweakakl gandseaswerene of the
ligands found to have little effect on the amount of

sshtdofatestall ppdmbacitaded mplarl aghé, Fartssiceardd) and

a Lnclyded aspartic acid, succinic acid, lactic
aQ?HFQgFﬁ?énic acid and histidine. The third group,
"internedi ate |ligands", were ligands found to have 10
an i nfluence,  between sttong and weak |i

, ggnd%h on the
afBuftt S6FORYI LBSRATERI aPiForABA"EE, TAP™ &55t -P6RE §F OUPS

t hescbabb@Sabesbede2ad renchydedsmBlbe 86kdr BaEkakisCon both
acid and glutamne. 15 In a second instance, siX

| thand@ermebirrhett Keawigr papy odesbribedidpopserdipdtation
rezsgresned for theit ef tegt $1,0Ns88L 1 ytion of the solid
materials formed in pH 6 and pH 4 buffers (see screening
agsay 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 iromn
which may be expected. What is not expected is that the
strong ligand, maltol, did not promote any re—dissoluﬁion
of the iron at pH 6.0 in spite of the fact that soluble

iron-maltol complexes can be formed {(for at least a
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the formation of ferric poly oxo-hydroxide
precipitation at varying ML ratios, and the

di ssolution of the solid materials formed in pH 6 and
pH 4 buffers (see screening 20 assay above). As

eppepbediochherl tgandsohadatath@bl pH. ef fleetsven, t hre
per cent age of oxo- hydroxy iron that was
pF@E?BF‘? f-8ged Eéﬁaﬂmgmaééﬁe(a?l%ﬁﬁeérﬁﬁﬁa‘t:ﬁﬁ figapgution

b@kOEQSH %Qoanégébéoﬁﬁa Bh&séa%Fo nY8ly EHEnSPhidstrong

materials formed, showed variable re- aquatlon
pﬁ@genﬂlmsthS t-havenewbenotapliedi veabl wafcbavtt he.£. 1:1).

eC| tatiaon_ _behavi ours anmpl es, of results usin .
P ORBL&Rt Ph £y b an i kel ChaPEor” SovgRe Sk Safios
agfenghMWhlgﬂn@abman@Ly succi nate, and an
internmediate affinity ligand, nanely nualate, are
shown in Figures | A and B. Re- dissolution 30 clearly

d Squp t a S ot 8y |.C
CoRBRLe 0 oR. NEdhREntd SHAIL Bkl 0 E0By, PRbehyarcny
sﬁrongprbgapdtanabnobpddtﬂenme dnsaoﬂetany of that iron.
re-di ssolution of the |ran§ pH 6.0 in sg|H§ of the

fact that sol ubl e Mi¥ on- el t'l conpl exes cah be forned

(forgatal east a 48ra@w@0rtpﬁblcgj‘lﬂéteed ran) @sddysSeqdted at
Moreover, the internediate ligand, nal ate, allowed

great er di ssol ution of |ﬂ3ﬁ‘?ﬁbﬁ1the solldﬂﬁﬁése atFH 4

PTE Qe 2 ! )
raglos wer e naﬁched {c.f. %.1). 5 Exanples of further

resuldstimtdedidheriiigandss®r ratios are shown in

Tablqyé1 Table 1. The effect of single Ilgagds on po%%
0 oxy iron %r%0|p|t%ﬁ|on and the re-dissoluti

of rdhad+i408=1aM Ls %9 Fe o g Ligand ratio pyegci pitategs
at disaggregated at pH 6.5 pH 6 PH 4 Succinic acid
1:qiggpc rold -l ackit aci d*2:1 65 0 0 Maltdl 3:1 5500
13

Two ligands, namely malate and tartrate, that showed most
effects in the screening assay, were chosen for study in
greater detall. The re-dissolution profile was studied
using a more defined assay in four different buffers (see
Disaggregation Asgsay in Methods). The buffers contained
0.9% w/v electrolyte so that the results obtained would
reflect the behaviour of the material in a biological
ionic strength environment. Alsce 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
ag geen in the screening assay above. Generally,

increasing the ligand ratio decreased the formation of the
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Tartaric acid 5:1 85 36 "100 Citric acid 5:1 42 00

10 Two ligands, nanely nmalate and tartrate, that

showed nost effects in the screening assay, were

chosen for study in greater detail. The

r e1gha8ohutii @R epr ?B'llye o_%sr@a%kgdfey%&eg i20ADEBLid
defined assay in four different buffers (see 15
DNg¢hfgiadgabien LASEaRsed MBehddspraoTheablippepsofile.

c i,ped 9% Wy .el.ec I e, r I :
AP rea s efoct the Bohauronrisr "the Safetrgrnd did
i nod peb6legkcahe eghketctsbifenpeheffvttonmsent wiAhsenthéer

pH. envi.ronnment s r chosen to. reflect different

6870 SEne g s BT R obRE AN LoD FRYCES! PO EACEFRES . The
(pEs118) bBskRiuest WBak BbBréal)iblEl A8t EMaikhBecresH! taple 2
shown in_Table 2 confirnmed that the two |igands

aVibbt Balabe 8hl Y:Lh&apieciiptati on but also the

di saggregation profile depending on the ratio used in

the preparation of the ferric poly oxo-hydroxide

nEtbiecaks FZFeats s€emailmtiehendcteehrafecassayocabowe the
CGeneral Ly, incgreasing the ligand ratiqQ decreased.the
CBPRRENGH T Cnd s RO BFPGIRA CABAR Pad . pER Y oRaRy APty oLy

f ekbl ByHEORYS @llrehi cMBLBNL aktapdaliBChRBSeHet B8 saggregation
di saggregation profile. However, the extent of the
ePfegges@éﬁeﬁFﬁﬁSGne ligand did not reflect the extent

of the effegct, seen with other 5 li,gand as

illustrated here with malate and tartrate. The

rasghtd obsertdies were pepebollicabéd® aki dafjosteckd et pH
table 2 with malate at ML ratio 1: 2. Table 2: Effect

of malate and tartrate ratios on the ‘f0 pe?céntafelof 1-8

Ip@Nipreci pifated as Tggand- nodi 11 eg poly 70X0- NYdr oxXy 14
fer(ig iron materials and the disaggregation of the
nmatedi al s. ML o Fe a 42 Ligand ratiX® preckpitat 8 15

di saggr egatle:d‘2 a{n“_pﬂ

27410 64 4945 6345 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

Ligand-modified poly oxo-hydroxy ferric iromn materials
were prepared at pH 6.5 in 50mM MOPS and 0.9% NacCl.
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
verformed according to the method cutline in

Dissagregation assay (see methods).

Secondly, the effect of the ligand on the rate of
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7.05.84.11.8 Milic 2:159 6 7 19 14 acida 1:1 45
12 20 55 15 1:2 (n=4) 2710 64 495 635 184 Tartaric
4:1 99 13 61 99 22 acidb 3:1 91 71 100 100 28 2:1 43
100 100 100 14 Ligand-nodified poly oxo-hydroxy
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(b)Y FSrpear ithe oFr Qm@ aldlad ehtrselbd 20th ganderRdnk e,
poly oxo-hydroxy ferric iron materials (see nethods).
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assay (see nethods). 25"Secon the effect of
|ﬂ@aﬁdsoﬁﬁahecraﬁetufkES@Xb@DMadIWhenfatﬁ&gand competes
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rate of formation of the solid material with

i Rer85dPhg pHOYSVERe é@@P{Pﬁé‘ﬁeélemaltéﬂférﬂﬁ§ Piggnd opgd to
debayx th rfo% ol Be soki donRLet LAl %O'E@l%f ek

t he absence o F‘gan his scenario is to be expecteg
wmameaihﬂgaMdlowwpegéB Witk dbespnbyWEDmsaﬂaam ofi thhéhe

T e A AT AN T W

umaé«a@at,e&bytrb@@t r&fp%)e\&%% eund teghahamgat%omtl ng
effect on the formation of the solid material at

I@W@Flﬁﬂtatﬁp§ doégonderc gpreryps ignt Waghghat tartrate, at
CBEB%E' HO >7S%?”3B'1‘81 (E_)%ﬁl%ltgeglgggéEEﬁL&%lbﬁl SECR%G ¢

t he tartrate, "appears to hanci ng the
materlal Indeed, Figure 16 shows a typlcal profile of
the formation of two solid phases, namely aggregated and
aquated tartrate-modified ferric pely oxo-hydroxide with
increasing pHs following the titration protocol described
in Metheds. These results were also observed with other

ligands A and ligands B {results not shown) .

The disaggregation profile of the ligand-modified poly
oxo—hydroxy 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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15 precipitation. Another observation was that
tartrate, at basic pH (>7.5), did pronote

di saggregation of this material. Indeed, Figure 16
shows a typical profile of the formation of two solid

pﬂ@§§§s1ﬁﬁn§ﬁ¥o§995egﬁbﬁy a@ﬂ tﬁ@Qﬁi%ﬂaratlon of the
tartrate-nodified ferric poly oxo- oxide-wth 20
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I i gand- nodi fied g é 0X0- h¥drox ferric iron solid
natetiaf Pbrhed ?FF%F@%@l bes R%%Ysﬁ%ﬁnhfﬁrvﬁny§§rlc
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PeEdnneg AL BRerRRESE B o Rokdlenid UtfRafltndl,
| indddagediei sndpbtbeal & opf ethectaptribe- hb@ﬂﬁﬂe@n pbgy oxo-

material. The presence of 0.9% w v electrolg
%ﬂ@%ﬁ¥¥hﬁi¥§l%rlr€3 poEassrbnt e ok i BREERC ﬁoiﬂélon

pé@@@éﬁﬁiﬁ% 95mﬁhﬁ1abiﬂ?nd nodi fi ed poly oxo- hydroxy
ferric iron solid materials was al so studied. Figure

4A shows t hat the presence of 0.90 NaCl did not

fec t he dlsa at'o S.profile of the_.

STk e ot TERREEE Ot oRe bl bigRarphaSE  pg poly oxo-
nBj@rbal BérMé iabhoSélidC@@@@fﬁﬂléoWéQesﬁaaEed with
material prepared without Nal. Simlarly, Figure 4B

SHRWRSE hat O t FbSpresenseion. 0. Brvied & %ﬁ%ﬁaéa%haenerally
dié@@QEﬁQQImSQegﬁ°£é&8c9io£h§ntﬁéér&i&a €é§é€goﬂoé

oxo 10 hydroxy ferric rron materi al
(@x¢m@1nhle@dmyathengaﬁﬂn&t@+mmdnﬁle@|pal?yqxbhhydroxy

ect of_dryin f|ed ydr o
f?mc.%?ﬁsra??%rﬁ%?eﬁ b gl id vl e i en § Hiustracea
mﬁm@@mwwwuwmﬂwwHMw&%wgmm
enera g
observe between oven-drying and freeze-drying methods

(Figure 5).

Effect of ligand B

Almost all of the studies described above were carried ocut
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 iong 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.
Thug, although MOPS would not interact directly with idron
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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| ead to a nodest reduction in its disaggregation as
exenplified by the tartrate-nodified poly oxo-hydroxy
ferric iron material at ML ratio 4:1 which is
illustrated in Figure 5. Small, inconsistent

d es r e |
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52 addition, the buffer used in the preparati on of the
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S EB0PE, £ BRI EREE ofp e e Pt haruaflefcpY cne
ata?ﬂt&@e%o&i?ﬁ?@@!nﬁély%k@ BpdF 8% NBe£APACE t¥nabolid
varying pH ranges; nanely,' ‘adipate, bicarbonate,

af&%‘t%ﬂ‘?ba g%tléﬂat*éat@@n‘éthyﬂwwu@é#hie a%l‘ﬁ%H\t%‘S its
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e, borate, ri In

propi oha nraci n and
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S@hd Usclid 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. 1In
contrast, in the case of malate-modified poly oxo-hydroxy
ferxic 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 ofwaith lower concentrations of

adipate but not bicarbonate (Table 3, data in bold).
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15 material at ML ratio 4:1 (Figure 6(i)), as well as
its effect on the otherwi se un-nodified poly

oxo- hydroxy ferric iron solid material (Figure
6(ii)). I'n both cases, adipate had a pronoting effect

Ortiehe nfateref E&fﬁﬂbb&ﬂ @fonthﬁesﬁhbﬁg@%bégkﬂbn 2Pofile of
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h fenry G| hi a d u
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25ncapeacizbptef. the materials fornmed (Tabl e 3) conpared
to MOPS (Table 2), except at gastric pH (pH 1.8)

%H sgomed | ow di saggregation capacity with both

er In contrast, in the case of mal ate-nodified

poly 0XO0- hydroxy ferric iron matseFeal s, bi car bormathe

had 3 f t
o gsegrdi ve S0 AT uenge 90, o RSNGArt o8 Sccqarea o

material (Table 2 and 3). These effects fell off pdth
| oner concentrations of adipate but not blcarbonate
(Table 3, data in bold). 53 The influence 6f 9 Ilgén& B -8

ORcbAe -@lisadyr €agyli on profilg;of — The 43 17
tartrate-nodi fied poly oxo-hydroxy ferric iron SO|Id
material is furthet illustraféd in Figure I3MAth42 14

niacin and benz 5 Table.,3 Fe o Fe terial
ratio preC|pltategfdlsaggreggged at pH 7.0 4.1 fo 26
FeOHT- Ad50 2:1 44.43 76 17 851 78 13 42 14 4:1491 9 27
50 26 5:1 96 3 44 27

FeOHT-2420 g2 2 21 17
FeQHM-Bicl00 1:1 5 nd nd nad
2:1 33 nd nid nd
4:1 78 0 1 10
| 5:1 81 0 0.5 6
FeQHM-Bic25 4:1 83 0 1 3

Tartrate-modified poly oxo-hydroxy ferric iron solid
materials were prepared following the protocol
“preparation of scolid ligand-wmodified poly oxo-hydroxy
ferric iron materials” (see methods) at pH 4.0 in either
50mM adipate (AdS0) 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 bkicarbonate (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-A4S50 and FelCHM-Bicl(0 and the oven-
‘dried material for FeOHT-A420 and FeOHM-Bic25.
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FeOHT- Ad20 3:1 82 2 21 17 FeOHdMBiclOO 1:1 5 nd nd nd
2:133ndndnd 4:178 0110 5:18100.56

FeOHM Bic25 4:1 83 0 1 3 Tartrate-nodified poly

oxo- hydroxy ferric iron solid materials were prepared
followi ng the protocol "preparation of solid

Iigand nodi fi ed_poly oxo-hydroxy 10 ferric iraon
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Structu al of the soli modi f] e
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| i gand- nodi fi ed poly oxo- hydroxy ferric iron 5

materi al s prepared above differ fromcurrently

aVae| abpeentadnapaiwaiat pbnsarkiehat £hey ave ﬁ@%lg ligand-

Su?@ 85k OﬁQ@Q'SXOfﬁg59P%¥'9Qr§§ tl&Sngmaﬁgfﬁgﬁé measured

ate), an’iron c i ch the netal
cbprEnﬁaggddmephrenganKeraygandlyeesg Ebéircéearly shows
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our solid gand- nodified poly oxo-hydroxy ferric

|Feﬁthe¥@@rebstheaéaﬁéare@ySEﬁeFﬁymdP pERG| RBtRriay
aﬁ@&XﬁEErSEQ%)tﬁeeﬁEE¥eﬁg8m6f a covalent-like bond between

the ligand and the metal (Figure 92) 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 kbonding 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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15 the presence of carbon atons in the iron- and

oxygen- containing particles (an exanple is shown in

Figure 8). Furthernore, the infrared spectrum of the

material denonstrates the presence of a covalent-Iike

bbhdtbéhmeémganﬁehhﬁgand ahgni hecaetal . m@ﬁi@ﬂeé O siprimary

i ti en to the,20 abundant presence of hydroxy .
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I d

aPaRdafRdLLi el Rey, X CRIM LN ARBERLE HiBBoRurisp
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size of the primary_particles %a f ew nanometres
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lbgﬁﬁﬁaggd'Eb§g1c19x90h¥d96915¥d&ﬁﬂy1£§hrb%lyhamtose
materials We conpared the di saggregation of some prior

aKMaéanecbnnereuahOWnomncswg@mﬁdéOto FRatroyF EHephate
%%%g?ggékg a%ﬁﬁu#a? gv ¥d58§¥ &SEE'Qt'%Qlec 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 acuated particulate foxrm (typically
around 20 nm diameter: resplts not shown) {Figure 10).
Percentage iron dissolution from Maltofer was lesgs than 5%
although it should be noted that there can be a loss of up
to 10% of iron through binding to the ultrafiltration
mewbrane. In compariscon, the two novel ligand-modified
poly oxo-hydroxy ferric iron materials had an intermediate
disaggregation profile compared to ferric oxo-hydroxide
and ferrous sulphate. In addition, the dissolution of
these materials closely paralleled the disaggregation

profile under gastric conditions although this need not be
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gastroi ntestinal conditions (see Methods). The gastric
15 di saggregation (pHL.2) and the gastric dissolution
profiles of two of the |igand-nodified poly

oxo- hydroxy ferric iron materials, in conparison with

f eneodssesebphahesel 8BLES @é@ebyQ£9XIﬁﬁegedaat@nshow a
polymaltose (Maltofer), are shown in Figure 10.
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intestinal conditions was al so corrpare
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chraptas oraitreti irar porY BRGSRIARBRY' Brestertape
TheteeimksCkAbweanpodadscei bhetontrolled release although,
clear differences can be seen in the rates of
disagreggation for the novel materials, indicating that
thelr properties can be tailored as required (Figure 14).
It should be noted in Figure 14 that whether iron remains
in golution 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) sghould 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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failed to disaggregate properly (e.g. ferric
pyrophosphate), or they disaggregated very rapidly

(Figure 14). This rapid disaggregation, if paralleled

by 15 dissolution, is believed to be responsible for
QRYERGLLLES, DOOBRILS S04 VELYnlel MARLOMNIAN RO aring
| umren and i'kely, therefore, the occurrence of side
ethecpsssThelivpvef taibodinpdilidredapotyqekoedydr oxy
ferric iron mterials showed a degree of controlled

rel ease al though, 20 clear differences can be seen in
thestadgsoof thdli page eguat 0 f@I sthEbnoveh aBterigdssage
indicating that their properties can_be tailored as
re3rred e gupel 1454 93$tERbUTes bR Rbt @EEREFGuresay of
t Lr | i, N | b r v at 4

R T -
chetatovad/ i gelndsnaie Pigeseatl{as Cheyging | thadl ukatdlyl
be.in the gut) and so the data for ferrous, sul phate

o Fer T2 SR SR oS Fners b PTOREFLOD Ladi B B eniza
ther Foapauighe SBPUL dgant Be (Bverthnberpreledr1Blatfotts the
di saggregation and di ssol ution under both gastric and

i ptestphaParbreies ofktrbred omed | FiaRRRt#HRi fi ed poly

0X%0: - b Gl  nat ey hat S ;
e T A S AR A et e R et
i anFigureads. in Agahahlee shoniale angeesf wdihfsneneasing

dj ti d_ 57 dissoluti files for t
nbset et rrarertieflofs bttt Phad pleer eRpifSonf fon of the

t bl QEtPopbhemassr RULhr ederéa SiHgYyL.Ob chbenpar t Lsl &ddition,
size distribution after passage 5 through_ the
nblef heahghstrei REesfi PEEPATyELPRyvetR8sE)2 bt T shie
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n%%%??g?nggséﬁgggl?ng¥fgure 17. Changing the ML ratio
(first vs second bar), pH of preparation (second vs

BN M AR e
Fﬁeﬁﬁf@kg-hga§aggr§9@hi@ak9E§S@auék@a1@rofiIes. There
Igesggegiggné—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

increasge

at 180 min
FeOHT-3:1-Ad20 2% 3 5.8 £ 0.9
FeQHM-4:1-Bic25 5.2 £ 0.6 1.9 £ 0.5
FeOHT-2:1~

3% 2 2.8 £ 0.7

Niacin50
FeQHT-2:1-TRP1S 8 £ 3 5 £ 1
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an increase in smaller particle sizes wth increasing
tartrate concentrations indicating | ess aggregati on of
the primary particles with increasing L content. In
addi tion, 15 the higher the pH of preparation, the

snalPgrﬁgg§——resqgfrﬁg—paffre+e~erier~+fﬁﬁ—absqrgtreﬁ——
in humens “of “vhe 4ol i d |i gandBdPfied poly? *

oxo-hqugﬁystigghgﬂ@@rlc maf ey 1;1akhs, 20 Seven 3 4 o
ligand-modified poly oxo-hydroxy ferric iron

mat er iFECEARApR- PN assessed® ftukt her for thels + 1
absorypt i

conparéd®™wi th unmodi fi ed %-ér Fi & Dxo- hydr oxité. TAL

summary of the Tesults 'S Shown in Tabl'e 47725 Tabl'e
AgetOmVi¥enabserphkentab-«di hbgrentrtbgandqgands bhegdng
poly oxo-hydroxy ferric iron materials:. Conpound Serum
FECUFaBsagpt L 6A1 phepeRsécnal cadouhihefe@rTERe 1rAd20100d

Fecir 1 iose SR SRR ERR it rl ) ot el

t 1395n88me@CHEACPNLe26kd-BydBoby 6fePric iron materials.
FeOHH stidinel00 6.0 0.4 3 2 FeOHAdi patel00 8 4 18
1MegRCH SBM3(norangey, from ZBetum T ropriHefdage thpwen there
hﬁg%Saa&%8£eaggeﬁkbﬁnaﬁ§dba58i£S$tSgﬁu&rQPoﬁbégiﬁé'°”
(calculated as the re | 60 cel'l “Irncorporati on of

58Fe divided by 0.80) of solid 1Iigand-nodified poly

oxo- hydroxy ferric iron materials.
The serum absorption profiles of the compounds (Figure 13)

show that the novel ligand-modified poly oxo-hydroxy
ferric iron materials have much lower rates of iron
absorption than ferroug sulphate which may be advantageous
as this will prevent systemic exposure and potential
damage from transiently high levels of iron. There was
c¢lear 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, 1287) and would be consistent with

our data for ferric oxo-hydroxide.

The compounds FeOHT-2:1~TRP15 and FeCHGluconic20 are
examples of how changing the composition of these novel
materials changes theilr serum iron profile but maintains
the same percentage of lron absorption (Figure 13) again
indicating that the materials can be tailored to achieve

desired outcomes.
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5 Mean SEM (n ranges from2-4); * for FeOH at 180m n
there was a decrease fromthe baseline serumiron

val ue. The serum absorption profiles of the conpounds

(Figure 13) show that the novel ligand-nodified poly
oxerlydrhexy.10 ferric iron material s have nmuch | ower
rates of iron absorption than ferrous sul phate which
méy-lbpudigatdgasus pagentthpgdwphltepteappilispstienpccited .
eXRo3Y[,e %U%i&%%$%&£%‘thﬁé”%gg1&%8%&%&3”%58Eph¥n5'9“
| evel s of 'i ron. “There was~ &F&ar“Fon absorptron~from
akkefeeenkat fdned( Bsgpaetldf 4b aadobknatabnl pastioBare
preparation this is estinmated to be equivalent to i
f§F%68@e§EIBﬁétéPCPFPP§a§§GeEVaFF§erﬁBF€mthﬁ?eﬂﬁaﬁntlrEtY-
literature reports indicate that ferric polynmaltose
yields no detectable rise in serumiron follow ng
| BgbseilshyaMd anthdprdbsodpt Tbe etrirbnresavdr pepoviowr of
( sser.. et . al 987) _and woul d_be consi.stent with, .
U A TG TPERr PR TR AP ok B = TRE eBnpatnag ot deions.
FeodIn211oTRPLE andrke@Gruennie2Ocatectexanplzessof. 2256-
how changi ng the conposition of these novel 25

éFiral s changes their serumiron profile but
mai nt ai ns the sane percentage of iron absorption
(Figure 13) again indicating that the materials can
b&dgairkonetRt oGarhneve GideShigd Fut Conewargona KA,
Ref er ences: | _publi.cations, patent_.and_patent
ABsrrEaErong B aRER-HERLERRBp P RRERNIA AfintEY etrect on
applrkeat pepdutnektdiyngndr atereneesphikednas patitieh madical
Informati on Di sclosure 5 Statenent are incorporated by

r EPBFBAEe PRt héil F28ML it Fet§ - 1588bt el sky M and Jor dan

J. The structure and behaviour of ferric tartrate and
citrate conplexes in dilute solutions. Journal of the
AReiisean EhemidcHllBeri &t.yPhe47ac6Bin86cs10£2290n salts and

EdggLtn VR, (Gandner, G4, O0LEa Y, nGynguar dena KA
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Guidelines for the management of iron deficiency anaemia.

BSG Guidelines in Gastroenterology. 2005
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Heinrich HC. Bioavaillability of trivalent iron in oral

preparations. Arzneimittelforshung/Drug Research 1975;

25(3): 420-426.
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Senewi ratne B. Iron-deficiency anaema and its effect

on worker productivity and activity patterns. British
Medi cal 15 Journal 1979; 2(6204):1546-1549. Ceisser P
and Mull er A. Pharnmacokinetics of iron salts and
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humans. Arzneimttel forshung/ Drug Research 1994;
44(1).- 743-748, 20 Powel | JJ, Jugdaohsi ngh R,
Piotrowicz A, Wiite KN, McCrohan CR and Thonpson RPH.
Application of the critical precipitation assay to
conpl ex sanpl es: al um ni um bi nding capacity of human
gastrointestinal fluids. Chem cal Speciation and

Bi oavai l ability 2004; 16(3):97-104. 25 Smith, FE;
Hesheyt, J; Gaudin, J; Hennessy, J; Reid, GR  Serum

iTon determ nation using fer en ri.azi ne. i.ni,c

Bi oCHeFISER§S T4 B7 239G 3160 Pich 1efRnds z’“@gfl&? @LlYR
Sehul Jd rak  Whe Sastiaanh €4.0j:0 S, AN awhda&lassom at ed
wi t'h reduCed productivity of vvoman vvo%[%(ﬁ en |}§10%2+

| ess-plrpireattis SreeRBOUT S H8kal 8Pt
lélyw i Aﬁ:{;n 2397 77 ( £)+4T- 5%, &R OmPisre™]. M@“pr BeEss

pr od C|ng a SO|Id ) gand nodi fi ed pol y
9%0- gt oxy’ nedrdl 4nsh Z¥ateri al (MLy(OH)") wherein: M

r epr Iy I sehest eshdricm Age+,
ehs%nt&f% Q%&Z&o %g&%crg%{_@ 1%};%’1_%% Cué+ Eu3£j:-:L Fe3+

B/@@a-nd\/mkﬁectmd t ﬁi;OHSﬁZ%arhﬁSéyllznwchnalakFQlH qthyl
géﬁ eQ%ﬁéC gdPrJEBESOA$ ngﬁ%ﬂ%ﬂﬂéq caRPFiSR: a

roma carbo ic acid, maltol, ethyl
Halli@elte vanrbte.n motllybaab@naeéen@m:pﬁéﬂétolﬁﬂ*ﬂﬁrphat e, 10

| t b t t€n 5 SdRie,
it i, PEP Bl Tore AN E e S B e F o]t S b

aseoddate, np&@hdomﬁmgatmﬂanwﬁgt%anigﬁézag%eﬁgw@thyl

gl ut ar at e, ut ar at 3@ke, and
BeREdRE aﬁﬂmgf%tb%/oﬁgggm%aed &P?%Jpﬁéegggt E;?%tnggd or o0
hydr axy xgalp@apsntsleomher:emynﬁdxe ﬂmmﬂ:-a' has a

ol ymeric structure and . wherei N
PI ggn‘ﬂ"eliﬁfdpf Fg'ﬁl I%’d:le)’flgg ol 8)':() CQSQ?E?]&QH%% gjr al

hasrone ok 6@6@5réﬂﬂmﬂdw¢giﬂd}mohyslaﬂ}poly 0xo~-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
technigues,

 wherein the polymeric structure in which the M, 1. 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
randoem,

the process comprising:

(2) mixing the metal ions M and the ligands L at 2
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 5ptionally drying, the solid
ligand-modified poly oxo-hydroxy metal ion material produced

in step (b}.
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chem cal properties and displays ML bonding for at

| east one ligand that can be detected by physical

anal ytical 20 techniques, wherein the polyneric
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 nore ligands is substantially 25
random the process conprising: (a) m xi ng the netal

ions Mand the |igands at_ a
£he cHIfDERERESS & dorabte: fu(fBSleE Om&%ﬁ aﬁt"f
ansesondy nHEB) i aause ﬁolﬁ@xﬁeﬂxycﬂ?cmyememltatoe of the

solid |igand-nodified poly oxo- x
material Hﬁoab%OWRﬂ%ﬁ§6°“a?RF ?lgé |ng,5a‘a’§ug?ect

optionally drying, the solid I|gand nodi fi ed poly

oxo0- hydroxy netal ion materi al ce |n S
62 2. Therprogeset éa‘laéma?m‘“i‘ejffa ﬂ“é@r 38 ttor%ugg’h“g

Eﬂrnﬁgéﬁff%g cgﬁﬁ%fggs'gdﬁiﬁﬁﬂﬂi endified. poly

ydroxy nmetal 1on material in a conposition for
adm nistration to a subject. 5 3. The process of

Cl ai mfg ng)g EE N N8 a3hep, ofndrar pul it idgpobheigmtier tatk
conprlse§) |ng an exci pi ent. 4. The process of claim

awemher&nnmthELQmmbogwﬂn@ﬁl4Sxﬁ@FtlﬂG”U§§ g5 a
nUtﬁB%%%ﬂﬁk-aneﬁl re Egﬁggg I+G @r other Dbiologically

e‘conpositio e process of any one of
clalns 1 to 4, mhereln the conposition is for

eliv of the neta i 1@néee@d th
gﬁbjeiégEﬁjc?ﬁ% gfoc sgggfggﬁ§ggﬁé g?ﬂgﬁa|n§ 1 to A

4,

whepek it 1die iscompasiltivenyi st fidre gegrestdr PAgED? {gand

|nh|b|t|n a conmponent present using the solid
&nauﬁﬁgf¥led pol y oxo- hydr oxy

6. The process of any one of claims 1 to 4, wherein the
composition is for sequestering or inhibiting a component
present using the solid ligand-modified poly oxo-hydroxy

metal ion. materiazl.

7. The process of any one of the preceding claims, wherein
the pH(A) is above a pH at which oxo-hydroxy polymerisation

of the corresponding metal oxo-hydroxide commences.

8. The process of any one of the preceding claims, wherein
the pH is changed from pH(A) to pH(B) by the addition of
alkali.

9. The process of claim 8, wherain the alkali is added as
a solutlon of sodium hydroxide, potassium hydroxide or

sodium bicarbonate to increase the concentratlon of OH in

the mixture of step (b).
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20 netal ion.material. 7. The process of any one of
the preceding clains, wherein the pH(A) is above a pH
at whi ch oxo-hydroxy polynerisation of the
correspondi ng netal oxo-hydroxi de conmences. 25 8. The
process of any one of the preceding clains, wherein
the pHis changed frompH(A) to pH(B) by the addition
of alkali. 30 9. The process of claima8, wherein the
albkal Thd pradded @S claisob utri ohaoh %o@hen’ehydﬁd%l dés

e COHEOREY SF o 91 SCH? (2 ERUChi o P86l STER OBy -

@%u$Q~uI@ﬂ process of claimsS or cIa|n19 wher ei n
pH(A) is less than or equal to pH 2 and pH(B) is
greater than or equal to pH 2. 5 11. The process of

roekak Ner Janﬁgoox?e sheneigs the opH, msemlmngeej pH

from pH top the additjon of acid._ 12.. The
gﬁoeée@%; fEPR| Préﬂ t\%%’f“e‘? n hePa it Adie £ 48 a

mneral acid or an organic acid to decrease the 10
concentration of OHin the m xture of step (b) A
The pPloresocepschhidhail b d‘lhéFﬁf-‘iZtheiM?&lgl JnS pﬂ%é g

m%%%rgfaﬁ'llgr o?qgﬁloltf%n@!fl 2-iand pHEAedse greater than
or a .

The process of any one of
tdcbeCpnieme:dlongOél @ gy, t\h/ﬁefwe‘ithlret RE B dP' nore
reproduci bl e physi co-chem cal properties are selected
fromdissolution (rate, pH dependence and pM
depentiengepceadsof ptliadn ahdmalsdeipt i dn wherein pH(B) 1s

haragterlst|§ a1 40 reactivit h@eigqﬁ§%tege£5gpgm

5P At T terper tir e T &si §tance, particle size,
negaettsmi €l.ectri cal propertles density, light
absorbing/reflecting properties, hardness-softness,

col our and encapsul ati on properties.

14. The process of any one of the preceding claims, wherein

the one or more reproducible physico-chemical properties are
selected from dissolution (rate, pH dependence and pM
dependence), 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.

15. The process of claim 14, wherein the reproducible
physico-chemical property is reproducible within a limit of

£ 10%

16. The process of claim 14, wherein the reproducible
physico-chemical property is reproducible within a limit of

+ 5%.

17. The process of claim 14, wherein the reproducible

physico-chemical property is reproducible within a limit of
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25 15. The process of claim 14, wherein the
reproduci bl e physico-chem cal property is
reproducible within a limt of 10% 16. The process
of claim 14, wherein the reproducible 30

physi co-chem cal property is reproducible within a
limt of 5% 17. The process of claim 14, wherein
t he reproduci bl e physico-chem cal property is
nepsoducible within alimt of 64 20. 18. The
process of any one of the preceding claims, wherein
the polyneric structure in which the M L and oxo or

hydr 5 groups are di strd L5 B ol j, ;
i e R R e e
QXe {1 viydl Oxyr roaups by wiihe tne Mor Lnere dxcgandsydmxy
subst anti al.| y. r.ando 19.. The pracess,o X f.
By ScEatt R LA R, e e PO Ene et AP SREr 6
Eedn 20+ The pnoeeesstodn arty tanemxaf othbypregedirngps by
clainms, wherein  the carboxylic acid li dis
SBF ete @11 PO adidpies att £8 Séfﬁ?’iﬁilé{ 5%?%3“11 artaric
acid, malic acid, succinic acid, 15 aspartic acid,
ginelic acid, citric acid, gluconic gcid, l.actic, aci.d

Rd DéwzBrecets @f 217 THe Pr oE_SY GFIARY e 5r the ="

RPreGRAIZNT; 6k aiMs i sWaetein  the |igand has buffering
properties or a buffer is present 20 in a medium for

carrying out the process. 22. The process of claim 21,
vher eind bhe-uf far ahs sl eat efe JHRRUAAGT AIONGRNI Gherein
buffer, such as borate, silicate or bicarbonate, or
ahe orgdnikel bufddd ddenndst VEPSCHEPESOTPRPES 254
:yrﬁfllt.%ri@r a@i@,Uftfa%rta%?!:e&&ﬁg o adispi CsagkthiPARE) C
acid, tryptophan or hydroxynethylcel Iul ose. 23. The
provdds ofidnyiowdiefa¢kd FrhEeediangdel 4R Vhérefin

i he. conpogi fiendnschoradge an iron supplenment. 30

21. The process of any one of the preceding claims, wherein
the ligand has buffering properties or a buffer is 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 cf any one of the preceding claims, wherein

the composition is for use an iron supplement.

24. A process for producing a solid 1igand~mo¢ified 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
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24. A process for producing a solid |igand-nodified
poly oxo-hydroxy netal ion material and optim sing a
desired physico-chem cal property of the nmaterial to
adapt it for a nutritional, nedical, cosnetic or
biologically related 65 application, wherein the solid
I i gand-nodi fied poly oxo- hydroxy netal ion materi al
is represented by the formula (MXLY(OH)"), wherein M
m@p[fﬁnﬂﬂbs OWKEKMlnnDhe suﬂidlligaudﬁm@ﬂeét%ﬁigbﬁ@n@¥¥ge+

Al 3 29 3
%HQQOIW ST (T Ea{%Fﬁﬁ-l 1\78_£ep12%52e d% T'i'Ie Bty Fe3+

repr,gsenh)s @mer«dmn nore | i gands mhlch conprlse a
ligand selected froma carbox¥ %C aci d | tol., gt
a 45

mal t of ,T8PART FTiT O16i BRrEHTafE 2SI PRal 8L prds

wﬂ cat®, Borakes rrcb%fbdaf% s€f emare, Ete?pro havip™,
% tan1ﬂe,sproll val b.,ne, histidine, folate,
scor Bate,V y¥1dd¥F%@I mi acin, adi pate, acetate,

gl ut af ateeredbiEt Rk o8l ki Qﬁgancﬂi nelighecogiiacienat e,
benzoat e and propionate, and OH represents ox%ygr

Aydresksedeoties, [08 aheR IGTLAE #atter FAL thks &
thhwﬁr IS fuct wl%aeﬂgnaa@weg@mqgage ghessnaa),i d

gand- nodi fied poly oxo-hydroxy nmetal ion material
[sasioree obondie m@éwééﬂ*@ﬁrblsélﬁﬁﬁl%ef'c§ry€ﬁ@wi‘ad’al

%:LQP dlm esp?@fjlrge' SRLAYSe M’H‘.LSQQEQ}")@Q fabtat éﬁ;&ﬁbat@ﬂe

I"i'gan can Be detected by phyS|caI analytlca
pechd@xmm@s nvﬁnﬂnelﬁd@héﬂﬁxﬂéfﬁéﬁr%rsﬁ%ﬁEéFBF%r|q+mﬁﬁPEh

%Lehaggm Q oL, hydraxy geRiPs ALGddhsididhuted and

ﬁhase structure is such that the
subst@ﬁlnep@ﬂsaﬁtaIW§00ﬂo rd ropy deeX3PSgr oups by t he one

or rmvgh%rel Ida%e%???tM' akg:l)l’)ﬁ medd d %@gﬁ’@ﬁuﬂeh%nd

process conpri Si ng: e netal ion(s) Mand
wherdirgand( gyods isvlad tigmotd-oadibdidimeat ax9ihSEEOBK( A)

metgflfgﬁ &Q 1ﬂjﬁp%ngn5§eQ£?nwre reproducible physico~
chemical properties and displays M-L bonding for at least
one ligand that can be detected by physical analytical
technigues,

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 cf the oxo or
nydroxy groups by the one or more ligands is substantially
random,

the process comprising:

(a) mixing the metal ion(s) M and the ligand{s) L in =a
reaction medium at a first pH(A) at which the components are
soluble;

{b} changing the pH{A} to a se;ond pH{B) to cause a
solid precipitate of the ligand-modified poly oxo-hydroxy
metal lon material to be formed;

(c) separating, and opticnally drying, the solid

ligand-modified poly oxo-hydroxy metal ion material produced
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sol uble; 30 (b) changing the pH(A) to a second pH(B)
to cause a solid precipitate of the |igand-nodified
poly oxo-hydroxy netal ion material to be formed; (c)
separating, and optionally drying, the solid

| i gand- nodi fied poly oxo-hydroxy netal ion nmateri al
produced 66 in step (b) (d) testing the desired

physi co-chem cal characteristic(s) of the

prestppt atied solid Iigand nodi fied poly oxo-hydroxy

metal ion nmater e teps (a) to
(d) akd lretc?&utllaal %F\P%F%ﬁ% Pe’)&smg ﬁréo“?gagf p(u § 2he
'c@\%QEbEé’rﬁkl@QBPeﬁi rtalte' pﬂe@:fpa«ttlaeemcdlldl bh¢s)d-nepyfied

and/ or the |igand(s). d |n step (a); and/or
HAlY phe- HECPEY ofe et éP“.‘B?m{) ((;f %5 1 gand(s) (L)

10 suQQ; fg%éa@lg?)stéygdlgg {d|(u) pH(Mguiand/ oy variyeRg
pH(B) ; and/ or the rate of change frompH(A) to

pHEBPr Bl @ (vi) the presence or concentration of a

bUfferl)15%&'1%E§P¥t§‘%rpE@QH@ﬁtﬁ&tsehI@EIﬂh@amdtHDCMdm ed
poly oxo- hydroxy netal ion materi al haV|ng L nd/or
f ot

desi red/physiecdigendidlcdl) pFYPELES. 125 “SPhd®pf odeds Tof

clai med, wl %gtEHrnff]%et%QnPcFﬂ ©6s (R0 wanyigagdas) (L)
phy3|éa or chem cal reaction condltlon used in the

progessdf or mﬁkiﬁgdtmm solid ligand-nodified poly oxo-
hydro ial. 26. The process of claim
ot SR R

yS|caI or 25 chemical reaction
condlthoh mswﬁelecﬁé@rfron1the tenperature of the

react |{ g t he at Sfoéhﬁlaleclg@&g%]{q@ t he dis@)or ahbkor

condi t ngjuse to m X the reactants. 27. Th% grocess
of anyvonettsf pokaknse 2& CONBILEAEPBI BE theUTTe

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

chemical property.

25. The process of claim 24, which further comprises
varying a physical or chemical reaction condition used in
the process for making the solid ligand-modified poly oxo-

hydroxy metal ion material.

26. The process of claim 25, wherein the physical or
chemical reaction condition is selected from the temperature
of the reaction, the rate of pH change or the use or the

conditions used to mix the reactants.

27. The process of any one of claims 24 to 26, wherein the
first pH(A) is a pH below the pH at which oxo—hydroxzy

polymerisation of the corresponding metal oxo-hydroxide

commences.

28. The process of claim 27, wherein pH(A) is less than or
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30 first pH(A) is a pH below the pH at which

oxo- hydroxy polynerisation of the correspondi ng netal
oxo- hydroxi de comences. 28. The process of claim 27,
wherein pH(A) is less than or 67 equal to pH 2 and
pH(B) is greater than or equal to pH 2. 29. The
process of any one of clainms 24 to 28, wherein the pH
is changed frompH(A) to pH(B) by the additjon of
Aslvgl t6 B02 The pPrGdess oreatiesi %ﬁl%,@r\/\ﬁa&l@r <t RE 4ci d
is added as a mneral acid or an organic acid to
decrease the concentration of CHin the m xture of
St%p Thy proges8s. oThayproeest BhRianye ore 8F: cihgirrsn2ine

t , erei is_| t han : Ho24 .
RIS Lrai he SERLATIAY sBateLon PRy
process of any one of clainms 24 to 31, wherein the 15

ch e from pH(A), .t.o (B CUrs, | 24 g
S%#iogg%ﬁmoFggg.o éhafﬁeggzd%gggggféghgcgﬁel%gﬁgFaiﬁ% ?
24 ne@a B23civheteamn diveniecoacehttwatieorssef thet al net al

i ons and t ot | i gand 20.ar.e greater than
f@“gemaa .Onsﬁg elnp%gce,e £SXL% TR oI c@?tl ains 24 to
33, wherein the reaction nmediumis an aqueous

solutjon. 25 35. The proces f ,any e cl.ai 24
' - 34T hUWREPER RS %%f rOg?dﬁgfﬁgﬁgst%ﬁqﬁ¢ﬁ%aﬁée of

P BRYdE 06k s PRLY MR ics@bi ote 362 The pr@cess ofeadmy
one of clainms 24 to 35, wherein the 30 buffer is
ddRBcPEFF RNt 8nPH rfor gani ¢ buffer, such as borate
silicate or bicarbonate, or an organic buffer such as
MOPS, HEPES, PIPES or THI'S, aor .a buffer Eelﬁgted ngm
ai-pi ELREIRCESPi felaY RBPAOT (TR pharf o, Wherein the

hydepxysethyhcal A a8 pr®B) HoculBei Procassonf wmioaner
%f clains 24 to 36, wherein the
es5s,

33. The process of any one of claims 24 to 32, wherein the
concentrations of total metal ions (M) and total ligand (L)

are greater than 107° molar.

34. The process of any cne of claims 24 to 33, wherein the

reaction medium is an agueous solution,

35. The process of any ons of claims 24 to 34, wherein
buffer stabilises the pH range of oxo-hydroxy

polymerisation.

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 MOES,

HEPES, PIPES or TRIS, or é buffer selected from adipic acid,
pimelic acid, tryptophan or hydroxymethylcellulose.
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buffer concentrations are | ess than 500 M 38. The
process of any one of clainms 24 to 37, wherein the 5
tenperature of the reaction is between 0 and 100C. 39.
The process of any one of clainms 24 to 38, wherein the
ionic strength of the reaction mediumis varied by
addition of electrolyte. 10 40. The process of claim
24, wherein the conponents are nmixed in_step (a) t
B3r dhrowogenedwrs 8V uRrDIRL 212198 globesitf sheRakt nta‘ea
BREEDL |J9p0de P ficed: POlds<0xRan 1pohygr oxy metal i on
materi a or admnistration to a subject, the process
conpri sing having optimsed a solid |igand- nodified
ly .0x0-h Y, (' i als ;acgoEdi RGet-0:inthe
EEP A S S e
stepe rafureantif dot urengithd ssokidedn gapddnbdi G-ed poly
oxo- hydroxy 20 nmetal ion material in bulk and/or
fornmulating it in a conposition. 42. Aferric iron
GONPORid ipaBcées dfseninotderfapyamhs ¢ tooRpr ivgegean the
solid |igand-nodified poly o0xo-hydr.ox et al,. :
ﬁﬁ?é?i%ﬁfgePQBPe%ngéde LTI ?\(’Aag?,é@(bc\h)%?fhggon
wheged it Mirepresents one or nore netal ions that
conprise Fe 3+ ions, L represents one or nore |igands
and OH represents oxo or hydroxy groups and wherein

uhe MBierd-akebasom cpalyner,i ehestincihe echpovdiitehathe
ligands L are substantiall% random y % substituted

fdred N k6P or2hydt 6%y Yr §?H?W§S§5ﬁlalP?gand-
nodi fi ed poly oxo-hydroxy netal ion material having
one or nore reproduci bl e physico-chem cal.. properties._
dad RISHSREEF abbe wkﬁnﬁo%oﬁ%duif*%ad“gﬂ? ilgé&{ éﬁ’gﬁy&gé
@?df@&y'HE%aﬁeiéﬁChét%@@aQQ&HQ%H&E@nsﬁﬁuti@&etbratdwbﬁapy,
of claim 42, wherein Mis Fe 3+ ions. 4§“ The ferric
ithenPEHAFes FOTBR 60 3810 PEAFEpSF of SOrafm 5742 or
Gk F &8 pother b M fdhex§ ubstantibal hyt ¢brdoatyosdlnigd to
the process of any one of claims 24 to 40, the further step
of manufacturing the solid ligand-modified poly oxo-hydroxy
metal ion material in bulk and/or formulating it in a

composition.

47. A ferric iron composition for use in therapy which
comprises a solid ligand-modified poly oxo-hydroxy metal ion
material represented by the formula {MyLy (OH}n) , wherein M
represents one or more metal ions that comprise re’ ions, L
represents one or more ligands and OH represents oxo or
hydroxy groups and wherein the material has a polymeric
structure 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 réproducible physico~chemical properties and

demonstrable M-L bonding using physical analysis.
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phase structure of the material produced by
substitution of hydroxy or oxo groups by the ligand L
is determ nable by an X-ray diffraction pattern
having no identifiable peaks for L or MY MOH. 10 45.
The ferric iron conposition for use in therapy of any
one of clains 42 to 44, wherein the substantially
randomy solid phase structure of the materi al ,
pBodulted fhyrisubsni tanboni tdbrhjel ¢ 6r V&Y agroapsCHii™
t.he |.jgan ' R+ i.ncrease in the anorphousness of
f?é @%%%égu#el%ﬁ%thé%nﬁéteriaI as determ nabl e by high
resolution transm ssion electron mcroscopy. 46. The

ferrig iron conposition far. use in thera f 20,
8Fe o cPRPRES 4D To AR otarS: ot RE™r Shr kel & co
physi cdaiehen) calerprapend wubstsetedtigd réndmlongcdid

BPo e FUsTGUET Bi'e 181 BRERCAL PRI oaY ar S RU PPt (o

h@RoGO0RO0SKE | @bufer busend niyhed dpyi sofleckaiimabd@, by an
wherein the reproduci bl e el enental  rati.o ﬂf ks for L
Kept BAtidiBRES 1o (Rt SR™ | 11 JoF © prEFerabry e F56 48]
Theudprou.c iron conposition for use in therapy of any
30 one of clains 42 to 47, wherein the infrared
spectra further conprises one or nore peaks for the

hondsrihet-ween: M Qn QukbosBNdnl rak ane, i49thdhpf @ifr by

iron conposition for use in therapy of an 70 one of
EDai 9 APLTD 4D, “udr erheAe oA eonpH see naony

ta{1@analge0Lt AdiRAke 08T tSuGRkBal £ RQdulbe Herric iron
conposition for use in therapy of claim 5 49, wherein

£HRS 1 tGaAAN LOE IHSIEOSES OF attcadareraky &8rpht#nd 5115 THe

FeLFdfd HAN:GOMMRIhLA0nE QY usend NsdMekapy Of teal m
49 and L co

wherein the lig nprises tartrate and

satelimdt €5 dOtSALRRdef by Mighi FBFPLYNESs FERBHTY se
L Lherapy c0bs 8 .

46. The ferric iron composition for use in therapy of any
one of claims 42 to 45, wherein the reproducible physico-
chemical property is selected from one or more of a
dissolution profile, an adsorption profile or a reproducible

elemental ratio.

47. The ferric iron composition for use in therapy of claim

46, wherein the reproducible elemental ratio is reproducible

within a limit of preferably * 10%.
48. The ferric iron composition for use in therapy of any
one of claims 42 to 47, wherein the infrared spectra further

comprises one or more peaks for the bonds between M-O, O-H,

and L alone.

49. The ferric iron composition for use in therapy of any
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one of clainms 42 to 51, wherein the ratio ML is
between about 1:5 and 5:1. 53. The ferric iron
conposition for use in therapy of any 15 one of
claims 42 to 52 which is FeOHAd100 and FeT-3: 1- Ad20.
54. The ferric iron conposition for use in therapy of
any one of clains 42 to 53, wherein the conposition
i's a supplenent, a fortificant or a food additive. 20

5% ofhelégny i4e ikboms compeasitidre flogause. icomphesepy of

one of cl.ai 42 to 54, wherein the material is

E@é@rﬁﬁ? ?5é“hfﬁgsdﬁéﬁFF818%F?very of the metal ion or
the ligand to a subject. 25 56. The ferric iron

conposi tion for use in therapy of any. qne_of clai
25 t GPBATeRIHEr &AMt Wpﬁ&%gﬁ?‘g T By SESFAPY (i LT

wemaegm CcHeENMBY@hd Of doRBibidd @R rekraie %mdogemmjs
subst ance present in the subject that is capabl e of

binding 30 to the solid Iigand-nodified poly

KO- @MgrﬁéMnﬂEH§bn| J¥atephator 2fe bﬁ&jﬁﬁa@y of claim
conposi tion of a sol |£ gand- nodi fi ed po

b0 Hpdr dx ythretapand r?é’fﬂéﬂ%ﬁs (tmrmmaﬁ’)d FHEFEIARE 71

M represents one or nore netal ions selected from
Ag2+, Al 3+ Au3+ Be2+ Ca2+ Co2+ Cr3+ Cu2+ Eu3+ Fe3+
o2+ Thm2ferring 200 SpmposyEEon ZiHr: ugAdl yrthprapy of any

%ﬁPB%SSDSﬁgggng%rgPrqwﬂ%9§Hd§uMQb€BoQ@qpﬁbsﬁe@weéh

I gand se om a carboxylic acid, maltol, ethyl
armbatol ; Svad 19:itm, bi carbonat e, sul phate, phosphate,
silicate borate, nolybdate, selenate, tryptophan,
glutami ne, proline, valine, histidine, folate,
sbcofibat 8erripyhirdoxéam@osataeh nforadbpat e, thedepat ef any

%rlenzoa?ESimsd'&EtchyEz %1@11“&?%@@@@&)5%@ eTSHCCLABLE,

and propi onat e represents oxo or
hydr oxy groups,

54. The ferric iron composition for use in therapy of any
one of claims 42 to 53, wherein the composition is a

supplement, a fortificant or a food additive.

55. The ferric iron composition for use in therapy of any
one of claims 42 to 54, wherein the material is used for the
therapeutic delivery of the metal ion or the ligand to a

subject.

56. The ferric iron composition for use in therapy of any
one of claims 42 to 54, 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.

57. Use of a composition of a solid ligand-modified poly

oxo-hydroxy metal ion material (MyLy{OH),) wherein:
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wherein the material has a polyneric structure and
wherein the gross solid |igand-nodified poly

oxo- hydroxy metal ion material has one or nore
reproduci bl e physi co 15 chemi cal properties and

di spl ays ML bonding for at |east one |ligand that can
be detected by physical analytical techniques, and
wherein the polymeric structure in which the M L and
0X0 af mpdegmytagmupsx areredinst &l biutned sed ¢dtiaw tthem sk’ d

ase Qnu ture is s Qﬁ that the.substif, LJO 0f
Bﬂe oQ% Or %yﬂ?@xy 8?00p§ by $ e gﬁe o%%nﬁre Ilgg%ds
Ns2*supstamtial in?* arandeth,f or t he preparat|on of a
nedi canment for the treatneng gOf m ner defi.ci ency,
i.L

met al L dFEPEEFENES OnFr Bh TR dRERLSS o iC n%\%?ﬁ%f’% 58.
Ai §9hd Cé;élleaa@@l g ki @Qrkﬂﬁdy}llaxﬁci’wd&ﬁxyomtealhyﬁon

material (MLy(OH)") for use in thera%P erein:

Faptesertiegl hJenrorblﬁéF%%Pettew SPopia (Sl F%m Age+

é‘i-glcat@sﬁorg@@ﬂmo@?gd‘at@otﬁ&e@@e tey2doptR3+, Fe3+
+, Mh 2+ 30 Ni 2+, Sr2+, \V5+, Zn2+ and Zr2+, L

g/gb?@@m SPBAEL TG ¥BF 19 GaRasdine cHodahpr iEoabate,
&:ygml%%l eﬁi@@la‘ I QAL B GAT hexyhi€, aidargBd t Aineehfy!

vani | bi car bonat e, sulp ate, phosphate
§&ut@1mt@r em@k@e MBRyBHEE, SererTice a0 r PRAGERARS 7ANd

gl ut a4 ng rggé}lﬂsn%mvghmmays@fc%se fol ate,

ascor ate pyridoxine, niacin, adipate, acetate,
gl ut arereindimetiagerigl Ut at BOl piaricasBruGiEE Able,

Eﬁ%\?&ﬁt eth@ngrcpsrsp?o\?\gét fxgaeh d gf'lfleeq %%@Et &%d?[}xy )

roxy gro erein the materi a polyneric
Etmbtumnemah@tlaﬂhéael@m¢tu§ gros sterslddg cl b harftveaPfi ed

RRLY; £ CEAE g ,gélo@v qgaaéjhgg gqa&eﬁ'@c!nd@ﬁa 852 A1 1EBLE

reproduc Si Co- ropertiés and displays
Nhi.kxgmﬂdnghétncamtbbe@%ﬁEEb@debY|Qﬁﬂﬁicgﬁaﬁnﬁiﬂﬁlﬁél
Qgéﬁﬁﬁ %Spya<yysical anal yti cal

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
randem for the preparation of a medicament for the treatment
of mineral deficiency, metal deficiency, iron deficiency or

anaemia.

58. A solid ligand-modified poly oxo-hydroxy metal ion
material (M;Ly(OH).) for use in therapy wherein:

M represents one or more metal ions selected from Ag%,
a1, au®, Be®, ca?, co?', cr?*, cu®, B, re*, Mg*, Mn?,
NiZt, sr®*, v°*, zn® and 2r%,

L represents one or more ligands which comprise a
ligand selected from a‘carboxylic acid, maltol, ethyl
maltol, vanillin, bicarbeonate, sulphate, phosphate,

silicate, borate, molybdate, selenate, tryptophan,
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10 techni ques, and wherein the polyneric 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 nore ligands is substantially 15 random
60. The use or the solid |igand-nodified poly

oxo- hydroxy metal ion material for use in therapy of
glaianis®, phersien vhheneetrdbtidmeMiolstdesc20bsls,

Th f claim57.0r th d | mdi f4
e AT iy TR FORPH oP PR for Ues TP el apy Bt

gh@idnate8, pWheraien Eh@ciﬁﬂﬁe@xyémxbamE|dnﬁlgpnpiomste, and
selected from adipic a Iutarlc acid, tartaric

P
aci d,OTaPPECET S ©28 %EEQ¥q¥P YatiW%Paspartic acid,

plnP'dHér@Qhdthé”ﬂé&b@zﬁEIKhs agb&E¥MﬁnicaStﬂucﬂuﬂﬂiEﬁdaCI(j
and benzoic acid. 62. The use claimb57 or .t e solid

PRl BRI FTRP FELYS Jo%&?ﬂﬁyfﬂ? oAty r?é( EPT A

ﬂi@t‘falusfe‘m' RatheraP¥a8f ofd aliMuo38 1.5&%3:0%@1!@1&1 glyeikbgand
has buffering properties or a buffer _gﬂgsent |n a

AR i fRLf @Folé%tlftrlﬁsn@néu@“’(ﬂiéyﬁr%§e§§md6’39 Asesprt
EH@ 1%%&19 Lw@fk%nmagléé@&teel ¥y O07YdE Oxya 1 yakal ion

material for use in therapy of claim62, wherein 73
ttehrpgfuesy @@ﬂselected froman inorganic buffer, such

hi,GaLbORALE, WBE RN 9BNECand
buffct::a{?l g&% p%%%ﬁBP%EPEt%% P PES of TRIS. or a

bx faer hyereey e;ctOﬁllpenﬁr%ldilpﬂtélb@‘Fftﬁ Withen| ehacidid phase
LEyRioRRan, of, 5, hyde oxyarer vl ¢kl 0% tHé oxo or

hydroxy groups by the one or more ligands is substantially

random.

60. The use or the solid ligand-modified poly oxo-hydroxy
metal ion material for use in therapy of claim 59, wherein

the metal ion (M) is Fe*

561. The use of claim 57 or the solid ligand-modified poly
oxo-hydroxy metal ion material for use in therapy of claim
58, wherein the carboxylic acid ligand is selected from
adipic acid, glutaric acid, tartaric acid, malic acid,
succinic acid, aspartic acid, pimelic acid, citric acid,

gluconic acid, lactic acid and benzoic acid.

62. The use of claim 57 or the solid ligand-modified poly
oxo-hydroxy metal ion material for use in therapy of claim
58, wherein the ligand has buffering properties or a buffer

is present in a medium for carrying out the process.

63. The use or the solid ligand-modified poly oxo-hydroxy

metal ion material for use in therapy of claim 62, wherein
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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 puffer selected from
adipic acid, pimelic acid, tryptophan or

hydroxymethyicellulose,
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