Phosphate Binding Materials and Their Uses Field of the Invention The
present invention relates to phosphate binding materials and their uses in
t he treat%?;mg{lsg});perphosphatem' a and for renoving pho%ﬁli‘f&ﬁio@(ﬁpn
materials, for invitro and in vivo applications. Mre particularly, the
present invention relBiosehate phigwiingt ¥aberidilsgandtBrdial Yswhich are

| igand-nodif ied ferric poly oxohydroxy materials. Background of the

| nventi on Phosphate | evels are regul ated predom nantly by the kidneys and
in healt hyﬂ:@ﬁﬁ&tﬁ_ﬁkﬁé{m&ﬁbmostasi s is maintained by urinary excretion.
Phosphat e i 5 ikn,5€ nj rla{m;.i al Ly i.n patients

W t hpchr on?%j%ggglé%% alﬁﬁﬁpgmgﬁdfél&gatd%%t Sbgﬁ:ﬁg%rtg ypelrnt h)r/n%?ﬁ?asln% and soft
ti ssue °cal Ei¥litc 46 dnin Hies tEad Edritc &fi bricewdwisphaieniat kedosct eramivénof t he
coronary asidbhese afihrPk8FBL UL £ hedyt i di $£83L i gh, 4% Bpgli@iﬁfo_n%@!lse of
death in end-stage renal disease (ESRD) . D etary phospha restriction -
al one i s UYU& P9TFHSURFLYr ehite tRY SEEREr BIVHYPEerphoLPIRR &ri RNPFRiREEmDdi al ysi s
patients anichdiRg @i@drianbake: & pROsSphatePindess #s Jiequbied,tn reduce

i nt esti nal gibsor ption., Al um nium and cal ci um conpounds have been w dely
used to bi'WEqi*ét’&t*PRéSphat e, but there are concerns regarding their

| ongt eom safety. The use of al um ni um based phosphate binders results in

ti ssue accEyrEr:y(I atio tthi el ement and nmay result in systemc toxicity.
The adni ni ot PEERC™ i es of cal ci um based phosphate binders
can resul tPhiosphyperiealeteni e afudiquhsegqpeiidmi naggravst @ hki §Sd@eys and
cal cificat.i on, vel aner (pol yallylam ne hydrochl oride), a synthetic -
pol ymer colrrrlng(re%l :rPi' §3§8pu%d@i‘o%/pﬁ‘@t%aﬁ%m%cf“ﬁeqﬁﬁgﬁ GIOtARREH Bh Exchahge
resin usedxtoebiod dirabapyaphasphaheratiowsyen, séhen biandingraedd on of this
resinibs eLasPeCiiic ik o, PRosANALe AN, | 298, doses N3Y e, 9,0 Adm 0F stered
to control serump gsp afe In ESRD

secondary hyperthyroidism and soft tissue calcification. This

calcification results in atherosclerosis of the coronary arteries
and premature heart disease, which is the major cause of death in
end-stage renal disease (ESRD). Dietary phosphate restriction

20 alone is usually insufficient to control hyperphosphatemia in
haemodialysis patients and the oral intake of phosphate binders

is required to reduce intestinal absorption.

Aluminium and calcium compounds have been widely used to bind

25 dietary phosphate, but there are concerns regarding their long-
term safety. The use of aluminium-based phosphate binders
results in tissue accumulation of this element and may result in
systemic toxicity. The administration of large quantities of
calcium-based phosphate binders can result in hypercalcemia and

30 subsequently aggravate tissue calcification.

Sevelamer (polyallylamine hydrochloride), a synthetic polymer
commercialised under the name of Renagel, is an anion exchange
resin used to bind dietary phosphate. However, the binding

35 action of this resin is not specific to phosphate and large doses
have to be administered to control serum phosphate in ESRD

patients, which can lead to low patient compliance.



patients, which can lead to | ow patient conpliance.Lant hanum carbonate is
an approved phosphate binder commerciali sed under the nane of Fosrenol.

However, \Wwenefydissexi st about the | ong-term accunul ati opcgrihbedosdshy of
| ant hanum i_n t%ssues. US 6, 903, 235 descri bes the use of ferric citrate, a

sol ubl e i r G"EOMPBUTGTPPBHE N et B YL iFoBPRAERE L eHEWRIRF , the | ong-term

use of a sabubéeciaiaBeaoIPOANd hieSnhhk ey Fberbesd t @ogast f oiddhesthsal
side-effects.,due to thgeredox activité of free iron in the | umen, which

t
may subseqd&at FyRESuINS] FPTGWSEBnpEFEHLE t 10D JB0Fro88343 géPF‘b@é‘m‘a

phosphat e hinndessdear.ned from the reacti on of aqueous solutions of magnesi um
sul phate and ferric sul phate in the presence of sodi um hydroxi de and sodi um
carbonate, probably | eading to an iron magnesi um hydroxy carbonate with an
hydr ot al ci UBcésttueBar eesdhiesphbsphsed e thiradetc is thaown asciAbpbaren’, but

suffers fr e di sadyantage that it binds relatively small amunts of
phosphat e g%ﬁ%ﬁ}d‘go%grb%%ﬁg e(gLseetng/g%-oslp%attﬁe slfoo‘“f?é’@ﬁ,’ ]\:l}é%g]rl%ﬁl@_%nf‘r‘éscfuent

si de- ef f ect$. a Wrd udbil i tyn tapmpbndd phodphate by ligaontoxge drydriaxedesndls known
in the art .. Eor I 74, 442 descr]bes adsor bent _for phosphate
using b-i rgi}lg yedér?%%i egg?;%l I(%ih%eﬁé(%ilx @é:(r%ﬁgﬁ%roaﬁ ngegnl ot nur#‘% %L(E:)tf d.
HowevetQ i fymdyindihaghabhy iswpsequenit edsaht ithe owapofptiamdeng process is
unsui table for the preparation of large quantities of material. WO

2008/ 071747 descri bes an adsorbent for phosphate containing g-iron

oxi de- hydr BRi e 7d08BR # 3 25 By bEasolrilvisehane Isigldehl éotredotnpdr ahes. However,

the phosphatg-didadbrga@eddus ky10fide off%%ﬁ@éi%md%%ﬂ?@ed dReEELp; d S
limted to very low pH, limting its effectiveness as a phosphate binder.
In sumar ySUtEte 8 heP iRFeaPnpRoRpiecd uBi higbroxifecard eitdivge and existing
material s bamraRe, OprsBUML yf ha¥gind St 2 ONFRN A ghe Xt &h thi, Qb xgccumul at i on,
cost, efficacy of phosphate renoval, acidosis and/or patient . :
i nt ol er ance@ROLE8I igtly a1t hefectetriitis ateertugsui n§hheddrasehehe Rideto
is known as "Alpharen", but suffers from the disadvantage that it
binds relatively small amounts of phosphate and moreover releases

’* in the stomach, leading to frequent side-effects.

Mg
20

The ability to bind phosphate by iron oxo-hydroxides is known in

the art. For example, US 6,174,442 describes an adsorbent for

phosphate using B-iron hydroxide stabilized by carbohydrates

and/or humic acid. However, its binding ability is limited and

25 the manufacturing process is unsuitable for the preparation of
large quantities of material. WO 2008/071747 describes an
adsorbent for phosphate containing y-iron oxide-hydroxide
stabilized by insoluble and soluble carbohydrates. However, the
phosphate binding activity of the materials described therein is

30 limited to very low pH, limiting its effectiveness as a phosphate

binder.

In summary, there is no ideal phosphate binder in current use and
existing materials have one or many flaws, most commonly toxicity
35 or accumulation, cost, efficacy of phosphate removal, acidosis

and/or patient intolerance.



devel op further phosphate binders that overcone or aneliorate sonme of the
drawbacks of existing treatnents. Summary of the Invention Broadly, the
present iwWweedid@sswel ates to phosphate bi ndi ng mat eri al pcafish6@eEsht i ons
conprising themwhich are solid |igand-nodif ied paly oxo-hydroxy netal ion
nateriaIsJkihédé@%hbsﬁﬁ?éﬁsr%ﬂéﬁﬂso§eao¢ﬁﬁqﬁlﬁga?%a£d§bﬂh8na? i ¢ iron
oxohydr oxi d&s 18pd}{id MphBs gl ROy hiiéraaind ] bgantme oF hadlisedtborms

t hereof, such as adi pate. These nmaterials are made and tested in the

exanpl es prowi 86dthe dREPERRT | LattdAttY dendhetrhte that they can bind
phosphate in in vitro and in in vivo studies. Accordingly, in a first
aspect, the present invention provides a ferric iron conposition for use in
a net had dﬁghatenia, wherein the ferric iron conposition
is a solididgapd-pdidreisedt poiven@xonhyslraxy metphospatraberdalg represent ed

by the formula (M xLy ( n) , wherein Mrepresents,.o o] e netal ions
that conpridé&rgels 3 §£E%OFL5¥%§%ﬁ?§P5h%”%%%h%?é”Jfﬁh%gg %%g?{conprise a
car boxyl i ¢ iagind-hb@amndd @blanoioniyeedx§ atenathépeofiatearid lOH r'Bpr esent s oxo
or hydroxy groups.and wherein the material_ has eric structure in
whi ch the T%EﬁﬁEEl?p%fﬁs§&8§?%HFF§FPyaF%%ﬁgﬁ$§osLlé%%?%ﬁed?for t he oxo or
hydr oxy grioupsxiliés isodirreter vwetch tdaabokhbisaldid Ligart nodi LoretEdol v

0xo0- hydr oxy net i on. nat eri al e Of,Jmr 6. repsroducibl fade and
physico-ch%ﬁ?@a?L%?%ﬁ%rfﬁgs,a?dgﬁ'fggble J?%Eofution,préfilg and/ or
phosphat e tis@idngn ctier actepiss | wevidsddisciiss egrt iFtthern Bl 8FrotHe 3 &rri ¢
iron materjals. of the prese i nvent i an; prefierabhy have stikycstidsswhi ch
are consi§¥gﬁtt&FYHxV}gﬁﬁghgg?%ghia %er%ihydrite . It is also preferred
that the ferric iron materials of the present invention have denonstrable
M L bandi ng. using ppysilncgl £2pal YslctSUehe asrdsBhE al@ebrafiest poscops aln a
further aspect, e present invention provides the use of .a ferric iron
conposi t i ofemfict heoprewmes it hoRniiomSEotn thdiethod of treating

hyperphosphatemia, wherein the ferric iron composition is a solid

ligand-modified poly oxo-hydroxy metal ion material represented
by the formula (MyL,(OH),), wherein M represents one Or more metal

20 ions that comprise Fe®* ions, L represents one or more ligands
that comprise a carboxylic acid ligand, or an ionised form
thereof, 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

25 hydroxy groups. It is preferred that the solid ligand-modified
poly oxo-hydroxy metal ion material has one or more reproducible
physico-chemical properties, for example dissolution profile
and/or phosphate binding characteristics. As discussed further
below, the ferric iron materials of the present invention

30 preferably have structures which are consistent with ligand-
modified ferrihydrite. It is also preferred that the ferric iron
materials of the present invention have demonstrable M-L bonding

using physical analysis, such as infrared spectroscopy-

35 In a further aspect, the present invention provides the use of a
ferric iron composition of the present invention for the

preparation of a medicament for the treatment of



preparation of a nedicanent for the treatnent of hyperphosphatema . In a
further aspect, the present invention provides a nethod of treating

hyperphoggagﬁﬁmhﬁn7the nmet hod conprising adm nistering ber@dld@ds i N need
of treatnent a therapeutically effective amount of a ferric 1ron

conposi t i dwpstrhivetesédat i nvention. In a further aspect, the present
i nvention provides a nethod for renoving phosphate froma nedium the
met hod conprising (a) contacting a nedi um contai ni ng phos hat% ﬁit? a
ferric irdm eofpbEial GFPEELt e spPasemitt iMVERELon RItér e onditi s n whi ch

the phosphatetigg qeyg@%ﬁo@ﬁmmé&diangtw ddtecheesisrision sampositkirangand (b)
separating the bound phosphate fromthe conpositian. lgis ggt og may be
used i °vi tP020P2FIFRA V. PRRC AT UITHGRT T he AAPErPal's Gesér Fhed ner

erein are
capabl e ofansehecsi velne rreaovidig pPhesphate fofomms abteseansiovestispensi ons
containing this anion. The renoval m ght take place i vivo, for exanple
where the materials described herein are capable of renoving phosphate from
the |iqui dros shutlge- laskecepnttentpgesént hivvgastoni ptcestdenak netded fokl ow ng

oral adm nistration. ver, the materials of . th [ ese [ nvention nmay
find otheFeEBﬁFP%d@Fﬁ%@%ﬁfo%f%&éhggglﬁﬁbﬁgmﬁﬁgt%% é??ﬁ?ggg?% %ﬁpable of
renovilng phosphatey fa erdfi codesttufihsngrplorspghateonstingt ifenriorizme capabl e of
sel ectivel y renovin hate from dj al ysi [ Rl asow; and/;Q%, whol e

bl ood. CnéXBBPF%%ﬁFgfﬂggg i%5=¥gﬁ-3?V%ﬁ%M%h§§% gt%§g?héers of the present
invention the phoshladtesiis whesleld ledybhmyine teséle f trrtilre LeREr acor por eal
re”DVQ' O%o hogP %&?a&boqb?|§%¥§5%igéuhg§kg)%Hnghaﬂﬁﬁﬁg!@k¥§|§uprocesses-
In this aspect, e present inventionh provides conpositions such as a

f ood- st uf fcoppodi algrsi s Thiigi detinst mewnpe i € a phvsphate BIndivig mat eri al  of

the pﬁ%se%ccwééfﬁéi N ACGOELL NGlsY e bBE: MU £3ERE i h VeNtdapApps a¥i des a net hod
to treat high plas phosphorus | evels, hyperphosphatema arising from any

| evel of renabtivelf fiesoshey, Phrswhate ehed™ fSEiLPGE QNS Hr SHPRST RIS

containing this anion. The removal might take place in vivo, for
example where the materials described herein are capable of
removing phosphate from the liguid or sludge-like contents of the
20 gastrointestinal tract following oral administration. However,
the materials of the present invention may find other
applications, for example where the materials are capable of
removing phosphate from food-stuffs prior to consumption, or are
capable of selectively removing phosphate from dialysis fluids,
25 plasma and/or whole blood. One particular application of the
phosphate binders of the present invention is in dialysis where
they may be used for the extracorporeal removal of phosphate from
dialysis fluids during haemodialysis processes. In this aspect,
the present invention provides compositions such as a food-stuff
30 or dialysis fluid that comprise a phosphate binding material of

the present invention.

Accordingly, the present invention provides a method to treat

high plasma phosphorus levels, hyperphosphatemia arising from any
35 level of renal insufficiency, acute renal failure, chronic renal

failure, and/or end-stage renal disease, including conditions

that require haemodialysis. The clinical management of these



failure, and/or end-stage renal disease, including conditions that require
haenodi al ysis. The clinical management of theseconditions using the present

i nventi onygayidngkge7t 0 aneliorate conplications associ at @dridg200dd0ese
conditions, such as secondary hyperthyroidism soft tissue gal cification,

ost eodyst repiy £ Rypetcialdc 48R BRI IRPSer PRFHUINT BR Y ST dQueFP ot Tarte

car di ovascil @ i BRF Dbt 8k ABES aJlltﬁqythé@dlaﬂonaste@ﬁb/stsru@ahys asrdfoariary
cal ci phylaxis . In one aspect, the present inventi Ollr I‘OVI %psr%a process

conpri si ng e tey Bk igF pFSéEcH@S”& FRFFHE GatOR" et B8 SaReP Pesting it to
det er mi ne ywhet-Belca@fid,0 nybatpexd@troli i s wapabl en ofcabididivageplrasphat e. By

way of exanple, the process may conpr sol ution

conpri S ng‘“cll??&ﬂléhdm&é‘ioﬁ&ﬁ)]fll%’ acig Paté%%é s)tmp%%d‘g“p%/}c&am d), and any
addi ti onal cdigaRgdsaRis ot her conponents, in a reaction mediumat a first
pH(A) at which the conponents are soluble; (b) changing the pH(A) to a

second pH(B) to cause a solid precipitate or a colloid of the |igand-nodif
i ed poly omo-olmyédraegwctnetta)le poas et e.mhfahtt@l heofodaede HuoFeSéparati ng, and

optionally dr?%fgg dy or forg}g{:%go e, s@frqcl ag&mqnar&qllguempoly

oxo- hydr ox§° P on materpl |n step (b) . Embodiments of the
pr eserto i nt/@rﬁunqnlw td dmrmendedmﬂhbed by twayhet exEriil & tand FRRPL

limtation Jiefere t hg, accoppanyl fi guEesrang sexanpl es. Bri ef
Descri pti on%Mo egFﬁ)h (r;p%att% gur% 1%/0 Evol uﬂt&?gn of FeOH Adl QO precipitation

W th mcreammgspH expressed as the percentage of total iron in the

starting sol uti | yndr&oiRi bat & and; agoromesat edrpbageid scadhi eved
at pH 4.5. Fi gu?"B fém%{g hn Vi turo hosp%gte %I ndi ng, . When iron_h drOXI de

i s |igand- hoghrd i(edg asadiesicr pBed) (eangl aFéd‘@%d‘P@@)althJe?aé] s O&| 85T

15 components, in a reaction medium at a first pH(A) at which the

components are soluble;

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

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

produced in step (b).

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

figures and examples.

Brief Description of the Figures

Figure 1: Evolution of FeOH Ad100 precipitation with increasing
30 pH, expressed as the percentage of total iron in the starting
solution. A fully precipitated and agglomerated phase is

achieved at pH 4.5.

Figure 2: (a) In vitro phosphate binding. When iron hydroxide is
35 ligand-modified as described (e.g. FeOH Ad100) there is clearly
superior phosphate binding to unmodified ferrihydrite (Fe(OH)3) or

Renagel (polyallylamine hydrochloride) and at least equivalence



superi or phosphate binding to unnodified ferrihydrite (Fe(OH) 3) or Renagel
(pol yal | yl am ne hydrochl ori de) and at |east equival enceto the effective,

but pot enyoablaoikgi ¢, | ant hanum car bonat e. Mreover, theridgasthosdesen is
advant ageous with others, for exanple histidine, which unlike adi pate does

not |ead ttottihe méfkedlyacbabseotentPRdSphe’e Di AaPRPTYT &2 RREH % sl 00

versus Fe(fte 3k, Wi elib%fn%l angspH i3 andaLHoharsiarf @pHrs, . £4b) A second
exanple of in vitro phosphate binding: pH3 (white),

_ H5 (grey),.and also at
pH 7 (bl ackjamplfheiefidbtd veRéss yil eﬂl%ﬂeoéogﬁdl‘gt (]ie.(ag. géi %at e

modi fi ed FEOH AALQDL L Se als@nshomite inbotd fi.gur esoff aiiandobvirslre sol ution
was 10 nM phosphate and the anount of binder used was 5%? rrgoi n a tot al
vol ume of PB(GH)) | n HHSe Paxperiamdht & THe BieHdBP - s f Fr'st* eXposed to the

| ower pH }‘lgéccﬁgi_ '&QMB%@ 6]42% ﬁher@i;gﬁegh@tlé §)irfaanhg60pid lﬂ(mﬂnei];sse) alpHsS "
sequentially. Figure 3 : Lanthanum carbonate ears_on ctive where
| ow pH prég%ﬁdiapfjoﬁ?ﬁ%'ato@@u?sﬂfﬁﬁﬁ e forc f:%%&gllﬁ%sn% O%eta% %[:II 00 Si 2.
Exper i ment a1 conrdiot | ons: Wekeiastd mobii giwe FRatbAdXeeptist kasot Heovphosphat e

bi nders were only exposed to.th ho phgte ol uty apdqngte -
sequent i al PYtadd URES Hd HH 85cg}@%assar‘ﬁtc?np"?aecgr?ld?l{qi gltrl\?%;a%fe tQh% bi nder s

occurred atmélte hirghendaeHsiseli gusesy 6 mbi $s0d Utdted pebind ©ff 6F TeOH IAdI 0O

(di anonds) ,, FeOHAdI OO Si Q2 (trian v ak i-Lhed, 2-Hd newkersd hydrite
(squar es) B?ei)el—lefpf.r”é%%tsrratt(heer Fé g&gﬁ)&sngg %gs ?orSfege?%itl ed descr%5 ption of

met hodol ogyor FRguieubes Baart itbkehsire o (FeCGHAdIG00 PRy ddrlepared (a);
upon dryin %éj@ .aqq after basic mlling (c) . Figure 6 : Infrared analysis
of FeOH Ad . Iﬁlﬁ €7 : Infrared anal ysis of FeOH AdIOO Si Q2. Figure 8 :
Infrared anal ysis of unnodified ferrihydrite (Fe(OH) 3) for reference.

Figure 9 :  lnfrared anahysis Qfoupmodidied adipic cagtdttos neference pH
Fi gure %0. agS he primary particles (cr%g'g:alFéé}EAedsl)oOognge%%}ﬁg‘ld%)o

‘pre-conditioning’ occurs unlike

Si0,. Experimental conditions were as in Figure 2a/b except that
the phosphate binders were only exposed to the phosphate solution
at pH 5 and not sequentially and thus no acidic (gastric) pre-

20 conditioning of the binders occurred at the higher pHs.
Figure 4: Dissolution profile for FeOH Adl00 (diamonds),

FeOHAd100 SiO, (triangles), and unmodified 2-line ferrihydrite

(squares) at pH 1.2. See materials and methods for detailed

25 description of methodology.

Figure 5: Particle size of FeOHAd100 freshly prepared (a); upon

drying(b); and after basic milling (c).
30 Figure 6: Infrared analysis of FeOH Ad100.
Figure 7: Infrared analysis of FeOH Ad100 Si0;.

Figure 8: Infrared analysis of unmodified ferrihydrite (Fe(OH)3)

35 for reference.

Figure 9: Infrared analysis of unmodified adipic acid for



show up as 2-3 nm dark, nottled particles in a high resolution TEM i nage
of the powder, and appear |less crystalline than unnodified ferrihydrite

(not showgp 2010m13827he underlying ferrihydrite-like struggyidshe/@pRarent
fromelectron diffraction with plane spacings at 2.5 and 1.5 A . c)EDX

spect rum stfdwEeRef or el enents of FeOH AdIOO to be C, 0 and Fe with minor
contributions fromd (~ 1.4 at.%, K (- 1 2 at /() and possibly Na. The Cu

signal is due to_the support grid. SEM r sphorus
Excreti on {¥®*Pnl%: ﬁdu?gf PF rf’Bp%Fg Cer §r¥%1f othr‘?gS a® dlf&g

Adl OO or plrakels. afigur am;LZdale Viror @1 phasphateedi ndiangioh x/eaﬁrql@mgon

| i gand-nodi f ied ferrl ¢c h xi des., The sol.ution Q osphate and
the anount' 8t ‘BRAYEH <& Wé 5 27 §PYFF lfzo?afr%a&#eng%}g

bi nder WaSurfnioﬁitl&i(p(ﬁ‘e&dthdfh& | @wer siphrf)or b60Ti nutdes 1 hen the h| gher
pH(s) for 60 m nutes S uentlaly e L F O, £
é%ﬁ£g¥5§glqﬁ déﬁa ﬁgg? ture 1Ferppaﬁgﬂ% £ 5% éﬂ%c Bﬁ df¥¥¥%9Q§é

bi ndi ng of ri C oxo-hydroxides . Different
anmounts o Wwithi pderte vma@mddealttnEaamO M phosphBt esassltumoph ey §BHaFrn 1: 1,

1: 3 and 1:10 ph sph t nol.ar ~rat i h alie R Rgh g eeyrged for
120 nin at ]]3676 ¢ ta EEtO%4AdF§1)61v%ot rb% phg(sspagglt ggb‘?ﬁ%?n 1 of FeCH Adl 0O

r ecovamed ﬂs:mgldh‘—f]erlleratt pi odkictiloR akthHodendThessigtin en wHE £ mv

phosphat e and _t he wunt, ef b g!gft[ ~tugedywas 214 ng in a total volune of 80
m . The bi nc?eratlwas rsr%t exgos to téhe | ower pH for 60 minutes then the

hi gher pH(s) for 60 mnutes, all sequentially. (ND= Not
determ nedy; ﬁgaﬂe%%sgrstml@ﬁng Mesalno:ap M rdherpriaduct ion and

characterisation of soli and- i ed poly. oxo- hderox%g ;rg% ion
mat eri al s e séresdd |Vr<?lGBFe%lé‘J‘r IFOéllo‘éb‘itﬂ icc JePbnP PeEr/"E8%0081 000408 (w0
2008/ Q96130), fiLed on 6 February 2008. These materials, including those
that conprise

Figure 12. In vitro phosphate binding of various ligand-modified

ferric hydroxides. The solution was 10 mM phosphate and the

amount of binder used was 214 mg in a total volume of 80 ml. The

20 binder was first exposed to the lower pH for 60 minutes then the

higher pH(s) for 60 minutes, all sequentially.

Figure 13. In vitro phosphate pinding of various ligand-modified
ferric oxo-hydroxides. Different amounts of binder were added to
25 a 10 mM phosphate solution to obtain 1:1, 1:3 and 1:10 phosphate-

to-iron molar ratios. Phosphate binding occurred for 120 min at

37°C.

Figure 14. In vitro phosphate binding of FeOH Ad100 recovered

30 using different production methods. The solution was 10 mM
phosphate and the amount of binder used was 214 mg in a total
volume of 80 ml. The binder was first exposed to the lower pH
for 60 minutes then the higher pH(s) for 60 minutes, all

sequentially. (ND= Not determined).



ferric iron (Fe 3+ ), that are used to formthe phosphate binding materials
di scl osed herein, may be represented by the formula (M xLy(OH) ) , where M

representgoQ9ffss9ere metal ions. Normally, the netal | 1 i:gi nal |
be present in t(ﬁe ?grm of a salt that in the preparati ohegéd%tzh(gl%%gri al sy

may be di Qsbhviet dedcripmiamduced to form poly oxo-hydroxy co-conpl exes
with ligangd (hdea; 1482, enbodi nents, the netal ions substantially
conprise ferric iron (Fe3+ ), as opposed to a conbination of netal ions
bei ng pr eSénat praguathennetdlchagastehetaidiongof ron iidn Lo et eiidaet o st at es,

such as Fe2s v Breferably.;songeof; 1he ilsi ganshdised ihsohnteagnaked into the
solid phase through formal ondi n the ligand (L) is

( [ ] b , i.e. not all of

si npl y>t r appeécaiioad S6F bek 4043 /0R8 Bl &%P%W%ﬁ@uﬁ;he%bﬁ}fﬁi% of the netal
ion in the.paterj alggscanrhedetbecrised usingaphysneak anal Wogalsd echni ques
such as infrared spectroscopy where the spectra will have aks .

char act er if8€F €C ofrThéFpohdst bt ieenUEHe Yfetar™i oif WS?Hétgﬁﬁé‘ﬁdn?L) ., as

vel | as peaksychiy agkerbsdd naokinf hesy bendsppsesaru bp the matetial such as
MO OH and bonds in the ligand species %L) . _The phos hat e _bi nder s

di scl osed HehdPR) Use"hers i't rieP6ﬁS?Ilg%5319“)e b s rgs thﬂg it ORS ThAt are
bi Oljoggcakw ﬁ@f@atiiolal ﬁilynct&rigtihewpnﬁ& toressnt am whiechiothe frat erial s are
used, for exanple to aneliorate so of .t he_drawbacks .0 prigor art
phosphat e “BPhdthg"CoRpBET 11 01PS Rhi Iﬁetmear?ﬁrtl%g%emagy%tee%lIé%%]lhf/\édt %&?c or have
l;l ngl ng preperii@secdhat asen notl yspecifidroke phospipdeses Bytwdygehd
ackgroun it 1s well kno inthe art .that jrao I i and
0X0- hyd_rogilL&Ies %{}esog‘Snﬁ%%%#]mfptﬁé By dtaél Woétl% %‘b;%)r’?é gjr?alc%yg?g%ggié

col | ecti vekyriefiranedred) i nas hirpopatient andrkhoani¢m athaeaprt &3S ron
oxo-hydr ol des. , DArerent |fon exehygroxidesspassess dhfferant structures

and efer nposi tons n turn determmne their physicochem cal
properti esx{seei @orsnekes & Sctwerst Aafin, HrEerpbhy Oxddes ot £het birgend

Propertie%segegggk&%%raggg%Hﬁ%ﬁ%ﬁeaggtﬁﬁ?ﬁasgnqu%@h198§maN@HL
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

20 the materials can be determined using physical analytical

- techniques such as infrared spectroscopy where the spectra will

have peaks characteristic of the bonds between the metal ion and
the ligand (L), as well as peaks characteristic of other bonds
present in the material such as M-O, O-H and bonds in the ligand

25 species (L). The phosphate binders disclosed herein use ferric
iron (Fe*) to provide compositions that are biologically
compatible under the conditions for which the materials are used,
for example to ameliorate some of the drawbacks of the prior art
phosphate binding compositions which tend to be systemically

30 toxic or have binding properties that are not specific to

phosphate.

By way of background, it is well known in the art that iron

oxides, hydroxides and oxo-hydroxides are composed of Fe together
35 with O and/or OH and are collectively referred to in this patent

and known in the art as iron oxo-hydroxides. Different iron oxo-

hydroxides possess different structures and elemental



Publ i shers, New York) . For exanple, Akageneite (b- or beta-iron
oxo0- hydr oxi de) contains chloride or fluoride in its intrinsic structure and

forms spiwalgi0n1s¢290d- shaped crystals. Maghenite (g or gapiRsE200H0sH de)
contains cation deficient sites and tprcaII% shows ferromggnetic
&

proper ti esconPRp st iratserPaFh t Bhde o dprdUee Ebbtc RVGSEAFRS™EEr rihydrite is
a further exanpl g 0f 38 £bPN10XQ- ByAioXideniates islont batdshowsuathower
| evel of structural order than the akageneite and maghenite ngggroduces

t

sphericalEHP?@?EG%&g'?ﬁéCé%%%ﬁdﬁ%ﬁ%érﬁﬁ§tPB§eHS%%Té?ﬁ‘ﬁgnnﬁgﬁga t hat the
phosphat eEQl'brl]??}liérsd,l sel0sgd her gin, e§éf@t')llea,-sAE§?1léﬂq|e%— ps efRiabl yorhave a

ferrihydrite- e structure and preferably a structure consistent with
2- 1 i ne5f ermiohyde f w:el.deBy conyabfs exdnplds rhélyrridedpeFsoi'cai9aSsess
whether a JBLELLAL RS eBrfs | dNGer bl MUIhpsd rigiubes Usingrandtel racti on

techni que, preferably using electron diffraction, a technique in which
el ectrons tvapr boaya-d ranseiled ICRNERIR &etiBh MidrderbpelEie 3Cattered in

a fashion gJ@@EaIf&'éﬂHﬁ% Eberdddplcnal OFsiRrtokst herfarsi RBEYr par tdeehie of the
material, and produces a spectrumthat is simlar_to that of 2-line

ferri hydrinteduge SHpcsEdYEp2 bt herf o6 MEGES Fn? Y-y dr BXFgee °f an

Al ternatively 8koaddidikenal hysedike shze saaesmer phalroggvel particles of the
phosphat e bi nders of the Eresent i nventi.on i i

, en vi ewed h_ el
i cr oscopystREtardh oo o R At ST aﬁgg?qﬁitﬁe?%gh@%ﬁqqﬁgﬁekéﬁé eﬁ?a%%%ggﬂould
be noted thatraktihaughthrom etectax@sr shditisesit o s deradn plioicogy rane

atom c ordering of the primar article a .sim| 2-11
Ferri hydr 9 ChE WFEFFSF TEUBE DFT e ForPrRyar i 15, Aot her 2T Gand |

modi fi ed feAeobbiyf .halki 8 Esrapparrent-fikestskyuftom iandi prefpiadsiphat e

bi ndi ng studi es where the materials.clained.herein consi n and
signiﬂgcaﬁfﬁycgﬁfﬁvQﬁ?séﬁﬁgﬂﬁéﬁﬁﬁi26 l%%&%%ﬁéggdgﬁ%ain%§a§%?i%§yin rel ation
to unnodi fd:@dp2e) it fsarnibydrdtseon Secordeps dhestdmte oatstirh é$SsAow t hat

at an aCicyjiigy’fégggﬂ§%kh¥ea§téﬂﬁt ?Eowéfﬁé %‘%if%ﬁﬁ%tion technique,

preferably using electron diffraction, a technique in which
electrons that bombard a sample in an electron microscope are

20 scattered in a fashion that reflects the internal order of the
primary parficle of the material, and produces a spectrum that is
similar to that of 2-line ferrihydrite, as opposed to other forms
of iron oxo-hydroxide. Alternatively or additionally, the size
and morphology of particles of the phosphate binders of the

25 present invention, when viewed with electron microscopy, 1is
similar to thaﬁ of 2-line ferrihydrite. However, it should be
noted that although from electron studies the size, morphology
and atomic ordering of the primary particle appears similar to
that of 2-line ferrihydrite, the material is not 2-line

30 ferrihydrite, rather a ligand modified form of it. This is
apparent firstly from in vitro phosphate binding studies where
the materials claimed herein consistently and significantly show
an enhancement of phosphate binding ability in relation to
unmodified 2-line ferrihydrite. Secondly, dissolution studies

35 show that at an acidic pH, typically at or below pH 1.2, the
materials of the present invention have rapid dissolution, a

physico-chemical parameter that is not observed with 2-1line



materials of the present invention have rapid dissolution, a
physi co-chem cal paraneter that is not observed with 2-lineferrihydrite .

Sim | arl wolishidgspreferred that the materials of the preggripleyv@®Mzion have
a significantly higher phosphate binding capacity than 2-line ferrihydrite
at a rangefesfcipHdriivat nay be experienced post prandially in the
gastrointestinal tract, for exanple frompH 3-7. An exenplary assay for

det erm ni ng phosphate binding is reported in the exanple 2.1 in which equal
masses of FEREphidriitteiperteiazeg fyit, the mpheetamy PRI Hi%der used as
a conpari SQfyenahgh hRROSPHALE Diaden yofi e presenitel BYRAiA@EAMRERt ASSayed
to determ ne the percentage of phospﬁate they are capabl e of binding under
physi oPogitdan éohtha if6AS1INYRr genéfal, rHE RdsBISf e A%t 8Fi al s used in the
assay may dgchetMean Joupane8any inctusigeetirdivteXlinhl assayt, Fhese
results show that ferrihydrite binds about 30%%1; popt%s?hatenfrom 10 mM
phosphat e SEIELE oftoM RECART r adtt SFETPLAF EPEFY et WL St He " phosphat e bi nder s

of the preseRRbnkAYatid@Agbi draiodteastn 50% ekatbee phdsphatiei cnprmal

preferably at |east 60% nore preferably at |east 70% _and rably
80%t 0 85WBrefoPE fc?frrtl??@df)htb%p(ﬁatge, g?r%/unﬁgt)r’af)lrnlgn o salg n?g?e(s:%r?tq%gg?

i npr ovemrentsd ast he-qaipapesbh esaraf at bao pitosphat eddr ndertseopresrntpr esent
invention as conpared to unnodified ferrihydeite Jnfrared gnadysics shows
that unl i k]éw\ﬁ“ftﬂg‘?-vﬁrﬁeaﬁﬁ?ﬁ ydr i%teé‘etmﬂ{eA mat e?rFaf.cc ai'med her eidn]%shoms
bondi ng consiysteatcadahet hé lprresiencendér tite sadded ¢dlgaradirberty ddi pate in
this particular,example . LB SUMBLY,iLhe Slhuehupg ofsshhenphosbhat e
bi ndi ng meteiars %frren agsp?gsent i nve:ﬁt! on is preferably based upon 2-1ine
ferrihydridewebut 1tvas abdeflnheiricdalsiiye ndiF i2€d™Fn? Sifch aWﬁ?et’Wastulitts_ has
si gni fi.cantly different, Hgiﬁ‘é"’kﬁ'nd!%r QpEhHL i B SACERS iRl rréhelaaieri al s of
the présent 1 nvention nma e described as having structures that are
consi st entphwisthage | §qletion. In contrast, it is preferred that the

phosphate binders of the present invention bind at least 50% of

the phosphate, more preferably at least 60%, more preferably at

least 70%, and most preferably 80% to 85% or more of the

20 phosphate, illustrating the significant improvements to the
properties of the phosphate binders of the present invention as

compared to unmodified ferrihydrite.

Infrared analysis shows that unlike with 2-line ferrihydrite the
25  material claimed herein shows bonding consistent with the
presence of the added ligand, namely adipate in this particular

example.

In summary, the structure of the phosphate binding materials of
30 the present invention is preferably based upon 2-line
ferrihydrite, but has been chemically modified in such a way that
it has significantly different and novel properties.
Accordingly, the materials of the present invention may be
described as having structures that are consistent with 2-1line
35 ferrihydrite, as determined using TEM imaging and/or electron

diffraction (see the examples).
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ferrihydrite, as determ ned using TEM i nmaging and/or electron diffraction
(see the exanpl es). Moreover, by way of conparison with the ferric iron

conposi t iWweoflEsdesed herein, the presence of formal begeidiodsopzg aspect
that helps to distinguish the materials of the present invention from other

products echousr,” invomapoby mstwesésor Melthof-be ) fS 1T ihil EAY (A PPEUF at'e
crystalli '&%g@%béé’é‘ 503 hy draxide sk akaganebted . isorsungoundat Bypacsugar
ne

shell for rommal tose and thus is sinply a mxture of iron .

oxo- hydr oxihdé amEPs Fgafiatindid shahbe éR‘PéJer(lPiéF ¥ die ISt GBE8Et°and
Ml T er (1982); oNi&l %‘%@dﬁ&t@lsdc%gggi "fi%r?%to@%lai\@isé‘, QM@lt?(&&_)r;) in
US20060205691) . In addition, the materials of the present invention are
netal pol whaxb- hyrioxyaspect vk adpding i fed oy AvH=BiBioshionES9e R §&hd

i ncor por at.i.on and

T 1]1r§<ﬁ%uk>?h£ h&[ggrogﬁfpptf&%eﬁo?frﬁ%l%gg ihe JUBReE ous

met al -1 i gand “conpl exes at are we reported in the art (e.g., see WD
2003/ 0926 B4AmpWD 2006/t03%449) 1 ronaprholithr refer and ys $eiruBF et BER°conpl exes

can be pregipt AM o4t en;atet hePehinteof (1S1aner Saidrsahi es, af or
oxanpl e farris fhethar L er el 088 =2 W0 2005/ 007627 ferric

citrate, WD92004¥9Rp44atald: ford7ite 78Rk 1 P06 Bo ¥idky ARPHOrrdaR (1947)
and, qg OQ%%Shggériém%yo§V€He'ﬁ?@%@ﬁ? §E§Hdﬂﬂoﬂn§£élﬂéﬂﬂlngbﬂg o-hydroxy|
groups (for exanple, ferric hydroxide saccharide, US Patent No. 3h§21, 192).
The use ofsPegdeoxyRdidriedpBY t P hAltaheR! I féRar 3 Hhd "GEORRE T °0F <

met al | i gang .¢9APLEXRS Jrs, n&f KOUbLsBusdeliithepne teuhd mdukhee Gat-1(igagd

i ron- hydroxy-nal ate, WO 2004./ 050031% and u:;lrel at egﬁ to the % id

| i gand- nodioFPi 888 R toREe N o X PRELET ok fraferi &' reported herein.
Sinilarly,000, 2008/ 07kt470descTidkes . amadsanbegtndorl yhesphiatee conbai ni ng

O S oot oSBT ek SRR R A b e,
requires theepsesenod ool aorisasmpubl tecardahydaatel, siacheasestar-ch, which
iozlt)érgﬁ ° 2368 ﬁg%/é‘z%%'ww%’?ﬁ 4,90 BLEr1 3l apd Sass AQha s G TRty
tartrate, Bobtelsky and Jordan (1947) and, on occasions, may even
involve stoichiometric binding of hydroxyl groups (for example,
20 ferric hydroxide saccharide, US Patent No: 3,821,192). The use
of hydroxyl groups to balance the charge and geometry of metal-
ligand complexes is, of course, well reported in the art (e.g.
iron-hydroxy-malate, WO 2004/050031) and unrelated to the solid

ligand-modified poly oxo-hydroxy metal ion materials reported

25 herein.

Similarly, WO 2008/071747 describes an adsorbent for phosphate
containing gamma-iron oxide-hydroxide (maghemite) stabilized by
an insoluble and soluble carbohydrates. The production of the

30 material described therein requires the presence of an insoluble
carbohydrate, such as starch, which only acts as a physical
support for material and does not significantly interact with the
iron oxo-hydroxide. The production of the material described
therein may also include an optional addition of a soluble

35 carbohydrate, such as sucrose, in the final stages of production.
The sole purpose of addition of the soluble carbohydrate

described therein is to prevent phase changes due to ageing of

11



i ron oxo-hydroxide. The production of the material described therein may

al so include E);) (g)ptl onal addition of a soluble carbohydrate, such as
sucrose, wb bhfmikdpal stages of production. The sol e pupp@sss0é igtion of
t he sol ubl e carbohydrate described therein is to prevent mai;sze 9(/:02@%21% due
to ageing ot Reteatdli allh FAREGHTashs tHeirfetFPR FFERSEh Otfl6 § of the

present i nyenthen; prafebabbye havei19- hine zfﬂrlhbhy@lﬂltr@dlmke Biweuct ure and do
not enploy an insol ubl e carbohydrate as a support nater and/ or do not

modi fy t heSF6pere | &% P PRE TRV A HRAPMPAP El%?l?ﬂjlyéirggiau

ﬁ?;goﬂgdr ang,ﬁoy\{tIhQ%gﬁl@degw@j Idm,noth@ocmﬂyrmhy pesddalies of ttH@e mat eri al s
rein have netal oxide. cores I’OXI de surfaces and within
di fferent ThodeipliREELTidy BatPefere Hb%% %?srbﬁggg f%%6xi des or netal

hydr oxi des. The use of the term oxo-hydroxy' or |oxohydroxide' is intended

to recogni se these S vvltho an ref erence r fg or
hydr oxy grBdpsyt %‘%% aGxPde % SuPE 8L 53 e ll%ge(p t %r gn%g%‘%aq%?lgggc“ bed
?Eove thendratiar hats rm‘taﬂhexpdieesmxtem am@nﬂet@d hyeratider edraecesheérdevel of
e primar arti.c of .t i t t of th
Y Ranthete of, L 0e IRl Al QxR byl Xl e, ui L) s heast sames e

ligand L b in ure o e primary partlcle i.e.

I e_zli_ﬁl ng tOmd(mpltag mydm:gltiam natheomsef of h@leprqermr yoyaritideey byok hé€*Pirgand L
is nay aste Lhythe f.o cNanoes M xteurgs ofy et al

0x0- hydr oxXi %t es an%l an’ oré\ghl cdrr%i eceugg?%étjgh%as |§I(gtn sagcharl dIyC conpl exes,

in whi ch tiefestnuet tr e mborheops qfaryo par th¥sresyi LS -so FAFFIEP* 1 Fhe
primary pagtlgl S%e%hh’;e he h'sgé%é%%fre' eflqsOQieSéc%Be@yadfo%y gesal ion

mat eri al s descri rein are produced by a process referred to afs
preci pi t atiarerifhe ofehef Pﬂfﬁéeftif‘erlmvﬁfléé?rblacfé% PdheBFe i rféfers o Ih

for mati-on of, ?39%99@&%1;%1@%@%@ et Balod0-ryepPak 8d€ vfll't(hrfhﬁOIQ,EtSton by
sedi ment ation or centr f ugation . Here, the term "precipitation’ is

i nt ended teemtesdr Fhe tis@nfobnaeith G rafCb|PGOphas e ST al O f i HEl udi ng
aggr egat espﬁ%aQ?Sgahbﬁeavae ansh &0kl 6o Med@igabs thatardmanobn agyregat e but
remai n as nonso
primary particle by the ligand L. This may be contrasted with
the formation of nano-mixtures of metal oxo-hydroxides and an
20 organic molecule, such as iron saccharidic complexes, in which

the structure of the primary particles is not so altered.

The primary particles of the ligand-modified poly oxo-hydroxy
metal ion materials described herein are produced by a process

25 referred to as precipitation. The use of the term precipitation
often refers to the formation of aggregates of materials that do
separate from solution by sedimentation or centrifugation. Here,
the term “precipitation” is intended to describe the formation of
all solid phase material, including aggregates as described above

30 and solid materiais that do not aggregate but remain as non-.
soluble moieties in suspension, whether or not they be
particulate or nanoparticulate (colloidal or sub-colloidal).
These latter solid materials may also be referred to as aquated
particulate solids.

35
In the present invention, reference may be made to the modified

metal oxo-hydroxides having polymeric structures that generally

12



noi eties in suspension, whether or not they be particulate or
nanoparticul ate (colloidal or sub-colloidal) . These latter solid naterials

may al so W@ 20ffRkded to as aquated particulate solids. bparidie t
invention, reference may be nmade to the nodified netal oxg-hygggﬁ?ggs

havi ng polfpmer dleowt rulet Gresichlarrgehet @ iiphoph afsy&serehrq iy chis

preci pi tatdQn; Ao A% UseH, het el chbisy shawl dndodc e cthaken@gnkndi cating
that the structures of the naterials are polymeric in the strict_ sense of

having a regararly epearPhynworforer LR ttHetaierse &F Ra¥ibech $P4tRM, |igand
i ncor por atiQRt $ng GXRRE rDYn LOYRGLIENCE HAGNLSEOI LhiceARt TigandThe i gand
species is introduced into the solid phase structure by substituting for
0X0 or ShydmERYPYFIUIRS I'€adPhgtRto PA Eﬁaﬁﬁédﬁﬁc§oPVH“ﬁﬁagﬁhb?H% *°I'n sone
cases, forrexamphey thrpeodustimnoahcéde fter the $s10r patesi sdsicexeapl ified
herein, the Ilgand species L may be introduced into, the soliqlphase

struct ur e Hy St BESUHS% GPF o DPToREIEIhYdPERY or e BY TiGEnd nol ecul es
in a mnnejoithaphdecrpases oversalde endes, ifvrt heaswld dhphasedwmtieni af. Wil e

this still produces solid |ligand nodifje 0 0X0- hydr ox tal. i
naterials‘Fﬁafefﬁﬂﬁhﬁxﬁ¥8§§egﬁgﬁﬁﬁé@%p ﬁ%f%%héﬁ?%pTg%ﬁo ﬁ%?b §%GCHQQ
physi ag- chemiagabe properduces, idtwe tmat eslial hhavesarumneecahpr Pious nat ur e

conpared, for exanple, to the structure t ndj a
oxo-hydrpk?%@t?§%€§”bfgi8ﬁ8eo%§“§uﬁ§¥eg%$%§rggrgg&%§§g§%ggﬁgﬁ2%§t%ucture
can readi Inanberdet®r renedabys theerskill detkpemnsohe ust g Peehni BRIES 1Rt | known

in the art, .One_exenpl.ary _techni g LS 4T 1.SS! I r 1.,&i-88 G0
(TEM . HPBH TP oB G T O 1 PARan ol oA o1 By o e e r e aee Vo ot he
crystal |l i netpat ter mafertihésneltay iial the P $aakl jrusSE§sed. ™I%4® can

i ndi cat.e the _pr,i riicle.siz n tur e ian ive
some 1T or HEE oA Bre M va St T B an Baruean amos hocy canquerdl oo
materi al , rane showldist nehereat@magedpoiee $X8EPAC st FULTEr 8L BTt 8At wi t h

?hi{llﬂg féﬂér%Q¥gééééﬁdfn%em§££i"gﬂglﬁyd£§4ﬂﬂk.th&ﬁetﬁﬁgHEd&@eofi& ﬂdieapparent
disordered or amorphous structure can readily be determined by
the skilled person using techniques well known in the art. One

20 exemplary technique is Transmission electron microscopy (TEM).
High resolution transmission electron microscopy allows the
crystalline pattern of the material to be visually assessed. It
can indicate the primary particle size and structure (such as d-
spacing), give some information on the distribution between

25 amorphous and crystalline material, and show that the material
possesses a structure consistent with a 2-line ferrihydrite-like
structure. Using this technique, it is apparent that the
chemistry described above increases the amorphous phase of our
described materials compared to corresponding materials without

30 the incorporated ligand. This may be especially apparent using
high angle annular dark field aberration-corrected scanning
transmission electron microscopy due to the high contrast
achieved while maintaining the resolution, thus allowing the

surface as well as the bulk of the primary particles of the

35 material to be visualised.

The reproducible physico-chemical property or characteristic of
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cheni stry described above increases the anorphous phase of our described
materi als conpared to corresponding naterials w thout the incorporated

l'igand. TRbSoses especial ly apparent using high angl k field
aberration-corrected scanning transm ssion el ectron m c?ggfca(}%b@r/ Sgﬁ?o t he

hi gh cont rast rachi evied othiche pred svirai Annentive webblka idsRENERYS oAl FBRi ng t he
surface as, yal,lo @50 N, PUbl Rl ADGRELIR] Y PARELELES. Ofsxbiigr gl kab o be
e repr OC?UCI ?1 e

vi sual i sed: e physico-chem cal property or characteristic
of t he nat epialestoes tmtprresene til?ﬂifeﬂtli&’olﬁowHalteﬁeugléftfé%@@nf’f%?ﬁrtthe

apolicati of, for it SfAhe . TBLeLsal: s (i aNds abxammles ofatie broper ti es

that can be use ated using the present invention include:
di ssol Ut i odegaraieace bH Hepoadenee! dnd 2P BepERdBAe e3PSOTdt488gr egat i on,

adsorption_and absorption char agtefiisbbesesd,eact tvhd Yodiner t Besssratelkei ng
point, tenperature resistance, particle size, magnetism electrical
properti esredeteney, RagHIclabsbibi HGOPeEHEbt PAGCPF bR fHregerties,

har dnesssofii ness, ¢oliouraaBdLensaRsuleatiofn fHoppetises. ndodanpbes of
properties that "are particularly relevant to the.fiel dE of §ugp(|3terrents,

fortificantef@REsSni FRYAMT CREr BPEARTLETAP. RIRPSTEOChen €A propert i es
sel ectgd fpRponRecor cHmy @ ref pardi asel-uyi osgproeti ke, tian fdddr pfion profile

or a reproducible elenental ratio. In this .context . :
char act er | S¥FRIHE)  Be T¥FrJdGET bF earic? m%%%ﬁlcgthgrg %lé%%e%? gr g%{%&rco_

r ep][ oduct:): bj;leeSrg/y'dami gr@;éﬂta@dasdl@lem'oatﬁrom afe prefierabdf a BO%sohnldiafor e
preferably ., and even re preferably wthi I m t 9 ithe
present i nvEHtiGn, °F héé&po_rfg’gﬁﬁﬁt %r%lﬁnl i ﬁé ar‘ra’{eg?rri%g?(s:}L%{rgefeel%gnglnga{%a%/%lt)'
repr oduci bike phespbatexhi rdprgperopent cesrarid/ros td ssdt Ui 6RPPPHITIES. I n

addition to_t he physi ol ogical phosph L ndi | above d
exerrpI]iEfieﬂfirr?psléE%(?%ne e ?t%%engfl%gﬁgr}%%%rb[l%e?g?y?ﬂde%%?gsiggls \(;f ?Re

present inyentdtQBn SHCHr<¥erfabogphatte, bandimgeabieAttyblar fcapacinty SVeP
di ssolution profiles, may be al so determ ned using_ techni ques di scl osed
S

Q

her ei n, semofgypreferably within a limit of * 2%. 1In~the pre

invention, the phosphate binding materials preferably have
reproducible phosphate binding properties and/or dissolution

20 profiles. In addition‘to the physiological phosphate binding
assay discussed above and exemplified in section 2.1, additional
properties of the materials of the present invention, such as
phosphate binding affinity or capacity, or dissolution profiles,
may be also determined using techniques disclosed herein, see for

25 example sections 2.2 and 3. In preferred embodiments, the
capacity (K2) of the phosphate binders of the present invention
is at least 1.5 mmol P/g binder, more preferably at least 2.0
muol P/g binder, and most preferably at least 2.5 mmol P/g
binder.

30
The dissolution profile of the solid ligand-modified poly oxo-

hydroxy metal ion materials can be represented by different
stages of the process, namely disaggregation and dissolution.
The term dissolution is used to describe the passage of a

35 substance from solid to soluble phase. More specifically,
disaggregation is intended to describe the passage of the

materials from a solid aggregated phase to an aquated phase that
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exanpl e sections 2.2 and 3 . In preferred enbodi nents, the capacity (K2) of
t he phosphate binders of the present inventionis at least 1.5 mmol P/g

bi nder, nRpeoyAaiLrably at |least 2.0 nmol P/ g binder, a@@Tnnﬁmmmmgg@rably
at least 2.5 mmvl P/ g binder . The dissolution profile of.t

| id
| i gand- nodist thedspblaf GRehyetExy? REESE 376h that 2FTHIS Baﬁtb%“kﬁratﬁr Bséhted by

di fferent @I@ge§o£ﬁtﬂd&ep@ﬁ@Cgﬁépen@aeﬁlphay@%aggrEﬁﬁﬁdﬁ@meandh@hﬁemmlutlon The
termdissolution is used to describe the E ssage of a su gge fromsolid

to sol ubl eisKasetinbrs §BB€???éﬁ1ﬁﬁsaﬁ?% ﬁB@aT??ﬁlﬁggcﬁn dd to describe
t he passaggﬁggsgﬂgsnﬂkﬁ@bahﬁgér@ﬂmaasplmﬂjagghegateﬁmphgseedonan aquat ed
phase thatis the sum of th sol ubl e phase and the equated particul ate phase
(i.e. §o|d¥¥ﬁﬁeﬁid§)§@§péﬁ For® p488s). Therefore, the termdissol ution as

opposed to di saggregation nore specifically represents the passage from any
solid phase (aggre ajed or aquated) to the soluble phase. The Ligand (L) In
the solid %ﬁ% -nmodi f ied poly oxo-hydroxy netal ion species
representaﬁlbyetbelidnpnaba (Myxidrmp@ified poll peprieslry a2 briogpr e

I d h tiallg t ted Qf, omet
i gands or_ ani.ons, oSHeh as ;2% Pﬁf g{hglé ﬁqgrQﬁan ed apral&ald opeta

form that® céﬁeﬁe I‘icorpora nto ase l1gand-nodif ied poly
0x0- hyidr oxyr metral 1igamdwmber kalond n stk ﬂat@ﬂﬁaﬁélﬂegtﬂﬂﬁeﬂrﬁEﬁQﬁq?d at | east

one of the | gands éf é%f&arpﬁéylé(h aci dnld gandc.orian iRl sedid yrasther eof
(i.e., a caﬂ%oxyT are i'gand), such as adipic acid or adipate. Preferably,

the |i gandigsnd- mp@mmww w@mdurgamrnetaav}dlﬁﬁym%‘éerrlé*&reséﬂt%*& by the

forml a HORER:, Ok Lar 130 hopl sed akormiheneob) chaarangd 1s an
optionally substitute kyl', Cl-10 al kenyl or Q aIkynyI group.

| n gener al garohaylise QﬁlqIlgaﬁﬂgrqu\ﬂQIéﬁnF@?q'goﬁmCﬁh%ff9£ &9I ®gt oup, and nore

prEfeH@P'ybdf%o@yggteE&J&Hndgrogﬁbhlé% paehes redq Breferpac . OpPr@fEﬂably,

substituents of roup i nclude one or nore hydroxyl rou r
exanpl e ast}m éggﬁpdljns ag dlcgrboxyllc acid ligand, ang may% geprgsénte%

by the formula HOOC-R;- -COOH (or an ionised form thereof), where R;
is an optionally substituted Ci-1g alkyl, Ci.10 alkenyl or Ci.ig
alkynyl group. In general, the use of ligands in which R; is a

20 Ci1-10 alkyl group, and more preferably is a Ci alkyl group, is
preferred. Preferred optional substituents of the R; group
include one or more hydroxyl groups, for example as present in
malic acid. In preferred embodiments, the R; group is a straight
chain alkyl group. A more preferred group of carboxylic acid

25 ligands include adipic acid (or adipate), glutaric acid (or
glutarate), pimelic acid (or pimelate), succinic acid (or
succinate), and malic acid (or malate). Whether the carboxylic
acid ligand is present as the acid or is partially or completely
ionised and present in the form of a carboxylate anion will

30 depend on a range of factors such as the pH at which the material
is produced and/or recovered, the use of post-production
treatment or formulation steps and how the ligand becomes
incorporated into the poly oxo-hydroxy metal ion material. In
some embodiments, at least a proportion of the ligand will be

35 present in the carboxylate form as the material are typically
recovered at pH>4 and because the interaction between the ligand

and the positively charged iron would be greatly enhanced by the
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malic acid. In preferred enbodi nents, the Rl group is a straight chain
al kyl group. A nmore preferred group of carboxylic acid ligands include

adi pi ¢ aoy@ 20f1sehpate) , glutaric acid (or glutarate) pcTRigsBddiagi d (or
pimel ate) , succinic acid (or succinate), and malic acid (or nal ate).

Whet her t hecasgrboxyf itteagpdat | it Clllé‘r%?%scé‘rﬂooé%l%tlfe 188i-d BPF |t§lepart| ally

or conpl et g}y 4hRAL S8 ARG LPr esentsd Brt Bed iy ef a@ canbaexykate anion will
depend on a range of factors such as the pH at which the nmaterial is

produced atftioseapet didihed et RESIREE éﬂvﬁ%"sltor‘pFBéjﬁE? ion CrebtnEnt or

formul ati gpbstigpsi &k hawet hend | gapdabpesyms bBcor pamakeditnia d henpal y
0XO0- hydrox nmetal 1on material I n sone enbodlgrrgnts at Ieagt a proport| on
t

of thedi g%ﬁl\WPFFe%efoﬁlmeséﬂt iR e Chr bUAPPSt 8D if-ds t he terial are
typically Iﬁ;caweli@da ali ipdxande begayser tdendleter acidrdrsebetween the |igand

and the positiv charged iron mould e atly enhanced by thepresence of
t he negatﬁfeﬁ Eh%’f%e]@“caﬁﬁiix’{/”r’éft%r ﬁgef—eqorfet he avoi dance of doubt, the use

of carboxylic acid ligands in accordance with the present invention covers

all of these possibi]ities, i.e. and presepn r I aci d,
in a non- |ml§§§§¥'br}rﬁg%nﬁis 2harthe é?lrlpor?g%c?sleng ge Sé](l%g'o%a(ég 99 eO:Xi%gand is
a di calrobOXkdex@xgcmdﬁaJorlomompteredlys |t©nas@d1ra$ha madb’@mtape Pﬁ)ni1 and

m xtures t ereof Té/[]pl cell er‘?}g%cq_;st%es r&QP'EnB%P{ﬁj |en hgssggdﬁgrggase

pol y oxohy®dHoxy ion ma 6 ard in the nodification of
physi co- chts:ma:@blpr@peﬂtyyirokym‘eecsmqtdlnaQIerap&ICleé o vds cBokpar ed to a poly

0X0- hydroxylagﬁg gﬁgf%]aﬂy%n§pecf§ s dfd @Hﬁ&ghﬂé%%slbganga&%ks@ﬁ@ absent. In

some enbodi el resent 1nvention, the |igand fEf@ L may al so have
some buf f erivegtéapactitey. llE)aamb#SésL afayl ﬁéa%d?"tehé?m?rd%ﬁ rdigl 6?%‘331%( t he

preseqF IQ%&&\&QQ 5PQL%gﬂdsbgﬁa@nﬁﬂbﬁen@mﬂﬁﬁﬁ%.thlﬁ@an%en%aibﬁﬁyhbﬁ aci ds

such as a aci d utarlc acid, tartaric acid, malic acid, succinic
acid, aspamqlcldacl Bt mﬁ?elbiifcnacfiﬂ%ﬁnsclltlm%e%cﬁod cEFRRBHIC A&HES FHA ¢ aci d

or benZOICa&gﬂl@ aE?@Q éﬁH@aEH¥e§c§&¥”1a@§aﬂﬁétéﬂld ebhhylc acid, succinic

acid, aspartic acid, pimelic acid, citric acid, gluconic acid,
lactic acid or benzoic acid; food additives such as maltol, ethyl

20 maltol or vanillin; ‘classical anions’ with ligand properties
such as bicarbonate, sulphate and phosphate; mineral ligands such
as silicate, borate, molybdate and selenate; amino acids such as
tryptophan, glutamine, proline, valine, or histidine; and
nutrient-based ligands such as folate, ascorbate, pyridoxine or

25 niacin or nicotinamide. Typically ligands may bé well recognised
in the art as having high affinity for a certain metal ion‘in
solution or as having only low affinity or not be typically
recognised as a ligand for a given metal ion at all. However, we
have‘found that in poly oxo-hydroxy metal ion materials, ligands

30 may have a role in spite of an apparent lack of activity in
solution. Typically, two ligands of differing affinities for the
metal ion are used in the production of these materials although
one, two, three, four or more ligands may be useful in certain
applications.

35
For many applications, ligands need to be biologically compatible

under the conditions used and generally have one or more atoms
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maltol or vanillin; 'classical anions' with |igand properties such as
bi carbonat e, sul phate and phosphate; mneral |igands such as silicate,

borate, nRbEANSs2and sel enate; ami no aci ds such as tryprerlide/@hdsham ne,
proline, valine, or histidine; and nutrient-based |igands such as fol ate,

ascor bat e,"ipyr # doXIn@26F of £dieFtoPrhi TotihfarpHe: ofypPeafisr1i gafds may be

wel | recogniysgds i thdih@eakti@s,havhRl hjHlasabhb nddnpnhol i gargey .t aLbgaedal ion
in solution or as having only low affinity or not be tygi cal ly recogni sed
as a |igaf@Yf BFva fen et S BHEARCHIY CoPafkverdi Bl have T60Hd°that in
poly oxo- hydnexy einahgl o6 peatenhal sy d igandsunmy havenacial,ethn spite of

an apparent |ack of activity in solution. Typically, two_|jigands, of .

di ff er Png BFFPR7ES éjselflS?’etﬂétrrEPSI f%?'f‘%r é‘aégeﬁ”q ﬁ%fjﬁé Bt o]dgt(?trfagﬁl%rf' t hese
mat eri al s @l t Bowghi e ont 30, oxdchbeehyd iy atrotPs earld, gahdse fae be useful in
certain applications . For ny applications, |igands need tq be
bioIogicaPPﬁOEEﬁﬁﬁﬁﬁqgl8lﬁ%d£3£¥ﬁ89§oﬁﬁfngﬁstﬁ%% %gﬁdwbgﬁg}éiey have one or
nore at omswitkhial |one (pai noofspelcéctconiscapttibe poimpadt feawttion) - The

i gands i nelude anions. yeak ) igands and.sieong, lloandsi kigands my have

|
sone intrinsie ng capdcity during ther I on. out wishing to
be bound kyffanpards cul-ar expirandtpends tive itheeftmorey beHiesxk t hat the

li gands hg&% %M@V%ﬁ%%ﬁ% Qgriﬂ&ﬁﬁ%%EEQPf_Gﬁkrgu?§t§£&;gggdgﬁc@XQl%Erhydroxy
groups an ,,? erefore, incorporation wth a |largely coval ent character

Wi thin t heuraeet iwdrkandatbyhandwospepes ik éd§9ﬁ®tanﬁ1sypéﬁgrﬁﬁ#§fﬁﬁrnation).
These twm%ag%%iw ixgs;%@%o% tQ dhEiering aebal eld gandraffinidd.es (i.e.
strong ligands for the former and weak |igands/anions for the latter) .
There is embaeyi déweeipPheoum cgtpeRinisr lothRat chae otanleypes f tPPgand are

syner gk sti¢ Ep; apdul@t i fgs disgol whbon £hay aghesi std ¢seaf ahdieadmatastal s and,
perhaps, therefore, in determ ning other characteristics of the nmaterial.

In this case, (t¥RF | (agandstJprensarabliz R #AQVARY RSt BABIRYPE (AP ) is
denonstrable ascshow ngrgtidd BirAdhBg, WidMaBly especially for type (b)
ligands, may be affected by other components of the system,
particularly electrolyte.
20
The ratio of the metal ion(s) to the ligand(s) (L) is also a
parameter of the solid phase ligand-modified poly oxo-hydroxy
metal iron material that can be varied according to the methods
disclosed herein to vary the properties of the materials.
25 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.

Producing and processing the phosphate binders
Generally, the phosphate binders of the present invention may be
30 produced by a process comprising:

(a) mixing the sclution comprising Fe* and a carboxylic
acid ligand, and optionally any further ligands or other
components, in a reaction medium at a first pH(A) at which the
components are soluble;

35 (b) changing the pH(A) to a second pH(B) to cause a solid
precipitate or a colloid of the ligand-modified poly oxo-hydroxy

metal ion material to be formed;
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the material. Ligand efficacy, probably especially for type (b) Iigands
may be affected by other conponents of the system partiggl aﬁlg/ ° 1

el ectrol Wye-20MnAs$2at i 0 of the metal ion(s) to the ligan j | so a
paranmeter of the solid phase |igand-nodif ied pol v ggg)r%ﬂzbawg?g? iron
material that cd&n BeP¥ERTeW addrdRTHG eslY %Yﬁé‘ﬁh%ﬂg g&lr8§£%tW& ‘ein to

vary the Wh%pgéli@sll@fanhhﬁoﬂﬁﬁl@d absy &enerakbyy ddw@lusef uhateatibdos of ML
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. ProdbCPHEEAN pri68ed8i ng the phosphate binders General Iy, the
phosphat e blnders of the present invention nay be produced by a process
conpr|5|n

m xi ng the, solution co r| SI 3+
| i gand,? aB‘B%F%n%ﬁ 1SPEAY L PRT tth‘é‘rt ' §ands™or g%?cl?l lncﬁﬂgeg%}geﬁ[f}s?ﬁ)%bﬁﬁg actd
::ﬁg(r:\tgl on ?thHﬁhaflLasﬁlpﬁ-ISh JAQh as w;m;s:hﬂahe2c©rmuh¢MEssa¢@csmHUBve (b)
i ng to a sec HCB) to g t
col | oi d ofWhtIﬁB ﬁ?gfé%td”eﬁﬁdﬁfg) de(gI V' 0X0- ef%f%(ljg é%e"éte%np?gﬁl %B.&t Z&r :%alortg be
f or ned,; (c)arﬁjematatpngierabdyomnmal kyO danyd rﬁgOandVl@rcaerrynrnUa@lilﬁqgﬁhet he solid

| i gand- nodi f pol y oxo-h 0 ymat eri d
Exanpl es df° 55?1 ?t?tonrsoofrlhatex%ara%éfgg&rp 0%152 i'nc Iﬁjdggénteﬁgqf lcj)%‘léglvag Shgfnéb;

first 1pH (p@c)ef‘e,{nredn it 65s sta@n(a2., 0 thadseing ioacorrtHiHEBR Owke cH I B8t ween
3.0 and 12, Brgf efba&t{l‘/}y l%egwg o312 ég'fgc%cﬁacagglmrl%agﬁef gf@ablorebet ween

d!
4.0 and 68(51, and carryi ng out the reaction’at roomtenperature 20-25 cC)
I n generalefeirtbly rafredPeld Fdiatarichabpep (M of helg ol 6n cont ai ns 20

to 1007 qu?é%eggg%Splgtaqle@g%pglcaaggat abl e carboxylic acid ligand, and
nore preferably about™ 40M Fe3+ and about 100rM of the Iigand. A preferred

ligand is adipic acid. The separation of a candidate material may then be
fol l owad by, 0NE QF,IMNE o3t @PSakdl dticCRatdie dMBkaYI Bher Decitat actet ised or

one or more steps in which the material is characterised or
tested. By way of example, the testing of the phosphate binding
material may be carried out in vitro or in vivo to determine one
or more properties of the material, most notably its dissolution

20 profile and/or one or more phosphate binding properties.
Alternatively or additionally, the process may comprise
chemically, e.g. through a titration process, Or physically, e.g.
through a micronizing process, altering the final particle size
of the ferric iron composition and/or subjecting the ferric iron

25 phosphate binder to one or more further processing steps on the
way to producing a final composition, e.g. for administration to
a subject. Examples of further steps include, but are not
limited to: washing, centrifugation, filtration, spray-drying,
freeze-drying, vacuum-drying, oven-drying, dialysis, milling,

30 granulating, encapsulating, tableting, mixing, compressing,

nanosizing and micronizing.

In some embodiments, additional steps may be carried out between

the initial production of the material and any subsequent step in
35 which it is formulated as a medicament. These additional post-

production modification steps may include the step of washing the

material, for example with water or a solution containing a
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tested. By way of exanple, the testing of the phosphate binding material
may be carried out i vitro or in vivo to determ ne one or nore properties

of the mayenvaleisdtpst notably its dissolution profile apgirRip0609s31nore
phosphat e bi nding properties. Alternatively or additionally, the process

may conpri Sertélseni tadidy sushgas thHraotghani €9 1 rde o priovessordrigiifysi cal |y,

e.g. through, & FLCrOM-A NGpREPCESS oraklldg shhendd NAraRant L cddSivienof the
ferric iron conposition and/or subjecting the ferric iron phosphate binder

to one or Hor € UEGRe Aerlgenee e 8RR FRP Ys tBFEC OH th& NRalP { Y GAUcPAGERE fi nal
conposi ti Ofhrefi@1 504 BATLALSHRAL PAntong SRicee! . adX@besvodidqunthber
steps include, but are not limted to: washing, centrifugation, filtration,
spray- dr yi PRfe FRéedEEISfengr DA U aRGT i CReYEhe/IrYi Ry SSdPal Y& s, nilling,
?n_rgnul at i %es%ﬂ%@p§ﬂ|@{rﬁjﬁg_;fth@-b'ﬁtgiaggh Ntixd RG.Fe€ONPF &3Sisngs nanosi zi ng and
roni zing. In sonme enbodi ments, additiopnal, steps e _carried out
between t HETRPEFAFCPriotdeei Sﬁarﬁqleﬁhénﬂa’t%Alﬁlwagﬁd %tg‘ﬁﬁsérdu%hnet step in
which it isedwaorubated as a nmedicament. These additional postproduction
nodi fication steps may include the step of washing the material, for
exanple with water or a solution containing afurther ligand such as
ni cot iwam ggjrddyatntihexd rneenper s have found to renove inpurities or replace

an incorporated ligand with the further lLjgand, -th i i t he Fe3+
cont ent of{}fané)rrera?’g?i Al And Tt 5 pnosphat ‘l’él]l)givjr?f‘ i ﬁ% %%%?c{llg]t 39§1§%?£()(%gpr ovi di ng
t he mat er i adnswiatthconesrdrranpes f thatheanppopeirds ésr bewdesey 6firfhes presence of

the further_ligand., The eff of .S ) nstr i hg,exanpl es and
is di scu_ss%rdj _%r taﬂ%rmfon btrﬁggg}é%tllno}ltaﬁefggvr? rggr g%y@%% g)%ég/gg)éﬁps The
present i nwehtoixgnmagyr ienpl- oy Eawmye ey 10F1 ke rutgahy droxildaiitefst et
concenty atlQns ;t Qél;u@ﬁdhsms% des fQlq; AE Qoo S 366 HOURS hgAo0x0: bri dgi ng
in the formation of these poly oxohydroxy materials. Exanples include but
are not |iand eddtion bicarbonate, that would be added to increase [OH] in

an ML mixture, or acid solutions such as mineral acids or organic

acids, that would be added to decrease [OH] in an ML mixture.

20 The conditions used to produce the phosphate binding compositions
of the present invention may be tailored to control the physico-
chemical nature of the precipitate, or otherwise assist in its
collection, recovery or formulation with one or more excipients.
This may involve purposeful inhibition of agglomeration, or the

25 used drying or grinding steps to 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 before use or further formulation. The dried product may,

30 however, retain some water and be in the form of a hydrated solid
phase ligand-modified poly oxo—hydroxy metal ion material. It
will be apparent to those skilled in the art that at any of the
stages described herein for recovery of the solid phase,
excipients may be added that mix with the ligand-modified poly

35 oxo-hydroxy metal ion material but do not modify the primary
particle and are used with a view to optimising formulation for

the intended function of the material. Examples of these could
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al kal'i sol utions such as sodi um hydroxi de, potassium hydroxide and sodi um
bi f:a[_bonate that woul d be added to increase [O—|] in an ML m xture, acid
sol uti on I d

/(ﬁ§82m neral acids or organic acids, that d to
decreasesv[vgl—i!? In an M. m xture. The conditions used to proéﬁn%ﬁ(ﬁgﬂ‘f
phosphat e i ndi e rsompss L inorest 6P/ t Wey rldeert i PRASREPORP 1Y (et ail ored to

control t QJ%OQ Méﬁﬁﬂﬁh%%&:?’rlle natsldﬁgré)far{&%oﬁwggécﬂiatﬁbgs, Oiucfhtrhaﬁwb&elsaSSI st
inits collection, recovery or formulation with one m)re exmgl ents.

This may |(ﬁvetv%lmr[§déef BP LyneHiShi( 8 Hn Ft?flyéébl’b‘?féﬁ%yic% (Bt )Y hé™sed drying
or grindi ng,steps: {0 subsequently affect the material properties. However
these are general variables to any such systemfor solid extraction from ;3.
sol uti én phase. After separation of the precipitated material, it may
optional | yrbgrHEi edefiQegt siser@tnburt hemdsonaul s iiorl udbe m ited product

may, however, retain sone water an n the,f f
phase |i gaFr‘?éCFrb‘éinffcirec?rﬁSPS}”&g(&hﬁyg%%‘?&}J r’f’é’tdé?l?‘gﬁprgrr&t 8??al aotx?ldmgfidbd

apparent tiQnt heserskid,| ed that hﬂ‘leaétlid‘mtdsabeaaye ofndolrec s ey s ndestird bed

herein for recovery of the so h XC
with the IMGERH2 hodiFFEISHoTY * % ﬁydﬂr fia ta? ?nocnqﬁéﬁ?g%r?a q%u‘t;qggg nmoi(

]ETDdI f?z[oz hqnaguaar%quﬂaltel epadic ahellulstatkamamh/arva ewbisganpe | gAPSPAg of
orrmul ation for.the t end f f
coul dbe, tﬂftové.(ljé ?‘IO%AC{] th{lgg tihuer}:% Dy fod gﬁ g?{a}?&jl%al E%%E@ﬁ%sogu&hese

yco i pi osphol i pi
plhosphaltl)daysl p@bodaa:true)n, oiugaesgta:ndlupgwlsa‘iﬂ;th&ﬁﬁm@se tﬁjgé}?la?lé@r?ol s (e.g.
gl ycero olyethylenegl ycal, (PEQ) anddhasschelibe acid.
I n ot her di mant%a etfrqrtg I gangs may beayl ncl uded in the reaétl on for

pr oduci ng dfhehbl gl reodi bln@mqa@layem@l HypdeogyPiettal PoRCHRRErMEANsO  so
that ;ﬂ%ese dl%gﬁ' 1R?%0'5% LBEL, t%@&ﬁ@' M}h%ltce@ g ard al subxedmlees of

l'i gands t WA i nelud is way include phosphate uptake
i nhi bi tor sca@ad}‘-erOQ aFISraRtENT AFabE &C of 1 dr GFEAFhY BRIdPE SAFM EFapButi ¢

or physi ol O@oﬁ?&sp{ opertiicgscsuchhias Pt eetdoan £98a the ygukonhgnsay for
exarrpleto Iorate
metal ion material, i.e. mixed with the material as described in

the section below.

20

By way of illustration, phosphate uptake inhibitors are well
known in the art and include nicotinamide, niacin or the
inhibitors described in US 2004/0019113, US 2004/0019020 and WO
2004/085448. Examples of substances capable of ameliorating

25 gastric side effects include retinol and/or riboflavin, see Ma et

al., J. Nutr. Sci., 138(10): 1946-50, 2008.

Formulations and Uses
The solid phase materials of the present invention may be

30 formulated for use as phosphate binding materials and may be used
to treat hyperphosphatemia, in vitro and/or in vivo. Accordingly,
the compositions of the present invention may comprise, in
addition to one or more of the solid phase materials of the
invention, a pharmaceutically acceptable excipient, carrier,

35 buffer, stabiliser or other materials well known to those skilled
in the art. Such materials should be non-toxic and should not

significantly interfere with the efficacy of the solid phase

20



potential gastric side effects that may occur on adm nistration of the
phosphate binding material to a subject. Alternatively or additionally a

phosphat eygpbaMAsdrNi bi tor and/or a substance capabl e opcg/ioe@idzig
gastric side effects ma%sbe formul.ated in a corrp05|t|on with the solid

[i gand- modidter e DAY &X6- PRRIFSKY *het 5t 96 heterial, i.e. mixed with the
mat eri al as described in the section bel ow. By vvay of illustration,
phosphat e pt ake jnhibitors known i he art ang i ncl ude

re wel |
ni cot i nani d¢€, PhY acih "6 “f hie® ?ntﬁ\ebictaSF%erde ]B%Id ?Oﬁnpﬁgeﬂ 0%%8f9113, Us
2004/ 00190&0aaed MO 2Q04A 0854 48- rEmagpcbﬁesldmﬁnwbmmesfcalpabl e of
arrelloratln astrlcs eeffectsmcluder t1no n/o r be vin, see M
et al. %ﬂgfftl@m T§%(iﬁposiéﬁ%n%dnabg%de#ov%m%l a%?’o‘]:r‘lsroa r?% es The
solid phasﬁlﬁaéeynajwte@f itheugimesehtut i miedtindobedaye haakoraittasddrfdr use as
e &/ IEPY, TR 31 By A TV sA@ssg)gaEQrue(?eth%@geppm@gma in

vitro and/or AEEor e conpositions of t resent
i nvention dﬂyveoyrprnrwéudungadmetqtonnt ooy énchottle ajf Spﬁélé%ﬂ idtgRase

materials Ol Lhe.d INENhn; 2 ANAr dageut LAkl Yorcagnl abkeoeXcliphenh,

carrier, I'iser or other materials wel known to those s)ﬁllled
i n théoOartforSaoht et @Mrszbsesbmulf@metlﬁb‘h-bte@}%ifét andr@néﬁmﬂoﬁb‘%l%isgm ficantly

interfere yudh;phe &fidiGagy 0£1§J‘%e591hﬂ>fbyréf&a$8ﬁaﬁéﬁd@|n§ basspie-cappb cat i on
i n question. F11 gﬁ_ﬁeem se nature of the carrier or other conponent may be

rel at ed t daoHesrahfrePIGPr 5Ot € TBNRIHPHI Bt FREI DAL Tt VFe Y ORPVSIN on.  These

conposi ti g3 spRYtder dgl u\igwgl@yfmaang@&ﬁnadghav»efrcylef eubes. i nel udi ng, but
not limted to: gastrointestinal delivery, especia }/]1 or.al

ly a
nasogast r iR2rdéFriety thearerpesiiogsl Ferlf YShEI tii yﬁﬁéc#‘ﬁn‘% §F by

i mpl ant ahﬂﬁﬁﬁ@éfﬁﬁbéﬁthé,réﬁ@ﬂdﬁmdﬂglﬁ@Qﬁkﬁ@ﬂh@Syéﬁ@kﬂﬁﬁysbésused for this
purpose or_mainly for another purpose but have.this agtenef

conposi ti JRETBEE Hised KEFBPHI MRISal8b HetleRpTOYEd 101 FelidVi ng lphosphat e

from tablet, capsule, powder, gel, liguid form, sprinkle or a suitable

food-stuff. A tablet may include a solid carrier such as gelatin
or an adjuvant. Capsules may have specialised properties such as

20 an enteric coating. Liquid pharmaceutical compositions generally
include a liquid carrier such as water, petroleum, animal or
vegetable oils, mineral oil or synthetic oil. Physiological
saline solution, dextrose or other saccharide solution or glycols
such as ethylene glycol,-propylene glycol or polyethylene glycol

25 may be included. Where the solid ligand-modified poly oxo—-hydroxy
ferric ion material of the present invention needs to be
maintained in a solid form, e.g. to control the delivery of a
component of the material, it may be necessary to select
components of the formulation accordingly, e.g. where a liquid

30 formulation of the material is made. Where the material is
administered with a food-stuff, the formulation components will Dbe
chosen to be compatible with the phosphate binder material and to

provide suitable physicochemical and organoleptic characteristics.
35 ‘For intravenous, cutaneous or subcutaneous injection, or injection

at the site of affliction, the active ingredient will be in the

form of a parenterally acceptable aqueous solution or suspension
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food-stuffs prior to consunption or for selectively renoving phosphate from
dialysis fluids, plasma and whol e blood. In particular, the conpositions

can be uswdzbﬂ)/(qb-@bym s fluids to enhance phosphate rerrqut}(;giu(;g/d@g%l
haenodi al ysi s processes. Pharnmaceuti cal  conpositions for oral

admi ni st r dHER rRyPHEIER -4 EaTNE PagapitiiallepBildet SO GE S HY it for m
sprinkle Oé’taa-)li.lﬂtj{lab|T&10fs@Odef¢[IfécvanA tabletinmayei sed ude aesblddecanri er

such as gelatin or an nt. Capsul es have Spegi, | ised pr. ties
such as arP@r?taé?lﬁu]ct(?a@ 60 EF HRI% U5RaY e e‘ﬁ P Espt corrpoglO f%ns&ggﬁg%al ly
include a sl.ddI{lUlaé sédinireChsue hdasinyetet on petingkeus Igjuarabnoriaegeedbl e

oils, ne?g{&?ﬁﬁr ng jses trltopletl 0| lrva? ess',0| %%L)g?ll%%raﬁlli rg%f§%)j:yt| on, dextrose

or ot her ati‘on or g yco s such as et hyl'ene gl'ycol, propylene
gl ycol or galipetbyhenergl/peobtimay aoigit heduided. bv%'emelttdazel,s@mld%q“lgaﬁd nmodi f
ied poly oxo-hydroxy ferric ion material of the present invention needs to
be maintained in a solid form e.g. to control the delivery of a conponent
of the mat®rd akterialimynde cnepesigaoyst bsekliectcconpurments tof ththe

for mil at i on ageer dh 0l or® fae WIS @o3pLi ik £07 oMl 1 0na0l. thie material is

made. Wher'e the material is adm nistered w a food-stuff, the fornulation
conponént spmiflelrabiy c&v@g@nSttgr%@ igomparropiey Micthce hby gHdsphare BIawdér

material and to.pLoyidg ;suht abl erphyskcorham-caklsangd Qfag@nfﬂla§p5é c

characteristics. For intravenhous, cutaneous or subcutanequs 1njection, or
i nj ecti on altthohehsprephofl axfifl FRY iken Cophedarad FBeFMRY kedi@nf WFit9 be in the

formof a parepterally acseptabla agueys: sahutian @Ilrﬁ@&meﬁsawMITﬁh i's
pyrogen-free and has suitable pH, isotonicity and stabilit Those of

rel evant s¥Giueli pneie: Wlallét%\é?q abPeri's ﬁtnélpéf*‘@e SEAYE61 BEsol ut i ons
usi ng, 15f Or s &%@NBL at iSOt QRiLe &@ghérﬁ:i 8 SHE has rSodhd e Chiraty def lwhactison,

Ringer's Injection, Lactated Rin 's Injection. Prese vatl Yes, .
stabi | i serREingufFessed antivoXPia SxaRalor RBerEadiTIveS § fay“be i ncl uded,
as requireskesthe MR &TdiainS mapdb€ orpast btonsi usednbun e cetdans ealvitth 1t he
present Inveptlog/égg&mgrga%gegg %wr%npreferaglgdkvk&%gg a r%t 2 and 10
g/day per patient and most preferably 3 to 7 g/day per patient.
20 Prescription of treatment, e.g. decisions on dosage etc, is
within the responsibility of general practitioners and other
medical doctors, and typically takes account of the disorder to
be treated, the condition of the individual patient, the site of
delivery, the method of administration and other factors known to
25 practitioners. Examples of the techniques and protocols
mentioned above can be found in Remington’s Pharmaceutical
Sciences, 20th Edition, 2000, Lippincott, Williams & Wilkins. A
composition may be administered alone or in combination with

other treatments, either simultaneously or sequentially,

30 dependent upon the condition to be treated.

The phosphate binders disclosed herein may be employed for the
treatment of hyperphosphatemia. This condition often arises in
renal disease, especially in patients undergoing haemodialysis

35 and/or patients having chronic or end stage renal disease. As
mentioned in the introduction, current therapies for

hyperphosphatemia suffer from a number of serious disadvantages,
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preferably adm nistered in a "prophylactically effective anount” or a
"therapeutically effective anount” (as the case may be, although

pr ophyl axy® 2dRyo18e7consi dered therapy) , this being suf bigi@dboddishow
benefit to the individual clinical state. The actual, amount adm ni stered,

and rate oMbt iSHBCEOUESE 18T thdini HiSsPFAPT G, WPTPOHepend BAVE HE TMat ure and
severity of,aMiatcigodgi BE LEeadethotByevay: Afedexanm@sprphiesphataski nders of
the present invention nmay be adm nistered in anmounts between about 1 and 20
g/ day per pets 8hfeChHbrog é@é?e%%ﬂﬂ VBBt ST YaBSate 2 and 10 g/ day per pati ent
and nost preferably 3 to 7 g/day per patient. Prescription of treatnent,
e.g. decisions on dosage etc, is withip the responsibhili. 0 r.al
practi t3 onets SRRA1 bt HET thedi BaY %EFS?E‘?‘S ahdt 3%&%‘?@?%@%82 a(%éggﬁlﬁt of the
di sorder tgrdentr eat@dichhencongk tiigh pfadne phodbvédimllepaisent, the site
of delivery, the nethod.of adm nistration and.othe ct.qr ; 0
practition pse.rpgﬁﬁ%ﬁteeg‘l& 2Ehe techii qte lgeﬁf lp%gt%%rg) s lqﬁgﬁf?g%ggmgbove can
be found i#acReniragtdnfaisuPhar omcsutd cahaBciadices; 20i4prEGNEr8H292000,

Li ppi ncott, W.lIlianms & WJIKkins, Pt Y al one or
in combi nat {61t Wi th Bt'her® Pgé? Abn%%g,qu?% et?ggir@n%?‘?%néggﬁgg%éggﬁg

sequertd al Ty ddepéndentanagencetheoTomdisei orndidibast veltedheTRESPHYsphat e

bi nder s dls&%é% ggnhﬁggﬂﬂélgaéobgméﬁﬂy %¥§dcééglﬂbﬁ%i&ﬁ@aggggaiaeéd with )
hyper phosphatem a. s céndltion often arises in renal disease, especially
i n pati entshamdepgoi niprvaenodh aty siesoafar oriyparitBRE I HaF NG Ehr ohit®or end
Stage re”a{;]aldd'sf%ﬁﬁiorés o@%'abhgélélf’o;m},tggpéfﬁarqu%;apn, current therapies
for hyperp osplhatem a suffer froma nunber of serious disadvantages, nost

si gni fi cantynetraat tihyreo isviisor rafecEiaposr P TS SRaV AT BN ITeYf Pt nodes of
action ot reshinicgt ed. 1.0 RRESBARLErdYhyCansosicdecephgrdsisar have |ong term
safety 1ssues. The conditions that may be treated with the conpositions of
the present invention include high plasnma phosphorus |evels,

hyper phosphat&ifiasathdisedrnoaem any | evel of renal insufficiency,
In vitro phosphate binding assay

a) Phosphate binding at physiological concentration

20 A solution containing 10 mM phosphate, a physiologically relevant
concentration, and 0.9% NaCl was adjusted to pH 3, pH 5 and
finally pH 7. The mass of binder was kept constant. The

percentage of phosphate binding was calculated according to:
25 Phosphate binding=(1-([P]tO-[P]ti)/ [P]ti)x100
Where [P]t0 is the concentration of phosphorus in the initial

solution and [P]ti is the concentration of phosphorus in filtrate

at different time points.

30
b) Langmuir isotherms
The Langmuir isotherms were obtained using the same methodology
as in Autissier et al. (2007), except in vitro solutions also
contained 0.9% NaCl to make the assay better simulate

35 physiological conditions. These Langmuir isotherms were

generated at pH 5 and experimental conditions were similar to

those in “Phosphate binding at physiological concentration”
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acute renal failure, chronic renal failure, and/or end i
_ _ N , _ , -stage renal
|Pclud|ng conQ|p|ons that requi re haenodi alysis . The cIin?caI nanag;i§§561
of these wondigdi9s using the present invention may hel pcr@i®dopssat e
conplications associated with these conditions, s gh a3 aecgndary

303 strophy.

hyper t hyr oéxfieph tefraty $Sub et fiecat e gt hy, “hyper cal caeni a
hyper par at hyr oi di sm reducti on, cardi ovascular norbidity or1 nortality renai
ost eodystrophy and/or calciphylaxis . Miterials and methods In vit ro
phosphat e Bf ndlithg 838&5°d OF SPhBpHEI%E 6T Ali i’ *d t physi ol ogi cal
concentrat jonAusel Yti ok centai niguhdkorM phosphat exoshyshysivofogiical | y
rel evant concentration, and 0. Qg)l\%g was adj ysted. 19 PH 3 ivapbho @nd
finally pH .I‘}&Fﬁélﬁh§s°]bfun5‘loﬂb te WS KBt O COnSrant - The per cent age of
Fg)spgat e biigli@neasacal e, atiede astendicnga tontPRosphet BicndP gt ([ P
(0, T debol o PR 000 ety 3 koot fd o, scatesorarue
. itia : { | 1S ]t’he concentration of phaosphorus in
filtrate apeghfifienant itdumdeai Ats371E JfokaRgnuinutesor het e orre BARGHHA r

i sot herns were obtai ned usin S t hogdal i | S8I
: s
(2007), exCBpt 1M f’?r gh%oﬁeusgli%ggga sorggn{aai ne%gégﬁﬁbﬁﬁéos%gz Cfejleal -

assay tett epnsidnilcatieophysl clodgican wndrtnong. L CPHésBALGGIL T *I'Sot Hetr ns

were genergted at JpH,S, and experi gRatal Haonds|] ivd i
v : _ o d{ | onheWeleaSivlluae was tio
Phosphat e "Dbi ndi ng gtfq_ physi ol ogi cal concentration” I§2009/ 001931, except fﬁel "
mass o f bindend thes fvarl exh Meeny 18: 486, BIAFYFe 9% IPTFE gastroint esti nal

di gestion assay, A0 agPHNi, @ f [ g gtk fl i

St _ 1 bhsksed i d Hbinggagesmdial i e pollyL
ferric ion mat eri al's o r uanmgﬂdifi,ed I:‘Q:J’e‘rri c .0xp-hy roxilge qégaq{ylvgrzifﬁ/?(r)oxy
60Ny el emenbal e rash atwet B airded LEBE BPSYIThEPT £ Gastr PEO( S orraéjh) sol ution

(50 rti% chngglﬁxﬁgﬁkt Q3;@bdwrﬁglf@ﬂduﬂnﬁﬁgtﬁk'mﬁﬁﬁpaeate the
aggregate and aquated disaggregated 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 the Fe content by

20 {CPOES. 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 jeft 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

25 disaggregate / dissolve. The starting amount of iron was

calculated from the iron in the wet pellet plus the iron in the

supernatant.

To differentiate between soluble iron and aquated particulate

30 iron in the supernatant, at each time point, this fraction was
also ultrafiltered (Vivaspin 3,000 Da molecular weight cut-off
polyethersulfone membrane, Cat. VvsS0192, Sartorius Stedium Biotech

GmbH, Goettingen, Germany) and again analysed by ICPOES.
35 Inductively Coupled Plasma Optical Emission Spectrometry analysis

(ICPOES)

Iron and phosphorus contents of solutions or solids (including
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pepsin) and incubated at 37C for 3 0 mnutes with radial shaking. Then 5 m
L of the resulting gastric m xture was added to 30 mL o f synthetic

duodenal wwelwig@gs26cont ai ni ng 10g/ L pancreatin and 29/ L pNefdp2o6v/fo sV
bi carbonate buffer p H9.5) . The final volune was 35 the.final p H

m L _and
was 7.0. Thet moltidee werse meeabBat@d=nI3? 9 C¥sr 665 %ih @Pfhbar‘ adial
shaki ng. Hpppgenaoussaldguet sy(knblatvene cedd epkedrat wivieflenent 4fi me points

during the process and centrifuged at 13,000 rpmfor i e epar at e
t he aggregab®- %denaqu%t%ditdft‘s”‘ég%P%?ﬁ’toéb‘spTﬁ%‘éeelse.ng?&% %%gleﬁﬁg? gn%n%}srs

anal ysed fof,i4:0n 60Nt &1 2 1ynk GROES.aiAuted hien @nd . 6% fnithe.cerped i memt, t he

remai ni ng solution was centrifuged a t .4, 500 r f %Q ] ngydhe
super nat anto aiElyséd fiorld ﬁ@lla—’ggc%erﬁeer?tlgBS%/ecf Cﬁ&s&g e %Eseaogﬁ‘] r'enai ni ng

material (ipg.pdhtenvete pal liebh wassslecapdedr Ciricenbast ethsHNO S W added

to this wet pellet and the new mass recorded. . e beftea t room
t enper at ur BY uritg I91EFREEHE B8 Vg?ndrshsesosl%\?égl a%dl-gzgﬁ glglibg%]o%,\%vr\l/as col lected for

| CPOES anakysi srdmo ideties idiesthepusntdrt yhe frdm dm thatsliig rBese

di saggregate / dissolve. The starting amount o f iron was cal culated from
the iron i ASPHENG “Bet®t®$1°Ys the iron in the supernatant. T o
differemti ate between soluble iron and aquated particulate iron in the

supernatant, a t. each ti int,. this fraction was also ultraf iltered
(Vi vaspi n g?ﬁ@ﬁnlﬂ&%ﬁﬁf‘ec&g}a%a%%ﬁgﬁht_ cut-of f pol yet her sul fér]ce menby ane,
Cat. VS0192he Sareoriiasr BrediameBi et GiErL kDEtitGlAgeh® &7 aNy) “and agai n
analysed b y.1CP - 1 vely Goupl £diBrasim Gpideeal ofcnirsigi dMalvern
Spect r onet *3fhat ysaisg‘!a??%édis I ron and q%gosphor us con%eg{ess Q,f, solutions o
r solids (iInetudiangs 0049312 WstrnsoPKHHWEPBOTRHET €G- 05T 1Y & JY2000- 2

| CPCES gHordie?g %grg N Yven, Lid. o5 Stangmie,zsU.(Ma ) vaidn tthetrnmentspédiii c
wavel e%‘ngth ot -2 548 nm and at the phosghorus vvav.ele%ngghgan%helgze440
and/ or 214M31denm .UKSo| u¥# DRI SAECE BFFIREA SRS 15459 ni tric acid pri or

treatment whereas centrifugation was needed to remove large

particles prior to Zetasizer measurements.

20 Infrared Analysis (IR)

IR spectra were collected using a DurasamplIR diamond ATR
accessory with a Nicolet Avatar 360 spectrometer with a

. -1 .
wavelength range of 4000-650cm™> and resolution of 4cm . Analysis

were undertaken by ITS Testing Services (UK) Ltd Sunbury on

25 Thames, UK.

Transmission Electron Microscopy and Energy Dispersive X-ray

Analysis (EDX)

powder samples were analysed Dy first dispersing the powder in
30 methanol and then drop;casting on standard holey carbon TEM

support films. Analyses were undertaken by the Institute for

Materials Research, University of Leeds, UK.

Exploratory Human Study to Assess Phosphate Binding of FeOH Adl00
35 As part of a study assessing markers of oxidative damage and
antioxidant status after oral iron supplementation, a study was

carried out to determine whether dietary phosphate (POy) binding

25



to analysis while solids were digested with con
_ ( _ centrated HNG3 . The
percentage of iron in solution or solid phase was determ ned by the

di fferenc\g, Q th i i . . .
oB§ioEsH,t he starting iron content and eit her
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Mal vern, UK, ...MBSHLET $i &Lk iFRES U 1eRRbSo F el Hadspp In
wher eas centorcicfaugati on vvaselneedtLat(g:I to reC[)mve I g? (Saﬁ az‘;?;?irzcil 2:%)?} gigagent
Zet asi Zer heawcefehPRAtY nf CAPRY APy 9HEET I'R) r%ﬂdg%e% 3 were col l'ect ed

usi ng a DuraspmlbRydiarmnd (APR: acGessor yt vi-t3h haulb cobst nAavat &< 360

spectronmeter with a wavel ength ra of, 4000- 650 i
1 . Anal ysisttler €TuRtert dieé BE}'O?#%‘%feg?Fh‘ée ?Feﬂée?%%mﬁtﬁg&%ﬂn?&g;f O;lcm

Thames, UK, Transmission @Eeetton Micoesgopyraadpka eDicspere

Anal ysi s Fﬁ)‘% %owder sanpl es were anal ysed by fipr step%tspergi ng sE/ﬁexp:)\(;%er
:c_n met hanotie ariedt Heandilsh Meadt FAPDIF*SEEhAr d hol ey carbon TEM support

il ms., Anal yses were undertaken by the Institute for Materials Research
Uni v_er5|tyRof Leeds, UK. Exploratory Human Study to Assess Phosphate ’
Bi ndi ng of RE®IEsSAdI OO As part of a study assessing markers of oxidative

damage and;anti @xjgaddi st dkushaddneteobadddr on suppl enentation, a study was

carried out to determ ne whet her, di et h : i.ndj
be observear@%ﬁlyph&lélﬁhﬁ?%s%laﬁ&ehn e?rs‘ta[(%SElr:ie)bze?n?{[e%ﬁ\%gﬁ?%%%Ip?gggg%%gﬁul |

gi ven wi t hegesBa), (GOphat niiNg,78dubraiy sphosphoraisiicPpo}utigm efvyiqatly

vol unt eers, each received hi gh-
15 at pH<2.5, contaiéﬁng,ggtFiégé%%kgg§5bfg]ferric and one Or more

ligands. Subsequently, a ligand-modified oxo-hydroxide material

was formed once a suitable pH was achieved, typically at pH>3.5,

which could be recovered using a range of strategies (e.g.

centrifugation). Note that the production of phosphate binders
20 described below does not include any post-production

modifications, such as washing.

1.1 FeOH Ad100 ,
To a 500 ml beaker containing 400 mL ddH,0, 4.5g KCl and 7.3g

25 adipic acid were added. The mixture was stirred until all of the
components dissolved. Then 100 mL of a ferric iron solution was
added (200mM FeCl;.6H,0, 1.7mL conc. Hcl in 100 mL ddH,0). The
final concentration of ifon in the solution was 40 mM and KCl was
0.9% w/v! The pH of the final solution to which ferric iron was

30 added is generally below <2 and usually about 1.5. To this
mixture, NaOH was added drop-wise (from a 5M NaOH solution
prepared in ddH;0) with constant stirring until pH 4.5 & 0.2 (see
Figure 1). The process was carried out at room temperature (20-
25°C). The solution was then centrifuged and the agglomerate was

35 air-dried in an oven at 45°C. The dried material was milled by

hand or micronized with a ball mill.
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3 occasions with either placebo or the phosphate binder or ferrous sul phate
- these being given in randomorder. Uine was coll ected pre-neal (spot

urine) , Wb Prop1beHrs post neal (expect little or no uripggfoBplampiat e
derived fromthe neal) and at 3-8 hours post neal (expect 45% of absorbed

phosphat e {hatFeR5 AdPPveéd#4 rom the neal to be excreted. Results 1 .

Producti onpf hhbesphat erd pdenuBreadieps Adeophasphals thiendetis adesori bed
her ei n vvere@(g_lr oduced by totally, or partially, neutralisi n(g%an aci dig
a

sol ution, E§ EallP) a¥ceii2 5OUeEhtHidrALS i 1%east S5 tin " f8Fr '2°%nd one
or nore |igandsq Subgesuent lnisa tigand- nogid soedtoxn-duriaaxs de7Etier i al
was fornmed once a suitable pH was achieved, typically at pH>3.5, which

coul d be recovered using a range of strategies (e.g. centrifugation) . Note
that the prnogugtdmrsief-aphesphat e bi nders descri bed bel ow does not include

any post-production nodifications washi.ng. 1. e d o a 500
L beaker E}E)‘fntpdfior‘fieaﬁrﬁ MPI8gEE 'Y SE%%BSEf rlacr%g%w?%g]gﬂgedigg}né\ %écj%;gwere
igge?ﬁ_ TPGFQ?IXMDBOV\BSCQN ra.edguntitdardk] waé ddeel compeadms adiipsolaed Then
of a ferric iron_ solution was added (200nM FeCd 3.6H20, 1 .7nL

cone. HO FRAY TGO AdRELS) uflt‘l’ﬁephfi%ili @o%c”?rﬁ FSEFBR%of iron in the
3\3! uhlgn was 40 mM and 5(? was 0.9% w v. The pH of the final solution to

ich ferric_ iron was added is generally below <2 and usually about 1.5. To
this mxtufel FBGHWHS46388 drop-wise (froma 5M NaCH sol ution prepared in
ddH20 ) Wi trhe GRnvslante Stdif rdrdvgudhhd |FeoH #ibel1i:120( see Eiguragmelys The

Chen cont P R@H SHOSETE adhomeP ST ad & 1ot 4 TR A OVaR &1 45C. ' The
dried mat eph@lyaems wak! hegbdyinhando@ra m er ok zed webbnedbal | nill. 1.2 FeOH
Adl OO 185| 2 The procedure for producing FeOH AdIOCO Si O 2 was the sane as for
2. In vitro phosphate-binding
2.1 P-binding at physiological concentration
The iron oxide ferrihydrite is well known to bind phosphate. For
example, following incubation at pH 3 for 60 minutes and then pH
20 5 for 60 minutes, 54 mg ferrihydrite will bind about 30% of
phosphate from a 20 mL, 10 mM phosphate solution (Figure Z2a). On
a small scale this may mimic physiological conditions in the use
of phosphate binders. A preferred amount of binding is = 50%
under identical conditions as seen for the commercial phosphate
25 pbinder Renagel, polyallylamine hydrochloride (Figure 2a/b). A
yet more preferred amount is 70-85 % under identical conditions,
as seen in the high affinity phosphate binding agent lanthanum
carbonate (Figure 2a/b). FeOHAd1l00 and FeOHAd100 Si0O, achieve a
phosphate binding of 80-85% binding under these conditions
30 (Figure 2a/b) illustrating significant beneficial modification in
relation to ferrihydrite alone. In Figure 2a and 2b, white bars
relate to experiments carried out at pH 3 and grey bars pH5, and
black bars are at pH7 (in Figure 2b only), and in all cases the
binder was first exposed to the lower pH for 60 minutes and then

35 the higher pH(s) for 60 minutes, all seqguentially.

Interestingly, when assay conditions were changed such that the
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FeOH AdI OO except a sodiumsilicate solution (SiO 2 -NaOH) was used instead
of NaOH to raise the pH This solution contains 27% Si. 1 . 3 FeOH

d ut ari ch@e 26tvipnecedure for produci ng FeOH G ut ari cl Opcwashév0sRie a S
for FeOH AdlI OO except 6.6 g glutaric was used instead o f adipic acid and
NaOH was aededurmtdd bpHIEr O#a <) rRdpadi rezdivedo 1hes PeOH &1 rdl iPEl &0 The
procedur e ,f r Ci,NgnEeOH Ridrebhgl R was: the e £8r S1 frdurFeGhk Adl GO
except 8.(} ggﬁ?me |c_wvvas usedfienstead onf gdi ﬁi cﬁﬁci d gnd NaOH was added
until pH #h2splate wegdiagchrid sharpin 41 renphopharePBrat fg 2. 1°P- bi ndi ng
at physiolgi cal concentratiqn The ] oxide ferydihydriiie des pwehlinknown to
bi nd phosp?%éit gﬁl%lorre %ﬁa&rﬁl eé,cp"f ()(Fllgl\}\ﬁ]gﬂi'n)cihbg?i on att ¥pH% for 60 nzild(nut es
and then pyHFBOfZX1 @0 amidnBe@HA1DY Fi@ el ki dryldr ifremwB 01835 Adlapout2)30% o f

phosphat e fr om 2,20, d;0l, 10, ™ phasphal &, 5l uLL o (fingupe 28) 1acE8:a smal
scale this may mim¢c¢ ﬁhy5| 01 ‘ogical  conditions in the Uuse o f phosphate

bi nders. Aipdefeurdt awpdhtions thirhdhdyg 9xd s500h vhdEroditdahty c-9condi ti ons
as seen faqr .th ner i hat i paget ,supekyati s, anines

hydr ochl o(r)glO t'e: ?&‘?ﬁﬁ% §?E§P&'§\ﬂyet @r&ﬁﬂygog%r red am%unt i sw70- 85 % under

i denti cal adendiverongiotang Sewdh JanthReuh| GIFCRPAERI €37 PRoSPHEE €51 ndi ng agent
| ant hggumgarhonat & { FiQutBe 28¢:R) pinkeOHAdI OO and FeOHAdI OO Si O 2 achi eve a
phosphate binding o f 80-85% bi ndi ng under these conditions (Figure 2al/b)
illustrating significant beneficial nodification in relation to
ferrihydrite alQRgnuip FiQw e Bacansiniiowhbt e frans tyebad edpacexperi ment s
carried out at H 3 and greééegars pH5, and bl ack bars are.af_ 7 (in

Fi gure 2b "6nlfyythesnFTwagre SopRBALS RIS REs 11 't ®ExPosed to the | ower

p H for 6Q4rionyt esomndiitobesidhe ahiighartaHus) uforg GAnginit eissotaklms .

sequentially. Interestingly, when ass condi tions re..ch e uch that

t heexgdsuriéof-apimder e\ﬂ&gt%/r%’aeredialﬁgét %e tHRB 59 uViF(r)nr?lg u%ggfq‘f %r 1 hour,

but w t howo1'ipr eaeal tticoni agnceatt rabi3n fard bakoudaptdye to determine the
affinity and capacity of the above noted phosphate binders:

C 1 1
=—C+——
Cad/m K2 K1K?2
y = a*x + Db

20 C = concentration of adsorbate unbound in mM
C,s/m = mmol of adsorbate bound per g binder

Kl = affinity; K2 = capacity

It was not possible to determine these values for Renagel because

25 its low affinity required a higher concentration of phosphate
than the physiologically relevant concentration (10mM)that was
tested in this experiment. Langmuir isotherms were generated at
pH 5 and experimental conditions were similar to those in Figure
2a/b, except the mass of binders was varied from 13.4-80.4 mg.

30 The results are shown in the Table below and demonstrate that the
affinity is similar for the three compounds, but capacity is

inferior for lanthanum carbonate.

35
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phosphate binding fell sharply for |anthanum carbonate from i
( 70- 85% (F
2) to 30% (Figure 3 ) . In contrast phosphate binding by FeOHAdI Ooognijgure
FeOHAd! OQy§i6Rydisdzh only from 80-85% (Figure 2 ) to 65- Bo¥duzi@o®ss)
Lg:j!sfa;h;gig;uperlg bi nding by the latter binder under conditions { hat may
I QohLal TREGer0. posSt - prandi(aks gaisdyni C K2 |(Gaphei
superiority, ? Is also worth noting that IanTmennEﬁl_?‘apbgna_t_e_e&n—be—tap ont ext ogfc
Z?EI Ele{lagelk“e!oa AdnON- speclfl ¢ bi nderl-52. 2 Langmu r pI ot-d - Determi nation of
Yy ci f" Ve furt-her €OnPp ared—the pllprlIdL TTTai N abitities
E;ngﬁuqi-lr AdIEEOH @JP @CHO@O Si®, and i i-4nt hanum usi ng Lafngrrw ri got herns. The
uation S.tge adsorption of nolecules pma solid
a concentreg[tl ona%llﬁnclj Was 8apt ed to determine the affinity and mnig.rIngfto
the above noted phosphate binders: CadimK | K\K2y = a*x + b C =
concentration of adsorbate unbound in nM Cad/m = nmol of adsorbate bound
pﬁr g binder KI = afflnlty K2 = capacity It was not possible to determ ne
Eoﬁse ;/al ugs forn babecwséeﬁttsnﬁb\ﬁléﬁpllﬁﬁ%ﬂ requi red a higher
(1021?/;‘ [ﬁt r?”lo Bhﬁﬁ%}?ﬁ E@Hdi#ﬂf BYSEP! ogivaakkyonel @wamteconcent rati on
{es his experiment. Langmuir isotherms were
generatfed aérzpllﬂyﬁrand @@é}ﬂeﬁeﬁP@}fl@@nBPf?b‘hst%érlée&}ﬁ? ar to those in
|gU{e 2a/§h%%4§%85m59§ MRSt i Bk Ndelss cWRs damiped fisomtB.t4e80.4 ngy . The
results ar own I n the Tabl e bel ow and denonstrate t?a,g thg ffinity is
Si mbl ar fodl$$@mhpéepé@ﬁﬁd®ﬁ&sveﬁhtacégﬁﬁcwy i Pﬁ &t o' o ﬁant hanum
car bonat e ¥ aPh eSS Kla1086 161 by hadihCapass 1y RoCHE AN TOFESE 3. 4
eCH AdIOO 1.4 2.9 Lant hanum Car bgnat e 0 3. 4 t
gastro-int eslt@d\la‘ileél g8y Prite is slowly bsdsietr.? Hor Bohfibifn

10 application FeOHAd100 and FeOH Ad100Si0, will be ingested with

food and will largely remain particulate at post-prandial pHs
(pH>2.5), but these laboratory dissolution data are simply shown
to illustrate that the agents claimed differ markedly from
ferrihydrite (Figure 4y,

15

q. Particle size determination
Figure 5 shows that the agents claimed herein have an aggregated
particle diameter spanning 10-100 um with a median diameter
around 40 um (a); upon drying the range is increased (b),

20 especially to larger sizes (median then > 100 um) but can be
restored with basic milling for example (c) or even reduced

further with micronisation or nanosizing (not shown).

5. Chemical characterisation
25 5.1 IR characterisation
The infrared spectra of FeOH Adl00 (Figure 6) and FeOH Ad100 310,
(Figure 7) were obtained and showed the presence of two bands at
1583-1585 cm™t and 1524-1527 cm™l. These are absent in either
unmodified ferrihydrite (Figure 8) or adipic acid (Figure 9) and
30 indicate the presence of some bonding between the carboxylate
group of adipic acid (at 1684 cm™') and a cation, which can

include iron in the FeOH Adl100 and FeOH Ad100 $i0O, materials.
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Whi | e the phosphate binding abilit [
_ _ ng y provi des one exanple of ho
ferrihydrite has been nodified herein to alter its pﬂgsicochenrgal

propertiayo @05as9Rd exanple is with the dissolution i i di
pH. At pH 1.2 the iron in FeOHAdI OO and FeCH AdICCSiCPE@ngfgg?ﬂrsky actdie
di ssol ved whj | ertihat from unnodified ferrihydrite is slowy dissolved. For
benefi ci al %Egllgatlon FeOHAdI OO and FeOH AdIOCSIO 2 will be ingested.mﬁth
f ood and wW'f Vﬁ?ﬁély remain particulate at post-prandial pHs (pH>2.5), but
these | abogat@rmpndussotatiion data ards rsimpl yirsfownlewe iIHAESPPAIE that the
agents cl ai med %lfger narke%lé EEPangnr'QgggiE% QELQM&§54)f 4 endarticle
si ze det er Ahati"oA"EPGUFE 5 °SREWs Y%é%'the agent s ci%imed herein have an
aggr egas edppaddricel efdh ametramyspaneat nigel 0t 10CUnen (R oRra Thkdi-af i Arieter

around 40 urn (a) ; upon drying the range is increas i
Larger si z&erimedi aROR Heh e fﬁghuﬁﬁ e BSHU%A%Feg?JS%ELa%Pﬁ %ﬁﬁ?g'ﬁglyiﬁg
(ﬁ(r) t eéﬁgpwln)ﬁy&%xi@re)cﬁaenngge@ﬁl hee fy theganing hi mirc cenis At § 61 GPMRARESIYZi ng
( . : em cal characterisation,5 | t et i
i nfrared §Bé€??%fq5fp#%%f%%ﬁﬂqéﬁﬂngﬁﬂ?Z%%nfﬁéﬁﬁ%fgﬁﬁﬁgﬁéﬁﬁ5g?%ga%%?nurge7 )
?ﬁ;i iggglBﬁﬂTﬂﬂ¢t&haﬂeﬂalh&opé@;é@@ﬁE@$th@n®aﬁm§uéfe&%%SUE%gseEn1 %Gnd
oot L igggc}%ﬁigggﬁrgu b@g@& ngg gng&)gnnbdified ferrihydrite (Figure 8
) p igur heran indicate the presence of sone bondi ng
mﬁigﬁegaahﬁng?rgoxylate_group of adipic acid (at 1684 cm 1 ) and a cation

_ ude iron in t. e d f QD 1
material s. 5569‘?%1%@%%%% %%QQEI J(Ca}géte?gr?éghgfprit' (;q le:';(\%/%as 2
di ffuse ripgsngplane aspaki ngsrasignibicand 1eBelhddt FomsCraspect Fvaryy:

th i i X ) )
( F?;ﬁr ZI‘ iOg?ggnZIsﬁtﬂegtaﬁg}gnE hee R %%eafgatggr anbgredhypdr aterlbkedsttouchear e

15 carbon support film, and it is concluded that this additional C
is from adipic acid. High magnification images indicate a
mottled structure where the darker spots of 2-3 nm indicate a
primary grain size (Figure 10a). This structure is still
consistent with 2-line ferrihydrite (Janney et al, 2000),

20 although in general 1is more disordered than unmodified 2-line
ferrihydrite. Thus, the phosphate binding materials described
herein are agglomerated particles with a ferrihydrite-like
structure of a primary crystallite size of 2-3 nm and containing
Fe, 0 and C, and low levels of Cl, Na and K. They are therefore

25 ligand-modified structures leading to some markedly different
and, with respect to phosphate binding, beneficial properties

compared to ferrihydrite alone.

6. Exploratory Human Study to Assess Phosphate Binding of FeOH
30 Ad100

As part of a study assessing markers of oxidative damage and

antioxidant status after oral iron supplementation, a study was

carried out to determine whether dietary phosphate (PO4) binding

could be observed for phosphate binders of the present invention
35 (893 mg) when given with a meal (containing 781.5 mg phosphorus

(P)). This study was used to test the hypothesis that urinary

phosphate excretion would be greater in a placebo period than the
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forms of iron oxide such as Akageneite (b- or b i [

( ( : _ - eta-iron oxohydroxide) or
maghergote (g or gamma-iron oxide) give conpletely different %I ane SpZiCi ngs
(see Cor ngblofeesdraer t mann, The Iron Oxides Structure, Be@RA2bédRM:1
Reactions, Cccurrence and Uses. 2nd ed, 1996, VCH Publishers, New Sg?(l)r k)

The gener g, CBAROS iR roye EDXG shewsnihes ' ' -

_ COHROS $r esenee wiinlgow | etalledef
and K with Sil gnificant levels of Fe, 0 and C (Figure 10c) . The grmtlﬁi (c)::"C
i s great erPaifgd "Ea‘hes&e attributed to the carbon support film and it is
concluded that this additional Cis fromadipic acid. H gh rmagnification

images indicate a nottled structure \Mger th ker, sp

. 0 3 - .. 1 i f. ) I

i ndi cate & igsitmaf 9t Haing IR Hg e kﬁ)gkﬂre.a i%?g %Jtor uc%?gpi]sl%st?iw:ﬂ‘l%
consi steentp ideBo?; | bfimafrer ekbyelridre of Janwrhogtisal coRBB0R, faf t hough in

general is nore disordered than unmodif] -4 ferdy i ;
phosphat e %‘ier"f‘&ilﬁén?m‘foéﬁeﬁ‘lq@gé%%’ri sed %c?&oﬁ lglregg?jggl%Hr;eg%gt%%&rtz)lan;r?iuzl’ etshe
e

with a fergihydentees lide astriset i exofreeprihpgppate ySAEIitratseze dft

and containing Fe, O C f y i cifhene 2.3 nm

t herefore Y?Sg%ﬁaprr%i?rh?eh&ugts?ﬁ% éug\eﬁglegt\é/g%iri?ndg% tt%sn(;@rf%l ,Ergn};jligéllzﬂ-di ffdgignt
g’

and, wth respeeabtt shphosphaeatbiadithg, 3berefircitale progert P tpared to

ferrihydrite alone. 6 l.apatoF i ndi

: Yo Fann Stutdy: ks Assess pPho
of Fed AdT O kS Opalt® ocfol%gsrt udy asoselsgf?n nar kerssofﬁo igatii?ggﬁaglenglngg
ant i oxi dantestuat bsecakfast orlals F?W%p?’é\%rﬁ SPORT A stidy " Was carried out

to determ ne V\/Q?tbpler i ef af C o .
nve v a W rRhesehaire 46 PDA)g hinkdbhgrecowad besebsat &
phosphat e binders 6f the present invention (893 ng) gv\/nen given with adrrzaglr

gcont ﬁi ni ngxm.@n_ngppﬁd)s-&idrﬁég‘(‘ﬁ BY)-This study was used to test the
ypot hesis that urinary phosphate excretion would be greater in a placebo

period than theB2009/ 001931 i i :
usi ng 8 1 Taibpesy,idgapeed cht%gg_sch%ned bi nder - perid and fhiswagatested

for phosphorus binding of one material of the present invention
were compared with known literature. Calculations suggest that
the binder of the present invention, under these dietary
conditions, binds 514 mg PO, per g of binder, once the urinary

20 data are extrapolated from 8h to 24 h excretion and phosphorus is
converted to phosphate. This extrapolation accounts for the
remaining absorbed phosphate to be excreted over the following 16
hours and assumes 70% gut absorption of phosphate from the
meal (Anderson, J.J.B, Watts M.L., Garner, S.A., Calvo, M.S., and

25 Klemmer, P.J. Phosphorus. In: Bowman, B., and Russell, R., ed.
Present Knowledge in Nutrition, 9th ed. 1ILSI Press, 2006) . This
compares to known in vivo values for Sevelamer hydrochloride of
262 mg phosphate per g of binder (Sherman RA: Seminars in
dialysis -Vol. 20(1), 2007, 16-18).

30
It should be also noted that the meal used here is, purposefully,
extremely high in P (to enable a movement in urinary P to be
observed), but therefore does not represents typical P intakes
from a single meal by renal patients. Thus, under more typical

35 conditions, the percentage of P bound by a phosphate binder of

the present invention (or indeed any of the binders) will be

higher.
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First, follow ng ingestion of the breakfast alone (i.e. just with placebo),
urinary excretion of phosphorus, corrected for creatinine concentration,

was used g hflfkd,hy the period in which there was a ri } d
phosphat e concentration. This was seen at 3-8 hours post%%iT}ndghezgwg%gf t he

gﬁg's ﬁs angici Qﬂ{&@le%d@&r@od}@kishg&\kpemm@ﬁxb,wm therdr&thduwahidsre poi nt,

phorus excretion was conpared foll ow ng_t br eakf ast ol o]

versus br gakfast MW@F@a?%%DWﬁeﬁlﬁ%%gr Q%f Re pr eé%ﬂ%@rﬁe%{%%n, and
g_ di ff_erli)np&_%ghe@.ged@ plBosphtyres twasriobsdrivedcia lexendsi opineg-i€ 0. 01;
igure . To provjde sonme context aroqund th ' .28, ifsvivo data

for phosphiids 2B ndt Hg “of Bﬁjeg)nn“feerrei a 8%fa %153%?%%%%;‘” l?ﬁv@%]??rolnaqv?/ere

conpar ?d_ (L3:E53 !éafapmiéddtoehat:Ut@esC@IfcmlL@Mdms Tsaggestsultat athe bi nder of the

present invention, under. these diet Ltio ivnd ; i ger

of binder,SGHEE PRE Ut r‘}gwe%a]t% aélfigﬁéx%r?&]agslc}ﬁtogt g%a% lrjdoﬂr% %ﬁ%ﬁxﬁg%d;@g)l(gr et ?on

and phosphprgisidissesioameerdt etlet phqirdsphabend e sapxeFapaifatirenssddadt s for

the remai “ia%agior%dlema%ﬁgba&@ésg ohe excretednoverad he tekbowigigch6 hours

and assunes o glt " absorption T hosphate from the neal (Anderson, J .J
.B, Watt spiMspbateGaimmg SapaAci tyCalfvBeOM S, elapdr wiwiftertt 59 HYdsphor us.

In: B = ~an R cned. Present Know edge in Nutriti
|Lﬁgl &FO% 5028g%&€%§‘§li3£r18 50) g utrition, 9th

ed. ress, hi's conpares to known in vivo values for Sevel anmer
hydrochl ori de of 262 ng phosphate per g of binder (Sherman RA: Semi nars in

dialysis -yol. Iggcgell)l,ingoﬁggu 16:,18),. It should be also noted that the neal
used here I's, purposefully, extrenely highin P (to e atéln%safrmvtq{gent in

urinary P koudieroBserdreantagennf ¢He@ or BRI Gt LT EPrESent s typical P

intakes froma .si Bl sndBalacbyisenad fati piitsen Phesed underatienest ypiecal
condi tions, théa1 perc%ht agé—j1 oflP bour% it Yo

i nventlion ter nesdeéd aﬁyﬁ5¢1gﬁgeUwﬁHgF§¥eaﬁ$$Oﬁgﬁa§§%i§£§&?§'Qéﬁé?ﬁzfresent
conpar at i vg; &xXRefrkrest snavgkh i ghf f @mgntiahtgandscordingly, the pill
' burden for some of the exemplified materials was compared to
Renagel and Fosrenol using a mathematical model based on in vitro
data and typical gastrointestinal conditions, such as pH, average
20 dietary phosphorus concentration under clinical conditions, and

competing anions, and the results are shown in the Table below.

Table: Pill burden for FeOH Ad100, Renagel and Fosrenol.

Typical Maintenance
Pills/  Dosage (g/day)

Product day Formulated  Active Delivery Comments
product substance
Good
FeOH Ad100® 3 3.6 3.3 Zzii;e"r ;ziiﬁ‘zlllty
expected
Low phosphat
Film- specificity
Renagel® 9 7.1 6.5 coated and therefor
tablets unpredictabl
) side-effects
Tablets Significant
Fosrenol® 3 6.2¢ 2.9 must be toxicity
chewed concerns
Good
FeOH Ad100- 3 3 1P 2.8 Tablet or tolerability
KCl+washed® ’ ’ capsule profile

expected

a yzlues estimated from model based on in vitro data; ° Assuming
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Further phosphate binding materials of the present invention that include a
range o; dlf%erent cagboxyLlc acid ligands (pinelic acid and glutaric acid)
wer e nmadeyandigaspared with material s that conprise ot hegriog i gand.
These results are sumarised in Figures 12 and 13 and sﬁg\Tv thg?/dta%?h )
car boxyl i coagilhthbgands enkariced! ttheaphesphatteudifodi frRpaeapacii®ya ofrofhe
Baggékggen%i%%%t%e;c\g?agﬁ ol B?IlFtcég&Sm@fTﬂoi g@@eﬁé%ﬂ&@l’lﬁ@dam ef fegt on the
_ y of FeOH or else reduced it (see FeOHMOPS 50 and
FeOH Bori c-288)anutgearoRBefel) | i nlf BrP 1 buPden A S?éf%arr ﬁl’(%%‘ \?gan léjﬁeévtg‘a curr 22t
t her apeut itwhsreat nentrsaf arsthenr enpvat iokrpros phathesiprstehelngind Har den
pl aced son p %hegng?oqu\@*a@,r e thenged.t grigestn harga quantities of pills
adversely affects side effects and patient conpliance. Accordingly, the
pill burden for sone of the exenplified naterials was conpared to Renagel
and Fosreng| uspng ra-mathersat iseakcopiel: basedcarertnovi fren danaeand typi cal

gastroi ntestinal conditions, such as, pH, average_dietar 0
concent r at§%n F6Rder Y rﬁ’lr(?&}lc%cgr?d’idt |CBgﬁéc%enr&Sggnﬁset?ensgcrsa{ﬁiggn%&glgétshe
results argsshawsoidetdrmifiabtiee belfewr Jabbmes-RirhhldburderrpoesFeOH Adl OO,

e ok BT hr o S ETELE S B o pan sl Bt

tol erabi | itje FeGH:AH 0GB, 65c8.i% capspteiymtobhl ef Rilanagpett ¥ .civey

Renagel 7'rlem%vgdcggcgn?dch%n%y%pgésestOIprtO@QJil?Ees H@Bﬁeﬁj&ﬁ@m KCl) and a
washing step of the precipitated material has been added (FeOH
Ad100 -KCl+washed). Both of these steps resulted in an increase

15 in iron content in the materials produced, see the results in the

Table below.

Table: Iron content of FeOH Ad100 recovered using various

production methods.

Iron content (mg/l00 mg

Product
material)
FeOH Ad100 | 22.6
FeOH Ad100 -KC1 24.7
FeOH Ad100 -KCl +washed 29.5
20 “KC1: without KCl; +washed: addition of a washing step

Excluding KC1 from the synthesis and adding a washing step also

resulted in an increase in the phosphate binding ability as shown

in Figure 14.

25 When FeOH Ad100-KCl and FeOH Ad100-KCl+washed were tested and
their phosphate binding under a range of phosphate: binder ratios
was compared, the results were consistent with those shown in
Figure 14 and confirmed the increase in phosphate binding due to
the washing step.

30
10. Ligand replacement
Work in which the adipic acid of FeOH Adl00 was replaced by a
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side-effect. Tablets Significant Fosrenol 3 6.2d 2.9 nust be toxicity
chewed concerns Good FeOH AdI OO Tablet or tolerabilit] KO +washed e 3 .1
2. 8 capsuye ioafikde expected Val ues estimated from nodelpchasRdoo@nidzi vitro
data; b Assum ngformnul ati on adds | ess than 10% nmass as is true for Renagel;
c Data fromdfetenat liginddwhs 3allsg pirkle¢onttai NSh7S5Ccampiekedent alithant hanum
(1. 45g | ant hanum car ban )..e Val ues, estinated, by. |] exiyapol ation of
unwashed nEEHAl F‘B%Fs&ﬁéﬁ thh T5HRET BRSE i ﬁoﬁﬁoéépmg?gbgi nd{ ng that

washi ng proadueesnasags: belsaw doradurioduct cori metiHeddu®ing Phe -fornul ati on
strategies . enhancenent of iron.caontent . The F AU LR REQEYCED @R

char acteri%%ed:lgég?i%%%rf ipﬁgﬁegﬁbv%ft\ﬁfstcﬁgs%%%%ttég efermne the effect 9of

pr e- f osnul @dritdr 1 ps ogessivagnst BpR 2sUOR asiwwshingde |apalieessakkeri nent s

pot assi um chl ori,de r i on nedium used d.n;Lhe. prRducti op-&fidshe
material s, “Was? e%v%eﬁ f%?nﬁi)heg%l&%tﬁegzﬁg pr ogeéurg (FeOH AdI OO - Kd) and
a washi ng s¢eptefl the precepst atbddimieraald fasatpeenkedddd EFROH Adl OO

- KA +washed), . Bet s§ SLEPS iesuhtsthddha@B bIKJ@RSE theséron content
in the natae?r%hé)luggp?%éégtjece % see the lroesul t%q? r?mtahe Tabl e bel ow. Tabl [ ron

cont ent of nFe@aAd| OO recovefel (&1 rigey AFE VSIS 88uRYF O wePRBLY™ -2 I?)iyon

Foo At 1 eMBE £44 ithe Ad199s82: 6 HeQdiAdh Q> - KO 24,7
Foor Adh oo iTY EEOGHEoTBL RALR) Wi ootk At

which is known to reduce active uptake of phosphate in the gut.

Table: Adipic acid content of FeOH Ad100 recovered using various

ligand replacement methods. All materials were produced in the

15 absence of KCl.

Adipic acid content

Product (mg/100 mg material)
FeOH Ad100 70.0

FeOH Ad100 +nicotinamide wash 52.9

FeOH Ad100 +nicotinamide 44.3
agglomeration :
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-KA : without KO ; +washed: addition of a washing step Excluding KO from
the synthesis and adding a washing step also resulted in an increase in the
phosphat eyBioflgigsabi ity as shown in Figure 14 . \Wen pe@ddddddsy and
FeOH Adl OO KCl +washed were tested and their phosphate bi nding under a range
of phosphaieg€erbhéeler rati os was conpared, the results were consistent with

t hose sho in Figure 14 and_ canfirnmed the _ince e in phat.e bl pdi ng
due to thgl\hagﬁ?#gcasttlé)ﬁs’lﬁ‘?t 9&R8I p?%epqtlaggﬁg%?%ornf icﬁpgii ch tgﬂebgdi pi c
aci d of FefQHeAdy O was sr epbhoedt iby, adnd fustiegt refeeamtonasibddRsc@®PEFed out .
This consisted in_either shi E ' ' ' ' sol ution
(FeOH AdI Fhi %%%?rﬁf%lggm@mbg ])Q%grrg%kl nfgﬁtg%%?n%néyégggh??%ngafhe

pr eci pist atiedrrpnoeeigs,thafiteentir@tiyor mati on of FeOH AdI OO prinmary particles
(pr oduci ng; FeCkl, d] £0O +ni cotinani de aggl oneration instead of FeOH Adl GO
adi pat e aggsl oeration) . Both strategies resulted in a decrease of adipic
acid cont ert 6¢befodd2.and, although there was a reduction in phosphate

bi ndi ng, t %0%%8’1.@.5 may be useful for the treatnent of

hyper phosphatem a by conbi ni ng phosphate binding with the rel ease of

ni cot i namw%fe 208A7¢hl 147 -known to reduce active uptake of phosphate in the
gut. Table: Adipic acid content of FeOH Adl QO recovered using various

| i gand replacement methods . Al materials were produced in_the absence of
KA . Adi pifitaepéet ofnt PRttt @ﬁﬁﬁ%@%&%?@ff‘%ﬁe EEO4 AT 00 70. 0 FeOH
AdI GO +ni catd;napl, der V@fﬁ-:hpﬁgs?ﬁafé‘«‘g‘ﬂnééifmahﬂh@ﬁhinn@iﬁkﬂ:@la&é. aBd
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;F))Eosphatse dyaadets | ant hanum car bonate and sevel aner hydrochl oride. J
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'cl'jr ansmni szlmeebecwmefdier, ostepyirofthsyfithetd ¢ r@n eribB-Itine fera ishyddite,
ays and Cay Mnerals, 48: 111-11 20 S rthln,
Quant i t at ilvléga)éﬁarp%c fglr%dzgf)%no%? OS5 E I?e(r)cgr%wgéfl gﬁge%?%gnzg%%%gﬁtggl ectron
M cr oscopypy Aier Foam M néklal(0g) st,, wBFre DU0L 94BreY02 oRgnoetm A © metegl ectron
beam darragfonsst% LES.§ prsﬁégt Egi"l ?or@s’,l ILn?eEFégénméch&eo?-%rfee'l'ilgélilcf‘s nol ecul e
cores within a human Fiver bropsy, Mcron, 37: 403-411, 2006. M chel et
al ., The Sthaictarerogfe Ferceichgdy} e acadNartdy sPal #1 ne®MMsREr APT™ Sci ence,

316: 1726,.,2007c COIN&l (&pPChuRrd RN, » TiRLE9NG LK t i
<0 ¢ £, e Sinal GHERAHTL th
Properti es, %eacfl ons, O&%ﬁrrence and al)Jges. r2ng %d, F%SQE? VCH Publti gher S,

New Yor k. Ghagiegal Has aApoeympEl¢ romuesnposint MBAChorhtidd 9PRda hettiod of

treat ijﬂ)g hy, %&QQ%QM &l Ron Vs 8idt ik Need & €nbr 9% CHMPESIrbkPrydcupa sol i d
ligand-nodit 1ed poly oxo-hydroxy netal ion material represented hy the
formula (MoeLyheerhn hhe sphefel MG BRFESEI £O0He 6T THTE*Hel' @t od t hat
conpri se Fgld+ diQNShaki dLRPNESER Ko AN@cBlodl i@ 1lei gANSISCI-hatencoapri se a

carboxylic acid [igand, or an ionised form
properties.

15 2. The ferric iron composition for use in a method of treating
hyperphosphatemia according to claim 1, wherein the carboxylic

acid ligand is a linear dicarboxylic acid ligand.

3. The ferric iron composition for use in a method of treating
20 hyperphosphatemia according to claim 1 or claim 2, wherein the

carboxylic acid ligand is represented by the formula HOOC-R;-COOH,

where R, is an optionally substituted alkyl, alkenyl or alkynyl

group, or an ionised form thereof.

25 4. The ferric iron composition for use in a method of treating
hyperphosphatemia according to any one of the preceding claims,
wherein R, is a Ci.10 alkyl group, and more preferably is a Cyg
alkyl group, wherein R, is optionally substituted with one or more
hydroxyl group.

30
5. The ferric iron composition for use in a method of treating
hyperphosphatemia according to any one of the preceding claims,
wherein the carboxylic acid ligand is succinic acid, malic acid,
adipic acid, glutaric acid or pimelic acid, or an ionised form

35 thereof.

6. The ferric iron composition for use in a method of treating
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t hereof, and OH represents oxo or hydroxy groups and wherein the materi al
has a polyneric structure in which the ligands L are substantially randonmy

subst i t utwe hfyo1kdre oxo or hydroxy groups and wherein t hersHoéh/001931
| i gand-nodif ied poly oxo-hydroxy nmetal ion material having one or nore

reproduci bly@cppysisnrcher satopriapecsiasy on2 of The: freeekeing aacosposi tion
for use in a nmethod of treatin hyper&)hosﬁphagem' a accordj ng ta . laim1 ,
wher ei n t H&eE8FBoxEA MR EEET AT 1 19 Fafd SFEY A Hiendar t at TarBSxyITE acid 1igand. 3
The ferriceri hpircposi tion for use in a nmethod of treating
hyper phosphatem a according to claim1 or claim2 , wherein the carboxylic
acid ligand is represented by the formula HOOC-Ri - COOH, where Ri is an
opti onal | y7 . substhiet @t edi al kyln, cahkenmioar fat kysey lingroug;hat odntieriised form
t her eof . . The ferric.i.ron conpasition for e | - f,.treating
hyper phos§\¥§F§W%s% S aPng” oom{a{lr%1 6Re’t Otnﬁeg?)r%ﬂé%f?fﬁgggpg?n%al&nﬁ%ér ein RL
is a Cl-|Qmnalrkyh groume andnomy ecprefiesdbley phgsacCxrwinéyh l gp e twher ei n R1
s optionaldy, substidUled,pon g0 MRIRNKALONM  JiuRing . The Terric
iron conposition for use in a et hod of trea I ng hyper phosphat em a
accor di ng dfropanyiene of the preceding clains, wherein the carboxylic acid
Iiganqbis succinic acid, malic acid, adipic acid, glutaric acid or pinelic
acid, or an ionised formthereof. 6 . The ferric iron conposition for use
in a nethdd of Ttheedtrnghypempkesphatcrina faE coraliitgat Be Srfe toFAEHE

precedi ”g.rﬁJ %i'r osEGiN Lhe BLES k8! chas: &, SLRYES K arhBhodsnaensi st ent
wth ferri fr te . 7 . The ferric iron conposition for use in_a nethod of

treating HyiperiphospirRadiica aewviidien§Pes! bifi ton&osf PRIFPNG Ecedt hig itV ai ns,
wher ei n t he, 0ng,05n I & 1@ BE OSHIEI 1Rlhe cRPYSI GO rehepheadbnareaper ti es conprise a
di ssolution profile and/or phosphate binding properties
15
9. The ferric iron composition for use in a method of treating
hyperphosphatemia according to claim 7, wherein the phosphate
binding capacity of 53.6 mg of the material is at least 50% of
the 10 mM phosphate in a sample at a pH between 3 and 7, in a
20 volume of 20 mL.

10. The ferric iron composition for use in a method of treating
hyperphosphatemia according to any one of the preceding claims,
wherein the material has demonstrable M-L bonding as determined

25 using infrared spectroscopy.

11. The composition for use in a method of treatment according

to any one of the preceding claims, wherein M is Fe®* ions.

30 12. The composition for use in a method of treatment according
to any one of the preceding claims, wherein the composition
further comprises a phosphate uptake inhibitor and/or a substance

capable of ameliorating gastric side effects.
35 13. The composition for use in a method of treatment according

to claim 12, wherein the phosphate uptake inhibitor and/or the

substance capable of ameliorating gastric side effects is a
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8 . The ferric iron conposition for use in a nethod of treating

hyper phosphat em a according to claim7 , wherein the phosphate binding
properti 6goSRRikss specificity for phosphate, affinityptefchbesmiate

and/ or bi n8i ng capacity for phosphate. 9 . The ferric iron conposition for
use in a ngthedrof;ddeatihagrpypeidehesphatienisal ac corghinugnbdi tieal wery,
wherei n the phosphate binding capacity of .53.6 f th jal . is,at

| east 50% OO THELEY rﬁ@ltﬁﬁoéﬁﬁd’fae eirﬁai\’ s%ﬂpﬁsefgflqgl%ﬁdt)elﬁmegg% O%rllékgn, in
vol ume of 20 nkhe 1851 ithe ikensiod rfardcoaposixb-bpdfory meéailnien met hod of
treati ng hyperphosphatem a according to any one of the preceding clains,
wher ei n t W& 4f&t8¢F i al has demonstrable ML bondi ng as determ ned using
infrared spectroscopy. 11. The conposition for use in a nethod of treatnent
according to any one of the preceding claj i 1,5 F i .12,
The conpostti on%/}TeoFoﬁggsf%loéP 8EhGE of fr gg?%%%gggg?%én% tagég#;/p{)bze of
the precedifqgngl ah&sof viher eiractdiona oAposs t ivBerEdnt Hes WoepLirsess 4 PRosphat e
upt ake inhj hitor _and/ st apahl; angl irepat bnge gastivbe si de
effects. 18 %he’ @I?rp%gsllot%l %ge?’oﬁgﬁgeél n a%e?%%’dr%‘ treatment according to
claim 12, wherein the phosphate uptake inhibitor and/or the substance
capabl & of ;anel j or gt Q9 08SL 160Dl geo&frf-eet 81 hdiRf wokpesitigand any

i ncorporated into the soll d i gand-nodi f ied poly_oxo-h .droxXtr’rPt althl on
material, oweicf tdaing at 6@ ilA BOEJMSOBFEPDIR M Of he I%eéﬁ'c&mﬁ gand- nodi f i ed
poly oxo- hggga%ngeﬁ%eg@@s%g@gﬁﬂ_ . 14. The conposition for use in a

nmet hod of treatnent according to any one of the preceding clains, wherein
the material is FeOH AdI OO FeOH AdI OO Si 2, FeOH GQutaric 100, or FeOH
Pimelic 100 155 158.0f o8 f&ddiGg hope P1esphatenbi ndihegmedmpdsi tion of any
one of clains 1 to 14 for the preparation of a nedi ca tnl{eaf renghﬁ t r eat ment
hyper pHos pheitrsHisang 183m MUkt eRdaY of © 13 @& Y Hyp&FShodphat em a. the net hod

therapeutically effective amount of a ferric iron phosphate-

a

binding composition of any one of claims 1 to 14.

17. The composition for use in a method of treatment, the use or
20 the method according to any one of claims 1 to 16, wherein the

patient having hyperphosphatemia has renal disease.

18. The composition for use in a method of treatment, the use or
the method according to claim 17, wherein the renal disease 1is
25 chronic renal disease, end stage renal disease, hyperphosphatemia

arising from any level of renal insufficiency or acute renal

failure.

19. The composition for use in a method of treatment, the use or
30 the method according to any one of claims 1 to 16, wherein the

patient having hyperphosphatemia is undergoing haemodialysis.

20. The composition for use in a method of treatment, the use or
the method according to any one of claims 1 to 16, wherein the
35 patient having hyperphosphatemia has high plasma phosphorus

levels.
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conprising admnistering to a patient in need of treatnent a
therapeutically effective amount of a ferric iron phosphatebi nding

conposi tiWp 8foAs;0ne of clainms 1 to 14. 17. The conpogitic@iodfoidsse in a
met hod of treatnent, the use or the nmethod according to any one 011 clainms 1

to 16, whenein e patdentiochayb gy par phasphat em ardasdn@nakhéisease. 18.
The conposition for use in a nethod of treatnent, the use or the nethod
accor di ng ¥ EFEIA BECORALRRI TP tRY PRAAT §ildediel it dhr o Féhal di sease,
end stage J@Ral s €iseaseorhypermphesphat ainm rak ks tithd korvapyidaveh of renal
insufficiency or acute renal failure , 19. The conposition for use in a

met hod of YC8AEFERCONPREIAR ot ehB2 bt Hod " aEchrdig £6%%ny one of clains 1
to 16, swherngknphbeompakieat havi ng hyper phosphatemi a i s undergoi ng

haenodi al ysis . 20. The conposition for use in a nethod of treatnment, the
use or the method according to any one of clains 1 to 16, wherein the

pati ent hai.ng Thypesphasiphiateiva dss il ghngtlashafphosplemis ktbhyvebs 021. The
conpositiaon for use in a nethod of .treatnent. .the us : . ret hod

accor di ng 6 BRY EhEGPELRT ne” fqtaémlgi,a’ n%eerrgf”ﬁ t:n mc%fnggrl%??lo#lmgg t he

mat eri al isscbadaty eatridigian cosrpldcoaticon lowesebpnadatisngorditioresel t he
patient that results fromhyper h 1.a. The conposition for use in
a met klléd oci‘altcrlgé?an%lnotn,’ Pn%e%(g%sﬁrggﬁﬁéaﬁn&%%élgé%%}%i ng to claim 21, wherein
t he conpl iyakirpararhyswdondar yedoridioni opridioyesontar yoppeithytoi di sm soft
tlssue.ca%%hRBg§E|PQ% %ﬁt8gg¥%£yQ9%¥hyh%RﬂQﬁakgﬂgﬂhgdaQXQerparathyro'd|5m
reduction, cardio ascul ar nor bi Ity or nortality, renal osteodystrophy

and/ or cal ci phylaxis . 23. The conposition for use in a nethod of

treat ment o3 he T%%epgﬁlpég_eti%%t kod acconrdingetih ARy QB@aQﬁerﬂJ,?itHE dsd @22,
wherein the conposition is fornulated for oral or nasogastric,

admi nil&t r dtheomnetPed a&PEEERSt T fangr CBF ab Y SIS IFFut dt drfpr FERRY M PRosphat e

composition is formulated for oral or nasogastric administration.

24. A food-stuff or dialysis fluid comprising a phosphate
binding material according to any one of claims 1 to 16.
20
25. A method for removing phosphate from a medium, the method
comprising (a) contacting a medium containing phosphate with a
ferric iron composition of any one of claims 1 to 9 under
conditions in which the phosphate is capable of binding to the
25 ferric iron composition and (b) separating the bound phosphate

from the composition.

26. The method of claim 25, wherein the medium is a solution or
suspension.

30
27. The method of claim 25 or claim 26, wherein the method 1is

for in vivo removal of phosphate from the liquid or sludge-like

contents of the gastrointestinal tract.
35 28. The method of claim 25 or claim 26, wherein the method is

for removing phosphate from food-stuffs prior to consumption, or

removing phosphate from dialysis fluids, plasma and/or whole

39



bi nding material according to any one of clainms 1 to 16. 25. A nethod for
removi ng phosphate froma nedium the method conprising (a) contacting a

medi um ¢ 3h{y hosphate with a ferric iron conposit e of
Craim 1 e oo e T whi ch € he phosphat e i?eggg%lg%m(l)%@bi ndi ng

to the fergigd.ron conposition and (b) separating the bound phosphate from
the conposition. 26. The nmethod of claim25, wherein the nediumis a
solution or suspension. 27. The nethod of claim25 or claim26, wherein the
met hod i s for iThevimeoho@mivallaoh phosplaténfriomrdehevki qui dhospBatrge-|i ke
contents og th%igf\stirsoifqtu??t@Lnaelxttrra%gg:poz& Th ‘rfrgf hed.;of claim25 or claim

26, wherein the et hiod s for° rénovi ng pﬂeoaslpﬁg 8'from fodd-stuffs prior to

consunpt i omerodipéy®id .ng phosphate fromdialysis fluids, plasnma and/ or
whol ebl ood . 29. The nmethod of claim28, wherein the renoval of phosphate
fromdialysis fluid is extracorporeal renoval during haenodial ysis . 30.
The conposit. oriffeorcopsesitica werhoee ofn er sathehtof theatrtor tHhheusetdfod

accordi ng Ex% Y n08E: Qo HGg PESCEA) RYLCLAI TR, WHELS] fY I8 1 RBL Bfedleihs
obt ai nabl e by the process conprisi'ng: (a) mxing the a solution conprising
Fe3+ and atlrampésylak g@cicdthigand bPandheopicseas| gowne gid9hore furt her

l'i gands) or reactd,on;GORPONRNGS soll At fol @BGHL PN AR GEMAL & EdfstlxyRkEA) at

whi ch the conponents are soluble; (b) changing the pH(A) to a second pH(B)
to cause a2&i6l iLdopreciaysict aPelerald ycSPPOPH Bt ABI FiRyard9Rpdr O ed pol y

oxo- hydr oxye ¥Rt ah t&bJRhes] aln tp Rectosmddaile) asepariatsitngn (@ncitopt i onal 'y
drying and/or formulating, the solid |ligand-nodif ied poly oxo-hydroxy
netal ion TRHEr FAF PIRPBEEESI ArSt¥PUPHF . 31. A process for producing a

phosphat e bi ndi ng ®REE§IA the pH(A) to a second pH(B) to cause a solid
15 precipitate or a colloid of the ligand-modified poly oxo-hydroxy
metal ion material to be formed;

(c) separating, and optionally drying and/or formulating,
the solid ligand-modified poly oxo-hydroxy metal ion material
produced in step (b).

20
31. A process for producing a phosphate binding material .
according to any one of claims 1 to 14, the process comprising:

(a) mixing the solution comprising Fe and a carboxylic
acid ligand, and optionally one or more further ligands or

25 reaction components, in a reaction medium at a first pH(A) at
which the components are soluble;

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

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

produced in step (b).
32. The process of claim 31, further comprising testing the

35 -phosphate binding material in vitro or in vivo to determine one

or more properties of the material.
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according to any one of clainms 1 to 14, the process conprising: (a) mXxing
the solution conprising Fe3+ and a carboxylic acid ligand, and optionally
one or mowe huydiker | i gands or reaction components, in @ciRaRHIAND19EEDI um at
a first pH(A) at which the conponents are soluble; (b) changing the pH(A)
to a secontB pH(B)e treocasseofa cSalind3pr edigpietiat ehorong col hoial pebpeheies

| i gand-nodi f ied poly .0xo-hydroxy tal _i i - <« (C€)
separat i ngl,S aanéilgrg)?li%tnlﬁq ?r ?i/?enganaraf{g?o? %ﬁ%%l%nélt eggéﬁ%%%%s'

|l i gand-nodif ied poly oxo-hydroxy netal ion material produced in step (b)
32. The propess.of Glaim 3L, furbherocommiisi 09 Lesti ng,ihe phasphate
binding material in vitro or 10 vivo to determne onée or nore properties of
t he matber i@ (33isThesprideess - 6f and dim 8ecovhatdBn t HedTeesr 3 nprard
properties,4s a_di t] i /groa pho t indibng peQRenti es.
34. The prloéé'zos’s pg%]?%%/& ngggpég{’a%%s%g% ?bO'SSa?l@m%g?%iEﬁre?ﬁgq%i ?st pH(A) is

| ess than 2.0 aadd6the second pH(B) is between 3.0 and 12.0, preferably
between 3.5 and 8.0, and nore preferably between 4.0 and 6.0. 35. The
process of any one of clainms 31 to 33, wherein the process js carried out
room t enpetat urBg 20086y of 3B PRE pF clddE&sofl drfy SomeVBErEI RIS 31 to 35,
wher eify i Ny si@R (@), cihe Sobuti B8t ARhak RS 22 10100 Fe3+ and 50 to 250mM
adi pic acid, and nore preferably about 40 Fe3+ and about 100rM adi pic
acid. 37. The process of any one of clains 31 to 36, further conprising
chemi cal | y39r physigGalcbysabt eriyngnt her fdrahspar ti€l3s, sivaerefn tike stepri c
iron conposition. 38, The process of any e of scl ai 31 tg 3¢, _further
conpri si ng‘%lor iieafP hyt tHe PEFR TS iQrOoﬁoca)&r%HVéiFtel or‘f‘.ndrrgo 2o ' Forfr abHEL

acid, and more preferably about 40mM Fe®* and about 100mM adipic
15 acid.

37. The process of any one of claims 31 to 36, further
comprising chemically or physically altering the final particle
size of the ferric iron composition.

20

38. The process of any one of claims 31 to 37, further

comprising formulating the ferric iron composition.
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